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Introduction. Heart failure with preserved ejection fraction (HFpEF) accounts for nearly half of all heart failure cases 
and is frequently associated with cardiovascular and metabolic comorbidities. The phenotype of HFpEF patients is het-
erogeneous, and the impact of comorbidities on prognosis, exercise capacity, and functional status remains insufficiently 
elucidated.

Objective. The study aimed to characterize the clinical, functional, and comorbidity profiles of patients with HFpEF and to 
assess their influence on functional status, prognosis, and treatment response.

Materials and methods. This was an observational, cross-sectional study including 206 patients with HFpEF (LVEF 
≥50%) consecutively recruited from the General Cardiology Department of the Institute of Cardiology, aged ≥18 years, 
with an echocardiographically confirmed diagnosis. Demographic and anthropometric data, HFpEF etiology, hemodynam-
ic biomarkers (NT-proBNP), functional status (NYHA), cardiovascular and non-cardiovascular comorbidities, and history 
of revascularization procedures (PCI, coronary bypass) were collected. Statistical analysis included descriptive statistics 
for continuous variables (mean ± SD, median, IQR), categorical variables (frequencies and percentages), and parametric/
nonparametric tests for correlations and subgroup analyses, with statistical significance set at P < 0.05.

Results. The study population showed a typical overweight/obese profile, with arterial hypertension and chronic coro-
nary artery disease as predominant mechanisms. Cardiovascular and metabolic comorbidities influenced exercise capacity, 
functional status, and treatment response, identifying distinct phenotypic subgroups with differential prognostic impact. 
Elevated NT-proBNP levels reflected increased ventricular filling pressures and functional heterogeneity, underscoring the 
need for individualized management.

Conclusions. HFpEF is associated with a complex clinical profile dominated by hypertension, coronary artery disease, and 
metabolic comorbidities. Detailed assessment of comorbidities and biomarkers allows patient phenotyping and person-
alized therapeutic management. A multidisciplinary approach is essential for optimizing prognosis, exercise capacity, and 
quality of life in patients with HFpEF.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Although comorbidities in patients with heart failure with pre-
served ejection fraction (HFpEF) are recognized as key factors in 
the development and progression of heart failure, the exact mech-
anisms through which these comorbidities influence disease phe-
notype, prognosis, and therapeutic response remain insufficiently 
elucidated. Existing data derive from heterogeneous populations 
and lack a standardized approach to patient phenotyping accord-
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Introduction
Heart failure (HF) is a complex clinical syndrome defined 

by the heart’s inability to maintain an adequate cardiac out-
put to meet the body’s metabolic demands, in the presence 
of elevated filling pressures [1]. The modern classifica-
tion of HF is based on the left ventricular ejection fraction 
(LVEF), an echocardiographic indicator of systolic function: 
heart failure with reduced ejection fraction (HFrEF, ≤40%), 
heart failure with mildly reduced ejection fraction (HFmrEF, 
41–49%), and heart failure with preserved ejection fraction 
(HFpEF, ≥50%) [1, 2]. HFpEF accounts for approximately 
half of all HF cases and represents a major diagnostic and 
therapeutic challenge. The condition predominantly affects 
women, especially after menopause, due to increased ven-
tricular stiffness, hormonal changes, endothelial dysfunc-
tion, and the accumulation of metabolic risk factors [3]. 
Although patients with HFpEF may have a normal ejection 
fraction, they typically exhibit elevated filling pressures, di-
astolic dysfunction, concentric hypertrophy, and reduced 
ventricular compliance, which limit exercise capacity and 
cause the characteristic symptoms [4].

A key aspect in the management of HFpEF is the pres-
ence of cardiovascular comorbidities, which contribute to 
the onset and progression of cardiac dysfunction through 
hemodynamic, inflammatory, and neurohormonal mech-
anisms. Among these, arterial hypertension, atrial fibrilla-
tion, and coronary artery disease are the most significant 
and frequently encountered [5-7].

