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Abstract

Obstructive sleep apnea (0OSA) - with its hallmark of upper airway anatomical impairment - is a common, but underdiagnosed
medical condition. Current approaches have failed to reverse the reported rise in OSA cases in the USA. It is therefore important to
fully understand the triggers and consequences of this form of sleep-disordered breathing that may vary from person to person.
Resolution of the signs and symptoms of OSA and improvement of sleep quality remain the major goals of disease management,
especially in persons with cardiovascular and other comorbidities. Polysomnography is the gold standard for diagnosis and positive
airway pressure is the mainstay of treatment for patients with moderate to severe OSA. Rising healthcare costs have accelerated the
search for novel strategies to enhance patient adherence to non-pharmacologic and pharmacologic treatments. Continued health
education may help patients to promptly access treatment, upon recognition of symptoms, to prevent negative consequences such as
increased traffic accidents and exacerbation of other chronic conditions.
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Abbreviations

AHI: Apnea Hypopnea Index; BMI: Body Mass Index; CSA: Central Sleep Apnea; EPAP: Expiratory Positive Air Pressure; OSA: Obstruc-
tive Sleep Apnea; PACE: Pharmacotherapy of Apnea by Cannabimimetic Enhancement; PAP: Positive Airway Pressure; Pcrit: Pharyngeal
Critical Closing Pressure; SDB: Sleep-Disordered Breathing; Tele-OSA: Impact of Interactive Web-Based Education and Interactive Voice

Response (Automated Follow-up) Programs on CPAP Adherence for the Treatment of Obstructive Sleep Apnea

Introduction

Healthy adults at rest take 12 to 20 breaths per minute. When these individuals are awake, the neuromuscular control of breathing is
a multifaceted, autonomous process, rarely subject to stoppages. However, “under-breathing” or cessation of breathing may become more
frequent during sleep. A switch to the biologically vital process of sleep places breathing under metabolic control, leaving sleepers with
low carbon dioxide reserves or higher upper airway collapsibility more prone to apneas (a cessation of airflow for = 10 seconds) [1,2].
Sleep-disordered breathing (SDB) typically induces hypoxemia and hypercapnia (magnitude of conditions are affected by pulmonary con-
dition and reserve) [3] - episodes that are known to negatively impact heart rate, cardiac contractility, and peripheral vascular resistance
[4], among other factors. Moreover, almost two-thirds of all stroke patients have SDBs. SDBs contribute to not getting enough sleep - a
state affecting one-third of US adults [5]. Ongoing bouts of sleep deprivation are linked to several diseases (diabetes, heart disease, obe-

sity, and depression), work-related mistakes, and motor vehicle crashes [5].

The range of disorders known as SDBs can mostly be classified as sleep-related hypoventilation, central sleep apnea (CSA), and ob-
structive sleep apnea (0SA) [6]. The least common form of apnea (~20% of all apnea cases) [7], in which a patient breathes shallowly
or not at all, is known as CSA (interested readers are referred to a Mayo Clinic overview for further reading) [8]. When the brain fails to
transmit signals to breathing muscles for a variety of extrinsic or intrinsic reasons, CSA can occur, either alone or in combination with the
most common SDB i.e. OSA [8]. A person with a partial/complete collapse of the upper airway caused by relaxation of the muscles control-
ling the soft palate and tongue can experience symptoms characteristic of OSA [2].
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0SA is also characterized by daytime symptoms (e.g. fatigue, sleepiness, or poor concentration), breathing interruptions (e.g. obstruc-
tive apneas, overly shallow breathing or hypopneas, respiratory-effort-related arousals), and signs of disturbances during sleep (e.g.
snoring, restlessness, or resuscitative snorts) [9]. When a sleeper’s OSA is defined in broad terms (apnea-hypopnea [AHI] index > 5 events
per hour), the prevalence rates in North America range from up to ~30% in males to up to ~15% in females. When a more stringent OSA
definition is applied e.g.,, AHI = 15 events per hour of sleep, prevalence rates range from ~15% in males and ~5% in females. Obesity
appears to be a contributing factor to the rising OSA rates in the USA. Craniofacial anatomy, age, medical conditions (e.g. pregnancy, hypo-
thyroidism, congestive heart failure, polycystic ovary syndrome), menopause, hereditary predisposition, alcohol, smoking, and ethnicity
are further independent risk factors for OSA [9,10].

