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Abstract

Introduction: Obstructive sleep apnea (OSA) is a highly prevalent condition that is viewed as a
major global health concern, while affecting approximately 10% of the middle-aged population.
OSA is a chronic disease that has been conclusively associated with poor quality of life, cognitive
impairments and mood alterations, enhanced cardiovascular and metabolic morbidity, thereby
leading to marked increments in healthcare costs.

Areas covered: The authors have reviewed the current evidence on the pathophysiology of OSA
and its consequences, the heterogeneity of its phenotypic expression, the current therapeutic
applications and their efficacy, and the implications for diagnosis, treatment and follow-up
strategies in the context of the clinical management of OSA.

Expert commentary: Personalized medicine in OSA identifies different needs and approaches:
i) phenotyping and defining the different and segregated clusters of OSA patients whose
recognition may improve prognostic predictions and guide therapeutic strategies; ii) to further
characterize and predict the impact of OSA and its treatment, particularly revolving around
mortality and the processes closely related to ageing (cardiovascular diseases, cancer and
neurocognitive diseases); iii) the introduction of new technologies including telemedicine that
have shown promise in the implementation of personalized medicine approaches.

Keywords
Sleep apnea; OSA; CPAP; Precision medicine; Personalized medicine; Sleep health

CORRESPONDING AUTHOR: David Gozal, MD, MBA, Section of Pediatric Sleep Medicine, Department of Pediatrics, Pritzker
School of Medicine, Biological Sciences Division, The University of Chicago, KCBD, Room 4100, 900 E. 57th Street, Mailbox 4,
Chicago, IL, 60637. (773) 702-3360- TEL,; (773) 926-0756- FAX; dgozal@uchicago.edu.

Declaration of Interest

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies,
honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or royalties.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sanchez-de-la-Torre and Gozal Page 2

1.- Introduction

Sleep is an essential biological function with important implication for organismal and
cellular bioenergetics, particularly involving recovery, conservation and survival. Good
quality and quantity of sleep are essential to maintain good health and quality of life.
However, millions of people do not get enough sleep. Chronic sleep loss is a pervasive
feature in today’s society lifestyles, with little priority being given to the adverse effects
associated with habitual sleep restriction. The average sleep duration has fallen below 7
hours per night, reflecting a ~2 hour decline in sleep duration over the last century, that
appears to be primarily driven by environmental (e.g., artificial light exposure) and social
changes. Sleep duration is not only a habit that people can adopt of their free will, but also
one that can be influenced by physical, mental, work, and many other social situations. The
detrimental health effects of chronic sleep loss have now been extensively and conclusively
recognized in numerous epidemiological studies [1]. However, in addition to the adverse
impositions of sleep restriction, people suffering from a variety of sleep disorders are also at
increased risk of poor job performance, obesity and premature mortality

Among the myriad of sleep disorders, sleep-disordered breathing (SDB) is one of the most
prevalent conditions that compromise the quality and duration of sleep. The main condition
in SDB-affected patients is obstructive sleep apnea (OSA), a disorder that occurs at all ages
across the lifespan, and affects at least 10% of the middle-age population[2—4]. OSA
imposes important pathophysiological consequences that lead to quality of life deterioration,
increased motor vehicle accidents, depression and cognitive impairments, cardiovascular and
metabolic disease, and, more recently, even cancer[5,6]. The clinical manifestations of OSA
are markedly heterogeneous, such that two patients with the same disease severity as defined
by their diagnostic polysomnographic studies will not necessarily manifest similar
presenting symptoms or consequences. Although widely recognized and acknowledged, the
vast heterogeneity in the clinical presentation of OSA and the divergences encountered in
the responses to the traditional and validated OSA treatments have not been systematically
characterized. Thus, identification of the different phenotypes of OSA constitutes a first step
in the development and implementation of personalized medicine. In this context,
realistically applicable methods enabling correct and accurate characterization of the
different phenotypes of OSA and adequate selection of the optimal therapeutic option for
each specific phenotype are currently major priorities in the field.

2.- Obstructive sleep apnea

Obstructive sleep apnea (OSA), is a common and prevalent disorder affecting at least 10% of
the middle-age population, although wide age, sex, and ethnic variations are reported
globally [2-4]. Obstructive sleep apnea events reflect the collapse of the upper airway during
sleep. These events lead to intermittent hypoxemia and hypercapnia, and are usually
accompanied by cortical arousals potentially leading to daytime hypersomnolence and poor
quality of life. The pathophysiology of OSA is multifactorial, and involves the interactions
between reductions in upper airway dimensions, such as induced by obesity or maxillofacial
structural changes, and the presence of increased pharyngeal collapsibility owing to reduced
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neuromuscular compensation and lack or attenuation of the pharyngeal protective reflexes
during sleep [7].

Although OSA can be completely asymptomatic, when clinical symptoms emerge, they are
characterized by intermittent snoring, unrefreshing sleep, and daytime sleepiness. OSA is an
important public health issue because it is associated with development or accelerated
progression of cardiovascular events, increased risk for metabolic diseases, sexual
dysfunction, reduced job performance, overall negative effects on quality of life, and has
been implicated as playing a causative role in traffic accidents. Among OSA patients, only a
small proportion are currently diagnosed and treated. This major shortfall has direct
consequences on public health overall economic impact in light of the high financial
healthcare and societal costs of untreated OSA.

The events associated with collapse of the upper airway lead to brain arousal, changes in
intrathoracic pressures, and intermittent episodes of hypoxemia and re-oxygenation. These
events take place in repetitive cycles during sleep and induce the activation of various
pathways (intermediate mechanisms) that for example predispose to atherosclerosis. Basic
research and epidemiological and clinical data support the notion that OSA has a role in the
initiation or progression of several cardiovascular diseases[5]. Although the mechanisms
underlying the initiation and aggravation of cardiovascular disease have not been fully
elucidated, several pathogenic factors are proposed as the intermediate mechanisms linking
OSA with cardiovascular disease, mainly oxidative stress, sympathetic activation,
inflammation, hypercoagulability, mitochondrial dysfunction, and endothelial dysregulation.
Some of these pathogenic factors have been also recently postulated as linking OSA with
metabolic disease[8] and cancer[9]. Obviously, the relative contributions of each of these
intermediate pathways to their corresponding effects on target organs and systems will
operate as primordial determinants of the ultimate clinical phenotype presenting in the
clinical setting.

