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EDITORIAL COMMENT
Sex-Related Determinants of
Exercise Intolerance in HFpEF
Not Just a Matter of the Heart!
Lavinia Del Punta, MD, Nicolò De Biase, MD, Nicola Riccardo Pugliese, MD, PHD
H eart failure (HF) with preserved left ven-
tricular ejection fraction (HFpEF) is quickly
becoming the most prevalent phenotype of

HF1 and is one of the most significant unmet needs in
contemporary medicine.2 Indeed, HFpEF presents
physicians with several arduous challenges,
including remarkable difficulties in accurate diag-
nosis and a scarce response to current medical ther-
apy, with few exceptions.2,3 As the outcomes of
these patients remain relatively poor,1 deeper insight
into the ill-defined mechanisms subtending the
development and progression of HFpEF would be
crucial to implementing new therapeutic strategies.
The “traditional” HFpEF phenotype is characterized
by the association with female sex, older age, and
several traditional cardiovascular risk factors and
comorbidities, such as arterial hypertension, diabetes
mellitus, dyslipidemia, visceral obesity, pulmonary
disease, and chronic kidney disease. However, multi-
ple diverse pathophysiologic derangements seem to
delineate different HFpEF subphenotypes, including
impaired systolic and diastolic function (especially
during exercise), atrial dysfunction, abnormal auto-
nomic tone, and alterations in peripheral mechanisms
such as endothelial and skeletal muscle function.4-7

In recent years, the question of whether biological
sex may represent a novel key in the pathophysiology
of HFpEF has gained remarkable attention in the
research setting8-11; indeed, the heterogeneity
observed in HFpEF could partially depend on sex-
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related differences in the regulation of cardiovascular
andmetabolic processes12,13 (Figure 1). Verwerft et al14,
in this issue of JACC: Advances, address such a topic in
the present issue of this journal, analyzing the de-
terminants of functional capacity in a large population
of patients undergoing cardiopulmonary exercise
testing with simultaneous exercise-stress echocardi-
ography for unexplained dyspnea. The likelihood of
HFpEF for each patient was assessed with either the
H2FPEF or HFA-PEFF score.15,16 Females and males
were compared in the total population and according
to HFpEF likelihood (ie, positive vs negative HFpEF
scores). As a curious finding, there was a relatively low
prevalence of typical comorbidities of HFpEF (ie,
arterial hypertension, diabetes mellitus, and atrial
fibrillation) in the general population.14 However,
probability scores might have limited sensitivity,
especially in early disease stages17; exercise testing is
often useful to refine the diagnostic work-up of sus-
pected HFpEF,18 and was appropriately used in the
research protocol for patients evaluated with HFA-
PEFF score. HFpEF was defined as likely in 29%
(n ¼ 555) of patients based on a positive HFA-PEFF or
H2FPEF score, with a significantly higher prevalence in
females (34%, n ¼ 321) than males (24%, n ¼ 234). Un-
fortunately, invasive hemodynamic evaluation at rest
and exercise was not available to confirm the diagnosis
of HFpEF, nor were alternative diagnoses formulated
for patients with a low HFpEF probability.14

Regardless of HFpEF likelihood, peak oxygen
consumption (VO2) was systematically lower in
women than men, resulting from both reduced esti-
mated oxygen delivery—due to smaller peak stroke
volume (even when indexed for body surface area)
and hemoglobin levels—and reduced arteriovenous
oxygen difference (AVO2diff).14 To our knowledge,
previous invasive and noninvasive studies in patients
https://doi.org/10.1016/j.jacadv.2024.101038
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FIGURE 1 Sex-Dependent Differences in Determinants of Exercise Intolerance, According to Different Pathophysiological Domains

CPET ¼ cardiopulmonary exercise testing; ESE ¼ exercise-stress echocardiography.
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with HFpEF had found no significant sex-related
difference after indexing stroke volume to body sur-
face area, neither at rest nor peak exercise.10,19 Thus,
the observed abnormality in the central component of
VO2 (ie, cardiac systolic function) in women compared
to men should be further investigated. On the other
hand, the increase in estimated left ventricular stiff-
ness reported in women, indicating more advanced
diastolic dysfunction, is in keeping with the existing
literature.10 Another notable finding is that women
also display a peripheral oxygen extraction (AVO2diff)
impairment, which appears to be mediated by lower
estimated arterial oxygen content and lower esti-
mated muscle diffusive oxygen conductance. Defects
in oxygen uptake and utilization are key de-
terminants of effort intolerance in HFpEF,20 but no
solid data about sex-dependent differences in such
mechanisms are available. Partially limited by the
non-invasive nature of their study, Verwerft et al14

hypothesize that their results might be explained by
decreased capillary density and mitochondrial
oxidative capacity, which, however, had been re-
ported in older women and men equally.21 Interest-
ingly, iron deficiency was more prevalent in
females,14 and might further explain blunted oxygen
utilization in this group.22 Finally, the Authors found
no significant differences in lung function between
men and women regardless of HFpEF probability;
however, they only evaluated breathing reserve.
Thus, the contribution of sex-dependent ventilatory
abnormalities to the pathophysiology of HFpEF re-
mains to be clearly elucidated.

In conclusion, the paper by Verwerft et al14 adds
to the growing evidence regarding the association
between the female sex and peculiar alterations in
both central and peripheral components of VO2 that
may contribute to an increased risk of developing
exercise intolerance and, ultimately, HFpEF. Con-
firming the nature and extent of such
sex-dependent pathophysiologic differences could
ultimately pave the way for truly personalized
therapeutic approaches.
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