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Abstract

Background/Objectives: Cognitive impairment can weaken self-management competency
in heart failure (HF) patients. This study estimated domain-specific cognitive impairment
prevalence using actuarial criteria and identified latent cognitive profiles among Korean
HF outpatients. Methods: Using a previously collected cross-sectional dataset of 106 HF
outpatients, cognitive function was assessed with the Seoul Neuropsychological Screening
Battery-II. Actuarial criteria determined domain-specific impairment, and latent profile
analysis (LPA) derived cognitive profiles based on domain composite z-scores. Results:
Any cognitive impairment (>1 impaired domain) was present in 32.1% (95% confidence
interval [CI], 24.0-41.5%), most frequently affecting executive function (17.9%) and memory
(15.1%). LPA identified three exploratory profiles: relatively preserved (30.2%), memory-
vulnerable (45.3%), and globally vulnerable (24.5%). In exploratory models, anxiety symp-
toms were associated with higher odds of memory-vulnerable profile membership (odds
ratio [OR] = 2.81, 95% CI, 1.03-7.64) and overall vulnerability in a Firth penalized analysis
(OR =3.39, 95% CI, 1.46-8.11), whereas depressive symptoms showed no significant associ-
ation. No associations remained statistically significant after false discovery rate correction.
Conclusions: Cognitive vulnerability in HF outpatients is phenotypically heterogeneous
and showed a possible, unconfirmed association with anxiety symptoms that did not re-
main statistically significant after correction for multiple comparisons. Outpatient HF care
planning may benefit from considering both domain-specific deficits and latent cognitive
profile patterns; however, these exploratory findings require validation in larger cohorts.

Keywords: heart failure; cognitive dysfunction; latent profile analysis; neuropsychological
tests; anxiety; depression

1. Introduction

Heart failure (HF) is a chronic disease with a growing global burden and substantial
mortality, characterized by frequent readmissions arising from complex symptom, medica-
tion, and lifestyle management demands [1-4]. This highlights the need to systematically
evaluate the factors that impede self-management competency in the outpatient setting.

Cognitive impairment is a key factor that can undermine self-management in patients
with HF [5,6]. Cognitive impairment can delay the recognition of symptom deterioration,
reduce treatment adherence, and increase readmission and mortality risk [7-10]. Thus,
accurately characterizing the extent and pattern of cognitive impairment in patients with
HF is important for improving clinical assessment and support. However, previous studies
have reported a wide range in the prevalence of cognitive impairment among patients with
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HF, ranging from 30% to 80% [5,6]. These differences may reflect variation in participant
characteristics, including inpatient status and disease severity, as well as differences in the
cognitive assessment instruments and classification approaches used across studies [5,11].
Although brief screening tests are useful for rapidly detecting possible cognitive impairment
in clinical practice, they may have limited ability to characterize vulnerabilities across
specific cognitive domains [11,12].

The relationship between HF and cognitive impairment is likely to be heterogeneous,
reflecting multiple overlapping mechanisms [8,13]. Consistent with this, previous studies
have reported impairments in attention, memory, psychomotor speed, and executive
function in patients with HF, although the severity and combination of affected domains
have varied across studies and sample characteristics [10,14-16]. These findings suggest
that cognitive impairment in HF may not represent a single uniform condition, but rather
heterogeneous patterns of cognitive vulnerability. In this context, data-driven approaches
such as latent profile analysis (LPA) may help identify distinct subgroups of patients based
on patterns of domain-level cognitive performance [16-18]; in the present study, these
domain-level patterns are referred to as cognitive vulnerability profiles.

Nevertheless, research using standardized neuropsychological testing to examine
domain-specific cognitive function in Korean patients with HF remains limited. In particu-
lar, evidence is insufficient regarding cognitive impairment across domains and the extent
to which distinct cognitive profiles are associated with sociodemographic and clinical
characteristics in this population [19-21]. Because non-systematic cognitive assessment
may limit appropriate clinical assessment and support, a more structured evaluation of
cognitive vulnerability may be helpful in outpatient HF care [22]. Therefore, utilizing a
previously established clinical dataset, the primary aim of this secondary analysis was to
assess domain-specific cognitive function and estimate the prevalence of cognitive impair-
ment in outpatients with HF using a standardized neuropsychological battery. As a second,
exploratory aim, we sought to identify latent cognitive profiles based on domain-level
z-scores and to preliminarily explore, as a hypothesis-generating analysis, their possible
associations with sociodemographic and clinical characteristics.

2. Materials and Methods
2.1. Study Design

This study is a secondary analysis of cross-sectional data originally collected to evalu-
ate psychosocial and clinical factors associated with self-management in outpatients with
HEF. The reporting of this study follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

2.2. Participants
2.2.1. Setting and Participants

The primary dataset was derived from patients recruited from the cardiology outpa-
tient clinic of a tertiary teaching hospital in Gyeonggi-do, Republic of Korea. During the
initial study period, 116 consecutive patients diagnosed with heart failure by the attending
cardiologist were recruited from among eligible outpatients attending the clinic. After eligi-
bility review and exclusion of those with incomplete questionnaire or neuropsychological
test data, 10 participants were excluded, resulting in a final analytic sample of 106 patients.
Inclusion criteria were: (1) age > 45 years; (2) a diagnosis of heart failure established by
the attending cardiologist and present for >6 months; (3) hemodynamic stability; and
(4) ability to communicate and complete questionnaires and neuropsychological testing.
Exclusion criteria were: (1) history of heart transplantation; (2) transient HF attributable to
reversible precipitants (e.g., sepsis, anemia, or hyperthyroidism); (3) acute cardiovascular

https://doi.org/10.3390/jcm15155888


https://doi.org/10.3390/jcm15155888

J. Clin. Med. 2026, 15, 5888

3o0f14

conditions (e.g., acute aortic dissection or hypertensive crisis); (4) history of conditions with
a major direct impact on cognition (e.g., stroke or dementia); and (5) use of central nervous
system-acting medications that could substantially affect cognitive testing (e.g., sedatives,
antipsychotics, or other agents with significant cognitive side effects).

2.2.2. Sample Size Considerations

Because this study is a secondary analysis, the sample size was predetermined by the
available dataset (N = 106). However, to assess whether the sample provided adequate
precision for the primary aim of estimating cognitive impairment prevalence, we applied
the standard formula for a single proportion in cross-sectional studies [23]. Based on prior
meta-analytic estimates suggesting a prevalence of cognitive impairment of approximately
40-41% in HF [24], assuming p = 0.41, a 95% confidence level (Z = 1.96), and an absolute
precision of d = 0.10, the minimum required sample size was approximately 93. Accordingly,
the present sample (N = 106) was considered to provide reasonable precision for estimating
prevalence.

