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Purpose: This systematic review and meta-analysis examined the effects of shared deci-
sion-making (SDM)-based self-management interventions on health outcomes in patients
with chronic obstructive pulmonary disease (COPD). Methods: Following the Preferred Re-
porting ltems for Systematic Reviews and Meta-Analyses guidelines, three databases were
searched in July 2022, supplemented by gray literature and citation searching. Randomized
controlled trials that integrated SDM components into COPD self-management programs
were included. Two reviewers independently performed study selection, data extraction, and
risk-of-bias assessment. Random-effects models were used to pool odds ratios (ORs) for di-
chotomous outcomes and standardized mean differences (SMDs) for continuous outcomes,
with 95% confidence intervals (Cls). Outcomes included hospital readmission, health-related
quality of life (HRQoL), functionality, physical symptoms, psychological symptoms (depression
and anxiety), and self-efficacy. Results: Seven studies (n=1,028) met the inclusion criteria.
SDM-based interventions showed no statistically significant difference in hospital readmis-
sion (OR=1.59, 95% ClI, 0.79 to 3.19; 12=49.1%) and no significant improvement in HRQoL
(SMD=0.19, 95% Cl, -0.14 to 0.51; I2=98.3%). Depression showed no significant effect
(SMD=-0.01, 95% Cl, -0.39 to 0.38; I12=98.1%). Self-efficacy improved slightly (SMD=0.12,
95% Cl, 0.01 to 0.23; 12=89.4%), with substantial heterogeneity. Evidence for other second-
ary outcomes was inconsistent. Conclusion: SDM-based self-management interventions did
not demonstrate clear benefits for hospital readmission or HRQoL in patients with COPD. Giv-
en the heterogeneity across studies, these findings should be interpreted cautiously. Future
trials should use standardized SDM frameworks, assess implementation fidelity, and apply
consistent outcome measures to clarify the role of SDM in COPD management.

Key Words: Chronic obstructive pulmonary disease; Self-management; Decision making,
shared; Systematic review; Meta-analysis

INTRODUCTION

den of Disease Study reported 212.3 million cases of chron-
ic obstructive pulmonary disease (COPD) worldwide in
2019, resulting in 3.3 million deaths and 74.4 million DA-
LYs. This burden is expected to increase because of popu-

Overall disease burden is commonly measured using
disability-adjusted life years (DALYs) [1]. The Global Bur-
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lation aging, smoking, air pollution, and occupational ex-
posure [2]. Self-management strategies are essential for
reducing the disease burden because they improve symp-
tom control and health-related quality of life (HRQoL)
while reducing healthcare utilization and associated costs
[3]. According to the Global Initiative for Chronic Obstruc-
tive Lung Disease 2024 report [4], COPD self-management
includes patient education, individualized action plans,
and consistent communication with healthcare profession-
als to enhance patients’ motivation, confidence, and com-
petence in managing their condition. These interventions
have been shown to improve HRQoL and reduce respirato-
ry disease-related hospital admissions [5,6], ultimately
promoting better long-term outcomes [7].

Shared decision-making (SDM) is defined as a collabora-
tive process in which clinicians and patients share the best
available evidence, explore treatment or management op-
tions, and select strategies that reflect the patient’s values
and preferences [8]. When applied to chronic disease man-
agement, SDM promotes patient engagement, supports
problem-solving skills, and facilitates the establishment of
realistic self-management goals [9,10]. SDM-based
self-management emphasizes the joint development of ac-
tion plans, progress review, and goal adjustment through-
out the self-management period [11]. In COPD, SDM-
based self-management interventions may be incorporated
into the development and revision of individualized
self-management plans through collaboration between pa-
tients and healthcare professionals [11].

Several frameworks have described the essential compo-
nents of SDM. For example, the Agency for Healthcare Re-
search and Quality (AHRQ) proposed the SHARE (seek
your patient’s participation [S], help your patient explore
and compare treatment options [H], assess your patient’s
values and preferences [A], reach a decision with the pa-
tient [R], and evaluate the patient’s decision [E]) approach,
described later, as a structured process for implementing
SDM [12]. Legare and Witteman [13] similarly emphasized
three core elements: patient-provider involvement, bidi-
rectional information exchange, and deliberation regarding
treatment preferences. However, SDM-based self-manage-
ment interventions in previous studies have varied consid-
erably in the extent to which these components were ap-
plied. Many interventions incorporated only selected SDM
steps, and outcomes were often measured indirectly
through satisfaction, preferences, or self-efficacy rather
than clinical indicators [14]. Previous COPD self-manage-
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ment studies have primarily focused on hospital readmis-
sion and HRQoL as major health outcomes [15], whereas
secondary outcomes have included functionality, physical
and psychological symptoms, and self-efficacy, which may
mediate improvements in HRQoL and reductions in read-
mission [16,17]. With increasing attention to SDM in
healthcare research, its direct impact on COPD outcomes
requires further clarification.

Although SDM has been associated with beneficial ef-
fects in chronic disease management [18,19], evidence re-
garding its specific influence in patients with COPD re-
mains limited and inconsistent. In the broader SDM
literature, beneficial effects have been reported more con-
sistently for affective-cognitive outcomes, whereas effects
on behavioral and health outcomes are more variable and
may depend on how SDM is measured [19]. Consistent
with this pattern, a systematic review of SDM interventions
for chronic respiratory diseases reported substantial het-
erogeneity in the included studies and outcome measures,
which precluded meta-analysis and limited the generaliz-
ability of the findings to COPD-specific contexts [9]. Exist-
ing systematic reviews of COPD self-management have
primarily synthesized multicomponent self-management
programs, making it difficult to isolate SDM as a core
mechanism [6]. Given the variation in SDM applications,
uncertainty regarding its effectiveness, and growing em-
phasis on patient-centered care, synthesis of the existing
evidence is needed to determine the role and potential
benefits of SDM in COPD self-management.

Therefore, this study conducted a systematic review and
meta-analysis of randomized controlled trials (RCTs) to
evaluate the effects of SDM-based self-management inter-
ventions on hospital readmission and HRQoL and to ex-
amine secondary outcomes, including functionality, physi-
cal and psychological symptoms, and self-efficacy, in
patients with COPD.

1. Study Design

This study was a systematic review and meta-analysis of
RCTs. The protocol was registered in the Prospective Regis-
ter of Systematic Reviews (PROSPERO; CRD42022366542).
This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) 2020 guidelines [20].

https://doi.org/10.7475/kjan.2025.1118
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2. Search Strategy

A systematic search was conducted in July 2022 using
three core databases—MEDLINE, Ovid-EMBASE, and the
Cochrane Central Register of Controlled Trials (CEN-
TRAL)—to identify studies available through July 2022. An
additional search for unpublished studies, including gray
literature such as dissertations, was conducted using Pro-
Quest Dissertations & Theses Global and Google Scholar.
Citation searching was also performed. The core terms
COPD, self-management, and SDM were selected based on
the review question. Medical Subject Headings (MeSH)
and free-text terms were identified and tested in MEDLINE
and CENTRAL during preliminary scoping to refine each
core concept. A search strategy was then developed for
each core concept. The strategy was tailored to each data-
base, and terms were combined using Boolean operators
and database-specific syntax, including selected truncation
and wildcard terms. No restrictions were placed on publi-
cation period or language. All identified records were pub-
lished in English; therefore, no studies were excluded on
the basis of language. The full search strategy for each da-
tabase is presented in Supplementary Data 1. To contextu-
alize the findings, guidelines and narrative reviews pub-
lished after the final search date were cited for background
only and were not used for study identification, eligibility
assessment, or quantitative synthesis.

3. Eligibility Criteria

The review included studies of adults aged >40 years
who had been diagnosed with COPD according to diagnos-
tic criteria, as well as studies that included patients with
COPD in the total cohort (population). The age threshold
of 40 years was applied because COPD is most commonly
diagnosed in middle-aged and older adults, and this cutoff
is widely used in COPD case-finding and epidemiological
research [2,4].

The intervention was defined as an SDM-based self-
management program that included at least two elements
of the SHARE model proposed by AHRQ [12]. The SHARE
steps include seeking the patient’s participation, helping
the patient explore and compare management options, as-
sessing the patient’s values and preferences, reaching a
shared decision, and evaluating and revising the decision
as needed. Interventions that applied two or more of these
steps before or during development of the self-manage-

https://doi.org/10.7475/kjan.2025.1118

ment plan were classified as SDM-based self-management
interventions. The self-management intervention was re-
quired to include at least two self-management compo-
nents, such as education, exercise, medication manage-
ment, physical activity, or lifestyle modification. The con-
trol group was required to receive either usual care or
self-management interventions without SDM.

The primary outcomes were HRQoL and hospital read-
mission rates. Secondary outcomes included general func-
tionality, physical and psychological symptoms, and
self-efficacy. Outcome selection was informed by the SDM
consequences framework proposed by Elwyn et al. [21],
which distinguishes between proximal, distal, and distant
consequences of collaborative deliberation. Accordingly,
self-efficacy was prespecified as an SDM-relevant determi-
nant aligned with distal consequences, and hospital read-
mission was designated as a downstream healthcare utili-
zation endpoint aligned with distant consequences.
HRQoL was included as a patient-centered health outcome
that may change through sustained implementation of the
individualized self-management plan developed through
SDM [3,6,7,15-17]. General functionality and physical and
psychological symptoms were also included as pa-
tient-centered outcomes commonly assessed in COPD
self-management and SDM-related respiratory interven-
tions [6,7,9,17].

Only RCTs were included in the analysis. Studies using
secondary or tertiary data, abstracts or protocol-only arti-
cles, and studies conducted primarily in palliative or end-
of-life care settings were excluded. Palliative care-based in-
terventions were excluded because their primary aims and
core components, such as symptom palliation and advance
care planning, differ from those of SDM-based self-man-
agement interventions; including them could have intro-
duced substantial clinical heterogeneity in intervention in-
tent and expected outcomes [22].

However, one study involving patients with both COPD
and congestive heart failure was not excluded because its
results were partially obtained from patients with COPD.
Furthermore, both diseases share common symptoms,
such as shortness of breath and wheezing, which can result
in reduced physical activity despite having different causes
[23].

4. Study Selection and Data Extraction

After the search, all identified studies were uploaded to
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EndNote X8 8.2 (Clarivate Analytics, Philadelphia, PA,
USA), and duplicates were removed. Two trained reviewers
(SYY and SYL) independently screened titles and abstracts
to identify potentially eligible studies. The full texts of po-
tentially eligible articles were then assessed independently
by the same reviewers. Disagreements were resolved
through discussion and consultation with a third reviewer
(JYC) when necessary; however, no disagreements re-
quired third-party adjudication.

Data were extracted using a structured, predesigned Excel
form. Extracted data included general study characteristics,
participant characteristics, intervention characteristics,
self-management contents, SDM processes, and outcomes.
The SDM process was analyzed using the SHARE approach
developed by AHRQ [12]. The SDM components imple-
mented in each study were coded according to the five
AHRQ SHARE steps based on the AHRQ factsheet [12]. Two
trained reviewers (SYY and SYL) independently coded the
presence of each SHARE step for each included study based
on intervention descriptions and supplementary materials,
when available. Discrepancies in SHARE-step coding were
resolved through discussion, and if consensus could not be
reached, a third reviewer (JYC) was consulted; however, no
unresolved discrepancies occurred.

When data were missing, the corresponding authors
were contacted by e-mail to request relevant unpublished
information. Because one study did not report the standard
deviation for HRQoL, an e-mail was sent to the author to
request statistical values; however, the data could not be
obtained. Two trained reviewers (SYY and SYL) randomly
selected two studies and conducted a pilot extraction test.
Subsequently, one reviewer extracted general study data,
and two reviewers independently coded the SHARE steps
and reached agreement.

5. Quality Assessment

Literature quality was assessed using the Risk of Bias 2
tool (RoB 2) [24]. The tool comprises five domains: bias
arising from the randomization process, bias due to devia-
tions from the intended interventions, bias due to missing
outcome data, bias in outcome measurement, and bias in
selection of the reported result. Two reviewers (SYY and
SYL) independently assessed the RoB for each study. Con-
sensus between the two reviewers was reached through
discussion. A third reviewer (JYC) was consulted if consen-
sus could not be achieved.

128

6. Data Synthesis and Analysis

Effect size and heterogeneity analyses for hospital read-
mission, HRQoL, general functioning, physical symptoms,
psychological symptoms, and self-efficacy were performed
using Morris’s procedure [25] for pretest-posttest control
group designs, implemented in R with the “metafor” pack-
age [26]. Meta-analysis was performed only when three or
more studies were available for an outcome [27]. When
fewer than three studies were available, quantitative pool-
ing was not conducted, and findings were summarized
narratively; accordingly, general functioning, dyspnea, fa-
tigue, and anxiety were not eligible for meta-analysis. A
random-effects model was chosen to account for the inher-
ent diversity of the studies because treatment effects were
expected to differ across the selected studies beyond ran-
dom sampling error.

Pooled effects are expressed as odds ratios (ORs) with
95% confidence intervals (CIs) for dichotomous outcomes.
For continuous outcomes, standardized mean differences
(SMDs) with 95% CIs were used when different instru-
ments were applied [27]. To align scale directions before
computing SMDs, all continuous outcomes were oriented
so that higher values consistently indicated improvement.
For instruments in which higher scores reflected worse
health status or symptoms, the sign of the effect estimate
was reversed before standardization; standard deviations
were not modified. When the posttest standard deviation
was unavailable, it was replaced with the pretest standard
deviation, and vice versa [27]. When outcomes were re-
ported at multiple follow-up time points within a study,
data from the longest follow-up time point were extracted
for meta-analysis. When a study included multiple out-
comes for the same construct measured using different
scales, a single weighted mean effect size was calculated
for that study.

Heterogeneity among studies was assessed using forest
plots, which allowed examination of overlap in Cls and vari-
ation in effect estimates. Heterogeneity among individual ef-
fect sizes was also assessed using Higgins’ I” [28]. In this con-
text, I? values of 25%, 50%, and >75% indicated low,
moderate, and high heterogeneity, respectively. Given the
small number of studies, the Hartung-Knapp adjustment
with t-based inference was applied [29]. No additional anal-
yses, such as subgroup analyses, meta-regression, or sensi-
tivity analyses, were conducted because the number of stud-
ies per outcome was insufficient. Given the small number of

https://doi.org/10.7475/kjan.2025.1118
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studies per outcome, a full GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation) Summa-
ry of Findings table was not produced; however, a brief out-
come-level narrative assessment of certainty of evidence
was conducted according to the GRADE domains [27].

1. Study Identification and Selection

A total of 874 studies were identified through searches of
the three databases, gray literature, and citation searching.
After duplicates were removed and the titles and abstracts
of 710 studies were reviewed, 695 studies were excluded
based on the inclusion and exclusion criteria, leaving 15
studies for full-text review. After the full texts were re-
viewed, four studies were excluded because they did not
apply SDM, two because they did not evaluate primary or
secondary outcome variables, two because they focused on
methodological feasibility, and one because it was con-

ducted in a palliative care setting. Citation searching iden-
tified one additional study. Thus, seven studies were in-
cluded in this systematic review and meta-analysis; the list
is provided in Supplementary Data 2. Figure 1 shows the
tull study selection process using a PRISMA flow diagram.

2. Characteristics of the Literature

Table 1 shows the characteristics of the selected studies
[A1-7]. Regarding year of publication, four studies (57.1%)
[A1-3,A7] were published between 2018 and 2022, two
studies (28.6%) [A4,A6] were published between 2015 and
2013, respectively, and one study (14.3%) [A5] was pub-
lished before 2013. The selected studies were conducted in
Australia, New Zealand, South Korea, Spain, Sweden, Tai-
wan, and the United States.

The study settings were primary care institutions in three
studies (42.8%) [A5-7], inpatient hospital settings in two
studies (28.6%) [A2,A3], and outpatient hospital settings in
two studies (28.6%) [A1,A4]. Six studies (85.7%) included

Identification of studies via other methods

Records identified from:

ProQuest Dissertations & Theses Global (n=0)
Google Scholar(n=0)
Citation searching (n=1)

A4

Reports sought for retrieval (n=1)

A 4

Reports assessed for eligibility (n=1)

Flow diagram of the study selection process. SDM = shared decision-making.

https://doi.org/10.7475/kjan.2025.1118

Identification of studies via databases and registers
5 Records identified from: Records removed before
g~ Databases (n=874) screening:
{.E EMBASE=227 Duplicate records removed
g CENTRAL=525 (n=164)
= MEDLINE=122
Records screened (n=710) |  Records excluded (n=695)
Reports sought for retrieval —»  Reports notretrieved (n=0)
- (n=15)
£
: ;
[«5]
5
2 Reports assessed for eligibility Reports excluded:
(n=15) No SDM intervention (n=4)
No relevant outcomes (n=2)
Feasibility study (n=2)
Palliative care setting (n=1)
A4
= Studies included in review
T || =7
—3 Reports of included studies
= (n=7)
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only patients with COPD, and one study (14.3%) [A7] in-
cluded patients with both COPD and congestive heart fail-
ure. The number of participants ranged from 42 to 308. The
interventions included general COPD education and SDM
support, as well as a flipped education program [Al], prob-
lem-solving counseling [A4], and health mentoring [A6].
The intervention period ranged from during hospitaliza-
tion to 12 months. The self-management interventions in-
cluded symptom management, medication adherence,
diet, stress management, smoking cessation, lifestyle mod-
ification, exercise, and infection control.

3. Shared Decision-Making

Table 1 shows that none of the studies implemented all
five SDM steps. Based on the SHARE approach, one study
(14.3%) performed four steps [A3], and four studies (57.1%)
performed three steps [A1,A2,A4,A7]. Step 1 involves en-
couraging patients to take an active role in decision-mak-
ing, as implemented by Granados-Santiago et al. [A3], and
creating a positive and supportive atmosphere to engage
patients and their families in decision-making alongside
the healthcare team, as demonstrated by Lee et al. [A4].
Step 2 focuses on presenting and explaining the options
necessary for self-management strategies. Collinsworth et
al. [A2] and Granados-Santiago et al. [A3] used these meth-
ods to support self-management strategies, whereas Chang
and Dai [Al] and Rea et al. [A5] provided guidance and
materials through booklets. Step 3 reflects patients’ prefer-
ences, interests, and priorities when determining self-man-
agement strategies, as implemented by Granados-Santiago
et al. [A3]. Step 4 involved collaboratively setting COPD
self-management action plans or goals and was applied in
all studies [A1-7]. Finally, step 5 includes methods for
checking patients’ self-management progress and, when
necessary, revising self-management goals. This step was
applied in six studies [A1,A2,A4-7].

4. Quality Assessment of the Selected Studies

Assessment using the Cochrane RoB 2 tool showed that
four articles [A2,A3,A6,A7] had a low RoB. Two articles
[A4,A5] had some concerns because of insufficient infor-
mation on randomization and data collection or the ab-
sence of a prespecified analysis plan. One article [A1] had a
high RoB because of lack of blinding and the potential for
response bias from self-reported surveys (Figure 2).
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5. Effects of Shared Decision-Making Interventions

1) Primary outcomes

Three studies reported hospital readmissions (Figure
3A). The pooled results (n=625) showed no statistically
significant difference in hospital readmission between
SDM-based interventions and controls (OR=1.59, 95% CI,
0.79 to 3.19; p=.318), with moderate heterogeneity
(1*=49.1%, p=.140). Five studies (n=487) examined the ef-
fect of SDM on HRQoL using the COPD Assessment Test,
EuroQol 5-Dimension, 36-Item Short Form Survey, and St.
George’s Respiratory Questionnaire (Figure 3B). The
pooled results indicated no significant improvement in
HRQoL (SMD=0.19, 95% CI, -0.14 to 0.51; p=.184), with
very high heterogeneity (1>=98.3%, Q=242.20, degrees of
freedom [df]=4; p<.001) (Table 2).

2) Secondary outcomes

Depression was assessed in three studies using the Cen-
ter for Epidemiologic Studies Depression Scale and Hospi-
tal Anxiety and Depression Scale (Figure 3C). The pooled
estimate showed no significant effect on depression
(SMD=-0.01, 95% CI, -0.39 to 0.38; p=.962), with consid-
erable heterogeneity (I?=98.1%, Q=105.15, df=2; p<.001)
(Table 2).

Self-efficacy was measured using the Coping Self-Effica-
cy Scale, Exercise Self-Efficacy Scale, Pulmonary Rehabili-
tation Adapted Index of Self-Efficacy, and Self-Efficacy to
Manage Chronic Diseases. The pooled estimate showed a
small but statistically significant positive effect of SDM-
based interventions on self-efficacy (SMD=0.12, 95% CI,
0.01 to 0.23; p=.043), with high heterogeneity (I1>=89.4%,
Q=28.31, df=3; p<.001) (Table 2, Figure 3D).

General functioning showed mixed findings in two stud-
ies [A3,A7]. Regarding physical symptoms, dyspnea im-
proved in one study [A3], whereas fatigue showed no sig-
nificant between-group difference in another study [A7].
Anxiety outcomes were also inconsistent across the two
studies that reported this outcome [A6,A7].

6. Certainty of Evidence (GRADE-Informed Narrative As-
sessment)

A GRADE-informed narrative assessment of certainty
was conducted for each outcome. Because the number of
included trials per outcome was small and reporting was
limited, a formal Summary of Findings table was not pro-
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As percentage (intention-to-treat)

Overall bias I
Selection of the reported result
Measurement of the outcome ]
Missing outcome data
Deviations from intended interventions
Randomization process
0 10 20 30 40 50 60 70 80 90 100
Lowrisk ~ Some concerns mHigh risk
Study ID D1 D2 D3 D4 D5 Overall
Chang and Dai (2019) [A1] + + + ‘ + .
Collinsworth et al. (2018) [A2] + + + + + +
Granados-Santiago et al. (2020) [A3] + + + + + +
Lee et al. (2015) [A4] 1 + + | + 1
Rea et al. (2004) [A5] + + + + 1 !
Walters et al. (2013) [A6] + + + + + +
Zakrisson et al. (2019) [A7] + + + + + +
+) Low risk D1 Randomization process

‘ High risk

Assessment of the risk of bias in the included studies.

duced; instead, certainty was rated narratively across key
GRADE domains, including RoB, inconsistency, indirect-
ness, and imprecision [27], where assessment was feasible.
Overall certainty ranged from moderate to very low.

For hospital readmission (3 studies; OR=1.59, 95% CI,
0.79 to 3.19; °=49.1%), certainty was rated as moderate
and was downgraded by one level for imprecision because
of wide CIs spanning potential benefit and harm. For
HRQoL (5 studies; SMD=0.19, 95% CI, -0.14 to 0.51;
?=98.3%), certainty was rated as very low and was down-
graded for very serious inconsistency and imprecision. For
depression (3 studies; SMD =-0.01, 95% CI, -0.39 to 0.38;
1?=98.1%), certainty was rated as very low and was down-
graded for very serious inconsistency and imprecision. For
self-efficacy (4 studies; SMD=0.12, 95% CI, 0.01 to 0.23;
1?=89.4%), certainty was rated as low and was downgraded
for serious inconsistency and imprecision because of sub-
stantial heterogeneity and variability in effect estimates
across trials.

https://doi.org/10.7475/kjan.2025.1118

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Some concerns

This systematic review and meta-analysis evaluated the
effects of SDM-based self-management programs on hospi-
tal readmission and HRQoL in patients with COPD. Seven
studies with a combined sample size of 1,028 participants
were included. The pooled estimates did not show statisti-
cally significant differences in hospital readmission or
HRQoL; moreover, confidence in these findings was limited
by substantial between-study heterogeneity and the small
number of included trials. Among secondary outcomes,
SDM-based self-management was associated with a small
pooled improvement in self-efficacy, whereas no statistical-
ly significant difference was observed for depression. A
GRADE-informed narrative appraisal suggested moderate
to very low certainty across outcomes; thus, both the pooled
improvement in self-efficacy and the nonsignificant find-
ings for clinical outcomes should be interpreted as uncer-
tain and subject to change as new evidence emerges.
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e Hospital readmission

Experimental Control Weight Weight

Study Events Total Events Total OR OR 95% Cl (common) (random)
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Lee et al. (2015) [A4] 78 0.20 0.11 73 0.29 0.12
Walters et al. (2013) [A6] 74 -0.11 0.12 83 -0.01 0.11
Zakrisson et al. (2019) [A7] 61 0.12 0.13 62 -0.06 0.13

-0.09 [-0.13; -0.05] 36.0%  33.4%
-0.10 [-0.14; -0.06] 39.4%  33.4%
0.18 [0.13; 0.22] 246%  33.2%
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Random effects model -0.01 [-0.39; 0.38] . 100.0%
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Q Self-efficacy

Experimental Control Weight Weight
Study Total Mean SD Total Mean SD SMD SMD 950/ C| (common) (random)
Chang and Dai (2019) [A1] 27 0.150.19 30 -0.02 0.18 —*——-— 0.17 [0.08;0.27] 5.0% 18.8%
Lee et al. (2015) [A4] 78 -0.22 0.11 73 -0.25 0.12 i 0.03 [-0.01; 0.06] 34.3% 27.3%
Walters et al. (2013) [A6] 74 0.16 0.12 83 0.04 0.1 —.— 0.12 [0.08;0.15] 37.6% 27.5%
Zakrisson et al. (2019) [A7] 61 -0.07 0.13 62 -0.24 0.13 ::_._ 0.18 [0.13;0.22] 23.1% 26.3%
Common effect model 240 248 0 0.10 [0.08; 0.12] 100.0% 8
Random effects model ——— (.12 [0.01; 0.23] . 100.0%

Heterogeneity: /=89.4%, t°=0.004, p<.001 === ===l
-02 -01 0 01 02

Forest plots of the effects of shared decision-making (SDM)-based self-management interventions. (A) For measuring hospital
readmission, the number of readmitted participants in each group was used. (B) For measuring health-related quality of life, COPD As-
sessment Test was used in A1, EuroQol 5-Dimension was used in A3, the 36-Item Short Form Survey was used in A5, A6, and A7; Chronic
Respiratory Disease Questionnaire was used in A5, and St. George’s Respiratory Questionnaire and Satisfaction with Life Scale were used
in A6. (C) For measuring depression, the Center for Epidemiologic Studies Depression was used in A4 and A6, and the depression sub-
scale of the Hospital Anxiety and Depression Scale was used in A6 and A7. (D) For measuring self-efficacy, the Pulmonary Rehabilitation
Adapted Index of self-efficacy was used in Al, the Coping Self-Efficacy Scale was used in A4, the Self-Efficacy to Manage Chronic Disease
in A6, and the Exercise Self-Efficacy Scale was used in A7. CI=confidence interval; OR = odds ratio; SD =standard deviation; SMD =stan-
dardized mean difference.
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Random-Effects Meta-Analysis of Shared Decision-Making between Pretest and Posttest

Variables k No. Q df
Primary outcomes
Hospital readmission 625 3.93 2
HRQoL 5 487 242.20 4
Secondary outcomes
Depression 3 431 105.15 2
Self-efficacy 4 488 28.31 3

| (%) Effect size . |
-value -value
4 ° OR or SMD (95% CI) R

.140 49.1 1.59 (0.79 to 3.19) 132 318
<.001 98.3 0.19 (-0.14 t0 0.51) 1.60  .184
<.001 98.1 -0.01(-0.39t00.38)  -0.05  .962
<.001 89.4 0.12 (0.01 to 0.23) 337  .043

The Hartung-Knapp adjustment was applied, and the t-test used. df=k-1.
CI=confidence interval; df=degrees of freedom; HRQoL = health-related quality of life; I* = inconsistency statistic; k=number of studies;
OR =odds ratio; Q = Cochran’s Q; SMD =standardized mean difference.

Self-efficacy is a common proximal target of COPD self-man-
agement interventions. Prior reviews suggest that self-man-
agement programs may improve HRQoL and reduce respi-
ratory-related hospital admissions, although effects vary
across intervention components and follow-up periods
[6,15]. In this review, SDM-integrated self-management
was associated with a small improvement in self-efficacy
but no statistically significant differences in hospital read-
mission or HRQoL. This pattern is consistent with the SDM
literature, which indicates more consistent effects on affec-
tive-cognitive outcomes than on distal clinical endpoints
[19]. One plausible explanation is that SDM strengthens
self-efficacy by increasing perceived involvement and au-
tonomy and by supporting behavior change through col-
laborative goal setting, action planning, and follow-up
feedback. These mechanisms are consistent with self-effi-
cacy theory, which emphasizes mastery experiences and
verbal persuasion as key sources of efficacy beliefs [30,31].
Future trials should test whether self-efficacy mediates
downstream behavioral changes and clinical outcomes in
SDM-based COPD self-management.

In the broader context of chronic respiratory disease,
Barradell et al. [9] identified eight SDM intervention stud-
ies and reported that outcomes were heterogeneous and
inconsistently measured across trials, limiting confidence
in downstream clinical effects. Although the included stud-
ies generally reported improvements in patient deci-
sion-making and health-related outcomes, the overall cer-
tainty of evidence was limited because of heterogeneity
and RoB, and only a subset of interventions addressed pa-
tient-, clinician-, and consultation-level components in an
integrated manner [9]. Taken together, these findings sug-
gest that downstream clinical effects may be difficult to de-
tect without standardized SDM components and harmo-
nized outcome assessments. This interpretation is

https://doi.org/10.7475/kjan.2025.1118

consistent with the variability in SDM delivery observed
across the included COPD studies, including differences in
providers, delivery modes, and intervention duration.

Compared with prior COPD self-management me-
ta-analyses, which primarily evaluated self-management
irrespective of explicit SDM components and emphasized
hospitalization rates and HRQoL as key outcomes [6,32],
this review specifically examined self-management pro-
grams that incorporated SDM and assessed SDM imple-
mentation using the SHARE framework [12]. The SHARE-
based analysis showed that implementation across the
included studies was partial and inconsistent; most inter-
ventions emphasized later SHARE steps, such as goal set-
ting and follow-up, whereas systematic assessment of pa-
tient values or structured presentation of management
options in earlier SHARE steps was seldom reported. This
pattern likely reflects the challenge of fully applying all
SHARE steps within structured intervention trials, in which
detailed patient-provider interactions are not always cap-
tured. Accordingly, future trials should treat early SHARE
steps, including structured presentation of management
options and systematic elicitation of patient values and
preferences, as required components and should verify fi-
delity to prespecified SDM components [12,33]. These
findings suggest that the lack of clear effects of SDM on
clinical outcomes may reflect insufficient integration of es-
sential SDM components within the programs. Given that
early SHARE steps were inconsistently implemented, prox-
imal gains may partly reflect later-stage coaching elements,
such as goal setting and follow-up, rather than full-spec-
trum SDM.

Potential sources of heterogeneity should therefore be
considered. A key contributor was variability in how out-
comes were measured across trials, as several constructs
were assessed using different instruments with nonidenti-

135



JY Choi - SY Lim - SY Yun

cal content and responsiveness to change [27]. For exam-
ple, some studies used both disease-specific and generic
instruments to assess patient-reported outcomes, includ-
ing HRQoL, and some also included a measure of global
life satisfaction. Because measurement nonequivalence
can inflate between-study variability and limit interpret-
ability, pooled estimates should be interpreted cautiously,
with greater emphasis placed on the direction and consis-
tency of effects across individual trials [27]. In addition, dif-
ferences in follow-up timing, populations, intervention in-
tensity, and SDM implementation likely contributed to
heterogeneity. Given the small number of studies per out-
come, subgroup analyses and meta-regression were not
feasible [27]. Future trials should improve comparability by
prespecifying primary instruments for key outcomes, har-
monizing outcome definitions, and standardizing assess-
ment time points.

In the final selection of seven studies, quality assessment
revealed deficiencies in several areas. Nonblinded out-
come assessments and unclear reporting of allocation con-
cealment raised concerns about potential bias, particularly
for self-reported outcomes such as self-efficacy and psy-
chological symptoms. Moreover, some studies lacked in-
formation on protocol registration or institutional review
board approval. Future trials should strengthen random-
ization procedures; clearly report sequence generation and
allocation concealment in accordance with CONSORT
guidance [34]; blind outcome assessors whenever possible;
and prioritize objective outcome sources, such as hospital-
ization records or administrative data, to minimize bias in
outcome measurement, as emphasized in contemporary
RoB guidance for randomized trials [24]. Improving overall
study quality through comprehensive documentation of
study design and approval processes will contribute to
more robust and reliable findings.

This study had several limitations. First, research on SDM
in the context of self-management programs for patients
with COPD remains in its early stages, resulting in a limited
evidence base. Second, one study measured the same con-
struct using multiple instruments. Although these mea-
sures were combined into a single weighted mean effect
size where feasible, differences in instrument content and
responsiveness may have limited comparability. Third,
substantial heterogeneity across outcomes likely reflected
differences in follow-up duration, intervention delivery,
and the extent to which core SDM components were im-
plemented. In addition, incomplete statistical reporting in
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one study restricted data synthesis. The literature search
was conducted in July 2022; therefore, more recent studies
may not have been captured. Because few studies were
available per outcome, funnel plots and related tests were
not performed, and small-study effects, including publica-
tion bias, could not be assessed [27].

This systematic review and meta-analysis of seven RCTs
assessed the effects of SDM-based self-management inter-
ventions on primary and secondary outcomes in patients
with COPD. The pooled estimates showed no statistically
significant differences in hospital readmission or HRQoL,
whereas SDM-based self-management was associated with
a small pooled improvement in self-efficacy. However,
these findings should be interpreted cautiously given the
substantial heterogeneity, small number of trials, and
moderate to very low certainty of evidence. Future studies
should strengthen the rigor of trial design and reporting,
standardize outcome assessments, and ensure high-fidelity
SDM delivery with consistent implementation and verifica-
tion of the core SHARE steps.
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Purpose: This systematic review aimed to evaluate electrocardiogram interpretation compe-
tency among emergency and critical care nurses and to examine the diagnostic performance,
benefits, and limitations of computerized and artificial intelligence-based electrocardiogram
interpretation systems. Methods: This systematic review was conducted in accordance with
PRISMA 2020 guidelines and regjstered in the International Prospective Register of System-
atic Reviews under registration number CRD420251169307. Six electronic databases and
additional sources were searched for studies published between January 2020 and October
2025, with the final search conducted in October 2025. Studies were included if they in-
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volved regjstered nurses interpreting electrocardiograms in acute care settings or evaluated
computerized electrocardiogram interpretation systems using adult datasets. Methodological
quality was assessed using validated tools appropriate to study design, including the Joanna
Briggs Institute critical appraisal tools, ROBINS-I, and QUADAS-2. Results: Mean electrocar-
diogram interpretation scores among nurses ranged from 43% to 68%, with fewer than 40%
of participants meeting predefined competency thresholds. Performance was strongest for
asystole recognition and weakest for tachyarrhythmias, myocardial ischemia, and conduction
abnormalities. Artificial intelligence-based systems demonstrated high diagnostic accuracy,
with area under the curve values ranging from 0.91 to 0.97 and sensitivity exceeding 94%
across major diagnostic tasks. Conclusion: Emergency and critical care nurses demonstrat-
ed insufficient electrocardiogram interpretation competency in several safety-critical domains.
Computerized and artificial intelligence-based systems showed high diagnostic accuracy and
may serve as effective complementary tools when integrated with ongoing nurse education
and appropriate clinical oversight.

