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ABSTRACT　
 
BACKGROUND　 Cognitive impairment (CI) is common in patients with heart failure (HF), but the association between CI and
biomarkers related to HF or cognitive decline in patients with HF remains unclear.
 
METHODS　This prospective observational study investigated the incidence of CI, subsequent cognitive changes, and the asso-
ciation between CI and novel biomarkers in patients with left ventricular ejection fraction < 40% who were hospitalized for acute
decompensated HF. Patients were evaluated for CI, depressive symptoms, and quality of life with the Mini-Mental State Examin-
ation (MMSE) and the Mini-Cog, Beck Depression Inventory (BDI)-II, and Kansas City Cardiomyopathy Questionnaire (KCCQ),
respectively. The primary endpoint was a composite of all-cause mortality or hospitalization for HF at one year.
 
RESULTS　  Among the 145 patients enrolled in this study, 54 had CI (37.2%) at baseline. The mean MMSE increased signific-
antly at the 3-month and 1-year follow-up, accompanied by decreased BDI-II and increased KCCQ scores. The improvement in
the MMSE scores mainly occurred in patients with CI. Among the biomarkers assayed, only growth/differentiation factor (GDF)-
15 > 1 621.1 pg/mL was significantly associated with CI (area under the curve = 0.64; P = 0.003). An increase in GDF-15 per 1 000
units was associated with an increased risk of the primary endpoint (hazard ratio = 1.42; 95% confidence interval: 1.17–1.73; P <
0.001).
 
CONCLUSIONS　 In patients with HF with CI, cognitive function, depression, and quality of life measures improved at the 3-
month and 1-year follow-up. GDF-15 predicted CI with moderate discrimination capacity and was associated with worse HF out-
comes.

  

W ith increased longevity and improved
survival from coronary artery disease,
the prevalence and health care bur-

den of heart failure (HF) have been growing consid-
erably over time. Cognitive impairment (CI) is a
common geriatric condition in patients with HF,
with an incidence of 25%–85%.[1,2] In a cross-sectional
survey of subjects aged 65 years or older, HF con-
ferred an approximately 2-fold increased risk of
CI.[3] CI in patients with HF may impair their somatic
awareness, self-management, and adherence to
guideline-recommended therapies, leading to in-

creased risks of mortality and hospitalization.[4]

Compared with ambulatory patients with HF, pa-
tients who are hospitalized for acute decompensated
HF (ADHF) may be more frequently underrecog-
nized for the coexisting CI[5] due to the worsening
symptoms and concomitant acute illnesses that may
demand more medical attention than CI. Given its
adverse impact on medication compliance and long-
term outcomes, CI should be incorporated into the
multidisciplinary care of these patients.

The pathophysiologic link between HF and CI re-
mains unclear. The concept of heart–brain connec-
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tion proposes that cardiovascular risk factors, such
as diabetes, hypertension, dyslipidemia, atrial fibril-
lation, and smoking, can lead to the development of
cerebrovascular disease and its sequelae, including
CI and dementia.[6,7] Patients with HF often have at
least one of these risk factors and thus tend to de-
velop concomitant CI. HF per se may also lead to
cognitive decline through systemic and cerebral hy-
poperfusion.[8] In addition, raised inflammatory me-
diators in HF, such as interleukin-1, interleukin-6,
and tumor necrosis factor-α, impair cognitive pro-
cesses by modulating neurogenesis, synaptic plasti-
city, and neurotransmitter cascades involved in
learning and memory.[9] The associations between
clinical parameters and cognitive function in pa-
tients with HF have been extensively analyzed. Re-
duced left ventricular ejection fraction (LVEF) or
cardiac output,[10] advanced New York Heart Asso-
ciation (NYHA) functional class,[11] and elevated B-
type natriuretic peptide (BNP) levels[12] reflect an in-
creased severity of CI. However, novel HF biomark-
ers, such as growth/differentiation factor-15 (GDF-
15), galectin-3, and clusterin, or biomarkers that are
mechanistically linked to CI or dementia, such as
tau [13] and amyloid-beta 1–40 (Aβ40) and 1–42
(Aβ42),[14] have rarely been evaluated for their asso-
ciation with CI in the HF population.

This prospective observational study investig-
ated the incidence of CI in patients who were ad-
mitted for ADHF and observed their cognitive
changes over the treatment course of HF. Given the
interconnected pathophysiology between HF and
CI, we hypothesized that incorporating biomarkers
related to HF or cognitive dysfunction may im-
prove the risk stratification of CI and clinical out-
comes beyond the traditional risk predicting mod-
els for patients with HF. 

METHODS
 

Study Design and Patient Enrollment

This prospective, observational cohort study was
conducted at the Heart Failure Center, Linkou Chang
Gung Memorial Hospital, Taiwan. Patients who
were admitted for ADHF with LVEF < 40% and sur-
vived to hospital discharge were consecutively en-
rolled from December 2016 to August 2019. The ma-

jority of patients were recruited from the emer-
gency department, and some through referrals from
the outpatient clinics or other departments of our
hospital. The patients were screened by reviewing
electronic medical records for admission diagnoses
within 48 h of hospitalization. The patients were in-
terviewed and enrolled before discharge once they
had been stabilized after initial management. The
exclusion criteria were the following: (1) being < 20
years of age, (2) having clinically overt dementia,
delirium, major depression, or other psychiatric dis-
eases, (3) having terminal cancer or life expectancy
< 1 year, and (4) unwilling to provide informed con-
sent. The patients either started in-hospital rehabil-
itation or were instructed to perform stepwise phys-
ical exercise after discharge, based on the assess-
ment of their functional capacity by a cardiac rehab-
ilitation specialist. All patients underwent routine
laboratory tests, echocardiography, and biomarker
assays and were assessed for cognitive function, de-
pressive symptoms, and health-related quality of life
during the index hospitalization and at three months
and one year after discharge. For those who were
readmitted for HF in the study period, additional
examinations were conducted during each rehospit-
alization.

All participants provided written informed con-
sent. The study protocol complied with the ethical
standards outlined in the 2013 version of the Hel-
sinki Declaration and was approved by the Institu-
tional Review Board of Chang Gung Memorial Hos-
pital (No. 201600737B0). 

