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Abstract: : Heart failure with preserved ejection fraction (HFpEF) accounts for approx-
imately 50% of heart failure cases and is primarily characterized by impaired diastolic
function, leading to increased ventricular filling pressures and symptoms like dyspnea
and reduced exercise tolerance. Significant gender-specific differences are observed, with
women, particularly post-menopausal, experiencing higher prevalence and distinct clinical
profiles compared to men. Diastolic dysfunction in HFpEF involves altered cellular mecha-
nisms such as reduced SERCA2a expression, impacting calcium handling and myocardial
relaxation. Diagnostic strategies mainly employ echocardiography, including Doppler
imaging, tissue Doppler imaging, and strain imaging, to assess ventricular relaxation and
stiffness. However, early identification remains challenging, necessitating advanced tools
like cardiac magnetic resonance and exercise stress testing for accurate diagnosis, especially
in women who often present with subtle symptoms. Treatment options for HFpEF have
traditionally been limited, but recent trials, notably EMPEROR-PRESERVED and DELIVER,
demonstrated significant cardiovascular benefits using sodium–glucose cotransporter-2
(SGLT2) inhibitors. Additionally, glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
have shown promising results, particularly in obese patients. Despite these advances,
gender differences in therapeutic response necessitate further research for personalized
management strategies. Understanding sex-specific pathophysiological mechanisms and
optimizing diagnostic criteria remain essential to improving prognosis and quality of life
in HFpEF patients.
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1. Introduction
Heart failure with preserved ejection fraction (HFpEF) accounts for approximately

50% of heart failure cases and is characterized by impaired diastolic function, leading to
increased ventricular filling pressures and clinical symptoms such as dyspnea and exercise
intolerance [1–3].

Diastolic dysfunction is driven by cellular and hemodynamic alterations, including
delayed myocardial relaxation and increased ventricular wall stiffness. At the cellular
level, relaxation occurs through the detachment of actin–myosin cross-bridges, regulated
by calcium reuptake via the SERCA2a pump. In patients with HFpEF, reduced SERCA2a
expression impairs ventricular relaxation [4].

From a diagnostic perspective, Doppler echocardiography is the primary tool for
assessing diastolic function. One of the most significative studies on diastolic function
using transthoracic echocardiography was published 43 years ago [5].

Subsequently, more refined diagnostic criteria were developed, culminating in the rec-
ommendations of the American Society of Echocardiography and the European Association
of Cardiovascular Imaging [6].

Subsequent multicenter studies have confirmed the validity of these criteria in diag-
nosing HFpEF through invasive measurements of filling pressure [7,8].

Epidemiologically, HFpEF is more common in females during menopausal transition
and during postmenopausal codified period, mainly due to increased left ventricular
stiffness associated with differences in the extracellular matrix and the postmenopausal
decline in estrogen levels, leading to altered vascular and metabolic function [9,10].

From a clinical perspective, diagnosis is often challenging due to nonspecific symp-
toms. Traditional echocardiography may not be sufficient, and the integration of specific
biomarkers or advanced testing could improve early identification, especially in women,
who often present with a more subtle clinical profile compared to men [11–13]

From a therapeutic perspective, while HFrEF benefits from well-established treatments,
pharmacological options for HFpEF remain more limited. However, recent studies such as
EMPEROR-PRESERVED and DELIVER have introduced sodium–glucose cotransporter
2 (SGLT2) inhibitors, which have shown the potential to modify disease progression and
prognosis [14–16].

Gender differences in treatment response represent an active area of research, aiming
to develop personalized approaches to improve prognosis and quality of life for patients.

This review will explore sex differences in the pathophysiology of diastolic dysfunc-
tion, the progression to HFpEF, diagnostic and therapeutic challenges, as well as future
research perspectives in this field.

2. Definition, Epidemiology, and Pathophysiological Mechanisms
Heart failure with preserved ejection (HFPEF) is a clinical syndrome in which the

heart is unable to deliver the requisite amount of oxygen to the tissues commensurate with
their metabolic needs or does so but only at the expense of increased left ventricular filling
pressures, despite a normal ejection fraction. The prevalence of HFPEF is increasing, due to
a greater awareness of the diagnosis and refined echocardiographic techniques and also
due to changes in demographics (such as ageing of the population) and higher burden of
lifestyle-related risk factors (such as obesity and diabetes) [17–19].

