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ABSTRACT Obstructive sleep apnoea (OSA) is a major challenge for physicians and healthcare systems
throughout the world. The high prevalence and the impact on daily life of OSA oblige clinicians to offer
effective and acceptable treatment options. However, recent evidence has raised questions about the
benefits of positive airway pressure therapy in ameliorating comorbidities.

An international expert group considered the current state of knowledge based on the most relevant
publications in the previous 5 years, discussed the current challenges in the field, and proposed topics for
future research on epidemiology, phenotyping, underlying mechanisms, prognostic implications and
optimal treatment of patients with OSA.

The group concluded that a revision to the diagnostic criteria for OSA is required to include factors that
reflect different clinical and pathophysiological phenotypes and relevant comorbidities (e.g. nondipping
nocturnal blood pressure). Furthermore, current severity thresholds require revision to reflect factors such
as the disparity in the apnoea–hypopnoea index (AHI) between polysomnography and sleep studies that
do not include sleep stage measurements, in addition to the poor correlation between AHI and daytime
symptoms such as sleepiness. Management decisions should be linked to the underlying phenotype and
consider outcomes beyond AHI.
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Introduction
Breathing disturbances during sleep present in the clinical entities of obstructive sleep apnoea (OSA),
central sleep apnoea, including periodic breathing, and hypoventilation disorders [1]. These labels describe
imprecisely the variety of phenotypes. Many patients suffer from different and often variable amounts of
obstructive and central disturbances. The clinical entities can best be described by the definition of the
pathophysiological components relevant to the individual patient, i.e. the obstruction of the upper airways,
disturbances of central regulation and arousal threshold. This pathophysiological approach allows selection
of optimum therapeutic options, focusing on the stabilisation of the upper airways or influencing
breathing regulation and manipulating the arousal threshold. New insights in the pathophysiology of OSA
and central sleep apnoea, the variety of the symptoms, and the heterogeneous treatment approaches
require extensive discussion and evaluation.

Due to the high prevalence and both individual and socioeconomic healthcare issues involved, this report
focuses on OSA [2]. Although already high, the prevalence of OSA is expected to further increase due to
ageing of societies and the global obesity epidemic. This very high prevalence of OSA represents a
challenge for diagnosis, especially as current diagnostic criteria require overnight monitoring of sleep
disordered breathing, which is often limited by financial constraints. The diagnosis is further complicated
by the poor association between daytime symptoms (e.g. excessive sleepiness) and the severity of OSA
recorded in a sleep study [3].

Although OSA is widely recognised as an independent risk factor for cardiovascular and metabolic
diseases, beneficial effects of continuous positive airway pressure (CPAP) therapy on cardiovascular
outcomes in patients with established cardiovascular disease have recently been challenged [4–8]. The
major early success of CPAP in the symptomatic treatment of OSA may have inhibited scientific research
in many aspects of the disorder, including the complex pathophysiology and genetics, the variety of
clinical presentations, and the effects and outcomes of different therapeutic options. Consequently, the
diagnosis and treatment may have become oversimplified in many patients, focusing principally on the
number of respiratory events during sleep and resulting in inadequate clinical characterisation. This may
contribute to unclear and unexpected outcomes. Recent concepts on pathophysiology and differing clinical
phenotypes of OSA provide opportunities for a better understanding and individualised therapy of the
disorder [9].

At present, many patients with OSA are managed by clinicians who are not expert in sleep disorders, such
as respiratory physicians who treat OSA patients as only one component of general respiratory practice,
and may not have undertaken specific training in sleep disorders. This practice is facilitated by the lack of
recognition of sleep medicine as a distinct speciality in many jurisdictions.

These challenges have been discussed by a group of sleep medicine specialists from the European
Respiratory Society (ERS) and the European Sleep Research Society (ESRS). The aims of the process were
to: 1) focus on current limitations in the diagnosis and treatment of OSA, 2) provide questions on current
clinical practice, and 3) highlight future research priorities for the next decade.
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Methods
This report emanates from the deliberations of an ad hoc expert group initiated by the ERS group “Sleep
and Control of Breathing” and the Alpine Sleep Summer School (sleep-summer-school.ch), a European
Forum for postgraduate education and think tank activities in sleep research and medicine in the ESRS
[10]. The group activities included teleconferences to coordinate actions and priorities, and literature
reviews to identify the most up-to-date information on diagnosis and management, and culminated in a
“Think Tank” style conference held in Baveno, Italy over 3 days in October 2016.

26 European experts were invited to participate and 19 actually attended the Baveno conference.
Participants were invited based on recent activities in Task Forces of the Sleep Apnoea group of the ERS,
ESRS and the Alpine Summer School, and represented a spectrum of pneumologists, neurologists and
psychiatrists, in addition to basic and translational scientists. All European regions were represented to
reflect a variety of healthcare systems.

In a first Delphi process performed at the outset of the project, eight major topics were defined to address
the most important clinical questions and challenges: clinical phenotyping of OSA; assessment of disease
severity; diagnostic algorithms/new tools; excessive daytime sleepiness (EDS) and related driving risk; OSA
and neuropsychiatric disorders (NPDs); outcomes of sleep apnoea; comorbid conditions in OSA; and
optimum treatment. A focus was placed on adults and on OSA. Individual topics established the task for
eight working groups, each consisting of between eight and 13 participants, with individual group
members contributing to several working groups.

In the next step, each expert was asked to define the most relevant papers on the respective topic during
the previous 5 years. Each had to describe the most important clinical challenges and research priorities in
the field of OSA for the next 5–10 years.

During the meeting in Baveno, each subgroup intensively discussed the materials gathered during the
initial stages, prepared a document on their respective topics that synthesised the best current available
evidence on clinical practice, and prioritised evidence gaps and research priorities to best fill these gaps.
The overall output of the subgroup discussions was finally reviewed and agreed in a plenary session of all
experts (figure 1).

Findings and discussion
Phenotyping of OSA
Current status and limitations of existing clinical practice
The need for an individualised approach
OSA is increasingly recognised as involving a clinical spectrum that far surpasses the classical picture of
the male, obese and sleepy patient. A range of varying phenomena are now recognised that affects many
aspects of the disorder:

• Pathophysiology, especially relating to pathogenesis of upper airway obstruction, loop gain and arousal
threshold.