Assessment of Cognitive Function, Depressive
Symptoms, and HF-Related Quality of Life

Cognitive function was evaluated using the Mini-
Mental State Examination (MMSE; PAR, Florida,
USA) and the Mini-Cog test. The MMSE consists of
11 questions that test orientation to time and place,
short-term memory, attention and calculation, and
visual spatial construction using a 30-point scale. The
Mini-Cog test is a 3-min instrument used to screen
cognitive dysfunction consisting of a three-item re-
call test for memory and a simply scored clock-
drawing test. CI was defined as MMSE score ≤ 26[15]

or Mini-Cog score ≤ 2[16] at enrollment during hos-
pitalization (baseline). Follow-up assessments were
performed at 3 months and 1 year after discharge to
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observe cognitive changes. For those considered to
have CI, a neurologist was consulted to confirm the
diagnosis and perform a thorough neurologic ex-
amination. Although major depression was an ex-
clusion criterion in this study, considering the coex-
istence of depressive symptoms in patients with HF
or CI, we evaluated depressive symptoms with the
Beck Depression Inventory-II (BDI-II), which is a 21-
item, self-report measure of depressive symptoms,
with a total score of 0–63.[17] A higher total BDI-II
score indicates more severe depressive symptoms.
The Kansas City Cardiomyopathy Questionnaire
(KCCQ) was used to quantify the patients’ symp-
toms, physical and social function, and quality of
life,[18] with higher KCCQ scores indicating less
severe HF symptoms or functional limitations and a
better quality of life. The BDI-II and KCCQ were
administered simultaneously with cognitive assess-
ment. 

Biomarker Assays

Fasting blood samples were drawn from the
antecubital vein of the participants on the early
morning of cognitive assessment during hospitaliz-
ation and were then centrifuged at 1  500 g for 10
min and stored at −80°C until thawed for biomark-
er analysis. BNP (Triage BNP Test; Biosite Dia-
gnostics, San Diego, CA, USA) was analyzed along
with other routine laboratory tests, including com-
plete blood cell counts, liver and kidney function,
fasting glucose, HbA1C, and electrolytes. Other car-
diac biomarkers analyzed were GDF-15, galectin-3,
and clusterin (Human Quantikine ELISA Kit, R&D
Systems, Minneapolis, MN, USA). The detection
range was 93.6–7 500 pg/mL for GDF-15, 1.252–40
ng/mL for galectin-3, and 6.26–400 μg/mL for clus-
terin. These biomarkers were selected on the basis
of their biological association with both HF and
CI.[19–23] We also analyzed circulating levels of total
tau (t-tau) and amyloid-beta 1–40 (Aβ40) and 1–42
(Aβ42) peptides (Human ELISA Kit, Invitrogen,
Carlsbad, CA, USA), given their pathophysiologic
roles in Alzheimer’s disease and their association
with cardiovascular risk factors and outcomes.[24]

The detection range was 62–4 000 pg/mL for tau,
9.8–500 pg/mL for Aβ40, and 15.6–1 000 pg/mL for
Aβ42. 

Covariates

Demographic characteristics included age, sex,
years of education, and economic status. Clinical co-
variates included prior history and etiology of HF,
NYHA functional class, hemodynamic data, comor-
bidities, smoking, alcohol, LVEF, and medication
use. NYHA functional class was determined by the
primary care physicians based on the patient’s
symptoms on the day of enrollment during index
hospitalization and at the 3-month and 1-year fol-
low-up. 

Follow-up and Clinical Outcomes

All patients were followed up monthly in the first
three months after discharge and then every 3 months
up to 1 year, with additional visits, as required, in
case of clinical exacerbation. The primary endpoint,
a composite of all-cause mortality or hospitaliza-
tion for HF at 1 year, was compared between patients
with and without CI. Clinical events were ascer-
tained at follow-up visits and through medical record
review. 

Statistical Analysis

The patients’ clinicodemographic characteristics
between the CI and non-CI groups were compared
using an independent samples t test for continuous
variables and Fisher’s exact test for categorical vari-
ables. The data of BNP between groups were com-
pared using the Mann–Whitney U test because of its
nonnormal distribution. The changes in the MMSE,
Mini-Cog, BDI-II, and KCCQ scores from baseline
to 3-month and 1-year follow-up were analyzed us-
ing the generalized estimating equation (GEE),
where time was the only explanatory factor. The
changes in the scores between groups (CI vs. non-
CI) were compared using GEE, which included the
main effects of group, time (treated as a categorical
variable), and the interaction effect of group by time.
The changes between groups were considered dif-
ferent if the interaction effect was significant. In the
GEE model, the working correlation matrix was ex-
changeable, the link function was identity, and the
distribution was normal. The receiver-operating
characteristic (ROC) analysis was used to evaluate
the capacity of the biomarkers to discriminate CI at
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index hospitalization. The optimal cutoff was de-
termined using the Youden index. The linear trend
for temporal changes of MMSE was tested using
GEE stratified by the optimal cutoff of biomarkers
(i.e., GDF-15). The relationship between GDF-15
levels and MMSE scores was examined using Spear-
man’s rank correlation. The Cox proportional haz-
ards model was used to analyze the association
between the biomarkers and the primary outcome
of all-cause mortality or hospitalization for HF. In
an alternative Cox model, the patients were strati-
fied into four groups according to the GDF-15 cutoff
and the presence of CI. To avoid overfitting, we in-
corporated only age, LVEF, and NYHA functional
class (IV vs. II–III) in the multivariable Cox model.
A two-sided P < 0.05 was considered statistically
significant. All statistical analyses were performed
using SPSS version 25 (IBM SPSS, Chicago, IL,
USA). 

RESULTS
 

Patient Characteristics

We enrolled 145 patients (Table 1). The mean age
of the study cohort was 61.8 ± 13.4 years, and 80.6%
of them were men. The average years of education
were 9.6 years (SD = 4.2 years). Furthermore, 64.7%
of the patients had new-onset HF, with ischemic
heart disease being the major etiology (46.8%). Most
patients presented as NYHA functional class III
(49.6%) or IV (44.6%), with mean LVEF of 29.9% ±
11.2% and median BNP of 1102 pg/mL (interquart-
ile range 506–1970 pg/mL). Fifty-four (37.2%) pa-
tients had CI at enrollment. Compared with patients
without CI, those with CI were older, had lower
education levels, had a higher prevalence of prior HF
and concomitant CKD, had a lower level of hemo-
globin, and received beta blockers more frequently
for HF treatment. No significant between-group dif-
ference was observed in other covariates. 

