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Obstructive sleep apnea (OSA) and dementia are both prevalent
conditions in the aging population [1, 2]. Scientific evidence indi-
cates that OSA is associated with neurodegenerative processes
[3, 4] and neurovascular damage [5, 6], which may lead to cogni-
tive impairment and eventually dementia [7]. It has been recom-
mended that OSA should be evaluated and treated in patients
at risk for dementia [8]. However, OSA is not yet universally rec-
ognized as a modifiable risk factor for dementia [9]. Moreover, it
remains unclear whether treatment of OSA can slow cognitive
decline or reduce the risk of dementia [10-13]. Given the heter-
ogeneous nature of OSA [14], it is paramount to identify which
specific aspects of the disease are associated with cognitive out-
comes. It has been postulated that certain key features of OSA,
including intermittent hypoxemia, sleep fragmentation, and
autonomic activation, may induce a cascade of pathophysiolog-
ical mechanisms that ultimately result in cognitive impairment
[15]. Nevertheless, previous large-scale studies on the associ-
ation between OSA and cognitive impairment have primarily
focused on conventional measures of breathing/hypoxemia and
sleep macrostructure [16-25], while there has been a paucity of
research examining sleep microstructure [26].

The current issue of SLEEP presents a study by Beaudin et
al. that offers new insights into the relationship between OSA,
sleep microstructure, and cognition [27]. The authors conducted
a study on middle-aged and older adults referred to Canadian
sleep centers for suspected OSA (n= 1142, median age 54 years,
47.2% women). The participants underwent an in-laboratory
full-night or split-night polysomnography (PSG) and three cogni-
tive tests (Montreal Cognitive Assessment, Digit-Symbol Coding
Test, and Rey Auditory Verbal Learning Test). The associations
between OSA, cognitive tests, and sleep microstructure metrics
recorded during non-rapid eye movement (NREM) sleep (namely,
sleep spindle characteristics, odds-ratio product [ORP], normal-
ized electroencephalogram power [EEG,,], and delta—alpha ratio)
were examined. The results showed that altered sleep spindle
characteristics were associated with poorer performance on the
three cognitive tests. Moreover, spindle density and EEG,, were

identified as mediators of the negative effect of OSA on Montreal
Cognitive Assessment scores, whereas spindle power, percentage
of fast spindles, and ORP were found to mediate the negative
effect of OSA on Digit-Symbol Coding Test scores.

The study by Beaudin et al. is noteworthy for its large sample
size of patients seen in sleep centers, which has the advantage
of representing “real-life patients” The analysis of novel sleep
microstructure metrics and the mediation analysis are additional
strengths of the current study. While the results of this study
must be corroborated by experimental replication and longitu-
dinal studies, they represent an advance in the identification of
patients with OSA at higher risk of cognitive impairment (e.g.
those with altered sleep spindle activity). Nevertheless, this study
prompts the following comments. The primary analyses were
performed on the first half of the full-night PSG and the diag-
nostic portion of the split-night PSG. This approach resulted in a
low total sleep time and a near absence of rapid eye movement
(REM) sleep. Although it has been suggested that a relatively low
total sleep time may be sufficient to diagnose OSA [28], the pos-
sibility of misclassification of OSA severity cannot be excluded.
Furthermore, the inability to measure OSA during REM sleep
may have implications, as research has suggested that OSA dur-
ing REM sleep may have a more deleterious effect on cognition
than OSA during NREM sleep [29, 30]. Despite these limitations, it
is essential to note that the authors found similar results when
including only participants who underwent full-night PSG in the
analyses (n =619).

The study by Beaudin et al. included only three cognitive tests,
which prevented a comprehensive assessment of the different
cognitive functions. The most frequently observed pattern of cog-
nitive impairment in OSA appears to be characterized by deficits
in attention, working memory, and executive function [31-33].
These deficits may indicate a subcortical dysfunction, such as
that seen in vascular dementia [34]. This suggests that OSA may
promote microvascular damage [35]. Nevertheless, there is little
research on the relationship between OSA and vascular dementia
[7]. Conversely, studies have indicated that OSA may be associated
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Figure 1. Conceptual framework for studying the relationship between OSA and cognitive impairment. The figure presents a list of factors that could
be subjected to investigation in order to elucidate the relationship between OSA and cognitive impairment. It should be noted that this list is provided
for illustrative purposes only and is not intended to be exhaustive. The images were adapted from BioRender.com. Abbreviations: AHI, apnea—
hypopnea index; ApoE4, apolipoprotein E4; HRV, heart rate variability; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; ORP, odds-ratio
product; PSG, polysomnography; PWAD, pulse wave amplitude drop; SpO2, oxygen saturation; SWA, slow-wave activity; T90, sleep time with oxygen

saturation <90%.

