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HFpEF etiology — can focus on sex-specific mechanisms deliver insights for all?
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Dear Editor,

In considering the heart failure with preserved ejection fraction (HFpEF) conundrum, the standard
and disturbing preamble is almost ubiquitous: HFpEF has overtaken heart failure with reduced
ejection fraction (HFrEF) as the major form of new failure diagnosis, incidence is escalating
alarmingly, and there is no specific therapy for HFpEF. The historical perspective on the
emergence of HFpEF has been elegantly chronicled [1]. It seems that achieving a definitive HFpEF
diagnosis has always been problematic. Symptomatic HF, initially described as featuring diastolic
‘stiffness’ (high filling pressures) was termed HFpEF, to distinguish the condition from the more
common state of failure involving diminished ejection fraction. It was noted early that the cardiac
signs, symptoms and co-morbidities were variable: usually hypertrophy, often hypertension,
commonly natriuretic factor elevation, possibly fibrosis, maybe minor dilation [2]. Over time the
constellation of comorbidities has expanded and includes more generalized metabolic and
vascular components. Recently there has been considerable progress in ‘sub-phenotyping’ or
clustering various HFpEF types using clinical measures and more lately innovative machine-
learning algorithms [3]. Present indications are that a single heroic discovery of the HFpEF

mechanism and cure is unlikely.

Integral to the clinical HFpEF narrative is observation of gender disparity. Screening studies have
reported that in both women (82%) and men (65%) HFpEF is the most prevalent failure type [4].
Women significantly outnumber men, with a gender distribution ratio of approximately 2:1 in
HFpEF [5]. Women with HFpEF have diastolic dysfunction more frequently than men (52.8% versus
32.0%) and this condition has been independently associated with adverse clinical events (female
comorbidity odds ratio of 2.84) [6]. The risk of HFpEF increases with age, and the aging female
demography confers an elevated burden of disease on women even when the risk-adjusted
incidence is similar in women and men [7]. Diagnostic guidelines include minimal recognition that
female and male HFpEF may be different entities - the only gender-specific content of an ESC
Guideline [8] is that the risk criterion for women identifies a more aged cohort and lower cardiac

weight/dimension indices.

Despite major professional society and funder mandates for more than a decade, and publisher
policies to promote sex/gender inclusiveness, the vast majority of pre-clinical work (primarily

rodent) is still limited to males or unspecified sex. While the limited extent of female HFpEF under-



investigation (clinical and pre-clinical) is an ongoing issue, a more positive perspective could be
that this situation offers unexploited opportunity to deliver new mechanistic insights relating to

HFpEF diagnoses for all genders.

It is noteworthy that HFpEF has prompted a unified clinician call to pre-clinical colleagues for the
collaborative development of new animal models to provide HFpEF disease mechanism insight.
While this has been challenging, given that there are many HFpEF sub-phenotypes, the response in
terms of model novelty has been disappointing. In general, models nominated as HFpEF have been
HFrEF derivative, relying on titrated treatments or investigative timing to capture a transitory
point in disease development where diastolic dysfunction is evident, and systolic dysfunction yet
to emerge. Clinically HFpEF mortality has been refractory to HFrEF interventions, but even so the
majority of animal model approaches have related to the renin-aldosterone-angiotensin-system
axis, and/or with nitric oxide bioavailability manipulation. Biomarker profiling in female murine
metabolic models exhibiting HFpEF phenotype has been informative [9], and suggests more

specific and novel work to link biomarkers with functional deficit is required.

Some new findings indicate that HFpEF (in male rodents) has an underlying cardiomyocyte
hypercontractility component [2]. This contrasts dramatically with the HFrEF phenotype, of
hypocontractility associated with activator Ca?* deficiency, and requires multi-model exploration.
The clinical importance and gendered characteristics of diastolic dysfunction identify this feature
as a key pre-clinical investigative focus. Diastolic ‘stiffness’ pathology is frequently attributed to
extracellular matrix/fibrotic abnormality. Comparisons of matrix morphology in male and female
matched models of varying phenotypes is required. A potentially more significant source of
myocardial stiffness resides within the cardiomyocyte. Sex-specificity of titin involvement needs
further exploration, and a multitude of other sarcomeric proteins subject to post-translational
modification have potential to contribute to cardiomyocyte stiffness in a sex-specific way. In the
therapeutic pre-clinical development pipeline it is a common route to move from rodents to ‘large
animal’ models. For HFpEF this offers a potentially interesting model default reversal as these

models are mostly female (i.e. porcine, ovine).

The epidemiologic findings that consistently identify the two-fold increase in HFpEF female vs
male incidence are remarkably reminiscent of the seminal findings reported from Framingham

four decades ago. Heart failure risk (before HFrEF/HFpEF era) was found to be doubled for those



with diabetes, and for women this risk was re-doubled [10]. In retrospect the question arises - is
this a double jeopardy or the same vulnerability refined more specifically? A molecular mission
which focuses on functional sex/gender contrast for any one HFpEF phenotype, with a specific

emphasis on diastolic dysfunction will provide new insights for other pheno-forms of HFpEF.
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