
Indian Journal of Cardiovascular Disease in Women | Article in Press  |  1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2025 Published by Scientific Scholar on behalf of Indian Journal of Cardiovascular Disease in Women

Review Article Cardiovascular

Heart Failure with Supranormal Ejection Fraction: A 
Female-Predominant Syndrome
Rahul Garg1, Prashant Prakash2

1Department of Medicine, Farukh Hussain Medical College, 2Department of Medicine, Sarojini Naidu Medical College, Agra, Uttar Pradesh, India.

 *Corresponding author: 
Rahul Garg, 
Department of Medicine, 
Farukh Hussain Medical 
College, Agra, Uttar Pradesh, 
India.

gargrahul27@gmail.com 

Received: 29 December 2024 
Accepted: 10 July 2025 
EPub Ahead of Print: 05 August 2025  
Published:

DOI 
10.25259/IJCDW_109_2024

Quick Response Code:

INTRODUCTION

The classification of heart failure (HF) has traditionally centered on left ventricular ejection 
fraction (LVEF) as a key parameter, with established categories including reduced, mid-range, 
and preserved ejection fraction (EF). However, emerging evidence has challenged traditional 
assumptions about the relationship between LVEF and clinical outcomes. Recent research has 
demonstrated that very high EF values may not be as benign as previously thought, leading to 
the recognition of HF with supranormal EF (HFsnEF) as a distinct clinical entity. Supranormal 
LVEF (snLVEF) typically refers to values that exceed the standard normal range, generally above 
65–70%.[1-3]

Large-scale population studies have revealed that the relationship between LVEF and mortality 
follows a U-shaped curve [Figure  1],[1] with increased risks at both very low and very high 
values.[1,4] This finding has particular significance in clinical practice, as patients with LVEF 
≥65–70% show mortality rates similar to those with LVEF of 35–40%, even after adjusting for 
various clinical factors, whereas patients with LVEF of 60–65% had the lowest mortality rates.[1,4] 
Such observations have stimulated renewed interest in understanding the pathophysiological 
mechanisms and clinical implications of snLVEF.

ABSTRACT
Heart failure (HF) with supranormal ejection fraction (EF) has emerged as a distinct clinical entity that 
challenges traditional understanding of HF classification. This condition, characterized by left ventricular 
EF (LVEF) exceeding 65–70%, demonstrates unique pathophysiological mechanisms and carries significant 
clinical implications, particularly in women. Recent studies have revealed that supranormal LVEF (snLVEF) 
follows a U-shaped mortality curve, with risk levels comparable to those seen in reduced EF. The condition 
shows notable gender dimorphism, with women showing higher baseline EFs and distinct cardiac remodeling 
patterns. Pathophysiological mechanisms include microvascular dysfunction, sympathetic hyperactivation, and 
gender-specific cardiac adaptations influenced by hormonal factors and body composition. Genetic studies have 
identified specific variants associated with snLVEF, suggesting a distinct genetic phenotype. While traditional 
HF medications have shown limited efficacy, newer agents such as dapagliflozin and semaglutide demonstrate 
promising results. Understanding this condition’s unique characteristics is crucial for developing targeted 
therapeutic approaches and improving patient outcomes.
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EPIDEMIOLOGY AND DEMOGRAPHICS

The prevalence of HFsnEF shows significant variation 
across different populations and clinical settings. In HF 
populations, approximately 2.5–16.8% of patients present 
with snLVEF, though this figure may underestimate the 
true prevalence due to diagnostic criteria that often require 
elevated natriuretic peptide levels, which showed a mixed 
picture in various studies (elevated in some studies while 
reduced in some studies).[1,3,5,6] Recent data from the Swedish 
HF Registry revealed that 6.5% of patients had supranormal 
EF (≥65%), with these patients showing distinct clinical 
characteristics compared to other HF phenotypes.[7,8] 
Patients with LVEF >70% admitted to an intensive care unit 
experienced an increased 28-day mortality as compared to 
those with normal LVEF.[9]

The condition demonstrates notable demographic patterns, 
with a marked predominance in women compared to 
men.[2] Global data reveal significant geographic variations 
in HFsnEF prevalence. The LECRA-HF registry from Europe 
reported that patients with supranormal EF comprised 
15.3% of the HF population, with female predominance.[10] 
Similarly, Israeli registry data showed that HFsnEF comprised 
17.6% of total HF patients, with women constituting 68.4% of 
patients, compared to 35.6% in the HF with mildly reduced 
EF (HFmrEF) group and 51.5% in HF with preserved EF 
(HFpEF) group.[11]