The current American Heart Association/American College of Cardiology and Euro-
pean Society of Cardiology guidelines both recommend that a diagnosis of HFPEF should
be based on the presence of the three following features: 1. signs and symptoms consis-
tent with a diagnosis of heart failure; 2. absence of depressed ejection fraction (i.e., a left
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ventricular ejection fraction [LVEF] ≥ 50%); and 3. objective measures showing a diastolic
dysfunction [20,21]

Diastolic dysfunction refers to abnormal mechanical properties of the myocardium
and includes abnormal left ventricular (LV) diastolic distensibility, impaired filling, and
slow or delayed relaxation, regardless of whether patient is asymptomatic or symptomatic
and whether or not the EF is normal or depressed. Diastolic dysfunction implies that the
myofibrils do not rapidly or completely return to their resting length, the ventricle cannot
accept blood at low pressures, and ventricular filling is slow or incomplete unless atrial
pressure rises [22].

Important sex/gender differences have been described in HF subtypes. Although the
incidence of HFpEF is similar among men and women, the prevalence of HFpEF is higher
in women compared with men. In one study, women out-numbered men 2:1 with respect to
HFpEF hospitalizations. This is further reflected in lifetime risk estimates of HF: the lifetime
risk of HFpEF is nearly double that of HFrEF among women (10.7% vs. 5.8%), whereas the
lifetime risk of HFpEF and HFrEF are similar among men [23]. Studies on ethnic differences
in HFpEF burden are evolving. Data from the ARIC (Atherosclerosis Risk In Communities)
study of HF-related hospitalizations in four U.S. communities between 2005 and 2014 show
that average event rates for the first HFpEF hospitalization were highest among Black
women (7.4 per 1000 person-years [95% CI: 6.7–8.1 per 1000 person-years]) when compared
with Black men (6.2 per 1000 person-years [95% CI: 5.5–7.0 per 1000 person-years]), White
women (5.9 per 1000 person-years [95% CI: 5.5–6.2 per 1000 person-years]), and White
men (4.9 per 1000 person-years [95% CI: 4.5–5.3 per 1000 person-years]). During this time
period, the annual percent change for the first HFpEF hospitalization increased for all four
race–sex groups and was particularly pronounced among Black women [24].

Although the exact mechanisms underlying sex-specific differences in HFpEF preva-
lence remain incompletely understood, several hypotheses have emerged. Potential con-
tributing factors include enhanced inflammatory responses and chronic microvascular
dysfunction, which may be more pronounced in women and are thought to significantly
contribute to the development and progression of HFpEF [25,26].

Additionally, classical cardiovascular risk factors such as diabetes mellitus, obesity,
hypertension, and coronary artery disease appear to disproportionately influence HFpEF
risk in women. Recent evidence also highlights the relevance of gender-specific risk factors,
particularly early-onset menopause and adverse pregnancy outcomes, including polycystic
ovary syndrome, pre-eclampsia, gestational diabetes, and recurrent pregnancy losses.
These factors are increasingly recognized for their potential role in predisposing women
to HFpEF. The increased prevalence of HFpEF among older women, particularly during
postmenopause, has led researchers to examine the role of estradiol deficiency as a critical
contributor to disease pathogenesis. Estradiol modulates several pathways integral to
cardiovascular health, including inflammation regulation, oxidative stress management,
endothelial function, and nitric oxide signaling. Consequently, the menopausal decline in
estradiol is associated with adverse changes in body composition, blood pressure regulation,
and lipid metabolism, factors that collectively heighten cardiovascular risk and contribute
to the pathophysiology of HFpEF [27–29]

HFpEF is recognized as a syndrome characterized by notable phenotypic diversity,
influenced significantly by sex-based differences in clinical presentation and disease pro-
gression. Women typically exhibit more pronounced concentric left ventricular remodeling
and severe diastolic impairment compared to men, reflecting intrinsic differences in my-
ocardial and vascular adaptation to underlying risk factors [26,30].
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Age has also emerged as a critical determinant in defining HFpEF phenotypes, with
younger patients often presenting as obese men, while older patients frequently are women
with a higher burden of cardiovascular and metabolic comorbidities [31].

Recent advances in phenotyping methodologies allow for a more precise characteri-
zation of distinct patient subgroups within the HFpEF population. For instance, a recent
analysis utilizing advanced phenotyping identified three discrete groups in a cohort of
397 HFpEF patients: younger women presenting with less severe ventricular remodel-
ing, predominantly obese and diabetic women, and older patients of both genders who
exhibited pronounced chronic kidney disease and significant adverse left ventricular re-
modeling [32].

Furthermore, notable sex-related differences extend beyond disease prevalence and
clinical profiles to include outcomes and patient experiences. Specifically, while women
with HFpEF generally report lower quality of life compared to men, paradoxically, their
overall survival rates tend to be superior (Figure 1) [33,34].

 

Figure 1. Risk factors and disease progression.

Traditional HF risk factors increase susceptibility for HFpEF, particularly age, blood
pressure, obesity, and diabetes mellitus.