• Clinical presentation, i.e. heterogeneity of symptoms (e.g. daytime sleepiness, insomnia and mood
disturbances); some patients have only minimal symptoms.

• Associated biomarkers such as inflammation, microRNA, vascular and polysomnographic parameters
predicting prognosis and response to treatment.

• Comorbidities recognised to be highly associated with OSA (e.g. arterial hypertension and nondipping
nocturnal blood pressure).

Current diagnostic criteria are inadequate to describe the variety of relevant subgroups, and new diagnostic
tools are required to meet the increasing demand for personalised diagnosis and treatment of OSA. For
personalised management, demographic factors such as age and sex must be considered, as they have a
major impact in determining the clinical presentation of this disorder.

Conventional diagnostic procedures
Polysomnography (PSG) is the reference method for the diagnosis of OSA and its differential diagnosis or
co-occurrence with other sleep disorders [11, 12]. However, conventional measures of OSA severity (e.g.
the apnoea–hypopnoea index (AHI)), do not correlate well with the severity of clinical symptoms. This
observation evokes some concerns regarding the assessment of OSA based on PSG:

• PSG measures of severity such as AHI may need recalibration by which new cut-off limits may be
established.

• Other markers than AHI could have better predictive power for disease severity.
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• PSG may be inadequate, as it may fail to demonstrate individual susceptibility for systemic effects of
OSA.

• A new conceptual framework for assessing disease severity of OSA may be elaborated. OSA may be
conceived as a model of chronic recurrent strain in which the outcomes are defined by the presence of
pathological stressors, on the one hand, and the tolerance to these effects, on the other hand (figure 2).

Polygraphy, while having the advantage over PSG of being more suitable for ambulatory studies, lacks the
recording of neurophysiological signals. As such, polygraphy is not specifically a sleep study, as sleep
stages and electroencephalogram (EEG) arousals cannot be documented. Assessment of AHI is
intrinsically imprecise [13]. Coexisting sleep disorders such as insomnia, periodic limb movements and
parasomnias go undetected. In conclusion, polygraphy is a relatively crude diagnostic method and
unsuited for the differentiation of clinical OSA subtypes in a significant number of cases.

Pathophysiological phenotypes
For many years the pathogenesis of OSA was deemed to be the result of anatomical factors associated with
an imbalance of forces acting on the upper airway, whereby a narrowed oropharyngeal airway results in
increased closing pressures that overcome the ability of the upper airway dilating muscles to maintain a
patent airway. Anatomical factors that contribute to upper airway narrowing include retrognathia and
adenotonsillar hypertrophy, but in many patients there is a nonspecific narrowing that can be clinically
evaluated by the Mallampati score. The net result of this disparity is an increased critical closing pressure,
which is representative of the anatomical status. Recently, the relevance of physiological, nonanatomical
factors has been investigated and several additional factors identified [14]:

• Inadequate responsiveness of the genioglossus dilating muscle.
• Decreased arousal threshold.
• Instability of the respiratory control system.

These additional nonanatomical factors have clinical relevance as they may be amenable to specific
treatment approaches [9, 15]. Different morphological changes (e.g. enlargement of upper airway soft
tissue structure, craniofacial structures and the variable interaction between these structures) may define
different anatomical phenotypes. Three-dimensional imaging of the upper airway anatomy may help in
selecting specific treatment modalities [16]. Novel techniques have recently been reported that facilitate the
evaluation of these nonanatomical factors (e.g. loop gain in the ambulatory setting). It is currently
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FIGURE 1 Delphi process performed at the outset of the project to select topics addressing the most important clinical questions and challenges
in obstructive sleep apnoea.
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unknown whether these findings are reproducible over time and between different research groups.
Therefore, more studies by independent investigators are needed.

Clinical phenotypes
The clinical manifestations of OSA are very diverse, and reflect anthropometric features, comorbid
conditions and environmental factors, including smoking habits, and a sedentary lifestyle. Clustering of
symptoms and comorbidities allows discrimination between clinical phenotypes that include different
characteristics:

• Paucity of symptoms versus EDS.
• Complaints of sleep disturbance versus undisturbed sleep.
• Presence or absence of arterial hypertension, cardiometabolic complications or severe obesity.

To date, several cluster analyses have been performed, which show mixed results [17–22]. The
generalisability of available studies on clinical phenotypes is limited due to methodological differences, and
prospective studies will be required to assess 1) the optimal cluster techniques and 2) the validity of cluster
analysis in terms of clinical outcomes.

While EDS is a key symptom in many OSA patients, a working definition of this phenomenon is still
lacking in clinical practice and clinical tools for its assessment are insufficient. More specifically, a
question regarding fitness to drive should be implemented in the assessment.

Assessing target organ consequences
The link between the frequency of OSA (as measured by AHI) and clinical manifestations of OSA has proved
elusive. Patients with a high AHI may be low on symptom scales and vice versa [3]. This diversity may be
explained by differences in individual susceptibility to the systemic effects of OSA (e.g. intermittent hypoxia,
intrathoracic pressure swings, variations in sympathetic tone and haemodynamic instability). Substances from
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FIGURE 2 Graphic representation of a three-dimensional model of obstructive sleep apnoea (OSA) disease
severity. The first dimension (x-axis) represents the amount of respiratory events (A) in an overnight sleep
period. Usually this number is expressed in relation to total sleep time (e.g. the apnoea–hypopnoea index
(AHI)), which, as such, is a measure of the “density” of the respiratory events in the overnight sleep period. The
second dimension (y-axis) represents an acute systemic effect (E) induced by respiratory events (e.g. a certain
degree of oxygen desaturation (x%)). Respiratory pressure swings, arousals, changes in blood pressure,
recurrent sympathetic activation and other phenomena are also part of the constellation of acute bodily effects
caused by respiratory events. The shaded area A×E represents a combination of both dimensions. Combined
measures, such as x% oxygen desaturation index, contain information of both frequency and amplitude of the
specific effect, and may indicate the “intensity” of OSA. Such combined measures may better predict disease
severity than the unidimensional AHI. The third dimension (z-axis) represents a chronic end-organ impact (O)
of OSA (e.g. chronic arterial hypertension, vascular damage, insulin resistance, etc.). This impact is variable
among OSA patients, even when OSA is stratified for density or intensity. The enclosed volume A×E×O
represents the relation between intensity and the observed end-organ impact. This relationship may reflect
individual susceptibility, and may comprise a spectrum between low intensity/high impact and high intensity/
low impact. The dashed aspect of the boundaries indicates that the end-organ impact of OSA is as-yet difficult
to assess, because of the confounding influence of other disease processes. Specific biomarkers of end-organ
damage in OSA need to be developed and validated in this research area.
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molecular pathways that are triggered by these mechanisms may be identified that could serve as biomarkers
reflecting the end-organ strain or damage inflicted by OSA. Biomarkers, either single or clustered, could serve
as surrogate end-points for disease severity and susceptibility, as well as individual responsiveness to treatment
[23]. While data on the presence of certain biomarkers in OSA have been published and the effect of
treatment has been explored, research into this area is still at an early stage [24–28].