 

Table 1    Baseline characteristics of study patients according to their status of cognitive impairment.

Total (n = 145)
Cognitive impairment (CI)

P value
CI (n = 54) Non-CI (n = 91)

Age, yrs 61.8 ± 13.4 68.9 ± 11.5 57.2 ± 12.7 < 0.001

Male sex 112 (80.6) 41 (75.9) 71 (83.5) 0.280

Education level, yrs 9.6 ± 4.2 7.0 ± 4.1 11.3 ± 3.3 < 0.001

Prior hospitalization for heart failure 49 (35.3%) 25 (46.3%) 24 (28.2%) 0.045

Etiology of heart failure 0.816

　Ischemia heart disease 65 (46.8%) 25 (46.3%) 40 (47.1%)

　Dilated cardiomyopathy 41 (29.5%) 16 (29.6%) 25 (29.4%)

　Hypertensive cardiovascular disease 19 (13.7%) 8 (14.8%) 11 (12.9%)

　Valvular heart disease 8 (5.7%) 2 (3.8%) 6 (7.1%)

　Others* 6 (4.3%) 3 (5.6%) 3 (3.6%)

NYHA functional class 0.449

　II 8 (5.8%) 3 (5.6%) 5 (5.9%)

　III 69 (49.6%) 23 (42.6%) 46 (54.1%)

　IV 62 (44.6%) 28 (51.9%) 34 (40.0%)

Smoking 0.210

　Never 65 (46.8%) 30 (55.6%) 35 (41.2%)

　Former 18 (12.9%) 7 (13.0%) 11 (12.9%)

　Current 56 (40.3%) 17 (31.5%) 39 (45.9%)

Alcohol 0.246

　Never 104 (74.8%) 43 (79.6%) 61 (71.8%)

　Former 13 (9.4%) 6 (11.1%) 7 (8.2%)

　Current 22 (15.8%) 5 (9.3%) 17 (20.0%)
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Continued

Total (n = 145)
Cognitive impairment (CI)

P value
CI (n = 54) Non-CI (n = 91)

Vital signs

　Systolic blood pressure, mmHg 137.6 ± 34.8 136.7 ± 32.0 138.2 ± 36.6 0.802

　Diastolic blood pressure, mmHg 86.3 ± 22.0 83.1 ± 20.7 88.3 ± 22.7 0.169

　Heart rate, beats/min 97.0 ± 26.8 96.5 ± 28.4 97.3 ± 25.9 0.871

Left ventricular ejection fraction, % 29.9 ± 11.2 30.5 ± 10.9 29.5 ± 11.4 0.611

BNP, pg/mL 1102 (506–1970) 1291 (536–3086) 996 (506–1683) 0.148

Estimated glomerular filtration rate, mL/min per 1.732 59.5 ± 26.0 51.6 ± 24.2 64.6 ± 26.0 0.004

Hemoglobin, g/dL 13.7 ± 2.1 13.0 ± 1.6 14.2 ± 2.2 0.001

HbA1C, % 6.8 ± 1.5 6.6 ± 1.3 6.9 ± 1.6 0.323

Comorbidities

　Coronary atrial disease 68 (48.9%) 27 (50.0%) 41 (48.2%) 0.863

　Diabetes mellitus 67 (48.2%) 24 (44.4%) 43 (50.6%) 0.492

　Hypertension 90 (64.7%) 36 (66.7%) 54 (63.5%) 0.720

　Dyslipidemia 103 (74.1%) 42 (77.8%) 61 (71.8%) 0.552

　Chronic obstructive pulmonary disease 11 (7.9%) 4 (7.4%) 7 (8.2%) 1.000

　Chronic kidney disease 40 (28.8%) 22 (40.7%) 18 (21.2%) 0.020

　Atrial fibrillation 7 (5.0%) 1 (1.9%) 6 (7.1%) 0.247

　Stroke 11 (7.9%) 7 (13.0%) 4 (4.7%) 0.108

　Peripheral vascular disease 2 (1.4%) 0 (0.0%) 2 (2.4%) 0.521

Medications

　ACEi/ARB 41 (30.1%) 17 (32.7%) 24 (28.6%) 0.701

　Beta blockers 28 (20.6%) 16 (30.8%) 12 (14.3%) 0.029

　Aldosterone antagonists 57 (41.9%) 21 (40.4%) 36 (42.9%) 0.859

　Diuretics 19 (14.0%) 5 (9.6%) 14 (16.7%) 0.314

　Antiplatelet therapy 74 (54.4%) 32 (61.5%) 42 (50.0%) 0.217

　Oral anticoagulants 100 (73.5%) 37 (71.2%) 63 (75.0%) 0.691

Cognitive assessment

　MMSE 26.1 ± 3.7 22.4 ± 3.3 28.5 ± 1.1 < 0.001

　Mini-Cog 3.9 ± 1.1 3.1 ± 1.2 4.5 ± 0.7 < 0.001
Beck Depression Inventory 7.7 ± 5.0 7.5 ± 5.0 7.8 ± 5.0 0.753

Kansas City Cardiomyopathy Questionnaire 49.4 ± 16.0 48.2 ± 15.6 50.1 ± 16.4 0.506

Biomarkers

　t-Tau, pg/mL 195.6 ± 179.7 181.2 ± 158.8 204.9 ± 192.4 0.451

　Aβ40, pg/mL 62.3 ± 52.1 71.9 ± 67.1 56.0 ± 38.7 0.082

　Aβ42, pg/mL 16.3 ± 14.1 15.6 ± 6.1 16.7 ± 17.5 0.639

　Aβ42/Aβ40 0.39 ± 0.32 0.36 ± 0.25 0.41 ± 0.36 0.322

　Growth/differentiation factor-15, pg/mL 2655 ± 1704 3129 ± 1688 2346 ± 1651 0.008

　Clusterin, μg/mL 162.9 ± 39.7 158.9 ± 40.9 165.5 ± 38.9 0.347

　Galectin-3, ng/ml 13.4 ± 6.8 14.8 ± 8.4 12.5 ± 5.3 0.0498

Data were presented as n (%), median (25th–75th percentile) or mean ± SD. *Two patients with tachycardia related cardiomyopathy, 3
patients  with  myocarditis  and 1  patient  unknown.  Aβ40:  amyloid-beta  1-40  peptide;  Aβ42:  amyloid-beta  1-42  peptide;  ACEi:
angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; BNP: B-type natriuretic peptide; HbA1c: glycated
hemoglobin; MMSE: Mini-Mental Status Examination; NYHA: New York Heart Association.
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Cognitive Assessments and Changes in Cogni-
tion Over Time

At baseline, the CI group had significantly lower
MMSE (22.4 vs. 28.5; P < 0.001) and Mini-Cog scores
(3.1 vs. 4.5; P < 0.001) compared with the non-CI
group (Table 1). In the whole cohort, the mean MMSE
scores at 3-month and at 1-year follow-up were
both significantly higher than that at baseline. Not-
ably, the improvement in the MMSE scores was
mainly driven by the CI group (Figure 1A). However,
the Mini-Cog scores did not significantly change
over time in the overall study cohort or in the two
subgroups (Figure 1B). 

