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Obstructive sleep apnea (OSA) is a disorder that describes
repetitive upper airway obstruction during sleep, leading to
increased work of breathing, blood gas derangements, intratho-
racic pressure swings, autonomic imbalances, and fragmented
sleep. Even though the body is undergoing many physiologic
disturbances (measured in exquisite detail over many hours), we
continue to define the disease by one metric—the apnea-
hypopnea index, or AHI. The AHI quantifies the average num-
ber of apneas and hypopneas per hour of sleep, regardless of
associated hypoxemia, hypercarbia, arousals, hemodynamic
changes, etc. AnAHI≥ 5 events/h diagnosesOSA, and anAHI≥
30 events/h arguably arbitrarily defines “severe OSA”. How-
ever, as anyone who reads sleep studies appreciates, not all
apneas or hypopneas are the same (between individuals or even
within an single night; Figure 1). By distilling OSA into this
single metric, we disregard other potentially impactful disease
characteristics, such as event duration, hypoxemia burden,
arousal intensity, heart rate variability, sleep stage, or body
position dependence. It is perhaps this overreliance on a single
static metric, theAHI, that has led to inconsistentfindings or only
modest predictions of cardiovascular outcomes,1,2 or that has
contributed to negative results in therapeutic trials in OSA.3–5

Several studies have attempted to identify polysomnographic
traits that may better predict cardiovascular disease. For ex-
ample, Oldenburg et al6 showed the amount of total sleep time
with SpO2 < 90% (TST90) better predicted all-cause mortality
in OSA patients with heart failure even after adjustment for
confounding factors. In their study, the risk of death increased
by 16% for every hour of TST90. Azarbarzin et al7 computed
a measurement of “hypoxic burden” by measuring the area
under the oxygen desaturation curve during an obstructive
event. They found that hypoxic burden from OSA was better
than AHI at predicting cardiovascular endpoints. Butler et al8

found that shorter duration of obstructive events predicted all-
cause mortality over and beyond that predicted by the AHI.
Event duration is a heritable trait reflecting arousability. Those
who tend to have shorter obstructive events may be prone
to greater sleep fragmentation and sympathetic activity, which
are detrimental to cardiovascular health. Finally, data is
amassing to suggest that the pathogenesis and sequelae of
OSA are sleep-stage dependent. Obstructive events during

REM sleep have been shown to better predict cardiovascular
outcomes than the overall AHI or non-REM events.9

Similarly, in this issue of the Journal of Clinical Sleep
Medicine, Wang et al10 compared oxygen desaturation rates
(ODR) as a novel parameter of intermittent hypoxemia in pa-
tientswith severeOSA (AHI ≥ 30 events/h). They found that the
rate of change in SpO2 during an obstructive apnea varied
between individuals such that patients could be categorized as
having either “fast” or “slow” ODR. They found that those that
desaturated quickly experienced higher sleep and awake blood
pressures, as well as greater blood pressure and heart rate
variability. The authors hypothesized that a quick descent of
SpO2 sensitizes chemoreflex responses and sympathetic activity,
while slow desaturations generate hypoxemia-conditioning that
results in less exaggerated hemodynamic responses. A notable
confounder was that the fast ODRgroupwasmore obese than the
slow group. Obesity is an independent risk factor for hyper-
tension, and it is possible obesity itself may have contributed to
these findings. However, when they compared the ODR with
other polysomnography measurements, the authors found that
the ODR outperformed the AHI, oxygen desaturation index,
TST90, or the minimum and mean SpO2 in predicting cardio-
vascular outcomes. TheWang et al study recapitulates the need
to characterize OSA beyond the AHI, and exemplifies a
movement toward precision medicine.

The importance of precision medicine is that it allows for
better risk stratification and targeted treatment. Positive airway
pressure therapy, while highly efficacious in reducing AHI, is
not well tolerated by many patients, nor does it uniformly at-
tenuate cardiovascular risk.Medicine of the future is unlikely to
continue thisone-therapy-fits-all approach. Instead,wemay identify
alterative therapeutic strategies that target disease phenotypes. In
personalized medicine, there may be more of a role for adjunctive
oxygen, respiratory stimulants, or hypnotics, for example. As the
Wang et al study demonstrates, we need better methods for un-
derstanding disease traits and acquiring personalized diagnostics.

Unfortunately, the overreliance on AHI as the sole metric
for definingOSA has led to the pursuit of oversimplified diagnostic
tools. While our approach to therapeutics moves toward better
understanding of disease phenotypes, our diagnostic strategies stray
toward simplified testing, like overnight oximetry, snore pattern
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detectors, and nontouch breathing sensors, that aim to corroborate
AHI. As a result, we miss the opportunity to fully characterize
OSA and to better understand disease traits that may affect
cardiovascular or other risks, and importantly, that may better
inform treatment strategies and outcomes.
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Figure 1—Each of these patients was categorized as “severe OSA” with AHI > 30 events/h.

In both clinical and research contexts, they may be considered similar. However, patient (A) had very short obstructive apneas (2-breaths duration) without
significant oxygen desaturations; whereas patient (B) had very long apneas lasting over 20-breaths duration, which are associated with paradoxical breathing
and very severe oxygen desaturations to a nadir SpO2 60%. Patient (A) showed frequent electroencephalogram disturbances and greater occurrences of heart
rate variability. Patient (B) was notably having REM-related events.
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