Key Words: Electrocardiography; Critical care nursing; Emergency nursing; Professional com-
petence; Artificial intelligence

INTRODUCTION

tial diagnostic tools in emergency and critical care settings,
providing real-time information that guides life-saving in-

Electrocardiogram (ECG) remains one of the most essen-  terventions such as rapid defibrillation, reperfusion thera-
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py, and cardiac pacing in patients with arrhythmias, acute
coronary syndrome (ACS), or conduction abnormalities
[1,2]. Nurses are often the first healthcare professionals to
assess critically ill patients in high-acuity settings, includ-
ing intensive care units (ICUs) and emergency depart-
ments (EDs). Consequently, they are expected to rapidly
obtain and accurately interpret ECG findings before physi-
cian or cardiology review [3,4].

Nonetheless, growing evidence indicates that nurses’
ECG interpretation skills remain inconsistent and frequent-
ly inadequate, particularly in identifying life-threatening
rhythms such as ventricular tachycardia, ventricular fibril-
lation, and atrial fibrillation, as well as myocardial ischemia
and conduction block [1]. These deficiencies have been as-
sociated with limited access to structured training, incon-
sistent educational support, and the absence of standard-
ized assessment instruments in critical care nursing
practice [3,4]. Furthermore, ECG interpretation knowledge
and diagnostic accuracy tend to decline without ongoing
practice or refresher training, creating a “use-it-or-lose-it”
phenomenon that may compromise patient safety during
time-sensitive emergencies [5,6].

Simultaneously, computerized ECG interpretation sys-
tems using computerized interpretation engines (CIEs)
and artificial intelligence (AI)-based algorithms have
emerged as potential tools to support frontline clinicians
by providing rapid, standardized, and automated ECG
analysis [2,6]. Kashou et al. [7] reported that incorporation
of computerized ECG interpretation increased overall ECG
interpretation accuracy among healthcare professionals by
15.1%. The same study also demonstrated a 10.3% im-
provement in ventricular rate determination accuracy and
a modest 1.9% increase in mean QRS axis interpretation
accuracy.

Al has also demonstrated strong performance in arrhyth-
mia detection. For example, Al-based models achieved an
area under the curve (AUC) of 0.87 for atrial fibrillation de-
tection [8]. Similarly, the review conducted by Neupane et
al. [9] reported that deep learning integration improved
ECG interpretation performance and facilitated earlier de-
tection of cardiac abnormalities. However, despite these
advances, concerns remain regarding generalizability, al-
gorithmic bias, interpretability, and excessive clinician reli-
ance on Al systems when human ECG interpretation skills
are not adequately maintained [1,6].

The central issue therefore lies at the intersection of hu-
man expertise and technological advancement. On one
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hand, nurses in EDs and ICUs demonstrate inconsistent
ECG interpretation performance with potentially signifi-
cant clinical consequences. On the other hand, despite
their considerable potential, computerized and Al-based
systems cannot yet be relied upon independently because
of limitations related to bias, explainability, and generaliz-
ability [3,4].

Addressing this issue is important for two major reasons.
First, improving nurse competency may help ensure that
frontline clinicians retain the ability to identify and re-
spond to critical ECG abnormalities in real time, even in
the absence of technological support, thereby reducing the
likelihood of delayed or inappropriate treatment [1,5]. Sec-
ond, the integration of computerized and Al-based ECG
interpretation systems as complementary, rather than sub-
stitutive, tools may improve diagnostic accuracy, enhance
workflow efficiency, and provide an additional safety layer
for both novice and experienced clinicians, ultimately im-
proving patient outcomes in emergency and critical care
settings [2,6].

Such a dual approach, combining sustained human
competency development with responsible technological
integration, represents an important strategy for address-
ing current competency gaps and improving the quality of
acute cardiac care internationally [3,4].

For the purposes of this review, competency refers to the
ability to correctly interpret ECG findings using standard-
ized assessment tools or predefined performance thresh-
olds. Accuracy refers to the proportion of correct ECG in-
terpretations within a specific diagnostic domain, such as
rhythm recognition or ischemia detection, whereas profi-
ciency is used as a broader construct encompassing knowl-
edge, interpretive skill, and applied clinical performance.
These terms are used consistently throughout the manu-
script to improve conceptual clarity.

Delayed recognition of malignant arrhythmias, misinter-
pretation of ischemic ST segment and T wave changes, and
inaccurate identification of conduction abnormalities have
been associated with delayed escalation of care, inappro-
priate treatment decisions, and increased morbidity risk
during acute cardiac emergencies [10]. Observational stud-
ies have suggested that missed or incorrectly interpreted
ECG findings by frontline nurses may contribute to delayed
reperfusion therapy, delayed defibrillation, and prolonged
time to definitive cardiac intervention, particularly in re-
source-limited or high-workload settings [3].

Concurrently, advances in computerized and Al-based
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ECG interpretation systems have demonstrated high diag-
nostic accuracy for arrhythmias, ACSs, and conduction ab-
normalities under controlled validation conditions [11]. Al-
though these systems provide rapid, standardized, and
reproducible ECG analysis, concerns remain regarding
their generalizability, potential algorithmic bias, limited
explainability, and the risk of clinician over-reliance [9].
Importantly, the existing literature has largely evaluated
nurse ECG interpretation competency and Al-based ECG
interpretation systems as separate domains, without sys-
tematically examining how limitations in human perfor-
mance align with the strengths and weaknesses of comput-
erized interpretation systems.

Therefore, an important research gap exists in under-
standing how nurse ECG interpretation proficiency and Al-
based ECG interpretation performance intersect within re-
al-world emergency and critical care settings. To our
knowledge, no previous systematic review has synthesized
evidence from both domains to evaluate whether Al sys-
tems can complement, rather than replace, nurse-led ECG
interpretation in safety-critical environments. Addressing
this gap is essential for informing evidence-based educa-
tional strategies, clinical governance, and the responsible
integration of Al-supported ECG interpretation into acute
care practice.

Accordingly, the aims of this review were to (1) evaluate
the level of ECG interpretation competency among emer-
gency and critical care nurses and identify factors associat-
ed with performance variation; and (2) synthesize evidence
regarding the diagnostic performance, benefits, and limita-
tions of computerized and Al-based ECG interpretation
systems. By integrating evidence from both domains, this
review seeks to examine the potential role of a comple-
mentary human-Al model in improving diagnostic accura-
cy and patient safety.

1. Study Design

The protocol for this review was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) under registration number CRD420251169307. The
protocol specified predetermined outcomes and an analy-
sis plan to enhance methodological transparency and re-
duce bias. Eligible study designs included cross-sectional
studies, cohort studies, before-and-after studies, random-

https:;//doi.org/10.7475/kjan.2025.1125

ized controlled trials, mixed-methods studies, and quality
improvement (QI) projects. For studies of computerized
ECG interpretation, clinical validation studies, external
test-set analyses, and methodological studies with quanti-
tative diagnostic performance benchmarking were also eli-
gible. The search was limited to studies published between
January 2020 and October 2025. This study was reported in
accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.

2. Eligibility Criteria

This systematic review used the Population, Interven-
tions/Exposures, Comparators, Outcomes, and Study de-
signs (PICOS) framework to define eligibility criteria across
two analytical arms.

3. Inclusion Criteria

Arm A included registered nurses working in acute care
environments, such as EDs, ICUs, coronary care units
(CCUs), and telemetry units. These settings were selected
because nurses in these contexts are routinely responsible
for frontline ECG interpretation, consistent with previous
competency studies conducted across multiple regions.
Arm B included computerized ECG interpretation systems,
including both traditional rule-based CIEs and machine
learning or deep learning platforms evaluated using adult
ECG datasets in clinical or realistic testing environments.

For interventions and exposures, Arm A focused on fac-
tors influencing nurse ECG interpretation competency, in-
cluding formal ECG education, clinical experience, con-
tinuing professional development, and guideline-based or
structured training programs. Arm B focused on exposure
to computerized ECG interpretation systems designed to
support rhythm recognition, ischemia detection, conduc-
tion abnormality analysis, and interval measurement.
Comparators for Arm A included educational modalities,
clinical units, experience levels, and pre-post training de-
signs. Comparators for Arm B included expert cardiologist
interpretation, traditional CIEs, and direct comparisons
between human and Al-based interpretations. Table 1
summarizes the eligibility criteria according to PICOS.

4. Exclusion Criteria

For Arm A (nurse ECG interpretation competency), stud-
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Summary of Eligibility Criteria according to the PICOS Framework

PICOS elements
Population

Arm A

units, and telemetry units

Interventions/exposures

or structured training programs
Comparators

intervention
Outcomes

performance, training effects

Study designs

Registered nurses working in emergency
departments, intensive care units, coronary care

Formal electrocardiogram education, clinical
experience, continuing education, guideline-based

Standard training versus structured programs;
differences by unit, experience level, or pre-post

Electrocardiogram interpretation competency,
accuracy by diagnostic domain, predictors of

Cross-sectional studies, cohort studies, before-after
studies, randomized controlled trials, mixed-
methods studies, quality improvement projects

Arm B

Computerized electrocardiogram interpretation
systems evaluated using adult electrocardiogram
datasets

Use of computerized interpretation engines or
artificial intelligence platforms for
electrocardiogram analysis

Expert cardiologist interpretation; traditional
computerized engines versus artificial intelligence-
based systems

Diagnostic accuracy metrics, interval measurement
error, comparison with human interpretation

Diagnostic validation studies, external test-set
analyses, methodological and performance
evaluation studies

Arm A=nurse electrocardiogram interpretation; Arm B =computerized/artificial intelligence electrocardiogram interpretation; PI-

COS=Population, Interventions/Exposures, Comparators, Outcomes, and Study Designs.

ies were excluded if they did not include registered nurses,
did not involve nurses working in acute care environments
such as EDs, ICUs, CCUs, or telemetry units, did not report
ECG interpretation competency or accuracy, or were not
published in English.

For Arm B (computerized and Al-based ECG interpreta-
tion systems), studies were excluded if they did not evalu-
ate Al-based or computerized systems for ECG interpreta-
tion or were not published in English.

For both arms, studies were excluded if they focused ex-
clusively on pediatric populations; were case reports, nar-
rative reviews, or editorials; evaluated non-ECG cardiac
monitoring tools, such as echocardiography; used simula-
tion without measurable ECG interpretation outcomes; or
reported insufficient or unavailable data [1,6].

5. Search Strategy and Selection Process

A comprehensive search strategy was developed to iden-
tify studies addressing: (1) ECG interpretation competency
among emergency and critical care nurses and (2) the di-
agnostic accuracy, benefits, and limitations of computer-
ized or Al-based ECG interpretation systems. The search
strategy combined controlled vocabulary and free-text
terms adapted to each database. For the human proficien-
cy arm, the search combined the following terms: (“elec-
trocardiogram” OR “ECG”) AND (nurs*) AND (“emergency”
OR “critical care” OR “ICU” OR “CCU”) AND (“competenc*”
OR “proficien*” OR “knowledge” OR “skill*”). The search
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strategy was developed from the study objectives, with key
concepts derived from the research question and relevant
keywords and synonyms incorporated accordingly.

For the computerized interpretation arm, the strategy in-
cluded the following terms: (“computer” OR “algorithm”
OR “diagnosis” OR “AI” OR “deep learning” OR “CNN")
AND (“ECG” OR “electrocardiogram”) AND (“accuracy”
OR “sensitivity” OR “validation”), based on previous re-
views and validation studies of computerized ECG inter-
pretation [12-14].

The electronic databases searched were MEDLINE, Em-
base, CINAHL, Scopus, Cochrane CENTRAL, and IEEE
Xplore. Additionally, IEEE Xplore was searched to identify
computational studies. Additional sources, including gray
literature, doctoral theses, society guidelines, and regis-
tered clinical trials, were also searched to minimize publi-
cation bias. Supplementary Material provides the detailed
search strategy for each database. To ensure comprehen-
sive coverage, the reference lists of included studies and
forward citations were hand-searched.

The literature search was limited to studies published
between January 2020 and October 2025 to capture con-
temporary evidence reflecting current nursing education
standards, evolving emergency and critical care practice,
and rapid advances in Al-based ECG interpretation tech-
nologies. Earlier studies were excluded because of substan-
tial changes in ECG training frameworks, digital ECG ac-
quisition, and the emergence of deep learning-based
interpretation systems in recent years.
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All records identified through database and register
searches and other sources were imported into a reference
management system, where automatic and manual dedu-
plication were performed. A total of 723 records were iden-
tified, including 670 records from databases and registers
and 53 records from other sources, including reference
lists, conference abstracts, and gray literature.

After removing 350 duplicate records, 320 records under-
went title and abstract screening by two independent re-
viewers using predefined eligibility criteria. During this
stage, 258 records were excluded, and 62 reports were as-

Characteristics of the Included Studies (Arm A and Arm B)

sessed for full-text eligibility. Among records identified
from other sources, 47 were excluded after title and ab-
stract screening, and six reports were further assessed for
eligibility. Full-text screening resulted in the exclusion of 46
reports because of nonclinical validation (n=10), algo-
rithm description only (n=16), lack of focus on ECG inter-
pretation competency (n=10), or lack of relevance to re-
view outcomes (n=10). Ultimately, 22 studies met the
inclusion criteria and were included in the review. Based
on the analytical framework of the review, 16 studies were
categorized into Arm A and six studies into Arm B (Table 2).

Studies Cour.ltry/ Studyarm  Study design Setting/ Population or Sample SI,Z = Main outcomes assessed
region data source dataset dataset size
Ayasreh et  Jordan Arm A Cross-sectional Emergency Emergency 287 Nurses ECG interpretation competency
al. [4] departments  nurses score; rhythm recognition
(2024)
Belayetal. Ethiopia ArmA Cross-sectional Adult ER nurses 252 Nurses ECG interpretation knowledge
[16] (2024) emergency and practice
rooms
Chenetal. International Arm A Systematic Acute care Emergency 24 Studies  Nurse ECG competency,
[1] (2022) review settings and critical education effects
care nurses
Dossel etal. Germany Arm A Modeling Computational Simulated and N/A Computer modeling for ECG
[25] (2021) review ECGmodels clinical ECGs interpretation
Hasanien et Jordan Arm A Cross-sectional ED and ICU Emergency 210 Nurses 12-lead ECG proficiency and
al. [2] and critical arrhythmia monitoring
(2023) care nurses
Jalal [18] Saudi Arabia Arm A Cross-sectional Hospitals Registered 204 Nurses ECG monitoring and
(2024) nurses interpretation competency
Jassimetal. Iraq Arm A Cross-sectional Hospitals Nurses 100 Nurses ECG knowledge level
[20] (2023)
Kashou et al. USA Arm A Observational Clinical settings Medical 892 Factors influencing ECG
[7] (2023) professionals Clinicians  interpretation proficiency
Kim and Yoo South Korea Arm A Cross-sectional ER and ICU Nurses 230 Nurses ECG confidence and
[23] (2025) educational needs
Mohammed Egypt Arm A Quasi- Hospital units Nurses 40 Nurses  Effect of ECG guideline on
Alietal. experimental performance
[21] (2022)
Ngand Australia Arm A Cross-sectional Acute care units Registered 120 Nurses ECG rhythm interpretation
Christensen nurses knowledge
[24] (2024)
Obied etal. Palestine Arm A Cross-sectional Emergency Emergency 266 Nurses ECG interpretation competency
[17] (2024) departments  nurses
Qaddumiet Palestine Arm A Cross-sectional Hospitals Registered 198 Nurses ECG interpretation and
al. [19] nurses arrhythmia management
(2025)
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Continued
Studies Cour'ltry/ Studyarm  Study design Setting/ Population or Sample SI,Z e Main outcomes assessed
region data source dataset dataset size

Rahimpour Iran Arm A Comparative =~ EDand EMS  Nurses and 180 ECG interpretation accuracy
etal. [3] Cross- EMS Participants
(2021) sectional personnel

Singh etal. India Arm A Systematic Acute care Nurses 18 Studies  ECG interpretation competency
[6] (2022) review

T/Mariam et Ethiopia Arm A Cross-sectional ED and ICU Nurses 225 Nurses ECG knowledge and practice
al. [22]
(2024)

Fortuneet USA Arm B Methodological ECG image ECGimages/ 12,000 ECGs Signal recovery accuracy
al. [26] validation digitization signals
(2022)

Hermanet Europe ArmB Validation Clinical ECG ~ AdultECGs  About Al diagnostic accuracy (AUC,
al. [12] (multi- study databases 930,000 F1, sensitivity)
(2024) country) ECGs

Husain et al. International Arm B Technical ECG hardware/ ECGsensor ~ N/A ECG interoperability and digital
[27] (2021) review software systems integration

Muzammil International Arm B Alvalidation = Multicenter Adult ECG >500,000 Al-based ECG diagnosis
etal. [14] study datasets datasets ECGs performance
(2024)

Ose et al. USA Arm B Al review Clinical ECG  AIECG N/A Benefits and limitations of Al
[13] (2024) systems platforms ECG interpretation

Reynaetal. USA Arm B Dataset ECG image ECGimages 67,000 ECG Dataset quality and artifact
[15] (2024) development  database images robustness

Al =artificial intelligence; Arm A=nurse electrocardiogram interpretation; Arm B =computerized/artificial intelligence electrocardio-
gram interpretation; AUC=area under the receiver operating characteristic curve; ECG =electrocardiogram; ED =emergency depart-
ment; EMS =emergency medical services; ER=emergency room; ICU =intensive care unit; N/A=not applicable.

Inter-rater agreement during title/abstract and full-text
screening was high (Cohen’s k=0.82), indicating strong
consistency between reviewers. The study selection pro-
cess for each arm is presented in Figure 1 in accordance
with PRISMA 2020 guidelines.

6. Outcomes of Interest

1) Primary outcomes

The primary outcomes of this systematic review differed
by analytical arm.

For Arm A (nurse ECG interpretation competency), pri-
mary outcomes included the proportion of nurses classi-
fied as competent according to each study’s predefined cri-
teria and mean ECG interpretation scores expressed as the
percentage of correct responses. Performance was assessed
across clinically relevant diagnostic domains, including
rhythm recognition, ischemia detection, interval interpre-
tation, and accurate lead placement.

For Arm B (computerized and Al-based ECG interpreta-
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tion systems), primary outcomes focused on diagnostic
performance metrics, including sensitivity, specificity, pos-
itive predictive value, negative predictive value, F1-score,
and AUC for detection of atrial fibrillation, ventricular
tachycardia or fibrillation, ACSs, and conduction abnor-
malities. Quantitative accuracy of ECG interval measure-
ments was also assessed and reported as absolute mea-
surement error.

2) Secondary outcomes

Secondary outcomes for Arm A included factors associ-
ated with nurse ECG interpretation performance, such as
educational level, years of clinical experience, workload,
prior ECG training exposure, and professional certification.
Evidence regarding knowledge retention, skill transfer to
clinical practice, and durability of training effects over time
was also examined.

For Arm B, secondary outcomes included workflow effi-
ciency, turnaround time for ECG interpretation, influence
on clinical decision-making, clinician confidence in system
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Identification of new studies via databases and registers Identification of studies via other sources
Records identified from: N Records removed before Records identified from:
o CINAHL (n=164) screening: Other sources (n=53)
2 Embase (n=172) Duplicate records removed
u‘:&’ MEDLINE (n=103) (n=350)
b= Scopus (n=99)
s Cochrane CENTRAL (n=70) Y
- IEEE Xplore (n=62) N Records excluded after title/ Records excluded after title/
Total (n=670) abstract screening (n=258) abstract screening (n=47)
Reports assessed for | Reports excluded with Reports sought for retrieval
eligibility (n=62) reasons (n=46): (n=6)
Nonclinical validation
oo (n=10)
g Algorithm description only v
g (n=16)
g Lack of focus on Rep.o.rts fissessed for
ECG interpretation eligibility (n=6)
competency (n=10)
Lack of relevance to review
outcomes (n=10)
B "
= Studies included in review
S (n=22) <

PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram. ECG =electrocardiogram.

outputs, potential for misdiagnosis, cost-effectiveness con-
siderations, and issues related to equity, bias, and fairness
in algorithmic performance.

7. Risk-of-Bias/Quality Appraisal

Two reviewers independently conducted critical apprais-
al of each included study using validated instruments ap-
propriate to study design. For cross-sectional and observa-
tional studies, the Joanna Briggs Institute critical appraisal
checklists and the National Institutes of Health (NIH)
Quality Assessment Tool were used. The Cochrane Risk of
Bias 2 (RoB 2) tool and the ROBINS-I framework were used
to assess randomized controlled trials and controlled be-
fore-and-after studies, where applicable. Mixed-methods
and QI studies were assessed using the Mixed Methods Ap-
praisal Tool (MMAT) or the Quality Improvement Mini-
mum Quality Criteria Set (QI-MQCS). Studies assessing
computerized or Al-based ECG interpretation were ap-
praised using PROBAST-AI and QUADAS-2, with additional
consideration of dataset shift, data leakage, ground-truth
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representativeness, and external validation.

All studies were rated and summarized qualitatively as
having low, moderate, or high risk of bias, and disagree-
ments were resolved by consensus. Overall, the appraisal
summaries indicated that all 22 studies were of sufficient
methodological quality for inclusion in the synthesis, al-
though limitations such as small sample sizes, lack of
blinding, and absence of external validation were noted in
individual studies (Table 3) [1-4,6,7,12-27]. To ensure con-
sistent and transparent risk-of-bias assessment across Arm
A and Arm B, the recommended appraisal tool were used
for each study design. Consequently, risk-of-bias results
are reported according to the framework of each respective
tool.

8. Data Extraction
Two reviewers independently extracted data using a pi-
lot-tested, standardized data extraction form tailored to the

two review domains: Arm A, nurse ECG interpretation pro-
ficiency; and Arm B, computerized ECG interpretation. For
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Risk of Bias and Quality Appraisal of Included Studies

Studies Study design Appraisal tool Key appraisal findings Rlﬁ;;ilbeli: Final decision
Ayasreh etal.  Cross-sectional Joanna Briggs Institute Clear sampling strategy; reliance on self- Moderate Included
[4] (2024) checklist reported data; no longitudinal follow-up
Belay et al. [16] Cross-sectional Joanna Briggs Institute Multicenter design strengthened validity; recall Moderate Included
(2024) checklist bias possible; no objective clinical outcomes
Chenetal. [1] Systematic review Joanna Briggs Institute Comprehensive search strategy; high Low to Included
(2022) systematic review heterogeneity; some reporting gaps moderate
checklist
Dossel et al. Modeling review QUADAS-2 (adapted) Strong conceptual framework; no empirical High Included
[25] (2021) dataset; limited external validation (contextual
evidence)
Fortuneetal. Methodological QUADAS-2 Robust digitization and signal recovery metrics; Moderate Included
[26] (2022) validation study no direct diagnostic outcomes
Hasanien et al. Cross-sectional Joanna Briggs Institute Standardized assessment tool; single-country Low to Included
[2] (2023) checklist setting; modest sample size moderate
Hermanetal. Artificial intelligence PROBAST-AI Robust external validation; high diagnostic Low Included
[12] (2024) validation study accuracy; potential dataset shift concerns
Husainetal.  Technical review QUADAS-2 (adapted) Comprehensive hardware and software Moderate Included
[27] (2021) perspective; not focused on diagnostic (technical
accuracy context)
Jalal [18] (2024) Cross-sectional Joanna Briggs Institute Appropriate sample size; limited validation of =~ Moderate Included
checklist competency tool; self-report bias
Jassim et al. Cross-sectional Joanna Briggs Institute Small sample size; basic assessment High Included
[20] (2023) checklist instrument; no retention assessment
Kashouetal. Observational study National Institutes of Good survey methodology; voluntary Moderate Included
[7] (2023) Health quality participation; limited generalizability
assessment tool
Kim and Yoo  Cross-sectional Joanna Briggs Institute Adequate sample size; robust assessment tool; Low to Included
[23] (2025) checklist reliance on self-confidence measures moderate
Mohammed  Quasi-experimental ROBINS-I Non-randomized design; modest intervention Moderate to Included
Alietal. [21]  study effects; risk of confounding high
(2022)
Muzammil et  Artificial intelligence PROBAST-AI Large and diverse dataset; external validation ~Low to Included
al. [14] (2024) validation study performed; equity and bias concerns moderate
Ngand Cross-sectional Joanna Briggs Institute Validated test instrument; potential selection Moderate Included
Christensen checklist bias
[24] (2024)
T/Mariam et Cross-sectional Joanna Briggs Institute Hospital-based sample; moderate size; training Moderate Included
al. [22] (2024) checklist exposure insufficiently described
Obied et al. [17] Cross-sectional Joanna Briggs Institute Large sample size; regional focus; limited Moderate Included
(2024) checklist competency assessment tool
Oseetal. [13] Artificial intelligence QUADAS-2 Comprehensive synthesis; variability in Moderate Included
(2024) review external validation across included studies
Qaddumi et al. Cross-sectional Joanna Briggs Institute Adequate sample size; limited reporting on Moderate Included
[19] (2025) checklist assessment validity
Rahimpour et Cross-sectional Joanna Briggs Institute Nurse versus emergency medical services Moderate Included
al. [3] (2021) checklist comparison; self-report bias
Reyna etal. [15] Methodological QUADAS-2 High-quality dataset; not designed to evaluate =~ Moderate Included
(2024) dataset diagnostic performance
development study
Singh etal. [6] Systematicreview  Joanna Briggs Institute Broad evidence synthesis; substantial Moderate Included
(2022) systematic review methodological variation
checklist

PROBAST-AI =Prediction Model Risk of Bias Assessment Tool-Artificial Intelligence; QUADAS-2 = Quality Assessment of Diagnostic Ac-
curacy Studies 2; ROBINS-I=Risk of Bias in Non-randomized Studies—of Interventions.
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Arm A studies, extracted information included study coun-
try, healthcare facility, sample size, nursing cadre, years of
experience, prior ECG training exposure, training type and
duration, ECG exposure, assessment tools, scoring thresh-
olds, domain-specific scores, predictors of performance,
intervention characteristics, and evidence of knowledge or
skill retention. Domain-specific scores included rhythm
recognition, ischemia detection, interval interpretation,
and lead placement.

For Arm B studies, extracted information included sys-
tem type, categorized as either a traditional CIE or an Al/
machine learning system; training and validation datasets;
reference standards, such as expert panel review or angio-
graphic confirmation; diagnostic tasks; performance met-
rics, including sensitivity, specificity, positive predictive
value, negative predictive value, F1-score, and AUC; inter-
val measurement errors in milliseconds; external valida-
tion; computational runtime; workflow or integration in-
formation; bias, fairness, and calibration analyses; and
regulatory approval status, where reported. Disagreements
between reviewers were resolved through discussion, and
cross-verified datasets were extracted accordingly. Al-
though extracted variables differed between Arm A and
Arm B, results were synthesized using the most compara-
ble performance measures available, such as accuracy and
sensitivity.

9. Data Synthesis and Analysis

Because of substantial heterogeneity in study designs,
assessment tools, outcome measures, and performance
benchmarks, meta-analysis was not feasible. A structured
narrative synthesis was therefore conducted in accordance
with PRISMA 2020 recommendations.

For Arm A, results were synthesized by summarizing
mean ECG interpretation scores, proportions of partici-
pants meeting predefined competency thresholds, do-
main-specific performance, such as arrhythmia recogni-
tion and ischemia detection, and reported predictors of
competency. For Arm B, diagnostic performance metrics,
including sensitivity, specificity, F1-score, and AUC, were
summarized by diagnostic task. Findings were grouped
thematically to allow within-arm comparison while avoid-
ing direct quantitative comparison across fundamentally
different outcome metrics.
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1. Characteristics of Included Studies

The characteristics of the included studies are summa-
rized in Table 2, including study design, setting, population
or dataset characteristics, study arm classification, and pri-
mary outcomes [1-4,6,7,12-27]. The 22 included articles
provided evidence on both nurse ECG interpretation profi-
ciency and computerized ECG interpretation systems.
Most nurse-focused studies in Arm A were conducted in
the Middle East and Africa, including Jordan (n=2) [2,4],
United States (n=1) [7], Saudi Arabia (n=1) [18], Palestine
(n=2) [17,19], Iraq (n=1) [20], Egypt (n=1) [21], and Ethio-
pia (n=2) [16,22]. Additional studies were conducted in
Iran (n=1) [3], South Korea (n=1) [23], and Australia (n=1)
[24]. One large systematic review included international
data [1]. Singh et al. synthesized regional evidence from In-
dia [6] and Dossel et al. reviewed computer modeling for
ECG interpretation [25]. In contrast, Arm B studies of com-
puterized ECG interpretation had broader geographic rep-
resentation, including Italy/Belgium/Slovakia/Israel (n=1)
[12], studies led by investigators in the United States (n=3)
[13,15,26], and a global AI consortium study (n=1) [14]. In
terms of design, cross-sectional observational surveys were
the most common study type (n=12), followed by system-
atic or modeling reviews (n=4), methodological or valida-
tion studies evaluating Al and computerized interpretation
systems (n=5), and one quasi-experimental study (n=1)
[23]. Sample sizes varied widely, from 40 nurses in Egypt
[21] to 932,711 ECGs used to train Al models in Belgium
[12]. Among nurse-centered primary studies, sample sizes
ranged from 100 nurses in Iraq [20] to 287 nurses in Jordan
[4], with most studies including between 150 and 250 par-
ticipants. Participants were predominantly ED, ICU, CCU,
or telemetry-unit nurses, primarily bachelor’s-prepared
and often early-career clinicians. Taken together, these
studies provide a broad overview of human limitations in
ECG interpretation and the capabilities of computerized
and Al-assisted systems across diverse healthcare settings.

2. Arm A: Nurse ECG Interpretation Proficiency (Levels
and Domains)

Across the 14 nurse-focused studies and two evidence

syntheses, overall ECG interpretation competency among
emergency and critical care nurses was generally below
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study-defined competency thresholds. Study-level mean
knowledge or skill scores typically ranged from 43% to 68%,
and the proportion of nurses classified as competent was
usually below 40% when competency was defined using
thresholds of 65% to 80% correct responses [1,4,16,18].

The proportion of nurses meeting competency criteria
varied by assessment tool and cutoff. For example, 23.5% to
31.0% of emergency nurses in Ethiopia met the excellence
threshold of >65%, 17.1% of nurses in the West Bank were
classified as competent using a cutoff of >7.5/10, and 38%
of nurses in Iran were classified as competent using the
same cutoff. These low-to-moderate competency estimates
were consistent with absolute mean scores: emergency
nurses in Ethiopia scored 6.82/20 (34%), registered nurses
in Australia scored 55% on a 20-item test, nurses in Saudi
Arabia achieved 68% knowledge scores despite practice
gaps, emergency and intensive care nurses in South Korea
scored 13/20 (65%), and nurses in Iraq were categorized as
having good, fair, and poor competency in 32%, 44%, and
24% of cases, respectively.

Domain-specific accuracy showed a similar pattern. Rec-
ognition of asystole and other readily apparent life-threat-
ening rhythms was relatively stronger, often reaching 70%
to 90% accuracy. In contrast, recurrent areas of poor per-
formance included tachyarrhythmias, such as atrial fibrilla-
tion, supraventricular tachycardia, ventricular tachycardia,
and ventricular fibrillation in some groups; atrioventricular
block, particularly high-degree block; ischemia or myocar-
dial infarction reflected by ST-T abnormalities; QT and QRS
measurement or correction; axis determination; and accu-
rate precordial lead placement. Many studies reported ac-
curacy below 70% in these domains, with particularly low
precision for advanced conduction blocks and myocardial
infarction localization. This dispersion was also supported
by evidence syntheses. Some ED cohorts demonstrated
high rates of correct responses for selected rhythm-knowl-
edge items, exceeding 90%, whereas intensive care and
emergency samples showed very low accuracy, below 30%,
for malignant ventricular arrhythmias. Differences be-
tween knowledge-based performance and practical skills,
such as lead placement and interval interpretation, were
also common [1,6].

Several factors were associated with higher ECG inter-
pretation scores, including higher educational level, previ-
ous ECG coursework, especially face-to-face training last-
ing more than 20 hours, basic life support or advanced
cardiovascular life support certification, ICU or CCU place-
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ment, and greater daily ECG exposure. In contrast, total
years of clinical experience showed inconsistent or no as-
sociation with performance. Confidence and recent evi-
dence-seeking behavior were also positively correlated
with ECG interpretation performance [17-19,23]. Short-
term knowledge gains were reported after interventions
such as team-based learning, lecture-discussion sessions,
structured modules, and unit-level guidelines; however,
without periodic refresher training, knowledge retention de-
clined after the initial post-test period [1,23]. Overall, the evi-
dence addressing Review Question 1 indicates low-to-mod-
erate baseline ECG interpretation proficiency among ED and
ICU nurses, with clinically important deficits in safety-criti-
cal domains, including tachyarrhythmias, atrioventricular
blocks, ischemia, QT and QRS interpretation, and lead
placement. These deficits can be modestly improved
through structured education but appear to require repeat-
ed training and sustained clinical exposure to be main-
tained [1-4,6,16-19,21-24].

3. Arm B: Computerized/Al ECG Interpretation Perfor-
mance (Levels and Comparisons)

Across six computerized or Al-focused studies and tech-
nology reviews, Al-enabled 12-lead ECG interpretation
demonstrated high diagnostic performance across rhythm,
ACS, conduction abnormality, ectopy, chamber enlarge-
ment, and axis-determination tasks. These systems fre-
quently outperformed traditional CIEs and, in some set-
tings, approached or exceeded expert benchmarks for
specific diagnoses [12-15,26,27].