Depressive Symptoms and HF-specific Quality
of Life

Both CI and non-CI groups had only minimal de-
pressive symptoms at baseline, as measured using
the BDI-II (7.5 and 7.8; P = 0.753). The BDI-II score
significantly decreased at 3 months and 1 year for
the whole cohort (both P < 0.001), and this improve-
ment was similar between the CI and non-CI groups
(Figure 1C). The KCCQ scores were also compar-
able between the two groups during hospitaliza-

tion (48.2 vs. 50.1; P = 0.506). The KCCQ scores in-
creased substantially at three months and 1 year for
the whole cohort (both P < 0.001), but the improvement
was not different between the two groups (Figure 1D). 

Correlation between Biomarkers and CI at En-
rollment

The patients with CI had significantly higher
levels of GDF-15 (3 129 vs. 2 346 pg/mL; P = 0.008)
and galectin-3 (14.8 vs. 12.5 ng/mL; P = 0.049  8)
than those without CI (Table 1). No significant dif-
ference was observed between the two groups in
BNP, clusterin, t-tau, or Aβ42 levels or the Aβ42/
Aβ40 ratio, although there was a trend toward high-
er Aβ40 in patients with CI (71.9 vs. 56.0 pg/mL;
P = 0.082). Table 2 presents the results of the ROC
analysis for the performance of biomarkers to dis-
criminate CI at enrollment. The results revealed that
only GDF-15 levels could discriminate CI with a
modest performance (area under the curve = 63.9%,
95% confidence interval: 54.8%–73%). The optimal
cutoff was 1  621.1 pg/mL, with a sensitivity of
85.2% (95% confidence interval: 72.9%–93.4%) and a
specificity of 40.5% (95% confidence interval:
30.2%–51.4%). When the GDF-15 levels were strati-

 

Figure 1    Temporal changes in cognitive function assessed by the MMSE (A) and the Mini-Cog (B) and in the depressive symp-
toms assessed by the BDI-II (C) and heart failure-specific quality of life by the KCCQ (D). ‘*’: Significant difference versus baseline
for the whole cohort; ‘#’: significant difference of the change values from baseline to follow up between the CI and non-CI groups. BDI-II:
Beck Depression Inventory-II; CI: cognitive impairment; MMSE: Mini-Mental State Examination; KCCQ: Kansas City Cardiomyopathy
Questionnaire.
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fied by the cutoff, the patients with higher GDF-15
levels had a significant increase in MMSE scores,
whereas those with lower GDF-15 levels did not
(Figure 2). Scatter plots indicated a negative correla-
tion between GDF-15 levels and baseline MMSE
scores (Spearman’s rank correlation [ρ] = −0.32, P <
0.001; Figure 3A) and a positive correlation between
GDF-15 levels and extent of improvement in MMSE
scores at 3 months (ρ = 0.24, P = 0.009; Figure 3B)
and at 1 year (ρ = 0.20; P = 0.048; Figure 3C).
 

Association between Biomarkers, CI, and HF
Outcomes

The primary endpoint occurred in 30 patients
(20.7%) at 1 year, including 9 deaths (6.2%) and 26
hospitalizations for HF (17.9%; Table 3). After ad-
justment for age, LVEF, and NYHA class (IV vs.
II–III), a greater level of GDF-15 was significantly
associated with an increased risk of the primary en-
dpoint (hazard ratio [HR] = 1.44; 95% CI 1.19–1.75),
whereas a higher level of clusterin was associated
with a reduced risk of the primary endpoint (HR
0.30; 95% confidence interval: 0.11–0.80). We fur-
ther stratified the study patients into four groups
according to the GDF-15 cutoff of 1621.1 pg/mL
and the presence of CI (Supplement Table). In the
univariate analysis, the patients with CI with or
without elevated GDF-15 levels had a higher risk of
the primary endpoint than patients without CI
(GDF-15 > 1621.1 pg/mL: HR = 3.7; 95% confidence
interval: 1.04–13.10; GDF-15 < 1621.1 pg/mL: HR
5.79, 95% confidence interval: 1.17–28.73). Among
the patients without CI, those with elevated GDF-15
levels had a nonsignificantly higher risk of primary

 

Table 2    Receiver-operating curve analysis of biomarkers for the discrimination of cognitive impairment.

Variable AUC (95% CI) P value Cutoff Sensitivity, 95% CI Specificity, 95% CI
t-Tau, pg/mL 56.3 (46.6–66.0) 0.205 NA NA NA

Aβ40, pg/mL 56.3 (46.4–66.2) 0.214 NA NA NA

Aβ42, pg/mL 54.0 (44.3–63.8) 0.419 NA NA NA

Aβ42/Aβ40 53.2 (43.3–63.1) 0.525 NA NA NA

Growth/differentiation factor-15, pg/mL 63.9 (54.8–73.0) 0.003 > 1621.1 85.2% (72.9%–93.4%) 40.5% (30.2%–51.4%)

Clusterin, μg/mL 52.3 (42.4–62.2) 0.647 NA NA NA

Galectin-3, ng/ml 55.1 (45.0–65.1) 0.326 NA NA NA

BNP, pg/mL 56.4 (45.6–67.2) 0.249 NA NA NA

Left ventricular ejection fraction, % 54.0 (44.1–63.9) 0.429 NA NA NA

Aβ40: amyloid-beta 1-40 peptide; Aβ42: amyloid-beta 1-42 peptide; AUC: area under the curve; BNP: B-type natriuretic peptide; CI:
confidence interval; NA: not applicable.