Priorities for future research
Although recent investigations have demonstrated promising results, phenotyping of OSA is not yet ready
for daily practice. Remaining problems include:

• Re-definition of the optimum role of PSG.
• Clinical importance of pathophysiological traits in OSA.
• Confirmation of the current findings regarding cluster analysis in prospective cohorts.
• Clarification of the purported end-organ susceptibility for systemic effects of OSA.
• Translation of the OSA subtypes into personalised medicine.

Assessment of severity of adult OSA
Current status and limitations of existing clinical practice
The clinical definition of OSA based on the combination of AHI and daytime symptoms [29], particularly
EDS, is compromised by the high prevalence of elevated AHI in the general population and by the poor
correlation of EDS with AHI [30, 31]. AHI as a measure of OSA is limited by the inclusion of arousal in
the definition, making PSG the optimum modality for assessment, which does not reflect the trend
towards ambulatory monitoring in clinical practice, although some ambulatory monitoring systems do
include monitoring of the EEG [32]. The oxygen desaturation index (ODI) may be a stronger and more
reliable predictor of adverse cardiovascular outcomes than AHI [33, 34], and is easier to measure, although
current guidelines continue to refer to AHI as the primary measure of OSA severity. A consensus on how
to assess EDS (and other daytime consequences) in patients with OSA is lacking.

Current severity grading of OSA based on AHI [29] is influenced by the inclusion of sleep staging in the
test [13] and studies that do not include sleep staging (e.g. cardiorespiratory polygraphy) give a lower AHI
compared with the calculation based on PSG where periods of wakefulness during the sleep study are
excluded in the calculation of AHI [13]. This difference is particularly important in the assessment of
patients with mild/moderate OSA [35]. However, technological developments in electrode placement and
automated analysis have facilitated the use of PSG in ambulatory recordings [36]. Multiple night studies
may provide a more accurate assessment than a single night [37], which may be more feasible with the
development of newer technologies utilising minimal contact devices suitable for home studies that do not
include sleep staging. Technical differences (e.g. thermistor and nasal prongs) influence the assessment of
respiratory disturbances and differences in hypopnoea definition may also influence the assessment
of severity. The choice of 3% or 4% oxygen desaturation with or without arousal in the definition of
hypopnoea [38, 39] has recently been demonstrated in a Spanish community-based study to substantially
influence OSA prevalence and severity classification, and also affect the association with cardiovascular
outcomes [40]. Oxygen desaturation is more pronounced during apnoea compared with hypopnoea and is
also more pronounced with longer event duration. Severity of oxygen desaturation events differs between
hypopnoea and obstructive apnoea events, and is modulated by their duration in OSA [41, 42].

The Epworth Sleepiness Scale (ESS) is the most widely used clinical tool to evaluate subjective sleepiness,
but correlates poorly with AHI [43] and with objective tests of EDS, and is also open to reporting bias.
Questionnaires such as the ESS may provide more accurate results with additional input from a partner.
Focused questions by the clinician on core features of sleepiness (e.g. the presence of sleepiness when
alone and inactive, when mentally or physically active in company, and when performing high-risk
activities such as driving) may be more reliable than the ESS. Daytime symptoms in OSA are influenced
by age, sex and the presence of other comorbidities [2], particularly depression and insomnia, and other
symptoms such as fatigue and tiredness may be equally important in certain groups.

Anthropometric and other objective variables such as age, sex, body mass index, neck circumference and
comorbidities may be more reliable than subjective variables such as snoring and EDS in predicting OSA
[44]. The identification of clinically significant OSA may be improved by the inclusion of relevant
comorbidities, particularly systemic hypertension, and the loss of nocturnal blood pressure dipping may
add to the clinical significance of OSA (figure 3) [45].

Priorities for future research

• Definition of most appropriate diagnostic criteria to evaluate a suspected patient with OSA.
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• Revision of OSA severity grading to supersede the original “Chicago criteria” and subsequent updates
[29, 38].

• Definition of the relative strengths of AHI and ODI in assessing OSA severity, particularly relating to
comorbidities.

• Revision of the grading of OSA severity to reflect the presence or absence of sleep assessment/staging
in the diagnostic test.

• Definition of the role of comorbidities (e.g. nondipping blood pressure) and of biomarkers in assessing
the clinical significance of OSA.

• Definition of surrogates of neurovegetative activity and cardiovascular variability to detect the harmful
effects of OSA.

Diagnostic algorithms/new tools
Current status and limitations of existing clinical practice
At present, an elevated AHI remains the principal objectively measured variable in diagnosis, although
patients are referred for different reasons relating to daytime and/or night-time symptoms such as snoring
and/or EDS, existing cardiometabolic risk, and driving or work safety issues. According to the pre-test
probability of OSA, different diagnostic pathways can be applied, which may vary between centres.
Currently available screening questionnaires may assist in patient pre-selection for sleep studies, but should
not replace the individual patient clinical assessment [46].

There is unanimous consensus among the expert group that AHI alone is insufficient to answer three key
questions:

• Who suffers from a clinically significant OSA?
• Who should be treated?
• What is the optimal therapy?