In a large multi-institutional validation study, a deep
learning system achieved F1-scores of approximately 0.96
for rhythm interpretation, 0.93 for ACS detection, 0.89 for
conduction block detection, 0.97 for ectopy detection, 0.97
for chamber enlargement detection, and 0.90 for axis inter-
pretation. The same system achieved atrial fibrillation sen-
sitivity of approximately 0.95 and specificity of approxi-
mately 1.00, with positive and negative predictive values of
approximately 0.99. For ST-segment elevation myocardial
infarction, sensitivity was approximately 0.99 and the F1-
score was approximately 0.95. Interval measurement dif-
ferences, such as QRS duration +3 msec and QT interval -4
msec, remained within International Electrotechnical
Commission tolerance thresholds, indicating robust quan-
titative agreement [12].

In head-to-head comparisons, the Al system substantial-
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ly reduced false-negative results compared with a state-of-
the-art CIE, including a 41.7% reduction for atrial fibrilla-
tion and elimination of false negatives for ST-segment
elevation myocardial infarction in the tested subset. The Al
system also outperformed CIEs in challenging conduction
diagnoses, including left posterior fascicular block and
high-degree atrioventricular block [12]. Narrative and
quantitative syntheses reported AUCs of approximately
0.91 to 0.97 for arrhythmia and ACS tasks across multiple
Al models and datasets. They also reported AUCs of ap-
proximately 0.90 to 0.93 for detection of left ventricular
ejection fraction <35% and credible performance for struc-
tural diseases, such as hypertrophic cardiomyopathy and
amyloidosis, as well as electrolyte abnormalities. Emerging
evidence also supports the potential use of Al-based ECG
interpretation for predicting future atrial fibrillation and
heart failure, although concerns remain regarding general-
izability and bias [13,14].

Foundational enablers of Al-based ECG interpretation
include improved data pipelines, such as ECG image digiti-
zation methods that achieve high-fidelity signal recovery
and support the incorporation of legacy or paper ECGs into
modern Al workflows. Artifact-rich paired image-signal
datasets also support training and testing for robustness
under real-world conditions [15,26]. Systems-level reviews
emphasize that advances in sensors, wearable devices,
wireless transmission, and standardized data formats may
facilitate broader deployment, while also introducing pri-
vacy and integration challenges [27].

From the perspective of Review Question 2 the quantita-
tive evidence indicates that Al systems now provide high
task-specific accuracy and interval measurements within
accepted standards. These systems may therefore serve as
reliable adjuncts to human interpretation, particularly in
domains where nurse proficiency is weakest, including
tachyarrhythmias, atrioventricular blocks, and ACS. How-
ever, important limitations remain, including potential
dataset shift, algorithmic bias, explainability gaps, and the
need for external validation across populations and care
pathways before routine, unmonitored use [12-14,20]. Ac-
cordingly, the most appropriate implementation strategy is
human-AIl complementarity: Al should be deployed for
high-sensitivity triage and second-reading support, fail-
safes should be embedded for critical alerts such as ST-seg-
ment elevation myocardial infarction, ventricular tachycar-
dia, ventricular fibrillation, and atrioventricular block, and
recurrent nurse education should be maintained to pre-
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serve human interpretive competency where Al may be
uncertain or where contextual clinical synthesis is essential
(Table 4) [1,3,6,12].

4. Integrated Synthesis of the Findings

Integrating findings from both domains indicates that
ECG interpretation competency among emergency and
critical care nurses is often inadequate, particularly for
identifying arrhythmias, atrioventricular block, and isch-
emic changes. In contrast, Al-based interpretation systems
demonstrate high diagnostic accuracy in these domains
and generally outperform traditional CIEs. Nevertheless,
Al-based systems remain limited by concerns regarding
generalizability, potential bias, and explainability.

Collectively, these findings suggest that Al tools may im-
prove ECG interpretation when used as adjuncts to nurse-
led assessment. A human-AI approach could enhance di-
agnostic accuracy in critical care settings while preserving
the need for clinical judgment, ongoing education, and ap-
propriate oversight.

The results of this review reveal a consistent pattern across
the included studies: nurses working in emergency and criti-
cal care settings generally demonstrated low-to-moderate
ECG interpretation proficiency, whereas computerized and
Al-driven systems showed high diagnostic accuracy for
several critical cardiac conditions. The nurse-centered evi-
dence indicates that, despite professional expectations for
timely ECG interpretation, many nurses did not reach
study-defined competency thresholds, with average test
scores ranging from the low 40% range to the mid-60%
range. These findings are consistent with previous studies
[28,29]. Only a small proportion of nurses exceeded the
competency standards specified in the included studies
[4,16,18,20,24].

Consistent with Buluba et al. [28], the included studies
converge on a key finding: nurses demonstrated relatively
high accuracy in detecting gross abnormalities, such as
asystole, whereas performance declined substantially
when they were required to identify tachyarrhythmias,
ischemic changes, atrioventricular blocks, and interval ab-
normalities. This pattern suggests that although more obvi-
ous ECG abnormalities may be recognized with reasonable
accuracy, subtle and time-sensitive findings remain insuf-
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Quantitative Synthesis of ECG Interpretation Proficiency (Arm A) and Computerized/Al Systems (Arm B)

Dimension Arm A (14 primary studies+2 reviews) Arm B (6 validation and review studies)
Overall Mean interpretation scores: from 43% to 68%. High diagnostic performance with AUC 0.91-0.97.
performance Fewer than 40% of nurses met predefined competency  F1-scores: 0.89-0.97.

Domain-specific

performance rhythms (typically >70%-90% accuracy). coronary syndromes, conduction abnormalities,
Weaknesses: Tachyarrhythmias atrioventricular blocks,  ectopy, chamber enlargement, and axis determination.
ischemic ST-T changes, interval measurement, and Small interval errors: interval measurements were small
accurate lead placement, often with <50% accuracyin  (for example, QRS approximately +3 msec, corrected
multiple cohorts. QT approximately -4 msec), remaining within accepted
technical standards.

Education Structured educational interventions, including team-  No retraining is needed for clinicians.
interventionsand  based learning, guideline-based training, and formal = External validation across populations and settings is
retention modules, resulted in short-term score improvements of ~ essential.

approximately 20%-25%. Accurate in independent test-sets among studies.
Score improvement declined over time without refresher
training.

Predictors/ Positive predictors: higher educational level, >20-hour Model performance was strongly influenced by dataset
moderators of ECG courses, professional certification. size, diversity, and quality of reference standards
performance ICU, CCU placement ECG exposure, and higher self- (expert adjudication or angiographic confirmation).

confidence. Years of general clinical experience showed Bias and reduced generalizability were reported when
inconsistent or no association with performance. training datasets lacked demographic or clinical
diversity.

Human vs. In studies directly comparing performance, nurses Al reduced false-negative rates compared with
computerized demonstrated less than 50% accuracy in ischemia traditional computerized interpretation engines.
interpretation detection and advanced arrhythmia recognition, Including marked reductions for atrial fibrillation. No
(head-to-head indicating clinically significant safety gaps in high-risk ~ missed acute coronary syndrome cases in validated
evidence) scenarios. studies. Performance was superior for complex

conduction abnormalities.

Strengths of Multinational, real-world studies. Identification of High diagnostic accuracy across multiple ECG domains;
evidence base specific, safety-critical competency gaps relevant to reproducible quantitative performance, scalable and

frontline practice. meets technical standards.

Key limitations Varied methods, mostly cross-sectional studies; limited Risk of dataset shift, algorithmic bias, limited

randomized or longitudinal intervention data. explainability, and uneven regulatory approval; most
Rare assessment for retention knowledge. studies conducted in high-income settings, limiting
generalizability to low-resource environments.

Implications for Baseline ECG interpretation competency among Al provides a high-accuracy complementary tool,

review question 1

thresholds (typically >65%-80% correct).

Lowest performance: emergency department nurses in
Jordan (about 15% competent; mean score 4.35/10).
Highest performance: Iranian emergency departments

(about 38% competent).

Strengths: Recognition of asystole and gross lethal

emergency and critical care nurses is low to moderate,
with persistent deficits in safety-critical domains.

Competency improves with structured education but is
not sustained without reinforcement.

Sensitivity often above 94%.
- Specificity approached 98%-100%, particularly for
atrial fibrillation, acute coronary syndromes, and
malignant ventricular arrhythmias.

Consistent accuracy: arrhythmia detection, acute

particularly in domains where human performance is
weakest.

Optimal practice supports a human-Al partnership with
ongoing nurse training and appropriate.

Sensitivity: percentage of true positive correctly identified; Specificity: percentage of true negatives correctly identified.

Al =artificial intelligence; Arm A=nurse electrocardiogram interpretation; Arm B =computerized/artificial intelligence electrocardio-
gram interpretation; AUC =area under the receiver operating characteristic curve; CCU=coronary care unit; ECG =electrocardiogram;
F1-score=harmonic mean of precision and recall; ICU =intensive care unit; QRS=QRS complex; QT =QT interval; ST-T =ST segment
and T wave.

ficiently detected, with potentially important implications
for patient safety [1,6].
However, findings from studies evaluating computerized

ferent pattern. Deep learning models demonstrated high
sensitivity and specificity for arrhythmias, ACS, and con-
duction abnormalities, with F1-scores and AUCs generally

and Al-driven ECG interpretation showed a markedly dif-  in the high-performance range [12-14]. These findings are
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consistent with Ribeiro et al. [30], who reported that
Al-driven ECG interpretation outperformed cardiology res-
idents in identifying six types of abnormalities on 12-lead
ECG recordings, achieving F1-scores above 80% and speci-
ficity greater than 99%.

Errors in interval measurements also remained within
acceptable international standards, further supporting the
reliability of these systems. Al systems clearly outper-
formed conventional CIEs, particularly in conditions in
which both human interpretation and CIE performance
are often weakest, including atrioventricular block, posteri-
or fascicular block, and ST-segment elevation myocardial
infarction detection [31,32]. Direct comparisons showed
that Al systems reduced false-negative findings and im-
proved detection of life-threatening rhythms [7].

Although Al-based ECG interpretation systems demon-
strated high diagnostic accuracy across multiple domains,
these findings should be interpreted with caution. Most Al
studies used large, curated datasets from high-income
healthcare systems, often with expert-annotated reference
standards. Variability in ECG acquisition quality, patient
demographics, and disease prevalence may affect algo-
rithm performance when these systems are deployed in
different clinical contexts. Furthermore, concerns regard-
ing dataset shift, algorithmic bias, and limited explainabili-
ty underscore the importance of maintaining human over-
sight and domain expertise [9]. Al systems should therefore
be viewed as supportive tools that enhance, rather than re-
place, clinical judgment.

Van de Leur et al. [32] reported that Al-based ECG inter-
pretation achieved high diagnostic accuracy and reduced
cardiologists’ ECG-reading workload. Consistent with
these findings, this review found that Al-based systems al-
ready outperform traditional software and may soon ap-
proach, or function as a supplement to, specialist-level in-
terpretation in selected diagnostic tasks [15,25-27].

Comparing the two evidence domains reveals both simi-
larities and differences. Both sets of studies identified tach-
yarrhythmias and conduction abnormalities as important
diagnostic challenges: for nurses, these represented knowl-
edge and skill gaps, whereas for traditional CIEs, they have
historically represented areas of weaker performance
[3,4,13,14,16]. The key distinction lies in the expected tra-
jectory of improvement. Human performance can improve
after educational interventions but may decline rapidly
without continued practice or refresher training, whereas
Al performance is expected to improve as datasets expand

https:;//doi.org/10.7475/kjan.2025.1125

and algorithms advance [1,12,21]. Another similarity is that
both domains are vulnerable to limitations in generaliz-
ability. Nurse performance varies substantially across
countries, institutions, and levels of prior training, whereas
Al systems are constrained by dataset representativeness
and may perform less reliably in underrepresented popula-
tions [13,14,17,19]. Thus, both domains are context-depen-
dent: nurses rely on adequate training systems, and Al sys-
tems rely on inclusive datasets and robust validation
procedures.

The divergences between the two domains are equally
important. Human interpretation is inherently variable and
can be influenced by overconfidence, educational back-
ground, workload, and clinical exposure, whereas validat-
ed Al systems may provide more consistent output under
similar input conditions [23,33]. Among nurses, thythm
recognition tends to be stronger than ischemia interpreta-
tion, whereas Al systems often maintain high performance
across multiple diagnostic domains, including domains in
which human performance is weakest [12,18,24]. In addi-
tion, although years of clinical experience were not consis-
tently associated with nurse competency, the volume and
heterogeneity of training data were important determi-
nants of Al reliability [14,17]. These differences suggest that
human interpreters may be more vulnerable to errors in
complex pattern recognition, whereas Al systems may ex-
cel at pattern detection but remain limited in contextual
clinical interpretation.

Taken together, the comparative findings suggest that
neither nurse-led ECG interpretation nor Al-based inter-
pretation alone is sufficient to ensure patient safety in
emergency and critical care settings. Nurses remain central
to clinical decision-making, but current competency gaps
may place patients at risk, especially when rapid and accu-
rate interpretation is required. Al-based systems offer a
strong adjunctive solution; however, they cannot yet re-
place human oversight because of concerns regarding
trust, explainability, and generalizability [13,25]. The logi-
cal implication of this synthesis is a complementary model:
nurses should receive standardized ECG education and
periodic reassessment to maintain safe competency, while
Al systems should serve as high-sensitivity safety nets, par-
ticularly in domains where human performance is weakest.
This balanced approach acknowledges the limitations of
both evidence domains while leveraging their respective
strengths to improve diagnostic accuracy, workflow effi-
ciency, and ultimately patient outcomes [1,2,6]. This con-
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clusion is consistent with Kashou et al. [34], who recom-
mended human over-reading to improve diagnostic
accuracy.

This review has several strengths. Its dual-arm design
synthesized evidence on both nurse ECG interpretation
proficiency and computerized or Al-based ECG interpreta-
tion, allowing the findings from both domains to be com-
pared and interpreted as potentially complementary. The
inclusion of 22 studies from diverse geographic regions
strengthens the external relevance of the findings. The
methodology was rigorous, with a predefined protocol, du-
plicate screening, standardized data extraction, and validat-
ed risk-of-bias tools selected according to study design. In
addition, the inclusion of both conventional clinical studies
and recent Al validation studies provides a distinctive syn-
thesis that connects gaps in human performance with the
potential role of technological support, offering insights for
education, clinical practice, and future research.

This review also has several limitations. Nurse-focused
studies were predominantly cross-sectional, used hetero-
geneous competency assessment tools and thresholds, and
included relatively few interventional designs. The rapidly
evolving nature of Al research may also limit the long-term
generalizability of the findings. In addition, nurse-focused
studies were primarily conducted in low- and middle-in-
come countries, whereas Al-based studies largely originat-
ed from high-income settings with advanced digital infra-
structure, limiting direct comparability between the two
evidence domains. Substantial heterogeneity in study de-
sign, assessment instruments, outcome measures, and per-
formance thresholds across both arms precluded quantita-
tive pooling and requires cautious interpretation of the
synthesized findings.

In conclusion, this systematic review found that ECG in-
terpretation competency among emergency and critical
care nurses remains variable, with clinically important
gaps in safety-critical domains, whereas Al-based ECG in-
terpretation systems demonstrate high diagnostic perfor-
mance under validated conditions. However, methodologi-
cal heterogeneity, contextual differences, and implementation
challenges limit broad generalization. These findings support
a complementary human-AI model that emphasizes ongoing
nurse education, structured competency assessment, and cau-
tious integration of Al systems as decision-support tools rather
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than autonomous diagnostic solutions.

For nursing education, this review highlights the impor-
tance of integrating ECG interpretation programs into
nursing curricula and maintaining ongoing competency
assessment to support patient safety. In clinical practice, Al
should be used as an adjunct to, rather than a substitute
for, clinical judgment in ECG interpretation.
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INTRODUCTION

Purpose: This study analyzed publications from the past decade in the Korean Journal of
Adult Nursing (KJAN) to examine patterns in research design and thematic trends using both
manual coding and topic modeling approaches. Methods: A retrospective review was con-
ducted of research articles published in KIAN between 2015 and 2024. Study designs and
methodological characteristics were classified using a structured coding framework and ana-
lyzed with descriptive statistics. A text-mining approach incorporating keyword network anal-
ysis and latent Dirichlet allocation topic modeling was applied to examine thematic patterns.
Results: Over the past decade, quantitative research was the predominant methodological
approach, accounting for more than 70% of the 544 studies. The proportion of qualitative
research decreased, whereas literature reviews increased. Within quantitative research,
experimental studies declined, while secondary-data analyses and online surveys increased
substantially. Keyword and topic analyses consistently highlighted psychological health,
quality of life, chronic illness, and older adults as central research domains. Topic modeling
further identified five major themes: (1) clinical interventions and symptom management; (2)
disease management and health literacy; (3) psychological health, quality of life, and family/
social support; (4) health behavior and functional/physical health; and (5) clinical practice,
nursing workforce, and work environment. Conclusion: Adult nursing research in South Ko-
rea demonstrates both continuity and change, with sustained emphasis on psychosocial and
chronic illness-related topics and increasing attention to workforce issues. To strengthen
future scholarship, greater efforts are needed to ensure that findings derived from diverse
research designs are reported in a coherent and integrated manner.

Key Words: Research design; Adult; Nursing; Review; Korea

search focus, methodological developments, and emerging
topics [1]. Such analyses help scholars and practitioners

Analyzing research trends provides insight into the evo-  identify knowledge gaps, inform future research directions,

lution of academic disciplines by revealing shifts in re- and enhance the relevance of studies to contemporary so-
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cietal needs [2,3].

The Korean Journal of Adult Nursing (KJAN) has played a
pivotal role in advancing nursing research in South Korea.
Established in 1989 alongside the founding of the Korean
Society of Adult Nursing, the journal has contributed sub-
stantially to the formalization and expansion of nursing
science in South Korea [4,5]. In 2004, KJAN was designated
a registered journal by the National Research Foundation
of Korea (NRF), further strengthening its academic stand-
ing. Its inclusion in internationally recognized databases,
including CINAHL and Scopus, in 2011 further enhanced
its global visibility and scholarly impact [4,5].

In 2008, KJAN increased its publication frequency to six
issues per year, a schedule that continued through 2022 [6].
Beginning in 2023, the journal returned to publishing four
issues annually [6]. During the period of expanded publi-
cation, KJAN published an average of approximately 70 ar-
ticles per year, reflecting growth in the volume of adult
nursing research. However, alongside this quantitative ex-
pansion, evaluating the qualitative advancement of the
journal—particularly in terms of scientific rigor and theo-
retical foundations—has become increasingly important.
Moreover, the growing emphasis on interdisciplinary col-
laboration in the health sciences underscores the need to
examine how nursing theories are applied and integrated
in studies published in KJAN. Through its relatively high
publication frequency compared with other subspecialty
journals, KJAN has contributed to the dissemination of
high-quality research. By addressing diverse health con-
cerns across adulthood—from acute care to health promo-
tion and mental health [4]—the journal has also supported
the advancement of research quality across the broader
field of nursing.

Several studies have examined research trends in KJAN.
Suh et al. [7] in 2000 conducted an early analysis covering
the period from the journal's inception through 2000. Sub-
sequent investigations focused on specific methodological
aspects, including quantitative research methodologies
and qualitative research methodologies [8,9]. The most re-
cent comprehensive trend analysis was conducted in 2015
and examined articles published between 2010 and 2014
[4]. Since then, no study has systematically evaluated re-
search trends over the subsequent decade (2015-2024),
underscoring the need for an updated review. Globally, the
COVID-19 pandemic has been associated with a surge in
research addressing nurse staffing, mental health, and dig-
ital health [10]. Accordingly, analyzing research trends over
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the past 10 years (2015-2024) allows assessment of whether
similar shifts have occurred in KJAN and provides insight
into the journal’s current position within the broader aca-
demic landscape.

Although previous studies provided valuable insight into
the general characteristics of research articles published in
KJAN, they primarily relied on descriptive analyses of re-
search design, methodologies, and study populations.
More recently, studies in nursing and other health care dis-
ciplines have adopted advanced analytic approaches, in-
cluding text network analysis and topic modeling, to exam-
ine research trends. These methods enable systematic and
objective analysis of large volumes of textual data, facilitat-
ing the identification of key themes and relationships
among research topics. For example, one study applied
these techniques to articles published in the Journal of Ko-
rean Academy of Psychiatric and Mental Health Nursing
between 2013 and 2022, identifying major themes and their
evolution over time [11]. In addition, several nursing stud-
ies have used text network analysis to assess keyword dis-
tributions, co-occurrence patterns, and thematic structures
within published research [2,12]. Given the increasing ap-
plication of these approaches in nursing scholarship, ap-
plying them to KJAN offers an opportunity to gain deeper
insight into research trends over the past decade.

Therefore, this study aimed to analyze research trends in
KJAN over the past decade (2015-2024) by examining the
distribution of authors, research designs, study popula-
tions, data collection methods, and analytic techniques. In
addition, text network analysis and topic modeling were
used to examine author-provided keywords and abstracts,
providing a comprehensive understanding of prevailing re-
search themes and their interconnections. The application
of these methods has expanded within nursing scholarship
for the analysis of research topic trends. Through this com-
prehensive approach, the present study seeks to enhance
the methodological rigor and scholarly quality of research
published in KJAN, contribute to the development of an in-
dependent body of nursing knowledge, and propose strate-
gic directions for the future advancement of adult nursing
scholarship and the journal itself.

1. Study Design

This study used a retrospective descriptive design to ana-
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lyze methodological and thematic trends in KJAN from
2015 to 2024. A text-mining approach, including keyword
network analysis and latent Dirichlet allocation (LDA) top-
ic modeling, was applied to identify thematic structures.
The study is reported in accordance with the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-Analyses) guidelines.

2. Study Subjects

A total of 548 articles were identified from all issues of
KJAN published between 2015 and 2024. After exclusion of
four retracted articles, 544 articles remained and were in-
cluded in the final analysis.

3. Study Instruments

A structured codebook was developed to extract and
classify the characteristics of each study. The codebook
was informed by prior research trend analyses in nursing
and included categories for: (1) general study characteris-
tics (authors, study populations, data collection settings);
(2) methodological characteristics (quantitative, qualita-
tive, mixed methods, review, and methodological studies);
(3) funding status; (4) key research terms; and (5) abstracts.
Research design categories included quantitative experi-
mental studies, nonexperimental observational designs,
secondary-data analyses, qualitative approaches, and
methodological studies. This framework was iteratively re-
fined through coder training and consensus meetings, par-
ticularly for studies with ambiguous or underreported
methodological details.

4. Data Collection

Data collection, including article retrieval, metadata ex-
traction, and PDF verification, was conducted from Febru-
ary 24 to March 3, 2025. Metadata and keywords extracted
via Python-based automation were manually reviewed by
two researchers, who cross-checked the outputs against
the full-text PDFs.

To classify methodological characteristics, the research
team first reviewed prior nursing research trend analyses
[3,4,8] and standard nursing research methodology text-
books [13-15] to develop an initial coding framework for
research design classification. Using this framework, one
researcher performed the primary coding for each article,
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including: (1) research design classification; (2) pur-
pose-based categorization of quantitative studies; and (3)
classification of data collection timing (e.g., cross-sectional,
longitudinal, retrospective).

When articles could not be readily classified using the
initial guidelines, these cases were discussed with the prin-
cipal investigator, and classification decisions were made
collaboratively. After completion of the initial coding, arti-
cles requiring further discussion were re-examined, and
the coding guidelines were refined accordingly. The re-
search team then reached consensus on the revised classi-
fication framework, which was used to finalize the coding.
Because this study used a consensus-based coding ap-
proach with a researcher-developed classification frame-
work, rather than independent parallel coding with a stan-
dardized instrument, interrater reliability statistics were
not calculated.

5. Data Analysis

A multistep analytic approach was used to examine re-
search characteristics and thematic trends. SAS ver. 9.4
(SAS Institute, Cary, NC, USA) was used to calculate fre-
quencies and percentages for research designs, study pop-
ulations, data collection methods, funding sources, and
thesis-related characteristics.

To capture explicit thematic emphases, author-provided
keywords were analyzed using frequency statistics. A word
cloud was generated in R (ver. 4.5.2), with font size propor-
tional to term frequency, to provide a visual overview of
dominant research terms across the decade [16]. To exam-
ine structural relationships among research topics, a key-
word co-occurrence matrix was constructed, with keywords
appearing in the same article considered co-occurring. Us-
ing the igraph package ver. 2.2.1 in R (https://igraph.org), a
weighted network was created, and community structures
were identified using the Louvain clustering algorithm.
This approach enabled identification of thematic clusters
and relational patterns beyond simple frequency counts.
Topic modeling was conducted using LDA to identify the
underlying thematic structure of articles published in KJAN
from 2015 to 2024. Author-provided keywords and En-
glish-language abstracts were used as textual inputs. Text
preprocessing included lowercasing, removal of punctua-
tion and numbers, and stopword filtering.

Domain-specific stopword refinement was performed it-
eratively. First, generic methodological and structural
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terms (e.g., study, results, participants) were excluded
based on prior knowledge because they provide limited
discriminative value for identifying substantive research
themes. Next, to provide an objective rationale for further
refinement, document frequency (DF) was calculated as
the percentage of abstracts in which a token appeared at
least once. Among high-DF tokens (top 5%), a subset of
low-information terms—primarily procedural or report-
ing-related terms, statistical or modeling-related terms,
software-related terms, or generic measurement terms
(e.g., analyzed, collected, regression)—was identified.
These tokens were added to the domain-specific stopword
list to reduce low-information drivers of topic formation.
DEF-based screening was used as a supplementary criterion
rather than arigid exclusion rule.

Aggressive stemming or lemmatization was not applied
to avoid over-normalization and to preserve semantically
meaningful distinctions in nursing and clinical terminolo-
gy [17]. Instead, conservative normalization was applied,
and multiword expressions (e.g., quality of life) were re-
tained as compound terms to enhance interpretability.
This approach is consistent with prior research indicating
that stemming does not necessarily improve—and may
even degrade—topic model interpretability [17].

To determine the optimal number of topics, candidate
models were evaluated with topic numbers ranging from
k=3 to 10. Model selection was based on a combination of
statistical fit and semantic quality, including perplexity and
topic coherence. Although perplexity continued to de-
crease as k increased, topic coherence and interpretability
were maximized at k=5. Models with fewer topics (k<4)
tended to merge conceptually distinct research areas,
whereas models with more topics (k>6) yielded fragment-
ed or overlapping topics with reduced interpretability.
Based on topic coherence, interpretability, and analytic
parsimony, a five-topic model was selected for the final
analysis. In the final model, each article was assigned to the
topic with the highest posterior probability (y), and topic
distributions were compared across two publication peri-
ods (2015-2019 and 2020-2024).

For these analyses, the authors made the following
preparations. One author received supplementary training
through workshops on big data analysis using R and gained
practical experience applying R and Python during the
analysis. The research team also included members with
prior experience in literature review and content analysis.
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1. Study Characteristics

Study characteristics are summarized by period in Table
1. Across the decade, 544 articles were published, with 315
(57.9%) in 2015-2019 and 229 (42.1%) in 2020-2024. Most
first authors were affiliated with universities (71.5% over-
all), although this proportion decreased slightly over time
(73.7% to 68.6%), while hospital-based first authors in-
creased from 25.1% to 31.0%. Only a small proportion of
papers originated from other institutions (< 1%).

With respect to study populations, adults and older
adults were consistently the primary focus. Across all years,
49.8% of studies included adults and 47.1% included older
adults, with a greater emphasis on older adults in 2015-
2019 (52.7%) than in 2020-2024 (39.3%). Patient-based
studies accounted for nearly half of all articles (48.4%),
whereas nurse-focused research increased from 13.3% in
2015-2019 to 22.3% in 2020-2024, reaching 17.1% overall.
Smaller but non-negligible proportions of studies focused
on students (5.3%) or families (4.0%), or were based on
document-based studies (10.9%).

Most studies were conducted in clinical environments.
Tertiary or university hospitals were the most common set-
ting (37.5% overall), followed by general hospitals (22.1%).
Community settings (11.2%), long-term care facilities
(5.3%), universities (3.5%), and community or welfare cen-
ters (5.3%) were used less frequently. Notably, litera-
ture-based studies and those using online communities or
websites increased in the latter period: literature as a set-
ting rose from 9.8% to 15.3%, and online or website settings
increased from 1.9% to 5.2%. Public health centers were
used in only a small proportion of studies (approximately
1.3%), and other settings were rare. Regarding data collec-
tion methods, survey designs predominated but declined
over time, from 64.1% in 2015-2019 to 45.9% in 2020-2024
(56.4% overall). In contrast, use of online survey panels in-
creased markedly (from 1.3% to 15.3%), reflecting the ex-
pansion of web-based data collection. Studies using elec-
tronic medical records (EMRs) accounted for approximately
one-fifth of articles in both periods (19.1% overall).

In terms of research funding, 71.0% of studies reported
no research funding, with similar proportions in both peri-
ods. Government grants (including NRF and ministries)
supported 14.3% of studies overall, and university funding
supported 11.2%, with a modest decline in universi-
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Study Characteristics by Period (2015-2019 and 2020-2024)

Categories Classifications

Total

First author’s institution University
Hospital
Others
Patients
Nurses
Adults
Older adults
Students

Family members

Subjects

Research articles
Data collection setting Tertiary hospital/university hospital
General hospital/hospital
Community
Long-term care
University
Online community/website
Community center/welfare center
Public health center
Literature
Other
Data collection Survey
Online survey
EMR
Research funding None
Governments (NRE, Ministry)
University
Other
No

Yes

Thesis

2015-2019 2020-2024 Total
n (%) n (%) n (%)
315 (100) 229 (100) 544 (100)
232 (73.7) 157 (68.6) 389 (71.5)
79 (25.1) 71(31.0) 150 (27.6)
4(1.3) 1(0.4) 5(0.9)
156 (49.5) 107 (46.7) 263 (48.4)
42 (13.3) 51(22.3) 93(17.1)
162 (51.4) 109 (47.6) 271 (49.8)
166 (52.7) 90 (39.3) 256 (47.1)
20 (6.4) 9(3.9) 29 (5.3)
17 (5.4) 5(2.2) 22 (4.0)
30(9.5) 29 (12.7) 59 (10.9)
114 (36.2) 90 (39.3) 204 (37.5)
71(22.5) 49 (21.4) 120 (22.1)
31(9.8) 30(13.1) 61(11.2)
21(6.7) 8(3.5) 29 (5.3)
13 (4.1) 6(2.6) 19(3.5)
6(1.9) 12(5.2) 18(3.3)
21(6.7) 8(3.5) 29 (5.3)
4(1.3) 3(1.3) 7(1.3)
31(9.8) 35(15.3) 66 (12.1)
8(2.5) 0(0) 8(1.5)
202 (64.1) 105 (45.9) 307 (56.4)
4(1.3) 35(15.3) 39(7.2)
64 (20.3) 40 (17.5) 104 (19.1)
224 (71.1) 162 (70.7) 386 (71.0)
44 (14.0) 34 (14.9) 78 (14.3)
41 (13.0) 20 (8.7) 61(11.2)
6(1.9) 13(5.7) 19(3.5)
177 (56.2) 140 (61.1) 317 (58.3)
138 (43.8) 89 (38.9) 227 (41.7)

Percentages are calculated within each period. Some categories may exceed 100% because studies could be classified into multiple sub-

categories.

EMR =electronic medical record; NRF =National Research Foundation.

ty-funded work in the later period (13.0% to 8.7%). Finally,
a substantial proportion of articles originated from theses:
overall, 41.7% were thesis-based, although this proportion
decreased from 43.8% in 2015-2019 to 38.9% in 2020-2024,
suggesting a gradual shift toward non-thesis research out-
puts.

2. Trend in Research Design and Methodological Charac-
teristics

Table 2 summarizes the methodological characteristics

of the reviewed studies across two periods (2015-2019 and
2020-2024). A total of 544 studies were included, with 315
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published during 2015-2019 and 229 during 2020-2024.

Quantitative studies accounted for the majority of publi-
cations in both periods (73.7% in 2015-2019 and 70.7% in
2020-2024). Qualitative research comprised 8.5% overall
and decreased slightly in the later period. Reviews and
methodological or instrument-development studies in-
creased modestly over time, rising from 8.6% to 11.4% and
from 5.4% to 7.9%, respectively.

Within quantitative studies, nonexperimental observa-
tional designs remained dominant (63.5% overall). The
proportion of experimental or intervention studies de-
creased from 23.7% to 14.8% in the later period. Second-
ary-data analyses increased, particularly studies classified
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Study Design and Methodological Profiles by Period (2015-2019 and 2020-2024)

] o 2015-2019 2020-2024 Total
Categories Classifications
N % N % N %
Total 315 100.0 229  100.0 544  100.0
Research design Quantitative 232 73.7 162 70.7 394 72.4
Qualitative 31 9.8 15 6.6 46 8.5
Mixed methods 1.0 2 0.9 5 0.9
Q methodology 1.0 1 0.4 4 0.7
Review 27 8.6 26 11.4 53 9.7

Methodological / Instrument

Other / not classifiable

17 5.4 18 7.9 35 6.4
2 0.6 5 2.2 7 %3

Quantitative Research (subtotal) 232 100.0 162 100.0 394 100.0
Quantitative Research Methods Experimental / Intervention 55 23.7 24 14.8 79 20.1
Non-experimental/Observational 145 62.5 105 64.8 250 63.5

Non-experimental/Secondary Data Analysis 28 12.1 28 17.3 56 14.2

Non-experimental/Secondary Analysis 4 1.7 5 31 9 2.3

Non-experimental Research (subtotal) 177 100.0 138 100.0 315 100.0
Research purpose Descriptive study 16 9.0 14 10.1 30 9.5
Correlational study 151 85.3 118 85.5 269 85.4

Causal inference study 10 5.6 6 4.3 16 5.1

Time perspective Cross-sectional 165 93.2 121 87.7 286 90.8
Multipoint Cross-sectional 1 0.6 6 44 7 2.2

Longitudinal 11 6.2 11 8.0 22 7.0

Retrospective B 2.8 10 7.2 15 4.8

Prospective 6 34 1 0.8 7 2.2

Experimental Research (subtotal) 55 100.0 24 100.0 79 100.0
Experimental Design Randomized controlled trial 5 9.1 8 33.3 13 16.5
Quasi-experimental (non-randomized) 45 81.8 16 66.7 61 77.2

Others 5 9.1 0 0 5 6.3

Qualitative Research (subtotal) 31 100.0 15 100.0 46 100.0
Qualitative Research Methods Phenomenology / Descriptive phenomenology 10 32.3 3 20.0 13 28.3
Grounded theory 10 32.3 1 6.7 11 23.9

Ethnography 0 0 1 6.7 1 2.2

Content analysis 11 3515 10 66.7 21 45.7

Percentages for subcategories were calculated within each methodological subgroup. Some studies were classified into multiple tempo-

ral categories.

as secondary-data analyses (12.1% to 17.3%). Among non-
experimental studies, correlational research was over-
whelmingly the most common purpose (85.3% in 2015-
2019 and 85.5% in 2020-2024). Cross-sectional designs
accounted for the majority of studies in both periods
(90.8%), indicating a consistent reliance on single-time-
point data. Retrospective and longitudinal designs re-
mained relatively uncommon. Experimental studies de-
creased in frequency over time, from 55 in the earlier
period to 24 in the later period. Randomized controlled tri-
als (RCTs) increased proportionally (from 9.1% to 33.3%),
although the absolute number remained small. Most ex-
perimental studies were quasi-experimental, representing
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77.2% overall.