Arterial hypertension (HTN) is the most prevalent co-
morbidity in HFpEF, being identified in over 80% of patients 
[5, 8]. Chronic exposure to pressure overload leads to con-
centric left ventricular hypertrophy, myocardial stiffness, 
impaired active relaxation, and increased diastolic filling 
pressures [8, 9]. Moreover, endothelial dysfunction and al-
tered vascular reactivity contribute to increased afterload, 
creating a vicious cycle between arterial and ventricular 
stiffness [9]. These changes explain why strict blood pres-
sure control plays a crucial role in preventing HFpEF pro-
gression and improving symptoms.

Atrial fibrillation (AF) is present in 30–40% of patients 
with HFpEF and has a bidirectional relationship with dia-
stolic dysfunction [7]. On one hand, the loss of atrial con-
traction and an inappropriate ventricular rate reduce dia-

stolic filling and cardiac output; on the other hand, elevated 
filling pressures and atrial remodeling secondary to diastol-
ic dysfunction promote the development and maintenance 
of AF [6, 10]. The presence of AF is associated with reduced 
exercise capacity, lower Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) scores, and higher mortality, particularly 
in elderly patients [10].

Coronary artery disease (CAD) is highly prevalent in HF-
pEF and manifests in two major forms: obstructive, charac-
terized by significant stenosis or occlusion of the epicardial 
coronary arteries, and non-obstructive, in which microvas-
cular mechanisms and endothelial dysfunction predominate 
[11, 12]. The obstructive form leads to chronic myocardial 
ischemia, ventricular remodeling, and interstitial fibrosis, 
contributing to increased stiffness and impaired diastolic 
relaxation [12]. Conversely, non-obstructive CAD, present in 
a substantial proportion of HFpEF patients (up to 50%), is 
associated with coronary microvascular dysfunction (CMD), 
characterized by reduced coronary flow reserve, endotheli-
al inflammation, and oxidative stress [13]. These microvas-
cular alterations impair myocardial perfusion during exer-
cise, increase diastolic stiffness, and limit functional capac-
ity [13, 14]. Microvascular endothelial dysfunction, through 
reduced nitric oxide (NO) bioavailability and activation of 
the renin–angiotensin system, promotes chronic inflam-
mation and interstitial remodeling characteristic of HFpEF 
[14]. Thus, CAD – regardless of its obstructive or non-ob-
structive nature – represents a central determinant of the 
ischemic phenotype in HFpEF, influencing both prognosis 
and treatment response.

Obesity, metabolic syndrome, sleep apnea, and type 2 
diabetes mellitus are key elements in the pathogenesis of 
HFpEF, forming the so-called “cardiometabolic phenotype” 
[9, 15, 16]. Epicardial adipose tissue (EAT) acts as an active 
endocrine organ, releasing proinflammatory cytokines (IL-
6, TNF-α) that induce local inflammation, oxidative stress, 
and myocardial fibrosis [9, 15, 17]. Diabetes further con-
tributes through endothelial dysfunction, vascular stiffen-
ing, myocardial protein glycosylation, and activation of sys-
temic inflammatory pathways [9]. These processes create a 
profibrotic and prooxidative milieu that amplifies diastolic 
dysfunction and reduces the energetic efficiency of cardio-
myocytes. Moreover, obesity alters thoracic mechanics, in-

ing to the complexity and clustering of comorbidities. Currently, there is no validated and practical clinical framework that 
integrates the comorbidity profile into the risk stratification and management of patients with HFpEF.
The research hypothesis 
The presence and combination of cardiac and non-cardiac comorbidities contribute to the heterogeneity of heart failure with 
preserved ejection fraction (HFpEF), leading to significant differences in exercise capacity, functional status, and long-term 
prognosis, suggesting the need for a personalized, phenotype-based approach in patient evaluation and treatment.
The novelty added by the manuscript to the already published scientific literature
This study offers an integrated evaluation of comorbidity burden and clustering in patients with HFpEF, identifying distinct 
patterns associated with clinical phenotype and outcomes. By moving beyond single-comorbidity analyses, our findings pro-
vide new insights into HFpEF heterogeneity and support a more personalized, comorbidity-oriented approach to risk stratifi-
cation and management.
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creases intrathoracic pressure, and exacerbates pulmonary 
congestion, leading to exercise intolerance [9, 15, 16].