 

Figure 2    Temporal changes in cognitive function assessed by
the MMSE stratified by the optimal cutoff of GDF-15. GDF-15:
growth/differentiation factor-15;  MMSE:  Mini-Mental  State  Ex-
amination.

 

Figure 3    The relationship between levels of GDF-15 and the baseline MMSE (A), the changes in MMSE at 3 months (B), and the
changes in MMSE at 1 year (C). GDF-15: growth/differentiation factor-15; MMSE: Mini-Mental State Examination.
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endpoint than those with low GDF-15 levels (HR
2.93; 95% confidence interval: 0.83–10.37; P = 0.096).
However, the potential effect of CI and GDF-15 on
the outcomes was attenuated in the multivariate
analysis (Supplemental Table). 

DISCUSSION

This prospective observational cohort study eval-
uated the incidence of CI, changes in the cognitive
function at follow-up, and association between bio-
markers and CI in patients who were admitted for
ADHF and had LVEF < 40%. The major findings are
as follows: (1) the incidence of CI was 37.2% in our
cohort; (2) the patients with CI had gradual im-
provement in cognitive function, as measured us-
ing the MMSE, but did not reach the level of those

without CI, in whom there was no significant cog-
nitive change over time; (3) the improvement in de-
pressive symptoms and HF-specific quality of life
was comparable between the patients with and
without CI; (4) among the biomarkers related to HF
or cognitive dysfunction, only GDF-15 predicted the
presence of CI with moderate discrimination capa-
city and was associated with worse HF outcomes. 

Incidence of CI and Temporal Changes in Cog-
nitive Function

The rate of CI in this study was within the wide
range of 25%–80%, as indicated by previous studies
on HF populations.[1,2] The main reasons for this
wide variation include the differences in study
designs, patient enrollment criteria, and cognition

 

Table 3    Association of biomarkers and clinical outcomes at one year.

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P #HR (95% CI) P
All-cause mortality (no. of event = 9)

　t-Tau, per 100 pg/mL 0.78 (0.45–1.34) 0.366 0.79 (0.45–1.40) 0.420

　Aβ40, per 100 pg/mL 1.50 (0.68–3.33) 0.314 1.36 (0.55–3.31) 0.505

　Aβ42, pg/mL 1.00 (0.96–1.04) 0.903 1.00 (0.96–1.04) 0.959

　Aβ42/Aβ40 0.40 (0.02–7.06) 0.532 0.51 (0.04–6.52) 0.606

　GDF-15, per 1000 pg/mL 1.61 (1.18–2.21) 0.003 1.55 (1.10–2.19) 0.013

　Clusterin, per 100 μg/mL 0.16 (0.03–0.95) 0.044 0.19 (0.03–1.22) 0.080

　Galectin-3, ng/ml 1.01 (0.92–1.11) 0.878 0.97 (0.87–1.09) 0.606

Heart failure hospitalization (no. of event = 26)

　t-Tau, per 100 pg/mL 1.10 (0.91–1.32) 0.320 1.12 (0.93–1.35) 0.242

　Aβ40, per 100 pg/mL 1.78 (1.12–2.81) 0.014 1.58 (0.94–2.66) 0.086

　Aβ42, pg/mL 0.98 (0.91–1.05) 0.555 0.98 (0.92–1.04) 0.524

　Aβ42/ Aβ40 0.39 (0.07–2.13) 0.279 0.56 (0.13–2.41) 0.433

　GDF-15, per 1000 pg/mL 1.36 (1.12–1.65) 0.002 1.32 (1.07–1.63) 0.011

　Clusterin, per 100 μg/mL 0.36 (0.13–1.01) 0.052 0.35 (0.12–0.99) 0.047

　Galectin-3, ng/ml 1.04 (0.99–1.09) 0.105 1.03 (0.98–1.08) 0.302

All-cause mortality or heart failure hospitalization (no. of event = 30)

　t-Tau, per 100 pg/mL 1.09 (0.91–1.30) 0.354 1.11 (0.92–1.32) 0.272

　Aβ40, per 100 pg/mL 1.75 (1.13–2.71) 0.012 1.54 (0.93–2.53) 0.091

　Aβ42, pg/mL 0.99 (0.93–1.04) 0.612 0.99 (0.94–1.03) 0.552

　Aβ42/Aβ40 0.37 (0.08–1.80) 0.217 0.53 (0.13–2.11) 0.368

　GDF-15, per 1000 pg/mL 1.48 (1.23–1.77) <0.001 1.44 (1.19–1.75) <0.001

　Clusterin, per 100 μg/mL 0.31 (0.12–0.82) 0.018 0.30 (0.11–0.80) 0.016

　Galectin-3, ng/ml 1.04 (0.998–1.08) 0.059 1.03 (0.98–1.08) 0.230

#Adjusted for age, left ventricular ejection fraction, and New York Heart Association functional class (IV vs. II–III). Aβ40: amyloid-beta
1-40 peptide; Aβ42: amyloid-beta 1-42 peptide; CI: confidence interval; GDF-15: growth/differentiation factor-15; HR: hazard ratio.
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assessments and cutoffs used to define CI. Our
study excluded overt symptoms of dementia, deliri-
um, or major depression, and hence, may have un-
derestimated the rate of CI, given the frequent coex-
istence of these conditions. The direction of cognit-
ive change varies according to the type of interven-
tion treatment applied, duration of follow-up, and
comparator groups.[1] Cognition in hospitalized pa-
tients with HF tends to improve compared with
their own baseline assessments, particularly when
the length of follow-up is less than 1 year, with
some reports showing improvement to levels simil-
ar to those with stable HF.[25] By contrast, studies
with longer follow-ups more frequently report cog-
nitive decline.[26] The overall improvement in cog-
nitive function in this study was derived mainly
from the increased MMSE in the patients with CI.
However, we could not determine if the cognition
of patients with CI had recovered to their real base-
line levels before HF worsened. It is conceivable
that the gap in the cognitive function between the
CI and the patients without CI may have existed
even before enrollment, because the patients with
CI were older, less educated, and more frequently
had a prior history of HF, all of which have been
shown to increase the risk of CI in this popula-
tion.[1,2] However, although the patients without CI
had relatively stable cognitive performance at one
year, they are still at risk for future decline. Prior
longitudinal studies have demonstrated that a high
baseline MMSE is independently associated with
cognitive decline in patients with HF with reduced
LVEF.[4] Therefore, longer follow-up is mandated to
determine the longitudinal trajectories of cognitive
function in these patients. 

