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Unidimensional characterization of obstructive sleep apnea 
(OSA) solely by the apnea–hypopnea index (AHI) overlooks 
important aspects of disease biology that influence patient-
relevant outcomes. Contemporary work is increasingly 
incorporating metrics such as hypoxic [1] and ventilatory 
burden [2] to better capture disease heterogeneity and clini-
cal impact. Sleep homeostasis (SH) offers a complementary 
physiological metric that may better capture the impact of 
OSA on brain function and restorative sleep.

The concept of SH derives from Borbély’s two-process 
model in which sleep is governed by the interaction between 
a homeostatic process (Process S) and the circadian process 
(Process C) [3]. Slow-wave activity (SWA; EEG spectral 
power in the 0.5–4 Hz range during NREM sleep) is the 
physiological marker of Process S, rising with prolonged 
wakefulness and dissipating across the night [4]. Assess-
ment of SH has since expanded beyond static SWA power 
to its overnight dynamics, including the rate of SWA decay 
and the change in slow-wave slope across successive NREM 
cycles [5].

The synaptic homeostasis hypothesis of Giulio Tononi 
and Chiara Cirelli extends this framework, positing that 
sleep downscales or renormalizes synaptic strength accu-
mulated during wakefulness, reducing the energetic cost of 
synaptic maintenance, thus linking SH to synaptic plastic-
ity, learning, memory consolidation, and restoring cerebral 
metabolic efficiency [6, 7]. Slow-wave sleep has also been 

linked to restoration of cerebral energy metabolism [6] 
and to glymphatic clearance of neurotoxic metabolites [8]. 
Impaired SH may therefore signal disrupted synaptic func-
tion and reduced restorative capacity—a rationale for evalu-
ating the neurophysiological consequences of OSA beyond 
conventional sleep architecture.

In their study recently published in the Journal of Clinical 
Sleep Medicine, Maganti et al. leveraged Wisconsin Sleep 
Cohort (WSC) data to evaluate how OSA relates to SH, to 
examine the neurophysiological consequences of OSA [9]. 
Using normalized delta power—SWA—from frontal and 
central leads, they define three complementary measures of 
SH: (1) SWA decay across successive NREM clusters, (2) 
Slow wave slope decline from early to late NREM sleep, 
and (3) rebound in SWA following wake after sleep onset 
(WASO). Collectively, these measures reflect how the brain 
dissipates sleep pressure, renormalizes synaptic strength, 
and responds to nocturnal awakenings. Impaired homeosta-
sis is reflected by flatter SWA decay, reduced slow wave 
slope decline, and absent post-WASO SWA rebound.

The study shows that SH metrics detect neurophysiologi-
cal disturbances not identified by conventional sleep stag-
ing. While mean SWA did not differ between OSA severity 
groups, SH metrics indicated impaired sleep homeostasis, 
especially in participants with severe OSA. Participants with 
severe OSA (3% desaturation criteria) demonstrated a sig-
nificantly flatter overnight SWA decay, suggesting impaired 
dissipation of sleep pressure. WASO failed to elicit a com-
pensatory increase in subsequent NREM SWA in severe 
OSA, in contrast to no OSA and mild OSA groups. Fur-
thermore, a physiological reduction in slow wave slope was 
also not observed in the severe OSA group. These obser-
vations align with the growing recognition that recurrent 
respiratory-related hypoxemia and sleep fragmentation 
disrupt restorative sleep processes in ways not captured by 
conventional sleep staging.

Medication use—serotonin–norepinephrine reuptake 
inhibitors, tricyclic antidepressants, antihypertensives, and 
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sedatives—and diabetes were independently associated with 
impaired SH, underscoring the need to account for phar-
macologic exposures and comorbidity when interpreting 
these metrics. Flatter SWA decay in men raises questions 
about sex-specific differences in sleep regulation in OSA. 
The association between more than 4 cups of caffeine and 
impaired SH is not surprising, and it is likely mediated by 
adenosine receptor antagonism [10].

However, the association between medication use and 
SH impairment must be interpreted cautiously. For instance, 
although benzodiazepines alter slow-wave activity [11, 12], 
whereas selective serotonin reuptake inhibitors have highly 
variable effects [13].

Ultimately, these findings reinforce that restorative sleep 
depends on more than just resolving respiratory events. 
Although continuous positive airway pressure (CPAP) 
effectively eliminates obstructive respiratory events, many 
patients continue to experience excessive daytime sleepi-
ness or cognitive dysfunction despite optimal adherence 
[14, 15]. As the field moves beyond strict reliance on the 
AHI toward metrics that better capture disease heterogene-
ity—such as hypoxic [1] and ventilatory [2] burden—sleep 
homeostasis (SH) emerges as a promising complementary 
measure of brain function. Impaired dissipation of sleep 
pressure may represent one mechanism linking OSA-
related sleep fragmentation to persistent daytime fatigue 
and cognitive dysfunction, providing a plausible explana-
tion for residual symptoms despite effective CPAP therapy. 
In this context, it is important to note that PAP therapy 
often does not fully normalize sleep architecture [16]. Rec-
ognizing SH as a biomarker for physiological phenotyp-
ing aligns with a precision medicine approach, potentially 
explaining why patients with comparable OSA severity 
experience vastly different cognitive outcomes. Whether 
SH provides incremental prognostic value beyond stage-
specific respiratory and arousal metrics (e.g., SWS-AHI 
or SWS arousal index) remains an important question for 
future studies.

Maganti et al. demonstrate that OSA alters the overnight 
dynamics of SWA, advancing the understanding of how 
sleep-disordered breathing interacts with brain physiology 
and positioning SH as a promising phenotyping dimension. 
Replication in independent and more diverse cohorts, lon-
gitudinal assessment of change with treatment, and studies 
linking SH to subjective, cognitive, and neurodegenerative 
outcomes will determine whether the measure carries incre-
mental clinical value. If validated, SH could shift the focus 
of OSA assessment from counting respiratory events toward 
quantifying the brain's capacity to recover from them.
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