with an increased risk of Alzheimer’s disease [7, 36]. However, to
the best of our knowledge, there is limited evidence that OSA is
associated with an amnestic syndrome [37], which is the typi-
cal presentation of Alzheimer’s disease. Future research should
examine whether the reduced episodic memory observed in OSA
[37] reflects an impairment in retrieval strategies (which could
suggest a frontal lobe-dependent executive dysfunction) or a
deficit in consolidation/storage (which suggests an amnestic syn-
drome of the hippocampal type). These future studies are crucial
in the current era of disease-modifying therapies for Alzheimer’s
disease [38, 39], as an extensive population screening is manda-
tory to identify the underlying causes of memory decline in aging.

While beyond the scope of the study by Beaudin et al., it is
important to note that the association between OSA and cog-
nitive impairment may be moderated by age and sex. However,
previous studies examining these moderating effects have
yielded inconclusive results [19, 23, 40-42]. In contrast, a mod-
erating effect of the apolipoprotein E4 (ApoE4) allele has been
observed in a range of population-based cohorts [16, 18, 19, 23].
These studies have consistently observed a stronger association
between OSA and cognitive dysfunction in ApoE4 carriers com-
pared with ApoE4 non-carriers [16, 18, 19, 23]. Some comorbid-
ities, such as obesity [19] and hypertension [43], have also been
proposed to moderate the association between OSA and cogni-
tion; however, further research is needed to substantiate these
observations.

In OSA, respiratory events lead to activation of the autonomic
nervous system (ANS), which can be detected by variations in the
heart rate (on the electrocardiogram signal) [44], as well as in the
pulse rate [45, 46] and the pulse wave amplitude (on the pulse
oximeter signal) [47-49]. Only a few investigations have been con-
ducted on PSG markers of the ANS, yet these have been found to
be associated with cognitive impairment [44] and the incidence
of dementia [46] among patients with OSA. Therefore, PSG mark-
ers of the ANS should be accorded greater consideration in future
research.

In conclusion, the study by Beaudin et al. represents a valuable
contribution to this field of research. Nevertheless, it is crucial
to acknowledge that sleep microstructure represents only one
aspect of the intricate relationship between OSA and cognition.
Future research should consider a set of factors, including patient
characteristics, PSG markers that reflect the diverse pathophys-
iological mechanisms of OSA, and the pattern of cognitive defi-
cits (Figure 1). This framework has the potential to facilitate
the identification of OSA phenotypes associated with cognitive
impairment. The identification of such OSA phenotypes will also
be critical in selecting patients for new interventional studies on
the effect of OSA treatment on cognition. Given that it has been
estimated that 40% of dementia cases could be postponed or pre-
vented by addressing modifiable risk factors [9], demonstrating
that treatment of OSA can slow cognitive decline or reduce the
risk of dementia could have a profound impact on public health.



Disclosure Statements

Financial disclosure: NAM and GA have no financial disclosures to
report. RH has received consultant fees from Resmed, Philips,
and Apnimed, and speaker fees from Resmed, Jazz, Inspire,
Bioprojet, Philips, Merck, Medtronic, Nestlé, and Lowenstein.
Nonfinancial disclosure: NAM has received funding for research
projects on the link between obstructive sleep apnea and cog-
nitive impairment from the University of Lausanne, the Swiss
Lung Association, and the Ligue Pulmonaire Vaudoise. GA has
received funding for research projects on dementia biomark-
ers from the Swiss National Science Foundation, the Leenaards
Foundation, the Synapsis Foundation, the Empiris Foundation,
the Solis Foundation, the Marina Cuennet-Mauvernay
Foundation, and the Lausanne University Hospital Foundation.
RH has received funding for research project on the pathophys-
iological mechanisms of obstructive sleep apnea from the Swiss
National Science Foundation, the Leenaards Foundation, the
Ligue Pulmonaire Vaudoise, the University of Lausanne, and
Apnimed.