Among qualitative studies, content analysis became
more prominent in the later period (35.5% to 66.7%). Phe-
nomenology and grounded theory were more common in
earlier years but declined in more recent publications. Eth-
nographic research remained rare across both periods.

3. Keyword Trends Based on Word Cloud Visualization
The word cloud for 2015-2019 demonstrated clear the-
matic concentrations in adult nursing research (Figure 1A).

The most visually prominent terms included quality of life,
depression, aged, nurses, and social support, reflecting
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KJAN Research Trends and Topic Patterns

e Keywords in KJAN (2015-2019)

£ = factor analysis - i IS VRIUALON SIUaIes g
“grounded theory self ei‘gfmamcy health ||teracy symptom o

tudent iddle aged
e e resilience hag|th hehaviornealt siatus
diabetes mellitus

adaaptation i i Sﬁfﬁé’
risk f%.gttc;rSStrOke qualltat|\éeurSsteoarE(t3!1k"g 5

needs assess

tio

9
W
=

self-care SOCJal

ODE‘SIW attitude

e amnursesaged, o

squality of lifes::

behavior @
self care mental heath cognmon

patients £ 5
“=rdepressionskep -

women
£ ad]ustmem adult life

fperception KNOWledgerr anxietystiess
self efficacy meta-analysisrsNg s

discomfort family analysis
Sastchon h Sodialysisfatigue & 20ng oY b

sdents hreast neoplasms dementia - Iong term care

L acemeement

menopause
uncertainty
areglver
=
[1:]
=
E

trauma

Ife style
cugnili\te fun

colorectal neoplasms
s, psychological

adults
“ological resilience §
decision making

Jality

Fummnt e

e Keywords in KJAN (2020-2024)

HSa 3w

| [I'ESIll‘enCE psychologlcalbreastneop|asms atrial fibrillation
cluster analysis mental health patient discharge
E pressure ulcersplrltuahty validation StUdy medication adherence

risk fact?rs amn  delirium health behawé)g\r,c hold Séﬁ‘é%eé?raé@
education _‘_,
accidental falls Self l:areSOC|a| Support self efficacy

esti 1,20, E;@ review depressionperception s

osteoporosis

ng neopla

research aging @ nenplasms
@© wvalidity
s quality of life s
hemodialysis = = middie-aged
syndrome

health Ineracya 8 n u rS e S heart failurengise
csrc;E,lmﬁinﬂon renal dialysis
Zattitudes Stroke o, sssessment  gault Students analysis

e self- effmacy ag eds=ni rsingbehavior
ntics
oz selfcare OVl 1 Qpatients gt ;&
dea
sana=y.-qualitative researchanx,ety o

meatients jntensive care UnitsS exercise ~etyics menents

caregivers infection control

aniropanse bUoUt Systematic review psychometrics
o oarapy PAtIENt-cENtered care menstress, psychological

aromatherapy __ familv characteristics

emironment  Violence

reliability
patient care
cryotherapy

hological distress  drug therapy

1al culture =

0 Keywords in KJAN (2015-2024)
FayLiuvugILal suess
cryotherapy  patient safety
o saute perception intensive care units

aging™~ Iong “ferm care nypertension zusiment
aromatherapy

factor analysis

£ meta-analysis ocus groups

. & health literacy g enal dimlvere
 Erosnias oxercise 5 knowledge 5l 42V

3 S patients | h spirituality
£ . patients qualitative researc deliumoes
£ 502 self-care d el
128 sleredepressionsitic.,
T =Z2h:=

EgERE uncertainty
S quality of lifers::

elderly behavior &

life style family 1= oelf care &
health Stactadggs”cékg n u rse Sstress 3 (@) 3 & review

£ hemodialysis covid- 19§ o .
dagd ed nursing &

2 “bE‘S‘WdemenUa
fraitty cancsr

lien
stul

g resi
ida

hope education
suents - health behaviortatigue

empetty heart failure -
inpatients risk factors self eﬁlcacy“’omenpam

colorectal neoplasms Systematic review i;,q.

chemotherapy
suicidal ideation

al

health

.= satisfaction
middle aged

m pressure ulcer

Figure 1. Word clouds of author keywords in Korean Journal of
Adult Nursing (KJAN) across three periods (2015-2019 [A], 2020~
2024 [B], 2015-2024 [C]). The word clouds illustrate the most fre-
quently occurring author-provided keywords across three publica-
tion periods. Larger text indicates higher keyword frequency.
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strong scholarly attention to psychosocial well-being and
gerontological care. Keywords such as anxiety, sleep, exer-
cise, self-care, and self-efficacy also appeared frequently,
suggesting sustained interest in psychological health and
health-promoting behaviors. In addition, terms related to
chronic illness management, including stroke, hemodialy-
sis, and dementia, formed notable clusters, indicating on-
going engagement with populations requiring long-term
and intensive care.

The word cloud for 2020-2024 revealed both continuity
and emerging themes (Figure 1B). While quality of life,
nurses, and aged remained dominant, COVID-19 became
one of the largest and most salient terms, highlighting the
pandemic's substantial impact on research priorities
during this period. Closely related concepts such as inten-
sive care units, delirium, patient safety, and heart failure
also featured prominently, indicating increased focus on
acute care, critical care environments, and pandemic-relat-
ed clinical challenges. Psychological and behavioral con-
structs, including depression, anxiety, self-care, and self-ef-
ficacy, continued to appear frequently, reflecting sustained
attention to mental health and patient self-management.

The aggregated word cloud for the full decade displayed
considerable thematic stability (Figure 1C). Quality of life
was the most prominent term overall, followed by nurses,
aged, depression, and social support. This pattern under-
scores sustained emphasis on psychosocial outcomes,
nursing workforce, and patient interactions, and the health
of older adults. Additional clusters related to chronic con-
ditions (stroke, renal dialysis, coronary artery disease), psy-
chological health (fatigue, sleep, resilience), and health be-
haviors (health behavior, exercise, self-care) further
illustrate the central focus areas that shaped adult nursing
research during the past 10 years.

4. Keyword Structure Analysis: Network Visualization
and Centrality Measures

The keyword co-occurrence network for 2015-2024 re-
vealed the overall thematic structure of research published
in the journal (Figure 2). The network comprised densely
connected clusters as well as peripheral nodes with fewer
linkages. Larger nodes represent higher-frequency key-
words, whereas thicker edges indicate stronger co-occur-
rence relationships. Several thematic clusters were visually
identifiable, including groups related to mental health (e.g.,
depression, anxiety, social support), chronic illness and
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Keyword co-occurrence network (2015-2024)
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Mapping research trends: a keyword co-occurrence network (2015-2024).

older adults (e.g., aged, dementia, quality of life), and clini-
cal practice topics (e.g., patient safety, nurses, person-cen-
tered care). The network exhibited a moderately intercon-
nected structure, with some highly frequent keywords
functioning as hubs that bridged multiple research areas.
In contrast, many keywords appeared as isolated or weakly
connected nodes, suggesting topic-specific or emerging re-
search interests. Overall, the visualization indicates that al-
though research topics were diverse, a few central
themes—particularly quality of life, nursing practice, psy-
chological outcomes, and chronic disease—served as ma-
jor connecting axes within the field.

Network centrality analysis further highlighted the struc-
tural importance of several keywords within the co-occur-
rence network (Supplementary Table 1). Quality of life and
nurses showed the highest degree centrality, indicating
that these terms were connected to the largest number of
other keywords and functioned as network hubs. Depres-
sion and aged also demonstrated high degree and close-
ness centrality, suggesting that mental health and older
adult populations were embedded across diverse research
topics. In terms of betweenness centrality, nurses, quality
of life, knowledge, and social support frequently acted as
bridges linking otherwise distant keyword clusters. This
pattern suggests that studies focusing on nurses' roles and
patients' quality of life often integrated multiple domains,
such as psychological outcomes, self-management, and
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health behaviors. Keywords related to psychological con-
structs, including anxiety, self-efficacy, and health behav-
ior, also ranked highly across centrality measures, under-
scoring their cross-cutting relevance in adult nursing
research published in KJAN over the past decade.

5. Topic Modeling Analysis

Topic modeling of 544 abstracts published in KJAN be-
tween 2015 and 2024 identified five major thematic do-
mains: (1) clinical interventions and symptom manage-
ment, (2) disease management and health literacy, (3)
psychological health, quality of life, and family/social sup-
port, (4) health behavior and functional/physical health,
and (5) clinical practice, nursing workforce, and work envi-
ronment (Figure 3, Supplementary Table 2). These topics
reflect a coherent structure of adult nursing scholarship
encompassing clinical, psychosocial, behavioral, and prac-
tice-focused research. Based on posterior topic assign-
ments, the overall distribution showed that psychological
health and quality of life research was the most prevalent
across the decade (24.8%), followed by research on clinical
practice, the nursing workforce, and the work environment
(21.9%), reflecting sustained emphasis on mental health
outcomes and system-level pressures within adult nursing.

Meaningful temporal differences emerged between
2015-2019 and 2020-2024. From 2015 to 2019, research
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Clinical practice, nursing workforce, and work environment

Health behavior and functional/physical health

Psychological health, QoL, family/social support

Disease management and health literacy

Clinical interventions and symptom management

0
Total (%)

2020-2024 (%)

21.9
26.2
18.7
19.7
17.9
21.0
24.8
23.1
26.0
14.7
16.2
13.7
18.9
16.6
20.6
5.0 10.0 15.0 20.0 25.0 30.0

2015-2019 (%)

Trend in research topics in Korean Journal of Adult Nursing papers across two periods (2015-2019 vs. 2020-2024). Percentages
were calculated within each period based on the total number of articles published. QoL =quality of life.

was dominated by psychological health, quality of life, and
social support (26.0%), followed by health behavior and
functional/physical health (21.0%) and clinical interven-
tions and symptom management (20.6%). In contrast,
during 2020-2024, clinical practice, nursing workforce, and
work environment became the most prominent domain
(26.2%), indicating a shift toward workforce resilience,
staffing conditions, and clinical practice environments—
patterns aligned with the heightened demands and disrup-
tions associated with the COVID-19 pandemic. While psy-
chological health research remained substantial (23.1%),
health behavior and clinical intervention topics showed
modest declines, possibly reflecting reduced feasibility of
patient-facing studies during pandemic-related restric-
tions.

1. Research Design and Topic Trends and Their Implica-
tions

The findings of this study indicate both continuity and
change in the methodological and thematic patterns of re-
search published in KJAN over the past decade. Quantita-
tive designs, particularly nonexperimental and cross-sec-
tional studies, remained dominant in both periods,
continuing a pattern reported in earlier analyses of South
Korean nursing research [3,4,7,8,18]. Most quantitative
studies used a cross-sectional design. The proportion of
experimental research decreased, and among longitudinal
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studies, retrospective designs were comparatively com-
mon. These patterns highlight persistent structural and
practical challenges in conducting intervention and longi-
tudinal research within South Korean nursing contexts.
The observed increases in reviews and instrument-devel-
opment studies suggest that research designs are diversify-
ing beyond traditional approaches. Notably, the propor-
tional increase in RCTs, despite an overall decline in
experimental studies, can be viewed favorably. Park et al.
[19] in 2025 analyzed research trends in Journal of Korean
Academy of Nursing (JKAN) and leading international
nursing journals over the past decade and reported a pre-
dominance of cross-sectional studies in JKAN, a marked
decrease in experimental studies, and modest increases in
reviews and instrument-development studies; these obser-
vations are consistent with the present findings. In con-
trast, international journals exhibited different patterns:
the International Journal of Nursing Studies published a
high proportion of reviews, including systematic reviews
and meta-analyses, as well as experimental studies, where-
as the Journal of Advanced Nursing published a large pro-
portion of qualitative studies and evidence syntheses. Giv-
en that systematic reviews, meta-analyses, and RCTs
generally provide higher levels of evidence, KJAN should
continue to encourage submissions using these rigorous
designs to strengthen the evidentiary base of South Korean
nursing research.

A notable methodological transition during this decade
was the increase in secondary-data analyses, particularly
in the later period. This shift reflects broader trends in
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South Korean health sciences, where national datasets,
EMRs, and large-scale online survey panels have become
more accessible. EMR-based research remained stable at
approximately one-fifth of publications, underscoring the
growing role of digital data sources in adult nursing re-
search. At the same time, the sharp increase in online sur-
vey use after 2020 represents a clear departure from earlier
years, when most studies relied on in-person or pa-
per-based surveys. This change is consistent with the digi-
tal acceleration associated with the COVID-19 pandemic
and the broader adoption of web-based data collection in
health research [20,21].

Study population patterns also shifted meaningfully.
While adults and older adults remained the primary focus
of KJAN publications, studies involving older adults de-
creased in the later period, whereas nurse-focused studies
increased substantially. This transition reflects national and
global concerns regarding the nursing workforce, burnout,
turnover intention, and organizational climate—issues that
gained particular urgency during and after the pandemic.
Although earlier reviews of South Korean nursing journals
did not specifically emphasize psychosocial or behavioral
constructs as dominant domains, visual keyword analyses
in recent trend studies indicate that themes such as quality
of life, depression, anxiety, dementia, and self-efficacy have
consistently appeared as major foci across leading journals
[18]. These psychosocial concepts have remained central to
South Korean nursing scholarship for more than a decade,
forming a stable foundation for inquiry across clinical, com-
munity, and aging-related research. Our findings indicate
that these psychosocial themes remain prominent in adult
nursing research and increasingly intersect with work-
force-related topics, such as burnout, patient safety, and or-
ganizational climate, that gained importance during and af-
ter the COVID-19 pandemic.

The convergence of keyword visualization, network cen-
trality analysis, and topic modeling confirms the per-
sistence of psychological health, quality of life, chronic ill-
ness, and gerontology as foundational domains in adult
nursing research. This pattern is consistent with prior bib-
liometric and trend analyses of South Korean nursing and
health science literature, which similarly identified quality
of life, depression, anxiety, aging, and chronic disease
management as enduring core themes [4,18].

Text network analysis and topic modeling use large data-
sets to quantify contextual word meanings and relation-
ships among terms. These methods enable the extraction
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of core concepts from the literature, visualization of rela-
tionships among concepts, and assessment of the influence
of derived concepts [22]. Text network analysis provides an
objective representation of relationships among strongly
associated keywords by visualizing large-scale textual data
[23]. Topic modeling uses probabilistic algorithms to infer
latent thematic structures from extensive text data, facili-
tating the identification of coherent topic groupings and
the generation of research insights [24]. Topic modeling re-
sults further clarify how the thematic landscape of KJAN
research evolved over the past decade. Five dominant
themes were identified: clinical interventions and symp-
tom management, disease management and health litera-
cy, psychological health and quality of life, health behavior
and functional health, and nursing workforce and work en-
vironment. Psychological and quality of life-related re-
search remained consistently central, including studies ad-
dressing depression, anxiety, caregiver burden, and
resilience among adults with chronic illness. Research on
health behaviors and functional status also maintained sta-
ble representation, including studies examining lifestyle
modification, physical activity, and functional decline in
older adults.

The topic modeling analysis also showed a marked in-
crease in studies related to the nursing workforce and prac-
tice environment after 2020, indicating a substantive shift
in the thematic structure of adult nursing research pub-
lished in KJAN. Importantly, this trend likely reflects not
only increased attention to workforce management but
also a broader reconceptualization of workforce issues as
integral to adult nursing practice and patient outcomes.

In adult nursing contexts, nurses play a central role in the
ongoing management of patients with complex, chronic,
and high-acuity conditions. Consequently, staffing ade-
quacy, clinical expertise, workload, and work environ-
ments function not as peripheral organizational factors but
as core conditions shaping the quality and safety of patient
care. The prominence of the nursing workforce topic in
KJAN suggests that recent research increasingly frames
nurses’ working conditions, burnout, and professional
roles as determinants of adult patient outcomes, rather
than as background system-level variables. The COVID-19
pandemic was a critical catalyst that amplified these con-
cerns. During this period, adult nursing practice was char-
acterized by unprecedented workload intensity, expanded
clinical responsibilities, and sustained exposure to high-
risk environments. Accordingly, research attention shifted
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toward nurse burnout, turnover intention, staffing instabil-
ity, and practice environments, which became highly visi-
ble threats to the continuity and quality of adult patient
care. International studies have similarly described the
pandemic's role in accelerating scholarly focus on nursing
workforce sustainability and its implications for patient
safety and care quality [25-27].

Notably, the increased prominence of nursing work-
force-related topics does not suggest reduced importance
of clinical or psychosocial research in adult nursing. Rath-
er, it indicates an integrative shift in which workforce con-
ditions are increasingly examined as foundational contexts
within which clinical interventions, symptom manage-
ment, and psychosocial care are delivered. This interpreta-
tion is supported by recent topic modeling and bibliomet-
ric studies of major nursing journals, which similarly
identified practice environments, job satisfaction, and
burnout as cross-cutting themes intersecting with clinical
and chronic disease management research [28].

Taken together, the increasing emphasis on nursing
workforce issues in KJAN reflects global research trends
and the clinical realities of adult nursing in South Korea. As
adult patients present with increasing clinical complexity
and long-term care needs, understanding and addressing
workforce-related factors have become essential for ad-
vancing evidence-based adult nursing practice.

2. Recommendations for Improving Research Design Re-
porting

During the coding process, substantial inconsistency was
observed in how research designs were labeled across
studies, highlighting the need for greater standardization of
design terminology within nursing research. In nonexperi-
mental studies, authors used different criteria to describe
the same design structure: some emphasized the timing of
data collection using terms such as cross-sectional, longi-
tudinal, or retrospective, whereas others focused primarily
on research purpose using labels such as descriptive or
correlational. Nursing research methodology textbooks
classify research designs along multiple dimensions, in-
cluding research purpose, temporal orientation, data col-
lection timing, and sampling approach, suggesting that a
more integrated approach to design labeling would im-
prove clarity [13-15]. Combining purpose and timing—for
example, cross-sectional descriptive study, longitudinal
correlational study, or retrospective causal inference
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study—would allow readers to more accurately understand
the structural characteristics of the design.

Several studies classified as secondary analyses did not
clearly report essential dataset information, including the
dataset name, the organization responsible for data collec-
tion, the year of original data collection, and whether the
dataset had been used in prior publications. This limitation
reduces interpretability and undermines methodological
transparency. Consistent with recommendations in the lit-
erature, secondary analyses should explicitly describe the
origin, purpose, and structure of the primary dataset
[14,29,30]. Such reporting enables readers to evaluate the
appropriateness of the research design, sampling strategy,
and analytic approach. A related issue concerns ethical re-
porting of secondary analyses: identifying the dataset
name, the institution or organization that originally collect-
ed the data, the year(s) of data collection, and prior use in
published studies provides essential context for evaluating
design and analytic appropriateness.

Clearer and more standardized reporting of secondary
data use would strengthen methodological transparency
across studies. In several papers reviewed, essential dataset
information—such as the dataset name, the organization
or institution responsible for initial collection, the year(s)
of data collection, and prior use in published studies—was
not explicitly stated, limiting readers' ability to assess the
suitability of the data for the stated research aims. To ad-
dress this gap, researchers conducting secondary analyses
should describe the origin, context, and structure of the
primary dataset. Practical examples include specifying that
a study is “a secondary-data analysis using [dataset name]
collected by [agency] in [year]” or “a secondary analysis of
data originally collected by the authors in [year] for a previ-
ous study on [topic].” For studies using EMR data, addition-
al clarity is warranted, such as specifying that the analysis
used “EMR data extracted from [hospital or medical cen-
ter] between [start year| and [end year].” These templates
allow readers to evaluate sampling, data provenance, and
potential biases, thereby improving the interpretability and
rigor of secondary-data research.

In addition to reporting the provenance of secondary
datasets, studies should clearly specify the underlying re-
search design. Use of secondary data does not replace the
need to indicate whether the study used a cross-sectional
correlational design, a longitudinal cohort design, or an-
other methodological structure. Reporting both ele-
ments—for example, “a cross-sectional correlational study
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using secondary data from [dataset name] collected by
[agency] in [year]”—improves clarity because research de-
sign and secondary data use carry distinct methodological
implications. Explicit reporting of both aspects allows read-
ers to evaluate alignment between the dataset and the stat-
ed aims, assess temporal assumptions, and identify poten-
tial biases inherent in secondary-data research.

This review has several limitations. First, because the
analysis focused solely on articles published in a single
journal, the findings may not fully represent broader trends
in South Korean nursing research. Second, keyword and
topic modeling analyses were based on abstracts and au-
thor-provided keywords, which may not capture the full
content of each study; therefore, the findings should be in-
terpreted as approximate thematic patterns. Finally, tem-
poral comparisons between the two periods were descrip-
tive rather than inferential, and the study did not assess
methodological quality within individual articles. These
limitations should be considered when interpreting the
trends identified in this review.

This review provides a comprehensive picture of meth-
odological and thematic developments in KJAN over the
past decade. While nonexperimental designs and psycho-
social themes remained foundational elements of adult
nursing research, recent years showed a marked rise in
secondary-data analyses and topics related to clinical prac-
tice and nurses’ work. The shift toward digital data sources
and the influence of the COVID-19 pandemic were evident
in changing research priorities and methods. Improving
the clarity and consistency of research design reporting,
particularly in secondary data studies, remains an essential
step for advancing the rigor and transparency of South Ko-
rean nursing scholarship. Taken together, these findings of-
fer direction for future adult nursing research and highlight
the evolving landscape of health, illness, and workforce
challenges faced by nurses and the populations they serve.
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Purpose: This study examined the relationships among nurses’ readiness for artificial intelli-
gence (Al), attitudes toward Al, and behavioral intention to use Al, focusing on clinical nurses
in a tertiary hospital setting. Methods: A cross-sectional descriptive study was conducted
using an online self-report survey of 218 clinical nurses recruited through convenience sam-
pling from a tertiary hospital in South Korea. Al readiness was measured using the Medical
Artificial Intelligence Readiness Scale, attitudes toward Al were assessed using the Korean
version of the General Attitudes toward Artificial Intelligence Scale, and behavioral intention
was measured using items adapted from the Unified Theory of Acceptance and Use of Tech-
nology. Open-ended responses were summarized descriptively to explore expected Al applica-
tions. Results: Clinical nurses demonstrated varying levels of Al readiness, attitudes toward
Al, and behavioral intention to use Al, and these variables were positively correlated. Among
Al readiness dimensions, ability and ethics tended to show stronger bivariate correlations
with behavioral intention than vision. Hierarchical regression analysis indicated that attitudes
toward Al were strongly associated with behavioral intention (p=.61, p<.001), whereas Al
readiness factors showed weaker associations after attitudes were included. Open-ended re-
sponses suggested potential Al applications in both direct and indirect nursing care. Conclu-
sion: Attitudes toward Al were strongly associated with nurses’ behavioral intention to use Al.
Al readiness dimensions, particularly ability and ethics, were also associated with behavioral
intention in correlation analyses, underscoring the importance of practical competence and
ethical awareness. These findings provide empirical evidence to inform Al-related education,
clinical integration, and organizational support strategies in nursing.

Key Words: Artificial intelligence; Nurses; Health knowledge, attitudes, practice; Professional
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INTRODUCTION into healthcare, including applications in diagnosis, prog-

nosis prediction, image analysis, and personalized treat-
Artificial intelligence (AI) is increasingly being integrated  ment planning [1,2]. In nursing practice, AI has demon-
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strated potential in areas such as patient monitoring,
clinical decision support, and automated documentation
[3-5], raising both expectations and concerns regarding
changes in professional roles [6] and ethical responsibili-
ties [7-9]. Although international guidelines, including
those from the International Council of Nurses, emphasize
strengthening nurses’ digital competencies and Al-related
education [10,11], as well as establishing ethical frame-
works for Al [12], the successful and safe implementation
of Al ultimately depends on how clinical nurses perceive,
prepare for, and engage with these technologies in re-
al-world practice.

Research on Al in nursing has expanded rapidly in recent
years; however, many studies have primarily focused on at-
titudes toward Al and intention to use Al in educational
contexts involving nursing students [13-15]. Studies involv-
ing clinical nurses have gradually emerged and generally
report positive perceptions of Al’s potential, alongside con-
cerns regarding ethical issues and its impact on nursing
practice [3,16,17]. Additionally, education level and tech-
nological experience have been identified as factors associ-
ated with attitudes toward Al and intention to use Al
[14,17,18]. Among studies conducted in clinical settings,
some have examined levels of awareness and attitudes [19],
and one study involving intensive care unit nurses explored
the relationship between acceptance and readiness for Al
[20]. Nevertheless, these studies have often been limited to
specific countries or clinical departments.

More recently, research has expanded to include topics
such as attitudes and competencies, acceptance of organi-
zational change, and experiences with generative Al across
diverse populations, including clinical nurses [21-24]. Pre-
vious studies have reported associations between nurses’
attitudes toward Al and their self-efficacy and clinical rea-
soning competence [21], as well as differences in readiness
and acceptance according to job category and education
level [22,24]. Experiences with generative Al have also been
associated with more favorable attitudes toward Al and
greater intention to use Al [23]. However, despite this grow-
ing body of research, many studies have continued to rely
on educational settings or community-based surveys
[13,15,21,25-27], which may not adequately reflect the ex-
periences of nurses providing direct patient care in clinical
environments.

Nurses, as frontline providers of patient care, are key
agents in determining the success or failure of AI imple-
mentation and, as producers of clinical data and informa-
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tion records, influence Al performance and patient safety
[1,2]. Therefore, clinical nurses’ Al readiness and attitudes
should be regarded as essential factors for ensuring the
safe and effective use of Al in practice, rather than merely
reflecting levels of perception. Nevertheless, empirical
studies that comprehensively examine readiness, attitudes,
and intention to use Al remain limited.

From a theoretical perspective, this study is grounded in
the Technology Acceptance Model (TAM) and the Unified
Theory of Acceptance and Use of Technology (UTAUT),
which conceptualize attitudes as a proximal determinant
of behavioral intention toward technology use [28,29].
Within this framework, readiness-related factors—includ-
ing perceived ability, ethical awareness, and contextual un-
derstanding of Al—are assumed to be conceptually related
to nurses’ evaluative attitudes toward Al Attitudes toward
Al are, in turn, associated with behavioral intention. Ac-
cordingly, attitudes may function as a key conceptual link
between Al readiness and behavioral intention in clinical
nursing practice. This framework guided the simultaneous
examination of Al readiness, attitudes toward Al, and be-
havioral intention in the present study.

Therefore, this study examined Al readiness, attitudes to-
ward Al, and behavioral intention to use Al among clinical
nurses in a tertiary hospital in South Korea. Specifically,
the study aimed to (1) assess levels of Al readiness and atti-
tudes toward Al, (2) examine correlations among Al readi-
ness, attitudes, and behavioral intention, and (3) identify
factors associated with behavioral intention using hierar-
chical regression analysis. In addition, open-ended re-
sponses were analyzed to identify expected areas of Al uti-
lization in clinical nursing practice that may not be fully
captured through quantitative measures.

1. Study Design

This was a cross-sectional descriptive correlational study.
The study is reported in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines.
2. Setting and Samples

Participants were clinical nurses with at least 1 year of
work experience at a tertiary hospital in South Korea. Eligi-
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ble participants were licensed nurses currently working in
clinical departments who had provided direct patient care
for at least 1 year. Nurses who were on leave or had re-
signed, those not engaged in clinical duties, those working
exclusively in research or education roles, and those with
less than 1 year of total clinical experience were excluded.
These criteria were established to ensure that participants
could reliably report perceptions of and attitudes toward Al
in the current clinical environment.

The sample size was calculated using G*Power 3.1.9.7
based on the primary analysis of hierarchical multiple re-
gression. Assuming a significance level of .05, power of .80,
a medium effect size (f*=0.15), and up to 10 predictors, the
minimum required sample size was 118. In this calcula-
tion, predictors were defined as conceptually distinct vari-
ables at the design stage, and categorical variables were
treated as single predictors for the purpose of sample size
estimation. To account for potential dropout and to ensure
sufficient power for additional subgroup and comparative
analyses, 220 participants were recruited. After excluding
two responses that did not meet the inclusion criteria, data
from 218 participants were included in the final analysis.

3. Measurements

1) Demographic characteristics

General characteristics included gender, age, education
level, graduate education experience, clinical department,
job position, and years of clinical experience.

2) Al readiness

Al readiness was measured using the Medical Artificial
Intelligence Readiness Scale for Medical Students (MAIRS-
MS), developed by Karaca et al. [25], which was translated
with permission from the original authors and underwent
content validity assessment. MAIRS-MS-derived readiness
constructs have also been examined among healthcare
professionals in clinical settings [22], suggesting potential
applicability beyond student populations. Content validity
was evaluated by an expert panel consisting of one nursing
faculty member and clinical nurses with more than 10
years of clinical experience who held at least a master’s de-
gree in nursing and had prior experience related to Al use
or implementation in hospital settings. The translated ver-
sion demonstrated good content validity, with a scale-level
content validity index average of 0.94. The instrument con-
sists of 22 items across four dimensions—cognition, ability,
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vision, and ethics—rated on a 5-point Likert scale
(1=strongly disagree, 5=strongly agree), with higher scores
indicating greater readiness to use Al in healthcare. Cron-
bach’s a was .87 in the original study and .94 in this study.

3) Attitudes toward Al

Attitudes toward Al were measured using the Korean ver-
sion of the General Attitudes toward Artificial Intelligence
Scale (GAAIS-K) [13], translated from the original GAAIS
[30]. GAAIS-K consists of 18 items, including 11 positive
items and 7 negative items, rated on a 5-point Likert scale.
Negative items were reverse-coded according to the scor-
ing guidelines so that higher scores indicated more favor-
able attitudes on both subscales. For analysis, attitudes to-
ward Al were treated as a single composite score derived
from all 18 items, and positive and negative subscale scores
were also calculated separately. This composite score was
used to capture the overall tendency of attitudes toward Al
across items. Cronbach'’s a was .88 for the positive subscale
and .83 for the negative subscale in the original scale, .86
and .74 in GAAIS-K, and .83 and .78 in this study.

4) Behavioral intention to use Al

Behavioral intention to use Al was measured using three
items [31] adapted for the healthcare context based on the
UTAUT [29]. Items were rated on a 5-point Likert scale,
with higher scores indicating stronger behavioral intention
to use Al Cronbach’s a was .90 in the original scale, .69 in
the adapted version, .72 in a previous study [32], and .71 in
this study.

5) Open-ended survey items

In addition to the standardized instruments, participants
were asked whether they had experience using Al-based
programs or systems in clinical practice. Open-ended
questions were included to explore clinical Al experiences
and expectations, including experiences with Al use in
clinical settings and nursing tasks for which Al was expect-
ed to be useful. Responses were grouped into categories
based on similarity of meaning, and frequencies were cal-
culated.

4. Data Collection
Data were collected from November 18 to December 11,

2024. Participants were recruited through convenience
sampling using a recruitment notice posted on the hospital
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intranet bulletin board, which was accessible to all nurses
employed at the study institution. Nurses who met the in-
clusion criteria and voluntarily agreed to participate com-
pleted the online survey.

The inclusion criteria were as follows: (1) registered nurs-
es currently working at a tertiary hospital in South Korea, (2)
nurses who had provided direct patient care in clinical set-
tings for at least 1 year, and (3) individuals who understood
the study purpose and provided informed consent. The ex-
clusion criteria were as follows: (1) nurses not currently en-
gaged in direct clinical practice, (2) nurses with less than 1
year of clinical experience, and (3) incomplete survey re-
sponses or withdrawal of consent. Participants received de-
tailed information about the study purpose and procedures,
provided electronic informed consent, and completed a
structured self-report online questionnaire. The survey re-
quired approximately 10 minutes to complete. Measure-
ment instruments were used after permission had been ob-
tained from the original authors and translators.

5. Ethical Considerations

This study was approved by the Institutional Review
Board of Seoul National University Hospital (No. H-2410-
122-1579). All participants were informed of the study pur-
pose and procedures and voluntarily agreed to participate
through an online consent process.

6. Data Analysis

Data were analyzed using IBM SPSS ver. 25.0 (IBM Corp.,
Armonk, NY, USA) and R version 4.4.0 (R Foundation for
Statistical Computing, Vienna, Austria). To examine the
structural validity of the MAIRS-MS, confirmatory factor
analysis was conducted using robust maximum likelihood
estimation to account for potential non-normality. Differ-
ences in the major variables according to general charac-
teristics were analyzed using an independent t-test and
one-way analysis of variance. When the assumption of ho-
mogeneity of variance was violated, Welch’s test was ap-
plied. Pearson correlation coefficients were calculated to
examine relationships among the key variables.

Hierarchical regression diagnostic checks were per-
formed to assess residual independence (Durbin-Watson
test), multicollinearity (variance inflation factor [VIF]), lin-
earity, and homoscedasticity. Hierarchical linear regres-
sion analysis was conducted using the mean score of the
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three behavioral intention to use Al items as the dependent
variable. General characteristics, Al readiness, and atti-
tudes toward Al were entered sequentially as predictors.
Categorical variables were dummy-coded (0=reference
group, 1 =comparison group), with the most frequent cate-
gory used as the reference group. Based on TAM and
UTAUT, which conceptualize attitudes as a proximal deter-
minant of behavioral intention, demographic variables
were entered as control variables in the first block, followed
by Al readiness as a more distal factor and attitudes toward
Al in the final block [28,29]. Open-ended responses were
summarized descriptively by reporting categories and fre-
quencies to provide contextual information. Responses
were grouped into categories based on similarity of mean-
ing. Categorization was refined through repeated review
and discussion between the researcher and a nursing fac-
ulty member until consensus was reached. These data
were used to complement the quantitative findings and
were not subjected to in-depth qualitative analysis.