Age is a main risk factor, since with aging the heart loses elasticity due to myocardial
fibrosis, increasing the prevalence of diastolic dysfunction, which can reach up to 50% in
the elderly [35].

Arterial hypertension is also a major trigger for diastolic dysfunction, as it increases
the workload on the heart, causing left ventricular hypertrophy and reducing the heart’s
ability to relax, leading to greater ventricular stiffness [36].

Obesity contributes to hypertension, metabolic syndrome, and insulin resistance,
leading to a state of systemic inflammation, endothelial dysfunction, and subsequent
myocyte remodeling, favoring myocardial stiffness and fibrosis [37–39]

Diabetes mellitus with chronic hyperglycemia and insulin resistance can cause ad-
vanced glycosylation of cardiac proteins, promoting fibrosis and stiffness of the left ven-
tricle [40]. It also contributes to HFpEF pathogenesis via systemic vascular inflammation.
The production of reactive oxygen species and decreased bioavailability of nitric oxide
leads to downstream lowering of soluble guanylate cyclase and protein kinase G activity in
cardiomyocytes. Deficient PKG activity subsequently impairs myocardial relaxation and
induces cardiomyocyte hypertrophy [41].

There is a growing recognition of the concept of risk factor clustering, particularly
during the menopausal transition and postmenopause. It is crucial to consider that life
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expectancy has increased, and in Western countries, women are expected to spend approx-
imately 40% of their lives in a state of postmenopause. This extended phase of life has
significant implications for cardiovascular health and the development of HFpEF. HFpEF
has a higher prevalence in women compared to men. This sex-based discrepancy appears
to be driven by differences in cardiovascular adaptation to comorbidities and distinct
underlying etiologic mechanisms [35,41].

Women, especially after menopause, are more predisposed to HFpEF, with a higher
prevalence than men, especially in the elderly. Some common risk factors in women are
more pronounced, increasing the risk of developing and worsening HFpEF [30].

In fact, in postmenopausal women, isolated systolic hypertension is prevalent, favoring
ventricular stiffness, concentric hypertrophy, and progression to HFpEF. There are also
intrinsic physiological characteristics in women that predispose them to HFpEF, including
increased arterial stiffness [42].

In contrast, men with HFpEF tend to have greater LV mass and volume, lower arterial
elastance, and a higher incidence of coronary artery disease, indicating a hemodynamically
distinct pathophysiological substrate compared to women [30].

Hormonal differences also play a crucial role: postmenopausal estrogen reduction
increases the risk of fibrosis and ventricular stiffness. Estrogens modulate inflammatory
and fibrotic pathways, and their decline in women accelerates the progression of dias-
tolic dysfunction, whereas such modulation is absent in men. In addition, women with
HFpEF respond less to drug treatments than men, with a lower therapeutic response to
ACE inhibitors, angiotensin II antagonists, and beta-blockers, probably due to biological
differences [43].

Furthermore, women tend to develop a more obese phenotype, with a higher in-
cidence of metabolic syndrome and diabetes mellitus and worse diastolic dysfunction.
Conversely, in men, visceral adiposity is more closely linked to epicardial fat accumulation
and myocardial lipid infiltration, which may influence diastolic function differently [44].

In conclusion, women, especially in postmenopause, are more vulnerable to diastolic
dysfunction, with a more rapid progression to HFpEF. This progression is often driven by
hormonal, vascular, and metabolic alterations that differ from the ischemic and structural
remodeling mechanisms more typical in men. These differences require greater under-
standing to develop personalized treatments and targeted preventive strategies for men
and women.

There is a strong impact of some comorbidities with the worsening of diastolic dys-
function leading to HFpEF, in particular atrial fibrillation (AF) and renal dysfunction.

Paroxysmal and permanent atrial fibrillation is common in HFpEF because the two
conditions share common risk factors and because of the impairment of ventricular filling
during diastole and the reduced filling volume, worsening diastolic dysfunction [45].

AF in HFpEF patients predicts an unfavorable prognosis, with a rapid deterioration of
cardiac function and an increased risk of hospitalizations and mortality [46].

This association can also be frequent because chronic, sustained, or intermittent eleva-
tion in left ventricular (LV) filling pressures in HFpEF cause remodeling and dysfunction
of the left atrium over time, frequently culminating in the development of AF, which may
be considered as a “biomarker” of underlying LA myopathy and an indicator of more
advanced HFpEF. Furthermore, patients with permanent AF are more congested with
greater pulmonary vascular disease and lower cardiac output. In conclusion, survival
decreased with increasing AF burden [45].