References

1. Benjafield AV, Ayas NT, Eastwood PR, et al. Estimation of the
global prevalence and burden of obstructive sleep apnoea: a
literature-based analysis. Lancet Respir Med. 2019;7(8):687-698.
doi: 10.1016/52213-2600(19)30198-5

2. Nichols E, Steinmetz JD, Vollset SE, et al. Estimation of the global
prevalence of dementia in 2019 and forecasted prevalence
in 2050: an analysis for the Global Burden of Disease Study
2019. Lancet Public Health. 2022;7(2):e105-e125. doi: 10.1016/
S2468-2667(21)00249-8

3. Bubu OM, Andrade AG, Umasabor-Bubu OQ, et al. Obstructive
sleep apnea, cognition and Alzheimer’s disease: a systematic
review integrating three decades of multidisciplinary research.
Sleep Med Rev. 2020;50:101250. doi: 10.1016/j.smrv.2019.101250

4. Liguori C, Maestri M, Spanetta M, et al. Sleep-disordered
breathing and the risk of Alzheimer’s disease. Sleep Med Reu.
2021;55:101375. doi: 10.1016/j.smrv.2020.101375

5. Javaheri S, Peker Y, Yaggi HK, Bassetti CLA. Obstructive sleep
apnea and stroke: The mechanisms, the randomized trials, and
the road ahead. Sleep Med Rev. 2022;61:101568. doi: 10.1016/j.
smrv.2021.101568

6. Baillieul S, Dekkers M, Brill AK, et al. Sleep apnoea and isch-
aemic stroke: current knowledge and future directions. Lancet
Neurol. 2022;21(1):78-88. doi: 10.1016/51474-4422(21)00321-5

7. Guay-Gagnon M, Vat S, Forget MF, et al. Sleep apnea and the risk
of dementia: a systematic review and meta-analysis. J Sleep Res.
2022;31(5):e13589. doi: 10.1111/jsr.13589

8. Ismail Z, Black SE, Camicioli R, et al.; CCCDTDS participants.
Recommendations of the 5th Canadian Consensus Conference
on the diagnosis and treatment of dementia. Alzheimer’s Dement.
2020;16(8):1182-1195. doi: 10.1002/alz.12105

9. Livingston G, Huntley J, Sommerlad A, et al. Dementia pre-
vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet (London, England). 2020;396(10248):413-446.
doi: 10.1016/50140-6736(20)30367-6

10. Ponce S, Pastor E, Orosa B, et al.; on behalf the Sleep Respiratory
Disorders Group of the Sociedad Valenciana de Neumologia. The
role of CPAP treatment in elderly patients with moderate obstruc-
tive sleep apnoea: a multicentre randomised controlled trial. Eur
Respir ]. 2019;54(2):1900518. doi: 10.1183/13993003.00518-2019

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Marchietal. | 3

McMillan A, Bratton DJ, Faria R, et al.; PREDICT Investigators.
Continuous positive airway pressure in older people with
obstructive sleep apnoea syndrome (PREDICT): a 12-month,
multicentre, randomised trial. Lancet Respir Med. 2014;2(10):804—
812. doi: 10.1016/52213-2600(14)70172-9

Kushida CA, Nichols DA, Holmes TH, et al. Effects of continuous
positive airway pressure on neurocognitive function in obstruc-
tive sleep apnea patients: The Apnea Positive Pressure Long-
term Efficacy Study (APPLES). Sleep. 2012;35(12):1593-1602. doi:
10.5665/sleep.2226

Martinez-Garcia MA, Chiner E, Hernadndez L, et al.; Spanish
Sleep Network. Obstructive sleep apnoea in the elderly: role
of continuous positive airway pressure treatment. Eur Respir J.
2015;46(1):142-151. doi: 10.1183/09031936.00064214