1. General Characteristics of the Participants

A total of 218 nurses participated in the study, and most
were women (n=207, 95.0%). The largest age group was
nurses in their 30s (n=85, 39.0%), followed by those in
their 20s (n=77, 35.3%) and those aged 40 years or older
(n=56, 25.7%); the mean age was 34.35 years (standard de-
viation [SD], 7.31 years). Most participants held a bache-
lor’s degree (82.1%), whereas 17.9% held a master’s degree
or higher. Among the participants, 31.2% had graduate-lev-
el education experience.

The largest proportion of participants worked in wards
(52.3%), followed by intensive care units (20.6%), outpa-
tient clinics (11.5%), emergency rooms (4.6%), operating
rooms (4.6%), and other departments (6.4%). Most partici-
pants were staff nurses (96.8%), whereas 3.2% were head
nurses. The mean duration of clinical experience was 10.99
years (SD, 7.43 years), and 52.3% had less than 10 years of
experience. Nurses with Al experience accounted for 10.1%
of the sample (Table 1).

2. Al Readiness, Attitudes toward Al, and Behavioral In-
tention to Use Al

The mean Al readiness score was 67.56 (SD, 12.97), and
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subscale scores for cognition, ability, vision, and ethics are
presented in Table 2. The mean scores for attitudes toward
Al and behavioral intention to use Al were 66.16 (SD, 7.57)
and 11.93 (SD, 1.94), respectively.

To examine the structural validity of the MAIRS-MS in
this sample, confirmatory factor analysis was additionally
conducted. The analysis generally supported the original
four-factor structure, with fit indices in a marginal but ac-
ceptable range (x*/df=2.54, comparative fit index=.898,
Tucker-Lewis index=.884, root mean square error of ap-
proximation=.084, and standardized root mean square re-
sidual =.067). All standardized factor loadings were statisti-
cally significant and ranged from 0.53 to 0.91 across
dimensions. Composite reliability values for the four fac-
tors ranged from 0.86 to 0.92, exceeding the threshold of
.70. Average variance extracted values ranged from 0.49 to
0.68, which were at or near the recommended threshold of
.50, supporting convergent validity.

Descriptive Statistics for Al Readiness, Attitudes toward
Al, and Behavioral Intention to Use Al (N=218)

Variables NO' of Range M=SD
items

Al readiness 22 24-109 67.56+12.97
Cognition 8 9-39  21.50+5.19
Ability 8 8-40  26.09+5.66
Vision 3 3-15 9.15+2.41
Ethics 3 3-15 10.82+2.16

Attitudes toward Al 18 39-86  66.16+7.57
Positive 11 26-55  43.72+4.99
Negative 7 11-35  22.44+3.87

Behavioral intention to use Al 3 6-15 11.93+1.94

Al =artificial intelligence; M =mean; SD =standard deviation.

3. Differences in Participants’ Al Readiness, Attitudes to-
ward Al, and Behavioral Intention to Use Al according to
General Characteristics

Differences in Al readiness, attitudes toward Al, and be-
havioral intention to use Al according to general character-
istics are presented in Table 1. Significant differences ac-
cording to education level were observed for both Al
readiness (F=3.84, p=.023) and attitudes toward Al
(F=5.89, p=.003). Nurses with graduate education experi-
ence had significantly higher scores for Al readiness
(t=3.67, p<.001), attitudes toward Al (t=2.87, p=.005), and
behavioral intention to use Al (t=2.10, p=.037).

4. Correlations among Al Readiness, Attitudes toward
Al, and Behavioral Intention to Use Al

Correlations among the major variables are presented in
Table 3. Al readiness was significantly and positively cor-
related with behavioral intention to use Al (r=.31, p<.001).
The strongest correlation with behavioral intention was
observed for attitudes toward Al (r=.64, p<.001). Al readi-
ness was also significantly and positively correlated with
attitudes toward Al (r=.30, p<.001).

At the subscale level, among the Al readiness dimen-
sions, ability showed the strongest correlation with behav-
ioral intention (r=.36, p<.001), followed by ethics (r=.30,
p<.001), vision (r=.19, p<.01), and cognition (r=.18,
p<.01). For attitudes toward Al, the positive attitude sub-
scale (r=.66, p<.001) exhibited a stronger positive correla-
tion with behavioral intention than the negative attitude
subscale (r=.40, p<.001). This positive correlation reflects
the reverse coding of the negative attitude items, such that
higher scores indicate more favorable attitudes toward Al

Correlations among Al Readiness, Attitudes toward Al, and Behavioral Intention to Use Al (N=218)

. Al readiness
Variables
Al readiness 1
Cognition
Ability
Vision
Ethics
Attitudes toward Al
Positive
Negative
Behavioral intention to use Al

Al =artificial intelligence.

174

Attitudes toward Al Behavioral intention to use Al
r(p)
.30 (<.001) 31(<.001)
.19 (.004) .18 (.009)
35 (<.001) .36 (<.001)
.12 (.090) .19 (.005)
27(<.001) .30 (<.001)
1 64 (<.001)
66 (<.001)
40 (<.001)
1
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5. Predictors of Behavioral Intention to Use Al

Hierarchical regression analysis was conducted to identi-
fy factors associated with behavioral intention to use Al
(Table 4). This analytic approach was theoretically ground-
ed in the TAM and the UTAUT [28,29]. By entering readi-
ness variables first and attitudes subsequently, the analysis
examined whether attitudes provided incremental explan-
atory power for behavioral intention, consistent with the
conceptual pathway suggested in previous literature. This
analytic strategy was intended to assess the sequential con-
tributions of readiness and attitudes after controlling for
general characteristics, rather than to formally test media-
tion effects.

In model 1, general characteristics were entered as con-
trol variables, and the explanatory power of the model was
low (adjusted R*=.01). Categorical variables were dum-
my-coded, with the most frequent category used as the ref-
erence group. None of the general characteristics, includ-
ing age, showed a significant association with behavioral
intention in this model. When Al readiness was added in
model 2, the explanatory power increased significantly
(adjusted R*=.09, AR*=.08, p<.001), indicating that readi-
ness contributed additional explanatory value beyond gen-
eral characteristics. In model 3, attitudes toward Al were

additionally entered, resulting in the highest explanatory
power (adjusted R*=.43, AR®*=.32, p<.001). Attitudes to-
ward Al emerged as a factor strongly associated with be-
havioral intention to use Al (f=.61, p<.001). Although the
effect of Al readiness was attenuated after the inclusion of
attitudes, it remained statistically significant (B=0.17,
f=.16, p=.005). Gender was not significant in models 1
and 2 but emerged as a significant predictor in the final
model.

Regression diagnostics indicated no violation of model
assumptions. The Durbin-Watson statistic was 2.03, and
VIF values ranged from 1.05 to 7.44. Although the VIF val-
ues for age (7.44) and the clinical experience group of 20
years or more (7.10) were higher than those of the other
predictors, all VIF values remained below the commonly
accepted threshold of 10, suggesting that severe multicol-
linearity was unlikely. Despite the elevated VIF values for
these two predictors, they were retained for theoretical rea-
sons, and the coefficient estimates remained stable. Resid-
ual diagnostics confirmed that the assumptions of normality
(Shapiro-Wilk p=.54) and homoscedasticity (Breusch-Pagan
p=.59) were satisfied. The maximum Cook’s distance was
0.18, indicating that no influential observations substantially
affected model stability.

Hierarchical Regression Analysis Predicting Behavioral Intention to Use Al (N=218)

. Step 1
Variables B SE 8 " B
General characteristics
Gender -0.13 0.20 -.04 519 -0.21
Age -0.01 0.02 =17 .364 -0.01
Graduate education  0.26 0.10 .19 .009 0.15
experience
Department
ICUs 0.08 0.12 .05 489 0.09
Others 0.07 0.11 .05 .533 0.02
Job position 0.08 0.26 .02 771 0.20
Years of clinical
experience
10-19 0.12 0.17 .08 .508 0.12
>20 -0.03 0.33 -.02 923 -0.10
Al experience 0.05 0.15 .02 .760 0.03
Al readiness 0.33
Attitudes toward Al
Model fit Adj.R?*=.01

Adj.R*=.09; AR*=.08

Step 2 Step 3
SE B p B SE B p

0.20 -.07 279 -0.38 0.16 -.13 .017
0.02 -.09 .630  -0.00 0.01 -.04 .755
0.10 .10 147 0.01 0.08 .01 901
0.11 .06 .399 0.05 0.09 .03 .543
0.10 .01 .847  -0.10 0.08 -.07 221
0.25 .05 432 0.16 0.20 .04 436
0.17 .09 458 0.12 0.13 .08 .389
0.32 -.05 760 -0.02 0.25 -.01 .927
0.14 .01 .831 -0.02 0.11 -.01 .864
0.07 31 <.001 0.17 0.06 .16 .005

0.94 0.09 .61 <.001

Adj.R?=.43; AR?=.32

Dummy variables: gender (women =reference); graduate education experience (no =reference); department (wards =reference); job po-

sition (staff nurse =reference); Years of clinical experience (<10 years =reference); Al experience (no =reference). Durbin-Watson =2.03;

VIF range=1.05-7.44.

Adj.R?=adjusted coefficient of determination; Al =artificial intelligence; = standardized coefficient; ICU =intensive care unit; SE =stan-

dard error; VIF =variance inflation factor.

https://doi.org/10.7475/kjan.2026.0101

175



Son JE - Park YH

6. Expected Areas of Al Use in Clinical Nursing Practice

Table 5 presents the descriptive results of the open-end-
ed survey questions regarding nurses’ experiences with Al
and their expectations for Al applications in clinical nurs-
ing practice. Nurses identified potential Al applications in
both direct patient care and indirect nursing activities.

In addition to the quantitative findings, open-ended re-
sponses indicated that nurses emphasized the need for ad-
equate education, institutional support, and safeguards to
ensure patient safety during Al implementation, while
some also expressed positive expectations regarding im-
proved work efficiency.

This study has both academic and practical significance
as one of the few studies to examine the relationships
among Al readiness, attitudes toward Al, and behavioral

intention to use Al among clinical nurses in a tertiary hos-
pital. Previous studies primarily targeted nursing students
[13-15], and some focused on primary healthcare workers
[26], thereby reflecting educational expectations or com-
munity healthcare contexts. Studies involving clinical nurs-
es have recently emerged; however, most have reported
only levels of awareness and attitudes [19], whereas one
study involving intensive care unit nurses examined Al
readiness and acceptance but was limited to a specific unit
[20]. In contrast, the present study is distinguished by its
comprehensive assessment of Al readiness, attitudes to-
ward Al, and behavioral intention to use Al among nurses
working across diverse departments in a tertiary hospital.
In this study, clinical nurses demonstrated an above-mid-
point level of Al readiness, indicating a generally favorable
level of perceived readiness for Al-related practice. This
level of readiness should be interpreted in light of the char-
acteristics of the measurement instrument, which concep-
tualizes Al readiness as a multidimensional construct en-

Descriptive Results of Open-Ended Survey Questions on Al Use in Nursing Practice

Categories n (%)

Al usage experiences in clinical settings (n=21)"
Patient risk/prognosis prediction 7(33.3)
Work support 6(28.6)
Imaging interpretation support 5(23.8)
Communication/information retrieval 3(14.3)

Nursing tasks in which Al is expected to be useful (n=218)
Patient monitoring/prediction 61(28.0)
Test result/imaging analysis 49 (22.5)
Staffing/work allocation 37(17.0)
Medication/administration 28(12.8)
Nursing records/documentation 21(9.6)
Unknown/no response 18(8.3)
Others 4(1.8)

Example quotes

“Patient risk analysis,’

“Deterioration prediction”

“Diagnostic prediction,”

“Triage assistance”

“Chest X-ray Al reading,’

“Automated measurement of lung fields”

“English translation and clinical knowledge lookup,”

“Bvidence summarization”

“Prediction of falls and pressure ulcers,’
“Early detection of patient deterioration”
“Interpretation of test results,’
“Assistance with imaging tests”

“Efficient allocation of nursing staff,”
“Reallocation according to patient condition”
“Drug interaction check,’

“Adjustment of medication timing”
“Automated nursing records,”
“Auto-entry in charts”

“Not sure yet,”

“Nothing comes to mind”

“Support for medical decision-making,’
“Searching medical records,”

“Health consultation chatbot”

Al =artificial intelligence; "This item was answered only by participants with Al experience. One participant did not provide a response.
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compassing perceived ability, ethical considerations,
vision, and acceptance of Al rather than as direct evidence
of extensive hands-on experience. Accordingly, the ob-
served readiness reflects nurses’ evaluative and perceptual
preparedness toward Al within the clinical context. Consis-
tent with the relatively higher scores observed in the ethics
dimension, the open-ended responses revealed positive
expectations regarding improved work efficiency and clini-
cal support for patient monitoring and risk prediction, all
of which are closely related to patient safety in clinical care.
These findings suggest that nurses’ Al readiness reflects
contextual and perception-based preparedness that coex-
ists with careful consideration of clinical responsibility and
safety, in line with the Code of Ethics for Nurses [33].

A previous study using the same instrument reported
higher Al readiness among physicians than among nurses
[22]. This difference may partly reflect greater opportuni-
ties for physicians to engage directly with Al systems in di-
agnostic and decision-making processes. In contrast, Al-re-
lated nursing research has more often focused on attitudes
and adaptation rather than readiness itself [13-21]. Given
potential differences in professional roles and practice en-
vironments, it is important to consider whether the MAIRS-
MS adequately captures Al readiness in clinical nurses be-
fore interpreting these comparisons.

Although the MAIRS-MS was originally developed for
medical students, the present findings indicate that its
four-factor structure was generally retained in a clinical
nursing population. The overall model fit indices were
slightly below conventional thresholds, which may reflect
contextual differences between student and practicing cli-
nician populations. Nevertheless, the factor loadings and
convergent validity indicators supported the structural ad-
equacy of the instrument. These findings are consistent
with recent studies applying MAIRS-related constructs to
healthcare professionals beyond student samples [22]. To-
gether, these results suggest that the MAIRS-MS may be
cautiously applied to clinical nurses, although further vali-
dation in diverse professional samples is warranted.

Among the Al readiness dimensions, ability and ethics
showed relatively stronger associations with behavioral in-
tention than vision in the correlation analysis. This finding
suggests that clinical nurses place greater importance on
the practical feasibility of Al use and responsibility for pa-
tient safety than on future-oriented expectations. The vi-
sion dimension showed a relatively weaker association
than the other dimensions, indicating that long-term or
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abstract perceptions of Al may not yet have translated into
concrete intentions in clinical practice. This pattern con-
trasts with findings in medical students, for whom fu-
ture-oriented perceptions played a more prominent role
[25], and with findings in intensive care unit nurses, in
whom perceived usefulness and facilitating conditions
were emphasized [20]. Overall, these results suggest that Al
acceptance among clinical nurses is grounded primarily in
immediate applicability and ethical considerations rather
than in visionary expectations, reflecting the realities of
frontline nursing practice.

Graduate education experience was associated with
higher Al readiness and more positive attitudes toward Al;
however, it did not remain significant in the final regression
model. This pattern is consistent with previous studies sug-
gesting that educational exposure may influence behavior-
al intention indirectly through attitudes or perceived com-
petence rather than as an independent determinant [14].
In this context, graduate education may contribute to be-
havioral intention by shaping nurses’ cognitive and evalua-
tive frameworks regarding Al, including conceptual under-
standing, critical appraisal skills, and ethical awareness.
These educational influences are more likely to be reflected
in attitudes toward Al, which are more proximally associat-
ed with behavioral intention. Although this pattern sug-
gests a potential indirect pathway, it should be interpreted
cautiously because formal mediation analysis was not con-
ducted. These findings imply that formal education alone
may be insufficient without corresponding changes in atti-
tudes and readiness, highlighting the need for additional
institutional and educational support to strengthen nurses’
Al readiness in clinical settings.

Most demographic variables, such as age, department,
and job position, were not significantly associated with be-
havioral intention. Notably, gender was not significant in
Models 1 and 2 but emerged as a significant predictor in
the final model after accounting for psychological factors
such as attitudes. This finding suggests that the association
between gender and behavioral intention to use Al may
depend on the inclusion of psychological variables and
should therefore be interpreted as an adjusted association
within the full model rather than as a direct effect. Overall,
these results are consistent with previous studies reporting
inconsistent or negligible effects of demographic factors on
AT acceptance, suggesting that individual perceptions and
attitudes play a more central role than sociodemographic
characteristics [16,17]. However, because male participants
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represented only a small proportion of the sample (n=11,
5.0%), this finding should be interpreted cautiously, as the
substantial gender imbalance may limit the stability and
generalizability of this association.

In the hierarchical regression analysis, attitudes toward
Al showed a strong association with behavioral intention to
use Al in the final model (f=.61, p<.001). This finding is
consistent with the TAM and the UTAUT, which conceptu-
alize attitudes as a proximal factor associated with behav-
ioral intention [28,29]. In line with this theoretical frame-
work, previous empirical studies have also identified
attitudes toward Al as an important factor associated with
behavioral intention to use Al [13-16].

However, the emphasis placed on Al acceptance appears
to vary across participant groups. Previous studies have
shown that vision and innovation acceptance were more
salient among medical students [25], whereas educational
experience and the mediating role of attitudes were em-
phasized among nursing students [13,14]. Community
nurses have also highlighted the perceived impact of Al on
professional practice [26]. In contrast, the present findings
showed that the ability and ethics dimensions were more
strongly associated with behavioral intention than the vi-
sion dimension among nurses in a tertiary hospital. This
pattern suggests that Al acceptance in this group may be
more closely related to immediate applicability and patient
safety considerations. However, because these dimensions
were examined using correlation analyses and were not si-
multaneously included in the regression model, these find-
ings should be interpreted as reflecting differences in asso-
ciation strength rather than differential causal influence.
These results underscore the context-dependent nature of
Al acceptance and highlight the clinical realities of front-
line nursing practice.

This pragmatic orientation is further reflected in the spe-
cific areas of expected Al utilization identified in the
open-ended responses. Nurses identified potential Al ap-
plications in both direct and indirect nursing activities.
Specifically, the prevention of medication errors and sup-
port for patient monitoring correspond to direct nursing
activities related to patient safety, whereas automated doc-
umentation and nurse staffing support represent indirect
activities that enhance efficiency and administrative man-
agement. Previous literature has similarly emphasized clin-
ical applications such as monitoring, documentation auto-
mation, and prediction of nursing outcomes [34], and
exploratory studies have reported high perceived useful-
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ness of Al for repetitive and time-consuming tasks [35]. The
present findings are consistent with this evidence, indicat-
ing that nurses view Al as augmenting their work and en-
hancing patient safety rather than replacing nursing roles.

Overall, this study identified relationships among Al
readiness, attitudes toward Al, and behavioral intention to
use Al among clinical nurses and additionally explored ex-
pected areas of AI utilization in clinical nursing practice
through open-ended responses. Unlike previous studies
focusing on students or specific departments, this study
provides empirical evidence from nurses directly involved
in patient care across diverse clinical settings. These find-
ings provide foundational data for developing strategies to
strengthen nurses’ Al competency through educational
and institutional support.

This study has several limitations. First, the single-center,
cross-sectional design limits the generalizability of the
findings, and the results may not be directly applicable to
nurses working in healthcare settings with less access to
digital infrastructure. Because participation was voluntary
and the survey was conducted online, nurses with greater
interest in Al may have been more likely to respond, poten-
tially leading to overestimation of Al readiness. However,
only 10.1% of participants reported direct clinical experi-
ence with Al, suggesting that the sample largely consisted
of nurses with limited direct exposure to Al in practice. In
addition, perceptions of Al are evolving rapidly; therefore,
these findings reflect a specific time point and may change
over time. Further research should adopt longitudinal and
multicenter designs.

Although the sample size met conventional minimum
criteria for confirmatory factor analysis, it may still be con-
sidered modest for achieving stable structural validation.
Therefore, the confirmatory factor analysis findings should
be interpreted cautiously, and further validation in larger
and more diverse nursing populations is warranted. In ad-
dition, the effect of AI readiness on behavioral intention
was attenuated after attitudes toward Al were entered into
the hierarchical regression model, suggesting a potential
indirect role of attitudes. However, formal mediation anal-
ysis was not conducted. Accordingly, this finding should be
interpreted cautiously and regarded as exploratory. Future
studies may further examine this potential mechanism us-
ing mediation or path-analytic approaches, such as struc-
tural equation modeling.

Finally, the analysis of the open-ended responses was
limited to basic categorization. Future studies using in-
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depth interviews or focus groups are warranted to provide
a deeper understanding of nurses’ perceptions of Al.

CONCLUSION

The findings of this study indicate that attitudes toward
Al were strongly associated with behavioral intention to
use Al among clinical nurses in a tertiary hospital. Al readi-
ness and graduate education experience were related to at-
titudes toward Al, suggesting that these factors may con-
tribute to behavioral intention indirectly rather than
exerting a direct effect. In the correlation analyses, the abil-
ity and ethics dimensions of Al readiness tended to show
stronger associations with behavioral intention in clinical
contexts, suggesting that nurses’ perceptions may be
grounded primarily in practical needs and safety consider-
ations. In the open-ended responses, nurses expressed ex-
pectations that Al could contribute to both direct and indi-
rect nursing activities, particularly in relation to patient
safety and work efficiency. Taken together, these findings
suggest that educational and organizational strategies
aligned with clinical nurses’ practical needs and ethical
considerations may facilitate the integration of Al into
nursing practice, based on the associations observed in
this study.
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Purpose: This study aimed to identify predictors of quality of life (QoL), including self-efficacy,
social support, illness perceptions, and resilience, among colorectal cancer patients during
the first 1 to 6 months after stoma surgery. Viethods: A predictive correlational design was
used with 142 adult patients who had undergone stoma surgery within the preceding 1 to
6 months. Data were collected using validated instruments measuring QoL, self-efficacy,
social support, illness perceptions, and resilience. The data were analyzed using descriptive
statistics, the independent t-test, one-way analysis of variance, the Games-Howell post-hoc
test, Pearson correlation coefficients, and hierarchical multiple linear regression analysis.
Results: The participants had a mean age of 56.15 years (standard deviation, 6.51 years);
67.6% were male, and 57.0% had a temporary stoma. In model 1, the method of paying med-
ical expenses significantly predicted QoL, explaining 6.0% of the variance (adjusted R2=.06,
p=.006), with selffinanced patients reporting lower QoL than insured patients. In model 2,
the addition of psychosocial variables (self-efficacy, social support, iliness perceptions, and
resilience) substantially improved the model, explaining 70.0% of the variance (adjusted
R2=.70, p<.001). In the final model, iliness perceptions (B=-.61), social support (3=.32),
resilience (p=.20), and self-efficacy (f=.19) were significant predictors (all p <.001), where-
as method of paying medical expenses was no longer significant. Conclusion: This study
provides evidence to support the development of interventions targeting iliness perceptions,
social support, resilience, and self-efficacy to improve QoL among stoma patients during the
early postoperative period.

Key Words: lliness behavior; Quality of life; Resilience; Self efficacy; Social support

INTRODUCTION

Colorectal cancer (CRC) remains a major global public
health concern. According to recent global estimates, it is
the third most commonly diagnosed cancer, with Asia ac-
counting for nearly half of all newly diagnosed cases [1].
China has the highest incidence in the region, representing
more than half of the CRC burden in Asia and approxi-

mately one-quarter of cases worldwide [2]. Because inci-
dence rises markedly after 50 years of age, CRC poses an
increasing healthcare challenge both globally and within
China [3].

Surgery remains the cornerstone of CRC treatment, and
many patients require a stoma, a surgically created open-
ing that diverts feces, which may be temporary or perma-
nent [4]. Although stoma formation can be lifesaving, it can
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also substantially affect patients’ quality of life (QoL) by in-
fluencing their physical, psychological, social, and spiritual
well-being.

The early postoperative period is particularly challenging
for these patients. Previous studies have shown clinically
meaningful declines in QoL after CRC surgery, especially
during the first postoperative month [5]. The presence of a
stoma further complicates recovery by disrupting everyday
life and requiring patients to adapt to new self-care de-
mands and altered social interactions [6]. Common physi-
cal problems include leakage, peristomal complications,
pain, sleep disturbance, and gas incontinence [7]. Patients
also frequently experience psychological difficulties, in-
cluding anxiety about the future, interpersonal strain, sex-
ual dysfunction, and restrictions in physical activity and
diet [8].

Guided by individual and family self-management theo-
ry (IFSMT), this study conceptualized QoL as a distal out-
come that emerges through the interaction of contextual,
process, and proximal factors [9]. Within this framework,
contextual factors such as illness perceptions and resil-
ience shape how patients with CRC and a stoma under-
stand their condition, adjust to bodily changes, and cope
with the uncertainty of illness. Process factors, including
self-efficacy and social support, serve as central self-man-
agement mechanisms that help patients engage in
health-promoting behaviors, adhere to treatment, and
manage stoma-related symptoms effectively. These pro-
cesses, in turn, influence proximal outcomes such as func-
tional status, emotional adjustment, and role participation,
all of which are important indicators of patient well-being
in oncology care. Ultimately, these interrelated pathways
converge to affect QoL.

Self-efficacy refers to an individual’s belief in their ability
to organize and carry out the actions needed to manage
health-related demands [10]. It influences cognition, moti-
vation, and coping behavior and has been associated with
better QoL in patients with a colostomy [11]. In contrast,
lower self-efficacy has been associated with fatigue and
more negative illness perceptions [12]. By strengthening a
sense of control, self-efficacy may help reduce stoma-relat-
ed anxiety and depression and facilitate psychological ad-
justment [13].

Social support, which includes assistance from family
members, friends, and healthcare providers, is another im-
portant determinant of QoL. Support from healthcare pro-
fessionals facilitates psychological adjustment, whereas
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family support plays a central role in self-care and emo-
tional well-being [7]. Previous evidence suggests that
strong social support is associated with better QoL in CRC
patients with a stoma [14]. In addition, social support may
indirectly strengthen self-efficacy, creating a reinforcing
cycle that promotes self-management and adaptation.

Illness perceptions are also critical in shaping QoL out-
comes. Patients’ beliefs about the severity, consequences,
and emotional impact of illness strongly influence psycho-
logical adjustment [12]. Among stoma patients, more nega-
tive illness perceptions have been associated with poorer
psychological adaptation and lower QoL [15].

Resilience, defined as the capacity to adapt positively in
the face of adversity, has increasingly been recognized as a
protective factor among cancer patients. Individuals with
greater resilience tend to show better psychological adjust-
ment, lower stress, and higher QoL, even under similar dis-
ease conditions [16]. Thus, resilience may lessen the psy-
chological burden associated with stoma care and support
adaptive coping and longer-term well-being.

Although self-efficacy, social support, illness percep-
tions, and resilience are established correlates of QoL in
CRC patients, most of the available evidence has been de-
rived from Western populations. Cultural differences in
lifestyle, social structure, and values may limit the general-
izability of these findings to Asian populations. Given the
increasing incidence of CRC in China [17], context-specific
research is needed. Therefore, this study aimed to identify
predictors of QoL among CRC patients with a stoma in
Wenzhou, China, in order to inform culturally appropriate
interventions and improve health outcomes.

1. Study Design

This study employed a predictive correlational design to
examine factors associated with QoL in CRC patients with
a postoperative stoma. The study was reported in accor-
dance with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines.

2. Participants and Setting
Participants were patients who had undergone stoma

surgery for CRC at First Affiliated Hospital of Wenzhou
Medical University. Recruitment was conducted in the out-
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patient clinic of the Department of Colorectal and Anal
Surgery.

Eligible participants were adults aged 18 to 60 years who
had undergone stoma surgery within the previous 1 to 6
months and were able to communicate in Mandarin or the
Wenzhou dialect. The upper age limit of 60 years was de-
termined on the basis of policy and clinical considerations.
In China, individuals older than 60 years are officially clas-
sified as older adults according to national demographic
and health policy standards [18]. This population generally
has a greater burden of comorbid conditions, reduced
functional reserve (i.e., a decline in intrinsic capacity), and
age-related changes in the interaction between personal
capacity and social environments that affect functional
ability. These factors are established influences on QoL
outcomes [19]. Restricting the sample to patients aged 60
years or younger was therefore intended to reduce age-re-
lated heterogeneity and allow a more focused examination
of psychosocial predictors of QoL during the early postop-
erative adjustment period after stoma surgery.

Patients who were currently receiving chemotherapy or
radiotherapy, those with metastatic disease, and those with
a documented history of psychiatric disorders were exclud-
ed. The exclusion of patients undergoing active anticancer
treatment was based on both clinical and methodological
considerations. Clinically, chemotherapy and radiothera-
py, as key components of multimodal cancer treatment,
are associated with substantial adverse effects. Evidence
from a randomized trial in rectal cancer has shown that
such treatment can result in chronic toxicity, including
neurotoxicity and diarrhea, as well as persistent functional
deterioration such as stool incontinence, all of which can
substantially impair health-related QoL [20]. Methodologi-
cally, including patients receiving active treatment would
have introduced a major confounding factor, making it dif-
ficult to distinguish the effects of stoma-related challenges
and psychosocial adaptation from the acute systemic bur-
den of adjuvant therapy. Accordingly, this study focused on
patients in the early postoperative recovery phase who
were not concurrently exposed to the substantial physio-
logical and psychological burdens of active anticancer
treatment.

The required sample size was calculated using G*Power
ver. 3.1.9.2 [17]. For multiple linear regression analysis, a
medium effect size (f°=0.15), a significance level of .05, a
statistical power of .95 [18], and four predictor variables
were specified, yielding a minimum required sample size
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of 129. After allowing for a 10% potential non-response
rate, the target sample size was set at 142. A total of 142
questionnaires were distributed, and all were returned with
complete data, resulting in a response rate of 100%.

3. Measurements

The instruments used in this study, including the Chi-
nese-language versions, were employed with permission
from the original authors. Participants’ general characteris-
tics included age, sex, marital status, education level, em-
ployment status, residence, household composition,
monthly household income, the method of paying medical
expenses, cancer stage, tumor location, postoperative peri-
od, surgical method, type of stoma, and postoperative
complications.

1) City of Hope Quality of Life-Ostomy Questionnaire

The City of Hope Quality of Life-Ostomy Questionnaire
was originally developed by Grant and Davis [21] to assess
QoL across four domains: physical, psychological, social,
and spiritual. The Chinese version, translated and validat-
ed by Gao et al. [22], consists of 32 items rated on an
11-point Likert scale ranging from 0 to 10. Each item is
scored from 0 to 10, with higher total scores indicating bet-
ter QoL. Negatively worded items were reverse-coded be-
fore analysis. The overall QoL score calculated as the mean
of all items. Cronbach’s a for the scale was .95 in the study
of Gao et al. [22] and .93 in the present study.

2) General Self-Efficacy Scale

The General Self-Efficacy Scale was originally developed
by Schwarzer and Jerusalem [23]. The Chinese version,
translated and adapted by Zhang and Schwarzer [24], re-
tains the original structure and has shown good reliability.
The scale consists of 10 items rated on a 4-point Likert
scale ranging from “not at all true” (1 point) to “exactly
true” (4 points). Total scores range from 10 to 40, with high-
er scores indicating greater self-efficacy. Cronbach'’s a for
the scale was .91 in the original study [24] and .79 in the
present study.

3) Perceived Social Support Scale

The Perceived Social Support Scale was developed by
Zimet et al. [25] and translated into Chinese by Jiang. It
consists of 12 items measuring support from three sources:
family, friends, and significant others. Each item is rated on
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a 7-point Likert scale ranging from “strongly disagree” (1
point) to “strongly agree” (7 points). Total scores range
from 12 to 84. For descriptive purposes and to facilitate
clinical interpretation, total scores were categorized as low
(12-36), moderate (37-60), or high (61-84), based on cate-
gorizations used in prior studies involving Chinese patient
populations [26]. Higher scores indicate greater perceived
social support. Cronbach’s a for the scale was .84 in the
study of Zhang et al. [26] and .87 in the present study.

4) Brief Illness Perception Questionnaire

The Brief Illness Perception Questionnaire was devel-
oped by Broadbent et al. [27] to assess cognitive and emo-
tional representations of illness. The Chinese version, vali-
dated by Mei et al. [28], consists of nine items. Items 1 to 8
are rated on a scale from 0 to 10, with higher scores indicat-
ing more negative perceptions; among these, items 3, 4,
and 7 are reverse-coded. Item 9 is an open-ended question
asking patients to list the perceived causes of their illness.
Total scores range from 0 to 80, with higher scores reflect-
ing more negative illness perceptions overall. Cronbach’s a
for the scale was .77 in the study of Mei et al. [28] and .80 in
the present study.

5) Connor-Davidson Resilience Scale

The Connor-Davidson Resilience Scale was developed by
Connor and Davidson [29] and adapted into Chinese by Yu
and Zhang [30] through forward-backward translation. The
scale contains 25 items across three domains: tenacity (13
items), strength (8 items), and optimism (4 items). Each
item is rated on a 5-point Likert scale ranging from “not
true at all” (0 points) to “true nearly all the time” (4 points).
Total scores range from 0 to 100, with higher scores indicat-
ing greater resilience. Cronbach’s a for the scale was .91 in
Yu and Zhang’s study [30] and .89 in the present study.

4. Data Collection

Data were collected between April and September 2024
in the outpatient departments of the First Affiliated Hospi-
tal of Wenzhou Medical University, China. Before the study
began, ethical approval was obtained from Burapha Uni-
versity and the hospital’s Institutional Review Board.

Each day, a complete list of patients attending the col-
orectal and anal surgery outpatient clinic was generated
from the hospital’s electronic medical record system. This
list served as the sampling frame. Trained clinical staff
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screened patients against the predefined inclusion and ex-
clusion criteria, and all eligible patients were approached
and informed about the study. Those who expressed an
initial willingness to participate were included on the daily
eligibility list.

Simple random sampling was then applied to the list of
eligible patients. Specifically, each eligible patient was as-
signed a unique numerical identification code. A comput-
erized random number generator, specifically the Micro-
soft Excel RAND function, was used by the researcher to
select approximately 50% of eligible patients each day for
study enrollment. This procedure ensured that each eligi-
ble patient had an equal and known probability of selec-
tion, thereby supporting probability-based sampling and
population inference.

