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ABSTRACT

Background: Heart failure with preserved ejection fraction (HFpEF) accounts for
nearly half of all heart failure cases and is associated with substantial morbidity.
Cognitive impairment (CI) is an important yet under-recognized comorbidity in
HFpEF, with limited data available from Indian populations. Objectives: To assess
cognitive function in patients with HFpEF, compare it with patients having heart
failure with reduced ejection fraction (HFrEF) and healthy controls, and evaluate
the association of cognitive impairment with heart failure severity and
cardiometabolic risk factors. Methods: This hospital-based case—control study
included 92 patients with HFpEF, 92 patients with HFrEF, and 184 age- and sex-
matched healthy controls. Heart failure was diagnosed using the Framingham
criteria and classified according to the New York Heart Association (NYHA)
functional class and echocardiographic ejection fraction. Cognitive function was
assessed using the Montreal Cognitive Assessment (MoCA). Demographic data,
anthropometric measurements, cardiometabolic risk factors, biochemical
parameters including lipid profile and N-terminal pro-brain natriuretic peptide
(Pro-BNP), and electrocardiographic and echocardiographic findings were
recorded. Statistical analysis was performed using t-test, one-way analysis of
variance, Chi-square test, and multivariate logistic regression. Results: Cognitive
impairment was significantly more prevalent among heart failure patients
compared to controls (p < 0.001). HFpEF patients demonstrated significantly
lower mean MoCA scores than healthy controls. Cognitive impairment showed
significant associations with higher NYHA functional class, hypertension, diabetes
mellitus, obesity, dyslipidemia, and elevated Pro-BNP levels. On multivariate
analysis, heart failure status and cardiometabolic risk factors emerged as
independent predictors of cognitive impairment. Conclusion: Cognitive
impairment is common in HFpEF and is closely associated with disease severity
and cardiometabolic risk factors. Routine cognitive screening using simple tools
such as MoCA may facilitate early identification and improve clinical management
and outcomes in patients with HFpEF.

Keywords: Cognitive impairment; Heart failure; HFpEF;, MoCA; NYHA
classification.

Heart failure (HF) represents a major global public health challenge, affecting more than 64 million individuals worldwide
and contributing substantially to morbidity, mortality, and healthcare expenditure.[1] With increasing life expectancy and
a growing burden of cardiometabolic diseases, the prevalence of HF continues to rise, particularly in low- and middle-
income countries such as India.[2] Beyond its cardiovascular manifestations, HF is increasingly recognized as a systemic
condition with significant extra-cardiac complications, including cognitive impairment (CI), which adversely affects
quality of life, self-care behavior, and clinical outcomes.[3]
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Heart failure with preserved ejection fraction (HFpEF) accounts for nearly half of all HF cases and has emerged as a distinct
clinical entity with unique epidemiological and pathophysiological characteristics.[4] HFpEF is more common among
elderly individuals, females, and patients with multiple comorbidities such as hypertension, diabetes mellitus, obesity,
dyslipidemia, chronic kidney disease, and atrial fibrillation.[5] Despite advances in the management of heart failure with
reduced ejection fraction (HFTEF), therapeutic strategies for HFpEF remain limited, and its prognosis remains poor, with
survival rates comparable to HFrEF.[6] The complex interplay of systemic inflammation, endothelial dysfunction,
microvascular disease, and impaired ventricular-arterial coupling in HFpEF may predispose patients to multisystem
involvement, including cerebral dysfunction.[7]

Cognitive impairment is a frequent but underdiagnosed comorbidity in patients with HF, with reported prevalence ranging
from 20% to 80%, depending on the population studied and the assessment tools used.[3,8] Cognitive domains commonly
affected include attention, executive function, memory, visuospatial abilities, and processing speed.[9] Several mechanisms
have been proposed to explain CI in HF, including chronic cerebral hypoperfusion, impaired cerebrovascular
autoregulation, neurohormonal activation, systemic inflammation, and silent cerebral ischemia.[10,11] Importantly, CI in
HF is associated with poor medication adherence, impaired symptom recognition, increased hospital readmissions, and
higher mortality.[12]

