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Heart failure with preserved ejection fraction (HFpEF) is emerging as a widespread disease with global
socioeconomic impact. Patients with HFpEF show a dramatically increased morbidity and mortality, and,
unfortunately, specific treatment options are limited. One such comorbidity is sleep-disordered breathing (SDB),
which affects up to 58% (or up to 80% in certain cohorts) of HFpEF patients. SDB presents in HFpEF patients

either as predominantly obstructive sleep apnea (OSA) or as predominantly central sleep apnea (CSA).

heart failure HFpEF obstructive sleep apnea central sleep apnea

| 1. Introduction

Heart failure with preserved ejection fraction (HFpEF) is a widespread disease with a prevalence of approximately
1% in developed countries and it is expected to rise to more than 5% among elderly populations (i.e., >70 years of
age) (Ll. The 5-year mortality rates of patients with HFpEF are estimated to be between 55% and 74% 2. HFpEF
symptoms such as dyspnea, fatigue, sleeping difficulties, depression, chest pain L, and recurrent hospitalizations
limit patients’ daily physical and social activities, as well as their capacity to work, thus leading to a poor quality of
life B, HFpEF causes more than 0.5 million hospitalizations per year in Europe. Notably, hospitalizations contribute
to 70-80% of the total health care costs for HFpEF patients, with an average yearly cost of =EUR 16,000 per
patient (451,

These figures and trends are concerning because, in contrast to patients that have heart failure with reduced
ejection fraction (HFrEF), currently only one class of pharmacological drugs has been shown to reduce morbidity in
patients with HFpEF . Therefore, attention has been redirected to lifestyle interventions such as exercise training
Bl and the treatment of comorbidities & in order to prevent the progression of HFpEF and to reduce patient

symptom burdens.

One such comorbidity is sleep-disordered breathing (SDB), which affects up to 58% (or up to 80% in certain
cohorts) of HFpEF patients [ SDB presents in HFpEF patients either as predominantly obstructive sleep
apnea (OSA) or as predominantly central sleep apnea (CSA) &. Treatment of OSA in patients with HFpEF provides
an opportunity through which to improve quality of life 12 and exercise capacity 22!, and it has the potential to
prevent the progression of HFpEF via reductions in the arterial blood pressure and cardiac workload, as well

prevention of cardiac remodeling 24131 Besides these, therapeutic strategies for patients with HFpEF and SDB
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are limited, especially with respect to pharmacological interventions. This highlights the need for a better

understanding of the presence and effects, as well as its treatment, of SDB in patients with HFpEF.

| 2. Phenotypes and Symptoms of HFpEF and SDB
2.1. Epidemiology and Diagnosis of HFpEF

Left ventricular diastolic dysfunction, which is a precursor to HFpEF 18l is highly prevalent in asymptomatic
community samples, and it affects almost one third of adults aged above 45 years [17. As increasing age is a major
risk factor [l in the prevalence of diastolic dysfunction, and, as the prevalence of HFpEF is higher in the elderly,
nearly half of all patients with heart failure (HF) have a preserved ejection fraction [, which reaches to 65-77% in
patients that are =67 years of age [18l. In absolute numbers, women outnumber men (ratio = 2:1) [12l. However, this
imbalance is, in part, caused by the higher life expectancy of women and the lower risk of death after the diagnosis

of HFpEF; however, this discrepancy is alleviated after accounting for age and other risk factors 29,

Patients with HFpEF have a high rate of recurrent hospitalizations. After an episode of acute HF, the 30 day all-
cause readmission rate is up to 21% and the HF-specific readmission rate up to 10%, thus reflecting the large
burden of comorbidities in HFpEF patients [21l. The readmission rates for one year are up to 63% and 37% for all-
cause and HF-specific readmissions, respectively 21, The high rates for hospitalizations cause significant costs for
the health care systems. Annual costs have been estimated to be up to USD 27,000 (in the USA) 22 or EUR
16,000 (in the EU) B per patient. The high prevalence and morbidity of HFpEF impose a significant burden on

public health care.