Clinical faces of OSA and clustering of the disease into definable
phenotypes

OSA is nowadays considered as representing a complex, heterogeneous and multicomponent
pathological condition. Although the current diagnosis of OSA is based on sleep study
criteria, the latter may not adequately capture the whole spectrum of disease heterogeneity.
Indeed, at any level of OSA severity, as predicated on sleep study measures, the clinical
phenotype may be vastly different. However, OSA heterogeneity has not been formally
characterized or defined, and this lack of identifiable and classifier criteria constitutes one of
the main challenges for delineation of a cogent and effective approach to OSA management.
Improved phenotyping and defining the different clusters of OSA patients may improve
prognosis prediction and help therapeutic strategies. Efforts in such direction are mandatory
in the new era of precision medicine, where treatments are targeted to the needs of each
individual patient on the basis of their genetic, biomarker, phenotypic, or psychosocial
characteristics, hence distinguishing a given patient from all other patients with similar
clinical presentations.
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There are both structural and physiological risk factors for OSA. Structural risk factors
include craniofacial dimensions[10], with shortened mandible being particularly prominent
[11-14]. Increased size of upper airway soft tissue structures, such as lateral walls of the
pharynx and the tongue, are also well identified risk factors[15]. Both the craniofacial risk
factors for OSA and soft tissue risk factors are heritable traits. Obesity is one of the strongest
risk factors for OSA, such that a 10% weight gain is associated with a six fold increase in
OSA risk[16]. In fact, the metabolic syndrome occurs in about half of “‘real-life’” OSA
patients [17] and a shared genetic background for both OSA and for adiposity measures has
been identified [18]. Growing evidence has further demonstrated familial clustering of
OSA[19,20]. These studies have supported the contention positing that an underlying
genetic susceptibility to OSA exists. Extensive research has also suggested that obesity has a
strong genetic basis [21]. However, OSA is a complex disease, and in spite of the strong
clinical and epidemiological evidence supporting the importance of several genetic factors
influencing the risk of OSA, the actual genetic basis of OSA is still largely unknown. A
recent study reported genome-level significant findings for OSA-related physiological traits
in any population. These findings identified novel associations in inflammatory, hypoxia
signaling and sleep-related pathways[22]. However, nearly 40% of the total genetic variance
in OSA is shared with obesity, thereby making it arduous to detect unique genome wide
identifiers for OSA that are not concurrently relevant to body weight and adiposity [18]. The
current interpretation of genetic studies is therefore centered around the fact that although
the strongest recognized risk factor for adult OSA is obesity, the genetic basis for OSA
likely involves additional non-obesity related pathways, such as those ascribable to
craniofacial anatomy, ventilatory control and sleep-wake regulation.

As mentioned above, OSA severity is traditionally classified according to the
polysomnographically-derived apnea-hypopnea index (AHI). Apnea is defined as the
absence of airflow for =10 s and hypopnea is defined as i) 230% airflow reduction and =4%
desaturation or arousal, or ii) =250% airflow reduction and =3% desaturation or arousal [23].
The AHI is calculated based on the average humber of apnea plus hypopnea episodes per
hour of sleep during in-lab or home based polysomnography, or using total recording time
when respiratory polygraphy is employed as the diagnostic method. Excessive daytime
sleepiness (EDS) is one of the major symptoms of the disease and traditionally one of the
preponderant drivers for seeking medical assistance. EDS is associated with reduced quality
of life and increased risk for traffic, work, and domestic accidents. Because of its
implications, EDS has been proposed as a marker of OSA severity, especially for
cardiovascular and metabolic outcomes [24-27].

Nevertheless, less than 20% of patients have symptomatic OSA[28], such that the use of the
latter as a severity criterion is more likely to fail than be useful in clinical settings. However,
the dichotomous EDS presentation of the disease reiterates and strengthens the likely
existence of different phenotypes. Another drawback is that although EDS is a principal
clinical symptom of OSA, the severity of the disease, when assessed by the AHI, does not
strongly correlate with the frequently used subjective measure of EDS[29], namely the
Epworth sleep scale score (ESS)[30]. ESS is a subjective and overall extensively validated
method to measure daytime somnolence, but the lack of associations between ESS values
and corresponding AHI is a major detractor in the clinical application and utility of this tool.
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The causes of OSA are multifactorial and not just anatomically driven. Thus, adequate
classification of OSA patients based on approaches that incorporate assessments of the
multifactorial contributions should enable development of novel targeted therapies for
OSAn. In this setting, novel pathophysiological phenotypes that incorporate differential
contributions such as passive critical closing pressure of the upper airway (Pcrit) (i.e., the
collapsibility of the passive upper airway), overall loop gain (a measure of instability of the
overall ventilatory control system), arousal threshold to hypoxia and hypercapnia, and reflex
responses of upper airway dilator muscles to negative interstitial pressure changes should
permit more precise delineation of treatment approaches. Indeed, one or more non-anatomic
pathophysiologic traits are present in 69% of patients with OSA. Subjects with OSA can
have different mechanisms contributing to airway obstruction [31]. Eckert et al [31]
proposed the PALM (passive critical closing pressure of the upper airway (Pcrit), arousal
threshold, loop gain, and muscle responsiveness) scale to assist in categorizing patients with
OSA according to their anatomic and non-anatomic phenotypic traits. These four
physiological traits contributing to OSA may be targeted with future personalized treatment
modalities that include either isolated or combined therapies targeting the anatomy (CPAP,
upper airway surgery, mandibular advancement devices, positional therapy and weight loss),
loop gain (O, and CO,, pharmacological agents, antioxidants), arousal threshold (sedatives),
and upper airway recruitment threshold (hypoglossal nerve stimulation, chemical upper
airway stimuli). Thus, the currently available treatment approaches and their precise
matching to the underlying factors promoting OSA will undoubtedly result in much more
specific and effective therapeutic choices.