Also, renal dysfunction is usually common in patients with HFpEF and affects the
progression of diastolic dysfunction. Chronic renal failure and reduced renal perfusion are
often found in these patients, aggravated by high filling pressure and sodium retention.
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Renal dysfunction increases myocardial fibrosis and left ventricular hypertrophy, worsening
the rigidity of the left ventricle and its ability to relax during diastole [47]. In addition,
the reduced ability to eliminate fluids causes pulmonary congestion and central venous
pressure, further exacerbating diastolic dysfunction.

So, both AF and renal dysfunction contribute to increased ventricular stiffness and
myocardial fibrosis, reducing the elastance of the heart, compromising its ability to expand
during diastole, and increasing filling pressure. In addition, fluid retention in patients
with renal dysfunction worsens venous congestion and increases the load on the heart,
accentuating diastolic dysfunction.

The presence of these comorbidities in patients with HFpEF is a negative prognostic
indicator, accelerating the progression of diastolic dysfunction and worsening clinical
outcomes. Properly managing these conditions is essential to improve prognosis. The
treatment of AF, with rhythm control and prevention of arrhythmic episodes, and the
management of renal dysfunction, which includes diuresis therapy and blood pressure
control, are essential to improve diastolic function and prevent worsening heart failure.

3. Pathogenesis and Triggering Factors
Systemic arterial hypertension is a frequent disease and is among the most frequent

cardiovascular risk factors. It plays an important pathogenetic role in a lot of cardiac
diseases. Half of the patients with hypertension develop diastolic dysfunction. This
condition is characterized by a persistent increased afterload that leads to stretching of
the myocytes and an increase in the concentrations of angiotensin II in vascular and
myocardial tissue which is known to be one of the main factors responsible for “genetic
reprogramming.” [48–50].

It stimulates cells to grow and the production of the extracellular matrix, leading
to increased myocardial mass and to an increased LV stiffness. LVDD is also caused by
metabolic alterations: in some studies, it has been found that chronic hypertension also
affects myocardial HEP metabolism, resulting in impaired diastolic function [51].

Another important clinical condition related to diastolic dysfunction is obesity. Obesity
is a very frequent condition nowadays, especially in western societies. This condition has
been demonstrated to be closely linked to the development of diastolic dysfunction; indeed,
visceral obesity is related to diastolic dysfunction: it is responsible for concentric LV
remodeling, elevated myocardial triglyceride levels, and impaired energetics. In some
studies, it has also been shown that metabolic mechanisms may be more important than
structural factors in mediating the negative effects of obesity on diastolic function [52,53].

Diabetes mellitus is a very frequent disease that carries a high risk of cardiovascular
complications and death. Diabetes mellitus leads to macrovascular and microvascular
complication, and it is one of the major cardiovascular risk factors for coronary artery
disease. However, diabetes is also associated with diastolic dysfunction, due to different
etiologies: abnormalities in high-energy phosphate metabolism, impaired calcium transport,
interstitial accumulation of advanced glycosylation end products, imbalance in collagen
synthesis and degradation, abnormal microvascular function, activation of the cardiac
renin–angiotensin system, decreased adiponectin levels, and alteration in the metabolism
of free fatty acids and glucose [54].

In a cross-sectional study that included 1778 participants (70% males and 30% fe-
males), it has been demonstrated that in female patients affected by type II diabetes, the
development of left ventricular diastolic dysfunction was more frequent [55].

Gestational diabetes mellitus (GDM) represents an additional important pathogenetic
condition linked to future cardiovascular complications. Recent evidence demonstrates
that GDM independently predicts the occurrence of subclinical myocardial dysfunction
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in the early postpartum period and significantly increases the risk for HFpEF years after
delivery [56,57].

Systemic autoimmune diseases have also been related to diastolic dysfunction, likely
secondary to chronic inflammatory states. There have been a lot of studies demonstrating a
relation between autoimmune syndrome and LVDD.

In a study of 244 patients with rheumatoid arthritis, they discovered a higher preva-
lence of diastolic dysfunction, which was independently associated with the disease dura-
tion and IL-6 levels, demonstrating the impact of chronic autoimmune diseases in myocar-
dial function [58].

Systemic sclerosis is another important autoimmune syndrome associated with left
ventricle diastolic dysfunction. In a study of 225 patients with systemic sclerosis, it has
been shown that LVDD is a common finding in this disease that progresses over time and is
associated with more severe dyspnea, even though it is not always associated with HfpEF,
but it can explain symptoms [59].

The menopausal transition and postmenopausal syndrome are additional important
conditions related with diastolic dysfunction. There is an exponential increase in the
incidence of heart failure with preserved ejection fraction compared with men of the same
age in postmenopausal woman, which might indicate a potential role of hormonal changes
in subclinical and clinical diastolic dysfunction. Estrogen deficiency leads to impaired
intracellular calcium metabolism by the receptor ERa subtypes ERa, ERb, and GPR30 which
act as inhibitors of myocardial hypertrophy. Estrogens also increase diastolic function by
modulating natriuretic peptides. These hormones also inhibit the proliferation of fibroblasts,
leading to reduced myocardial fibrosis and myocardial stiffness, which are both causes of
left ventricular diastolic dysfunction [60,61].