2.3. Measures
2.3.1. Cognitive Function

Cognitive function was assessed using the Seoul Neuropsychological Screening
Battery-II (SNSB-1I), a standardized neuropsychological battery validated in Korean popula-
tions with age- and education-adjusted normative data [25]. For the present study, cognitive
performance was summarized in three domains: attention, memory, and executive function.
Attention was assessed using Digit Span Forward (DSF), Digit Span Backward (DSB), and
the Korean Trail Making Test for the Elderly Part A (K-TMT-E Part A). Higher DSF and DSB
scores indicated better performance, whereas shorter completion times on K-TMT-E Part
A indicated better performance. Memory was assessed using the Seoul Verbal Learning
Test (SVLT), including immediate recall total (sum across three trials) and delayed recall.
Higher scores indicated better memory performance. Executive function was assessed
using K-TMT-E Part B and the Controlled Oral Word Association Test (COWAT). Shorter
completion times on K-TMT-E Part B and higher COWAT scores indicated better executive
performance. Detailed descriptions of the cognitive measures and scoring are provided in
Supplementary Table S1.

2.3.2. Sociodemographic and Clinical Characteristics

Sociodemographic and clinical characteristics were obtained from self-report question-
naires and medical records. Sociodemographic variables included age, sex, and educational
level. Clinical and health-related variables included body mass index (BMI), smoking
status, alcohol use, HF phenotype, New York Heart Association (NYHA) functional class,
Charlson Comorbidity Index (CCI), and functional status based on the Korean Activity
Scale Index (KASI) classification [26]. HF phenotype was categorized on the basis of the
left ventricular ejection fraction recorded at the time and retrospectively, according to con-
temporary guideline definitions [27] as heart failure with reduced (HFrEF), mildly reduced
(HFmrEF), or preserved (HFpEF) ejection fraction.

2.3.3. Anxiety and Depressive Symptoms

Anxiety symptoms were assessed using the Korean version of the Beck Anxiety
Inventory (BAI), originally developed by Beck et al. [28] and translated and validated
in Korean populations by Yook and Kim [29]. The BAI consists of 21 items rated on a
4-point scale (0-3), yielding a total score range of 0-63, with higher scores indicating greater
anxiety severity. Internal consistency was Cronbach’s o = 0.86 in the Korean validation
study [29] and 0.926 in the present sample. A total score of >8 was used to indicate
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clinically meaningful anxiety symptoms, consistent with the established severity ranges of
the BAI [28,29].

Depressive symptoms were assessed using the Korean version of the Beck Depression
Inventory-II (BDI-II), originally developed by Beck and Steer [30] and validated in Korean
populations by Lim et al. [31]. The BDI-II comprises 21 items rated on a 4-point scale
(0-3), with a total score range of 0-63; higher scores indicate more severe depressive
symptoms. Internal consistency in the Korean validation study was reported as Cronbach’s
o > 0.94 [31], and Cronbach’s « was 0.903 in the present sample. A total score of >18
was used to indicate clinically meaningful depressive symptoms, corresponding to at least
moderate severity on the BDI-II, based on the cut-offs adopted in the Korean validation
study [30,31].

2.4. Data Collection

The primary dataset was prospectively collected between 16 December 2016 and 28
February 2018. For the original study, participants completed the self-report questionnaires
and underwent standardized neuropsychological testing with the SNSB-II; the question-
naires were administered and scored by trained research personnel following standardized
instructions, and the SNSB-II by qualified examiners using age- and education-adjusted
normative data. Clinical characteristics, including HF phenotype and NYHA functional
class, were abstracted from medical records using a standardized data collection form.
Anxiety and depressive symptoms were treated as questionnaire-based symptom screens
rather than as clinical diagnoses, and no separate diagnosis of anxiety or depression was
made by a mental-health physician or the treating cardiologist. Prior to participation,
all participants provided written informed consent covering these assessments and the
research use of their clinical data.

2.5. Statistical Analysis

All analyses were conducted using IBM SPSS Statistics version 29.0 (IBM Corp.,
Armonk, NY, USA) and R version 4.3.2 (R Foundation for Statistical Computing, Vienna,
Austria). No missing data were identified for the variables included in the final analyses;
therefore, all participants were retained in the complete-case analytic sample. Descriptive
statistics are presented as frequencies and percentages for categorical variables and as
means and standard deviations for continuous variables.

Age- and education-adjusted norm-referenced SNSB-II scores were converted to z-
scores in standard deviation units (z = [T — 50]/10) [25]. For the time-based subtests
(K-TMT-E), scores were oriented so that, consistently with the other measures, lower z-
scores indicate poorer performance, and reporting of standardized scores followed the
American Academy of Clinical Neuropsychology recommendations [32]. Domain-specific
cognitive impairment prevalence was estimated based on predefined impairment criteria
applied within each cognitive domain. Specifically, impairment within a domain was
defined as either at least two subtests with z < —1.5 or at least one subtest with z < —2.0.
These actuarial criteria follow established neuropsychological approaches for defining
domain-level impairment [33]. The prevalence of impairment was then summarized for
each cognitive domain and for impairment in at least one domain.

Latent cognitive profiles were identified by latent profile analysis [34,35] using the
domain composite z-scores for attention, memory, and executive function, each calculated
as the mean of the corresponding age- and education-adjusted subtest z-scores. Because the
K-TMT-E has a fixed maximum completion time, a small number of participants produced
extreme standardized scores; to limit their disproportionate influence on the domain
composites and the profile solution, standardized subtest scores exceeding +3.29 SD—a
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conventional criterion for univariate outliers [36]—were winsorized to that threshold prior
to analysis. Models were fitted in R (mclust, version 6.1.2) using a spherical (class-varying
volume) parameterization applied consistently across two- to four-profile solutions, with
multiple random starts to avoid local maxima. The number of profiles was determined
using the AIC, BIC, sample-size-adjusted BIC, entropy, and a bootstrap likelihood-ratio
test (BLRT) [37]; the three-profile solution was retained and interpreted as exploratory.
Associations of profile membership with participant characteristics were examined using
one-way analysis of variance or the chi-square (or Fisher’s exact) test; associations with
anxiety and depressive symptoms were further examined using multinomial and Firth
penalized logistic regression, with a sensitivity analysis based on pseudo-class draws to
account for classification uncertainty [38]. The Benjamini-Hochberg false discovery rate
correction was applied.

2.6. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and appli-
cable local regulations. The original study protocol and the current secondary analysis
were approved by the Institutional Review Board of Ajou University Hospital (IRB No.
AJOUIRB-SUR-2016-431, approved on 16 December 2016). All participants received an
explanation of the study purpose and procedures and provided written informed consent
prior to their enrollment in the primary study. Participant data were collected prospectively
for the primary study and were stored in an access-restricted database in accordance with
institutional data management policies. All study records were managed using coded par-
ticipant identifiers, and no direct personal identifiers were included in the analysis dataset.