Gender differences extend beyond prevalence to clinical 
presentation and outcomes. The multi-ethnic study 
of atherosclerosis has provided crucial insights into 
demographic variations of LVEF, demonstrating that women 
typically have baseline EFs 2–4% points higher than men.[12] 
This gender dimorphism extends beyond mere numerical 
differences, reflecting fundamental biological variations in 
cardiac structure and function between sexes.[13-16] Women 

with snLVEF often present with smaller heart volumes and 
distinct patterns of cardiac remodeling.[2,17]

ETIOLOGY

Etiology of HFsnEF is multifactorial.[3,6,18,19] Common causes 
include:
1.	 Valvular heart disease
2.	 Hypertension
3.	 Arrhythmias
4.	 Cardiomyopathy (Hypertrophic>Restrictive>Dilated)
5.	 Ischemic heart disease
6.	 Aortic stenosis
7.	 Amyloidosis
8.	 Obesity.

PATHOPHYSIOLOGICAL MECHANISMS

Microvascular dysfunction and sympathetic activation

The pathophysiology of HFsnEF involves complex 
interactions between microvascular dysfunction, sympathetic 
activation, and gender-specific cardiac adaptations [Figure 2]. 
A  central feature is significant microvascular dysfunction, 
particularly prevalent in women, characterized by reduced 
coronary flow reserve and impaired myocardial perfusion 
despite enhanced systolic function.[20-22] This dysfunction 
often occurs in conjunction with sympathetic hyperactivity, 
which contributes to enhanced contractility but may lead to 
long-term myocardial dysfunction.[2,23,24]

Gender-specific cardiac adaptations

Women exhibit unique cardiac adaptations that predispose 
them to developing snLVEF. These include distinct patterns 
of ventricular remodeling with a tendency toward concentric 
geometry, enhanced contractile function, and modified 

Figure 1: U-shaped mortality curve for left ventricular ejection fraction (MACE: Major adverse cardiac 
events).
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calcium handling mechanisms.[17] Women tend to have smaller 
end-systolic volume than men.[17] Small hearts operating in 
“hyperdynamic mode” (very high EF) require more oxygen to 
pump sufficient blood which increases oxygen demand.[17]

Hormonal influences play a crucial role in these adaptations, 
affecting both cardiac structure and function, especially 
in post-menopausal women. The loss of estrogen after 
menopause might contribute to multiple cardiovascular (CV) 
changes that predispose women to this condition.[25] Estrogen 
typically helps regulate blood vessel function and sympathetic 
nerve activity, and its deficiency leads to increased vascular 
stiffness and enhanced sympathetic tone.[25] Human studies 
have reported that women on Estrogen Replacement Therapy 
have lower blood pressure,[26,27] decreased heart rate (HR),[27] 
increased baroreceptor sensitivity,[26,28] and elevated HR 
variability.[28] Postmenopausal women experience a 40% 
increase in sympathetic nervous system activity compared to 
premenopausal women, contributing to the hyperdynamic 
cardiac state characteristic of HFsnEF.[25] In addition, 
estrogen deficiency is associated with endothelial dysfunction 
and reduced nitric oxide availability, further compromising 
microvascular function.[25]

Body composition plays a significant role in sex differences. 
After menopause, women tend to develop more central 

obesity, which is associated with depressed left ventricular 
(LV) systolic and diastolic function.[29,30] Interestingly, 
higher body mass index (BMI) associates with higher 
LVEF, while higher waist circumference and waist–hip ratio 
correlate with lower global longitudinal strain.[30] Central 
obesity is associated with increased inflammatory markers, 
insulin resistance, and activation of the renin-angiotensin-
aldosterone system, all of which contribute to cardiac 
dysfunction.[31] In addition, women with HF generally have 
lower BMI and are more likely to experience frailty and 
sarcopenia (muscle loss), which can impact their quality of 
life and clinical outcomes.[31] Notably, diastolic dysfunction 
(E/e’ ratio) correlates negatively with psoas muscle mass 
specifically in women but not men.[32] The combination 
of smaller heart volumes, higher baseline sympathetic 
activity, hormonal changes, and altered body composition in 
postmenopausal women creates a physiological environment 
that may contribute to the development of HFsnEF.