Cardiac amyloidosis represents another important clinical condition associated with
diastolic dysfunction. It is an infiltrative cardiomyopathy characterized by two main
phenotypes, secondary to the deposition of different proteins: (AL-CM) immunoglobulin
light chain amyloidosis and (ATTR-CM) transthyretin amyloidosis. The deposition of these
proteins leads to myocardial hypertrophy (often with low voltages on ECG) and severe
diastolic dysfunction, which can progress to a completely impaired diastolic function and a
restrictive phenotype.

ATTR-CM, particularly the wild-type form (ATTRwt), has been predominantly diag-
nosed in older men, with studies indicating a male-to-female ratio of approximately 7:1.
However, this discrepancy may be influenced by underdiagnosis in women, who often
present at an older age with less pronounced left ventricular hypertrophy and a higher
ejection fraction. Additionally, certain hereditary variants (ATTRv), such as the Val122Ile
mutation, may affect women at a higher rate than previously recognized. AL amyloidosis
does not exhibit a clear sex predilection but is often underdiagnosed in women due to
atypical presentations [62,63].

More broadly, various diseases contribute to the risk and pathophysiology of di-
astolic dysfunction, with sex-specific risk factors influencing disease manifestation and
progression. The underrepresentation of women in many clinical studies has led to an
underestimation of the true burden of diastolic dysfunction in females. Traditional cardio-
vascular risk factors such as hypertension, diabetes, and obesity appear to have a more
significant impact on LV diastolic dysfunction (LVDD) in women. This may explain, in
part, why women with HFpEF experience higher hospitalization rates, worse quality of
life, and poorer prognosis compared to men [64]. However, further studies are needed to
clarify sex-specific differences in amyloidosis prevalence, presentation, and therapeutic
approaches (Figure 2).
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Figure 2. Diagnostic approaches and differential diagnosis.

Diastolic dysfunction is a key pathophysiological feature of HFpEF and is associated
with increased cardiovascular morbidity and mortality [65]. Evaluating diastolic function re-
lies primarily on echocardiographic parameters, which provide essential hemodynamic and
structural insights into left ventricular relaxation, stiffness, and filling pressures. Echocar-
diographic assessment is based on mitral inflow Doppler, tissue Doppler imaging (TDI),
pulmonary venous flow, and left atrial (LA) volume measurements. The mitral inflow
Doppler pattern, obtained from pulsed-wave Doppler, assesses early (E) and late (A) dias-
tolic filling velocities, their ratio (E/A), and the deceleration time (DT). A reduced E/A ratio
(<0.8) and prolonged DT indicate impaired relaxation, while restrictive patterns suggest
increased LV filling pressures [6].

TDI, which measures myocardial velocities at the mitral annulus, is crucial for dif-
ferentiating normal aging from pathological dysfunction. The E/e′ ratio, calculated as
mitral inflow E velocity divided by e′, estimates LV filling pressures. An E/e′ > 14 indicates
elevated pressures, while values of 8–14 require further correlation [66].

Another essential parameter is left atrial volume index (LAVI), a chronic marker of
elevated LV filling pressures. Increased LAVI (>34 mL/m2) is associated with adverse
outcomes, including atrial fibrillation and HFpEF [67]. Pulmonary venous Doppler flow
and LA strain analysis further aid in assessing diastolic dysfunction progression [6].

In addition to conventional Doppler and TDI techniques, advanced echocardiographic
tools enhance the evaluation of diastolic dysfunction by providing more precise myocardial
function characterization.

Speckle-tracking echocardiography (STE) assesses myocardial strain to evaluate subtle
impairments in LV relaxation and LA function. Global longitudinal strain (GLS) reduction,
even in patients with normal ejection fraction, is an early marker of subclinical diastolic
dysfunction [68].

LA strain and LA ejection fraction (LAEF) have gained significant attention in diastolic
function assessment. LA strain, particularly LA reservoir strain, reflects atrial compliance
and is reduced in the presence of increased LV filling pressures. Sex-specific differences
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have been recognized, with women demonstrating slightly higher normative values of LA
reservoir strain compared to men; however, thresholds for pathological strain reduction are
typically uniform (<23%) but may require further refinement in future guidelines [69]. Sim-
ilarly, LAEF, calculated as (LA maximum volume − LA minimum volume)/LA maximum
volume, provides insight into LA contractile function and is an independent predictor of
cardiovascular outcomes in HFpEF [70].