Malhotra A, Mesarwi O, Pepin JL, Owens RL. Endotypes and
phenotypes in obstructive sleep apnea. Curr Opin Pulm Med.
2020;26(6):609-614. doi: 10.1097/MCP.0000000000000724
Gosselin N, Baril AA, Osorio RS, Kaminska M, Carrier J.
Obstructive sleep apnea and the risk of cognitive decline in
older adults. Am ] Respir Crit Care Med. 2019;199(2):142-148. doi:
10.1164/rccm.201801-0204PP

Spira AP, Blackwell T, Stone KL, et al. Sleep-disordered breathing
and cognition in older women. ] Am Geriatr Soc. 2008;56(1):45—
50. doi: 10.1111/5.1532-5415.2007.01506.x

Sforza E, Roche F, Thomas-Anterion C, et al. Cognitive func-
tion and sleep related breathing disorders in a healthy elderly
population: the SYNAPSE study. Sleep. 2010;33(4):515-521. doi:
10.1093/sleep/33.4.515

Nikodemova M, Finn L, Mignot E, Salzieder N, Peppard PE.
Association of sleep disordered breathing and cognitive deficit in
APOE ¢4 carriers. Sleep. 2013;36(6):873-880. doi: 10.5665/sleep.2714
Marchi NA, Berger M, Solelhac G, et al. Obstructive sleep apnea
and cognitive functioning in the older general population: the
moderating effect of age, sex, ApoE4, and obesity. ] Sleep Res.
2024;33(1):€13938. doi: 10.1111/jsr.13938

Blackwell T, Yaffe K, Laffan A, et al.; Osteoporotic Fractures in Men
Study Group. Associations between sleep-disordered breathing,
noctumal hypoxemia, and subsequent cognitive decline in older
community-dwelling men: the Osteoporotic Fractures in Men Sleep
Study. ] Am Geriatr Soc. 2015;63(3):453461. doi: 10.1111/jgs.13321
Martin MS, Sforza E, Roche F, Barthélémy JC, Thomas-Anterion C;
study group PROOF. Sleep breathing disorders and cognitive func-
tion in the elderly: an 8-year follow-up study. the proof-synapse
cohort. Sleep. 2015;38(2):179-187. doi: 10.5665/sleep.4392

Lutsey PL, Bengtson LGS, Punjabi NM, et al. Obstructive sleep
apnea and 15-year cognitive decline: The Atherosclerosis Risk
in Communities (ARIC) Study. Sleep. 2016;39(2):309-316. doi:
10.5665/sleep.5434

Marchi NA, Solelhac G, Berger M, et al. Obstructive sleep
apnoea and 5-year cognitive decline in the elderly. Eur Respir J.
2023;61(4):2201621. doi: 10.1183/13993003.01621-2022

Pase MP, Harrison S, Misialek JR, et al. Sleep architec-
ture, obstructive sleep apnea, and cognitive function in
adults. JAMA Netw Open. 2023;6(7):e2325152. doi: 10.1001/
jamanetworkopen.2023.25152

Beaudin AE, Raneri JK, Ayas NT, et al. Cognitive function
in a sleep clinic cohort of patients with obstructive sleep
apnea. Ann Am Thorac Soc. 2021;18(5):865-875. doi: 10.1513/
AnnalsATS.202004-3130C

Gu Y, Gagnon JF, Kaminska M. Sleep electroencephalography
biomarkers of cognition in obstructive sleep apnea. J Sleep Res.
2023;32(5):e13831. doi: 10.1111/jsr.13831


https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1016/j.smrv.2019.101250
https://doi.org/10.1016/j.smrv.2020.101375
https://doi.org/10.1016/j.smrv.2021.101568
https://doi.org/10.1016/j.smrv.2021.101568
https://doi.org/10.1016/S1474-4422(21)00321-5
https://doi.org/10.1111/jsr.13589
https://doi.org/10.1002/alz.12105
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1183/13993003.00518-2019
https://doi.org/10.1016/S2213-2600(14)70172-9
https://doi.org/10.5665/sleep.2226
https://doi.org/10.1183/09031936.00064214
https://doi.org/10.1097/MCP.0000000000000724
https://doi.org/10.1164/rccm.201801-0204PP
https://doi.org/10.1111/j.1532-5415.2007.01506.x
https://doi.org/10.1093/sleep/33.4.515
https://doi.org/10.5665/sleep.2714
https://doi.org/10.1111/jsr.13938
https://doi.org/10.1111/jgs.13321
https://doi.org/10.5665/sleep.4392
https://doi.org/10.5665/sleep.5434
https://doi.org/10.1183/13993003.01621-2022
https://doi.org/10.1001/jamanetworkopen.2023.25152
https://doi.org/10.1001/jamanetworkopen.2023.25152
https://doi.org/10.1513/AnnalsATS.202004-313OC
https://doi.org/10.1513/AnnalsATS.202004-313OC
https://doi.org/10.1111/jsr.13831