Furthermore, the current situation in the process of classifying OSA patients and the
necessity for treatment is far from optimal: i) a unique objective index such as the AHI for
the classification of the disease severity does not reliably resolve the problem of patient
classification and treatment selection; ii) a subjective index (ESS) to evaluate the main
symptoms of OSA is far from being useful in practice because many patients are not affected
and the ESS does not correlate with the severity of the disease. On the other hand, several
studies have indicated that higher AHI values are associated with higher mortality and
morbidity [32,33]. Thus, using the AHI, even in light of its inherent limitations, is an
approach that remains the simplest and most effective method for classifying OSA severity.
However, classifying patients solely on the basis of AHI and ESS is also insufficient since it
does not capture the broad spectrum of disease phenotypes, and leads to inadequate
therapeutic decisions. Efforts to performed unbiased clustering or machine-learning
approaches suggest that addition of incremental parameters to the classification approaches
may be of value in defining more clearly subjects with more severe disease. Indeed, studies
have emerged in recent years and aimed to characterize the different phenotypes of OSA.
For example, unsupervised cluster analysis was used to identify subtypes of patients who are
diagnosed with a particular disorder, and is predicated on the fact that individuals are
grouped together based on specified variables, so that members of each cluster are as similar
as possible to others within the cluster, but as different as possible compared with those in
other clusters. Ye et al [34] was one of the first studies to use cluster analysis approaches in
OSA. These authors analyzed a total of 822 patients with newly diagnosed moderate-to-
severe OSA from the Icelandic Sleep Apnea Cohort. They described the existence of three
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distinct clusters based on symptom reporting and the existence of major comorbidities. The
three distinct clusters were classified as the ““disturbed sleep group’’ as the group with the
highest probability of experiencing insomnia-related symptoms, the “‘minimally
symptomatic group’’ as the group of patients who were much more likely to feel rested upon
waking up, and the “‘excessive daytime sleepiness group’’ which incorporated those patients
with a significantly higher ESS score. They further found that the probabilities of having co-
morbid arterial hypertension and cardiovascular disease were highest in the cluster
““minimally symptomatic group’’, and lowest in the cluster ‘‘excessive daytime sleepiness
group’’. Another study analyzed 198 patients with OSA [35] and also identified three
different communities of OSA patients. One of these clusters was represented by younger
patients with very severe OSA, higher risk of nocturnal hypoxemia, morbid obesity and high
prevalence of co-morbidities such as arterial hypertension. The second cluster included
patients with moderate-severe OSA and low risk of nocturnal hypoxemia, and the third
cluster included older patients, either overweight or mildly obese with very severe OSA.
Ascending hierarchical cluster analysis on baseline symptoms, physical examination, risk
factor exposure and co-morbidities was performed in data from 18,263 participants included
in the French national registry of sleep apnea [36]. In this large scale study, six clusters were
identified, in which patients varied considerably in age, sex, symptoms, obesity, co-
morbidities and environmental risk factors. Cluster 1 included young symptomatic patients
without co-morbidities; cluster 2 reflected elderly patients who were minimally symptomatic
or obese OSA and few co- morbidities; cluster 3 were elderly minimally symptomatic and
multi-morbid OSA; cluster 4 were young, overweight, minimally symptomatic OSA without
co-morbidities; cluster 5 were middle age, with few symptoms of OSA and few co-
morbidities; and cluster 6 were middle age, symptomatic multi-morbid OSA along
particularly poor lifestyle habits. This study underscores the high degree of heterogeneity
that exists within OSA patients regarding clinical presentation, risk factors and
consequences.

A recent study [37] reported the burden of co-morbidities associated with a diagnosis of
OSA, and again confirmed the different clinical presentations of OSA and the different co-
morbidities associated with each OSA phenotype. This study was performed in a very large,
nationwide health insurance database for working adults and retirees with employer-
sponsored health insurance coverage in the USA. This database included more than 1.7
million individuals with OSA who were matched to 1.7 million controls. As with a multitude
of previous studies, the authors reported that all frequent comorbidities were significantly
more prevalent in OSA patients. However, sex differences were also apparent. Indeed, Type
2 diabetes and ischemic heart disease were more prevalent in men but arterial hypertension
and depression were more prevalent in women with OSA. Finally, the divergence between
OSA and controls was more pronounced after the sixth decade of life for most
cardiovascular diseases, while depression exhibited an opposite trend.

Since one of the initial steps required to carry out a personalized medicine approach is to
correctly classify the different phenotypes of a disease, there is no doubt that increased
efforts at expanding the phenotypic features included in the analyses would be likely to
enhance the ability to segregate the more relevant clusters and improve their predictability
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and usefulness. It should come as no surprise to anyone that only by properly characterizing
the patient it is possible to prescribe a precise and adequate treatment.

4.- Personalizing the diagnosis, treatment and follow-up of patients with
OSA

In the current and future scenarios of financially constrained healthcare systems, in which
there is already a heavy burden due to being tasked to adequately manage chronic and highly
prevalent diseases such as OSA, there is also an additional estimated annual increase in the
number of such cases primarily driven by aging of the population and the global increase of
body mass index. As such, it becomes imperative to rationalize the delivery of care by
selecting the appropriate intervention from the start for any given patient. In other words, it
is necessary to develop a personalized treatment approach. To this effect, it is essential to
incorporate cost effective new diagnostic, treatment and follow-up tools, together with new
clinical settings, that allow an accurate and precise management of patients with chronic and
prevalent diseases, reserving the allocation of very specialized and onerous care to the more
complex patients who are either difficult to manage or at higher risk for morbidity and
mortality.

4.1.- Personalized diagnosis of OSA

With the aims to facilitate and expand the diagnosis of OSA to reach the affected population,
it will become necessary to use simplified systems that allow for the diagnosis of a large
number of patients without a strict and exclusive dependence on specialized sleep units. The
gold standard for OSA diagnosis is in-laboratory polysomnography, but this method is
expensive and time-consuming, which may prevent adequate attention for the large number
of patients who require sleep studies.