Although current guidelines do not specify sex-specific cut-offs for LAEF, ongoing re-
search suggests potential variability that should be considered in future diagnostic criteria.

Three-dimensional (3D) echocardiography provides more accurate volumetric mea-
surements of LA volume and LV mass, refining risk stratification for patients with suspected
HFpEF [71].

Sex-specific reference ranges and cut-offs for key echocardiographic and MRI-based
parameters are outlined in Table 1, underscoring the importance of sex-specific diagnostic
criteria to enhance accuracy

However, resting echocardiographic assessment may not always detect early diastolic
dysfunction, particularly in HFpEF. Exercise stress echocardiography is a valuable tool for
unmasking diastolic dysfunction in borderline cases. This test evaluates changes in the
E/e′ ratio, tricuspid regurgitation velocity, and pulmonary artery pressures under exertion.
A stress-induced E/e′ > 15 suggests impaired diastolic reserves, characteristic of latent
HFpEF [72–74]

In addition to echocardiography, cardiac magnetic resonance (CMR) imaging with
T1 mapping enables precise myocardial characterization, particularly in detecting fibrosis
and interstitial expansion, key contributors to diastolic dysfunction. Extracellular volume
fraction (ECV) quantification on CMR correlates with diastolic dysfunction severity and
clinical outcomes [75].

Table 1. Sex-specific echocardiographic and cardiac magnetic resonance (CMR) parameters for the
diagnosis and risk stratification of diastolic dysfunction and HFpEF. The table summarizes reference
values for women and men, highlighting subtle but clinically relevant differences in left atrial reservoir
strain, left atrial volume index (LAVI), global longitudinal strain (GLS), and extracellular volume
fraction (ECV). These distinctions underscore the need for sex-adapted diagnostic thresholds to
improve the accuracy of HFpEF identification.

Parameter Women Men Bibliography

LA Reservoir Strain (%) ≥35 (normal), <23 (abnormal) ≥ 33 (normal), <23 (abnormal) [6,69]
LAVI (mL/m2) <34 (normal), ≥34 (abnormal) <34 (normal), ≥34 (abnormal) [67]

GLS (%) ≤−20 (normal), >−16 (abnormal) ≤−19 (normal), >−15 (abnormal) [68]
ECV (%) <28 (normal), ≥28 (abnormal) <27 (normal), ≥27 (abnormal) [75]

Recent data suggest that women may exhibit greater extracellular volume expansion despite similar levels of
fibrosis on histology, which could influence ECV thresholds for clinical interpretation. Sex-specific normal values
for T1 and ECV mapping are therefore increasingly advocated.

Biomarkers, both established and emerging, also play a critical role in the diagnosis
and management of HFpEF, particularly in differentiating HFpEF from other conditions
with similar presentations. Established biomarkers include natriuretic peptides such as BNP
and NT-proBNP, with sex-specific reference ranges recognized to account for physiological
differences—women typically present with slightly higher baseline values. Emerging
biomarkers such as Galectin-3, ST2, and markers of collagen turnover have also shown
promise, with ongoing research required to refine sex-specific diagnostic thresholds and
therapeutic implications [76–79]

Epidemiologic studies reveal that diastolic dysfunction prevalence varies significantly
based on age and sex. Population-based studies indicate that diastolic dysfunction is
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highly prevalent, affecting up to 25–30% of individuals over 65 years old, with prevalence
increasing with age [66].

Sex differences are particularly evident, with women—especially when post-
menopausal—exhibiting a higher prevalence of HFpEF than men, despite similar or even
lower levels of traditional cardiovascular risk factors [25]. The higher prevalence in women
has been attributed to sex-specific myocardial adaptations, including greater LV stiffness,
smaller LV cavity size, and higher arterial elastance, which contribute to increased suscepti-
bility to diastolic dysfunction despite preserved ejection fraction [80–82]

Moreover, these adaptations may influence diagnostic accuracy and call for tailored
algorithms: for instance, reliance on absolute LA size or wall thickness without indexing to
body surface area can underestimate pathology in women.

One major challenge is the underrepresentation of women in clinical trials investigat-
ing HFpEF and diastolic function, leading to gaps in understanding sex-specific pathophys-
iology and response to therapies [83].

4. Therapeutic Strategies and Outcomes
Until recently, there was limited robust evidence supporting the prognostic benefits

of a specific pharmacological treatment for heart failure with preserved ejection fraction
(HFpEF), a condition primarily driven by diastolic dysfunction. The latest ESC heart
failure guidelines reported a class I recommendation exclusively for patients with signs
and symptoms of congestion [84].

Several clinical trials including ACE-I/ARB and ARNI have not demonstrated a
significant improvement in their respective primary endpoints in this patient setting.