3. Results
3.1. Sociodemographic and Clinical Characteristics of Participants

A total of 106 patients with HF were included in the analysis. The mean age was 65.93
years (SD = 10.56), and 70.8% were male. HF phenotypes were evenly distributed (HFrEF,
39.6%; HFmrEF, 20.8%; and HFpEF, 39.6%), and most patients were NYHA functional class
I-1I (93.4%). Clinically meaningful anxiety (BAI > 8) and depressive (BDI-II > 18) symp-
toms were present in 64.2% and 27.4% of participants, respectively. Full sociodemographic
and clinical characteristics are provided in Table 1.

Table 1. Sociodemographic and clinical characteristics of the participants (N = 106).

Characteristics Categories n (%) or Mean + SD
65.93 £ 10.56
45-54 20 (18.9)
Age (years) 55-64 33 (31.1)
>65 53 (50.0)
S Male 75 (70.8)
e Female 31 (29.2)
Elementary school 25 (23.6)
Ed onal level Middle school 13 (12.2)
ucational leve High school 43 (40.6)
University or higher 25 (23.6)
24.89 £ 3.70
. Normal (<23) 30 (28.4)

2
Body mass index (kg/m?) Overweight (23-24.9) 38 (35.8)
Obese (>25) 38 (35.8)
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Table 1. Cont.

Characteristics Categories n (%) or Mean + SD
None 61 (57.5)

Smoking status Former smoker 37 (35.0)
Current smoker 8 (7.5)

None 54 (51.0)

Alcohol use Former drinker 28 (26.4)
Current drinker 24 (22.6)

HFrEF 42 (39.6)

Heart failure phenotype HFmrEF 22 (20.8)
HFpEF 42 (39.6)

I 56 (52.8)

New York Heart Association class II 43 (40.6)
I 7 (6.6)

0.78 +1.00

. 1 0 51 (48.1)
Comorbidity 1 39 (36.8)
>2 16 (15.1)

46.28 + 20.97

.. Class 1 53 (50.0)

Korean Activity Scale Index Class 2 33 (31.1)
Class 3 20 (18.9)

11.74 + 8.82

Anxiety symptoms None (0-7) 38 (35.8)
Significant (>8) 68 (64.2)

13.27 £ 8.71

Depressive symptoms None (0-17) 77 (72.6)
Significant (>18) 29 (27.4)

Note. Data are 1 (%) or mean =+ SD. Clinically meaningful anxiety and depressive symptoms were defined using
validated cut-offs (BAI > 8; BDI-II > 18). Abbreviations: BAI, Beck Anxiety Inventory; BDI-II, Beck Depression
Inventory-II; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection fraction; SD, standard deviation.

3.2. Prevalence and Patterns of Cognitive Impairment

Raw subtest performance and norm-referenced z-scores are summarized in Table 2.
Across domains, mean z-scores were generally close to the normative mean for attention
(e.g., DSF, mean = 0.28, SD = 1.06; K-TMT-E Part A, mean = 0.08, SD = 1.01), whereas
lower mean performance was observed for memory (SVLT immediate recall, mean = —0.43,
SD =1.00; SVLT delayed recall, mean = —0.60, SD = 1.01). Executive function subtests also
showed modestly lower mean performance overall (e.g., K-TMT-E Part B, mean = —0.01,
SD = 1.21). Based on the predefined domain-level impairment criteria, impairment was
identified in 11.3% of participants for attention, 15.1% for memory, and 17.9% for ex-
ecutive function. Overall, cognitive impairment in at least one domain was present in
34 participants (32.1%).
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Table 2. Cognitive subtest performance and domain-specific cognitive impairment prevalence (N = 106).

Domain

Test

Raw Mean + SD

z

Mean £+ SD

z< —1.5
n (%)

Domain
Impaired
1 (%) 1 (%)

z<-2.0

Attention

DSF
DSB
K-TMT-E Part A (sec)

6.31 + 1.57
3.78 +£1.29
28.19 +18.33

0.28 & 1.06
—0.19 = 1.09
0.08 £ 1.01

5(4.7)
5(4.7)
8(7.5)

3.8) 12 (11.3)

Memory

SVLT Immediate recall
SVLT Delayed recall

18.44 £+ 4.60
5.10 £ 2.62

—0.43 +£1.00
—0.60 £1.01

13 (12.3)
17 (16.0)

16 (15.1)

Executive
function

K-TMT-E Part B (sec)
COWAT Category: Animal

COWAT Category: Supermarket

COWAT Phonemic total

65.73 4+ 70.88
1539 £4.78
16.06 £ 6.32

25.08 £ 10.68

—0.01 £1.21
—-0.05£1.12
—0.24 +£1.09
—0.03 £+ 1.08

12 (11.3)
9 (8.5)
10 (9.4)
13 (12.3)

19 (17.9)

Values are presented as mean + SD. Lower z-scores indicate poorer performance. Abbreviations: COWAT,
Controlled Oral Word Association Test; DSB, Digit Span Backward; DSF, Digit Span Forward; K-TMT-E, Korean
Trail Making Test for the Elderly; SVLT, Seoul Verbal Learning Test.

3.3. Model Selection for LPA

LPA was conducted using domain composite z-scores for attention, memory, and exec-
utive function. The information criteria did not converge on a single solution: the AIC and
sample-size-adjusted BIC continued to decrease toward the four-profile solution, whereas
the BIC favored the two-profile solution (Supplementary Table S2). To adjudicate between
solutions, a bootstrap likelihood-ratio test (BLRT) was applied; it significantly favored the
three-profile over the two-profile solution (p = 0.005) but did not favor the four-profile
over the three-profile solution (p = 1.00). The four-profile solution additionally produced a
spurious class of only three participants. The three-profile solution was therefore retained,
supported by the BLRT and by balanced class sizes (n = 48, 32, and 26) with acceptable
classification quality (entropy = 0.63; Supplementary Table S3).

3.4. Domain Composite Profiles by Latent Class

The final three-profile solution comprised 32 relatively preserved participants (30.2%),
48 memory-vulnerable participants (45.3%), and 26 globally vulnerable participants (24.5%)
(Table 3; Figure 1). The relatively preserved profile showed mean z-scores at or above the
normative mean across domains (attention, mean = 0.33, SD = 0.67; memory, mean = 0.54,
SD = 0.52; executive function, mean = 0.50, SD = 0.68). The memory-vulnerable profile
was characterized by selectively lower memory performance (mean = —0.85, SD = 0.48),
whereas attention (mean = 0.27, SD = 0.51) and executive function (mean = 0.02, SD = 0.45)
remained close to the normative mean. The globally vulnerable profile showed low mean
performance across all domains, with the most pronounced deficit observed in memory
(mean = —1.18, SD = 0.67), followed by executive function (mean = —0.99, SD = 0.42) and
attention (mean = —0.66, SD = 0.60). Subtest-level z-scores for each profile are provided in
Supplementary Table S4.