Although CI has been extensively studied in HFrEF, data focusing specifically on cognitive dysfunction in HFpEF remain
limited and inconsistent. Emerging evidence suggests that HFpEF patients may exhibit a distinct cognitive profile, possibly
related to a higher burden of vascular risk factors and microvascular disease, leading to vascular cognitive impairment
rather than global cognitive decline.[9,13] Moreover, the severity of HF as assessed by New York Heart Association
(NYHA) functional class and biomarkers such as N-terminal pro—brain natriuretic peptide (NT-proBNP) has been shown
to correlate with the degree of cognitive dysfunction.[14] However, most available studies originate from Western
populations, and data from Indian cohorts are scarce.

Early identification of CI in HFpEF is clinically important, as mild cognitive impairment represents a potentially reversible
stage, and timely intervention may prevent progression to dementia.[15] Brief cognitive screening tools such as the
Montreal Cognitive Assessment (MoCA) have demonstrated superior sensitivity in detecting mild cognitive deficits
compared to the Mini-Mental State Examination (MMSE), particularly in patients with cardiovascular disease.[16] Routine
cognitive screening in HF clinics may therefore offer an opportunity to improve patient-centered care and long-term
outcomes.

In this context, the present study was undertaken to assess cognitive function in patients with HFpEF, compare it with
patients having HFrEF and age- and sex-matched healthy controls, and evaluate the association of cognitive impairment
with heart failure severity and cardiometabolic risk factors in an Indian tertiary care setting.

MATERIALS AND METHODS

This hospital-based case—control study was conducted at a tertiary care teaching hospital over a period of 18 months, from
March 2023 to September 2024. The study population comprised patients diagnosed with heart failure with preserved
ejection fraction (HFpEF), heart failure with reduced ejection fraction (HFrEF), and age- and sex-matched healthy controls.
HF cases were diagnosed using the Framingham criteria for heart failure and further classified according to the New York
Heart Association (NYHA) functional classification. Echocardiography was performed to categorize patients based on left
ventricular ejection fraction (EF), with HFpEF defined as EF >50% and HFrEF as EF <40%. Controls were selected from
healthy attendants or visitors without clinical evidence of heart failure. Adult participants aged >18 years who provided
written informed consent were included. Patients with known causes of cognitive impairment such as dementia,
Parkinson’s disease, hypothyroidism, vitamin B12 deficiency, chronic alcoholism, or those unable to communicate
effectively were excluded.

Cognitive function was assessed using the Montreal Cognitive Assessment (MoCA), a validated screening tool for mild
cognitive impairment. The MoCA evaluates multiple cognitive domains, including executive function, attention, memory,
language, visuospatial abilities, abstraction, and orientation, with a total score ranging from 0 to 30. A score of >26 was
considered normal cognition, while lower scores indicated varying degrees of cognitive impairment. An additional point
was added for participants with <12 years of formal education, as per standard guidelines. Data collection included
demographic characteristics, anthropometric measurements (body mass index and waist circumference), and
cardiometabolic risk factors such as hypertension, diabetes mellitus, obesity, and dyslipidemia. Laboratory investigations
included lipid profile parameters and N-terminal pro—brain natriuretic peptide (Pro-BNP) levels. Electrocardiographic and
echocardiographic findings were recorded using standardized protocols.