Portable monitoring devices, designed for a less complex and faster home diagnosis, have
been developed in the past two decades. The portable monitoring device approach [38], also
termed respiratory polygraphy (RP), is an accepted and cheaper (20% cheaper than
conventional PSG) alternative for OSA diagnosis in patients with an intermediate to high
clinical probability of OSA. RP includes sensors for airflow, respiratory effort (measured
with bands), and pulse oximetry readings. Masa et al[39] concluded that home RP is a
comparable yet less costly alternative than polysomnography for the diagnosis and
therapeutic decision making for patients with a medium to high probability of suspected
OSA. This probability can be estimated through simplified methods. The Berlin
questionnaire is the only OSA questionnaire developed for and validated in primary care and
categorizes patients as either high or low risk for OSA based on self-reports of snoring,
daytime sleepiness, hypertension and obesity[40]. The administration of a modified Berlin
questionnaire prior to a sleep study could be suitable to identify high risk subjects and can
thus avoid unnecessary polysomnography studies, especially in resource-limited
settings[41]. Other authors have reported simplified diagnostic models consisting of a
screening questionnaire followed by home oximetry that can identify patients with clinically
significant OSA in a primary care population with a high degree of accuracy[42].
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Finally, several studies have identified the utility of craniofacial digital photography for the
diagnosis of OSA. Lee et a/[43] used a model with 4 photographic measurements (face
width, eye width, cervicomental angle, and mandibular length) and correctly classified
76.1% of subjects with and without OSA (area under the receiver operating characteristics
curve [AUC] 0.82). Combination of photographic and other clinical data improved the
prediction further (AUC 0.87). Sutherland et af44] also found significant associations
between craniofacial variable sets from facial photography and magnetic resonance imaging.
Both studies concluded that facial photographic measures provide detailed anatomical data
that is useful in the prediction of OSA. This approach should therefore allow for improved
OSA risk stratification into craniofacial morphological phenotypes.

4.2.- OSA treatment: Therapeutic options and differential responses to treatment

In 20086, the total direct and indirect financial cost per person of untreated OSA was
estimated at €3,860 ($5,000 US/year) [45], such that treatment of OSA clearly constitutes a
cost-effective intervention[46]. Management of OSA is focused on reversal of the
underlying pathology. Since obesity is the main risk factor associated with the disorder,
weight loss should be included as a first line intervention. Moreover, it has been recognized
that sleeping in the supine position doubles a patient’s AHI compared to sleeping in the
lateral or prone position, with multiple studies showing the efficacy of positional therapy. As
such, patients who wear devices that alert them when adopting the supine position
significantly decrease AHI[47-49].Continuous positive airway pressure (CPAP) is the most
common and widely used treatment option for mild to severe OSA, and early adoption and
high adherence are associated with optimal results. Since CPAP was described as a treatment
of OSA in 1981[50], advances in technology have fostered the emergence of multiple
approaches for delivering positive airway pressure during the night. The large number of
published clinical trials investigating the efficacy of CPAP in improving different clinical
OSA outcomes and the experience with millions of OSA patients who have been prescribed
CPAP indicate that (i) CPAP acts as a pneumatic splint to the upper airway during sleep and
corrects the obstruction in the majority of patients; (ii) adherence to CPAP is highly variable;
(iii) optimal CPAP utilization and outcomes occur only in a minority of patients. As such,
certain subgroups of patients, may benefit from upper airway surgical interventions or oral
appliances to reverse the respiratory disturbances during sleep.

Additional options for OSA treatment include surgery, hypoglossal stimulation, and
muscular training[51]. Recently, the efficacy of hypoglossal nerve stimulation has emerged.
For example, Strollo et al[52] showed that hypoglossal-nerve stimulation may be an
effective therapy in those with predominantly obstructive events, in whom palate collapse
and supine OSA are absent. These investigators explored the effect of hypoglossal-nerve
stimulation on the severity of OSA among patients who had moderate-to-severe OSA along
with unfavorable response to CPAP therapy. In a highly selected group of patients with
OSA, hypoglossal-nerve stimulation was associated with reductions in the frequency of
respiratory events (29.3 events per hour at baseline to 9.0 events per hour at 12 months) and
improvements in the oxygen desaturation index score (the number of times per hour of sleep
that the blood oxyhemoglobin level dropped by =4% from baseline; 25.4 to 7.4 events per
hour). However, only a minority of the patients with OSA is eligible for this treatment
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modality. Also, it is important to consider that residual disease was frequent during
hypoglossal nerve stimulation therapy, as shown by the AHI, leading to the conclusion that
OSA was ameliorated but not eliminated by hypoglossal-nerve stimulation. Overall, the
treatment was unsuccessful in more than 30% of the patients that were implanted.

In clinical practice, intraoral mandibular advancement devices (MAD) have evolved over the
years and currently constitute the second most common therapeutic choice, being the leading
alternative therapy to CPAP. However, even though emergent outcomes appear to be
favorable, there is less information available regarding the proportion of patients who are
prescribed with MAD. As a corollary to any treatment modality for OSA, the goals are to
improve symptoms and reduce the potential increase in morbidity risk associated with OSA.
However, information about the effect of CPAP and MAD on the reduction of cardiovascular
risk is scarce, even if many studies have assessed the effects of such interventions on OSA
symptoms, with such studies having primarily focused on daytime sleepiness. Sutherland et
al[53] explored the efficacy of MAD across patients with different phenotypes of OSA. This
study revealed that mandibular advancement devices reduced AHI by 50.3% + 50.7%. They
also found that lower treatment response rates were more likely in supine and REM sleep.
Finally they reported that in prediction modelling, age, baseline AHI, and anthropometric
variables were predictive of MAD treatment outcomes, but OSA phenotype was not. Several
studies have evaluated the short-term health outcomes after treatment with MAD. Philips et
al[54] performed a randomized crossover controlled trial that included 126 patients with
moderate-severe OSA, to compare the effects of 1 month of either CPAP or MAD treatment
on cardiovascular and neurobehavioral outcomes. These authors found that CPAP was more
efficacious than MAD in reducing AHI. However, they found that 24-hour mean arterial
pressure response was not inferior during treatment with MAD compared to CPAP, but that
overall, neither one of these two treatments yielded significant improvements in blood
pressure after one month. Finally, they found that sleepiness, driving simulator performance,
and disease-specific quality of life improved similarly on both treatments, although MAD
was superior to CPAP in improving four general quality-of-life domains. A recent meta-
analysis[55] reported that both CPAP and mandibular advancement devices are effective
treatment modalities and effectively reduce daytime sleepiness in patients with OSA, with
CPAP seemingly emerging as a more effective approach when compared to mandibular
advancement devices.