Table 3. Domain composite z-score summaries across latent cognitive profiles (N = 106).

Variable

Relatively Preserved (n = 32)

Memory-Vulnerable (1 = 48)

Globally Vulnerable (1 = 26)

Mean £ SD

Mean £+ SD

Mean = SD

Attention
Memory
Executive function

0.33 £ 0.67
0.54 + 0.52
0.50 &+ 0.68

0.27 £ 0.51
—0.85 £ 0.48
0.02 £ 045

—0.66 £ 0.60
—1.18 £ 0.67
—0.99 + 0.42
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0.5+

-®- Relatively preserved (n = 32)
-0.51 -®- Memory-vulnerable (n = 48)
=@~ Globally vulnerable (n = 26)

-1.01

Domain composite z-score

Attention Men'wry Executive
function

Figure 1. Latent cognitive profiles based on domain composite z-scores. Values represent mean
domain composite z-scores for attention, memory, and executive function across the three latent
profiles. Error bars indicate standard errors. A value of 0 indicates the normative mean, and lower
values indicate poorer performance.

3.5. Associations of Participant Characteristics with Latent Cognitive Profile Membership

In the multinomial models, clinically meaningful anxiety symptoms were associated
with cognitive vulnerability, whereas depressive symptoms were not (Table 4). In multi-
nomial models (reference, relatively preserved), anxiety was associated with higher odds
of membership in the memory-vulnerable profile (OR = 2.81, 95% CI: 1.03-7.64, p = 0.044)
and the globally vulnerable profile (OR =4.71, 95% CI: 1.31-16.93, p = 0.018), and in a Firth
penalized model, with membership in any vulnerable profile (OR = 3.39, 95% CI: 1.46-8.11,
p = 0.005). Depressive symptoms were not significantly associated with either profile (both
p > 0.55). However, in a sensitivity analysis that accounted for classification uncertainty
using pseudo-class draws, these associations were attenuated and no longer statistically
significant (memory-vulnerable, anxiety OR = 2.21, 95% CI: 0.67-7.25, p = 0.19; globally
vulnerable, anxiety OR = 2.94, 95% CI: 0.75-11.54, p = 0.122). When all candidate charac-
teristics (n = 15) were screened univariately, only anxiety showed a nominal association
(p = 0.009), which did not survive Benjamini-Hochberg FDR correction (FDR-adjusted
p = 0.14). No sociodemographic or routine clinical characteristic was significantly associated
with profile membership. These associations should therefore be regarded as exploratory.

Table 4. Associations of anxiety and depressive symptoms with cognitive profile membership
(multinomial, Firth-penalized, and classification-uncertainty models).

Model/Contrast Predictor OR (95% CI) p
Multinomial (ref. relatively preserved)
g Anxiety symptoms (BAI > 8) 2.81 (1.03-7.64) 0.044
Memory-vulnerable Depressive symptoms (BDI-II > 18) 103 (0.31-3.39)  0.967
. 4.71
Globally vulnerable Anxiety symptoms (BAT > 8) (1.31-16.93) 0.018

Depressive symptoms (BDI-II > 18) 1.48 (0.40-5.40) 0.556

Firth-penalized (ref. relatively preserved)

Any vulnerable

Anxiety symptoms (BAI > 8) 3.39 (1.46-8.11) 0.005
Depressive symptoms (BDI-II > 18) 1.86 (0.72-5.34) 0.204
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Table 4. Cont.
Model/Contrast Predictor OR (95% CI) p
Pseudo-class (classification uncertainty)
Memory-vulnerable Depreceive symptoms (DL 2 18) 123050469 0757
Globally vulnerable Anxiety symptoms (BAI = 8) (0'752;91%' 54) 0.122

Depressive symptoms (BDI-1I > 18) 2.05 (0.52-8.04) 0.302

Note. Estimates are exploratory. Multinomial models used the relatively preserved profile as the reference category,
and the Firth penalized model estimated the odds of membership in any vulnerable profile. A classification-
uncertainty analysis using pseudo-class draws is reported as a sensitivity analysis. After Benjamini-Hochberg
FDR correction across all candidate characteristics (1 = 15), no variable remained significantly associated with
profile membership (anxiety, FDR-adjusted p = 0.14). Abbreviations: CI, confidence interval; FDR, false discovery
rate; OR, odds ratio; ref, reference group.

4. Discussion

In this secondary analysis, we characterized cognitive vulnerability in outpatients
with HF from two complementary perspectives: domain-specific impairment prevalence
and domain-level performance patterns identified by LPA. Cognitive impairment in at least
one domain was present in approximately one-third of participants, most frequently in
executive function and memory. Moving beyond the overall prevalence of impairment,
LPA indicated that cognitive vulnerability was heterogeneous in pattern, which may
be clinically relevant because the functional consequences of cognitive dysfunction in
HF are likely to depend on how weaknesses are distributed within individuals rather
than on the mere presence of impairment [12,39,40]. The overall prevalence fell within
the broad range reported previously [5,6]. While this variability is usually attributed
to methodological and sampling differences [5,11], our identification of distinct profiles
within a single outpatient sample suggests that part of this variability may also reflect
genuine heterogeneity within the HF population, which prevalence estimates alone can
obscure [11,12]. Brief cognitive screening can identify patients who may require further
evaluation but is less suited to characterizing the structure of vulnerability or anticipating
specific functional difficulties [11]. Given that HF self-care is cognitively complex [12,41],
two patients with a similar overall burden may nonetheless face different self-management
barriers if their vulnerability is concentrated in different domains.

Three profiles were identified: relatively preserved, memory-vulnerable, and globally
vulnerable. The memory-vulnerable profile was the largest subgroup, suggesting that
selective memory vulnerability may be a particularly common form of cognitive difficulty
in HF outpatients, consistent with reports of frequent immediate- and delayed-memory
deficits even when other domains vary [15,16,42]. As self-care requires patients not only to
understand information during a clinic visit but also to retain and retrieve it for medication
adherence, symptom monitoring, and action planning [41,43], our findings conceptually
align with the need to tailor education to reduce memory burden. Specifically, prior
literature suggests that approaches such as limiting education to a small number of core
messages, providing written summaries and visual materials, and using simple action
plans may be especially relevant for patients with this type of cognitive profile [12,43,44].

