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Obstructive sleep apnea (OSA) is known to affect almost a
billion people worldwide based on recent estimates.1 Even
using a strict definition of an apnea-hypopnea index (AHI)
>15 events/hr, the estimates suggest that roughly half a
billion people worldwide are afflicted. The HypnoLaus study
from Switzerland showed that, in a community sample, 23%
of women and 50% of women had an AHI>15 events
per hour.2 Although one may question the importance of
disease identified in the community not coming to clinical
fruition, the AHI predicted diabetes mellitus, hypertension,
and depression. Thus, these patients cannot be ignored given
the important observed associations.

Although OSA is now accepted to be highly prevalent, the
disease is clearly heterogeneous.3 There are multiple under-
lying mechanisms of OSA (endotypes) as well as variable
clinical expression of the disease (phenotypes).4 A new
concept is emerging that the mechanism underlying OSA
may be a determinant of clinical expression of disease.

Obstructive sleep apnea pathogenesis is thought to in-
volve a complex interplay of anatomical predisposition,
pharyngeal dilator muscle control, ventilatory control insta-
bility (elevated loop gain), and low arousal threshold.5–9

Peoplewith OSA are anatomically predisposed to pharyngeal
collapse based on biomechanical properties compared to

matched controls.10–13 The pharyngeal anatomy can be
assessed using drug-induced sleep endoscopy, although its
utility in this context has been controversial. Through com-
pensatory mechanisms present during wakefulness, the
upper airway muscles have increased activity allowing the
maintenance of pharyngeal patency.14 However, with the
onset of sleep, there is a fall in dilatormuscle activity yielding
collapse in thosewho are anatomically predisposed. Elevated
loop gain refers to instability in the ventilatory control
system whereby oscillations in the output from the central
pattern generator (CPG) can occur, such that activation of the
upper airway muscles is low during periods of low output
from the CPG.15–20 A low arousal threshold refers to a
propensity to wake up that can predispose to repetitive
apnea.21,22 Respiratory stimuli can accumulate during sleep,
allowing activation of the pharyngeal dilator muscles; how-
ever, premature arousal leads to repetitive apnea if there is
inadequate duration or magnitude of stimuli to activate the
pharyngeal dilator muscles.23,24 The upper airway dilator
muscles are necessary and sufficient to stabilize breathing
based on evidence of high activity occurring during sponta-
neous periods of stablebreathing.25,26 Some individuals have
multiple underlying mechanisms adding to the complexity
of OSA pathogenesis.27,28
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Abstract Obstructive sleep apnea (OSA) is a common disorder with major neurocognitive and
cardiometabolic consequences. It is now recognized as a heterogeneous disease with
multiple different underlying mechanisms (endotypes) as well as variable clinical
expression of disease (phenotypes). The importance of this variability is emphasized
since one variable in isolation typically explains only a fraction of the variance in OSA
occurrence. This review provides an update of what is known regarding OSA heteroge-
neity. The importance of OSA endotypes is discussed in the context of howmechanism
might affect disease management and/or design of subsequent randomized trials.
Further research is recommended to provide further validation of OSA endopheno-
types and how this information may influence clinical management in the future.
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Obstructive sleep apnea endotypes are clearly important for
a number of reasons. First, OSA endotype may guide therapy.
For example, the subset of patients with anatomical compro-
mise at the level of the velopharynxmay be the subgroupwho
benefits from uvulopalatopharyngoplasty (UPPP).29,30 Similar-
ly, genioglossus advancement and hypoglossal nerve stimula-
tion may be particularly helpful for patients with retroglossal
anatomical compromise. Patientswith instability inventilatory
control may benefit from agents such as oxygen or acetazol-
amide, which can lower loop gain and stability breathing.31,32

Mandibular advancement devices appear to be particularly
effective for OSA patients with moderate pharyngeal collaps-
ibility and weaker pharyngeal dilator muscle compensation as
well as lower loop gain and higher arousal threshold. Secondly,
the risk factors for OSA may be explained by endotypes. For
example, patients with neuromuscular disease or various
myopathies are at risk of OSA, likely due to impairment in
pharyngeal dilator muscle function. Third, the endotypes of
OSAmaypredict clinical phenotypes. For example, OSA inolder
adults is thought to be related to pharyngeal mechanics while
OSA in younger adultsmay bemore a function of elevated loop
gain.33–36 Given that data strongly suggest that OSA in older
adults has fewer consequences than OSA in matched younger
individuals, a concept is emerging that the consequences
underlying OSA in older adults may explain the minimal
observed complications in these individuals.37,38 Fourth, OSA
endotypes may explain treatment responses. Individuals with
elevated loop gain are at high risk of treatment emergent
central apnea upon initiation of continuous positive airway
pressure (CPAP).39 Patients undergoing UPPP are at high risk of
surgical failure if they have elevated loop gain given that
surgical intervention has minimal direct impact on breathing
control per se.40,41 Obstructive sleep apnea endotypes could
potentially be used to stratify surgical risk as underlying
mechanisms may explain why some patients have robust
surgical response whereas other patients have minimal re-
sponse to surgery. Thus, OSA endotypes are important for
various clinically important reasons (see ►Fig. 1).