The researcher then contacted the randomly selected
patients in person in the outpatient clinic, provided a de-
tailed explanation of the study, obtained written informed
consent, and administered the self-report questionnaires.
Recruitment was conducted consecutively using the same
procedure until the predetermined sample size of 142 par-
ticipants was reached.

5. Ethical Considerations

The study protocol was approved by the Institutional Re-
view Board (IRB) of Burapha University in Thailand (No.
G-HS117/2566) and the First Affiliated Hospital of Wen-
zhou Medical University in China (No. KY2024-003). All
participants were fully informed about the study’s purpose,
procedures, potential risks and benefits, and their right to
withdraw at any time without penalty. Written informed
consent was obtained from each participant before data
collection. All consent forms were submitted to the IRBs
upon completion of the study. The collected data were an-
onymized, assigned unique identification codes, and
stored in encrypted electronic files. All data will be securely
retained for three years after study completion and then
permanently deleted.

6. Data Analysis

Data were analyzed using IBM SPSS ver. 27.0.1 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were used
to summarize participant characteristics and study vari-
ables. Differences in QoL according to categorical variables
were examined using the independent t-test or one-way
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analysis of variance (ANOVA) with the Games-Howell post-
hoc test, as appropriate. Pearson correlation coefficients
were calculated to assess bivariate associations among
continuous variables.

Before the predictor analysis, all assumptions for multi-
ple regression were examined. Normality of the residuals
was supported by the Shapiro-Wilk test (p=.932) and visual
inspection of the Q-Q plot, which showed close alignment
with the 45° reference line. Homoscedasticity was con-
firmed using the Breusch-Pagan test (p=.566), and residual
scatterplots indicated a random and uniform distribution.
The Durbin-Watson statistic (1.61) suggested indepen-
dence of residuals. In addition, variance inflation factor
values ranged from 1.00 to 1.08, indicating no evidence of
multicollinearity.

Hierarchical multiple regression analysis was conducted
to examine factors associated with QoL among CRC pa-
tients with a stoma. Variables that showed significant asso-
ciations with QoL in univariate analyses (p <.05) were con-
sidered potential covariates and entered in the first block of
the model to control for their effects. Categorical variables
were dummy-coded before analysis, with appropriate ref-
erence categories specified.

1. Participant General Characteristics

Most participants (88.8%) were 51 to 60 years of age, with
a mean age of 56.15 years (standard deviation [SD]=6.51).
The majority were male (67.6%), married (93.0%), had
completed primary education (62.8%), and were unem-
ployed (45.7%). The most common monthly household in-
come category was 2,000 to 3,999 Renminbi (31.6%). In
terms of clinical characteristics, 55.7% had stage III CRC,
and 73.9% had rectal cancer. Most participants (64.1%)
were within 1 to 2 months after surgery, and 57.0% had a
temporary stoma. Postoperative complications were re-
ported by 6.3% of the participants.

Differences in QoL according to general characteristics
were statistically significant only for the method of paying
medical expenses (F=5.40, p=.006). Post-hoc comparisons
using the Games-Howell test showed that participants who
self-financed their medical expenses reported significantly
lower QoL scores than those covered by medical insurance
(p<.05) or rural insurance (p<.05). No significant differ-
ence was observed between the medical insurance and ru-
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ral insurance groups (Table 1).

Univariate Analysis of Quality of Life (N=142)

Variables

Age (year)

Sex

Marital status

Education level

Employment
status

Residence

Household
composition

Monthly
household
income in
RMB
(7RMB=1
USD)

Method of

paying
medical
expenses’

Cancer stage

Quality of
Categories () ar life
M+SD
M+SD
31-40 9(6.3) 4.29+1.86
41-50 7(4.9) 3.20+£1.55
51-60 126 (88.8) 3.87+1.58

56.15+6.51

Male 96 (67.6) 3.86+1.56

Female 46(32.4) 3.87+1.69

Married 132(93.0) 3.84+1.59

Others' 10(7.0) 4.11+1.79

Illiteracy 7(4.9) 4.79%+1.51

Primary 89 (62.8) 3.96+1.63
school

Secondary 32(22.5) 3.27+1.45
school

High school 9(6.3) 3.93+1.56

Diploma or 5(3.5) 4.46+1.48
higher

Unemployed 65(45.7) 4.02+1.61

Retirement 39(27.5) 3.63+1.54

Self- 22(15.5) 3.74+1.61
employed

Farmer 14(9.9) 3.75+1.76

Officer 2(1.4) 5.45+0.77

In Wenzhou 131 (92.3) 3.88+1.60

Notin 11(7.7) 3.65+1.63
Wenzhou

Husbandor 126 (88.8) 3.84+1.60
wife

Sons and 11(7.7) 3.83+1.68
daughters

Others' 5(3.5) 4.32+1.76

Less than 12(8.5) 4.41+1.65
2,000

2,000t03,999 45(31.6) 3.94+1.55

4,000t05,999 42(29.5) 3.64+1.51

6,000t07,999 16(11.3) 3.65+1.75

8,000t09,999 14(9.9) 3.62+1.88

More than 13(9.2) 4.28+1.55
10,000

Medical 61(43.0) 3.70+1.59
insurance”

Rural 76 (53.5) 4.12+1.56
insurance”

Self-financed® 5(3.5) 1.90+0.46

Stage I 31(21.8) 3.71+1.61

Stage IT 32(22.5) 3.67+1.74

Stage I1I 79 (55.7) 4.00+1.54

torF(p)

0.92 (.400)

-0.04 (.965)

-0.50(.615)

1.99 (.099)

0.90 (.464)

0.46 (.648)

0.21 (.810)

0.75 (.585)

5.40 (.006)
(a>¢,b>c)

0.65 (.524)

(Continued on the next page)
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Continued
n (%) or Qua.l ity of
Variables Categories M+SD life torF(p)
M+SD
Location of Colon 37(26.1) 3.81+1.62 -0.23(.819)
tumor Rectum 105 (73.9) 3.88+1.60
Postoperative  1to <2 91(64.1) 3.82+1.61 0.21(.933)
date (month)" >2 ¢ <3 16 (11.3) 4.02+1.60
>3t0 <4 9(6.3) 4.10+1.75
>4t0 <5 9(6.3) 3.53+1.49
>5t0 <6 17 (12.0) 3.96+1.64
Surgical Colostomy 69 (48.6) 4.04+1.65 1.29(.279)
method Tleostomy 70(49.3) 3.72+1.54
Small bowel 3(2.1) 2.86+1.51
stoma
Type of stoma Temporary 81(57.0) 3.70+1.56 -1.41(.160)
stoma
Permanent 61(43.0) 4.08+1.64
stoma
Postoperative  No 133(93.7) 3.82+1.60 -1.07(.285)

complications yeg 9(6.3) 4.41+1.48

M =mean; RMB =Renminbi; SD =standard deviation; "Others in-
cluded single, divorce and bereavement; "Others included living
alone and residing in a nursing home; *Games-Howell post-hoc
test; 'Patients were categorized into mutually exclusive time inter-
vals based on the time from surgery to follow-up: 1 to <2 months,
2 to <3 months, 3 to <4 months, 4 to <5 months, and 5 to <6
months.

2. Descriptive Statistics of the Variables

As shown in Table 2, the overall QoL score was 3.86
(SD=1.60) on a scale ranging from 0 to 10. This mean score
was substantially below the midpoint of the scale (5.00),
suggesting a generally low level of perceived QoL among
the participants. This interpretation is further supported by
the sub-dimension scores, as physical, social, and spiritual
well-being all averaged below 4.0. Although the psycholog-
ical well-being subscale score (5.14) was closer to the mid-
point, it remained only modest. The developers of the Chi-
nese version noted that a mean item score above 5
generally indicates at least moderate QoL [22]. In the pres-
ent sample, the overall mean item score (3.86) and most of
the sub-dimension scores were below this threshold, col-
lectively indicating compromised QoL during the early
postoperative period.
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QoL Levels among the Participants (N=142)
M+SD (range)
3.86+1.60 (0-6.0)
3.91+2.05 (0-8.2)
2.44+1.87 (0-6.3)
5.14+1.63 (0-8.0)
3.43+1.52 (0-6.8)

M =mean; QoL =quality of life; SD =standard deviation.

Variables

Overall QoL
Physical well-being
Social well-being
Psychological well-being
Spiritual well-being

3. Correlations among Main Variables

Pearson correlation analysis was performed to examine
the relationships among QoL, self-efficacy, social support,
illness perceptions, and resilience. In addition, to assess
the association between the categorical variable method of
paying medical expenses and the continuous study vari-
ables, eta () coefficients were calculated from one-way
ANOVA. As shown in Table 3, self-efficacy (r=.38, p<.001)
and social support (r=.43, p<.001) were significantly and
positively correlated with QoL at a moderate level. Resil-
ience also showed a weak positive correlation with QoL
(r=.20, p<.05). In contrast, illness perceptions were signifi-
cantly and negatively correlated with QoL at a high level
(r=-.70, p<.001). Furthermore, the method of paying
medical expenses was significantly associated with QoL
(n=.27, p<.01), indicating that patients with different pay-
ment methods had different QoL scores.

4. Factors Influencing Quality of Life in Patients with a
Stoma after Surgery

Hierarchical multiple linear regression analysis was con-
ducted to identify factors associated with QoL among CRC
patients with a stoma (n=142). The results are summarized
in Table 4. Variables that showed significant associations
with QoL in univariate analyses (p<.05) were considered
candidate covariates. Among these, the method of paying
medical expenses was identified as the only demographic
variable meeting the inclusion criterion and was therefore
entered as a control variable in the first block of the model
after dummy-coding (reference category: medical insur-
ance). Clinical variables such as type of stoma and surgical
method were not included because they were not signifi-
cantly associated with QoL in univariate analyses and
showed limited variability within the sample; therefore,
their inclusion was unlikely to contribute meaningfully to
the explanatory power or stability of the model.
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In model 1, the method of paying medical expenses was
entered as a control variable. This model was statistically
significant (F=5.40, p=.006) and accounted for 6.0% of the
variance in QoL (R*=.07, adjusted R*=.06). Compared with
patients covered by medical insurance, who served as the
reference group, self-financed patients reported signifi-
cantly lower QoL (p=-.21, p=.014), whereas rural insur-
ance was not significantly associated with QoL (f=.13,
p=.115).

In model 2, four psychosocial variables derived from the
IFSMT, namely self-efficacy, social support, illness percep-
tions, and resilience, were added. The overall model was
statistically significant and explained 70.0% of the variance
in QoL (R?=.71, adjusted R*=.70). The addition of psycho-
social variables produced a significant increase in explana-

Correlations among Study Variables (N=142)

Variables ! 2 ‘3 4 >

1. Self-efficacy 1

2. Social support .08 1

3. Illness perceptions -.24*% -13 1

4. Resilience .03 .02 .04 1

5. Quality of life 38FE 430 - 70 20% 1
6. Method of paying 17 .15 .10 .20 27

medical expenses (1))
Values for variables 1-5 are Pearson correlation coefficients (r).
For the categorical variable medical expense payment (1 =medical
insurance, 2 =rural insurance, 3 =self-financed), the association
with each continuous variable is expressed as eta (), calculated
from one-way analysis of variance.
*p<.05, ¥p<.01, **p<.001.

tory power compared with model 1 (AR?=.64, F=54.56,
p<.001).

In the final model, illness perceptions (p=-.61, p<.001),
social support (f=.32, p<.001), resilience (f=.20, p<.001),
and self-efficacy (p=.19, p<.001) were significantly associ-
ated with QoL. After adjustment for these psychosocial
variables, the associations between method of paying med-
ical expenses and QoL were no longer statistically signifi-
cant (rural insurance: p=.06, p=.227; self-financed:
f=-.07, p=.143). The standardized regression coefficients
represent the expected change in QoL, expressed in SD
units, associated with a one-standard-deviation increase in
each predictor after adjustment for covariates. Illness per-
ceptions showed the strongest association (p=-.61), indi-
cating that a one-standard-deviation increase in negative
illness perceptions was associated with an approximately
0.61-standard-deviation decrease in QoL. Similarly, higher
levels of social support, resilience, and self-efficacy were
associated with increases of 0.32, 0.20, and 0.19 SDs in
QoL, respectively. These effect sizes correspond to
small-to-moderate associations for self-efficacy and resil-
ience and a moderate association for social support, sug-
gesting that variation in these psychosocial factors is
meaningfully related to patients’ perceived QoL during
postoperative recovery.

Overall, psychosocial factors accounted for most of the
variance in QoL during the early postoperative period,
whereas the independent contribution of financial pay-
ment method diminished after these variables were taken
into account.

Hierarchical Multiple Linear Regression Model Predicting Quality of Life (N=142)

Variables Categories

B SE
3.70 0.20
1. Medical insurance (ref) - -
2. Rural insurance 0.42 0.27
3. Self-financed -1.80 0.72
Self-efficacy - -

Constant

Method of paying
medical expenses

Social support - -
Illness perceptions - -
Resilience - -
RZ

Adjusted R

F

p

ref=reference; SE =standard error.
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Model 1 Model 2
B t p B SE B t p
- 18.62 <.001 2.73 0.38 - 7.28 <.001
13 1.59 .115 0.19 0.15 .06 1.21 227
=21 -2.49 .014 -0.63 0.43 -.07 -1.47 .143
- - - 0.34 0.09 .19 3.91 <.001
- - - 0.02 <0.01 .32 6.72 <.001
- - - -0.04 <001 -61 -12.65 <.001
- - - 0.01 <0.01 .20 4.13 <.001
.07 71
.06 .70
5.40 54.56
.006 <.001
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This study aimed to identify factors associated with QoL
in CRC patients with a stoma during the early postopera-
tive period, defined as 1 to 6 months after surgery. Overall,
the participants reported relatively low QoL, particularly in
the physical and social domains, underscoring the sub-
stantial challenges faced during early recovery. Guided by
the IFSMT, this study identified four psychosocial variables,
illness perceptions, social support, resilience, and self-effi-
cacy, as significant correlates of QoL.

The strong association between illness perceptions and
QoL highlights the central role of cognitive appraisal in
postoperative adaptation. Patients who perceived their
condition as less threatening and more controllable report-
ed better QoL, consistent with previous findings in cancer
and chronic illness populations [15,31,32]. In the present
study, the predominance of married participants and the
availability of family support may have contributed to more
adaptive illness representations by providing reassurance
and practical assistance. These findings suggest that mal-
adaptive illness perceptions are closely associated with
poorer perceived QoL. However, because of the cross-sec-
tional design, the direction of this relationship cannot be
determined.

Social support emerged as the second strongest predictor
of QoL, consistent with earlier studies [14,33]. In this study,
social support was derived primarily from spouses and im-
mediate family members, underscoring the central role of
the proximal social network during early recovery. This pat-
tern is consistent with the IFSMT framework, which identi-
fies contextual factors such as social support as foundation-
al to the self-management process [9]. At the same time, the
concentration of support within the family may suggest a
limited breadth of social resources. The univariate associa-
tion between method of paying medical expenses and QoL
further suggests that material and social resources are inter-
twined and that financial strain may reduce patients’ capac-
ity to benefit fully from available support.

Resilience and self-efficacy also showed significant, al-
though relatively modest, associations with QoL. Patients
with greater resilience appeared to adapt better to sto-
ma-related challenges, consistent with findings reported
by Franjic et al. [16], whereas greater self-efficacy was asso-
ciated with a stronger sense of competence in daily
self-management, in line with previous studies by Xu et al.
[11,12]. Although the correlations among social support,

https://doi.org/10.7475/kjan.2025.1203

resilience, and self-efficacy were modest, each construct
remained independently significant in the regression mod-
el. This pattern suggests that these variables represent con-
ceptually distinct yet complementary components of post-
operative adaptation. Social support reflects external
contextual resources that provide emotional reassurance
and practical assistance [14]; self-efficacy reflects patients’
task-specific confidence in managing stoma care and daily
activities [11]; and resilience reflects broader emotional
regulation and the ability to recover from stress [16]. Within
the IFSMT framework, these resources operate through
different mechanisms (i.e., environmental facilitation, be-
havioral self-regulation, and emotional coping), thereby
contributing unique explanatory value even when their bi-
variate associations are relatively weak [9]. This distinction
helps explain why all three variables independently pre-
dicted QoL and underscores the importance of addressing
multiple psychosocial domains when designing supportive
interventions.

Among the demographic and clinical characteristics,
only the method of paying medical expenses was associat-
ed with QoL in the univariate analysis, and this association
weakened after adjustment for psychosocial variables.
Self-financed patients reported poorer QoL, reflecting the
continuing financial burden of stoma care, including the
costs of appliances and follow-up services. This finding is
consistent with evidence linking out-of-pocket medical ex-
penditures to reduced QoL in populations with chronic ill-
ness [32]. In contrast, clinical variables such as stoma type
and surgical method were not associated with QoL and did
not provide additional explanatory value in the multivari-
able models. This pattern suggests that, during the early
postoperative phase, subjective appraisal and psychosocial
resources may have a stronger relationship with perceived
well-being than biomedical characteristics, especially in
relatively homogeneous clinical samples.

The large proportion of variance explained by the psy-
chosocial model should be interpreted cautiously. Al-
though the adjusted R? is comparable to, or slightly higher
than, that reported in similar psychosocial studies of can-
cer-related QoL [12,31], explaining nearly 70% of the vari-
ance with four predictors represents a substantial effect in
practical terms. Importantly, the QoL instrument used in
this study focused on patients’ experiences of living with a
stoma and did not include items directly assessing social
support, self-efficacy, or resilience, suggesting that the
findings are unlikely to be explained simply by content
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overlap among the measures. Rather, the strong associa-
tions observed may reflect the central role of psychosocial
adaptation processes in shaping perceived QoL during the
early postoperative period, as proposed by the IFSMT
framework.

From a clinical perspective, these findings identify sever-
al actionable targets for nursing and multidisciplinary in-
terventions. Early postoperative care should include struc-
tured psychoeducation and cognitive-behavioral strategies
to address maladaptive illness perceptions [15]. Family-in-
clusive approaches, including training in basic stoma care
and supportive communication, may strengthen effective
social support [14]. Skills-based training programs sup-
ported by visual aids and supervised practice may enhance
self-efficacy [11], whereas brief counseling focused on
stress management and adaptive coping may help foster
resilience [16]. Integrated intervention models that extend
from hospital discharge to community follow-up may be
particularly beneficial for improving QoL during this vul-
nerable period [7].

Several limitations should be considered when interpret-
ing these findings. First, the cross-sectional design pre-
cludes causal inference regarding the relationships be-
tween psychosocial factors and QoL. Second, excluding
patients who were receiving chemotherapy or radiotherapy
may limit the generalizability of the results to individuals
with a greater disease burden or more complex treatment
trajectories. Third, although simple random sampling was
used, recruitment through outpatient clinics and voluntary
participation may still have introduced selection bias.
Fourth, restricting the sample to patients aged 60 years and
younger limits the applicability of the findings to older
populations, who may differ in psychosocial resources and
adaptation patterns. Finally, the exclusive use of self-re-
ported measures raises the possibility of recall and social
desirability bias. Future longitudinal, multicenter studies
that incorporate objective indicators and broader patient
populations are needed to clarify causal pathways and lon-
ger-term QoL trajectories following stoma surgery.

This study found that CRC patients with a stoma experi-
enced compromised QoL during the early postoperative
period, particularly in the physical and social domains. IlI-
ness perceptions, social support, resilience, and self-effica-
cy were strongly associated with QoL and together ac-
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counted for a substantial proportion of its variability,
highlighting the central role of psychosocial adaptation
during this phase of recovery. These findings underscore
the importance of moving beyond a purely biomedical fo-
cus in postoperative care. Nursing interventions should in-
clude strategies to modify maladaptive illness perceptions,
strengthen family and social support, enhance patients’
confidence in stoma self-management, and promote psy-
chological resilience. Early, structured, and family-inclu-
sive psychosocial support may be especially beneficial in
improving patients’ perceived well-being after stoma sur-
gery. Future research using longitudinal and multicenter
designs is needed to clarify the temporal relationships
among psychosocial factors and QoL and to evaluate the
effectiveness of theory-based, integrated intervention pro-
grams tailored to this vulnerable patient population.
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INTRODUCTION

Purpose: This study examined the association between family functioning and environmen-
tal mastery among breast cancer survivors. Specifically, it tested a serial mediation model
involving autonomous motivation and healthy behaviors and compared this pathway with
the potential role of controlled motivation. Methods: A cross-sectional survey was conducted
with 192 community-dwelling Korean breast cancer survivors recruited from an outpatient
breast clinic. Participants completed a structured self-administered questionnaire assessing
family functioning, autonomous and controlled motivation for self-management, engagement
in healthy behaviors, and environmental mastery. Serial mediation was tested using a re-
gression-based bootstrapping approach implemented with Hayes’ PROCESS macro. Results:
Family functioning was positively associated with both healthy behaviors and environmental
mastery. The serial indirect effect through autonomous motivation and healthy behaviors was
significant (standardized indirect effect, 0.03; 95% bootstrapped confidence interval [BootCl],
0.00-0.06). In addition, healthy behaviors independently mediated the association between
family functioning and environmental mastery (standardized indirect effect, 0.11; 95% Boot-
Cl, 0.05-0.17). Controlled motivation was not significantly associated with family functioning
and did not contribute to indirect effects. Conclusion: Supportive family functioning may
enhance environmental mastery primarily through greater engagement in healthy behaviors,
including a significant sequential pathway involving autonomous motivation. These findings
support family-centered, autonomy-supportive approaches that strengthen healthy behaviors
to promote psychological adjustment during breast cancer survivorship.

Key Words: Breast neoplasms; Family relations; Health behavior; Psychological adaptation;
Motivation

long-term survivorship demands, including persistent
treatment-related symptoms (e.g., fatigue, pain, lymphede-

Breast cancer has a high survival rate, with 5-year surviv- ma), hormonal therapy-related side effects, body image

al rates now approaching 90% to 91% in many high-income concerns, and ongoing follow-up care, while simultane-

settings, reflecting substantial advances in early detection  ously resuming family and work roles [2]. Environmental

and treatment [1,2]. Breast cancer survivors frequently face ~ mastery, one of the key dimensions of psychological
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well-being proposed by Ryff [3], refers to the perceived
competence to manage life demands, utilize available re-
sources, and shape one’s circumstances in accordance with
personal values and goals. Within the survivorship context,
it represents an important indicator of positive psychoso-
cial adaptation [4]. Despite its conceptual relevance, survi-
vorship research has primarily focused on adverse out-
comes such as distress and functional impairment, with
comparatively less attention devoted to positive adaptation
outcomes, including environmental mastery.

Emerging evidence suggests that environmental mastery
may be strengthened through sustained engagement in
healthy behaviors and supportive interpersonal relation-
ships [4-6]. Engagement in healthy behaviors has been
positively associated with environmental mastery, reflect-
ing an increased perceived capacity to manage daily de-
mands and life circumstances [4,5]. Within the cancer sur-
vivorship literature, physical activity has been linked to
enhanced bodily control and empowerment, which may
facilitate broader psychosocial adjustment during recovery
[4,6]. Identifying modifiable psychosocial and behavioral
pathways that contribute to environmental mastery may
therefore inform survivorship care aimed at enhancing
daily functioning and long-term quality of life.

Family is a primary source of support for cancer survi-
vors, and family functioning has been identified as a criti-
cal determinant of quality of life across multiple domains
among families affected by cancer, with effects that may
persist as the disease progresses [7,8]. Among breast cancer
patients specifically, supportive family functioning charac-
terized by high cohesiveness and expressiveness has been
associated with lower psychological distress, whereas con-
flictual family patterns predict higher levels of depression
and anxiety [8,9]. Consistent evidence from breast cancer
and broader survivorship research indicates that support-
ive family functioning is associated with better adjustment
and quality of life, whereas conflictual or disengaged family
environments are linked to poorer outcomes [7-9]. Never-
theless, the mechanisms linking family functioning to sur-
vivors’ environmental mastery—defined as the perceived
ability to manage and reshape one’s environment during
survivorship—remain insufficiently understood.

Self-determination theory (SDT) provides a useful frame-
work for explaining how family functioning shapes motiva-
tion and, in turn, behavioral and psychosocial outcomes
[10]. According to SDT, the quality of motivation underlying
behavior can be differentiated into autonomous and con-
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trolled forms, depending on whether actions reflect person-
al values and volition or external pressures, guilt, and con-
tingent rewards [11,12]. Motivational quality is closely
linked to the satisfaction of three basic psychological
needs—autonomy, competence, and relatedness [12,13]—
and family functioning represents an important interper-
sonal context that can either support or undermine these
needs. Adaptive family functioning may support survivors’
psychological needs and autonomous motivation by foster-
ing involvement, shared decision-making, and open com-
munication [8-10,14,15]. In contrast, family environments
characterized by high conflict and poor problem-solving
may undermine need satisfaction and strengthen controlled
motivation driven by pressure, obligation, or fear of disap-
pointing family members [8,10]. Accordingly, family func-
tioning can be viewed as a key contextual factor shaping
motivational quality and, consequently, an upstream deter-
minant of survivors’ healthy behaviors and environmental
mastery.

Healthy behaviors are essential for maintaining physical
and psychological health throughout cancer survivorship
[16]. Active engagement in behaviors such as regular exer-
cise, healthy eating, and stress management may enhance
environmental mastery by increasing perceived control
over one’s health and daily life [12,13]. A substantial body
of research highlights the importance of supportive family
functioning in the adoption and maintenance of healthy
behaviors [17,18]. In addition, several studies have report-
ed associations between both autonomous and controlled
forms of motivation and engagement in healthy behaviors
and related health outcomes [12,13,16]. However, although
controlled motivation may prompt short-term behavior
change, it often shows limited sustainability and may nega-
tively affect long-term well-being. It therefore remains un-
clear whether, and to what extent, these motivational pro-
cesses account for the association between supportive
family functioning and survivors’ environmental mastery.

Cancer survivorship requires substantial environmental
mastery, as survivors must manage ongoing health needs,
navigate complex medical systems, and reorganize daily
routines while coping with persistent treatment effects. De-
spite these theoretical links, few studies of breast cancer
survivors have simultaneously examined the sequential
pathway from family functioning through motivation and
subsequent healthy behaviors to environmental mastery,
leaving the psychosocial and behavioral mechanisms un-
derlying this positive adaptation outcome insufficiently
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specified. The present study therefore examined whether
motivation (autonomous and controlled) and healthy be-
haviors explain the association between family functioning
and environmental mastery among breast cancer survi-
vors. Consistent with SDT’s proposition that motivation in-
fluences sustained behavioral engagement and, through
this pathway, broader psychological well-being and devel-
opment, we tested a sequential mediation model in which
motivation relates to healthy behaviors, which in turn re-
late to environmental mastery as a positive adaptation out-
come.

1. Research Design

This study used a cross-sectional descriptive design to
examine the dual mediating roles of motivation (autono-
mous and controlled) and healthy behaviors in the associ-
ation between family functioning and environmental mas-
tery among breast cancer survivors. This study was
reported in accordance with the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
guidelines.

2. Setting and Samples

In cancer survivorship research, the term “cancer survi-
vor” is broadly defined as any individual from the time of
diagnosis through the remainder of life [2]. In this study,
breast cancer survivors were operationally defined as com-
munity-dwelling women who had completed primary
treatment with curative intent and were undergoing rou-
tine surveillance and follow-up.

From January 3 to February 23, 2022, participants were
recruited by convenience sampling from communi-
ty-dwelling breast cancer survivors receiving care at the
breast clinic of a university hospital in Daejeon, Korea. Eli-
gibility criteria were as follows: (1) female sex, (2) age =19
years, (3) histologically confirmed breast cancer diagnosis,
(4) completion of primary treatment with curative intent
(surgery with or without adjuvant chemotherapy and/or
radiotherapy), (5) current follow-up/surveillance status, (6)
absence of secondary malignancies, (7) residence in the
community (not hospitalized) with family members at the
time of enrollment, and (8) sufficient Korean-language
proficiency to understand and complete the self-report
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measures. Long-term adjuvant hormonal therapy, when
applicable, was permitted because it is commonly admin-
istered during extended survivorship care. Conversely, in-
dividuals receiving active primary treatment (e.g., ongoing
cytotoxic chemotherapy or radiotherapy for the initial di-
agnosis) were excluded to ensure a homogeneous
post-treatment survivorship sample aligned with the study
purpose.

The sample size was calculated using G*Power ver.
3.1.9.4. Assuming a significance level (a) of .05, statistical
power (1-B) of .90, and a medium effect size (f*=.15) iden-
tified in a previous study of breast cancer survivors [19], the
minimum required sample size was 190, based on a con-
servative multiple regression model with up to 15 predic-
tors, including the primary study variables and candidate
sociodemographic and health-related covariates, and al-
lowing for a 10% dropout rate. A total of 196 participants
met the inclusion criteria and completed the survey. After
exclusion of four incomplete responses, data from 192 par-
ticipants were included in the final analysis.

3. Measures

1) Family functioning

Family functioning, defined as the participant’s per-
ceived interactions with family members, was measured
using the Family Adaptation, Partnership, Growth, Affec-
tion, and Resolve scale [20]. The instrument consists of five
items assessing adaptation, partnership, growth, affection,
and resolve. Each item is rated on a 3-point Likert scale
(0=hardly ever, 1 =some of the time, 2=almost always),
with total scores ranging from 0 to 10; higher scores indi-
cate better family functioning. Internal consistency was
Cronbach’s a=.80 in the original study [20] and Cronbach’s
a=.90 in the present study.

2) Motivation

Motivation for self-management was assessed using the
Treatment Self-Regulation Questionnaire (TSRQ) [21],
which is grounded in SDT and designed to capture autono-
mous and controlled motivation. The TSRQ items were
framed around engagement in daily self-management be-
haviors, including diet and exercise, and respondents were
asked to indicate the extent to which each reason reflected
why they engaged in these behaviors. The instrument com-
prised 19 items, including 8 assessing autonomous motiva-
tion (e.g., personal endorsement and intrinsic value) and
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11 assessing controlled motivation (e.g., external pressure
or obligation). Each item was rated on a 7-point Likert scale
(I=not at all true to 7=very true). Mean scores were calcu-
lated for the two subscales. In the original validation study,
the TSRQ subscales demonstrated acceptable internal con-
sistency (Cronbach’s a), ranging from .85 to .93 for autono-
mous motivation, .74 to .86 for introjected regulation, and
.73 to .91 for external regulation [21]. In the present study,
Cronbach’s a was .91 for autonomous motivation and .76
for controlled motivation (composite of introjected and ex-
ternal regulation).

3) Healthy behaviors

Healthy behaviors were measured using the Health-Pro-
moting Lifestyle Profile IT (HPLP-II) [22]. The instrument
comprises 52 items across six subdomains: health respon-
sibility, physical activity, nutrition, spiritual growth, inter-
personal relations, and stress management. Items are rated
on a 4-point Likert scale (1=not at all to 4=always), and
mean scores are calculated, with higher scores indicating
greater engagement in healthy behaviors. The original
HPLP-II demonstrated good internal consistency (Cron-
bach’s a=.94) [22], and internal consistency in the present
study was Cronbach’s a=.95.

4) Environmental mastery

Environmental mastery was measured using the Envi-
ronmental Mastery subscale of the Psychological Well-Be-
ing Scale [3,23]. This scale assesses the subjective sense of
control and efficacy in managing one’s life conditions and
surrounding contexts, encompassing the various demands,
resources, and circumstances encountered in daily life. It
consists of eight items rated on a 6-point Likert scale
(1=not at all true to 6=very true). Higher scores indicate a
greater ability to manage and control one’s environment
effectively. Internal consistency was Cronbach’s a=.82 in
the original study [3] and Cronbach’s a=.71 in the present
study.

5) Sociodemographic and health-related characteristics
Sociodemographic characteristics included age, pres-
ence of a spouse (yes/no), educational level (high school or
below vs. college or beyond), current employment status
(yes/no), and monthly household income (measured in
units of 10,000 Korean won [KRW]). Health-related charac-
teristics included comorbidity, cancer treatment history,
and subjective health status. Comorbidity was defined as
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the presence of at least one physician-diagnosed chronic
condition (e.g., hypertension, diabetes, dyslipidemia, ar-
thritis, or other chronic illnesses) and was coded dichoto-
mously (yes/no). Cancer treatment history was assessed as
a multiple-response item (mastectomy, chemotherapy, ra-
diotherapy, hormonal therapy, targeted therapy, or other
treatments). Subjective health status was assessed using a
5-point Likert scale (1 =very poor to 5=very good).

4. Procedure

A research investigator stationed in the outpatient de-
partment approached potential participants and con-
firmed their willingness to participate. A breast cancer co-
ordinator nurse then screened individuals who expressed
interest to verify the absence of cancer recurrence or me-
tastasis, after which they were enrolled in the study.

5. Ethical Considerations

This study was approved by the Institutional Review
Board of Chungnam National University (No. 202101-SB-
009-01). Participants were informed about the study pur-
pose and procedures, the voluntary nature of participation,
the assurance of anonymity, and the exclusive use of col-
lected information for research purposes. They were also
informed that they could discontinue participation at any
time and withdraw from the study after completion with-
out disadvantage. Data were collected after written in-
formed consent was obtained, and participants completed
the structured self-administered questionnaire in a quiet,
private space within the center to ensure independent re-
sponses. Upon completion of the survey, participants re-
ceived a KRW 5,000 gift voucher as a token of appreciation.

6. Statistical Analysis

Data were analyzed using IBM SPSS ver. 29.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were used to sum-
marize participants’ general characteristics, and the reliabil-
ity of each measurement instrument was evaluated using
Cronbach’s alpha coefficients. Pearson correlation analysis
was conducted to examine the relationships among the
main variables, including family functioning, motivation
(autonomous and controlled), healthy behaviors, and envi-
ronmental mastery.

Before the mediation analyses, key regression assump-
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tions were evaluated. Multicollinearity among the indepen-
dent variable (family functioning), mediators (autonomous
or controlled motivation and healthy behaviors), and covari-
ates (e.g., age, subjective health status, and cancer treatment
history) was assessed using tolerance and variance inflation
factor (VIF) statistics, with tolerance >.10 and VIF <10 as di-
agnostic thresholds [24]. Independence of residuals was ex-
amined using the Durbin-Watson statistic, with values close
to 2 indicating no first-order autocorrelation [24]. Homosce-
dasticity was evaluated by examining residual plots for sys-
tematic patterns. All assumptions were adequately met, sup-
porting the validity of the subsequent inferential analyses.
The serial mediation effects of motivation (autonomous
and controlled) and healthy behaviors on the relationship
between family functioning and environmental mastery
were tested using Hayes’ PROCESS macro Model 6 for SPSS.
PROCESS Model 6 provides estimates of the specific indirect
effect for each mediating pathway as well as the total indirect
effect, defined as the sum of all specific indirect effects. Ac-
cordingly, indirect effects by pathway (specific indirect ef-
fects) and the total indirect effect were reported separately.
Statistical significance was evaluated using 5,000 bootstrap
samples, and mediation effects were considered significant
when the 95% confidence interval (CI) did not include zero.