Chronic kidney disease (CKD) is another major comor-
bidity, present in over one-third of HFpEF patients, and is 
associated with significantly increased mortality [5]. Re-
nal dysfunction activates neurohormonal systems – the 
Renin-Angiotensin-Aldosterone System (RAAS) and the 
sympathetic nervous system (SNS) – leading to sodium 
retention, vasoconstriction, and cardiac remodeling [5, 6]. 
Cardiorenal syndrome type 2 describes the progressive de-
terioration of renal function secondary to chronic cardiac 
dysfunction, perpetuating hemodynamic decompensation 
and systemic inflammation [5].

The heterogeneity of HFpEF patients arises from the 
complex interaction between cardiometabolic comorbid-
ities, systemic inflammation, and endothelial dysfunction. 
Recent studies using cluster or machine learning analyses 
have identified distinct phenotypic subgroups combining 
various patterns of HTN, CAD, AF, obesity, and CKD, each 
with different pathogenic mechanisms and risks for mortal-
ity and functional impairment [13-15].

Modern, holistic approaches provide an integrated per-
spective on these complex interactions, linking molecular, 
clinical, and functional dimensions of comorbidities in HF-
pEF [14, 16]. This holistic view enhances understanding of 
clinical variability and supports the development of person-
alized treatment strategies.

Therefore, detailed analysis of cardiovascular, metabolic, 
and renal comorbidities in patients with HFpEF is essential 
for identifying key prognostic determinants and defining 
targeted therapeutic strategies. The present study aims to 
characterize these complex interactions, evaluate the im-
pact of comorbidities on functional status and prognosis, 
and contribute to the development of an integrated man-
agement model for HFpEF.

Materials and methods
This study represents a cross-sectional observational 

analysis of patients with heart failure with preserved ejec-
tion fraction (HFpEF), defined by a left ventricular ejection 
fraction (LVEF) ≥50%, the presence of signs and symptoms 
of heart failure, and objective evidence of structural and/
or functional cardiac abnormalities consistent with left ven-
tricular diastolic dysfunction and/or elevated left ventricu-
lar filling pressures, including elevated natriuretic peptide 
levels [1]. The main objective was to characterize the clini-
cal, functional, and comorbidity phenotype of patients and 
to assess the impact of these factors on hemodynamic bio-
markers and functional status.

The study cohort included 206 consecutive patients di-
agnosed with HFpEF, recruited from the General Cardiology 
Department of the Institute of Cardiology. Inclusion criteria 
were: age ≥18 years, diagnosis of HFpEF according to the 
2021 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure [1], availability for complete 
clinical and paraclinical assessments, and written informed 
consent. Exclusion criteria included acute heart failure, 
significant loss of clinical data, presence of severe comor-

bidities that could interfere with functional evaluation, or 
inability to participate in standardized testing.

For each patient, demographic data (age, sex), anthro-
pometric data (weight, height, body mass index – BMI), and 
the medical history of cardiovascular and non-cardiovascu-
lar diseases were recorded. BMI was calculated as weight 
(kg)/height (m²). Sex distribution was coded according to 
the dataset as follows: 1 = male, 2 = female.

The etiology of HFpEF was classified as follows: docu-
mented coronary artery disease, undocumented coronary 
disease, arterial hypertension, significant valvular disease, 
tachycardia-induced, idiopathic dilated cardiomyopathy, 
hereditary/genetic, alcoholic, infectious, pulmonary hyper-
tension without left heart disease, and other rare causes.