Association between Cognitive Function, Depr-
essive Symptoms, and HF-specific Quality of Life

The improvement in the MMSE score, particu-
larly in the CI group, was accompanied by an im-
provement in the BDI-II and the KCCQ scores. This
observation indicates a dynamic and interconnec-
ted relationship between CI and depressive and HF
symptoms in these patients. The mechanistic correl-
ation between these conditions, although not well
understood, may be inferred from their common
pathophysiological characteristics, such as neuro-
hormonal activation, inflammatory mediators, vas-
cular damage, and psychosocial and behavioral
factors.[9,27] The recovery from HF symptoms and

improvement in quality of life, as indicated by the
substantially increased KCCQ score, may partly ex-
plain a further reduction in the BDI-II score despite
the relatively low BDI-II at baseline. Studies on
physical exercise or rehabilitation programs have
shown beneficial effects on cognitive and depress-
ive symptoms.[28] Although we did not specifically
assess physical function in this study, all patients
were instructed to engage in stepwise physical exer-
cise based on their functional capacity, which might
have contributed to improvement in the measures
of cognition and depressive symptoms in the recov-
ery phase. 

Association between Biomarkers, CI, and HF
Outcomes

Several studies have consistently demonstrated a
relationship between elevated natriuretic peptides
and the risk of CI or dementia in patients with
HF.[29,30] However, the level of BNP was insignific-
antly higher in the CI group than in the non-CI group
in our study. The small number of patients may ac-
count for the lack of statistical significance. In addi-
tion, blood samples were obtained on the same day
of cognition assessment after initial HF manage-
ment. The difference in the levels of BNP and other
biomarkers between the two groups may have been
attenuated by then.

Given the shared risk factors in cardiovascular
disease, cerebrovascular disease, and dementia, vas-
cular markers, such as GDF-15, clusterin, and ga-
lectin-3, have recently gained research interest as
potential markers for cognitive decline.[19–23] In this
study, only GDF-15 had a moderate discriminative
capability for predicting CI. Furthermore, a higher
GDF-15 was associated with a lower baseline MMSE
but a greater improvement in cognitive function at
follow-up. GDF-15, a stress responsive cytokine that
belongs to the transforming growth factor-β family,
has recently been shown to be associated with cog-
nitive decline or dementia in the elderly[31] and in
the Framingham Offspring cohort, [19] possibly
through the mechanisms of inflammation and vas-
cular brain injury.[19,23,31] We also observed an associ-
ation between GDF-15 and HF outcomes, consist-
ent with its prognostic utility in prior studies. Our
findings, although they should be validated in lar-
ger studies, may help expand the implication of
GDF-15 as a potential marker of CI in patients with
HF.
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Both CI and elevated GDF-15 have been docu-
mented to adversely affect long-term outcomes.
However, the prognostic impact of GDF-15 in this
study was attenuated when the patients were fur-
ther stratified by the presence of CI, probably due
to the small patient number, relatively low event
rates, and short follow-up. Further research with a
large sample size and sufficient power is required
to investigate the incremental value of biomarkers
in combination with traditional HF markers in the
risk stratification of CI and clinical outcomes in the
HF population. 

LIMITATIONS
This study has several limitations. First, this was

a single-center study with a small sample size and a
relatively brief follow-up for the detection of longit-
udinal cognitive changes. As mentioned above, we
were not able to detect the difference in clinical out-
comes in patients with vs. without CI. To avoid over-
fitting, some parameters were not incorporated in
the statistical models to determine the independent
predictors of baseline CI, subsequent cognitive
changes, or 1-year outcomes. Second, the study design
did not include a comparator group (the patients
themselves before hospitalization or patients with
chronically stable HF) to allow for a comparison of
cognitive function before and after HF worsening
and to determine the extent of recovery at follow-
up. Third, there has been no consensus on the tim-
ing of cognitive assessment in patients with ADHF.
The study patients were enrolled and evaluated
during hospitalization; our results may have been
confounded by residual HF symptoms or symp-
toms related to other concomitant acute illnesses.
The first follow-up cognitive assessment was per-
formed at postdischarge 3 months. An earlier as-
sessment may have seen earlier improvement.
Forth, instead of looking into specific cognitive do-
mains, we focused on global cognitive function and
temporal cognitive change with the use of the
MMSE and the Mini-Cog test. Although the MMSE
is widely used in clinical research, it may be lim-
ited for its lower sensitivity for detecting CI in pa-
tients with HF compared with other instruments.[27]

Finally, the lack of brain imaging studies and phys-
ical functional assessment hindered us from invest-
igating the pathophysiologic link between HF and
structural changes in the brain as well as the im-

pact of physical exercise on the cognitive and de-
pressive measures in our patients. 

CONCLUSIONS
In this prospective observational study in patients

who were admitted for ADHF, the incidence of CI
was 37.2%. The cognitive function in the patients
with CI improved gradually at 3 months and 1 year
but did not reach the level of those without CI. The
recovery of cognition was accompanied by redu-
cing depressive symptoms and improving quality
of life. Among the biomarkers that are related to HF
or cognitive dysfunction, only GDF-15 predicted the
presence of CI with moderate discrimination capa-
city and was associated with worse clinical out-
comes. 

FUNDS
This work was supported by research grants from

Linkou Chang Gung Memorial Hospital, Taiwan,
China (CMRPG3F1633). 

ACKNOWLEDGMENTS
The authors would like to thank Alfred Hsing-Fen

Lin, MS, Raising Statistics Consultant, for his statist-
ical assistance. Mr. Lin declared no competing in-
terests between the findings of this study and his
company.

REFERENCES
 Hajduk AM, Kiefe CI, Person SD, et al. Circ Cardiovasc
Qual Outcomes. 2013;6: 451–60.

[1]

 Vogels  RL,  Scheltens  P,  Schroeder‐Tanka JM,  Wein-
stein HC. Cognitive impairment in heart failure: a sys-
tematic review of the literature. Eur J Heart Fail 2007; 9:
440−449.

[2]

 Cacciatore F, Abete P, Ferrara N, Calabrese C, et al. Cong-
estive  heart  failure  and  cognitive  impairment  in  an
older population. J Am Geriatr Soc 1998; 46: 1343−1348.