CPAP also appeared to achieve a larger effect in more severe or sleepier OSA patients when
compared with untreated controls. However, mandibular advancement devices are still
viewed as a valid alternative treatment for patients with mild to moderate OSA, and as an
effective alternative treatment in those case in which CPAP is not tolerated and leads to non-
adherence. Poor adherence to CPAP in some patients is a drawback, and some patients will
discontinue treatment due to side effects that commonly relate to mask interface problems,
such as air leak, skin breakdown, claustrophobia, and mouth dryness. These side effects can
be potentially addressed by changing the mask type accordingly (nasal mask vs nasal
pillows vs full face- mask) and by ensuring proper mask sizing and fitting. In a subset of
cases, pressure intolerance can also negatively impact patient compliance with CPAP.
Bilevel PAP (BiPAP) could be useful as an adjunct to CPAP for those who have pressure
intolerance. In addition to clearly identifying the need for treatment in a patient with OSA, it
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is necessary to choose the adequate treatment for each patient, and to prospectively prevent
the emergence of the side effects that ultimately negate the potential benefits of the
intervention through non utilization.

There exists a rather compelling body of evidence indicating that CPAP improves daytime
sleepiness and quality of life in patients with OSA [56]. Several randomized, controlled
trials have shown that adherent CPAP treatment of OSA reduces overall 24- hour blood
pressure [5]. However, the positive effects of CPAP on blood pressure are not systematically
observed across the broad spectrum of OSA phenotypes, and are not consistently detected
even within a particular OSA phenotype. Meta-analyses of the effects of treating patients
with OSA with CPAP suggest that there are moderate and variable effects of CPAP on blood
pressure [57-59]. Blood pressure reductions are either modest or absent in normotensive
subjects [60,61], and a randomized placebocontrolled study showed no significant changes
in ambulatory blood pressure in severely hypertensive patients[62]. Thus, the a priori
delineation of the optimal candidates who will benefit from CPAP therapy and achieve the
desired blood pressure reductions in the context of OSA treatment is not possible at the
moment, and will require much more careful and precise stratification of patient phenotypes
and randomized trials within each candidate OSA phenotype.

However, there is little doubt that adherence to treatment is the key element driving a
beneficial response to CPAP treatment. Several studies have demonstrated the benefits of
adherent CPAP treatment in primary cardiovascular prevention among patients who also
manifest excessive daytime sleepiness. However, there is still a hotly debated question as to
the need to treat patients with asymptomatic OSA, and whether such treatment will result in
prevention of primary cardiovascular or metabolic morbidities. Indeed, the beneficial effect
of CPAP treatment by intention-to-treat on cardiovascular morbidity in asymptomatic
patients has not yet been demonstrated[63,64]. In non-sleepy OSA patients, effective use of
CPAP (> 4 hours per night) decreases the incidence of a composite endpoint of arterial
hypertension or cardiovascular events[65]. However, the usefulness of this treatment in
secondary cardiovascular prevention has not been demonstrated. The recently reported
SAVE trial findings [66] in a study that constitutes the largest randomized study to date and
evaluated the usefulness of CPAP in secondary cardiovascular prevention has provided
several question marks that merit comment. In this study, therapy with CPAP plus usual care
was compared with usual care alone, and did not prevent cardiovascular events in patients
with moderate-to-severe OSA and with evidence of already established cardiovascular
disease. The population of the SAVE study was comprised by 63% Asian, 25% White and
11.4% other. The participants who were assigned to CPAP adhered to the treatment for a
mean of only 3.3 hours per night, which may have been insufficient to provide enough relief
from OSA and affectcardiovascular outcomes. A second ongoing randomized controlled
study, the ISAACC study[67], should provide a valuable contribution in the quest to
determine the need to apply CPAP treatment in patients with OSA, regardless of their
symptoms, for secondary cardiovascular prevention.

CPAP treatment is a chronic, long-term treatment that should be used every night, ideally for
the whole duration of the sleep period, and at least > 4 hours/night to show effectiveness in
the reduction of cardiovascular risk. In addition to the possible side effects associated with
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CPAP treatment, it is important to highlight the possible deleterious effects of inadequate
compliance with CPAP therapy: Using<4 hours per night could lead not only to no changes
in blood pressure but may even be associated with an increase in systemic blood pressure.
As such, in a recent meta-analysis [68] Bratton and colleagues stated that CPAP was not
associated with a beneficial effect on blood pressure in patients with minimally symptomatic
OSA, except in those patients who used CPAP for >4 hours/night. In fact, there was some
evidence suggesting an increase in systolic blood pressure in patients using CPAP <4 hours/
night. Moreover, CPAP treatment also could be associated with the undesirable effect of
weight gain. A recent meta-analysis showed that treatment with CPAP was associated with a
slight increase in weight, further reinforcing the concept that the management of these
patients should include hygienic-dietary measures to prevent the undesirable effects of
weight gain in a population that is already preponderantly obese[69].