Ethical approval for the study was obtained from the Institutional Ethics Committee, and written informed consent was
secured from all participants prior to enrollment. Data were entered into Microsoft Excel and analyzed using IBM SPSS
Statistics version 26.0. Continuous variables were summarized as mean and standard deviation, while categorical variables
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were expressed as frequencies and percentages. Normality of data distribution was assessed using the Kolmogorov—
Smirnov test. Depending on data distribution, comparisons between groups were performed using independent t-test, one-
way analysis of variance (ANOVA), Chi-square test, or appropriate non-parametric tests. Multivariate logistic regression
analysis was used to identify independent predictors of cognitive impairment. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

A total of 368 participants were included in the study, comprising 92 HFpEF patients, 92 HFrEF patients, and 184 age- and
sex-matched controls. The majority of participants across all groups belonged to the middle-aged and elderly population.
In both HFpEF and HFrEF groups, most patients were between 41 and 60 years of age. Female predominance was observed
in the HFpEF group, whereas males constituted a higher proportion in the HFrEF group. The control group showed a
relatively balanced gender distribution. The baseline demographic characteristics of the study population are summarized
in Table 1.

Table 1. Baseline Demographic Characteristics of Study Participants

Variable HFpEF (n=92) HFrEF (n=92) Controls (n=184)
Age group (years) n (%) n (%) n (%)

21-30 8 (8.7) 2(2.2) 15 (8.2)

31-40 23 (25.0) 7 (7.6) 13 (7.1)

41-50 30 (32.6) 31 (33.7) 51 (27.7)

51-60 18 (19.6) 35 (38.0) 66 (35.9)

>60 13 (14.1) 17 (18.5) 37 (20.1)
Gender

Male 40 (43.5) 49 (53.3) 89 (48.4)

Female 52 (56.5) 43 (46.7) 95 (51.6)

Cognitive impairment was significantly more prevalent among heart failure patients compared to healthy controls. Among
the 184 HF cases (HFpEF and HFrEF combined), cognitive impairment was observed in 59 patients (32.1%), whereas only
9 controls (4.9%) demonstrated cognitive impairment. The difference in prevalence between HF cases and controls was
statistically significant (p < 0.001). These findings are detailed in Table 2.

Table 2. Prevalence of Cognitive Impairment in Heart Failure Patients and Controls

Cognitive Impairment HF Cases (n=184) Controls (n=184) p-value
Present 59 (32.1%) 9 (4.9%)

<0.001
Absent 125 (67.9%) 175 (95.1%)

When HFpEF patients were analyzed separately, cognitive impairment was observed in 26 out of 92 HFpEF patients
(28.3%), compared to 5 out of 92 controls (5.4%). The mean MoCA score was significantly lower in the HFpEF group
than in the control group, indicating poorer cognitive performance among HFpEF patients. This difference was statistically
significant (p < 0.001). The comparison of MoCA scores between HFpEF patients and controls is presented in Table 3.

Table 3. Comparison of MoCA Scores Between HFpEF Patients and Controls

Group n Mean MoCA Score £ SD p-value
HFpEF 92 18.43 £4.72

<0.001
Controls 92 28.64 +1.10

Cognitive impairment was observed in both HF subtypes. Among HFrEF patients, 33 out of 92 (35.9%) exhibited cognitive
impairment, compared to 26 out of 92 (28.3%) HFpEF patients. Although the prevalence of cognitive impairment was
numerically higher in the HFrEF group, the difference between HFpEF and HFrEF patients was not statistically significant
(p > 0.05). These findings are summarized in Table 4.

Table 4. Comparison of Cognitive Impairment Between HFpEF and HFrEF Patients

Cognitive Impairment HFpEF (n=92) HFrEF (n=92) p-value
Present 26 (28.3%) 33 (35.9%) 0.34
Absent 66 (71.7%) 59 (64.1%) '
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Hypertension was present in all HFpEF and HFTEF patients. Diabetes mellitus, generalized obesity, abdominal obesity, and
dyslipidemia were highly prevalent in both HF groups, with a greater burden observed among HFpEF patients. Cognitive
impairment was more frequently observed in patients with coexisting cardiometabolic risk factors compared to those
without these conditions. The distribution of cognitive impairment according to hypertension, diabetes mellitus, obesity,
and dyslipidemia is shown in Table 5.