[3]

 Lee TC, Qian M, Liu Y, et al. Cognitive decline over time
in  patients  with  systolic  heart  failure:  insights  from
WARCEF. JACC Heart Fail 2019; 7: 1042−1053.

[4]

 Dodson  JA,  Truong  T-TN,  Towle  VR, et  al.  Cognitive
impairment in  older  adults  with  heart  failure:  preval-
ence,  documentation,  and  impact  on  outcomes. Am  J
Med 2013; 126: 120−126.

[5]

 van Buchem MA, Biessels GJ,  Brunner la Rocca HP, et
al. The  heart-brain  connection:  a  multidisciplinary  ap-
proach targeting a missing link in the pathophysiology
of  vascular  cognitive  impairment. J  Alzheimers  Dis

[6]

JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

236 http://www.jgc301.com; jgc@jgc301.com  

https://doi.org/10.1016/j.ejheart.2006.11.001
https://doi.org/10.1111/j.1532-5415.1998.tb05999.x
https://doi.org/10.1016/j.jchf.2019.09.003
https://doi.org/10.1016/j.amjmed.2012.05.029
https://doi.org/10.1016/j.amjmed.2012.05.029
https://doi.org/10.3233/JAD-141542
https://doi.org/10.1016/j.ejheart.2006.11.001
https://doi.org/10.1111/j.1532-5415.1998.tb05999.x
https://doi.org/10.1016/j.jchf.2019.09.003
https://doi.org/10.1016/j.amjmed.2012.05.029
https://doi.org/10.1016/j.amjmed.2012.05.029
https://doi.org/10.3233/JAD-141542


2014; 42: S443−S451.
 Abete  P,  Della-Morte  D,  Gargiulo  G, et  al.  Cognitive
impairment and cardiovascular diseases in the elderly.
A heart–brain  continuum hypothesis. Ageing Res  Rev
2014; 18: 41−52.

[7]

 Gruhn N, Larsen FS, Boesgaard S, et al. Cerebral blood
flow  in  patients  with  chronic  heart  failure  before  and
after heart transplantation. Stroke 2001; 32: 2530−2533.

[8]

 Tublin JM, Adelstein JM, Del Monte F, et al. Getting to
the  heart  of  Alzheimer  Disease. Circ  Res 2019;  124:
142−149.

[9]

 Zuccalà G, Onder G, Pedone C, et al. Hypotension and
cognitive  impairment:  selective  association  in  patients
with heart failure. Neurology 2001; 57: 1986−1992.

[10]

 Debette S, Bauters C, Leys D, et al. Prevalence and de-
terminants  of  cognitive  impairment  in  chronic  heart
failure patients. Congest Heart Fail 2007; 13: 205−208.

[11]

 Mauro  F,  Rosso  GL,  Peano  M, et  al.  Correlation  bet-
ween cognitive impairment and prognostic parameters
in patients with congestive heart failure. Arch Med Res
2007; 38: 234−239.

[12]

 Pase  MP,  Beiser  AS,  Himali  JJ, et  al.  Assessment  of
plasma total tau level as a predictive biomarker for de-
mentia  and  related  endophenotypes. JAMA  Neurol
2019; 76: 598−606.

[13]

 de  Wolf  F,  Ghanbari  M,  Licher  S, et  al.  Plasma  tau,
neurofilament light chain and amyloid-beta levels and
risk  of  dementia;  a  population-based  cohort  study.
Brain 2020; 143: 1220−1232.

[14]

 An  J,  Li  H,  Tang  Z, et  al.  Cognitive  impairment  and
risk  of  all-cause  and  cardiovascular  disease  mortality
over  20-year  follow-up:  results  from  the  BLSA. J  Am
Heart Assoc 2018; 7: e008252.

[15]

 Borson  S,  Scanlan  J,  Brush  M, et  al.  The  Mini-Cog:  a
cognitive ‘vital  signs ’  measure  for  dementia  screening
in  multi-lingual  elderly. Int  J  Geriatr  Psychiatry.  2000;
15: 1021–1027.

[16]

 Beck A, Steer R, Brown G. Manual for the beck depres-
sion inventory, (BDI-II) San Antonio; TX: The Psycholo-
gical Association; 1996.

[17]

 Green CP, Porter CB, Bresnahan DR, Spertus JA. Devel-
opment and  evaluation  of  the  Kansas  City  Cardiomy-
opathy Questionnaire: a new health status measure for
heart failure. J Am Coll Cardiol 2000; 35: 1245−1255.

[18]

 McGrath ER, Himali JJ, Levy D, et al. Growth Differen-
tiation  Factor  15  and  NT-proBNP  as  Blood-Based
Markers of  Vascular  Brain Injury and Dementia. J  Am

[19]

Heart Assoc 2020; 9: e014659.
 Thambisetty M, Simmons A, Velayudhan L, et al. Asso-
ciation of plasma clusterin concentration with severity,
pathology, and progression in Alzheimer disease. Arch
Gen Psychiatry 2010; 67: 739−748.

[20]

 Thambisetty  M,  An  Y,  Kinsey  A,  Koka  D,  Saleem  M,
Gϋntert A, et al. Plasma clusterin concentration is asso-
ciated with  longitudinal  brain  atrophy in  mild  cognit-
ive impairment. Neuroimage 2012; 59: 212−217.

[21]

 Boza-Serrano A, Ruiz R, Sanchez-Varo R, et al. Galectin-
3,  a  novel  endogenous  TREM2  ligand,  detrimentally
regulates inflammatory  response  in  Alzheimer ’s  dis-
ease. Acta Neuropathol 2019; 138: 251−273.

[22]

 Chai  YL,  Hilal  S,  Chong  JP, et  al. Growth  differenti-
ation  factor-15  and  white  matter  hyperintensities  in
cognitive impairment and dementia. Medicine 2016; 95:
e4566.

[23]

 Stamatelopoulos K, Sibbing D, Rallidis LS, et al. Amyl-
oid-beta (1–40) and the risk of death from cardiovascu-
lar causes in patients with coronary heart disease. J Am
Coll Cardiol 2015; 65: 904−916.

[24]

 Zuccala  G,  Onder  G,  Marzetti  E, et  al. Use  of  an-
giotensin-converting  enzyme  inhibitors  and  variations
in  cognitive  performance  among  patients  with  heart
failure. Eur Heart J 2005; 26: 226−233.