Genetic underpinnings

Recent genetic analyses have provided important insights into 
the hereditary aspects of snLVEF. A genome-wide association 
study identified 16 independent genetic variants associated 
with snLVEF, which collectively form a genetic risk score 

Women’s Features
• Smaller End Systolic Volume
• Concentric geometry
• Enhanced contractile function
• Modified calcium handling

Post Menopausal Changes
• Estrogen loss
• Central Obesity
• Frailty
• Sarcopenia

Gender Specific Adaptations

Microvascular Dysfunction
• ↓Coronary flow reserve
• Impaired myocardial
 perfusion

Genetic Factors
• 16 genetic variants
• 30% SNP (Single
 Nucleotide Polymorphism)
 heritability

Heart Failure With
Supranormal Ejection

Fraction (HFsnEF)

Sympathetic Activation
• ↑Contractility
• Long term myocardial
 dysfunction

Altered Cardiac Mechanics
• ↑End systolic elastance
• Modified ventricular-arterial
 coupling
• Changed strain pattern
• ↓Stroke volume index

Figure 2: Pathophysiological mechanisms leading to heart failure with supranormal ejection fraction.
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predictive of mortality. This genetic predisposition suggests 
that snLVEF represents a distinct genetic phenotype rather 
than simply an extreme of normal variation [Figure  3].[3] 
Individuals in the top 10% of genetic risk showed an 11% 
higher risk of death compared to those in the bottom 10%.[3] 
A single-nucleotide polymorphism-based heritability of 30% 
implicating variants in genes for cardiac hypertrophy has also 
been demonstrated.[1,3]

Altered cardiac mechanics

The mechanical aspects of cardiac function in HFsnEF patients 
show important alterations. Studies have revealed increased 
end-systolic elastance, modified ventricular-arterial coupling, 
and changes in both longitudinal and circumferential strain 
patterns.[33] The relationship between LV stroke volume and 
incident HF suggests that these mechanical changes play 
a crucial role in disease progression.[34] Research from the 
Strong Heart Study has shown that reduced stroke volume 
index, even in the presence of preserved EF, strongly predicts 
HF incidence.[34]

CLINICAL MANIFESTATIONS AND RISK 
STRATIFICATION

These patients often display multiple signs of undiagnosed 
HF, including symptoms and signs such as dyspnea, 
exertional dyspnea, edema, and fatigue.[3]

Recent research has identified distinct patient clusters 
[Figure  4] with unique characteristics and outcomes.[35] 
Cluster 1, comprising 52.5% of patients, was characterized 
by enlarged heart cavities and valvular disease, with a high 
prevalence of atrial fibrillation and atrial flutter. This group 
showed the highest mortality risk and CV death risk, with 
valvular heart disease being the most common cause (88.8%), 
followed by restrictive cardiomyopathies (7.8%). Cluster 2, 
representing 26.2% of patients, consisted of older patients 
with metabolic risk factors, including the highest BMI and 
prevalence of comorbidities such as hypertension, diabetes, 
hyperlipidemia, and renal dysfunction. Their most common 
causes were ischemic (67.2%) and hypertensive (19%), and 
they showed better survival rates than Cluster 1. Cluster 3, 
making up 21.3% of patients, was predominantly composed 
of hypertrophic cardiomyopathy patients (93.6%) who had 

the highest baseline levels of hemoglobin and albumin. This 
group showed the best overall prognosis and received a 
high rate of specific treatments, including beta-blockers and 
surgical interventions. These findings demonstrate significant 
heterogeneity within HFsnEF and suggest that different 
patient subgroups may benefit from different treatment 
approaches, providing a framework for risk stratification and 
phenotype-specific management.[35]

The JROADHF study has provided valuable insights into the 
prevalence, characteristics, and outcomes of different patient 
subgroups.[6] This comprehensive analysis identified several 
key features that help characterize distinct patient phenotypes 
and their associated outcomes. The research found that 
HFsnEF patients exhibited distinct characteristics compared 
to those with HF with normal EF (HFnEF). They tended to 
be older, were more frequently women, and showed lower 
natriuretic peptide levels and smaller left ventricles. The 
underlying causes of HF also differed, with HFsnEF patients 
more likely to have valvular, arrhythmic, or hypertensive 
heart disease rather than ischemic heart disease. While the 
overall rates of CV death or HF readmission were similar 
between HFsnEF and HFnEF groups, HFsnEF patients 
showed a lower risk of HF readmission after adjusting for 
confounding factors. Women with HFsnEF had higher rates 
of CV death and HF readmission, and patients with renal 
dysfunction experienced higher all-cause mortality.[6]