The US Preventive Services Task Force has recommended against screening asymptomatic adults for OSA, because of insufficient cur-
rent evidence to assess the balance of benefits and harms of screening this population [11]; however, even symptomatic OSA is underdiag-
nosed, with corresponding detrimental effects to individual health and the economy. For instance, mild to moderate OSA can be associated
with poor neurocognitive performances and negative medical outcomes. Severe OSA is known to be linked to increased all-cause and
cardiovascular deaths [9]. Moreover, undiagnosed moderate to severe sleep apnea may lead to ~$3.4 billion in additional medical costs
in the USA [2].

Diagnosis

Older men and women are more likely to complain about OSA, with every increment of a decade enhancing the odds of an AHI elevation
by at least ~15%. Prevalence rates may also be higher in blacks, Hispanics, and Asian populations [12]. Persons with known risk factors
and symptoms, usually identified by a bed partner, are referred to a sleep specialist and/or an ear, nose, and throat doctor following physi-
cal tests, which may include checking blood pressure, oral abnormalities, assessments of comorbidities, and measurements of the neck
and waist circumferences [13]. Neck circumferences of > 17 inches in men and > 16 inches in women, or a body mass index (BMI) = 30 kg/
m2 are among the factors suggestive of the presence of OSA [14]. It is worth noting that OSA is highly prevalent in obese and overweight
populations, as established by evidence from the literature. Conversely, lifestyle-related or surgically-induced weight loss has been associ-
ated with reductions in the degree of OSA [10].

After each apneic episode, a patient hyperventilates, carbon dioxide is reduced to the apneic threshold, expiratory time is prolonged,
and the upper airway may collapse again. Pharyngeal muscles may also become damaged due to inflammation, contributing to reduced
responsiveness to the negative upper airway pressure that is a feature of OSA [10]. Portable sleep monitoring may play a diagnostic role
to evaluate a probability of sleep apnea in the absence of any significant comorbidity; however, polysomnography (sleep study) remains
the gold standard for a diagnosis of OSA and evaluation of sleep apnea severity [14]. Full or split-night studies provide detailed informa-
tion about a patient’s sleep health by using an electroencephalogram, an electromyogram, an electrooculogram, an electrocardiogram, a
snore microphone, and a video recording [10]. While initial clinical evaluations can identify comorbid conditions such as hypothyroidism
or laryngospasm related to gastroesophageal reflux disease, additional tests (e.g. sleep diaries) may also be useful in ruling out or identi-
fying other sleep-related disorders. Examples include hypersomnia due to drug use, periodic limb movement disorder, inadequate sleep
due to behavioral factors, narcolepsy, CSA, and Cheyne-Stokes respiration (gradual increase followed by declines in breathing effort and
airflow, usually associated with congestive heart failure or a stroke) [8]. Asthma and chronic obstructive pulmonary disorder (overlap
syndrome) are two respiratory diseases that could co-exist with OSA, potentially multiplying the negative impact of the latter condition

on sleep quality and health outcomes [15,16].

Patients with AHI indices > 30 respiratory events per hour of sleep and an oxyhemoglobin saturation below 90 percent for more than
20 percent of the total sleep time are classified as having severe OSA. Systematic hypertension and/or sleep fragmentation can occur in
patients who have between 15 and 30 respiratory events per hour of sleep i.e., individuals with moderate OSA. Patients with mild OSA
have AHI indices between 5 and 15 respiratory events per hour of sleep, are frequently asymptomatic, and daytime sleepiness often will

not impact activities of daily life [17].
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Treatment

Normalizing the underlying pathology associated with OSA by mechanical, surgical, or behavioral means is a cardinal treatment goal.
Although weight loss and exercise do not eliminate OSA entirely, increased energy expenditure has net positive benefits in terms of overall
health and metabolic parameters. Counseling on sleep position (non-supine), alcohol avoidance, and concomitant medications that may
exacerbate OSA typically forms part of patient education; however, positive airway pressure (PAP) therapy is the treatment mainstay
for patients with OSA [18]. Continuous PAP (CPAP) provides steady, gentle pressure in the airway to keep it open. Evidence from the
literature remain equivocal regarding the cardiovascular and glycemic control benefits of CPAP; however, in keeping with findings from
randomized clinical trials, there is a growing consensus that patients with moderate to severe OSA should be offered this form of therapy

to improve health, quality of life, and productivity of work [19].