The globally vulnerable profile, with low performance across all domains including
executive function, may represent a more severe form of vulnerability. HF self-care requires
more than remembering isolated instructions; it also depends on prioritizing symptom:s,
organizing behaviors, inhibiting ineffective responses, and adapting plans as symptoms
or treatment demands change—functions supported by executive processes [12,13,41].
When executive dysfunction co-occurs with broader cognitive vulnerability, the resulting
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functional burden may extend beyond memory-related difficulty alone. Therefore, it is
hypothesized that such patients may benefit from more structured, stepwise support—such
as simplified self-care goals, explicit task sequencing, standardized tools like checklists or
monitoring logs, and where appropriate, caregiver involvement—rather than repetition
of educational content alone [12,13]. Conversely, the presence of the relatively preserved
profile demonstrates that cognitive vulnerability is not inevitable even among clinically
similar HF outpatients, confirming that cognitive performance varies in both degree and
pattern [12,16].

Among the characteristics examined, only anxiety symptoms were associated with
cognitive vulnerability, whereas depressive symptoms were not. Compared to the relatively
preserved profile, anxiety was associated with higher odds of memory-vulnerable and
any-vulnerable membership; however, the globally vulnerable contrast was attenuated
when accounting for classification uncertainty, and no association survived FDR correction.
These associations should therefore be regarded as exploratory and hypothesis-generating,
given the modest sample and the number of comparisons. When present, anxiety may
interfere with the attentional and executive resources needed for interpreting symptoms
and enacting self-care, and it has been linked to symptom uncertainty, hypervigilance, and
poorer outcomes in HF [45,46]. This pattern is consistent with a biopsychosocial view in
which emotional symptoms form part of the context in which cognitive vulnerability is
expressed [12,13,39].

Depressive symptoms were not consistently linked to any profile once overfitting was
addressed [39,45,47]. The relationship between emotional and cardiac symptoms may also
be bidirectional: rather than acting solely as antecedent risk factors, anxiety and depressive
symptoms may partly reflect the somatic, inflammatory, and hemodynamic burden of
HF and thus form part of its clinical expression [13,39,45]. Furthermore, given the cross-
sectional design, directionality cannot be determined. Additionally, the null associations
observed for sociodemographic and clinical indicators should be interpreted cautiously
rather than as evidence of unimportance [8,12,13]. These null findings may reflect limited
statistical power or the possibility that emotional symptoms are more salient correlates
than the conventional indicators examined here.

Clinically, the profiles should be viewed not as diagnostic categories but as a practical
stratification that may help guide the intensity and delivery of education, monitoring,
and support according to a patient’s cognitive limitations [12]. Cognitive assessment
may be most informative when interpreted alongside emotional symptoms, particularly
when self-management difficulties appear disproportionate to conventional clinical indica-
tors [8,12,13]. To build on these exploratory findings, future work should examine the stabil-
ity, reproducibility, and prognostic relevance of these profiles in larger, multicenter cohorts,
specifically investigating their links to self-care, readmission, and mortality [3,12,16,37,39].

Several limitations should be considered. First, the cross-sectional design precludes
causal inference regarding cognitive vulnerability, emotional symptoms, and clinical char-
acteristics. Second, because multiple variables were compared, type I errors cannot be
excluded. Third, as the dataset was fixed, no power analysis was possible for the LPA. Con-
sequently, the identified profiles and their correlates remain exploratory; their enumeration
may have been influenced by sample size and model specification, necessitating validation
in larger samples. Furthermore, the dataset was collected between 2016 and 2018. Although
guideline-directed therapies have since evolved, the observed prevalence and cognitive
structures likely reflect relatively stable neurocognitive characteristics rather than acute
treatment responses. Additionally, the exclusion of patients with stroke, dementia, or cen-
trally acting medications makes the prevalence a conservative estimate, while recruitment
from a single tertiary clinic with a requirement to complete testing limits generalizability
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to inpatients or more severely impaired patients. Anxiety and depression were assessed
as self-reported symptom burden rather than clinical diagnoses, and the dataset did not
capture subsequent referral or management. Finally, the visuospatial domain was not
included and thus not represented in the profiles, and the domains comprised unequal
numbers of subtests, which may have differentially affected the precision of the composite
z-scores.

5. Conclusions

In Korean outpatients with HF, cognitive impairment was identified in approximately
one-third of patients, with executive function and memory emerging as the most frequently
affected domains. Three latent cognitive profiles were observed—relatively preserved,
memory-vulnerable, and globally vulnerable. In exploratory analyses, anxiety symptoms
showed a possible association with cognitive vulnerability, whereas depressive symptoms
showed no significant association; however, no association remained statistically significant
after correction for multiple comparisons, and these results should therefore be regarded as
hypothesis-generating. These findings support the view that cognitive vulnerability in HF
is heterogeneous and may not be adequately captured by overall prevalence estimates or
brief screening alone. Given the exploratory design and modest sample size, consideration
of both domain-specific and profile-level cognitive patterns may help generate hypotheses
for more individualized outpatient assessment and support, which require validation in
larger, multicenter, longitudinal cohorts before clinical application.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm15155888 /51, Supplementary Table S1: Measures used in the
present analysis (cognitive domains and subtests [SNSB-II-based] and self-report symptom and
functional-status questionnaires); Supplementary Table S2: Model fit indices and classification quality
for latent profile analysis solutions (2—4 profiles); Supplementary Table S3: Average latent-class
posterior probabilities by most likely profile; Supplementary Table S4: Subtest z-scores (mean =+ SD)
by latent cognitive profile.

Author Contributions: Conceptualization, S.H.B.; data curation, S.H.B.; formal analysis, S.H.B.; in-
vestigation, S.H.B., ].P. and ].S.; methodology, S.H.B. and J.P.; project administration, S.H.B.; resources,
J.P. and ].S.; supervision, S.H.B.; validation, S.H.B.; visualization, S.H.B.; writing—original draft,
S.H.B., J.P. and ].S.; writing—review and editing, S.H.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the National Research Foundation of Korea (NRF) (grant
number NRF-2016R1C1B1008101). The funder had no role in the study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Ajou University Hospital (IRB No.
AJOUIRB-SUR-2016-431, approved on 16 December 2016).

Informed Consent Statement: Written informed consent was obtained from all participants involved
in the study prior to enrollment.