Risk assessment in HFsnEF patients reveals complex patterns. 
Analysis of large clinical databases has shown that patients 
with snLVEF have a high risk of major adverse cardiac 
events (MACE) and mortality rates comparable to those 
with moderately reduced EF.[1,4,20] This risk is particularly 
pronounced in elderly women with coronary artery disease 
(CAD), where high LVEF has been associated with increased 
mortality following acute coronary events.[36] The CONFIRM 
registry study demonstrated that women with high LVEF had 
increased long-term mortality, particularly in the presence of 
obstructive CAD.[2]

The RELAX-AHF-2 trial provided additional insights into 
the relationship between EF and CV outcomes in hospitalized 
HF patients. Analysis revealed that the relationship between 
EF and outcomes is not linear, with higher risks observed at 
both ends of the spectrum and patients with higher LVEF 
experience a greater likelihood of non-CV death.[37]

Comparative outcomes analysis

Comparison with traditional HFpEF and HF with reduced 
EF (HFrEF) populations reveals distinct prognostic patterns 
from HFsnEF patients.

JROADHF registry showed similar incidence regarding 
composite of CV death but lower HF readmission (HR 0.92, 
confidence interval [CI] : 0.84–1.01, P = 0.081).[6] CONFIRM 

Figure  3: Correlation between genetic risk and mortality. (LVEF: 
Left ventricular ejection fraction.
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registry reported that after 6 years of follow-up, there was no 
difference in mortality for HFsnEF and HFnEF (7.1% vs. 7%, P 
= 0.41) while women with HFsnEF showed increased mortality 
compared to men (8.6% vs. 5.8%, P = 0.031), particularly 
pronounced in obstructive CAD (16.3% vs. 7.5%, P = 0.003).[2]

Recent registry data from Israel demonstrated that during 
32  months of median follow-up, HFsnEF had the highest 
mortality at 65.1%, compared to HFpEF at 60.8% and HFmrEF 
at 58.5% (P = 0.009).[11] However, after adjusting for baseline 
characteristics, mortality differences became non-significant. 
For hospitalizations, HFmrEF had lower all-cause readmission 
rates (60.7%) versus HFpEF (67.0%) and HFsnEF (66.2%) 
(P = 0.003). HF-specific readmissions showed no significant 
differences between groups (39.0% overall, P = 0.106).[11]

The Swedish HF Registry provided comprehensive outcome 
data, showing that all-cause mortality was almost similar 
in HFsnEF (adjusted HR 1.15, 95% CI: 0.85–1.55, P = 0.38) 
and HFpEF (adjusted HR 1.18, 95% CI: 0.96–1.44, P = 0.12), 
whereas all cause hospitalization was higher in HFsnEF 
(adjusted HR 1.14, 95% CI: 0.94–1.37, P = 0.18) than 
HFpEF (adjusted HR 1.03, 95% CI: 0.91–1.17, P = 0.66); 
however, these EF differences appeared to have minimal 
independent prognostic value when other clinical factors 
were considered.[7,8]

The LECRA-HF registry reported that HFsnEF patients had 
higher all-cause mortality as compared to HFpEF patients 
(65% vs. 55.2%, P = 0.044).[10]

DIAGNOSTIC CONSIDERATIONS

Electrocardiography

Atrial fibrillation, atrial flutter, as well as ventricular 
fibrillation have been reported to be the common arrhythmias 
in these patients.[1,6,36]

Cardiac imaging techniques

The diagnosis of HFsnEF requires a comprehensive approach 
incorporating multiple diagnostic modalities. Modern 
imaging techniques play a crucial role, with echocardiography 
(ECHO) remaining the primary tool for assessment. 
Advanced imaging methods such as speckle tracking ECHO 
and cardiac magnetic resonance (CMR) imaging have 
revealed subtle abnormalities in cardiac function that may 
not be apparent with conventional imaging. Speckle tracking 
ECHO enables detailed strain analysis, while CMR imaging 
provides superior tissue characterization. Nuclear imaging 
techniques offer insights into perfusion patterns, and novel 3D 
imaging approaches allow precise volumetric analysis.[1,3,20,33]