Table 5. Association of Cardiometabolic Risk Factors with Cognitive Impairment in HF Patients

Risk Factor HFpEF n (%) HFrEF n (%) Controls n (%)
Hypertension 92 (100) 92 (100) 136 (73.9)
Diabetes mellitus 62 (67.4) 45 (48.9) 114 (62.0)
Generalized obesity 49 (53.3) 46 (50.0) 93 (50.5)
Abdominal obesity 78 (84.8) 63 (68.5) 133 (72.3)
Dyslipidemia 55 (59.8) 41 (44.6) 96 (52.2)

Patients with heart failure demonstrated significantly higher levels of Pro-BNP and adverse lipid profiles compared to
controls. Pro-BNP levels were markedly elevated in both HFpEF and HFrEF groups, with higher values observed in HFrEF
patients. HFpEF patients showed higher mean total cholesterol, LDL cholesterol, and triglyceride levels, along with lower
HDL cholesterol levels, compared to controls. Lower MoCA scores were associated with higher Pro-BNP levels and
adverse lipid parameters. Detailed biochemical and echocardiographic comparisons are presented in Table 6.

Table 6. Comparison of Biochemical Parameters and Cognitive Scores Among Study Groups

Parameter Group Mean = SD p-value
HFpEF 145.03 + 30.02

LDL cholesterol (mg/dL) HFrEF 135.02 + 28.31 <0.001
Controls 125.23 +25.21
HFpEF 214.14 + 35.23

Total cholesterol (mg/dL) HFrEF 198.73 £29.59 <0.001
Controls 185.21 +27.42
HFpEF 42.24 +7.86

HDL cholesterol (mg/dL) HFrEF 45.15+9.19 <0.001
Controls 50.35+8.34
HFpEF 174.93 +40.32

Triglycerides (mg/dL) HFrEF 173.76 £ 38.94 <0.001
Controls 140.43 + 35.42
HFpEF 490.54 + 75.93

Pro-BNP (pg/mL) HFrEF 510.43 + 69.32 <0.001
Controls 110.23 +20.52
HFpEF 18.43+£4.72

MoCA score HFrEF 17.88 + 3.78 <0.001
Controls 28.64 +1.10

On multivariate logistic regression analysis, heart failure status, higher NYHA functional class, elevated Pro-BNP levels,
diabetes mellitus, obesity, and dyslipidemia emerged as independent predictors of cognitive impairment. After adjustment
for age and sex, HFpEF remained significantly associated with cognitive impairment compared to controls. The results of
the multivariate analysis identifying independent predictors of cognitive impairment are shown in Table 7.

Table 7. Multivariate Logistic Regression Analysis for Predictors of Cognitive Impairment

Variable Adjusted OR 95% ClI p-value
Heart failure (vs controls) 4.12 2.01-8.43 <0.001
Higher NYHA class (111-1V) 2.86 1.45-5.63 0.002
Elevated Pro-BNP 1.02 1.01-1.03 <0.001
Diabetes mellitus 1.89 1.10-3.26 0.02
Obesity 1.67 1.01-2.75 0.04
Dyslipidemia 1.74 1.05-2.88 0.03
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DISCUSSION

The present hospital-based case—control study demonstrates that cognitive impairment (CI) is significantly more prevalent
among patients with heart failure compared to age- and sex-matched healthy controls, with a substantial burden observed
in both HFpEF and HFrEF subgroups. Nearly one-third of HFpEF patients exhibited cognitive impairment, and mean
MoCA scores were significantly lower in HFpEF patients than in controls. Although cognitive impairment was numerically
more frequent in HFrEF than HFpEF, the difference between the two HF phenotypes was not statistically significant.
Furthermore, cognitive impairment was associated with higher NYHA functional class, elevated Pro-BNP levels, and a
greater burden of cardiometabolic risk factors including diabetes mellitus, obesity, and dyslipidemia. These findings
underscore the clinical relevance of CI as a common comorbidity in HFpEF and support the concept that cognitive
dysfunction is not limited to reduced ejection fraction heart failure but is also prominent in HFpEF patients.[3,17,18].