End-organ im
pact/
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orbidities

C
 Mild symptoms
Major end-organ 

impact

D
Severe symptoms
Major end-organ 

impact

Recurrent/
poorly controlled

Not detectable/
well controlled

ESS <9
Dozing episodes–
No hypersomnia

Normal vigilance test
Insomnia–

ESS ≥9
Dozing episodes+

Hypersomnia
Pathological vigilance test

Insomnia+

A
 Mild symptoms
Minor end-organ 

impact

B
Severe symptoms
Minor end-organ 

impact

Symptoms

FIGURE 3 Proposal of a multicomponent grading system for obstructive sleep apnoea (OSA) severity. ESS:
Epworth Sleepiness Scale. Prerequisite for the following grading system is the evidence of obstructive
sleep-related breathing disturbances (apnoea–hypopnoea index ⩾15 events·h−1). The proposal combines the
symptomatology based on the patient’s history, the ESS, episodes of dozing off during daytime and results of
objective vigilance tests. In addition, it includes the impact of OSA on the cardiovascular system and
metabolism and any accompanying comorbidities. The patient is considered to suffer from mild symptoms if
all conditions (ESS <9, no dozing episodes, no self-assessed hypersomnia, normal vigilance test) are fulfilled,
whereas symptoms are considered severe if any of these parameters are positive. Patients with mild
symptoms are classified as group A or C depending on the presence of comorbidities or end-organ damage.
If there is no or well-controlled arterial hypertension, no or non-recurrent atrial fibrillation, no heart failure,
no diabetes, or no history of a stroke, the disease is classified as minor end-organ impact leading to group A
or B; if any of these factors are fulfilled, the disease is classified as major end-organ impact leading to group
C or D.
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Challenges of existing technologies and patient care
Respiratory variables other than AHI, such as flow limitation or other nonapnoeic events, might allow a
more accurate assessment of OSA and new technologies may simplify the assessment of flow limitation
without measuring AHI [47]. ODI and other variables of oxygen desaturation, such as cumulative sleep
time with oxygen saturation below 90%, minimal oxygen saturation and mean oxygen desaturation, also
provide important clinical information to better address disease severity and risk of comorbidity in
patients with comparable AHI [48].

New measurements and technologies may better assess the various pathophysiological mechanisms
underlying OSA (e.g. loop gain, arousal threshold and anatomical factors). Reliable techniques to monitor
sleep structure and arousals outside the conventional EEG (e.g. arterial tonometry) require further evaluation
and development, in addition to assessment of autonomic state and cardiovascular events associated with
OSA events (e.g. ECG algorithms, heart rate variability, arterial tonometry and capnography), which are
currently omitted from conventional PSG [49]. Further development of existing signals such as cordless
portable acoustic devices will allow enhanced diagnostic potential [50, 51]. There is a need to identify and
validate physiological signals during wakefulness or sleep that may be useful in predicting cardiovascular
risk. Tools to evaluate sleepiness, including objective vigilance and performance tests, can also be considered
in populations such as individual clinic patient assessment or targeted populations (e.g. those at potential
driving risk). Signals in sleep studies that may better relate to EDS are required, and could include measures
of sleep fragmentation, micro sleeps and/or arousal, but these require further development and validation.

Treatment responses are difficult to predict from existing diagnostic variables (e.g. AHI) and current
diagnostic algorithms, which are typically one dimensional, are not adapted to the heterogeneous patient
populations that include symptomatic patients, screening high-risk groups with cardiometabolic disease or
patients with neuropsychiatric diseases. The potential role of new technologies (e.g. smartphone-based
applications and telemedicine) is not yet sufficiently elaborated and healthcare systems often do not
integrate objective information provided by the patient from self-made home recordings such as from
smartphone applications.

New technologies
The following promising modalities for improved sleep diagnostics are identified, most of which require
further evaluation and validation:

• Peripheral arterial tonometry to assess OSA and other sleep disorders.
• Overnight pulse wave analysis to assess autonomic and cardiovascular function/risk.
• Indwelling ear sensor to monitor the EEG.
• Capnometry for new areas in assessing sleep function and autonomic dysfunction.
• Alternative OSA screening technology, including noncontact sensor technology, acoustic breath

analysis and smartphone-based applications.
• Smartphone-based diagnostic applications for sleep disorders and OSA.
• Assessment of OSA based on ambulatory Holter ECG devices or thoracic impedance from implantable

devices.
• New algorithms for snoring detection, quantification and characterisation.
• Novel algorithms for the quantification of loop gain and arousal threshold.
• Biomarkers (e.g. exhaled breath analysis or RNA microarray).

Priorities for future research

• Relevant role of new technologies on existing diagnostic algorithms for OSA and targets of therapy.
• Evaluation of different diagnostic algorithms in different populations (e.g. patients with cardiovascular

or other diseases, or with predominant sleepiness).
• Development of a composite OSA score, including AHI, symptoms and comorbidities/complications,

to customise treatment and predict treatment responses.
• Evaluation of physiological markers of autonomic and cardiovascular function in the identification of

increased cardiometabolic risk.
• Evaluation of OSA-related biomarkers in the identification of clinically relevant OSA.
• Evaluation of new digital technology (e.g. smartphone-based diagnostic technologies and treatment

surveillance by telemedicine) to change sleep medicine procedures and models of care.

OSA, excessive daytime sleepiness and driving
Current status and limitations of existing clinical practice
Sleepiness is a physiological subjective sensation linked to the inner sleep need, and is influenced by
circadian and homeostatic factors, external conditions, and individual features. EDS is a pathological
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disabling condition with important influences relating to sex, age and comorbidities such as depression
and other disorders commonly associated with fatigue [52, 53]. EDS is associated with a subjective
feeling and may also be associated with impaired psychomotor performance that may compromise
driving safety.

OSA frequently causes EDS, the latter being possibly influenced by other comorbidities and masked sleep
disorders, and the strength of the association is clearly related both to the operational definition of EDS
itself and to the studied population [22, 54]. Most of the available literature applied the ESS, a subjective
trait sleepiness assessment questionnaire on individual dozing-off attitudes in active and passive
conditions. Despite its simple and wide application, the ESS is limited by a poor correlation with OSA
presence and severity at the individual level, while other subjective tools addressing vigilance recently gave
more promising results [55, 56].