Other types of machines that healthcare providers could suggest may change pressure during the night based on the sleeper’s breath-
ing patterns (adjustable PAP) or provide more pressure upon inhalation and less pressure upon exhalation (bilevel PAP). Patients with
mild to moderate OSA may prefer oral appliances as an alternative to PAP. Comparative studies have shown that CPAP reduced objec-
tive sleep parameters e.g. AHI, to a greater extent than oral appliances (mandibular advancement splints and tongue retaining devices);
however, patients have strong subjective preferences for oral appliances. Both treatments caused similar blood pressure reductions in

hypertensive patients [20].

Surgery may be an alternative option in cases where PAP or oral appliances are ineffective in the treatment of OSA. Surgically correct-
able lesions of the upper airway include tonsillar hypertrophy, adenoid hypertrophy, or craniofacial abnormalities [18]. Drugs to improve
the respiratory drive generally do not form part of the primary treatment, although a cannabinoid, dronabinol, has recently shown effica-
cy in the treatment of OSA. Initial findings from a randomized, placebo-controlled, Phase 2 Pharmacotherapy of Apnea by Cannabimimetic
Enhancement (PACE; NCT01755091) trial of persons with moderate or severe OSA, showed that dronabinol was associated with a lower
AHI and improved self-reported patient outcomes such as treatment satisfaction [21]. Based on personalized treatment considerations,
healthcare providers may also suggest adjunctive wake-promoting agents (e.g. modafinil and its R-enantiomer, armodafinil, in patients

who complain of residual daytime sleepiness, in spite of undergoing conventional treatment [22].

Future approaches

OSA is classically viewed as mainly arising from the excessive relaxation of throat muscles and structural abnormalities, exacerbated
by obesity which may further narrow the upper airway; however, about half of all people with OSA are not obese and only 25% of indi-
viduals report daytime sleepiness [19,23,24]. The fact is that there are multiple contributors and presentations of OSA. Each anatomic
and non-anatomic contributor represents a potential therapeutic target. Premature awakening to mild airway narrowing (low respira-
tory arousal threshold), unstable control of breathing, and impaired pharyngeal dilator muscle function are among the non-anatomical
contributors to OSA; however, as upper airway anatomical and neuromuscular impairments are integral to the pathophysiology of the
condition, it makes sense that new approaches are being investigated to measure this composite endpoint, also known as the pharyngeal
critical closing pressure (Pcrit). Simply quantifying peak flow during routine polysomnography has recently been correlated with an ac-
tive Pcrit. One or more current investigational measures, once validated, may be viable non-invasive alternatives to drug-induced endos-

copy to select appropriate candidates for surgery [24].

Understanding the neural control of airway muscles will also be important in assessing the purported therapeutic/preventive benefits
of investigational or unconventional regimens e.g. lower risk of OSA associated with playing a double reed wind musical instrument [25].
In addition, an expiratory positive air pressure (EPAP) device has shown promise in improving AHI, subjective sleepiness, and subjective

sleep quality in select patients when compared to a sham device [26,27].

Periodic follow-up assessments, with further sleep studies for persistent or recurrent symptoms, should form part of any current, tai-
lored, treatment plan. Automated telemedicine treatment strategies may help appropriate patients achieve targeted goals of CPAP usage.
For instance, use of CPAP telemonitoring with automated feedback messaging improved 90-day adherence by patients with suspected
OSA enrolled in the Tele-OSA randomized trial (NCT02279901), compared with patients who received telemedicine-based education

alone or usual care [28].
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Conclusions

OSA is a prevalent, treatable, underdiagnosed condition; ~75% of severe cases are undiagnosed [10], Successful treatment of OSA may
modify the course of other chronic health conditions e.g., diabetes and cardiovascular disease, and improve overall health-related quality
of life.
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