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| 1. OSA: Prevalence, Diagnosis, Pathophysiology, and Treatment

Obstructive sleep apnea (OSA) is a common but largely undiagnosed clinical condition, which is turning into a serious
public health issue. It affects almost 1 billion people worldwide, and more than 30 million people are underdiagnosed in
Europe W2, Of note is that its prevalence is gradually increasing in parallel with the obesity and diabetes epidemics (1.
OSA is characterized by autonomous nervous system disturbances and the recurrent complete or partial collapse of upper
airways (apneas or hyponeas) during sleep, leading to intrathoracic pressure changes, periodic reduction, or cessations in
airflow; as a result, hypoxia, hypercapnia and frequent arousals from sleep occur El4],

Mechanisms involved in pharyngeal collapses are quite complicated and multifactorial, and are highly associated with
instability of the upper airway. Typical symptoms include gasping, witnessed apneas, nocturia, headache, intense daytime
sleepiness, depression, anxiety or irritation, and deficits in memory and attention, with the subsequent risk of road
accident by day BIEIIAEIA This clinical condition of altered sleep architecture leads to impaired performance and seriously
affected quality of life, thus negatively impacting both physical and mental health 19, Obesity seems to be the most
prevalent risk factor for OSA, with more than 40% of patients with body mass index (BMI) = 30 kg/m? suffering from OSA
(4, Notably, OSA is much more widespread among patients with cardiovascular risk factors such as type 2 diabetes
mellitus (T2DM), hypertension, or established cardiovascular disease (CVD) 14, with its prevalence ranging from 30% to
60% among these patients (121,

Nocturnal polysomnography is the gold standard for diagnosing OSA 3. Apnea hypopnea index (AHI) seems to be a
strong indicator of OSA severity, as well as a valuable clinical marker of whether or not to treat OSA. According to the
American Academy of Sleep Medicine (AASM), OSA can be classified according to the AHI, which defines mild OSA as
10-15 events/h, moderate OSA as 15-30 events/h, and severe OSA as 230 events/h 14 However, this diagnostic
procedure cannot be applied in all patients at risk for sleep apnea, considering that it is quite expensive, time-demanding
and inconvenient for some patients. Thus, AASM recommendations for the diagnosis of OSA also include questionnaires
and other prediction algorithms, along with home sleep apnea testing by respiratory polygraphy 4. So far, there are no
pharmacological therapies approved for the management of OSA [4l. Nevertheless, AD109, a combination of the selective
norepinephrine reuptake inhibitor, atomoxetine, with the selective antimuscarinic, aroxybutynin, which has completed the
Phase Il clinical trials, activates the upper airway dilator muscles, maintains an open airway during sleep, and thus seems
to be a promising and effective novel oral medication for OSA 2. Although continuous positive airway pressure (CPAP)
seems to be quite a beneficial therapy for the management of OSA, a large meta-analysis indicated unexpectedly that
CPAP does not improve cardiovascular outcomes among patients with OSA 281, possibly due to lack of adherence among
these populations L4, Nevertheless, other available conservative strategies include lifestyle intervention programs, such
as weight loss, treating the underlying metabolic disorder, and CVD seem to be quite effective, offering successful
management of OSA in more than 50% of the patients 1811191,

| 2. The Relationship between Sleep Apnea and CVD

OSA is a quite a prevalent comorbidity among patients with CVD, considering that 38 to 65% of patients with coronary
artery disease (CAD) and 12 to 55% of patients with heart failure (HF) may have co-existing OSA across various
ethnicities 29, Moreover, high rates of sudden cardiac death during sleep have been reported among patients with OSA



(21, several studies highlight that OSA may act as a protentional risk factor for the occurrence and development of CVD,
such as hypertension 22231 cAD [24] HF [25]26] pylmonary hypertension ZH27  atrial fibrillation (AF) and other cardiac
arrythmias (28129 a5 well as stroke BB,

OSA and hypertension frequently co-exist. Notably, the prevalence of OSA ranges from 30% to 50% among hypertensive
patients B2, Patients with OSA are at higher risk of developing hypertension within 4 years of OSA diagnosis,
independently of known co-existing risk factors 3. Notably, patients with hypertension and OSA display specific
hypertension-associated clinical patterns, such as resistant hypertension, masked hypertension, nondripping nocturnal
blood pressure 24l Indeed, some patients may have increased blood pressure during sleep only, or during sleep and
wakefulness, thus a 24-h monitoring of blood pressure is highly advised among these patients 21,

Notably, individuals with sleep-disordered breathing, especially severe OSA, have a two- to fourfold higher risk of complex
arrhythmias than those without sleep-disordered breathing 8. Moreover, higher rates of major adverse cardiac events
(MACESs) have been reported among patients with moderate-severe OSA and AF B4, Furthermore, patients with OSA and
AF are more likely to fail antiarrhythmic therapy B8l These data imply that there is a strong relationship between the
presence of AF, the severity of OSA, and the risk of cardiovascular events.