Subjective EDS assessment should include partner-assisted reports, and an extensive clinical interview on
habitual sleep patterns and core symptoms frequency in passive and active situations at different circadian
times [57, 58]. Objective tools include in-laboratory approaches (maintenance of wakefulness test (MWT)
and multiple sleep latency test (MSLT)) validated for specific diagnostic (MSLT to characterise suspected
hypersomnias of central origin) or safety-related (MWT to address individual ability to resist sleep in
monotonous conditions) purposes and several nonvalidated psychomotor tests including simulated driving
[59, 60]. EDS is indeed an intrinsic marker of OSA severity, and might be a useful marker of
cardiovascular and mortality outcomes [61, 62]. EDS is rapidly resolved by appropriate OSA treatment,
but sometimes persists. In such cases depression, inappropriate lifestyles or other undiagnosed sleep
disorders should be carefully explored [52].

Pro-inflammatory cytokines (interleukin-6) appear to promote sleepiness, while cortisol promotes
vigilance. It has been demonstrated that objective EDS (as measured by the MSLT), but not subjective
EDS, is associated with significantly elevated 24-h interleukin-6 levels and significantly decreased daytime
cortisol levels in patients with OSA [63]. Data on orexin are inconsistent in OSA, while it is an important
biomarker in narcolepsy–cataplexy [64]. EDS has been recognised as an important cause in the
multifactorial car accident risk in OSA patients [65]. Patients with OSA show an average 2.5-fold risk for
car accidents compared with healthy controls [66]. An ESRS survey in 19 countries reported that 17% of
respondents had fallen asleep at the wheel in the previous 2 years [67]. Younger age, male sex, driving at
least 20000 km per year, higher EDS and high risk for OSA as assessed by questionnaires predicted EDS
at the wheel. As shown in the European Sleep Apnea Database (ESADA) cohort, driving accident risk
increased with OSA severity [68].

OSA treatment significantly reduced the risk, although whether treated OSA patients have a car accident
risk comparable to the general population is strongly suggested but still under debate [69]. Prediction of
individual car accident risk in OSA is the challenge. There is established evidence linking self-reported
near-miss accidents with increased car accident risk [65, 70], while other factors such as sleepiness at the
wheel and driving habits need further verification and should be addressed. In the experimental settings
(on the road and simulated), driving performance was best correlated with objective vigilance (MWT) and
was improved by effective OSA treatment [69], as well as by vigilance-promoting medications [71, 72].
Given the key role of individual behaviour while driving, OSA patients should understand their personal
responsibility if driving while feeling sleepy, in order to avoid dangerous behaviours [59]. Recently
introduced regulations by the European Union (EU) relating to driving among patients with OSA
recognise that disease severity measured by both AHI and sleepiness are relevant to the question of driving
licence restriction in such patients [73]. CPAP treatment significantly reduces EDS and driving risk in
OSA patients. The EU Directive mandates objective assessment of compliance to CPAP in OSA patients.
The reassessment of fitness to drive and compliance to treatment is mandatory at 3-year intervals in
noncommercial drivers and every year in commercial drivers [32, 73]. More strict rules are allowed in the
individual EU member states.

Priorities for future research
Short-term priorities

• Definition and evaluation of subjective tools to reliably assess EDS in the general population.
• Identification of subjective and objective tools for reliable EDS and fitness to drive assessment in OSA

patients.
• Identification of educational strategies to adequately improve OSA patient awareness on

sleepiness-related accident risk.
• Identification of appropriate driving risk prediction in OSA.
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Long-term priorities

• Evaluation of patient-tailored interventions for adequate risk management.
• Assessment of functional biomarkers for EDS assessment in OSA patients.
• Identification of causes and evaluation of adequate treatments of residual EDS in well-treated OSA

patients.
• Integration of OSA and EDS comprehension into transportation and industrial development standards.

OSA and neuropsychiatric disorders
Current status and limitations of existing clinical practice
There is growing evidence for an increased frequency of OSA in a variety of NPDs, including stroke,
neurodegenerative/muscular disorders, major depression and post-traumatic stress disorder [10, 74–77].
Age, sex and criteria of sleep recording/scoring partially explain some of the discrepancy in the literature.
However, the awareness of NPDs in OSA, and of OSA in NPDs, is not very high among specialists
treating these patients [10, 78].

Several studies suggest that OSA may not only be frequent, but also represents an (independent) risk
factor for the subsequent development of NPDs such as stroke, dementia and depression [76, 78–82].

Concerning the relationship between OSA and neurodegenerative diseases, recent studies suggest that
hypoxic events can be either neuroprotective or neurotoxic, depending on several factors, including time,
severity and duration of hypoxia [83, 84]. Chronic intermittent hypoxia has been associated with increased
neurodegeneration related to elevated oxidative stress, as well as with neuroinflammation in animal models
of sleep apnoea. Elevated oxidative stress and inflammation are hallmarks of neurodegenerative diseases
[85, 86]. In humans, intermittent hypoxia may play a role in Alzheimer’s pathology. It has been associated
with a cerebral increase of phosphorylated\total tau and amyloid β1–42 concentrations in cognitively
healthy adults [87, 88].

OSA was shown to be associated not only with EDS and fatigue, but also with an impairment of
neurocognitive functions (e.g. memory and attention), psychiatric disturbances and changes of cerebral
structures [10, 83, 89, 90].

The origin of such complex relationships between OSA, NPDs, cognitive and psychiatric disturbances is
unclear, and may include such factors as sleep fragmentation, recurrent hypoxias, shared signalling
pathways, cerebral hypoperfusion/microvascular changes, comorbidities (obesity, insomnia and EDS),
medications and psychoreactive factors [91].

The clinical relevance of the link between untreated OSA and NPDs stems from the observation of a
negative effect of OSA on the evolution of NPDs such as stroke, epilepsy, dementia and depression [78, 92].

Data on the effect of OSA treatment (e.g. CPAP) on NPDs is limited and contradictory [78, 93–97]. The
difficulty in consistently showing an effect of OSA treatment on NPDs and their progression may be
related to a variety of factors, including their chronicity, patient selection based only on AHI,
heterogeneity of OSA and different outcome tools.

Priorities for future research

• Identification of neurophysiological and molecular mechanisms underlying the bidirectional link
between OSA and NPDs.