1. Sociodemographic and Health-Related Characteristics
and Their Association with Environmental Mastery

The mean age of the participants was 51.60 years (stan-
dard deviation [SD], 7.95 years), with a range of 32 to 69
years. Most participants had a spouse. Regarding educa-
tional attainment, 49.5% had a college degree or higher,
whereas 50.5% had completed high school or less. Approxi-
mately 45.8% were currently employed, and 47.4% reported
amonthly household income exceeding 4 million KRW.

Regarding health-related characteristics, 28.6% of partic-
ipants reported having chronic diseases, and the mean
subjective health status score was 3.06 (SD, 0.85; range,
1-5). For breast cancer treatment history, mastectomy was
the most common treatment (86.5%), followed by hormon-
al therapy (36.5%), chemotherapy (4.7%), radiotherapy
(2.6%), and targeted or other therapies (3.1%).

Environmental mastery differed significantly according
to age (r=.25, p=.001), subjective health status (r=.38,
p<.001), and history of chemotherapy (t=2.23, p=.027)
(Table 1).

2. Intercorrelations among Study Variables

Pearson correlation analyses revealed significant associ-

Sociodemographic and Health-Related Characteristics of the Participants and Differences in Environmental Mastery (N =192)

. . Environmental mastery
Variables Categories M=+SD orn (%)
torr (p)

Age (year) 51.60+7.95 .25 (.001)

Presence of a spouse Yes 170 (88.5) -0.17 (.862)

Educational level High school or below 97 (50.5) 0.40 (.693)
College or beyond 95 (49.5)

Currently employed Yes 88 (45.8) -1.16 (.249)

Monthly household income (10,000 KRW) <400 101 (52.6) -1.45 (.150)
>400 91 (47.4)

Subjective health status 3.06+0.85 .38 (<.001)

Comorbidity Yes 55 (28.6) -0.32(.752)

Cancer treatment history Mastectomy 166 (86.5) 0.84 (.400)
Hormonal therapy 70 (36.5) -0.24 (.813)
Chemotherapy 9(4.7) 2.23(.027)
Radiotherapy 5(2.6) -0.48 (.635)
Targeted or other therapies 6(3.1) -0.64 (.523)

Cancer treatment history was a multiple-response item. Only affirmative categories are presented for binary variables. Multiple respons-

es were allowed for cancer treatment history; categories indicate treatments ever received after diagnosis.
KRW =Korean won (monthly household income was measured in units of 10,000 KRW); M =mean; SD = standard deviation.

https://doi.org/10.7475/kjan.2025.1225

197



HE Yeom - S Shin - H Lee

ations among the key study variables (Table 2). Family
functioning was significantly correlated with autonomous
motivation (r=.20, p=.005), healthy behaviors (r=.44,
p<.001), and environmental mastery (r=.47, p<.001).
Healthy behaviors were significantly positively correlated
with both autonomous motivation (r=.56, p<.001) and
controlled motivation (r=.17, p=.020), as well as with envi-
ronmental mastery (r=.56, p<.001). Autonomous motiva-
tion was significantly correlated with environmental mas-
tery (r=.32, p<.001), and autonomous and controlled
motivation were significantly correlated with each other
(r=.39, p<.001).

3. Serial Mediation Effects of Autonomous Motivation
and Healthy Behaviors in the Relationship between
Family Functioning and Environmental Mastery

Multicollinearity diagnostics were acceptable, with toler-
ance values ranging from .55 to .99 and VIF values ranging
from 1.02 to 1.83 [24]. The Durbin-Watson statistic was
1.90, which is close to 2.0 and indicates negligible autocor-

Correlations among Main Study Variables (N=192)

Variables Mean +SD
1. Family functioning 8.20+2.39
2. Autonomous motivation 5.83+1.17
3. Controlled motivation 3.68+1.34
4. Healthy behaviors 2.97+0.48
5. Environmental mastery 4.52+0.71

SD =standard deviation.

relation [24]. Residual plots confirmed homoscedasticity.
All regression assumptions were adequately met. Table 3
presents the indirect and serial indirect effects of family
functioning on environmental mastery through autono-
mous motivation and subsequent healthy behaviors. The
sequential indirect effect through autonomous motivation
and healthy behaviors was significant (standardized indi-
rect effect, 0.03; 95% bootstrapped CI [BootCI], 0.00-0.06),
indicating a serial mediation pathway. In addition, the in-
direct effect of family functioning on environmental mas-
tery through autonomous motivation alone was not signifi-
cant (standardized indirect effect, 0.00; 95% BootCI, —0.02
to 0.03), whereas the indirect effect through healthy behav-
iors was significant (standardized indirect effect, 0.11; 95%
BootCI, 0.05-0.17).

Figure 1 illustrates the direct effect of family functioning
on environmental mastery and the serial indirect effects
through autonomous motivation and healthy behaviors.
After adjustment for covariates (age, subjective health sta-
tus, mastectomy, and chemotherapy), family functioning
significantly predicted autonomous motivation (=.16,

1 2 3 4
r(p)
.20 (.005) -
-.00 (.988) 39(<.001) -
44 (<.001) 56 (<.001) .17 (.020) -
A7 (<.001) 32(<.001)  -.00(.962) .56 (<.001)

Specific and Total Indirect Effects of Family Functioning on Environmental Mastery through Motivation and Healthy Behaviors

(N=192)
Indirect paths

Autonomous motivation

Ind1: Family > Autonomous motivation > Environmental mastery

Ind2: Family > Healthy behaviors - Environmental mastery

Ind3: Family > Autonomous motivation -> Healthy behaviors -> Environmental mastery

Total indirect effect (sum of Ind1-Ind3)

Controlled motivation
Ind1: Family > Controlled motivation > Environmental mastery
Ind2: Family - Healthy behaviors > Environmental mastery

Ind3: Family > Controlled motivation > Healthy behaviors > Environmental mastery

Total indirect effect (sum of Ind1-Ind3)

igi:i:‘i‘é:i BootSE  95% BootCI
0.00 001  -0.02t00.03
0.1 0.03  0.05t00.17
0.03 0.02  0.00t00.06
0.14 0.04  0.07t0021
0.00 0.01  -0.01t00.02
0.14 0.04  0.08100.22
0.00 0.00  -0.01t00.01
0.14 0.04  0.08t00.22

Indirect effects are reported as standardized indirect effects (PROCESS estimate: ab_cs), based on 5,000 bootstrap resamples with 95%

BootCls. Covariates were age, subjective health status, and cancer treatment history (mastectomy and chemotherapy).

BootCI=bootstrap confidence interval; BootSE =bootstrap standard error; Ind =indirect pathway.
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p=.037), healthy behaviors (f=.30, p<.001), and environ-
mental mastery (f=.24, p<.001). Autonomous motivation
significantly predicted healthy behaviors (p=.47, p<.001)
but not environmental mastery ($=.02, p=.801), whereas
healthy behaviors significantly predicted environmental
mastery (f=.36, p<.001).

4. Serial Mediation Effects of Controlled Motivation and
Healthy Behaviors in the Relationship between Family
Functioning and Environmental Mastery

Figure 2 presents the direct and indirect effects of family
functioning on environmental mastery through controlled
motivation and healthy behaviors. After adjustment for co-

B=.47
Autonomous (p<.001) Healthy
motivation behaviors
B=.16 e B=.36
(p=.037) Tteell (p<.001)
p=.30 =02 el
(p<.001) (p=.801) Seeel
~a
Family ¢'=24 (p<.001) .| Environmental
functioning c=.37 (p<.001) mastery
c=Total effect; ¢’=Direct effect
Significant effect

——————— Non significant effect

Serial mediation model of the association between family functioning and environmental mastery through autonomous moti-
vation and healthy behaviors. Standardized regression coefficients are presented. Autonomous motivation (M1) and healthy behaviors
(M2) were specified as serial mediators of the effect of family functioning on environmental mastery. Age, subjective health status, and
cancer treatment history (mastectomy and chemotherapy) were included as covariates.

B=.17
Controlled (p=-010) Healthy
motivation behaviors
/, e Tes ~
p=-01 . p=.38
(p=856) -~/ RN (p<.001)
0 p=.37 B=-.06 \\\\
(p<.001) (p=2314) ‘\\*
Family ¢'=.23 (p<.001) _| Environmental
functioning =37 (p<.001) mastery
c=Total effect; ¢’=Direct effect
Significant effect

——————— Non significant effect

Serial mediation model of the association between family functioning and environmental mastery through controlled motiva-
tion and healthy behaviors. Standardized regression coefficients are presented. Controlled motivation (M1) and healthy behaviors (M2)
were specified as serial mediators of the effect of family functioning on environmental mastery. Age, subjective health status, and cancer
treatment history (mastectomy and chemotherapy) were included as covariates.
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variates, family functioning did not significantly predict
controlled motivation (3=-.01, p=.856) but did significant-
ly predict healthy behaviors (f=.37, p<.001) and environ-
mental mastery (f=.23, p<.001). Controlled motivation
significantly predicted healthy behaviors (f=.17, p=.010)
but not environmental mastery. This indicates that con-
trolled motivation did not function as a mediator, whereas
healthy behaviors remained a significant pathway linking
family functioning to environmental mastery (Table 3).

Understanding how breast cancer survivors actively
manage their living environments and sustain environ-
mental mastery throughout survivorship is essential for
clarifying psychological well-being. Grounded in SDT, this
study examined how family functioning was associated
with environmental mastery through the serial mediating
effects of autonomous and controlled motivation and
healthy behaviors among breast cancer survivors.

A key finding was that family functioning was indirectly
associated with environmental mastery through a sequen-
tial pathway involving autonomous motivation and healthy
behaviors. This pattern is consistent with SDT’s proposition
that supportive interpersonal contexts facilitate autono-
mous motivation, which in turn promotes engagement in
healthy behaviors [12,16]. This finding is also consistent
with evidence that adaptive family functioning is associat-
ed with greater autonomous motivation, healthier behav-
iors, and better psychological well-being [8,25]. Extending
this literature, the present findings suggest a serial pathway
linking family functioning to environmental mastery
through autonomous motivation and healthy behaviors,
thereby highlighting their relevance to survivors’ perceived
capacity to manage and organize life circumstances.

Healthy behaviors emerged as a central mediator in the
serial pathway. Family functioning showed a direct associ-
ation with healthy behaviors beyond the motivational
pathways, suggesting that families may facilitate healthy
behaviors through additional mechanisms, such as practi-
cal assistance, encouragement, and behavioral modeling
[17,18]. This interpretation is supported by evidence that
family participation in decision-making and communica-
tion supports sustained engagement in healthy behaviors
[7,9,15]. Taken together, these findings suggest that sup-
portive family environments may provide both emotional
affirmation and concrete resources that help survivors es-
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tablish healthy behaviors, thereby strengthening environ-
mental mastery.

Consistent with SDT propositions and empirical evi-
dence regarding the influence of motivation on behavioral
engagement [11,12,16], both autonomous and controlled
motivation were associated with healthy behaviors. How-
ever, contrary to the initial expectation, neither autono-
mous nor controlled motivation independently mediated
the association between family functioning and environ-
mental mastery. Autonomous motivation contributed only
as part of the serial pathway through healthy behaviors, in-
dicating that self-endorsed motives may be necessary but
not sufficient in the absence of behavioral enactment. This
interpretation supports prior work showing that behavioral
engagement is a key pathway linking motivational quality
to psychological well-being [13,16]. In the present study,
motivation was associated with environmental mastery
primarily through engagement in healthy behaviors, un-
derscoring the importance of behavioral implementation
in survivors’ perceived environmental mastery. Notably,
this finding differs from some previous studies in which
motivational regulation showed more direct associations
with well-being outcomes such as depression and anxiety
[13,16,26]. This difference may reflect the nature of the out-
come examined. Environmental mastery, which encom-
passes the ability to manage and organize one’s living envi-
ronment, may depend more on behavioral enactment than
on motivational state alone.

In contrast, pathways involving controlled motivation
were more limited than expected. Controlled motivation
showed only a small association with healthy behaviors
and was neither directly nor indirectly associated with en-
vironmental mastery. These findings are consistent with
previous evidence indicating that controlled motivation
(e.g., fear of recurrence, external pressure, perceived ex-
pectations) may support compliance-focused engagement
in healthy behaviors but may be less likely to translate into
sustained gains in psychological well-being or positive ad-
aptation [11,13,16,26]. This pattern suggests that externally
driven motivation may promote temporary compliance but
has limited value for long-term adaptive outcomes related
to environmental mastery. Taken together, these findings
suggest that supportive family functioning may be most
beneficial when it fosters autonomous motivation and en-
ables sustained engagement in healthy behaviors.

Several limitations should be noted. First, the cross-sec-
tional design precludes causal inference, and although
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healthy behaviors were modeled as antecedents of envi-
ronmental mastery, reverse or reciprocal relationships are
plausible. Longitudinal studies are needed to clarify tem-
poral ordering. Second, the self-reported measures may be
subject to recall and social desirability bias, and healthy
behaviors were assessed as perceived engagement rather
than with objective measures. Third, family functioning
was assessed only from the survivors’ perspective, which
limits insight into dyadic or systemic patterns. Previous re-
search suggests that family members may hold divergent
perceptions of family functioning [9,27] and that typologi-
cal patterns, including supportive, conflictual, and inter-
mediate traits [9,10,14], may differentially predict out-
comes. Future research should adopt longitudinal,
multi-informant designs and incorporate objective mea-
sures of healthy behaviors and family functioning to clarify
temporal and reciprocal relationships among the study
variables. It would also be valuable to examine whether
different family functioning profiles show distinct motiva-
tional and behavioral pathways to environmental mastery.

This study contributes to the literature by focusing on en-
vironmental mastery, a key dimension of long-term adap-
tation in cancer survivorship, and by delineating how fami-
ly functioning, motivation, and healthy behaviors operate
together in relation to this outcome. Autonomous motiva-
tion was associated with environmental mastery primarily
through healthy behaviors, whereas controlled motivation
showed limited influence on environmental mastery.
These findings highlight the value of interventions that
strengthen family functioning, foster autonomous motiva-
tion, and support sustained engagement in healthy behav-
iors as strategies to enhance environmental mastery among
breast cancer survivors.

This study investigated the pathways linking family func-
tioning with environmental mastery through autonomous
and controlled motivation and healthy behaviors among
breast cancer survivors. The main finding was that family
functioning was indirectly associated with environmental
mastery through a sequential pathway involving autono-
mous motivation and healthy behaviors, with healthy be-
haviors emerging as the primary mediator in this associa-
tion. In contrast, controlled motivation contributed
modestly to healthy behaviors but showed no association
with environmental mastery, indicating that motivational
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quality, rather than its mere presence, may be central to
positive psychological well-being in this population.

These findings suggest that enhancing environmental
mastery among breast cancer survivors may require an in-
tegrated approach that strengthens family functioning, fos-
ters autonomous motivation, and facilitates sustained en-
gagement in healthy behaviors. Nursing practice should
incorporate multicomponent interventions that engage
families, support survivors’ autonomy, and promote adher-
ence to healthy behaviors to enhance environmental mas-
tery and long-term psychological well-being in breast can-
cer survivorship. Future research should evaluate family-
and motivation-focused interventions and clarify how
changes in family functioning, motivation, and healthy be-
haviors relate to changes in environmental mastery over
time.
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INTRODUCTION with colonoscopy considered the most reliable method for
early detection and prevention [1,2]. Colonoscopy is re-

As one of the leading causes of cancer-related mortality, = garded as the gold standard for colorectal cancer screening
colorectal cancer requires effective screening strategies, = because it enables not only the early detection of malig-
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nancies but also the removal of precancerous adenomas
before malignant transformation occurs [1,2]. In addition,
colonoscopy facilitates therapeutic interventions, such as
hemostasis for lower gastrointestinal bleeding, further un-
derscoring its diagnostic and therapeutic value [3]. Howev-
er, the effectiveness of colonoscopy depends heavily on ad-
equate bowel preparation because inadequate cleansing
impairs mucosal visualization, prolongs procedure time,
increases complication risk, and reduces the adenoma de-
tection rate by up to 20% [4]. Recognizing these implica-
tions, the U.S. Multi-Society Task Force recommends ade-
quate bowel preparation in at least 85% of procedures,
whereas European guidelines recommend a higher bench-
mark of 90%, both assessed using validated scales [5,6].
Therefore, optimizing bowel preparation is essential for
ensuring the diagnostic accuracy and overall effectiveness
of colonoscopy.

Although adequate bowel preparation is essential for
successful colonoscopy, the reported rate of inadequate
bowel cleansing ranges from 16.9% to 50.0% [7]. Several
factors contribute to inadequate preparation, including so-
ciodemographic characteristics such as older age, male
sex, and obesity, as well as medical conditions including
inpatient status, constipation, liver disease, hypertension,
diabetes, and stroke [7]. A recent prospective study identi-
fied male sex, diabetes, constipation, previous colorectal
surgery, consumption of a high-fiber diet within 24 hours
before colonoscopy, and a bowel preparation-to-procedure
interval exceeding 5 hours as independent risk factors for
inadequate bowel preparation [8]. These findings highlight
the importance of patient-tailored approaches that account
for individual medical conditions and age-related factors
to improve bowel preparation efficacy and overall colonos-
copy outcomes. In Korean clinical settings, suboptimal
bowel preparation has been reported in approximately
one-third of colonoscopies, with older age and comorbidi-
ty burden identified as major contributing factors, further
supporting the need for risk-informed educational support
[9].

Systematic reviews have identified several interventions
aimed at improving bowel preparation quality, including
paper-based educational materials, video-based educa-
tion, and telephone-based re-education [10,11]. More re-
cently, technology-based approaches, such as mobile ap-
plications and virtual reality, have been explored as
innovative strategies to improve bowel cleansing efficacy
[12]. However, printed materials typically provide stan-
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dardized content without accounting for patient-specific
characteristics, such as age or comorbidities [13], whereas
technology-based education may be less accessible to old-
er adults, who represent a substantial proportion of pa-
tients undergoing colonoscopy [14]. South Korean inter-
vention studies have similarly reported benefits from
reinforced education delivered near key preparation mile-
stones. For example, telephone- or short message service
(SMS)-based re-education shortly before colonoscopy im-
proved bowel preparation quality compared with usual in-
struction [15]. In nursing-led education studies, patient ed-
ucational video programs improved knowledge,
adherence, and bowel cleanliness [16]. Collectively, these
previous approaches were largely limited to single-modali-
ty interventions and did not systematically integrate risk
stratification with multimodal reinforcement throughout
the preprocedural period, highlighting the need for a more
structured patient-tailored program.

Given these limitations, there is an increasing need for
patient-tailored bowel preparation education that accounts
for individual factors, including age, underlying medical
conditions, bowel preparation agents, and recommended
split-dose regimens [17]. Recent studies have demonstrat-
ed the effectiveness of personalized educational interven-
tions in which specialized nurses tailor educational con-
tent according to patients’ health literacy, medical history,
prescribed medications, and age [18]. These tailored inter-
ventions have shown superior outcomes in bowel prepara-
tion quality and adherence compared with conventional
approaches [18]. Building on this evidence, the present
study aimed to develop a patient-tailored bowel prepara-
tion program (PTBPP) and evaluate its effectiveness. The
primary outcome was bowel preparation quality. Second-
ary outcomes included patients’ knowledge of and adher-
ence to bowel preparation medications, as well as their
knowledge of and adherence to dietary recommendations
related to bowel preparation.

1. Development and Configuration of the PTBPP

The PTBPP was developed as a four-phase intervention
to optimize colonoscopy preparation through patient-spe-
cific assessment, personalized instructional videos, SMS
reminders, and real-time nurse-led counseling [6].
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1) Development process and expert validation

The content of this tailored framework was based on a
comprehensive literature review. Searches were conducted
in PubMed, Google Scholar, and RISS, identifying five sys-
tematic reviews and guidelines [6,19-22] and one reference
textbook [23]. The PTBPP clinical protocols were aligned
with the European Society of Gastrointestinal Endoscopy
(ESGE) 2019 guidelines and the Korean Guidelines for
Postpolypectomy Colonoscopic Surveillance (2022) to en-
sure regional clinical relevance and safety within the Kore-
an medical context.

The content validity of the preliminary program was
evaluated by a panel of five experts, including three gastro-
enterologists and two endoscopy nurses, using a 4-point
Likert scale. Validation included 26 items across three do-
mains: (1) the patient-specific assessment checklist (10
items); (2) personalized instructional videos (8 items); and
(3) SMS-based educational reinforcement (8 items). The
Item-Content Validity Index (I-CVI) ranged from 0.80 to

1.00 across all domains, and the overall Scale-level Content
Validity Index (S-CVI/Ave) was 0.96, indicating high con-
tent validity.

Based on expert feedback, the medication-management
instructions were revised by replacing the fixed cessation
period for antithrombotic agents with a requirement for
mandatory confirmation from the prescribing physician to
prevent clinical complications. In addition, the timing of
counseling phone calls was advanced from 1 day before to
2 days before the procedure, ensuring that patients had
sufficient time for dietary adjustment and bowel prepara-
tion.

2) Final configuration of the PTBPP

The final PTBPP was structured around an operational
logic that systematically linked individual assessment data
to subsequent intervention components, ensuring that all
educational content and counseling were aligned with
each participant’s clinical profile (Figure 1).

@ Patient-specific assessment B“j Personalized MSMS-based educational g Nurse-led real-time
through a checklist instructional videos reinforcement feedback and counseling
( ) " " e )
Exercise promotion messages
Constipation and mobility status——————> (o petifantis wiilh @i TRl 6F
Demographic and clinical \ it mefbility
characteristics: >
Age, sex, body mass index (BMI), <
presence of constipation, and mobility .
Gl Common education:
-Dietary modifications (40s),
-Bowel cleansing importance (10s), >
\ J -Pre-procedure precautions (10s),
-Physical activity recommendations (20s)
-Stool color self-assessment (10s)
7
e N\ s ) s N
Prescribed bowel preparation porel preparau‘on protoc? LB Instructions on
3 prescribed laxatives R q
regimen (20-405) prescribed laxatives
- - - 7 - v Real-time feedback and
p p N additional counseling
) Administration method based on by nursing professionals
Schedule.cl colonoscopy time ) colonos‘copy tlml.ng: Reservation time alarm
(morning or afternoon) Split-dose regimen vs. single-dose
L ) L regimen (20—40s) ) L J
( Y s p
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Configuration of the patient-tailored bowel preparation program. SMS =short message service.
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(1) Phase 1: patient-specific assessment through a checklist

The first phase involved developing a pre-colonoscopy
checklist to identify individual patient characteristics and
clinical risk factors, including age, bowel habits, mobility,
comorbidities, and previous experiences [6]. These assess-
ment results served as the primary input data for customiz-
ing the subsequent phases. Specifically, a predefined map-
ping logic was applied: the prescribed agent and procedure
timing determined the video selection in phase 2; chronic
constipation or a history of inadequate preparation trig-
gered intensified SMS reinforcement in phase 3; and indi-
vidual risk factors provided the basis for phase 4 telephone
counseling. The detailed operational mapping of these
variables to each intervention component is presented in
Supplementary Table 1.

(2) Phase 2: personalized instructional videos

The second phase involved developing and disseminat-
ing personalized educational videos tailored to individual
patient characteristics [10]. The PTBPP included seven vid-
eo modules: five standardized educational videos and two
individualized videos. The standardized videos covered the
importance of bowel cleansing, dietary modifications,
medications requiring special precautions, physical activity
recommendations after bowel preparation, and stool color
self-assessment to determine bowel cleansing adequacy.
The individualized videos provided bowel preparation in-
structions according to the prescribed bowel cleansing
agent and colonoscopy timing (morning vs. afternoon),
ensuring that patients received an appropriate split-dose
or single-dose regimen.

The video guides for bowel preparation regimens were
tailored according to the prescribed laxative type and
scheduled colonoscopy time and ranged from 20 to 40 sec-
onds. The common educational videos, which addressed
dietary modifications and general bowel preparation
guidelines, ranged from 10 to 40 seconds. Each participant
received a personalized set of seven videos with a total du-
ration of 2 minutes to 3 minutes 40 seconds.

(3) Phase 3: SMS-based educational reinforcement

The third phase focused on improving adherence
through personalized SMS reminders [15]. Text messages
were tailored to each patient’s prescribed bowel prepara-
tion agent, scheduled colonoscopy time, and comorbid
conditions. These messages included medication-specific
instructions; guidance on discontinuing antihypertensive
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agents, antidiabetic medications, anticoagulants, and anti-
platelet drugs; and insulin suspension protocols. Personal-
ized SMS reminders were delivered beginning 7 days be-
fore colonoscopy, with each participant receiving 2 to 3
messages during this period. Patients with a history of in-
adequate bowel preparation also received supplementary
SMS reminders with tailored bowel-cleansing instructions
to improve adherence.

(4) Phase 4: nurse-led real-time feedback and counseling

The fourth phase involved real-time feedback and indi-
vidualized counseling conducted by an experienced en-
doscopy nurse via telephone 2 days before the procedure
[24]. Using a standardized counseling and assessment
sheet derived from the phase 1 checklist data, the nurse
verified adherence to the bowel preparation protocol and
provided individualized guidance. This guidance included
confirmation of the prescribed laxative regimen, including
timing and dosage; verification of medication adjustments
for comorbidities, such as antihypertensive, antidiabetic,
and insulin therapies, with mandatory physician confirma-
tion for antithrombotic cessation; reinforcement of dietary
restrictions; and intensified support for high-risk patients,
including those with chronic constipation or a history of
inadequate preparation (Supplementary Table 1). Active
listening techniques were used to address patient concerns
and enhance engagement.

2. Verification of the PTBPP

1) Study design

This study used a quasi-experimental, nonconcurrent
nonequivalent control group, posttest-only design to eval-
uate the effects of the PTBPP on bowel preparation quality,
knowledge of and adherence to laxatives, and dietary
knowledge and adherence (Supplementary Figure 1). Be-
cause the control group was recruited and assessed first,
followed by the intervention group, this nonconcurrent de-
sign was used to minimize contamination.

Three hypotheses were tested. First, patients who partici-
pated in the PTBPP were hypothesized to demonstrate sig-
nificantly different bowel preparation quality compared
with those who received usual paper-based education (hy-
pothesis 1). Second, patients who participated in the
PTBPP were hypothesized to demonstrate significantly dif-
ferent knowledge of and adherence to bowel preparation
medications compared with those who received usual pa-
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per-based education (hypothesis 2). Third, patients who
participated in the PTBPP were hypothesized to demon-
strate significantly different knowledge of and adherence to
dietary recommendations for bowel preparation compared
with those who received usual paper-based education (hy-
pothesis 3).

Participants in both groups received a standardized ex-
planation of the overall study procedures for bowel prepa-
ration education and colonoscopy. However, they were not
explicitly informed of their assigned study group, namely,
usual paper-based education or the PTBPP.

2) Setting and participants

This study was conducted from April to July 2024 at a
1,130-bed tertiary teaching hospital in Gwangju, South Ko-
rea. Participants were recruited from the gastroenterology
outpatient clinic among patients scheduled for colonosco-
py during the study period. Eligible participants were
adults aged 19 years or older who were scheduled to un-
dergo colonoscopy. The exclusion criteria were as follows:
(1) diagnosed psychiatric disorder; (2) documented cogni-
tive impairment, such as dementia or delirium, or commu-
nication difficulties that precluded informed consent or
completion of study procedures; and (3) inability to com-
plete any component of the PTBPP.

The sample size was calculated using G*Power 3.1.9.7
(Heinrich Heine University Dusseldorf, Dusseldorf, Ger-
many). An a priori power analysis was conducted using the
Wilcoxon-Mann-Whitney test. Based on the meta-analytic
effect size (d=0.66) of educational video interventions [10],
80% statistical power, and a two-tailed significance level of
5%, the required sample size was 76 participants (38 per
group). To accommodate an estimated dropout rate of ap-
proximately 15%, the final target sample size was set at 88
participants.

A total of 120 participants were screened for eligibility.
Thirty-two were not enrolled: 10 did not meet the inclusion
criterion of age =19 years, 14 had scheduling conflicts, and
eight had difficulty using a smartphone. After eligibility as-
sessment, 40 participants were allocated to the control
group and 48 to the experimental group. In the experimen-
tal group, 8 participants withdrew after allocation because
of lack of interest, resulting in 40 participants who complet-
ed the study and were included in the analysis (Figure 2).

3) Measurements/instruments

Bowel-preparation-related baseline variables were se-
lected a priori with reference to the 2019 ESGE guideline
update [6], and demographic characteristics were collected
as routine baseline information.

Assessed for eligibility (n=120)

Excluded (n=32)
- Scheduling conflicts (n=14)

A

y

A 4

- Unfamiliar with smartphone use (n=8)
- Did not meet inclusion criteria (age
<19 years) (n=10)

Enrolled (n=88)

A4

Allocation Y

Allocated to control group (n=40) |

Allocated to experimental group (n=48)

l

I

Follow-up
Lost to follow-up (n=0) | Lost to follow-up (n=8)
- Withdrew after allocation
(lack of interest) (n=8)
Y i Analysis I l

Analyzed (n=40) |

Flow diagram of participants through the study.
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Bowel cleansing quality was assessed using the Aron-
chick Bowel Preparation Scale (ABPS), a validated tool rec-
ommended by the U.S. Multi-Society Task Force on Col-
orectal Cancer for evaluating bowel preparation adequacy
[5,25]. The ABPS categorizes bowel preparation into five
levels: excellent (5 points), good, fair, poor, and inadequate
(1 point), with higher scores indicating better bowel
cleansing quality. Assessments were conducted inde-
pendently by three board-certified endoscopists, each with
more than 5 years of experience and performing 5 to 7 pro-
cedures daily, who were blinded to group allocation. To
ensure inter-rater consistency, the evaluators conducted a
calibration session beforehand using representative clini-
cal images for each ABPS category.

Patient knowledge of and adherence to bowel prepara-
tion medications were measured using instruments adapt-
ed from Yu [26]. Knowledge was assessed using a five-item
true/false questionnaire evaluating understanding of total
dosage, mixing instructions, and ingestion speed; each cor-
rect response received 2 points and each incorrect re-
sponse received 1 point, yielding a score range of 5 to 10.
Adherence was measured using a five-item scale with a
4-point Likert scale ranging from 1 (“not at all”) to 4 (“ful-
ly”), with a score range of 5 to 20. Although the original in-
struments by Yu [26] did not include initial validity or reli-
ability data, previous research reported high reliability,
with Cronbach’s a values of .92 for knowledge and .80 for
adherence. To reflect current practice and specific laxa-
tives, such as Coolprep and Orafang, the items were updat-
ed and content validation was performed by a panel of five
experts, including three gastroenterologists and two nurs-
es. The resulting CVI was 0.96 for knowledge and 1.00 for
adherence. In this study, the Kuder-Richardson Formula 20
(KR-20) was 0.72 for knowledge, and Cronbach’s a was .65
for adherence.

Dietary preparation was assessed using six-item scales
adapted from Yu [26]. The dietary knowledge scale mea-
sured participants’ understanding of restrictions on seeded
fruits, high-fiber vegetables, whole grains, and seaweed for
3 days before colonoscopy, as well as the requirements for
a soft diet and appropriate fasting timing on the day before
the procedure. Scoring followed the 2/1-point system, with
a score range of 6 to 12. Dietary adherence was evaluated
using a six-item, 4-point Likert scale, with total scores rang-
ing from 6 to 24. Validity and reliability were confirmed by
a five-expert panel, including three gastroenterologists and
two nurses, confirmed the alignment of the items with the
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2022 Korean Guidelines; therefore, no modifications were
required. Choi and Choi [27] reported Cronbach’s a values
of .84 for dietary knowledge and .80 for adherence. In this
study, the KR-20 for dietary knowledge was 0.67, and Cron-
bach’s a for adherence was .77.

4) Data collection

To prevent intervention contamination, participants
were recruited sequentially, with the control group en-
rolled first and the experimental group enrolled afterward.
After Institutional Review Board (IRB) approval and ad-
ministrative permission from the nursing department and
endoscopy unit were obtained, the first author screened el-
igible patients using the colonoscopy appointment list in
the electronic health records (EHRs), according to the in-
clusion and exclusion criteria, and consecutively ap-
proached eligible outpatients. Eligible patients were ap-
proached at the time of colonoscopy scheduling or before
the procedure, received an explanation of the study, and
provided written informed consent before enrollment.
Group allocation was determined by recruitment period
rather than randomization, with the control group recruit-
ed from April to May 2024 and the experimental group re-
cruited from June to July 2024. At scheduling, both groups
received the hospital’s standard printed bowel preparation
leaflet once in person from a pharmacist at Chonnam Na-
tional University Hospital. The leaflet included dietary pre-
cautions, foods to avoid, instructions on the timing and
method of the prescribed bowel preparation agent, and key
precautions regarding medication use, with no differences
according to colonoscopy appointment time.

All data were collected by the first author, who screened
eligibility, reviewed EHRs using a structured checklist, and
distributed and collected the self-administered question-
naires. During April-May 2024, the control group received
only the printed materials and had no additional contacts.
No additional intervention components, including videos,
SMS reminders, or telephone counseling, were provided to
the control group. During June to July 2024, the experimen-
tal group received the PTBPP in addition to the same print-
ed materials. This included personalized instructional vid-
eos viewed 8 days before colonoscopy, SMS reminders
beginning 7 days before colonoscopy, and a standardized
telephone consultation conducted 2 days before the proce-
dure by the first author, an experienced endoscopy nurse
with at least 10 years of experience in bowel preparation
education. The personalized instructional videos com-
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prised seven short modules with a total duration of 2 min-
utes to 3 minutes 40 seconds, and SMS reminders were de-
livered 2 to 3 times according to the tailored schedule. The
telephone consultation followed a standardized counseling
and assessment sheet to confirm adherence and address
barriers. All participants completed self-administered
questionnaires measuring bowel preparation knowledge
and adherence before the procedure. During colonoscopy,
a board-certified endoscopist evaluated bowel preparation

quality.