ECHO

As compared to the patients with LVEF of 50–64%, patients 
with LVEF ≥65% showed the following salient features on 
ECHO (2D, M-Mode, Doppler):[6,33,38]

•	 Reduced LV end-diastolic volumes
•	 Similar or reduced LV mass
•	 Reduced left atrial volumes
•	 Severe Left atrial dilatation
•	 High E and A waves, high e’
•	 Higher end-systolic elastance
•	 Increased LV chamber stiffness is demonstrated by 

a leftward-shifted end-diastolic pressure-volume 
relationship and a higher stiffness coefficient (β).

CMR imaging

It is considered the gold standard for LVEF assessment. 
Higher LVEF by CMR has been found to be independently 
associated with an increased risk of MACE in healthy 
individuals free of baseline CV disease.[1]

Figure 4: Heart failure with supranormal ejection fraction patient clusters and their characteristics.

HFsnEF (Heart Failure with supranormal Ejection
Fraction) patient population

CLUSTER 1
Etiology
• Valvular Heart Disease
 (Most common) 
• Restrictive cardiomyopathies
Key features
� Enlarged left heart
� High prevalence of Atrial
 fibrillation/Atrial flutter
� Low BP and high Heart rate
� Treated with valve
replacement therapy
Outcomes
� Highest mortality risk
� Highest CV death risk

CLUSTER 2
Etiology
• Ischemic heart disease (Most
 common)
• Hypertension
Key features
� Older patients
� High BMI (Body Mass Index)
� Comorbidities like Hypertension,
 Diabetes Mellitus,
 Hyperlipidemia, Renal
 dysfunction
� Treated with revascularization
 therapy
Outcome
� Better survival than cluster 1

CLUSTER 3
Etiology
• HOCM (Hypertrophic
Obstructive Cardiomyopathy)
Key features
� High Hemoglobin levels
� High Albumin levels
� Responsive to Beta blockers
 and surgical intervention
 (septal myotomy or alcoholic
 septal ablation)
Outcome
� Best overall prognosis
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Cardiac computed tomography angiography (CTA)

Cardiac CT has proved to be an excellent tool for the analysis 
of LV function and an additive prognostic value in patients 
with CAD.[15] Cardiac CTA can evaluate surrogate markers of 
diastolic dysfunction by measuring the change in mitral valve 
area, mitral septal tissue motion, changes in LV volume, and 
left atrial total emptying fraction.[39,40]

Nuclear imaging

A recent study showed that women with supranormal EF 
assessed by Cardiac Positron Emission Tomography have 
reduced coronary flow reserve and blunted HR recovery in 
response to adenosine.[20] It can also be used to quantify EF 
and to rule out cardiac amyloidosis.[3]

Invasive cardiopulmonary exercise testing

Despite structural differences, both groups (LVEF of 50–64% 
and LVEF ≥65%) have shown similar abnormalities in resting 
and exercise hemodynamics. Both groups had impaired 
myocardial contractility, elevated filling pressures, higher 
pulmonary artery pressures, increased vascular resistance, 
reduced cardiac output, and impaired exercise capacity.[33]

Biomarker profiles

The biomarker profile in HFsnEF patients shows distinct 
characteristics compared to other HF phenotypes. These 
patients can present with higher or lower levels of natriuretic 
peptides, though they may show evidence of subtle 
myocardial injury and other markers of CV stress.[1,3,5,6]

Machine learning applications

Machine learning approaches can be valuable tools in 
HFsnEF diagnosis and risk stratification. These techniques 
have proven particularly useful in identifying distinct patient 
phenotypes, predicting clinical outcomes, and integrating 
multiple data sources for improved diagnosis in patients 
with HFpEF.[41] The application of artificial intelligence 
has enhanced our ability to recognize patterns and predict 
outcomes with greater accuracy.

A brief summary of key features of HFsnEF has been shown 
in Figure  5 and a disease progression timeline has been 
shown in Figure 6.