4

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

SLEEP, 2024, Vol. 47, No. 12

Beaudin AE, Younes M, Gerardy B, et al.; Canadian Sleep and
Circadian Network (CSCN). Association between sleep microar-
chitecture and cognition in obstructive sleep apnea. Sleep.
2024;47(12):1-16. doi: 10.1093/sleep/zsae141

Chou KT, Chang YT, Chen YM, et al. The minimum period of
polysomnography required to confirm a diagnosis of severe
obstructive sleep apnoea. Respirol Carlton Vic. 2011;16(7):1096—
1102. doi: 10.1111/j.1440-1843.2011.02022.x

Tan X, Ljunggren M, Kilander L, Benedict C, Lindberg E.
Obstructive sleep apnea during rapid eye movement sleep and
cognitive performance in adults. Sleep Med. 2024;113:34-40. doi:
10.1016/j.sleep.2023.11.017

Lui KK, Dave A, Sprecher KE, et al. Older adults at greater risk for
Alzheimer’s disease show stronger associations between sleep
apnea severity in REM sleep and verbal memory. Alzheimers Res
Ther. 2024;16(1):102. doi: 10.1186/513195-024-01446-3

Bucks RS, Olaithe M, Eastwood P. Neurocognitive function in
obstructive sleep apnoea: a meta-review. Respirol Carlton Vic.
2013;18(1):61-70. doi: 10.1111/j.1440-1843.2012.02255 %

Gagnon K, Baril AA, Gagnon JF, et al. Cognitive impairment in
obstructive sleep apnea. Pathol Biol (Paris). 2014;62(5):233-240.
doi: 10.1016/j.patbio.2014.05.015

Leng Y, McEvoy CT, Allen IE, Yaffe K. Association of sleep-
disordered breathing with cognitive function and risk of cogni-
tive impairment: a systematic review and meta-analysis. JAMA
Neurol. 2017;74(10):1237-1245. doi: 10.1001/jamaneurol.2017.2180
Ramos AR, Dib SI, Wright CB. Vascular Dementia. Curr Transl
Geriatr Exp Gerontol Rep. 2013;2(3):188-195. doi: 10.1007/
513670-013-0054-5

Zimmerman ME, Aloia MS. Sleep-disordered breathing and cog-
nition in older adults. Curr Neurol Neurosci Rep. 2012;12(5):537-
546. doi: 10.1007/s11910-012-0298-z

Osorio RS, Gumb T, Pirraglia E, et al; Alzheimer's Disease
Neuroimaging Initiative. Sleep-disordered breathing advances
cognitive decline in the elderly. Neurology. 2015;84(19):1964—
1971. doi: 10.1212/WNL.0000000000001566

Wallace A, Bucks RS. Memory and obstructive sleep apnea: a
meta-analysis. Sleep. 2013;36(2):203-220. doi: 10.5665/sleep.2374
van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in early
Alzheimer’s Disease. N Engl ] Med. 2023;388(1):9-21. doi: 10.1056/
NEJMo0a2212948

Sims JR, Zimmer JA, Evans CD, et al.; TRAILBLAZER-ALZ 2
Investigators. Donanemab in early symptomatic alzheimer dis-
ease: The TRAILBLAZER-ALZ 2 Randomized Clinical Trial. JAMA.
2023;330(6):512-527. doi: 10.1001/jama.2023.13239

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Kaur SS, Tarraf W, Wu B, et al. Modifying pathways by age and sex
for the association between combined sleep disordered breath-
ing and long sleep duration with neurocognitive decline in the
Hispanic Community Health Study/Study of Latinos (HCHS/
SOL). Alzheimer’s Dement. 2021;17(12):1950-1965. doi: 10.1002/
alz.12361