In the TOP-CAT trial, including patients with heart failure and EF > 45%, spirono-
lactone, although it did not improve the primary end point compared to placebo, had
demonstrated a significant reduction in hospitalization for heart failure alone.

In the PARAGON-HF trial, which included 4822 patients with heart failure with
EF > 45% and in NYHA class II-IV, ARNI was not shown to significantly reduce the
primary endpoint (mortality from cardiovascular causes or hospitalization for heart failure),
compared to valsartan alone [85].

However, recent randomized clinical trials have demonstrated the efficacy of certain
therapies in improving patient outcomes.

Sodium–glucose cotransporter-2 inhibitors (SGLT2i), originally developed for diabetes
management, have shown significant cardiovascular benefits in patients with HFpEF.

The EMPEROR-PRESERVED trial demonstrated that treatment with empagliflozin
(10 mg/day) led to a 21% relative risk reduction in cardiovascular mortality and heart
failure hospitalization compared to placebo not only in patients with HFrEF but also with
an ejection fraction > 40%, over a median follow-up of 26 months. In addition to the ejection
fraction, other study inclusion criteria were an NYHA functional class equal to or greater
than 2 and NT-proBNP values greater than 300 pg/mL in the case of a sinus rhythm or
900 pg/mL in the case of patients with an atrial fibrillation rhythm [16].

Similarly, the DELIVER trial, including 6223 patient with heart failure and an ejection
fraction > 40%, found that dapagliflozin (10 mg/day) reduced the relative risk of the same
composite endpoint by 18% over a median follow-up of 2.3 years [15].

Unlike the EMPEROR-PRESERVED trial, the DELIVER trial also included patients
with a previous reduced ejection fraction, which subsequently became > 40%.

An emerging therapeutic option is represented by glucagon-like peptide-1 receptor
agonists (GLP-1 RAs). The SUMMIT trial, including 731 patients with heart failure, an
ejection fraction > 50%, and obesity (BMI > 30) reported that treatment with tirzepatide
(administered subcutaneously up to 15 mg/week) led to a 38% relative risk reduction in
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cardiovascular mortality and worsening heart failure over a follow-up period of approxi-
mately 100 weeks. Tirzepatide is the first drug shown to improve cardiovascular outcomes
in patients with heart failure and an ejection fraction of no less than 50% [86].

These findings suggest that therapies originally designed for glycemic control in
diabetic patients may also confer significant cardiovascular benefits, regardless of ejec-
tion fraction.

Sex differences in treatment response remains an active area of research. Several
studies suggest that biological sex may influence pharmacokinetics, myocardial stiffness,
neurohormonal activation, and metabolic reserve, thereby affecting therapeutic efficacy in
HFpEF. Some studies suggest that women may derive greater benefit from SGLT2i therapy
compared to men, potentially due to differences in ventricular stiffness and cardiac reserve
mechanisms. However, further research is needed to elucidate these effects and to develop
more targeted therapeutic strategies. In particular, subgroup analyses from major trials
have begun to shed light on sex-specific responses. In the EMPEROR-PRESERVED trial,
women experienced a 25% relative risk reduction in the primary outcome compared to
19% in men, although this difference did not reach statistical significance. Similarly, in the
DELIVER trial, the relative risk reduction was 23% in women versus 15% in men. These
findings, although exploratory, raise the hypothesis that the cardioprotective effects of
SGLT2i may be more pronounced in women—possibly due to differences in LV compliance,
preload sensitivity, or natriuretic peptide regulation [15,16].

The SUMMIT trial also provided notable data: among the 731 patients enrolled,
women represented 53% of the population and showed a consistent benefit in both quality
of life and clinical outcomes when treated with tirzepatide, again suggesting possible
sex-specific advantages that merit further exploration. Preclinical data suggest that GLP-1
RAs may exert more potent metabolic and anti-inflammatory effects in females, which
could partly explain the observed clinical differences. Nevertheless, dedicated mechanistic
studies are needed (Table 2) [86].

Table 2. Outcomes of major randomized clinical trials in patients with HFpEF, stratified by sex. The
table reports the total number of participants, the proportion of female participants, and the relative
risk reduction (RRR) for heart failure events in women and men. In the EMPEROR-PRESERVED
and DELIVER trials, SGLT2 inhibitors demonstrated comparable efficacy across sexes, with a trend
toward greater benefit in women. In the SUMMIT trial, which evaluated the GLP-1 receptor agonist
tirzepatide, a 38% reduction in heart failure events was observed in both sexes, with women rep-
resenting over 50% of the study population. These findings highlight the relevance of sex-specific
subgroup analyses in assessing therapeutic efficacy in HFpEF.