• Identification and evaluation of screening tools for NPDs in the management of patients with OSA.
• Identification and evaluation of screening tools for OSA in patients with NPDs.
• Evaluation of short- or long-term benefits in treating OSA in patients with NPDs.
• Identification of causes and possible treatment options for patients with persisting EDS and NPDs

despite efficient OSA therapy.

Comorbid conditions in OSA
Current status and limitations of existing clinical practice
OSA is highly prevalent in cardiovascular and metabolic diseases
Intermittent hypoxia, the hallmark of OSA, causes oxidative stress, and consequently promotes
inflammation, sympathetic hyperactivity and endothelial dysfunction, which in turn lead to
cardiometabolic comorbidities [4]. As demonstrated by epidemiological data in the general population and
clinical cohort studies, OSA prevalence is up to 50% in arterial hypertension, refractory arrhythmias,
stroke, coronary heart disease and cardiac failure [2, 85, 98, 99]. There is an independent association of
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OSA with components of the metabolic syndrome [100], particularly visceral obesity, insulin resistance
and abnormal lipid metabolism [5, 26]. OSA is independently associated with alterations in glucose
metabolism and increased risk of developing type 2 diabetes, with more than 50% of patients with type 2
diabetes exhibiting OSA [101, 102]. Nonalcoholic fatty liver disease is a highly prevalent condition
increasing in parallel with the epidemic of obesity and type 2 diabetes. There is now evidence both in
adults and children [103–105] for a link between nonalcoholic fatty liver disease and the presence of OSA,
with a dose–response relationship between the severity of nocturnal hypoxia and liver injury [106, 107].
Comorbidities are of major importance, because they have a significant impact on healthcare use and
mortality in patients with OSA [108, 109].

OSA is commonly associated with inflammatory lung disorders
In recent years, asthma and idiopathic pulmonary fibrosis (IPF) have been identified as significant
comorbidities of OSA. The prevalence of OSA is higher in asthmatic patients than in the general
population, and OSA has been associated with daytime sleepiness, poor asthma control and reduced
quality of life [110–114]. Experimental studies indicate that chronic intermittent hypoxia may promote
allergen-induced airway inflammation and airflow limitation [115], suggesting a detrimental effect of
coexisting asthma and OSA. Both diseases considerably increase the economic burden of care [116].

Several studies on small patient samples have highlighted that mild/moderate OSA frequently occurs in
IPF patients [117] and may contribute to worsen prognosis, especially when associated with significant
nocturnal hypoxaemia [118]. Chronic intermittent hypoxia has been reported to exacerbate
bleomycin-induced lung fibrosis in rats [119]. However, it has been hypothesised that OSA may introduce
subclinical alveolar injury due to mechanical alveolar stretch, supported by increased plasma KL-6 [120].

Oxygen desaturation in patients with OSA and IPF was found to be more severe during sleep than during
exercise [121]. To better understand whether OSA treatment may positively affect symptoms and
prognosis of asthma or of IPF, randomised controlled studies in well-characterised samples are still needed.

The combination of COPD and OSA (the so-called “overlap syndrome”) [122, 123] is favoured by upper
airway inflammation consecutive to smoking, rostral fluid shift, upper airway muscle weakness and inhaled
corticosteroids, while the predominant COPD emphysema phenotype protects against OSA. Overlap
syndrome is characterised by more pronounced nocturnal hypoxaemia, oxidative stress and systemic
inflammation, such that COPD patients with comorbid OSA are at increased risk for repeated
exacerbations and death. Overlap also represents a major burden in survivors from acute hypercapnic
respiratory failure, with a higher risk of death and early readmission [124]. CPAP treatment may improve
the prognosis of patients with overlap syndrome and decrease exacerbations [125].

Epidemiological studies and animal trials suggest a link between OSA and cancer mortality and incidence
[126]. A large cohort of 4910 subjects identified a significant association between overnight hypoxia and
all-type cancer incidence [127]. However, a recent meta-analysis did not find a significant relationship,
and studies are limited particularly for the inadequate control for obesity and the limited differentiation
between different types of cancers [128].

Association of OSA and comorbidities may magnify the cardiometabolic risk aggravating
morbidity and mortality
Optimal blood pressure control is more difficult to achieve in hypertensive OSA patients [129, 130] and
there is a high prevalence of drug-resistant hypertension in the OSA population. Among the deleterious
consequences of OSA, the most alarming are arrhythmias and sudden cardiac death. Rates of atrial
fibrillation with poor response to medications or exhibiting recurrence of atrial fibrillation after electrical
cardioversion or ablation are higher in patients with OSA [131]. Poorly controlled type 2 diabetes is also
more frequent in the presence of severe OSA [132]. The number of hospitalisations and the mortality rate
increase in cardiac failure patients with associated OSA [133]. In stroke patients, sleep apnoea has a
negative impact on long-term outcome [78]. The comorbid condition of COPD and OSA is characterised
by heightened inflammation and increased cardiovascular risk, reflecting the synergistic deleterious impact
of both diseases [134].

Priorities for future research

• Evaluation of the relevance of obesity and OSA on cancer, and the specific relevance of intermittent
hypoxia and sleep fragmentation in humans based on large epidemiological studies coupled with
pre-clinical models.

• Evaluation of an independent cardiometabolic risk factor in OSA.
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• Evaluation of the risk associated with OSA compared with sedentary behaviour, obesity, smoking and
other factors.

• Evaluation of the inclusion of OSA in integrated cardiometabolic risk reduction management.
• Evaluation of the epidemiology of the comorbid condition of COPD and OSA, considering

stratification for OSA and COPD severity.
• Evaluation of a specific COPD–OSA overlap syndrome based on pathophysiological or prognostic factors.
• Relevance of OSA/intermittent hypoxia on outcomes and relative biomarkers in COPD patients.
• Definition of subgroups benefitting from CPAP treatment, especially resistant hypertension, atrial

fibrillation, poorly controlled type 2 diabetes, overlap syndrome (COPD–OSA), bronchial asthma and IPF.
• Evaluation of the effect of CPAP on cardiometabolic risk in primary prevention.