TREATMENT CONSIDERATIONS

Pharmacological therapy

The management of HFsnEF requires a tailored approach 
that considers the unique pathophysiology of the condition. 
To date, only two drugs have shown some efficacy in patients 

with HFsnEF: Dapagliflozin and semaglutide, although there 
is an absence of any concrete evidence.

DELIVER trial demonstrated the effectiveness of 
dapagliflozin, an SGLT2 inhibitor in reducing the risk of 
worsening HF or CV death among patients with HF, the 
benefit of which extended throughout the range of EF.[42]

A pooled analysis combining data from two clinical trials 
(STEP-HFpEF and STEP-HFpEF diabetes mellitus) tested 
semaglutide (2.4  mg weekly subcutaneous injections), a 
glucagon-like peptide-1 receptor agonist, in treating patients 
with obesity-related HF with preserved EF (HFpEF), which 
also included patients with EF >65%. Semaglutide improved 
HF-related symptoms and physical limitations measured 
by the Kansas City Cardiomyopathy Questionnaire Clinical 
Summary Score (KCCQ-CSS) which showed an improvement 
by 7.5 points (95% CI : 5.3–9.8, P < 0.0001) compared to 
placebo and also reduced body weight by 8.4% (−9.2–−7.5, P 
< 0.0001).[43] Patients with more severe HF symptoms showed 
greater improvements in their KCCQ-CSS, even though their 
weight loss was similar to those with less severe symptoms. 
In addition, while patients with diabetes lost less weight than 
those without diabetes, they showed similar improvements in 
HF symptoms.[43]

HF medications such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), 
vasodilators, beta blockers, mineralocorticoid receptor 
antagonists (MRAs), and empagliflozin (SGLT2 inhibitor) 
have not proven to be effective in HF with EF >65%.[44-48] 
A study analyzed the effectiveness of sacubitril/valsartan 
across different levels of HF by combining data from two 
major clinical trials (PARADIGM-HF and PARAGON-
HF) and found that sacubitril/valsartan was generally more 
effective than standard renin-angiotensin-aldosterone 
system inhibitors in HF with higher EF in women as 

Figure  5: Key features of heart failure with supranormal ejection 
fraction. (EF: Ejection Fraction.)
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compared to men, but with minimal benefit in patients 
with EF >65%.[49]

Why traditional HF therapies fail in HFsnEF?

The reduced effectiveness of traditional HF medications 
in patients with EFs higher than 55–65% can be attributed 
to several distinct pathophysiological mechanisms that 
differentiate HFsnEF from other HF phenotypes.[1,49]

Neurohormonal pathway differences

While medications targeting neurohormonal pathways (ACE 
inhibitors, ARBs, beta-blockers, MRAs) work effectively 
across different levels of heart function impairment, they 
show decreased benefits in patients whose contractile 
function remains supranormal.[49] This occurs because the 
primary pathophysiology in HFsnEF involves microvascular 
dysfunction and sympathetic hyperactivation rather than the 
neurohormonal activation typically seen in HFrEF.[20,23,24]

Distinct disease mechanisms

Patients experiencing HF despite having higher EFs are 
affected by fundamentally different disease processes, 
potentially representing a distinct clinical entity.[1,49] The 
predominant mechanisms involve:
•	 Microvascular dysfunction with reduced coronary flow 

reserve[20,21]

•	 Sympathetic hyperactivation leading to increased 
oxygen demand[23,24]

•	 Ventricular stiffening and chamber contracture[33]

•	 Genetic predisposition with specific variants affecting 
cardiac hypertrophy.[3]

Underlying pathological processes

A notable example is the presence of amyloid deposits, 
which affects approximately 15–20% of all patients with 
preserved EF HF, with potentially higher rates in those with 
supranormal EFs.[1,49] These infiltrative processes may not 
respond to conventional treatments that focus on modifying 
secondary neurohormonal pathways.[49]

Hemodynamic considerations

The hyperdynamic state in HFsnEF patients means that 
further increasing contractility (through positive inotropic 
effects of some medications) may be counterproductive, 
potentially worsening microvascular dysfunction and 
increasing oxygen demand.[17] Similarly, the already enhanced 
sympathetic activity in these patients may limit the beneficial 
effects of beta-blockers.[23,24]

Gender-specific considerations

Gender-specific considerations play a crucial role in 
treatment approaches, given the strong association between 
HFsnEF and female gender. Women show different drug 
metabolism patterns, greater prevalence of frailty and 
comorbidities and may have higher susceptibility to 
adverse reactions, necessitating careful attention to dosing 
strategies.[31]