Considering that OSA has been linked to AF, it seems to be an independent risk factor for ischemic stroke, as well as
stroke reoccurrence 2. Severity of OSA is also positively correlated with the incidence of stroke “9. Notably, it has been
reported that patients with severe OSA have a two-fold higher risk of stroke within 6 years of diagnosis when compared to
those without 41, Moreover, patients with stroke and OSA are more likely to experience adverse neurocognitive
outcomes, such as delayed functional recovery and motor recovery, daytime somnolence, depression, and longer periods
of hospitalization in the neurorehabilitation units when compared to those without OSA 142,

The risk of fatal and non-fatal CV events among patients with OSA is up to 3 times higher when compared to the controls
(431 According to a meta-analysis, OSA is a significant predictor of serious adverse outcomes among patients with CVD or
cerebrovascular disease 44, More specifically, OSA was significantly associated with increased risk of stroke (RR 1.94,
95%, 1.29-2.92), CVD (RR 1.83, 95% ClI, 1.15-2.93), and all-cause mortality (RR 1.59, 95% CI, 1.33-1.89) after stroke or
CVD. Moreover, Salari et al. reported also OSA as a significant CV risk factor; moreover, there is a significant relationship
between the severity of OSA and the risk of CVD, heart attack and CV death, according to their recent meta-analysis 42!,
According to current literature, OSA is an independent predictor of MACEs and cerebrovascular events, as well as CV
mortality among patients undergoing post-percutaneous coronary intervention (PCl), with an adjusted hazard ratio of 1.57
(95% CI 1.10-2.24) 48 Furthermore, it has been indicated that patients hospitalized with non-ST elevation acute
coronary syndrome (ACS) with an history of OSA have a greater risk of composite of MACES, such as death, non-fatal Mi
and refractory angina during hospitalization, which significantly aggravates their CV prognosis 4.

OSA seems to act as a risk factor for the development of both HF with reduced eject fraction (HFrEF) and HF with
preserved eject fraction (HFpEF) 8l The prevalence of OSA is around 10-35% among patients with HF 22, Of note is
that observational studies demonstrate that survival rates are generally lower among patients with HF and OSA compared
to those without OSA 23],

According to a recent meta-analysis, OSA has been also associated with an overall significant increase in risk of aortic
dissection by 60%, possibly due to the mechanisms of sympathetic vaso-activity and inflammation, induced by intermittent
hypoxia 9. Additionally, it was also reported that patients with moderate or severe OSA have a greater risk of aortic

dissection by up to 443%, suggesting that the severity of OSA has a positive correlation with the risk of aortic dissection
),

OSA triggers respiratory, nervous, metabolic, and immune system activation, thus raising the risk of CVD. OSA-induced
intermittent hypoxia and sleep disruption promote autonomic nervous system dysfunction, increased nocturnal
sympathetic activity and catecholamine secretion, activation of the renin-angiotensin-aldosterone system, oxidative stress,
and low-grade chronic inflammation BUBUE2 The hemodynamic consequences of OSA also include severe vascular
dysfunction and remodeling, such as endothelial dysfunction and arterial stiffness, vascular inflammation, thrombosis and
platelet reactivity, leading to accelerated atherosclerosis 2312411551, Notably, endothelial dysfunction and arterial stiffness,
strong markers of atherosclerosis B8IE7E8] are strongly associated with OSA, mediated by hypoxia, hypercapnia, and
oxidative stress, thus increasing CV risk B2, Impaired endothelium-dependent vasodilation along with suppressed
production of endothelium-dependent vasodilator substances, such as nitric oxide (NO), and elevated levels of endothelin-
1 and other growth factors, have been described in OSA (69611 Moreover, OSA has been associated with



hypercoagulability and platelet reactivity, since elevated levels of fibrinogen and other prothrombotic factors have been
reported among patients with OSA (62,

Notably, OSA-induced intermittent hypoxemia stimulates ventilation, thus leading to increased negative pressure in the
chest, increased resistance, heart rate, and blood pressure. As a result, preload and afterload are significantly elevated,
particularly among patients with established CVD, leading to left ventricular hypertrophy, and atrial stretch and
enlargement, as well as myocardial remodeling and fibrosis €3], which act as a good substrate for the occurrence of AF
(64 Moreover, a greater left ventricular afterload may provoke myocardial ischemia, QTc prolongation, and ventricular
arrhythmias 621, Moreover, repetitive episodes of apnea during sleep activate the sympathoadrenal system, resulting in a
sustained elevation of sympathetic activity and increased concentrations of catecholamines while awake, which are a
good substrate for ventricular repolarization and the occurrence of arrhythmogenic events (681671,

Based on the previous findings, patients with OSA are more likely to develop coronary atherosclerosis, myocardial injury,
left ventricular remodeling, and vascular dysfunction. According to a large meta-analysis, patients with OSA have
significantly higher levels of carotid-intima media thickness (CIMT), which is a strong marker of atherosclerotic process
[68] OSA has also been associated with coronary artery calcification, plaque instability and vulnerability 24169,

Notably, common echocardiographic findings among patients with OSA are the following: elevated right-side pressures,
pulmonary hypertension, tricuspid and mitral regurgitation, diastolic dysfunction, left atrial enlargements, and left
ventricular hypertrophy /9, According to a recent meta-analysis of imaging studies, including 3082 patients with OSA and
1774 matched controls, higher left atrial diameter, higher left atrium volume index, wider left ventricular end-systolic
diameter, left ventricular end-diastolic diameter, and left ventricular mass, higher left ventricular mass index,
interventricular septum diameter and posterior wall diameter, as well as higher left ventricular myocardial performance
index were observed among patients with OSA (21, In addition, left ventricular ejection fraction was significantly decreased
in OSA patients, while increased right ventricular diameter and right ventricular myocardial performance index along with
decreased tricuspid annular plane systolic excursion and right ventricular fractional area change were displayed among
patients with OSA 24,
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