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Altered sleep macroarchitecture in OSA – remedied with effective CPAP

Untreated OSA

CPAP Treatment

AHI: 63, ODI: 55               Arousal Index: 42, N3: 21%, REM: 17%

AHI: 10, ODI: 4                 Arousal Index: 8, N3: 40%, REM: 21% 



The BEFORE

NREM sleep1,2,3

↓ sleep spindles and slower spindles 

↓ slow wave activity (SWA, delta power)

Wakefulness4,5

↑ EEG slowing

Altered sleep microarchitecture in OSA and response to CPAP -

limited channel EEG investigations

The AFTER

NREM sleep7,8,9

↑ sleep spindles

↑ SWA 

Wakefulness4,5,10

↓ EEG slowing

1. D’Rozario, Cross et al. Sleep Med Rev 2017 (Review), 2. Weiner and Dang-vu. Neural Plast 2016 (Review), 3. Schonwald, et al. BMC Neurosci 2012, 4. 

Grenèche, et al. Clin Neurophysiol 2011, 5. Lee et al J Psychosom Res 2012, 6. Mathieu et al. Clin Neurophysiol 2007, 7. D’Rozario, Hoyos, et al. Sleep 2022, 8. 

Saunamaki, et al. Clin EEG Neurosci 2009, 9. Heinzer, et al. Chest 2001, 10. Morisson, et al. Chest 2001. 

Potential utility of sleep and wake EEG markers to explain the interindividual 

variability in cognitive dysfunction and daytime sleepiness in OSA



Regional reductions in SWA in OSA - early 

pathological changes?

Jones, et al. Sleep 2014

• Regional deficits in parietal area in a non-clinical sample of 

asymptomatic OSA (n=9, 53.2 years, AHI 33.2 events/hour) relative to 

controls (n=9, 52.2 years, AHI 2.7)

• Reduction in brain activity most prominent for SWA (delta power)

• Region vulnerable to accumulation of β-amyloid, the hallmark 

Alzheimer's disease pathology marker

It is unclear whether effective CPAP treatment reverses regional 

SWA deficits, and whether any recovery relates to improved 

overnight memory consolidation. 

Panel shows topography of t-value channel-by-channel comparisons for normalized 

power during NREM sleep between OSA and controls. (OSA-Controls) 



Research questions

1. Does regional recovery of sleep and wake EEG abnormalities 

in OSA occur after effective CPAP treatment?

2. If so, does this correlate with improvements in neurobehavioral 

function and overnight memory consolidation?



Methods & Participants

• Males, 40 to 65 years of age with moderate-

severe OSA were invited to participate

• Overnight PSG and resting wake recordings 

with 256 channel high-density EEG

• Cognitive tasks and memory tests:

– Psychomotor vigilance task (PVT), 2-back, Stroop 

– Word-paired associates, finger tapping task

• Assessed before and after 3-months of CPAP

• N=11, Age: 50.4 ± 6.5 years, apnea hypopnea index: 51.7 ± 23.5 

events/hour, BMI: 31.0 ± 5.4 kg/m2, Epworth sleepiness scale: 7.4 ± 3.1)

• Average daily CPAP use of 5.2 ± 1.1 hours



Enhanced slow wave sleep and REM sleep counterbalanced by a reduction 

in the lighter stages of sleep following 3 months of CPAP treatment

POLYSOMNOGRAPHY Baseline Treatment

Mean SD Mean SD p-value

Total sleep time (minutes) 405.3 42.3 388.8 46.7 0.219

Sleep efficiency (percent) 85.0 6.1 82.3 6.1 0.120

Sleep latency (minutes) 10.1 4.8 10.7 6.5 0.772

REM latency (minutes) 108.9 38.7 117.8 79.1 0.701

N1 (percent) 16.4 7.1 10.6 6.1 0.012

N2 (percent) 48.7 9.5 38.9 4.8 0.011

N3 (percent) 21.7 6.9 32.9 4.7 <0.001

REM (percent) 13.2 5.3 17.7 4.3 0.024

EEG arousal index (events/hour) 31.9 18.2 9.6 4.4 0.002

Apnea hypopnea index (events/hour) 51.7 23.5 4.9 8.1 <0.001

3% oxygen desaturation index (events/hour) 32.7 24.7 4.0 8.2 0.002



Finger Tapping Task (Procedural memory)

Improved evening and morning memory performance after CPAP

• No significant changes after CPAP in percent overnight recall on the word-pair task 

• Trend observed for improved overnight procedural memory consolidation (p = 0.055)

Word-pair associates (Declarative memory)

p = 0.014

p = 0.013
p = 0.082

p = 0.064
p = 0.004



Regional recovery of NREM sleep EEG after CPAP

• ↑ SWA in parietal region during N3 sleep

• ↓ slow spindle activity in fronto-central region

during N2 sleep

• ↑ gamma in centro-parietal region during N3 

sleep

Left panel shows topography of t-value channel-by-channel comparisons 

for normalized power during N3 between CPAP and baseline nights. Right 

panel shows comparisons for spindle activity during N2. (CPAP-Baseline). 

Unpublished data – manuscript under review.



Greater increase in SWA after CPAP was correlated to improvements 

in overnight procedural memory consolidation
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Greater regional increase in slow wave activity 

after CPAP relative to baseline Unpublished data.
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Regional changes in resting wake EEG after CPAP

Evening (PM) resting wake EEG changes:

↓ delta power in the parietal area and                          

↓ gamma power during eyes open

• Similar brain regions demonstrating recovery during 

resting wake

Morning (AM) resting wake EEG changes:

↓ theta power during eyes closed

• Suggests restored sleep homeostasis and reduced sleep 

pressure after CPAP

Topographies of t-value channel-by-channel comparisons for normalized power during 

resting wake between CPAP and baseline visits. Left panel, eyes open, evening; Right 

panel, eyes closed, morning (CPAP-Baseline). Unpublished data.

eyes closed AMeyes open PM

delta



Limitations

1. Conservative adjustments for multiple comparisons - limited by small sample size 

2. Lack of sham CPAP as a comparator and a non-OSA control group

3. No improvements in cognitive domains of attention, working memory and executive 

function known to be adversely affected in OSA

Summary

• Regional recovery of SWA during N3 sleep in OSA patients after CPAP in the parietal 

cortex, a region where localised SWA deficits in untreated OSA were previously observed

• Regional ↑ SWA was associated with improvements in overnight memory consolidation 

• Alleviating OSA may correct regional sleep and wake EEG abnormalities, which may 

underpin improvements in memory
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