Ramos AR, Tarraf W, Rundek T, et al. Obstructive sleep
apnea and neurocognitive function in a Hispanic/Latino
population.  Neurology. 2015;84(4):391-398. doi:  10.1212/
WNL.0000000000001181

Ward SA, Storey E, Gasevic D, et al. Sleep-disordered breathing
was associated with lower health-related quality of life and
cognitive function in a cross-sectional study of older adults.
Respirol Carlton Vic. 2022;27(9):767-775. doi: 10.1111/resp.14279
Bubu OM, Kaur SS, Mbah AK, et al. Obstructive sleep apnea and
hypertension with longitudinal pg-amyloid burden and cogni-
tive changes. Am ] Respir Crit Care Med. 2022;206:632-636. doi:
10.1164/rccm.202201-01071e

Alomri RM, Kennedy GA, Wali SO, Alhejaili F, Robinson
SR. Association between nocturnal activity of the sympa-
thetic nervous system and cognitive dysfunction in obstruc-
tive sleep apnoea. Sci Rep. 2021;11(1):11990. doi: 10.1038/
$41598-021-91329-6

Sabil A, Gerves-Pinquié C, Blanchard M, et al.; ERMES Study
Group. Overnight oximetry-derived pulse rate variability pre-
dicts stroke risk in patients with obstructive sleep apnea.
Am ] Respir Crit Care Med. 2021;204(1):106-109. doi: 10.1164/
rccm.202101-0109LE

Sabil A, Blanchard M, Annweiler C, et al.; Pays de la Loire Sleep
Cohort study group. Overnight pulse rate variability and risk of
major neurocognitive disorder in older patients with obstruc-
tive sleep apnea. ] Am Geriatr Soc. 2022;70(11):3127-3137. doi:
10.1111/jgs.17933

Delessert A, Espa F, Rossetti A, Lavigne G, Tafti M, Heinzer R.
Pulse wave amplitude drops during sleep are reliable surrogate
markers of changes in cortical activity. Sleep. 2010;33(12):1687—
1692. doi: 10.1093/sleep/33.12.1687

Hirotsu C, Betta M, Bernardi G, et al. Pulse wave amplitude drops
during sleep: clinical significance and characteristics in a gen-
eral population sample. Sleep. 2020;43(7). doi: 10.1093/sleep/
782322

Solelhac G, Sanchez-de-la-Torre M, Blanchard M, et al. Pulse
wave amplitude drops index: A biomarker of cardiovascu-
lar risk in obstructive sleep apnea. Am J Respir Crit Care Med.
2023;207(12):1620-1632. doi: 10.1164/rccm.202206-12230C


https://doi.org/10.1093/sleep/zsae141
https://doi.org/10.1111/j.1440-1843.2011.02022.x
https://doi.org/10.1016/j.sleep.2023.11.017
https://doi.org/10.1186/s13195-024-01446-3
https://doi.org/10.1111/j.1440-1843.2012.02255.x
https://doi.org/10.1016/j.patbio.2014.05.015
https://doi.org/10.1001/jamaneurol.2017.2180
https://doi.org/10.1007/s13670-013-0054-5
https://doi.org/10.1007/s13670-013-0054-5
https://doi.org/10.1007/s11910-012-0298-z
https://doi.org/10.1212/WNL.0000000000001566
https://doi.org/10.5665/sleep.2374
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1002/alz.12361
https://doi.org/10.1002/alz.12361
https://doi.org/10.1212/WNL.0000000000001181
https://doi.org/10.1212/WNL.0000000000001181
https://doi.org/10.1111/resp.14279
https://doi.org/10.1164/rccm.202201-0107le
https://doi.org/10.1038/s41598-021-91329-6
https://doi.org/10.1038/s41598-021-91329-6
https://doi.org/10.1164/rccm.202101-0109LE
https://doi.org/10.1164/rccm.202101-0109LE
https://doi.org/10.1111/jgs.17933
https://doi.org/10.1093/sleep/33.12.1687
https://doi.org/10.1093/sleep/zsz322
https://doi.org/10.1093/sleep/zsz322
https://doi.org/10.1164/rccm.202206-1223OC

	Obstructive sleep apnea, cognitive impairment, and dementia: is sleep microstructure an important feature?
	References