Functional class was assessed using the New York Heart 
Association (NYHA) classification. The biomarker NT-proB-
NP was measured to evaluate hemodynamic stress and 
ventricular filling pressures, using standardized laboratory 
techniques.

Cardiovascular comorbidities included arterial hyper-
tension, atrial fibrillation, myocardial infarction, coronary 
artery disease, prior revascularization procedures, valvular 
disease, peripheral vascular disease, stroke/transient isch-
emic attack, and venous thromboembolism. Non-cardiac co-
morbidities included diabetes mellitus, chronic obstructive 
pulmonary disease (COPD), thyroid dysfunction, hepatic 
dysfunction, sleep apnea, depression, cognitive impairment, 
active malignancy, and rheumatoid arthritis.

All patients underwent standardized clinical, paraclin-
ical, and functional evaluations, including anthropometric 
measurements, functional testing (NYHA), NT-proBNP as-
sessment, and detailed medical history collection. No ex-
perimental therapeutic interventions were applied, as the 
study was purely observational.

Data were centralized and validated for consistency and 
completeness. Continuous variables were described as mean 
± standard deviation (SD), median, and interquartile range 
(IQR). Categorical variables were expressed as frequencies 
and percentages. The distribution of variables was tested for 
normality using the Shapiro–Wilk test. Group comparisons 
were performed using parametric tests (independent t-test) 
or nonparametric tests (Mann–Whitney U), as appropriate. 
Relationships between comorbidities, biomarkers, and func-
tional status were analyzed using linear and logistic regres-
sion models, with statistical significance set at P < 0.05.

All patients provided written informed consent, and 
the study protocol was approved by the institutional ethics 
committee (Approval No. 25/1, May 13, 2025). The study 
was conducted in accordance with the principles of the Dec-
laration of Helsinki on biomedical research involving hu-
man subjects.

Results
The study cohort included 206 patients with HFpEF. The 

mean age was 65.5 years (SD 9.6), with a median of 66.0 and 
an interquartile range (IQR) of 59.0–71.0; the age range was 
39–94 years, reflecting a typical age profile for heart failure 
with preserved ejection fraction. Body mass index (BMI) 
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confirmed a phenotype marked by overweight/obesity: 
mean BMI 29.7 kg/m² (SD 5.1), median 29.22, IQR 26.23–
32.74, with extremes ranging from 19.44–54.53 kg/m². 
Sex distribution, according to dataset coding, was approxi-
mately 44.2% male (91/206) and 55.8% female (115/206), 
showing a slightly female-predominant structure consistent 
with HFpEF epidemiology.

The etiologic profile was dominated by chronic coronary 
artery disease and pressure overload (Figure 1). “Undocu-
mented coronary disease (no coronary angiography)” ac-
counted for 32.0% (66/206), followed by “documented cor-
onary disease” 29.1% (60/206), and “arterial hypertension 
(etiology)” 19.4% (40/206). “Significant valvular disease” 
occurred in 10.7% (22/206), while other causes (tachycar-
dia-induced, hereditary/genetic, alcoholic, infectious, pul-
monary hypertension without left heart disease, idiopathic 
dilated cardiomyopathy, other rare causes) individually ac-
counted for ≤2.4%.

This distribution reinforces a phenotype in which “pres-
sure–overload” mechanisms and chronic coronary disease 

are central, while acute myocardial necrosis is less frequent 
than in reduced ejection fraction phenotypes.

The hemodynamic stress biomarker showed an expect-
ed HFpEF profile. NT-proBNP had a mean of 1,388 pg/mL 
(SD 2,111), median 863.5 pg/mL, and IQR 562.5–1,454.5 
pg/mL (n analyzed = 190, range 50–18,802 pg/mL), indi-
cating elevated filling pressures and significant heteroge-
neity of load. Functionally, the NYHA distribution (Table 1) 
was centered on class III, with 88.8% (183/206) in class III 
and 11.2% (23/206) in class II, reflecting moderate func-
tional limitation in the majority of HFpEF patients.