Data Availability Statement: The data contain potentially identifying and sensitive patient infor-
mation and therefore cannot be shared publicly. De-identified minimal datasets and the codebook
necessary to reproduce the findings are available from the Institutional Review Board of Ajou Univer-
sity Hospital (AJOUIRB) for researchers who meet the criteria for access to confidential data. Requests
for access should be submitted to the IRB through the institution’s official contact channel.

https://doi.org/10.3390 /jcm15155888


https://www.mdpi.com/article/10.3390/jcm15155888/s1
https://www.mdpi.com/article/10.3390/jcm15155888/s1
https://doi.org/10.3390/jcm15155888

J. Clin. Med. 2026, 15, 5888 12 of 14

Acknowledgments: The authors thank the staff of the outpatient clinic at Ajou University Hospital
for their support with participant recruitment and study procedures. The authors are also grateful to
all patients who participated in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript: AIC, Akaike information criterion;
BAI, Beck Anxiety Inventory; BDI-II, Beck Depression Inventory-II; BIC, Bayesian information
criterion; BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; COWAT,
Controlled Oral Word Association Test; DSB, Digit Span Backward; DSF, Digit Span Forward; FDR,
false discovery rate; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction; KASI, Korean Activity Scale Index; K-TMT-E, Korean Trail Making Test for the Elderly; LPA,
latent profile analysis; NYHA, New York Heart Association; OR, odds ratio; SD, standard deviation;
SNSB-II, Seoul Neuropsychological Screening Battery-1I; STROBE, Strengthening the Reporting of
Observational Studies in Epidemiology; SVLT, Seoul Verbal Learning Test.

References

1.

10.

11.

12.

13.

Emmons-Bell, S.; Johnson, C.; Roth, G. Prevalence, incidence and survival of heart failure: A systematic review. Heart 2022, 108,
1351-1360. [CrossRef] [PubMed]

Rizzuto, N.; Charles, G.; Knobf, M.T. Decreasing 30-day readmission rates in patients with heart failure. Crit. Care Nurse 2022, 42,
13-19. [CrossRef] [PubMed]

Zhang, H.; Jie, Y;; Sun, Y,; Wang, X.; Gong, D.; Fan, Y. Association of cognitive impairment with mortality and readmission in
patients with heart failure: A meta-analysis. Curr. Probl. Cardiol. 2022, 47, 101354. [CrossRef] [PubMed]

Weiss, A].; Jiang, H.J. Overview of Clinical Conditions with Frequent and Costly Hospital Readmissions by Payer, 2018. In
Healthcare Cost and Utilization Project (HCUP) Statistical Briefs; Statistical Brief #278; Agency for Healthcare Research and Quality:
Rockville, MD, USA, 2021.

Cannon, J.A.; McMurray, ].J.V.; Quinn, T.J. Hearts and minds: Association, causation and implication of cognitive impairment in
heart failure. Alzheimers Res. Ther. 2015, 7, 22. [CrossRef] [PubMed]

Sterling, M.R.; Jannat-Khah, D.; Bryan, J.; Banerjee, S.; McClure, L.A.; Wadley, V.G.; Unverzagt, EW.; Levitan, E.B.; Goyal, P;
Peterson, ].C.; et al. The prevalence of cognitive impairment among adults with incident heart failure: The REGARDS study. J.
Card. Fail. 2019, 25, 130-136. [CrossRef] [PubMed]

Cannon, J.A; Shen, L.; Jhund, P.S.; Kristensen, S.L.; Kober, L.; Chen, F; Gong, J.; Lefkowitz, M.P.; Rouleau, J.L.; Shi, V.C,; et al.
Dementia-related adverse events in PARADIGM-HF and other trials in heart failure with reduced ejection fraction. Eur. J. Heart
Fail. 2017, 19, 129-137. [PubMed]

Faulkner, K.M.; Dickson, V.V,; Fletcher, J.; Katz, S.D.; Chang, PP,; Gottesman, R.F; Witt, L.S.; Shah, A.M.; Melkus, G.E.D. Factors
associated with cognitive impairment in heart failure with preserved ejection fraction. J. Cardiovasc. Nurs. 2022, 37, 17-30.
[CrossRef] [PubMed]

Potter, E.L.; Ramkumar, S.; Wright, L.; Marwick, T.H. Associations of subclinical heart failure and atrial fibrillation with mild
cognitive impairment: A cross-sectional study in a subclinical heart failure screening programme. BMJ Open 2021, 11, e045896.
[CrossRef] [PubMed]

Gathright, E.C.; Dolansky, M.A.; Gunstad, ].; Josephson, R.A.; Moore, S.M.; Hughes, ].W. Examination of attention, executive
function, and memory as predictors of mortality risk in adults with systolic heart failure. Eur. |. Cardiovasc. Nurs. 2019, 18,
729-735. [CrossRef] [PubMed]

Connors, E.J.; Hauson, A.O.; Barlet, B.D.; Sarkissians, S.; Stelmach, N.P.; Walker, A.D.; Nemanim, N.M.; Greenwood, K.L.; Chesher,
N.J.; Wollman, S.C; et al. Neuropsychological assessment and screening in heart failure: A meta-analysis and systematic review.
Neuropsychol. Rev. 2021, 31, 312-330. [CrossRef] [PubMed]

Goyal, P; Didomenico, R.J.; Pressler, S.J.; Ibeh, C.; White-Williams, C.; Allen, L.A.; Gorodeski, E.Z.; Albert, N.; Fudim, M.;
Lekavich, C.; et al. Cognitive impairment in heart failure: A Heart Failure Society of America scientific statement. J. Card. Fail.
2024, 30, 488-504. [CrossRef] [PubMed]

Ye, S.; Huynh, Q.; Potter, E.L. Cognitive dysfunction in heart failure: Pathophysiology and implications for patient management.
Curr. Heart Fail. Rep. 2022, 19, 303-315. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15155888


https://doi.org/10.1136/heartjnl-2021-320131
https://www.ncbi.nlm.nih.gov/pubmed/35042750
https://doi.org/10.4037/ccn2022417
https://www.ncbi.nlm.nih.gov/pubmed/35908767
https://doi.org/10.1016/j.cpcardiol.2022.101354
https://www.ncbi.nlm.nih.gov/pubmed/35970299
https://doi.org/10.1186/s13195-015-0106-5
https://www.ncbi.nlm.nih.gov/pubmed/25722749
https://doi.org/10.1016/j.cardfail.2018.12.006
https://www.ncbi.nlm.nih.gov/pubmed/30582968
https://www.ncbi.nlm.nih.gov/pubmed/27868321
https://doi.org/10.1097/jcn.0000000000000877
https://www.ncbi.nlm.nih.gov/pubmed/32649377
https://doi.org/10.1136/bmjopen-2020-045896
https://www.ncbi.nlm.nih.gov/pubmed/34226217
https://doi.org/10.1177/1474515119863182
https://www.ncbi.nlm.nih.gov/pubmed/31342781
https://doi.org/10.1007/s11065-020-09463-3
https://www.ncbi.nlm.nih.gov/pubmed/33428163
https://doi.org/10.1016/j.cardfail.2024.01.003
https://www.ncbi.nlm.nih.gov/pubmed/38485295
https://doi.org/10.1007/s11897-022-00564-z
https://www.ncbi.nlm.nih.gov/pubmed/35962923
https://doi.org/10.3390/jcm15155888