In the context of OSA and arterial hypertension, a special mention of patients with resistant
hypertension appears noteworthy. On the one hand, patients with resistant hypertension are
approximately 50% more likely to experience cardiovascular events than hypertensive
patients who do not fulfill the established criteria for resistant hypertension, with the
incidence of resistant hypertension being anticipated to increase in the coming years[70]. On
the other hand, it has been reported that more than 70% of patients with resistant
hypertension have OSA[71]. A recent randomized controlled trial demonstrated that among
patients with OSA and resistant hypertension, CPAP treatment resulted in a significant
decrease in 24-hour mean and diastolic blood pressure levels, and substantial improvements
in the nocturnal blood pressure patterns [71]. Among the broad spectrum of OSA
phenotypes, the group of patients with OSA and resistant hypertension emerges as one
selected cluster in whom a greater benefit has been demonstrated when treatment with CPAP
is implemented with the aim to decrease the elevated blood pressure levels.

However and as previously mentioned, blood pressure responses are highly variable, even
when adherent use of CPAP is documented, with some patients exhibiting major reductions
in blood pressure (>10 mm Hg) and others showing either unchanged or even worsening of
blood pressure levels[65,72,73]. In fact, 25% to 30% of patients who use CPAP treatment for
>4 h/night do not experience a positive effect on blood pressure[65,71]. The underlying
causes of patient variability in response to continuous adherent use of CPAP are unknown.
No clinical or anthropometrical variable has been identified to date that enables clinicians to
identify those patients who will respond favorably to CPAP treatment (i.e., reduced blood
pressure levels). We explored cardiovascular system-focused circulating miRNA expression
in responders and non-responders to CPAP treatment on blood pressure[74]. In this study,
we reported a singular cluster of circulating miRNAs that predicts blood pressure responses
to CPAP treatment in patients with resistant hypertension and OSA. This specific expression
profile gives a quantitative score parameter (the HIPARCO-score), which identifies those
patients with resistant hypertension and OSA who will exhibit a favorable blood pressure
response to CPAP. This approach represents the first validated precision medicine tool for
resistant hypertension management in OSA patients. Interestingly, the study also reported
that effective use of CPAP treatment in patients who respond to CPAP treatment by lowering
their blood pressure is accompanied by concurrent changes in cardiovascular system-related
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miRNAs that may potentially influence the risk for cardiovascular disease among patients
with OSA and resistant hypertension.

Due to the markedly divergent and heterogeneous response patterns to CPAP treatment in
patients with OSA, and considering the low adherence to treatment that occurs in a large
proportion of OSA patients, which in turn may facilitate the occurrence of undesirable
deleterious effects, it becomes a priority to predict the possible response to treatment in each
patient cluster, and consequently adapt the treatment modality in a personalized way.
Moreover, new scenarios and algorithms of treatment modalities that combine the different
available options for OSA treatment are needed[75]. In this regard, a recent study assessed
the incremental effect of the combined interventions (weight loss and CPAP) when
compared to each approach in isolation on cardiometabolic outcomes in patients with
OSA[76]. The authors showed that the combined approach implemented for 24 weeks
resulted in a larger reduction in blood pressure than either CPAP or weight loss interventions
alone. Moreover, weight loss provided an incremental reduction in insulin resistance and
serum triglyceride levels when combined with CPAP. Finally, adherence to a regimen of
weight loss and CPAP may result in incremental reductions in blood pressure as compared
with either intervention alone.

As each treatment option primarily targets only one trait causing OSA, poor efficacy for
single modality therapy is likely due to the other traits not being appropriately addressed.
Thus, combining therapies could theoretically improve treatment efficacy[75]. In patients
exhibiting residual supine-dependent OSA with a MAD, the combination of MAD with
positional therapy that avoids supine position during sleep significantly reduced AHI
compared to either treatment alone [77]. Moreover, it has been described that in patients
exhibiting evidence of obstruction with an oronasal mask at higher pressures than those
required to resolve OSA with nasal mask, the combination of oronasal mask CPAP with
MAD may effectively reduce the pressures required to resolve OSA [78]. Finally, the
addition of MAD in patients exhibiting residual AHI after upper airway surgery has also
been shown to reduce AHI [79]. Other potential combinatorial therapeutic approaches will
have to be tested in addition to isolated interventions among the various phenotypic clusters
of patient phenotypes to enable optimized outcomes and targeted personalized strategies.

It is absolutely essential and mandatory to demonstrate the exact indication for treatment in
each specific patient profile with OSA. Recently, a new provocative scenario has emerged to
suggest that in some specific populations, OSA could be associated with a cardioprotective
role. Under such circumstances, notwithstanding the presence of closely interrelated and
detrimental mechanisms that link OSA to cardiovascular disease progression,
epidemiological studies are also suggesting that protective mechanisms may be activated in a
particular subset of patients with OSA[80]. Berger et al. [80] demonstrated that recurrent
episodes of hypoxia/re-oxygenation in patients with acute myocardial injury with mild-to-
moderate sleep disordered breathing activated adaptive mechanisms that improved
endothelial function, providing cardioprotection in the context of acute myocardial injury.
Shah et al [81] also suggested that patients with OSA have less severe cardiac injury during
an acute non-fatal myocardial infarction when compared to similar patients without OSA.
The authors postulated that a cardioprotective role of sleep apnea during acute myocardial
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4.3.-

infarction via ischemic preconditioning may have become activated and superseded the
detrimental inflammatory and oxidative stress that is characteristically present in patients
with severe OSA.

Personalized follow-up of patients with OSA

A combination of a new integrated clinical program extensively involving new clinical
settings for the management of OSA, together with the inclusion of simplified methods for
OSA diagnosis, especially in the population with high pre-test probability of OSA, may be
extensively applied to address the growing burden of OSA and long waiting lists for sleep
services. In this context, the importance of good adherence to CPAP treatment is as critical
as the adequate selection of the treatment of OSA. In recent years, several studies have
emerged that have evaluated the usefulness of telemedicine in the management of this
disease. Isetta et al[82] recently reported a randomized controlled trial comparing a
telemedicine-based CPAP follow-up strategy with standard face-to-face management. The
authors concluded that a telemedicine-based strategy for the follow-up of CPAP treatment in
patients with OSA was as effective as standard hospital-based care in terms of CPAP
compliance and symptom improvement, with comparable side effects and satisfaction rates.
Moreover, this strategy had lower total costs. Telemonitoring of CPAP treatment has also
been associated with reduced clinical personnel burden[83]. Other authors have assessed the
usefulness of telemonitoring in the management of CPAP compliance. Turino et al[84]
reported that although telemonitoring did not improve CPAP treatment adherence, it was
more cost-effective than traditional face to face follow-up. Whereas telemedicine is
suggested to be the cost-effective choice for OSA patients monitoring to improve CPAP
adherence, its utility has not been demonstrated for other outcomes, such as the
cardiovascular consequences of OSA[85].