5) Ethical considerations

This study was approved by the IRB of Chonnam Nation-
al University Hospital (No. CNUH-2024-116). All partici-
pants were informed that participation was voluntary, that
they could withdraw at any time without consequences,
and that anonymity and confidentiality would be main-
tained. Written informed consent was obtained from all
participants. As a token of appreciation, participants re-
ceived a South Korean Won 5,000 gift for participating. All
study data will be stored securely for 3 years and then per-
manently destroyed. This study was prospectively regis-
tered with the Clinical Research Information Service, Re-
public of Korea, a World Health Organization International
Clinical Trials Registry Platform Primary Registry (No.
KCT0011066).

6) Data analysis

All data were analyzed using IBM SPSS ver. 29 (IBM
Corp., Armonk, NY, USA), with the two-tailed significance
level set at 5%. Descriptive statistics, including frequencies,
percentages, medians, and interquartile ranges, were used
to summarize demographic and baseline characteristics.
Normality was assessed using the Shapiro-Wilk test. Be-
cause the normality assumption was not met, group homo-
geneity and between-group differences were assessed us-
ing the chi-square test for categorical variables and the
Mann-Whitney U test for ordinal or continuous variables.

1. Baseline Characteristics and Homogeneity between
Groups

Baseline characteristics were comparable between

groups (Table 1). The homogeneity test showed no signifi-
cant between-group differences in baseline characteristics,
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including age, sex, body mass index, education level, pres-
ence of underlying diseases, history of colon cancer, previ-
ous abdominal surgery, self-administration of bowel
preparation medication, constipation, previous colonosco-
py experience, and type of laxative (Table 1).

2. Hypothesis Testing of PTBPP Effects

1) Hypothesis 1 (primary outcome)

Bowel preparation quality was assessed using the ABPS.
The experimental group had a significantly higher propor-
tion of “excellent” bowel preparation scores than the con-
trol group (95% vs. 5%). In contrast, 85% of participants in
the control group were rated as “fair” The Mann-Whitney
U test showed a significant between-group difference
(Z=8.13, p<.001, r=0.91) (Table 2). Thus, hypothesis 1 was
supported.

2) Hypothesis 2 (secondary outcomes)

The experimental group demonstrated significantly
higher knowledge of and adherence to bowel preparation
medications than the control group. Medication-related
knowledge was significantly greater in the experimental
group than in the control group (Z=3.54, p<.001, r=0.40)
(Table 3). Medication adherence was also significantly
higher in the experimental group (Z=6.50, p<.001, r=0.73).
Thus, hypothesis 2 was supported.

3) Hypothesis 3 (secondary outcomes)

The experimental group also demonstrated significantly
higher knowledge of and adherence to dietary recommen-
dations than the control group. Knowledge of dietary rec-
ommendations was significantly greater in the experimen-
tal group than in the control group (Z=5.28, p<.001,
r=0.59). Adherence to dietary recommendations was also
significantly higher in the experimental group (Z=5.32,
p<.001, r=0.60). Thus, hypothesis 3 was supported.

To strengthen the intervention evaluation, contamina-
tion was minimized through sequential recruitment, and
assessment bias was reduced through blinded ABPS rat-
ings supported by a prior calibration session. The method-
ological novelty of this study lies in the development and
evaluation of a PTBPP that integrated evidence-based edu-
cational strategies, including video-based learning, into a
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Baseline Characteristics and Homogeneity between Groups

Variables
Age (year)

Sex

Body mass index (kg/m®)
Education (year)
No. of underlying diseases

Colon cancer

Categories

Male
Female

History of abdominal surgery Yes

Self-administering bowel
preparation medication

Constipation
Previous colonoscopy

experience

Type of laxative

IQR=interquartile range.

Coolprep
SafePrep
Colyte
Orafang

Total (N=80) Control group (n=40)

Median (IQR) or n (%)
59.0 (43.3-69.0) 63.5(44.3-72.8)

44 (55.0) 25 (62.5)

36(45.0) 15(37.5)

23.6 (22.2-24.9) 23.5(21.8-24.6)
14.5 (9.0-16.0) 14.0 (9.0-16.0)

58 (72.5) 31(77.5)

22(27.5) 9(22.5)

13(16.2) 6(15.0)

67 (83.8) 34(85.0)

35(43.7) 17 (42.5)

45(56.3) 23 (57.5)

74 (92.5) 38(95.0)
6(7.5) 2(5.0)
8(10.0) 5(12.5)

72 (90.0) 35 (87.5)

78 (97.5) 39(97.5)
2(2.5) 1(2.5)

53 (66.3) 25 (62.5)

12 (15.0) 8(20.0)
1(1.3) 1(2.5)

14 (17.5) 6(15.0)

52.5 (42.3-66.0)

19 (47.5)

21 (52.5)
24.1 (22.4-25.7)
15.5 (9.8-16.0)

27(67.5)

13 (32.5)

7(17.5)

33(82.5)

18 (45.0)

22 (55.0)

36(90.0)

4(10.0)
3(7.5)
37(92.5)
39(97.5)
1(2.5)
28(70.0)

4(10.0)
0(0)
8(20.0)

Experimental group (n=40)

Comparison of Bowel Preparation Quality Based on the Aronchick Bowel Preparation Scale between Groups

Variables

Excellent

Good

Fair

Poor

Inadequate

Effect size (r)=Z/N.

Total (N=80)

40 (50.0)
5(6.3)
34 (42.5)
1(1.3)

0(0)

n (%)
2(5.0)
3(7.5)
34(85.0)
1(2.5)
0(0)

Control group (n=40) Experimental group (n=40)

38 (95.0)
2(5.0)

0(0)
0(0)
0(0)

Comparison of Knowledge and Adherence to Bowel Preparation between Groups

Categories

Knowledge of bowel
preparation
medications

Adherence to bowel
preparation
medications

Knowledge of dietary
recommendations

Adherence to dietary
recommendations

Effect size (r) =Z/yN; IQR =interquartile range.

Score Total (N=80) Control group (n=40) Experimental group (n=40)

range

Median (IQR)
5-10 10.0(10.0-10.0)  10.0(9.0-10.0)

5-20 19.0(16.0-20.0) 16.0 (14.0-18.0)

6-12 12.0(11.0-12.0)  11.0(11.0-12.0)

6-24 23.0(21.0-24.0)  22.0(19.0-23.0)

https:;//doi.org/10.7475/kjan.2026.0105

10.0 (10.0-10.0)

20.0 (19.0-20.0)

12.0 (12.0-12.0)

24.0 (24.0-24.0)

U i/

45.0 8.13

U

557.0

145.0

313.0

281.5

xXorZ p

-1.29 197

1.81 178

-1.02 310

-0.54 .588

1.00 317

0.09 762

0.05 822

0.72 .396

0.56 .456

0.00 >.999

2.79 425

p Effect size (r)
<.001 0.91

7 ]j:ffect

size (r)

3.54 <.001 0.40
6.50 <.001 0.73
5.28 <.001 0.59
532 <.001 0.60
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personalized intervention framework. Previous meta-ana-
lytic findings demonstrated the effectiveness of vid-
eo-based education for improving bowel preparation, with
an effect size of 0.66 compared with conventional educa-
tion methods [10]. Building on this evidence, this study de-
veloped a customized PTBPP that included personalized
video content tailored to each patient’s prescribed bowel
preparation agent and scheduled colonoscopy time. The
program was further reinforced through individualized
counseling to enhance patient adherence. The effective-
ness of this four-phase, patient-tailored, multicomponent
approach was confirmed, indicating a large effect [28]. To-
gether, these findings suggest that embedding validated
educational modalities within a structured, patient-specific
delivery pathway may produce clinically meaningful im-
provements beyond conventional education.

Several mechanisms may explain why the PTBPP outper-
formed previously reported personalized education inter-
ventions. First, the PTBPP begins with structured risk strat-
ification using clinical and behavioral predictors, including
previous inadequate preparation, constipation, comorbidi-
ties, medication profile, and anticipated adherence barri-
ers; this enables early identification of high-risk patients
and proactive intensification of support. Second, the
PTBPP uses multiple delivery modes and repeated rein-
forcement, including written materials, structured counsel-
ing, and reinforcement contacts, to minimize misinterpre-
tation and improve regimen fidelity. This approach is
supported by a randomized trial showing that multimodal
patient education can improve bowel preparation out-
comes compared with usual care [29]. Third, the PTBPP in-
corporates timely reinforcement contacts, such as tele-
phone-based instructions, aligned with key preparation
milestones to reduce common implementation failures,
including incomplete intake, timing confusion, and misun-
derstanding of instructions [24]. Collectively, these compo-
nents extend beyond information tailoring alone by opera-
tionalizing a barrier-responsive, time-sensitive adherence
support strategy across the preprocedural timeline.

A key component of this study was the incorporation of
multiple personalized intervention methods, including de-
mographic and medical history screening, tailored educa-
tional materials, and real-time support. Recent studies of
personalized bowel preparation interventions have em-
phasized the importance of accounting for patient-specific
factors, such as age, physical condition, psychological state,
and education level, primarily through nurse counseling
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[18] or SMS reminders [15]. In these studies, the reported
effect sizes were an odds ratio of 2.090 (Cohen’s d=0.407,
medium effect) for bowel preparation quality and an odds
ratio of 2.752 (Cohen’s d=0.674, medium-to-large effect)
for adherence to bowel preparation medications [18]. In
contrast to these predominantly single-modality approach-
es, the PTBPP combined risk-informed tailoring with struc-
tured, repeated reinforcement across the preparation peri-
od, which may have increased implementation fidelity and
reduced adherence failures in routine practice. Thus, the
present findings support the interpretation that personal-
ization may be most effective when paired with multimod-
al reinforcement and barrier-responsive support rather
than information tailoring alone.

The primary outcome, bowel preparation quality, was
assessed using the ABPS, a validated and widely used as-
sessment tool in South Korea [30]. A survey-based study of
1,032 South Korean participants found that 63.6% achieved
an “excellent” or “good” ABPS rating [30]. Similarly, a study
using personalized telephone-based education reported
an “excellent/good” rate of 62% [17]. In contrast, the pres-
ent study demonstrated superior outcomes, with 95% of
participants achieving an “excellent” rating and the re-
maining 5% classified as “good.” These findings support the
effectiveness of the PTBPP and indicate its potential to im-
prove bowel preparation quality compared with conven-
tional personalized education approaches.

In this study, the PTBPP significantly improved medica-
tion- and diet-related knowledge and adherence, which are
key targets of enhanced patient instructions recommended
in bowel preparation guidelines [6]. Video-based educa-
tion has been shown to improve bowel preparation out-
comes, supporting the use of tailored educational videos to
strengthen patients’ understanding of preparation steps
[10]. Reinforced education delivered near the time of colo-
noscopy via telephone or SMS has been effective in im-
proving bowel preparation quality, suggesting that time-
aligned reminders may help translate knowledge into
adherence [15]. A recent meta-analysis also demonstrated
that telephone instructions significantly improve bowel
preparation quality, supporting nurse-led telephone con-
sultation as a practical strategy for reinforcing medication
and dietary instructions [24]. Multifaceted, person-cen-
tered interventions that include active discussion are more
likely to improve health literacy and related health behav-
iors, which may explain the observed gains in knowledge
and adherence [31].
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Given the effectiveness of the PTBPP, integration into
clinical workflows is an important next step [32]. This study
used EHRs for risk factor screening, allowing efficient iden-
tification of high-risk patients. Future work should integrate
the PTBPP into EHR systems to enable automated delivery
of tailored video education and personalized text messages,
thereby reducing the need for manual intervention. Al-
though nurse expertise is essential to the success of person-
alized interventions, the limited availability of highly skilled
healthcare professionals may challenge the scalability of in-
dividualized interventions. With advances in artificial intel-
ligence (AI), future research could develop Al-enabled deci-
sion support systems that use EHR-derived factors to
predict patients at high risk of inadequate bowel prepara-
tion and support preprocedural detection or triage to trigger
timely rescue instructions [33]. Such systems may automate
routine guidance and reminders while allowing nurses to
focus on complex counseling and safety checks [34].

This study had several limitations. First, because of the
nonequivalent control group posttest-only design, baseline
knowledge and adherence were not statistically compared.
This design was chosen because assessing knowledge of
specific laxatives and dietary protocols before education is
provided is not practically feasible in clinical settings. In ad-
dition, this design eliminated potential pretest sensitization.
Although direct baseline measures were not available, the
two groups were homogeneous in major clinical and demo-
graphic variables. Second, although the primary outcome,
bowel preparation quality, was assessed using the ABPS by
three endoscopy specialists, inter-rater reliability among the
three evaluators was not formally validated. To mitigate this
limitation, the evaluators conducted a calibration session
beforehand using representative clinical images. The ABPS
has been established as a validated tool in previous research
[25], and the expertise of the endoscopists, each with more
than 5 years of clinical experience, likely strengthened the
validity of the primary outcome assessment. Third, medica-
tion- and diet-related knowledge and adherence were mea-
sured using self-administered instruments. Although con-
tent validity was assessed and internal consistency was
examined, further psychometric validation, such as con-
struct validity, criterion validity, and test-retest reliability,
was not performed. Fourth, although this study screened
multiple risk factors for inadequate bowel preparation and
incorporated them into a structured checklist, health litera-
cy was not included in the screening process. Given that
health literacy is an important determinant of the effective-
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ness of personalized interventions [31], future research
should develop comprehensive screening checklists that
include literacy assessments to optimize the personaliza-
tion of educational interventions. Fifth, the intervention ef-
fect size may have been overestimated because older adults
with limited smartphone proficiency were excluded. Be-
cause the intervention required participants to access per-
sonalized videos and text messages, eight individuals who
had difficulty using mobile phones were excluded. In addi-
tion, another eight participants dropped out before com-
pleting the study, potentially because of challenges access-
ing personalized digital content. Therefore, future research
should develop programs based solely on telephone coun-
seling for individuals with low digital literacy to ensure
more inclusive intervention strategies.

This study demonstrated that the PTBPP, which integrat-
ed personalized education through videos, SMS reminders,
and nurse counseling, significantly improved bowel prepa-
ration quality, medication adherence, and dietary adher-
ence compared with conventional paper-based education.
Future research should focus on automating the PTBPP
within EHR systems and exploring alternative delivery
methods, such as telephone-based counseling, to address
digital literacy barriers. These findings highlight the need
for scalable, Al-assisted personalized interventions to opti-
mize patient education and bowel preparation outcomes
in clinical practice.
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I. AIMS AND SCOPE

The Korean Journal of Adult Nursing (KJAN) is the official
peer-reviewed research journal of the Korean Society of
Adult Nursing (KSAN). KJAN is devoted to the dissemina-
tion of groundbreaking research on theory, practice, and
education in the field of adult nursing. Research on other
subject areas or issues that contribute to adult nursing is
published at the discretion of the Editorial Board. The goal
of KJAN is to contribute to health maintenance, health pro-
motion, and disease prevention and management in adults
by publishing research. KJAN is published four times per
year at the end of February, May, August, and November.

Il. RESEARCH & PUBLICATION ETHICS
1. Research Ethics

For policies on research and publication ethics that are not
stated in these instructions, the Recommendations for the
Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals by the International Committee
of Medical Journal Editors (ICMJE) or the Committee on
Publication Ethics (COPE) guidance (https://publicatio-
nethics.org/guidance) can be applied. Further, all process-
es of handling research and publication misconduct shall
follow the applicable COPE flowchart.

Statements of human and animal rights: Clinical research
should be done in accordance with the Ethical Principles
for Medical Research Involving Human Subjects, outlined
in the Declaration of Helsinki (https://www.wma.net/poli-

KJAN

Korean Journal of
Adult Nursing

cies-post/wma-declaration-of-helsinki-ethical-princi-
ples-for-medical-research-involving-human-subjects/).
Any study involving human subjects or human data must
be reviewed and approved by a responsible institutional
review board (IRB). Research involving meta-analyses, sys-
tematic reviews, and literature reviews does not require
IRB review. For secondary data analyses, IRB review and
approval for an exempt study may be required based on
the decision of the Editorial Board. When necessary, the
Editorial Board may request any documentation regarding
ethical issues of the manuscript such as written consent or
the approval of the study by the IRB. Furthermore, for stud-
ies involving human subjects, the authors must explicitly
state in the paper that the research received IRB approval
and was conducted in accordance with the relevant stan-
dards.

Statement of informed consent: Copies of written informed
consent and IRB approval for clinical research should be
kept. If necessary, the editor or reviewers may request cop-
ies of these documents to resolve questions about IRB ap-
proval and study conduct.

Originality and duplicate publication: Duplicate publica-
tion or duplicate submission is prohibited in accordance
with the ICMJE recommendations (https://www.icmje.
org/recommendations/browse/publishing-and-editori-
al-issues/overlapping-publications.html). Manuscripts
that have been published or are being submitted to other
journal(s) should not be submitted to KJAN. Manuscripts
that have been published or are currently under consider-
ation for publication in KJAN must not be submitted to an-
other journal. The corresponding author must obtain ap-
proval from the Editors-in-Chief of both related journals if
the author wants to reprint a published manuscript in an-
other language.

If manuscripts have been submitted or are currently un-
der consideration for publication in KJAN, the Editorial
Board will determine the nature and degree of duplicate
publication or duplicate submission for the manuscript. If
a manuscript has been published in KJAN, the KSAN ethics
committee will determine the nature and degree of dupli-
cation.
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2. Authorship

KJAN follows the recommendations for authorship set out
by the ICMJE Authorship guidelines (http://www.icmje.
org/icmje-recommendations.pdf). Authorship is attributed
only to individuals who have directly participated and
made significant contributions to the creation of the man-
uscript. Authorship should be based upon all four of the
following criteria: 1) substantial contribution to the con-
cept or design of the work, or the acquisition or analysis
and interpretation of data; 2) drafting the work or revising
it critically for important intellectual content; 3) final ap-
proval of the version submitted for publication; 4) account-
ability for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved. All other con-
tributors not listed as authors should be mentioned in the
acknowledgements section.

If a manuscript is based on a master’s thesis or doctoral
dissertation, the author must disclose that the manuscript
is the product of his/her thesis or a dissertation for an aca-
demic degree. The first author must be the recipient of the
academic degree from the work presented in the manu-
script.

Any changes in authorship (addition, deletion or change
in order of authorship) must be approved by the Editorial
Board prior to the manuscript’s acceptance for publication.
To request such a change, the Editor must receive the fol-
lowing from the corresponding author: (a) the reason(s) for
the change in the author list; and (b) written confirmation
(e-mail, letter) from all authors that they agree with any ad-
dition, removal, or rearrangement.

3. Conflicts of Interest

The corresponding author will be responsible for inform-
ing the editor regarding potential conflicts of interest for all
listed authors that might influence their interpretation of
data. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria,
paid expert testimony, patent applications/registrations,
and grants or other funding. If there is no conflict of inter-
est, this should also be explicitly stated as “The author(s)
declared no conflict of interest.”

ii

4. Registration of a Clinical Trial

This journal follows the data sharing policy described in
“Data Sharing Statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal
Editors” (https://doi.org/10.3346/jkms.2017.32.7.1051). All
clinical trials (as defined by the ICMJE) must be registered
in a publicly accessible trial registry. For all other types of
studies, including systematic reviews, prospective registra-
tion is strongly encouraged. If a study has been registered,
please cite the registration number in both the abstract and
body of the paper. The journal accepts registration in any of
the primary registries that participate in the World Health
Organization International Clinical Trials Portal (http://
www.who.int/ictrp/en/), National Institutes of Health Clin-
icalTrials.gov (http://www.clinicaltrials.gov/), Internation-
al Standard Randomized Controlled Trial Number Registry
(https://www.isrctn.com/), or the Clinical Research Infor-
mation Service, Korea Disease Control and Prevention
Agency (KDCA) (https://cris.nih.go.kr/cris/index/index.
do).

5. Research Data Sharing and Transparency

This journal encourages and enables authors to share
data that supports the research publication, where ap-
propriate, and to interlink the data with other published
articles. Research data refers to the results of observa-
tions or experiments that validate the research findings.
To facilitate reproducibility and data reuse, this journal
encourages authors to share their software, codes, models,
algorithms, protocols, methods, and other useful materials
related to the project. Data generated through the partici-
pation of subjects and the public should be put to maxi-
mum use by the research community and, whenever possi-
ble, translated to deliver patient benefits. Data sharing
benefits numerous research-related activities: reproducing
analyses, testing secondary hypotheses, developing and
evaluating novel statistical methods, teaching, aiding the
design of future trials and meta-analyses, and helping to
prevent error, fraud, and selective reporting. To promote
more transparent and reproducible research, we ask au-
thors to submit a Data Availability Statement in the manu-
script to help readers understand how they can access the
data, code, and other resources that support the research
findings.
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The following are examples of data-sharing statements:

« Example 1: The data can be obtained from the corre-
sponding authors.

« Example 2: The data can be obtained from the Supple-
mentary Material.

« Example 3: (In the case of healthcare big data) The data
can be obtained from __ (the name of the)_repository
source.

e Example 4: No new data were created or analyzed
during this study. Data sharing is not applicable to this
article.

6. Artificial Intelligence (Al)-Assisted Technologies

At submission, authors are required to disclose whether
they used Al-assisted technologies (such as Large Lan-
guage Models [LLMs], chatbots, or image creators) in their
work. Authors should describe how they used Al-assisted
technologies in both the cover letter and the appropriate
section of the manuscript. For example, if Al was used for
writing assistance, this should be described in the Ac-
knowledgments section. If Al was used for data collection,
analysis, or figure generation, the authors should describe
this use in the Methods section. Chatbots (such as
ChatGPT) should not be listed as authors because they
cannot be held responsible for the accuracy, integrity, and
originality of the work, and these responsibilities are re-
quired for authorship. Therefore, authors are responsible
for any submitted material that included the use of Al-as-
sisted technologies. Authors should carefully review and
edit Al-generated results because Al can generate authori-
tative-sounding output that can be incorrect, incomplete,
or biased. Authors must ensure there is appropriate attri-
bution of all quoted material, including full citations, and
should not list AT and Al-assisted technologies as an author
or co-author, nor cite Al as an author.

7. Process for Managing Publication Malpractice

If reviewers or readers suspect publication malpractice,
such as fabrication, falsification, salami slicing, plagiarism,
or simultaneous/ duplicate publication, inappropriate
changes in authorship, an undisclosed conflict of interest,
ethical problems with a submitted manuscript, a reviewer
who has appropriated an author’s idea or data, complaints
against editors, and so on, the process of resolution will be
initiated following the flowchart provided by the COPE

guidance (https://publicationethics.org/guidance).

If a published manuscript is suspected of an ethics viola-
tion, the KSAN ethics committee, which includes the Edi-
tor-in-Chief of KJAN, will be convened. The procedure will
be conducted in the following order: a preliminary investi-
gation, a second investigation, and decision, in accordance
with the prescribed regulations. If a published manuscript
is determined to involve an ethics violation, members
found to have violated this regulation and the general ethi-
cal principles of research will be subject to the following
consequences, and other relevant matters shall be deter-
mined by the KSAN ethics committee.

1) The published manuscript will be retracted, and a
public statement will be made regarding the reason for
retraction.

2) Submission privileges to KJAN will be suspended for
three years.

3) The retraction of the manuscript will be announced on
KJAN's official website and in the printed journal.

1. Types of Manuscripts

KJAN publishes original articles, review articles, invited ar-
ticles, and editorials.

1) Original Articles include full papers reporting original
research. These are reports of empirical findings from
high-quality basic and clinical research studies within
the scope and focus of KJAN.

2) Review Articles include critical presentations of topics
relevant to nursing theory, practice, and education re-
garding adult nursing. Unsolicited reviews will be con-
sidered for publication if topical, of high quality, and
subject to peer review. The body of a review article
should be a comprehensive, scholarly evidence-based
review of the literature, accompanied by a critical
analysis and reasonable conclusions.

3) Invited Articles provide concise reviews of a subject of
importance to nursing researchers written by an invit-
ed expert in nursing science.

4) Editorials are commissioned by editors, and may in-
clude comments on manuscripts included, recent re-
search trends in the field of adult nursing, and opin-
ions on relevant topics.

iii
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2. General Guidelines

1) Language and style: Manuscripts should be written in
English. The paper size setting should be A4, and the file
should be compatible with Microsoft Word. The format-
ting requirements are as follows: the texts should be
double-spaced and in Times New Roman 12-point font
size with margins of top 30 mm, bottom 25 mm, left 25
mm, and right 25 mm. Page numbers are placed at the
bottom of each page.

2) Manuscript length: The manuscript has different limits
depending on the type of article submitted. (1) An origi-
nal article should be no more than 6,000 words; (2) A re-
view article should not exceed 8,000 words; and (3) An
editorial should be no longer than 2,500 words. This
word count includes only the main body of the text (i.e.,
not abstract, references, tables, or figures).

3) Abbreviations: Do not use abbreviations in the title or
abstract and limit their use in the text. Expand all abbre-
viations at first mention in the text. Avoid using abbrevi-
ations in the article title. For standard abbreviated words
and units, refer to the NLM (National Library of Medi-
cine) Style Guide for Authors, Editors, and Publishers,
2nd Edition (2007) (http://www.nlm.nih.gov/citingmed-
icine).

4) Description of participants: Authors should ensure cor-
rect use of the terms sex (when reporting biological fac-
tors) and gender (identity, psychosocial or cultural fac-
tors), and, unless inappropriate, report the sex or gender
of study participants, the sex of animals or cells, and de-
scribe the methods used to determine sex or gender. If
the study was done involving an exclusive population,
for example in only one sex, authors should justify why,
except in obvious cases (e.g., prostate cancer). Authors
should define how they determined race or ethnicity
and justify their relevance.

5) Permissions: Authors should obtain permission from
the copyright owners to use measurements or instru-
ments for their studies. Permission to reproduce previ-
ously published material must also be obtained in writ-
ing from the copyright holder (usually the publisher)
and acknowledged in the manuscript.

iv

6) Describing machinery or technical equipment: Gener-
ic names should be used. When proprietary brands are
used in research, include the name of the brand and the
manufacturer, city (state), and nation in parentheses af-
ter the first mention of the generic name in the Methods
section. Brand names are identified by symbols such as
TM and ®, and should only be used when necessary.

7) References and citation style: References and citations
follow the National Library of Medicine (NLM) Style.
The submitting authors are responsible for ensuring ad-
herence to NLM guidelines.

3. Research Reporting Guidelines

Authors are encouraged to adhere to relevant reporting
guidelines when describing their study. Reporting guide-
lines endorsed by the journal are listed below, from the
EQUATOR network (https://www.equator-network.org/).

Observational cohort, case-control, and cross-sectional studies
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE)

Meta-analysis of Observational Studies in Epidemiology
(MOOSE)

Qualitative studies

Consolidated Criteria for Reporting Qualitative Research
(COREQ)

Standards for Reporting Qualitative Research (SRQR)
Quasi-experimental/ non-randomized trials

Transparent Reporting of Evaluations with Non-random-
ized Designs (TREND)

Randomized (and quasi randomized) controlled trials
Consolidated Standards of Reporting Trials (CONSORT)
Study of Diagnostic accuracy/assessment scale

Standards for the Reporting of Diagnostic Accuracy Studies
(STARD)

Systematic Review and meta-analysis

Preferred Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA)

Meta-analysis of Observational Studies in Epidemiology
(MOOSE)

Quality improvement studies

Standards for Quality Improvement Reporting Excellence
(SQUIRE)
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4. Manuscript Components

The composition of manuscripts shall be in the following
order: title page, abstract and keywords, main text, refer-
ences, tables and figures, and appendices. Each section be-
gins on a new page. The main body of the manuscript (in-
cluding the references, figures, tables, acknowledgements,
and any funding information) should not include any iden-
tifying information, such as the authors’ names or affilia-
tions, to ensure a blind review.

1) Title page

The following should be included on the title page: (1)
the title of the article; (2) the running title; (3) author in-
formation (ORCID number is required for all authors);
(4) permission for measurements/instruments used in
the study; (5) IRB approval institution and number; (6)
disclosure; and (7) reporting guidelines checklist rele-
vant to the research design used.

2) Abstract and Keywords

An abstract of up to 250 words for articles (including re-
views) should be typed double-spaced on a separate
page. It should cover the main factual points, including
statements of the Purpose, Methods, Results, and Con-
clusion. The abstract should be accompanied by a list of
three to five keywords for indexing purposes. Medical
Subject Headings (MeSH) keywords (http://www.nlm.
nih.gov/ mesh/meshhome.html) should be used, with
careful selection of keywords that precisely reflect the
focus of the study.

3) Main text
The text should be composed in the following order: In-
troduction, Methods, Results, Discussion, Conclusion,
and References.

Introduction: Clearly state the need for this study and
the main question or hypothesis of the study. Summa-
rize the literature review or background in the area of
the study.

Methods: Describe the study design, setting and sam-
ples, measurements/instruments, data collection/pro-
cedure, ethical considerations, and data analysis. If a
study presents qualitative research, the instrument can
be omitted. When discussing research methods, it is im-

portant to provide specific and detailed information to
enable reproducibility. In the section on ethical consid-
erations, the author should state that the study protocol
was approved by the institutional review board (IRB No.
##-##-###). Please provide the initials of institutional
names at the time of submission for peer review.

Results: Describe the main results in a concise para-
graph. This section should be the most descriptive.

Discussion: The discussion should be based only on the
reported results. It is strongly recommended that au-
thors discuss how the study findings relate to advances
in nursing practice, nursing knowledge development,
and nursing implications.

Conclusion: State the conclusions and recommenda-
tions for further study. Do not summarize the study re-
sults.

4) References

In-text Citation: Citations of references in the text
should follow Citing Medicine: The NLM Style Guide for
Authors Editors, and Publishers 2nd edition (http://
www.nlm.nih.gov/citingmedicine). References should
be numbered serially in the order of appearance in the
text, with numbers in brackets [ | (e.g., social support 1],
fatigue [2,3], depression [4-6]). If a reference is cited
more than once, use the original reference number (e.g.,
social support [1,2], fatigue [2-5], depression [1,4-6]).

Reference list: References should be listed on a separate
page at the end of the paper in the order of citation. The
number of references should be 35 or less for an original
article except for a manuscript on model construction,
which is allowed to include up to 50 references. Cita-
tions of master’s and doctoral dissertations should be
minimized, with a maximum of three citations.

5) Tables and Figures

There should be no more than five tables and figures in
total. Tables and figures should be self-contained and
complement, but not duplicate, information contained
in the text. Each table and figure should be placed on a
separate page. All lines are to be single. Vertical lines are
not acceptable. The title of a table should be placed on
top. Within the title, the first letters of important words
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should be capitalized (e.g., Table 1. Clinical Characteris-
tics of the Sample). The title of the figure should be
placed below the figure with the first letter capitalized
(e.g., Figure 1. Path diagram of the model.). Tables and
Figures should be numbered consecutively in Arabic
numerals. All abbreviations used in tables should be ex-
plained in footnotes. List abbreviations in alphabetical
order; do not include the word “and” before the last ab-
breviation (e.g., BP=blood pressure; ED =emergency
department). Footnote symbols including asterisks and
other symbols should be placed after abbreviations in
the table. Table footnotes should be indicated with su-
perscript symbols in sequence: 1, %, §, I, €, #, %, T+

If the point value of a number can exceed 1, write “0”
before the decimal point (e.g., t=0.26, F=0.98, R*=.61),
otherwise do not write “0” before the decimal point (e.g.,
p<.001). The p value (as an indicator of statistical signif-
icance) should be written without a footnote and should
be rounded to three decimal places (e.g., p=.003). If “p”
is .000, then indicate that p is less than 0.001 (e.g.,
p<.001). Percentages (%) should be rounded off to one
decimal place (e.g., 24.7%); test statistics, such as t, F, x°,
and r, should be rounded off to two decimal places (e.g.,
t=0.26, F=0.98, R*=.61).

6) Appendices

Authors should submit an appendix containing the final
developed instrument in instrument development stud-
ies and a list of reviewed articles in a systematic review
or meta-analysis.

5. Reference Format

1) Journals
(1) For six or fewer authors, list all authors:

1. Han S, Min J, Kim DK, Kong ID, Kim N. The under-
standing and application of telomere length as an
emerging biomarker in adult nursing research: a re-
view. Korean J Adult Nurs. 2023;35(1):1-12. https://
doi.org/10.7475/kjan.2023.35.1.1

(2) For more than six authors, list the first six followed
by etal.

1.Lee S, Kim MK, Hong EY, Lee JJ, Kim HJ, Kim HS, et
al. Structural equation modeling on spiritual nurs-
ing care of clinical nurses based on the theory of
planned behavior. Korean J Adult Nurs. 2022;34(1):
27-38. https://doi.org/10.7475/kjan.2022.34.1.27

(3) Forthcoming journal articles
1.van Corven CT, Bielderman A, Wijnen M, Leontje-
vas R, Lucassen PL, Graff MJ, et al. Defining empow-
erment for older people living with dementia from
multiple perspectives: a qualitative study. Int ] Nurs
Stud. Forthcoming 2020 Nov 10. https://doi.org/
10.1016/j.ijnurstu.2020.103823

2) Periodicals or magazines
1. Rutan C. Creating healthy habits in children. Parish
Nurse Newsletter. 2012 May 15:5-6.

3) Newspaper articles
1. Cho CU. Stem cell windpipe gives Korean toddler
new life. The Korea Herald. 2013 May 1; Sect. 01.

4) Books
(1) Reference to an entire book

1. Hughes JH. Military veteran psychological health
and social care: contemporary issues. 1st ed. Lon-
don: Taylor & Francis; 2017.

2. Kim SJ. Nursing theory. Seoul: Soomoonsa; 1985.

(2) Chapter in an edited book

1. Miller CW. Applied cardiovascular physiology. In:
Wingfield WE, Raffe MR, editors. The veterinary ICU
book. Jackson, WY: Teton NewMedia; 2002. p. 1-14.

(3) An edited book

1. Munslow A, Rosenstone RA, editors. Experiments in

rethinking history. New York, NY: Routledge; 2004.
(4) Unknown authors or editors

1. Merriam-Webster’s collegiate dictionary. 10th ed.

Springfield, MA: Merriam-Webster; 1995.
(5) Book with translator(s)

1. McEwen M, Wills EM. Theoretical basis for nursing.
4th ed. Koh CK, translator. Philadelphia, PA: Wolters
Kluwer; 2019. p. 20-5.

(6) An encyclopedia or dictionary
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