Table 1. Functional class (NYHA) distribution in HFpEF patients
NYHA class N %
II 23 11.2%
III 183 88.8%
Note: Data are presented as absolute numbers (N) and percentages (%). 
NYHA = New York Heart Association; HFpEF = heart failure with preserved 
ejection fraction. This table presents descriptive statistics only; no inferen-
tial statistical tests were applied.

Fig. 1 Distribution of HFpEF etiologies.
Note: The figure illustrates the prevalence (%) of etiologi-
cal conditions identified in patients with heart failure with 
preserved ejection fraction (HFpEF). Data are presented 
as percentages of the overall study population. The figure 
presents descriptive data only; no inferential statistical 
tests were applied.

Fig. 2 Prevalence of cardiovascular comorbidities 
in patients with HFpEF

Note: Bars indicate the percentage (%) of patients pre-
senting each comorbidity or with a history of cardiovascu-
lar procedures. HTN = hypertension; HFpEF = heart failure 
with preserved ejection fraction; PCI = percutaneous cor-
onary intervention. Data are presented as percentages of 
the study population. Descriptive statistics are shown; no 
inferential statistical tests were applied.
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Cardiovascular comorbidities reflected the pathophys-
iology of the phenotype (Figure 2). Arterial hypertension 
was quasi-ubiquitous at 87.9% (181/206), confirming the 
role of pressure overload in maintaining symptoms and 
decompensation. Chronic coronary artery disease was fre-
quent (62.1%, stable angina 128/206), whereas myocardial 
infarction was less common (18.4%, 38/206), distinguish-
ing HFpEF from the reduced ejection fraction phenotype. 
The burden of atrial fibrillation remained substantial at 
47.6% (98/206), with direct implications for thrombo-
embolic protection and rate/rhythm control. A history of 
revascularization was present in a relevant subgroup: PCI 
12.6% (26/206) and bypass 11.7% (24/206), with treated 
valvular disease contributing additionally (surgery 10.7%, 
22/206; percutaneous intervention 1.0%, 2/206). The 
extent of extra-coronary atherosclerosis was moderate, 
with peripheral vascular disease 5.8% (12/206), stroke/
TIA 8.7% (18/206), and venous thromboembolism 1.5% 
(3/206); these values support the need for multi-territorial 
secondary prevention without altering the dominant pres-
sure–overload profile.

Non-cardiovascular comorbidities completed a moder-
ately metabolic–endocrine profile, with less systemic con-
gestion than in HFrEF (Figure 3). Diabetes (current/history) 
was present in 26.2% (54/206), representing a transversal 
risk factor complicating vascular stiffness and diastolic 
function, justifying preferential use of cardiometabolic ther-
apies with event-related benefits. COPD occurred in 9.2% 
(19/206), affecting dyspnea and exercise tolerance, requir-
ing careful differentiation from congestion. Thyroid dys-
function (current/history) was reported in 9.2% (19/206), 
consistent with higher prevalence in patients with LVEF 
≥40% and potentially affecting heart rate, arrhythmias, and 
symptom perception. Hepatic dysfunction was relatively 
rare at 3.9% (8/206), suggesting less systemic congestion 
than in reduced EF. Other comorbidities were infrequent: 
sleep apnea 2.4% (5/206), depression 1.9% (4/206), cog-
nitive dysfunction 1.0% (2/206), active malignancy 0.5% 

(1/206), rheumatoid arthritis 0.5% (1/206), but remain 
relevant for adherence, quality of life, and care planning.