Based on ejection fraction (EF), patients with chronic HF are classified as having HFpEF (EF = 50%), heart failure
with mildly reduced ejection fraction (HFmrEF, EF 40-49%), or HfrEF (EF < 40%) according to current European
guidelines and position papers [1[231[24]

HFpEF is a clinical syndrome composed of many different etiologies, which complicates the aim of establishing a
definition of clear diagnostic criteria . The current guidelines of the European Society of Cardiology (ESC) define
HFpEF as the combination of (1) the presence of symptoms and signs of HF (e.g., dyspnea, ankle swelling, and
elevated jugular venous pressure), (2) a left ventricular ejection fraction of =50%, and (3) elevated levels of
natriuretic peptides (BNP = 35 pg/mL and/or NT-pro-BNP > 125 pg/mL) plus structural (left ventricular hypertrophy,

left atrial enlargement, etc.) or functional (diastolic dysfunction) heart disease .

Also, there are empirically derived scoring systems for the diagnosis of HFpEF. Similar to their guideline criteria,
the HFA-PEFF algorithm (Heart Failure Association, and PEFF stands for the steps of diagnostic work up, i.e.,
pretest assessment, echocardiographic and natriuretic peptide score, functional testing, and final etiology) 23! and
the H2PEF score [23 poth require normal left ventricular EF, signs or symptoms of HF, structural cardiac

remodeling, signs of diastolic dysfunction, and biomarkers (e.g., abnormal brain natriuretic peptide). For patients
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with intermediate score values, echocardiographic stress testing (i.e., volume challenge or supine exercise) or

invasive testing (right heart catheterization) can be added.

2.2. Epidemiology and Diagnosis of SDB

There are two main SDB sub-types that are diagnosed by poly(somno)graphy: central sleep apnea (CSA) and
obstructive sleep apnea (OSA) [28. Mechanistically, in CSA, the central respiratory signal pauses, thereby
decreasing or ceasing airflow for 210 s 27281291 |n patients with OSA, a partial or complete collapse of the upper
airway reduces the airflow (hypopnea), or it may even lead to a complete cessation of airflow (apnea) for 210 s (22,
An apnea-hypopnea index (AHI) of =5 events/h with characteristic symptoms (e.g., witnessed apneas, daytime
sleepiness, and snoring) or an AHI of >15 events/h (regardless of symptoms) defines OSA 298%, The classification
of SDB into CSA or OSA is based on the predominant (i.e., >50%) type of apneas/hypopneas 271281129 CSA and
OSA can occur separately, but could also occur concurrently within the same patient 27281291 patients with
cardiovascular disease, particularly those with central sleep apnea, are less likely to exhibit classic SDB symptoms
(which further complicates diagnoses [27128][29][31][32])

SDB is a widespread disease, and it currently affects about one billion individuals worldwide, as well as up to 40%
in patients with cardiovascular disease [28l33], |n patients with HF (both HFpEF and HFrEF), the prevalence of SDB
increases to 50% =29, Notably, HF is associated with a high occurrence of CSA B2 whereas the severity of

CSA is related to cardiac function.

2.3. Phenotypes of HFpEF—Comorbidities and Cluster Analyses

Ever since HFpEF was acknowledged as a distinct clinical syndrome, it has challenged cardiologists with respect
to successfully finding definitive diagnostic criteria and offering effective treatment strategies. The difficulties and
failures at this task most likely stem from the diversity of underlying etiologies, pathomechanisms, and relevant

comorbidities, which defy a diagnostic or therapeutic “one-size-fits-all” approach 8],

Similar to SDB, HFpEF is strongly associated with several frequent diseases and pathologies such as metabolic
syndrome (e.g., diabetes, obesity, and hypertension), pulmonary diseases (e.g., COPD and pulmonary
hypertension), coronary artery disease, and chronic kidney disease LB4. A sedentary lifestyle and insufficient
physical activity denominate a common risk factor for metabolic syndrome, arterial hypertension, and HFpEF 3],
Accordingly, increased physical activity has been shown to be among the few therapeutic strategies through which
to realistically improve symptomatic outcomes in patients with HFpEF B, All of these comorbidities, specifically
HFpEF and SDB, share many pathomechanisms that are closely intertwined and may often reciprocally reinforce
their detrimental effects. Therefore, the treatment of those comorbidities may be crucial for avoiding the

propagation of HFpEF.