J. Clin. Med. 2026, 15, 5888 13 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.
36.
37.

Kim, J.; Shin, M.-S.; Hwang, S.Y.; Park, E.; Lim, Y.-H.; Shim, J.L.; Kim, S.H.; Kim, Y.H.; An, M. Memory loss and decreased
executive function are associated with limited functional capacity in patients with heart failure compared to patients with other
medical conditions. Heart Lung 2018, 47, 61-67. [CrossRef] [PubMed]

Pierobon, A.; Granata, N.; Torlaschi, V.; Vailati, C.; Radici, A.; Maestri, R.; Pavesi, C.; Sommaruga, M.; Gazzi, L.; Bertolotti, G.;
et al. Psychomotor speed as a predictor of functional status in older chronic heart failure patients attending cardiac rehabilitation.
PLoS ONE 2020, 15, €0235570. [CrossRef] [PubMed]

Gopfert, D.; Traub, J.; Sell, R.; Homola, G.A.; Vogt, M.; Pham, M.; Frantz, S.; Stork, S.; Stoll, G.; Frey, A. Profiles of cognitive
impairment in chronic heart failure: A cluster analytic approach. Front. Hum. Neurosci. 2023, 17, 1126553. [CrossRef] [PubMed]

Miller, L.A.; Spitznagel, M.B.; Alosco, M.L.; Cohen, R.A.; Raz, N.; Sweet, L.H.; Colbert, L.; Josephson, R.; Hughes, J.; Rosneck, J.;
et al. Cognitive profiles in heart failure: A cluster analytic approach. J. Clin. Exp. Neuropsychol. 2012, 34, 509-520. [CrossRef]
[PubMed]

Hawkins, M.A.; Schaefer, ].T.; Gunstad, J.; Dolansky, M.A; Redle, ].D.; Josephson, R.; Moore, S.M.; Hughes, ] W. What is your
patient’s cognitive profile? Three distinct subgroups of cognitive function in persons with heart failure. Appl. Nurs. Res. 2015, 28,
186-191. [CrossRef] [PubMed]

Kim, J.S.; Hwang, S.Y.; Shim, J.L.; Jeong, M.H. Cognitive function and self-care in patients with chronic heart failure. Korean Circ.
J. 2015, 45, 310-316. [CrossRef] [PubMed]

Kim, J.; Hwang, S.Y.; Kim, S.H.; Shim, J.L. Structural relationships between cognitive function, depressive symptoms, self-care
confidence, and maintenance in patients with heart failure. SAGE Open Nurs. 2023, 9, 23779608231196665. [CrossRef] [PubMed]
Son, Y.J.; Kim, S.H.; Song, E.K. The influences of cognitive function on adherence to self-care in elderly patients with heart failure.
Korean |. Health Promot. 2010, 10, 61-70.

Cannon, J.A.; Moffitt, P.; Perez-Moreno, A.C.; Walters, M.R.; Broomfield, N.M.; McMurray, J.J.V.; Quinn, T.J. Cognitive impairment
and heart failure: Systematic review and meta-analysis. ]. Card. Fail. 2017, 23, 464-475. [CrossRef] [PubMed]

Lwanga, S.K.; Lemeshow, S. Sample Size Determination in Health Studies: A Practical Manual; World Health Organization: Geneva,
Switzerland, 1991.

Yap, N.L.X,; Kor, Q.; Teo, Y.N.; Teo, Y.H.; Syn, N.L.; Evangelista, L.K.M.; Tan, B.Y.; Lin, W.; Yeo, L.L.; Kong, WK_; et al. Prevalence
and incidence of cognitive impairment and dementia in heart failure: A systematic review, meta-analysis and meta-regression.
Hell. ]. Cardiol. 2022, 67, 48-58. [CrossRef]

Ryu, H.J.; Yang, D.W. The Seoul Neuropsychological Screening Battery (SNSB) for comprehensive neuropsychological assessment.
Dement. Neurocogn. Disord. 2023, 22, 1-15. [CrossRef] [PubMed]

Sung, J.; On, YK,; Kim, H.S.; Chae, LH.; Sohn, D.W.; Oh, B.H.; Lee, M.M.; Park, Y.B.; Choi, Y.S.; Lee, Y. W. Development of Korean
Activity Scale/Index (KASI). Korean Circ. ]. 2000, 30, 1004-1009. [CrossRef]

Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.;
Evers, L.R.; et al. 2022 AHA /ACC/HFSA guideline for the management of heart failure: A report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J. Am. Coll. Cardiol. 2022, 79, e263-e421.
[CrossRef] [PubMed]

Beck, A.T; Epstein, N.; Brown, G.; Steer, R.A. An inventory for measuring clinical anxiety: Psychometric properties. J. Consult.
Clin. Psychol. 1988, 56, 893-897. [CrossRef] [PubMed]

Yook, S.P.; Kim, Z.S. A clinical study on the Korean version of Beck Anxiety Inventory: Comparative study of patient and
non-patient. Korean J. Clin. Psychol. 1997, 16, 185-197.

Beck, A.T.; Steer, R.A. BDI-II: Beck Depression Inventory Manual, 2nd ed.; Psychological Corporation: San Antonio, TX, USA, 1996.
Lim, S.Y.; Lee, E.J.; Jeong, SW.; Kim, H.C.; Jeong, C.H.; Jeon, T.Y.; Yi, M.S.; Kim, ].M.; Jo, H.J.; Kim, J.B. The validation study of
Beck Depression Scale 2 in Korean version. Anxiety Mood 2011, 7, 48-53.

Guilmette, T.J.; Sweet, ].J.; Hebben, N.; Koltai, D.; Mahone, E.M.; Spiegler, B.J.; Stucky, K.; Westerveld, M.; Participants, C.
American Academy of Clinical Neuropsychology consensus conference statement on uniform labeling of performance test scores.
Clin. Neuropsychol. 2020, 34, 437-453. [CrossRef] [PubMed]

Bondi, M.W.; Edmonds, E.C.; Jak, A.].; Clark, L.R.; Delano-Wood, L.; McDonald, C.R.; Nation, D.A.; Libon, D.].; Au, R.; Galasko,
D.; et al. Neuropsychological criteria for mild cognitive impairment improves diagnostic precision, biomarker associations, and
progression rates. J. Alzheimers Dis. 2014, 42, 275-289. [CrossRef] [PubMed]

Collins, L.M.; Lanza, S.T. Latent Class and Latent Transition Analysis: With Applications in the Social, Behavioral, and Health Sciences;
Wiley: Hoboken, NJ, USA, 2010.

McLachlan, G.J.; Peel, D. Finite Mixture Models; Wiley: New York, NY, USA, 2000.

Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics, 6th ed.; Pearson: Boston, MA, USA, 2013.