TRIAL Total Participants Female Participants (%) RRR in Women RRR in Men

EMPEROR-
Preserved 5.988 2.676 (44.7%) HR 0.75 HR 0.81

DELIVER 6.263 2.747 (43.9%) HR 0.81 HR 0.82
SUMMIT 731 388 (53%) 38% reduction in HF events 38% reduction in HF events

First of all, the female sex is well represented and constitutes approximately 44%
of all patients recruited in the EMPEROR-PRESERVED and DELIVER HF trials and 53%
of patients recruited in the Summit trial. Furthermore, the prognostic benefit was also
demonstrated in this subgroup of patients in all trials, with a more favorable trend, although
it was not statistically significant compared to the male sex. Specifically, in the EMPEROR-
PRESERVED trial, there was a 25% relative risk reduction in the primary outcome (mortality
from cardiovascular causes and hospitalization for heart failure), while in the DELIVER
HF trial there was a 19% relative risk reduction in the same subgroup with similar primary
outcome [15,16,86].
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Despite these findings, sex-stratified analysis remains underpowered in most studies,
and none of the current guidelines provide sex-specific recommendations. Future trials
should include prespecified sex-based subgroup analyses to better guide personalized
HFpEF management.

Non-pharmacological interventions, including lifestyle optimization and cardiac reha-
bilitation, also play a crucial role in HFpEF management. Regular physical activity and
isotonic exercise has been associated with improved functional capacity and quality of life,
with some evidence suggesting greater benefits in women, possibly due to higher baseline
impairment in physical performance. However, adherence to these programs remains
a significant challenge, necessitating targeted interventions to enhance accessibility and
patient engagement.

In conclusion, while the treatment of HFpEF has historically been challenging, emerg-
ing evidence strongly supports the use of SGLT2i and GLP-1 RAs as effective strategies for
improving clinical outcomes. Nevertheless, key questions remain regarding the optimiza-
tion of therapy based on sex-specific and aging differences and the integration of pharma-
cological and non-pharmacological approaches for more effective disease management.

5. Knowledge Gaps and Future Directions
In recent years, significant progress has been made in understanding left ventricular

diastolic dysfunction (LVDD) and HFpEF as distinct entities. However, substantial gaps
remain regarding the mechanisms underlying the progression from LVDD to HFpEF, which
are hypothesized to be sex-specific. Established risk factors such as hypertension, diabetes,
and obesity appear to play a particularly relevant role in women. However, additional risk
factors that are either more prevalent or unique to the female population, including those
associated with pregnancy, may be underrecognized and require further investigation [64].

HFpEF is a heterogeneous syndrome involving multiple pathophysiological abnor-
malities, making it challenging to apply a uniform therapeutic approach to all patients.
Categorizing patients based on clinical and pathophysiological phenotypes represents a
crucial step toward personalized treatment strategies. Echocardiography plays an essential
role in the assessment of HFpEF, providing valuable insights into disease pathophysiology,
phenotyping, and prognosis. However, noninvasive diagnosis remains complex in the
absence of fluid retention and overt congestion. In patients presenting with exertional
dyspnea, objective documentation of elevated left ventricular filling pressures—whether
invasively or noninvasively—is necessary. The integration of clinical characteristics with
echocardiographic findings can support diagnosis and guide decision-making regarding
advanced testing [87–89]

Current knowledge gaps include the precise definition of HFpEF phenotypes, the
role of noninvasive imaging and biomarkers in risk stratification, and the application
of advanced technologies, such as artificial intelligence, to refine diagnostic capabilities.
Standardizing diagnostic criteria is crucial for early disease identification, enabling targeted
therapies and improving overall HFpEF management [64].

6. Conclusions
Diastolic dysfunction and heart failure with preserved ejection fraction (HFpEF) repre-

sent an increasing clinical challenge, with a particularly high prevalence among women.
Gender differences in pathophysiology, diagnosis, and treatment response highlight the
need for personalized approaches in both clinical management and research.

From a pathophysiological perspective, women exhibit greater ventricular stiffness and
heightened susceptibility to risk factors such as hypertension, obesity, and diabetes, with
menopause playing a key role in disease progression. However, current diagnostic criteria
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may not be sufficiently sensitive to these specificities, emphasizing the need for broader
implementation of advanced tools such as strain imaging and cardiac magnetic resonance.

Therapeutic strategies for HFpEF remain limited compared to heart failure with re-
duced ejection fraction (HFrEF), but recent studies have demonstrated the efficacy of SGLT2
inhibitors in improving clinical outcomes. Considering gender differences in treatment
response is crucial to optimizing therapy and enhancing patients’ quality of life.

In the future, a deeper understanding of gender-specific characteristics in diastolic
dysfunction will enable the development of targeted therapeutic strategies, reducing the
gender gap and improving the prognosis of this growing patient population.
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