Since the first attempt to phenotype HFpEF, many of the different approaches that utilize machine learning have
identified distinct HFpEF phenotypes [28. Based on clinical considerations, four phenotypes can be discerned: the

“aging phenotype”, the “pulmonary hypertension phenotype”, the “coronary artery disease phenotype”, and the
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“obese phenotype” B4, This clinical classification has been affirmed and specified by novel artificial intelligence-
based deep-learning approaches that are based on clinical evaluation, echocardiographic, ECG, laboratory, and

proteomic data L8I38138] (the reviews of BAMLIAL provide an excellent overview).

The review by Peters et al. summarizes three main phenotypes: the “older, vascular aging phenotype”, the
“metabolic, obese phenotype”, and the “relatively young, natriuretic peptide deficiency phenotype” (Figure 1) 411, |t
is important to acknowledge that these phenotypes cannot be unequivocally discriminated as features of these
phenotypes often overlap, and it is not yet clear if these phenotypes can develop into each other. The “older,
vascular aging” phenotype accounts for approximately 30-50% of HFpEF patients. Its characteristics are higher
age (>75 years), chronic kidney disease, arterial hypertension (together with arterial stiffness), and a high rate of
adverse outcomes 21l These patients often have elevated pulmonary arterial systolic pressure, as well as left atrial
and/or right ventricular dysfunction. It seems that systemic inflammation is prevalent in these patients. The
“metabolic, obese” phenotype accounts for approximately 25-30% of HFpEF patients. These patients are slightly
younger than the “older” phenotype (60—70 years). These patients are obese and often have diabetes mellitus 411,
Epicardial adipose tissue may mechanistically favor HFpEF development in these patients. The comorbidities
promote systemic inflammation, which is a contributing factor for HFpEF development. The last phenotype is the
“relatively younger, natriuretic peptide deficiency” phenotype, which accounts for approximately 40-45% of HFpEF
patients. These patients are relatively young (around 60 years), and they exhibit lower BNP/NT-pro-BNP levels due
to increased adipose clearance. The absence of inflammation distinguishes this phenotype from the “metabolic,

obese” phenotype. These patients have the lowest risk for adverse outcomes 41,
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Figure 1. Overview of the main subtypes of HFpEF patients (created with biorender.com, accessed on 23 October
2023).

A cluster analysis of the TOPCAT study cohort also revealed three different phenotypes 2. However, while the
total HFpEF study cohort of TOPCAT did not benefit from treatment with spironolactone, a machine learning
approach identified one HFpEF phenotype that, in actuality, showed an improved survival rate 2. This phenotype
was very similar to the “obese phenotype” 27 and the “natriuretic peptide deficiency syndrome” 28 which is highly
reminiscent of typical SDB patients (even though SDB was not explicitly mentioned). This “obese phenotype” is
characterized by the metabolic syndrome, which increases arterial stiffness, promotes systemic inflammation, and
activates the sympathetic nervous system 7. The most common comorbidities of this phenotype are obstructive
sleep apnea, diabetes mellitus, and chronic kidney disease BZ. The prevalence of the “obese phenotype” in the
TOPCAT study cohort was 31% [42]. SDB is highly prevalent in obese (40-60%) compared to non-obese (10-20%)
HFpEF patients 3743l which highlights the importance of SDB as a potentially treatable and modifiable
comorbidity in HFpEF.
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