[25]

 Qiu  C,  Winblad  B,  Marengoni  A, et  al.  Heart  failure
and risk of dementia and Alzheimer disease: a popula-
tion-based  cohort  study. Arch  Intern  Med 2006;  166:
1003−1008.

[26]

 Ampadu J, Morley JE. Heart failure and cognitive dys-
function. Int J Cardiol 2015; 178: 12−23.

[27]

 Tu  RH,  Zeng  ZY,  Zhong  GQ, et  al.  Effects  of  exercise
training on depression in patients with heart failure:  a
systematic  review  and  meta-analysis  of  randomized
controlled trials. Eur J Heart Fail 2014; 16: 749−757.

[28]

 Leto  L,  Testa  M,  Feola  M.  Correlation  between  B-type
natriuretic peptide  and  functional/cognitive  paramet-
ers in discharged congestive heart failure patients. Int J
Endocrinol 2015; 2015: 239136.

[29]

 Feola M, Garnero S, Vallauri P, et al.  Relationship bet-
ween cognitive function, depression/anxiety and func-
tional  parameters  in  patients  admitted  for  congestive
heart failure. Open Cardiovasc Med J 2013; 7: 54.

[30]

 Fuchs T,  Trollor JN, Crawford J, et  al. Macrophage in-
hibitory cytokine-1 is associated with cognitive impair-
ment  and  predicts  cognitive  decline-the  Sydney  Me-
mory and Aging Study. Aging Cell 2013; 12: 882−889.

[31]

Please cite this article as: Tung YC, Hsiao FC, Lin CP, Hsu WC, Chu PH. Cognitive impairment and its association with circulating
biomarkers  in  patients  with  acute  decompensated  heart  failure. J  Geriatr  Cardiol 2022;  19(3):  227−237.  DOI:  10.11909/j.issn.1671-
5411.2022.03.005

RESEARCH ARTICLE JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 237

https://doi.org/10.1161/hs1101.098360
https://doi.org/10.1161/CIRCRESAHA.118.313563
https://doi.org/10.1111/j.1527-5299.2007.06612.x
https://doi.org/10.1016/j.arcmed.2006.10.004
https://doi.org/10.1001/jamaneurol.2018.4666
https://doi.org/10.1093/brain/awaa054
https://doi.org/10.1016/S0735-1097(00)00531-3
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1016/j.neuroimage.2011.07.056
https://doi.org/10.1007/s00401-019-02013-z
https://doi.org/10.1097/MD.0000000000004566
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1093/eurheartj/ehi058
https://doi.org/10.1001/archinte.166.9.1003
https://doi.org/10.1016/j.ijcard.2014.10.087
https://doi.org/10.1002/ejhf.101
https://doi.org/10.2174/1874192401307010054
https://doi.org/10.1111/acel.12116
https://doi.org/10.1161/hs1101.098360
https://doi.org/10.1161/CIRCRESAHA.118.313563
https://doi.org/10.1111/j.1527-5299.2007.06612.x
https://doi.org/10.1016/j.arcmed.2006.10.004
https://doi.org/10.1001/jamaneurol.2018.4666
https://doi.org/10.1093/brain/awaa054
https://doi.org/10.1016/S0735-1097(00)00531-3
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1016/j.neuroimage.2011.07.056
https://doi.org/10.1007/s00401-019-02013-z
https://doi.org/10.1097/MD.0000000000004566
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1093/eurheartj/ehi058
https://doi.org/10.1001/archinte.166.9.1003
https://doi.org/10.1016/j.ijcard.2014.10.087
https://doi.org/10.1002/ejhf.101
https://doi.org/10.2174/1874192401307010054
https://doi.org/10.1111/acel.12116
https://doi.org/10.1161/hs1101.098360
https://doi.org/10.1161/CIRCRESAHA.118.313563
https://doi.org/10.1111/j.1527-5299.2007.06612.x
https://doi.org/10.1016/j.arcmed.2006.10.004
https://doi.org/10.1001/jamaneurol.2018.4666
https://doi.org/10.1093/brain/awaa054
https://doi.org/10.1016/S0735-1097(00)00531-3
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1016/j.neuroimage.2011.07.056
https://doi.org/10.1007/s00401-019-02013-z
https://doi.org/10.1097/MD.0000000000004566
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1093/eurheartj/ehi058
https://doi.org/10.1001/archinte.166.9.1003
https://doi.org/10.1016/j.ijcard.2014.10.087
https://doi.org/10.1002/ejhf.101
https://doi.org/10.2174/1874192401307010054
https://doi.org/10.1111/acel.12116
https://doi.org/10.1161/hs1101.098360
https://doi.org/10.1161/CIRCRESAHA.118.313563
https://doi.org/10.1111/j.1527-5299.2007.06612.x
https://doi.org/10.1016/j.arcmed.2006.10.004
https://doi.org/10.1001/jamaneurol.2018.4666
https://doi.org/10.1093/brain/awaa054
https://doi.org/10.1016/S0735-1097(00)00531-3
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1001/archgenpsychiatry.2010.78
https://doi.org/10.1016/j.neuroimage.2011.07.056
https://doi.org/10.1007/s00401-019-02013-z
https://doi.org/10.1097/MD.0000000000004566
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1016/j.jacc.2014.12.035
https://doi.org/10.1093/eurheartj/ehi058
https://doi.org/10.1001/archinte.166.9.1003
https://doi.org/10.1016/j.ijcard.2014.10.087
https://doi.org/10.1002/ejhf.101
https://doi.org/10.2174/1874192401307010054
https://doi.org/10.1111/acel.12116

	METHODS
	Study Design and Patient Enrollment
	Assessment of Cognitive Function, Depressive Symptoms, and HF-Related Quality of Life
	Biomarker Assays
	Covariates
	Follow-up and Clinical Outcomes
	Statistical Analysis

	RESULTS
	Patient Characteristics
	Cognitive Assessments and Changes in Cognition Over Time
	Depressive Symptoms and HF-specific Quality of Life
	Correlation between Biomarkers and CI at Enrollment
	Association between Biomarkers, CI, and HF Outcomes
	DISCUSSION
	Incidence of CI and Temporal Changes in Cognitive Function
	Association between Cognitive Function, Depressive Symptoms, and HF-specific Quality of Life
	Association between Biomarkers, CI, and HF Outcomes

	LIMITATIONS
	CONCLUSIONS
	FUNDS
	ACKNOWLEDGMENTS