Nylund, K.L.; Asparouhov, T.; Muthén, B.O. Deciding on the number of classes in latent class analysis and growth mixture
modeling: A Monte Carlo simulation study. Struct. Equ. Model. 2007, 14, 535-569. [CrossRef]

https://doi.org/10.3390/jcm15155888


https://doi.org/10.1016/j.hrtlng.2017.09.005
https://www.ncbi.nlm.nih.gov/pubmed/29103662
https://doi.org/10.1371/journal.pone.0235570
https://www.ncbi.nlm.nih.gov/pubmed/32614895
https://doi.org/10.3389/fnhum.2023.1126553
https://www.ncbi.nlm.nih.gov/pubmed/37151899
https://doi.org/10.1080/13803395.2012.663344
https://www.ncbi.nlm.nih.gov/pubmed/22375800
https://doi.org/10.1016/j.apnr.2014.10.005
https://www.ncbi.nlm.nih.gov/pubmed/25510559
https://doi.org/10.4070/kcj.2015.45.4.310
https://www.ncbi.nlm.nih.gov/pubmed/26240585
https://doi.org/10.1177/23779608231196665
https://www.ncbi.nlm.nih.gov/pubmed/37691722
https://doi.org/10.1016/j.cardfail.2017.04.007
https://www.ncbi.nlm.nih.gov/pubmed/28433667
https://doi.org/10.1016/j.hjc.2022.07.005
https://doi.org/10.12779/dnd.2023.22.1.1
https://www.ncbi.nlm.nih.gov/pubmed/36814700
https://doi.org/10.4070/kcj.2000.30.8.1004
https://doi.org/10.1016/j.jacc.2021.12.012
https://www.ncbi.nlm.nih.gov/pubmed/35379503
https://doi.org/10.1037/0022-006x.56.6.893
https://www.ncbi.nlm.nih.gov/pubmed/3204199
https://doi.org/10.1080/13854046.2020.1722244
https://www.ncbi.nlm.nih.gov/pubmed/32037942
https://doi.org/10.3233/jad-140276
https://www.ncbi.nlm.nih.gov/pubmed/24844687
https://doi.org/10.1080/10705510701575396
https://doi.org/10.3390/jcm15155888

J. Clin. Med. 2026, 15, 5888 14 of 14

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Bandeen-Roche, K.; Miglioretti, D.L.; Zeger, S.L.; Rathouz, P.J. Latent variable regression for multiple discrete outcomes. J. Am.
Stat. Assoc. 1997, 92, 1375-1386. [CrossRef]

Rigueira, J.; Agostinho, ].R.; Aguiar-Ricardo, I.; Gongalves, I.; Santos, R.; Nunes-Ferreira, A.; Rodrigues, T.; Cunha, N.; André,
N.; Pires, R.; et al. Heart and brain interactions in heart failure: Cognition, depression, anxiety, and related outcomes. Rev. Port.
Cardiol. (Engl. Ed.) 2021, 40, 547-555. [CrossRef] [PubMed]

Kuipers, S.; Greving, ].P.; Brunner-La Rocca, H.P.; Gottesman, R.F.; van Oostenbrugge, R.J.; Williams, N.L.; Jan Biessels, G.; Jaap
Kappelle, L.; Heart-Brain Connection consortium. Risk evaluation of cognitive impairment in patients with heart failure: A call
for action. Int. . Cardiol. Heart Vasc. 2022, 43, 101133. [CrossRef] [PubMed]

Riegel, B.; Jaarsma, T.; Stromberg, A. A middle-range theory of self-care of chronic illness. Adv. Nurs. Sci. 2012, 35, 194-204.
[CrossRef]

Kim, H.Y;; Yun, E.K. Effects of a system thinking-based simulation program for congestive heart failure. Comput. Inform. Nurs.
2018, 36, 147-153. [CrossRef] [PubMed]

Vaughan Dickson, V,; Lee, C.S.; Riegel, B. How do cognitive function and knowledge affect heart failure self-care? J. Mix. Methods
Res. 2011, 5, 167-189. [CrossRef]

Oh, E.G;; Lee, J.Y;; Lee, HJ.; Oh, S. Effects of discharge education using teach-back methods in patients with heart failure: A
randomized controlled trial. Int. . Nurs. Stud. 2023, 140, 104453. [CrossRef] [PubMed]

Angermann, C.E.; Ertl, G. Depression, anxiety, and cognitive impairment: Comorbid mental health disorders in heart failure.
Curr. Heart Fail. Rep. 2018, 15, 398-410. [CrossRef] [PubMed]

Ski, C.E; Taylor, R.S.; McGuigan, K.; Long, L.; Lambert, ].D.; Richards, S.H.; Thompson, D.R. Psychological interventions for
depression and anxiety in patients with coronary heart disease, heart failure or atrial fibrillation. Cochrane Database Syst. Rev.
2024, 4, CD013508. [CrossRef] [PubMed]

Kamar, S.A.; Oostdijk, B.; Andrzejczyk, K.; Constantinescu, A.; Caliskan, K.; Akkerhuis, K.; Umans, V.; Brugts, J.; Boersma, E.; van
Dalen, B.; et al. Temporal evolution of anxiety and depression in chronic heart failure and its association with clinical outcome.
Int. J. Cardiol. 2024, 411, 132274. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /jcm15155888


https://doi.org/10.1080/01621459.1997.10473658
https://doi.org/10.1016/j.repce.2020.09.008
https://www.ncbi.nlm.nih.gov/pubmed/34392896
https://doi.org/10.1016/j.ijcha.2022.101133
https://www.ncbi.nlm.nih.gov/pubmed/36246772
https://doi.org/10.1097/ans.0b013e318261b1ba
https://doi.org/10.1097/cin.0000000000000401
https://www.ncbi.nlm.nih.gov/pubmed/29120912
https://doi.org/10.1177/1558689811402355
https://doi.org/10.1016/j.ijnurstu.2023.104453
https://www.ncbi.nlm.nih.gov/pubmed/36827745
https://doi.org/10.1007/s11897-018-0414-8
https://www.ncbi.nlm.nih.gov/pubmed/30402659
https://doi.org/10.1002/14651858.cd013508.pub3
https://www.ncbi.nlm.nih.gov/pubmed/38577875
https://doi.org/10.1016/j.ijcard.2024.132274
https://www.ncbi.nlm.nih.gov/pubmed/38880425
https://doi.org/10.3390/jcm15155888

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Setting and Participants 
	Sample Size Considerations 

	Measures 
	Cognitive Function 
	Sociodemographic and Clinical Characteristics 
	Anxiety and Depressive Symptoms 

	Data Collection 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Sociodemographic and Clinical Characteristics of Participants 
	Prevalence and Patterns of Cognitive Impairment 
	Model Selection for LPA 
	Domain Composite Profiles by Latent Class 
	Associations of Participant Characteristics with Latent Cognitive Profile Membership 

	Discussion 
	Conclusions 
	References