The participatory aspects of P4 medicine [86] take the patient from a passive recipient of
care to one in whch they are actively managing their own wellness. Currently, access to
health applications and the web through connected mobile devices play a central role in the
healthcare, particularly in the context of mobile applications (apps). The application of
participatory care using a web-based technology to enhance CPAP adherence has been
recently demonstrated [87]. Moreover, consumer wearables can provide patients with
personalized health data, which could assist with self-diagnosis and behavioral change
interventions. Many health apps are currently available for use on smartphones and tablets.
This new available technology makes possible for the patient: i) to participate in their own
care by screening for OSA, ii) to monitor response to therapy, and iii) to monitor their own
CPAP adherence. Exisiting apps include the ability to monitor sleep, blood pressure, oxygen
saturation, heart rate, and snoring. Having access to such information should enable patients
to increase their participation and management of their own health care, as well as facilitate
better communication with their clinicians. Moreover, the use of consumer wearables and
apps for monitoring will generate unique datasets that if appropriately mined should be of
great value for the clinicians and healthcare orgnaizations, and foster improvements in
overall healthcare and outcomes.
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4.4.- Personalizing the management of OSA: New clinical settings

The high prevalence of OSA, its chronic indolent characteristics, and its deleterious
consequences, make it unrealistic for allocation and exclusive management by specialized
sleep specialists. Such as with other chronic and prevalent diseases, the comprehensive care
management of OSA should be likely transferred and assigned to primary clinical settings.
Previous studies have explored the possibility of incorporating such settings in the
management of a frequent and chronic disease such as OSA. Recent studies have
demonstrated that a new model for sleep apnea management, involving primary care settings
could be a realistic and viable alternative[88,89]. In a study performed exclusively in
patients with high pre-test probability of suffering from OSA, a management model
implemented by primary care physicians was not only feasible, but also exhibited
comparable effectiveness when compared to the management outcomes achieved by a
specialist sleep unit care model [88,90]. Moreover, Antic et al[91] demonstrated that a
simplified nurse-led model of care was associated with non-inferior results, including
changes in the ESS scores and CPAP compliance, compared with physician-directed care in
managing symptomatic moderate-severe OSA. Similarly, it was demonstrated that among
patients with OSA, CPAP treatment follow-up under a primary care model favorably
compared with a specialist model, and did not result in worse CPAP adherence [89].

Finally, the incorporation of primary care into the systematic management of OSA allows
for improvement in capacity in the context of a chronic and frequent disease such as OSA,
while reducing the burden of care in specialized units, enabling the latter to manage more
complex patient profiles. This distinction highlights that the clinical setting should be
personalized to the patient.

5.- Expert comment

Precision medicine or personalized medicine is defined as the targeted prevention or
treatment of individual patient needs, as determined by their genetic characteristics,
biomarker profiles, phenotypic or psychosocial characteristics, all of which confer a unique
phenotype to each patient. This concept implies the generation of new approaches in the
diagnosis and treatment of diseases. On the one hand, it requires new diagnostic
classification algorithms with increased complexity embedded layers that enable
distinguishing subgroups of patients within a particular disease sub-type. On the other hand,
it involves the development of new interventional approaches that are applicable to a
restricted set of specific disease profiles. The latter interventions will be predictably be more
specific, more effective, and less toxic, and will necessarily prevent use of any such
intervention in non-responders, thereby resulting in not only improved outcomes but also in
significant reductions in healthcare costs.

Personalized medicine in sleep apnea identifies different needs. First, personalizing
therapeutic applications should be based on patient individualization, correctly identifying
their clinical profile and needs[92]. In addition, different types of patients with sleep apnea
may have different genetic and/or molecular profiles which can be used efficiently as
predictive response tools to a given treatment. Furthermore, these tools based on ether
biological or molecular profiling can be useful for the predictive identification of the patient.
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The ultimate goal of the intervention is to change the disease treatment paradigm such as to
optimize patient health. As such, we must consider the possibility of applying personalized
preventive measures to OSA patients with a recognized high-risk profile for the development
of various co-morbidities, and the knowledge that such targeted interventions will prevent
their occurrence. Finally, in this long and continuous race towards the implementation of
personalized medicine, the patient’s active participation in his/her treatment is paramount.
Also, the introduction of technological aspects involving telemedicine and artificial
intelligence data systems may prove useful in personalized medicine (Figure 1). These
developments also imply a profound transformation of clinical personnel that needs to be
responsive and adaptive to technology advancements, the implementation and integration of
these advances early in pre- and postgraduate training, as the acquisition of new knowledge
should enable clinicians to treat diseases under a new precision medicine perspective and
philosophy.

There is no doubt that in order to apply precision medicine, there is a high urgency to
establish a roadmap for the personalized treatment of OSA. Like any other chronic disorder,
a cost-effective approach to OSA should involve all levels of care, but be principally
assumed by primary care systems. This justifies the inclusion and use of simplified
techniques for the diagnosis of OSA, mainly in patients with a high pre-test probability, a
disruptive approach that has facilitated and expanded the diagnosis of OSA, a clearly
underdiagnosed disease. In addition, we already have identified initial model tools based on
the application of biomarker profiles that allow us to identify whether a particular patient
will respond adequately to the treatment of OSA. It is a priority to develop additional similar
instruments to predictively determine response to treatment in defined patient phenotypes.