Lifestyle modifications

A randomized controlled trial investigated whether caloric 
restriction (Diet) or aerobic exercise training (Exercise) could 
improve exercise capacity and quality of life in older obese 
patients with HF with preserved EF (HFpEF).[50] Patients with 

Female
gender 

Post
menopausal

Obesity HTN Asymptomatic Microvascular
dysfunction

↑LVEF Exercise Sympathetic
activation

LVDD Clinical
symptoms

↓Stroke
volume

↑ Mortality
risk

Primary
pre-

disposing
factor

Hormonal
changes   

Normal
daily

activities

Metabolic
changes

Early
changes

>65% Reduced
capacity

Increased Developing dyspnoea,
fatigue 

despite
highEF

U-shaped
curve

Vascular
changes

Risk factors Early stage Progressive stage Advanced stage

Figure  6: Disease progression timeline of heart failure with supranormal ejection fraction. (HTN: 
Hypertension, LVEF: Left ventricular ejection fraction, LVDD: Left ventricular diastolic dysfunction, 
EF: Ejection Fraction).
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EF >65% were also included. The diet intervention involved a 
carefully monitored reduced-calorie diet (approximately 400 
calories/day deficit), while the exercise intervention consisted 
of supervised walking sessions 3  times/week. The study had 
two primary outcomes: Peak oxygen consumption (VO₂) and 
quality of life measured by the Minnesota Living with HF 
(MLHF) questionnaire. Both diet and exercise significantly 
improved peak VO₂, with diet showing a main effect of 
1.3  mL/kg/min increase and exercise showing a 1.2  mL/kg/
min increase. The effects were additive when combined. 
However, neither intervention significantly improved the 
MLHF scores. Notably, diet did improve other quality of 
life measures, including the Kansas City Cardiomyopathy 
Questionnaire score, which increased by 7 units (beyond the 
5-unit threshold for clinical relevance). The diet intervention 
also led to significant improvements in body composition, 
with participants losing an average of 7  kg (7%) of body 
weight, including reductions in both fat mass and lean body 
mass. The exercise group lost an average of 4 kg (3%) of body 
weight, primarily from fat mass. The diet group showed 
additional improvements in various measures, including 
reduced inflammation markers (C-reactive protein), improved 
lipid profiles, decreased LV mass and wall thickness, and 
enhanced muscle quality and better HF symptoms (improved 
NYHA class). The study found that the improvements in 
exercise capacity were associated with reduced total fat mass, 
improved body composition (particularly the ratio of thigh 
muscle to intermuscular fat), decreased inflammation, and 
reduced LV mass. The interventions appeared safe, with only 
minor adverse events reported and no deaths during the study 
period. These findings are particularly significant because 
HFpEF is the most common form of HF in older adults, and 
more than 80% of HFpEF patients are overweight or obese. 
Previous treatment approaches have had limited success, and 
this study suggests that lifestyle interventions, particularly 
caloric restriction and exercise, can improve exercise capacity 
in patients with HFsnEF.[50]

FUTURE RESEARCH DIRECTIONS

Future research in HFsnEF should focus on several critical 
areas: Exploring gender-specific pathophysiology and 
treatment responses, particularly in post-menopausal 
women; investigating novel therapeutic targets based on 
genetic and molecular mechanisms; developing advanced 
imaging techniques for earlier detection and better risk 
stratification; studying the role of hormonal influences and 
body composition in disease progression; and evaluating the 
potential of artificial intelligence in predicting outcomes and 
personalizing treatment approaches. In addition, long-term 
studies are needed to understand the natural history of the 
condition and identify modifiable risk factors that could 
improve patient outcomes.

CONCLUSION

HFsnEF represents a unique clinical entity with distinct 
pathophysiological mechanisms, particularly affecting 
women. The condition’s complex interplay of genetic factors, 
gender-specific cardiac adaptations, and microvascular 
dysfunction requires a tailored approach to diagnosis and 
treatment. While traditional HF therapies have shown 
limited effectiveness, emerging treatments and lifestyle 
modifications offer promising results. The successful 
management of HFsnEF depends on recognizing its unique 
characteristics and developing personalized therapeutic 
strategies that account for patient-specific factors, especially 
gender-related differences.
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