Treatment and outcomes
Current status and limitations of existing clinical practice
OSA treatment has limited impact in reducing cardiometabolic risk
CPAP and other therapies for OSA have been viewed as benefitting sleepiness and other aspects relating to
quality of life, in addition to reducing risk of comorbidity and mortality [135–138]. As OSA is clearly
associated with metabolic and cardiovascular conditions, an effective treatment of OSA may then represent
an important target for improving cardiometabolic risk. The impact of CPAP, the first-line therapy of
OSA, on cardiovascular or metabolic consequences is limited and still under debate [42, 139]. The impact
of CPAP or oral appliance on blood pressure is small (−2 mmHg for mean 24 h blood pressure) [137],
being clinically relevant only in the resistant hypertension population [138]. Reported benefits are best in
CPAP-compliant patients and especially compliance sufficient to cover rapid eye movement periods at the
end of the night [140, 141]. Whereas earlier reports indicated that fixed CPAP was superior to
autoadjusting CPAP in reducing blood pressure, a recent report indicates that fixed CPAP has equal effects
to autoadjusting CPAP in lowering blood pressure levels [142–144]. Mandibular advancement device
(MAD) therapy has also been reported to benefit blood pressure on OSA patients [145].

CPAP does not appear to improve lipid profile or metabolic syndrome in unselected OSA populations
[26]. Regarding glucose control, improvements were reported only in subgroups with suboptimally
controlled type 2 diabetes [140] and prolonged nocturnal CPAP use allowing to cover REM sleep periods
at the end of the night [141]. It is not realistic to expect a clinically relevant decrease in cardiometabolic
mortality in secondary prevention with sole CPAP therapy as suggested by the SAVE study [6]. It did not
report any benefit from CPAP therapy in reducing the incidence of future cardiovascular and
cerebrovascular events in OSA patients with established cardiovascular and cerebrovascular disease, but
was compromised by poor treatment compliance and low EDS, while other reports indicate that CPAP
improves cardiovascular outcomes in patients with established cardiovascular disease who adequately
comply with therapy [6, 22]. The recent data demonstrating lack of efficacy of CPAP in the secondary
prevention of cardiovascular disease do not exclude the possibility of benefit in the primary prevention of
cardiovascular disease, although very large patient numbers may be required to evaluate this aspect. In the
face of limited resources for future trials, carefully designed registries with "big data", based on real-life
observations (e.g. ESADA), could be a more pragmatic approach. In trials, to overcome poor adherence
leading to poor outcome, a run-in phase to optimise adherence could be justified. The negative findings of
the SAVE trial may also justify prospective randomised controlled studies of more symptomatic patients
with moderate/severe OSA, where treatment compliance may be expected to be higher.

A major issue is that some patients show huge CPAP treatment effects, while others do not benefit at all,
with no way for clinicians to distinguish between likely responders and nonresponders [27]. The
identification of responder phenotypes, including a set of predictive biomarkers, would be particularly
helpful for asymptomatic or only minimally sleepy OSA patients who will not accept CPAP treatment,
unless some other major benefits, such as an improvement in cardiometabolic risk, can be predicted [146].

Regarding comorbidities overall, CPAP has little efficacy in the secondary prevention of cardiovascular and
metabolic comorbidities, but the possibility of benefit remains in highly compliant patients and in some
patient subgroups that remain poorly defined.

One area of CPAP therapy that is growing in clinical practice is its role as part of the diagnostic pathway
to establish the relationship between symptom profile and OSA, especially in highly symptomatic patients
with mild OSA [147, 148]. Lack of symptom improvement in CPAP-compliant patients indicates that
reported symptoms may be the result of other factors such as restless legs syndrome or other sleep
disturbance. However, symptomatic improvement with CPAP supports the relationship of daytime
symptoms such as EDS to OSA and may increase the likelihood of benefit from other therapies such as
MADs, although this possibility has not been validated in prospective studies.
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Combined therapeutic strategies for individualised treatment of OSA and comorbidities
Usual antihypertensive agents are less effective in reducing blood pressure in OSA patients, especially at
night and in the morning, although recent evidence indicates that morning administration of
antihypertensive therapy is superior to evening [149]. Combining CPAP with medications reduces blood
pressure in a clinically relevant way in CPAP-compliant patients [130]. A recent meta-analysis revealed
that CPAP is associated with a gain in weight of 0.5 kg compared with control therapy [150]. As many
OSA patients are obese, CPAP treatment should be combined with weight loss and recent evidence
indicates that baseline oropharyngeal calibre influences the degree of benefit [151, 152]. Lifestyle
modifications, including physical activity, through a wide variety of secondary prevention programmes
substantially reduced mortality, recurrent heart attacks and blood pressure [153]. In OSA, only one study
evaluated CPAP coupled with weight loss, which when combined was superior in improving blood
pressure, insulin resistance and lipid profile than either treatment alone [152]. There is a strong rationale
for future mechanistic and clinical research into treatment strategies combining CPAP with comprehensive risk
factor management, and to identify personalised therapies for addressing cardiovascular and metabolic
risk factors of OSA patients.

Opportunities and challenges of telemedicine
The quality of care a sleep centre provides is mainly determined by individual patient management over the
long term, including continuing efforts to maintain optimal CPAP therapy, rapid detection of low compliance
and personalised consideration of alternatives to CPAP where appropriate [154, 155]. Telemedicine offers
possibilities to diagnose and follow-up OSA patients [156–166], but several open questions, including ethics,
data ownership, prescription, storage, usage and reimbursement issues, slow down its implementation [156].
It remains unclear if telemedicine can replace direct patient–nurse contact and/or permit better treatment
customisation [167–169]. Critical aspects must be clarified, including the respective role of companies and
physicians in patient care, and the risk of unauthorised use of “big data” [170].

Alternative treatment options for OSA
Several alternative treatment options to CPAP and weight loss are available for selected patient
populations, which focus on specific target groups and recognise the increasing demand for tailored
treatment [155, 171]. Open questions regarding alternatives to CPAP include the prediction of success,
long-term outcomes and health economics [24]. There is an urgent need to define reliable predictors of
treatment success and long-term outcomes [172–176].