With regards to OSA phenotypes, considerable heteroge-
neity has been reported. Ye et al.42 reported various OSA
clusters in which some OSA patients were asymptomatic,
some had fragmented sleep, while others had excessive
daytime sleepiness. Of note, the groupwith severe sleepiness
appears to be at cardiovascular risk, whereas the other
groups may be at lower risk for these complications.43,44

The approach of conducting randomized trials of OSA to
prevent cardiovascular disease has largely failed to show
major benefits to apnea therapy, perhaps because fewer than
half of OSA patients are at major cardiovascular risk.45–47

Thus, the failure of the one-size-fits-all approach may be a
result of underlying heterogeneity in OSA endophenotypes.

After considering the heterogeneity of OSA, multiple
potential explanations exist for the equivocal results from
clinical trials in showing hard outcome benefit:

1) Given that only a subset of OSA patients may be at
cardiovascular risk, the failure of CPAP trials to show
cardiovascular benefit may reflect a need to identify a

priori high-risk patients or those most likely to benefit
from intervention. Various approaches have been sug-
gested, such as enrolling the most symptomatic
patients, those with the greatest hypoxic burden or
various biomarkers including microRNAs (miR-210),
whichmay help to characterize high risk patients.48–52

2) Recent studies have shown that patientswho adhere to
PAP therapy show hard outcome benefits in individual
patient meta-analyses.52 These findings suggest that
improved adherence may be required to demonstrate
the cardiovascular benefits to CPAP. In addition, the
large sample size available for this meta-analysis sug-
gests the possibility that statistical power may have
been an issue in some of the randomized trials. On the
other hand, analyses based on adherence are subject to
the healthy user effect, whereby PAP therapy may be a
marker of a highly motivated patient with good health
literacy rather than a direct effect of PAP per se.53

3) Some recent studies have shown potential deleterious
effects of high levels of CPAP, including the release of
angiopoietin 2, which is a marker seen in lung inju-
ry.54,55 Whether CPAP is leading to low level lung
injury over time is unproven, but the possibility that
CPAP has risks as well as benefits may be one explana-
tion for why longer-term studies have shown mixed
results.

Future priorities for research in this context are multiple,
but a few examples are offered here:

a) Increased validation regarding thevarious techniques to
estimate endotypic traits will be required.56 The gold
standard physiological techniques to define arousal
threshold and loop gain as well as upper airway muscle
function are quite cumbersome and, thus, unlikable to
be scalable or accessible to most clinicians.57–59 A num-
ber of sources of variance are present with techniques to
characterize OSA pathogenesis, including biological and
methodological variability.59,60 Given that OSA varies
night to night and with body position as well as with
sleep stage, onewouldnot predict theunderlyingmech-
anisms to be static. However, further data regarding the
reproducibility and validity of various signal processing
techniques would help to address skepticism regarding
these methods.60,61

b) Further work regarding the biomarkers of OSA may
help to identify robust surrogate outcome measures
for future clinical trials. The ideal biomarker would be:
easily obtainable and have good sensitivity and speci-
ficity for disease; predictive of disease complications;
responsive to therapy, and be involved in an important
causal pathway.62,63 Although no ideal biomarker
exists, several candidates have been reported, which
may require further study.64 In theory, a trial could be
designed to show improvements in a surrogate out-
come measure if there was confidence that such
changes would predict improvements in hard
outcomes.
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c) The recent insights into OSA endophenotypic hetero-
geneity have led to novel approaches for interventional
studies.65 In theory, therapeutic interventions could be
determined based on underlying mechanisms (e.g.,
oxygen or acetazolamide for patients with unstable
ventilatory control or sedative/hypnotics for patients
with low arousal threshold).66 Given the robust bene-
fits of CPAP for some patients, sophisticated trials
could be designed, such as rescue strategies for CPAP
failures. Comparative effectiveness studies could also
be designed to allow identification of optimal therapy,
which may differ for patients based on their personal
preferences or underlying physiology.67,68

In summary, considerable progress has been made in
understanding OSA heterogeneity. Such findings may al-
ready be clinically directive and could help to guide future
research studies. Only by further efforts with basic, clinical,
and translational research are new therapeutic approaches
and strategies likely to emerge.
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