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Ab s t r ac t​
Obstructive sleep apnea (OSA) is a common medical disorder of increasing interest in the medical community because of evidence that significant 
cardiovascular and neurocognitive defects occur when OSA is untreated or inadequately treated. Positive airway pressure (PAP) therapy remains 
the most effective and widely prescribed treatment for OSA. However, long-term adherence to PAP therapy has proven challenging. Alternative 
surgical and medical therapies are available, but an estimation of treatment efficacy based on clinical grounds has yielded inconsistent and 
largely disappointing results. The identification of a unique mechanism for OSA in a given clinical subject should prove useful in the selection 
of treatment alternatives to PAP. Until recently, personalizing treatment of OSA based on the determination of the mechanism of action was 
available only in experimental settings requiring invasive instrumentation. However, it is now possible to analyze clinical polysomnography data 
and identify the physiologic mechanism(s) or phenotype(s) of OSA in an individual case. The determination of physiologic phenotype offers the 
opportunity for personalized therapy. Additionally, physiologic phenotyping of OSA provides an opportunity to understand OSA mechanisms in 
specific subgroups, such as the elderly and the obese without OSA. In this manuscript, we introduce the reader to the concept and techniques 
of physiologic phenotyping of OSA and summarize the scientific data that physiologic phenotyping confers to understanding and treating OSA.
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In t r o d u c t i o n​
Obstructive sleep apnea (OSA) is a common disorder widely 
recognized because of increasing prevalence and compelling 
evidence demonstrating signif icant neurocognitive and 
cardiovascular sequela of untreated OSA.1–3 The condition is 
characterized by repetitive sleep-related narrowing or closure of 
the upper airway with associated hypoxia and sleep fragmentation. 
These obstructive events are termed apneas and hypopnea. The 
frequency of apnea and hypopnea per hour of sleep, the apnea-
hypopnea index (AHI), is the most widely accepted metric of sleep 
apnea presence and severity.4

Positive airway pressure (PAP) therapy is efficacious therapy for 
OSA, yet many patients are PAP intolerant and others only partially 
adherent to PAP therapy.5 Understanding the pathogenesis of 
OSA and a given individual would be useful to select personalized 
therapy.

Narrowing of the upper airway, either by obesity or anatomic 
factors, has traditionally been implicated as the primary disturbance 
driving the pathogenesis of OSA. However, OSA exists in the absence 
of either obesity or clinically apparent structural compromise 
of the upper airway. Hence, it follows that the pathogenesis of 
OSA varies among individuals.6–8 Identifying specific pathogenic 
mechanisms can be used to individualize the treatment of OSA. In 
this manuscript, we will review the pathophysiologic mechanisms 
of OSA with the aim to personalize treatment paradigms targeting 
the underlying physiologic derangement leading to upper airway 
compromise during sleep.9

Phys i o lo g i c Me c h a n i s m s o f OSA
Physiologic studies of upper airway function in OSA have identified 
several mechanisms of sleep-related upper airway instability. Key 

mechanisms underlying sleep-induced upper airway narrowing 
and occlusion include:7

•	 Anatomic compromise or collapsibility of the upper airway is 
often assessed by the critical pharyngeal closing pressure (Pcrit).

•	 Inadequate responsiveness of upper air way dilator 
muscles during sleep determined by the low upper airway 
electromyogram (EMG) response to negative luminal pressure.

•	 Low respiratory arousal threshold defined as the level of 
respiratory drive that causes arousal.

•	 Hyperresponsiveness of the ventilatory control system or 
increased respiratory loop gain.

Reducing Pcrit, increasing EMG responsiveness of the 
genioglossus, increasing arousal threshold, or lowering loop 
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gain has been shown to reduce the frequency of OSA events. 
Interventions targeting underlying pathophysiology are expected 
to be beneficial if individualized. Uvulopalatopharyngoplasty may 
prove most beneficial for patients with an anatomic compromise of 
the velopharynx and stability of the respiratory controls center.10 
Raising hypoglossal nerve output should be most beneficial for 
those patients with impaired upper airway motor responsiveness 
while efforts to stabilize respiratory control benefit patients with 
increased loop gain as the cause for sleep apnea.11 Finally, low 
arousal threshold phenotypes arouse prematurely and have 
inadequate time for accumulation of respiratory drive sufficient to 
activate pharyngeal dilator muscles and stabilize the upper airway. 
Increasing the arousal threshold with pharmaceuticals improves 
AHI in low arousal phenotype by allowing time for activation 
of upper airway muscles to reestablish upper airway patency. 
Table 1 describes some possible interventions specific to unique 
physiologic phenotypes of OSA. Some with OSA may have more 
than one perturbation thereby requiring combined therapy.

De t e r mi  n i n g Phys i o lo g i c Ph e n ot yp e s o f 
OSA Us i n g Cl i n i c a l Po lys o m n o g r ap  hy
Until recently, a significant limitation of the phenotype/personalized 
approach to managing sleep apnea has been the need for 
complex and invasive overnight testing to identify the underlying 
mechanism in each case. Clinicians now have available the tools 
necessary to assess control of breathing, arousal threshold upper 
airway collapsibility, and muscle responsiveness via clinical sleep 
recordings. The lines that follow briefly describe and reference the 
available methods to determine a specific physiologic trait.