Mandibular advancement devices
Although less effective in reducing AHI, evidence supports the use of MADs in mild/moderate OSA, even
in positional OSA, with associated symptom improvement [142, 177, 178]. In severe cases, MADs are
clearly inferior to CPAP [179]. As there is a large variety of MADs, scientific data cannot be translated
from one device to another. Standardisation of MADs is needed to guide therapeutic recommendations
and comparison of total costs [145, 180].

Ablative surgery
Most ablative surgical options cannot be recommended as single interventions and should only be
considered in highly selected patients [177, 181–183]. Tonsillectomy, which is a common therapy in
paediatric OSA, also benefits adult patients with enlarged tonsils [184]. Maxillomandibular osteotomy
appears as effective as CPAP in selected patients refusing conservative treatment [177, 185]. Bariatric
surgery may be particularly effective in selected obese OSA patients [177, 186].

Positional therapy
Positional therapy is as effective as CPAP in reducing AHI in positional OSA, but sleep disturbance is a
major concern and long-term compliance is poorly documented [187–189]. Devices to assess long-term
compliance with positional therapy are needed. Socially disturbing snoring often persists in the nonsupine
positions. Substantial nonresponse, partial improvement, patient selection and treatment costs remain
significant concerns.

Hypoglossal nerve stimulation
Results from randomised controlled trials of hypoglossal nerve stimulation are promising [190], but data
on long-term outcomes are limited, given evidence is based on the same nonrandomised clinical trial
(STAR trial), characterised by an unexplained large dropout rate (28%) after 48 months of follow-up [191–
194]. Being a responder or nonresponder is partly explained by the resulting tongue protrusion or
retrusion after hypoglossal nerve stimulation and related to the stimulation of proximal or more distal
nerval branches [195]. Only a minority of patients are eligible for this intervention [196]. There is a need
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for a more precise description of treatment responders based on outcome parameters equivalent to CPAP
and for a better understanding of the underlying pathophysiology relating to treatment response [197,
198]. The use of predictor techniques for hypoglossal stimulation response (e.g. drug-induced sleep
endoscopy) is not supported by conclusive prospective studies.

Pharmacological therapy
Pharmacological therapy for OSA has shown disappointing results in earlier studies, but pharmacotherapy
for selected patients is still under debate [199]. Pharmacological therapy typically targets certain aspects of
pathophysiology such as pharyngeal collapsibility, obesity, arousal threshold and loop gain, which supports
a personalised approach to treatment [15, 200–202]. Liraglutide is the first pharmaceutical compound
having an indication for OSA, by targeting weight reduction in selected populations, although its effect is
weak, resulting in a decline in AHI of only 30% [203]. Desipramine has been demonstrated to reduce
pharyngeal collapsibility in healthy subjects during sleep [204] and to lower AHI in selected OSA patients
[205], but its use is hampered by significant side-effects. The combination of supplemental oxygen and a
hypnotic has been reported to benefit OSA patients with mild/moderate pharyngeal collapsibility [206],
presumably by beneficial effects on arousal and loop gain, and could be considered in highly selected
patients where insomnia is a prominent feature. Hypnotic use in such patients needs to be carefully
considered, given the adverse events associated with hypnotics (fall risk, memory impairment, progression
of OSA and the fact that most patients never stop them). Oxygen supplementation may be considered in
patients with persisting hypoxaemia despite CPAP therapy, which has been reported to improve perceived
physical functioning [207]. Finally, a recent report indicates benefit from acetazolamide therapy in OSA
and comorbid hypertension with reductions in both AHI and blood pressure levels [208].

Integrated approach to patient management
While CPAP remains the treatment of choice for most patients with moderate/severe OSA, alternative
and/or additional treatment options can be considered, depending on the clinical and pathophysiological
phenotypic traits [15, 209]. Clinical variables include body mass index, EDS, insomnia, upper airway
anatomical factors (e.g. micrognathia or adenotonsillar hypertrophy), in addition to comorbidities,
especially arterial hypertension. Pathophysiological variables include upper airway collapsibility and dilator
muscle function, arousal threshold, and loop gain. Where upper airway collapsibility predominates, CPAP
is the most appropriate management option, but where other factors play a major role, additional or
alternative treatment options could be considered, such as pharmacological therapy or hypoglossal nerve
stimulation (where upper airway dilating muscle response is inadequate) and other pharmacological agents
with oxygen supplementation (where arousal threshold and loop gain play a significant role). Surgical
approaches can be considered where a correctable anatomical abnormality is identified and in bariatric
surgery for major obesity. A schematic illustration of the complex role of phenotypes in management
considerations of OSA is given in figure 4. Categorising and treating patients based on clinical and
pathophysiological phenotypic traits is an attractive theoretical concept, but nevertheless, very little data
are available supporting such an approach in daily practice.

Priorities for future research

• Evaluation of predictors of treatment outcome.
• Evaluation of the concept of “diagnostic treatment”.
• Evaluation of phenotypes predisposing to benefit from surgery, MADs and drugs.
• Identification of potential benefits of surgical interventions.
• Inclusion of objective evaluation of snoring and cardiovascular outcome parameters in outcome

studies.
• Identification of treatment options focusing on pathophysiological aspects (loop gain and arousal

threshold) and sleep stages (reduction in rapid eye movement sleep).
• Evaluation of the additional long-term effect of oxygen in insufficient positive airway pressure

response.
• Evaluation of the combination of OSA treatment with other interventions.
• Validation of biomarkers predicting CPAP responses.
• Identification of the most appropriate therapeutic strategy in OSA patients without symptoms, given

their limited acceptance of CPAP.

Conclusions
The heterogeneity of breathing disturbances associated with OSA, daytime or night-time symptoms and
end-organ damage advocates against a simple approach focusing mainly on AHI. There is an urgent need
for the definition of phenotypes, based on polysomnographic, clinical and outcome parameters. The
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diagnostic work-up should integrate this multifactorial approach, define severity, not only based on AHI,
but include EDS, NPDs (e.g. cognitive impairment and depression), associated sleep disturbances (e.g.
insomnia), consequences and prognosis. This may facilitate an individualised and critical use of positive
airway pressure and emerging new therapies. These considerations indicate that adequate training and
expertise are required of clinicians treating patients with OSA, and support the implementation of
speciality training and certification in sleep medicine for sleep practitioners, as advocated by both the ERS
and ESRS [210, 211].
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