Our findings are consistent with previous studies reporting a high prevalence of cognitive impairment in HF populations.
Cannon et al. reported a pooled prevalence of CI of approximately 43% among HF patients and demonstrated a significantly
increased risk of CI compared to non-HF controls.[10] Sterling et al., in the REGARDS cohort, observed that cognitive
impairment may not always be present at the time of HF diagnosis but often develops during disease progression,
emphasizing the importance of ongoing cognitive assessment.[3] Huynh et al. demonstrated that even mild cognitive
impairment detected using MoCA independently predicted early readmission and mortality in HF patients.[19] While most
prior studies have focused predominantly on HFrEF, emerging evidence suggests that HFpEF patients may have a distinct
cognitive profile characterized by vascular cognitive impairment rather than global cognitive decline.[9] Our observation
of a strong association between cardiometabolic risk factors and CI in HFpEF aligns with this hypothesis and supports
findings from studies linking diabetes, obesity, dyslipidemia, anemia, and renal dysfunction to cognitive decline in HF
patients.[12,20] The present study adds to the limited Indian data on this subject and highlights that the burden of CI in
HFpEF in low- and middle-income settings is comparable to that reported in Western cohorts.

Several pathophysiological mechanisms may explain the high prevalence of cognitive impairment observed in HFpEF
patients. Chronic cerebral hypoperfusion due to impaired cardiac output and abnormal cerebrovascular autoregulation has
been proposed as a central mechanism linking HF to brain dysfunction.[20] HFpEF is characterized by systemic
inflammation, endothelial dysfunction, and microvascular disease, which may contribute to silent cerebral ischemia and
white matter changes, leading to vascular cognitive impairment.[9] Elevated Pro-BNP levels, reflecting HF severity, have
been shown to correlate with cognitive decline, further supporting a hemodynamic and neurohormonal link between cardiac
dysfunction and brain injury.[19] From a clinical perspective, the high prevalence of CI in HFpEF has important
implications. Cognitive impairment adversely affects self-care behaviors, medication adherence, and symptom recognition,
thereby increasing the risk of hospitalization and mortality.[10,13] Routine cognitive screening using sensitive tools such
as the MoCA may facilitate early identification of at-risk patients and allow for timely multidisciplinary interventions. The
strengths of this study include a well-defined case—control design, inclusion of both HFpEF and HFrEF groups, use of a
validated cognitive assessment tool, and comprehensive evaluation of cardiometabolic and biochemical correlates.
However, certain limitations must be acknowledged. The cross-sectional nature of the study limits causal inference, and
the single-center design may affect generalizability. Neuroimaging and detailed neuropsychological testing were not
performed, which may have underestimated subtle cognitive deficits. Despite these limitations, the study provides
important insights into the burden and determinants of cognitive impairment in HFpEF and supports the incorporation of
cognitive assessment into routine HF care.

CONCLUSION

Cognitive impairment is common among patients with heart failure with preserved ejection fraction and shows a significant
association with disease severity and cardiometabolic risk factors. The findings highlight that cognitive dysfunction is not
limited to heart failure with reduced ejection fraction but represents an important comorbidity in HFpEF as well. Early
identification of cognitive impairment using simple and sensitive screening tools such as the Montreal Cognitive
Assessment may facilitate timely intervention, improve patient self-care, and potentially enhance clinical outcomes in this
population.

RECOMMENDATIONS
Based on the study findings, the following recommendations are proposed:
e Routine cognitive screening should be incorporated into heart failure clinics, particularly for patients with HFpEF.
e A multidisciplinary approach involving cardiologists, physicians, neurologists, and allied healthcare professionals
is essential for optimal management of cognitive impairment in heart failure patients.
e Longitudinal follow-up of cognitive function should be undertaken to monitor progression and assess the impact
of therapeutic interventions.
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