The usefulness of CPAP has been clearly demonstrated in the treatment of symptomatic
patients. However, its usefulness in minimally symptomatic or asymptomatic patients has yet
to occur. Again, the profile of patients with OSA largely defines the usefulness of CPAP
treatment. Thus, while CPAP has been identified as an effective treatment to control blood
pressure in patients with resistant hypertension and sleep apnea[71], the usefulness of this
treatment has not been demonstrated in other profiles[65] [66]. In addition, several studies
have shown that CPAP could be associated with undesirable effects[68,69].Therefore,
identifying the OSA patients who not only would benefit from treatment, but also those who
will experience adverse effects of the treatment, constitutes another priority. Among the
therapeutic alternatives, mandibular advancement devices have already begun to demonstrate
their usefulness in certain profiles of OSA patients[55]. Incorporating technological and
telemedicine aspects into OSA comprehensive treatment models is essential. This will
enable the implementation of personalized and cost-effective treatments that will improve
selection of the appropriate treatment procedure, maximize its adherence, and increase the
efficacy of morbidity prevention.

6.- Five-year view

Chronic diseases considerably increase the number of deaths worldwide. Obstructive sleep
apnea (OSA) is a major global health concern affecting approximately 10% of the middle-
aged population, and is associated with increased cardiovascular and metabolic disease and
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overall mortality risks. OSA is nowadays considered a complex, heterogeneous and multi-
component disorder. Classification of OSA is based on sleep study criteria that do not
adequately capture the vast and complex disease heterogeneity. Accordingly, the features of
OSA heterogeneity and their determinants have not yet been characterized, and this issue
constitutes one of the main challenges for OSA management. Improved phenotyping of
OSA patients should improve prognosis prediction and guide therapeutic strategies.
Moreover, the application of technologies for the prediction of the clinical response to CPAP
treatment, such us HIPARCO-score[74], are urgently needed. Such efforts appear essential
in this new era of precision medicine, whereby treatments are targeted to the needs of each
individual patient on the basis of genetic, biomarker, phenotypic, or psychosocial
characteristics. Effective use of resources may be best achieved by personalizing
management.

OSA management is challenging for health systems; it is currently expensive and reliant on
specialized personnel that is not widely available. In addition, waiting lists for sleep
physician consultation and laboratory-based polysomnography are often long. Thus, there is
increasing interest in the use of screening questionnaires, home sleep monitoring and
ambulatory management of OSA. As a chronic disease, management of OSA should involve
all healthcare levels. Treating OSA with CPAP improves symptoms and quality of life,
decreases traffic accidents and may positively affect cardiovascular and metabolic morbidity.
However, the effectiveness of CPAP treatment is directly related to adherence. Therefore,
supervised follow-up is required for improving adherence. The number of patients
undergoing CPAP treatment has increased consistently in recent years, which has overloaded
follow-up resources. To guarantee effective, efficient and integral patient care and
management, alternatives to such traditional methods must be entertained. These alternatives
should be cost-effective and incorporate new approaches for a coordinated-care management
and follow-up systems including the participation of patients, telemedicine, and smart
technologies. Accordingly, innovative and cost-effective regionally adaptive models for
integral, precise and personalized care management of OSA should be developed.

Moreover, OSA is also a prevalent condition in children which greatly differs from that of
adults in its clinical presentation and morbidities, some of which may have long-term
implications, well into adulthood[93]. As such, parallel efforts will also need to be
considered in the early age groups to better understand risk stratification and operational
optimization of care delivery in the pediatric age range [94-96].

Our society has already identified balanced diet, moderate physical activity and emotional
well-being as the 3 pillars of healthy living. Healthy sleep should be incorporated as the
fourth pillar, as clearly supported by the extensively available scientific evidence. However,
the systems designed at protecting the right and the need to sleep well are not yet integrated
into our lives. Once such goal is achieved, sleep and its disorders will be truly personalized.
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7.-
Key issues

- Chronic sleep loss is a pervasive feature in today’s society lifestyles, with
little priority being given to the adverse effects associated with habitual sleep
restriction.

- Sleep duration is not only a habit that people can adopt of their free will, but
also one that can be influenced by physical, mental, work, and many other
social situations.

- The predominant condition in sleep-disordered breathing-affected patients if
obstructive sleep apnea, a disorder that occurs at all ages across the lifespan,
and affects at least 10% of the middle-age population.

- OSA imposes important morbid consequences that lead to quality of life
deterioration, increased motor vehicle accidents, depression and cognitive
impairments, cardiovascular and metabolic disease, sexual dysfunction, and,
more recently, even cancer.

- Realistically applicable methods enabling correct and accurate
characterization of the different phenotypes of OSA and adequate selection of
the optimal therapeutic options for each specific phenotype are currently
major priorities in the field.

- OSA phenotypic heterogeneity has not been formally characterized, and the
current lack of identifiable and classifier criteria constitutes one of the main
challenges for delineation of a cogent and effective approach to OSA
management. Improved phenotyping and defining the different clusters of
OSA patients may improve prognostic prediction and help in formulation of
therapeutic strategies.

- Classifying OSA patients solely on the basis of apnea-hypopnea index and
Epworth sleep scale scores is insufficient, since it does not capture the broad
spectrum of disease phenotypes, and leads to inadequate therapeutic
decisions.

- Like any other chronic disorder, a cost-effective approach to OSA should
involve all levels of care, but be principally assumed by primary care
systems.

- The incorporation of technological and telemedicine aspects into OSA
comprehensive treatment models should enable implementation of
personalized and cost-effective treatments that will improve selection of the
appropriate treatment procedure, maximize its adherence, and increase the
efficacy of morbidity prevention.

- To guarantee effective, efficient and integral patient care and management of
OSA, alternatives to such traditional methods must be entertained. These
alternatives should be cost-effective and incorporate new approaches for a
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coordinated-care management and follow-up systems including the
participation of patients, telemedicine, and smart technologies.

- Our society has already identified balanced diet, moderate physical activity
and emotional well-being as the 3 pillars of healthy living. Healthy sleep
should be incorporated as the fourth pillar, as clearly supported by the
extensively available scientific evidence.
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Figure 1:

New management of OSA based on a personalized medicine approach.
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