Determining Upper Airway Collapsibility and Muscle 
Responsiveness
Pharyngeal collapsibility (Pcrit) can be defined physiologically as 
the ventilation at eupneic respiratory drive during sleep. Pharyngeal 
compensation (muscle responsiveness) to spontaneously 
occurring obstructive upper airway events can be measured as 
the ventilation accompanying increasing respiratory drive during 
respiratory events. In patients with OSA, Sands et al.12 used a 
novel automated noninvasive method to estimate ventilatory 
drive during polysomnography and compared that to ventilatory 
drive measured using the gold standard invasive method with an 
intraesophageal diaphragm EMG and measures using an abrupt 
drop in CPAP to cause airway narrowing. Polysomnography derived 
collapsibility and compensation estimates correlated favorably 
with those derived using ventilatory drive techniques (R = 0.83, 
p < 0.0001; and R = 0.76, p < 0.0001; respectively) and with metrics 

made using CPAP drops allowing airway narrowing (R = 0.67, p < 
0.0001; and R = 0.64, p < 0.001; respectively). The data indicate that 
phenotypes of pharyngeal dysfunction in OSA can be assessed 
from spontaneous changes in ventilation and ventilatory drive 
during sleep using data derived during clinical polysomnography.

Determination of Arousal Threshold
Using anthropometric data and metrics derived clinical 
polysomnography, Edwards et al.13 showed that arousal threshold 
can be reliably estimated from the AHI, nadir oxyhemoglobin 
saturation, and the fraction of hypopnea relative to apnea events. 
They developed a clinical score (Table 2) that correctly predicted 
low arousal threshold in 84.1% of participants with a sensitivity of 
80.4% and specificity of 88%.

Determination of Loop Gain
Loop gain, as it pertains to the respiratory system, can be defined 
as the ventilatory response to a given ventilatory disturbance 
(response/disturbance). Terrill et al.14 described fitting a ventilatory 
control model of the ventilatory drive to the ventilatory pattern 
of OSA reveals the underlying loop gain. The model was used to 
quantify loop gain from diagnostic polysomnography vs loop gain 
derived by the CPAP drop method. Additionally, they assessed the 
accuracy of the model in detecting the expected reductions in loop 
gain that occurs with supplemental oxygen and acetazolamide. 
Correlation vs the CPAP drop technique was 0.63, p < 0.001. Similarly, 
the model predicted the OSA response to loop gain lowering 
therapy with oxygen and acetazolamide.

In s i g h t Gai  n e d f r o m OSA Ph e n ot ypi  n g
Physiologic phenotyping of patients with OSA may prove useful 
in personalized treatment selection and can be used to elucidate 
the pathogenesis of OSA in specific OSA subgroups. Large body 
habitus is recognized as a major determinant of OSA. However, many 
individuals do not have OSA despite being overweight or obese. 
Using a CPAP drop technique, investigators have shown enhanced 
upper airway muscle responsiveness as a characteristic feature of 
overweight/obese individuals without OSA.8 One study comparing 
physiologic phenotypes of young (age 20–40 years) to old (age 
≥ 60 years) subjects with OSA suggested that airway anatomy/
collapsibility plays a relatively greater pathogenic role in older 
adults while a sensitive ventilatory control system (higher loop gain) 
is a more prominent trait in younger adults with OSA.6 Increasing 
arousal threshold with the prescription benzodiazepine receptor 
agonist hypnotic eszopiclone can reduce AHI in OSA patients with 
low arousal threshold phenotype but not in OSA patients with other 
physiologic phenotypes.15 Finally, Joosten and company10 recently 
showed that upper airway surgery is most effective in OSA patients Table 1: Personalized treatment of OSA based on physiologic phenotype

•	 Anatomic compromise with stable respiratory control
•	 Surgical intervention

•	 Inadequate responsiveness of upper airway muscles
•	 Electrical stimulation of the upper airway
•	 Pharmaceutical stimulation of the upper airway

•	 Low respiratory arousal threshold
•	 Prescription hypnotics (eszopiclone)

•	 Increased loop gain
•	 Supplemental oxygen
•	 Acetazolamide

Table 2: Determining low arousal threshold from routine diagnostic 
polysomnography reports13

•	 Assign a value of 1 for each of the following criteria: 
(a)    AHI <30
(b)    Fraction of hypopnea to apnea >58.3%

•	 (#hypopneas/#apneas + #hypopneas) × 100
(c)    Oxyhemoglobin saturation nadir >82.5%

•	 Sum a + b + c above
•	 Sum ≥2 meets criteria for low arousal threshold
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with lower loop gain, an observation that can be used clinically to 
pre-select patients against surgical failure.

Fu t u r e Di r e c t i o n s
Recent studies have identified mechanisms by which clinical 
polysomnography can be used to determine physiologic 
phenotypes. Certainly, determination of low arousal threshold 
phenotype can be readily accomplished for measures routinely 
reported during diagnostic polysomnography (Table 1). However, 
the estimation of upper airway collapsibility, upper airway muscle 
responsiveness, and loop gain require sophisticated computation 
software and techniques that are beyond the capabilities of all 
but a few clinical sleep laboratories. Further, the techniques have 
been validated in small groups of subjects by a limited group of 
investigators. Hence, physiologic phenotyping of OSA with clinical 
polysomnography, while promising to facilitate widespread 
adoption and, consequently, personalized treatment of OSA, 
remains just beyond the reach of most clinicians. Standardizing 
of data collection protocols and simplification of ventilatory 
modeling are necessary for physiologic phenotyping to be a 
routine component of clinical polysomnography. Finally, long-
term studies are necessary to demonstrate that personalized 
treatment of OSA based on physiologic phenotypes improves 
healthcare outcomes.
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