Overall, our typical HFpEF patient is middle-aged to 
elderly, slightly more often female, with a BMI ≈30 kg/m², 
predominantly hypertensive, chronic coronary disease in 
over half, atrial fibrillation in nearly half, diabetes in about a 
quarter, and NT-proBNP values indicative of elevated filling 
pressures. This profile calls for aggressive blood pressure 
control, systematic AF management (anticoagulation, rate/
rhythm control), ischemic secondary prevention where in-
dicated, cardiometabolic optimization (including weight 
loss and cardiovascular-beneficial therapies), screening for 
thyroid dysfunction and sleep apnea, and consistent life-
style and adherence interventions.

Study limitations include the relatively small sample size 
and observational design, which precludes establishing cau-
sality. Additionally, biological variability of NT-proBNP and 
the absence of advanced imaging or functional assessments 
(e.g., strain echocardiography, invasive filling pressure mea-
surements) may influence the interpretation of correlations 
between comorbidities and cardiac function.

Discussion
This study provides a detailed phenotypic character-

ization of HFpEF patients, emphasizing the central role of 
comorbidities in shaping functional status and clinical out-
comes. The predominance of older women with elevated 
BMI highlights the typical demographic and metabolic pro-
file associated with HFpEF, consistent with prior reports. 
Our findings reinforce the concept that chronic coronary 
disease and hypertension are key drivers of disease patho-
physiology, contributing to diastolic dysfunction, elevated 
filling pressures, and exercise limitation.

The observed heterogeneity in NT-proBNP levels and 
functional NYHA classes underscores the complexity of HF-
pEF, where biomarker variability and multiple comorbidi-
ties influence symptom burden and prognosis.

Cardiovascular comorbidities such as atrial fibrilla-
tion, coronary artery disease, and hypertension, alongside 

Fig. 3 Prevalence of non-cardiovascular 
comorbidities in patients with HFpEF

Note: Data are presented as percentages of the total study 
population. Abbreviations: HFpEF = heart failure with pre-
served ejection fraction; COPD = chronic obstructive pul-
monary disease. The figure presents descriptive statistics 
only; no inferential statistical tests were applied.
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non-cardiovascular conditions including diabetes, COPD, 
and thyroid dysfunction, further modulate the clinical phe-
notype. These results align with recent cluster and pheno-
typing studies, emphasizing the importance of individual-
ized evaluation and management.

Our study highlights practical implications for HFpEF 
management. Multidisciplinary approaches targeting blood 
pressure control, atrial fibrillation management, cardiomet-
abolic optimization, and secondary prevention of ischemic 
events are critical. Screening for thyroid dysfunction, sleep 
apnea, and implementing lifestyle interventions can further 
improve functional capacity and quality of life. The identifi-
cation of comorbidity clusters may guide precision therapy 
and optimize response to interventions, including aerobic 
exercise and pharmacologic strategies.

Study limitations include the relatively small sample size 
and the observational design, which preclude establishing 
causality. Furthermore, biological variability of NT-proBNP 
and the absence of advanced imaging or functional assess-
ments (e.g., strain echocardiography, invasive measure-
ments of ventricular filling pressures) may have influenced 
the interpretation of correlations between comorbidities 
and cardiac function. Selection bias is also possible, as pa-
tients were recruited from a single tertiary center.

Conclusions
This study shows that HFpEF is a complex and diverse 

condition influenced by many comorbidities. It highlights 
the need for a comprehensive, phenotype-based approach 
to care that combines comorbidity assessment, clinical 
evaluation, and biomarker analysis to personalize treat-
ment. Identifying groups of comorbidities helps clinicians 
choose more targeted interventions and improve outcomes 
through a multidisciplinary approach, including cardiomet-
abolic management, lifestyle changes, and screening for 
non-cardiac diseases. The findings support the move to-
ward precision medicine in HFpEF, promoting individual-
ized strategies to improve treatment response. Although 
causality cannot be confirmed, the study offers a useful 
framework for future research on phenotype-guided ther-
apies and emphasizes the importance of personalized and 
integrated care to improve prognosis.
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