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Abstract
Study Objectives:  To determine the effect of self-reported clinical diagnosis of obstructive sleep apnea (OSA) on longitudinal changes in brain amyloid PET and CSF 
biomarkers (A�42, T-tau, and P-tau) in cognitively normal (NL), mild cognitive impairment (MCI), and Alzheimer�s disease (AD) elderly.
Methods:  Longitudinal study with mean follow-up time of 2.52�– 0.51�years. Data were obtained from the Alzheimer�s Disease Neuroimaging Initiative (ADNI) 
database. Participants included 516 NL, 798 MCI, and 325 AD elderly. Main outcomes were annual rate of change in brain amyloid burden (i.e. longitudinal increases in 
�orbetapir PET uptake or decreases in CSF A�42 levels); and tau protein aggregation (i.e. longitudinal increases in CSF total tau [T-tau] and phosphorylated tau [P-tau]). 
Adjusted multilevel mixed effects linear regression models with randomly varying intercepts and slopes was used to test whether the rate of biomarker change 
differed between participants with and without OSA.
Results:  In NL and MCI groups, OSA+ subjects experienced faster annual increase in �orbetapir uptake (B�=�.06, 95% CI�=�.02, .11 and B�=�.08, 95% CI�=�.05, .12, 
respectively) and decrease in CSF A�42 levels (B�=��2.71, 95% CI�=��3.11, �2.35 and B�=��2.62, 95% CI�=��3.23, �2.03, respectively); as well as increases in CSF T-tau 
(B�=�3.68, 95% CI�=�3.31, 4.07 and B�=�2.21, 95% CI�=�1.58, 2.86, respectively) and P-tau (B�=�1.221, 95% CI�=�1.02, 1.42 and B�=�1.74, 95% CI�=�1.22, 2.27, respectively); 
compared with OSA� participants. No signi�cant variations in the biomarker changes over time were seen in the AD group.
Conclusions:  In both NL and MCI, elderly, clinical interventions aimed to treat OSA are needed to test if OSA treatment may affect the progression of cognitive 
impairment due to AD.
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Statement of Signi�cance
Recent studies show that obstructive sleep apnea (OSA) is associated with increased Alzheimer�s disease (AD) risk. This study adds to the literature by providing 

evidence that OSA is related to longitudinal increases in amyloid and tau burden in cognitively normal and mild cognitive impairment (MCI) OSA patients when 

compared with healthy controls. These novel �ndings are directly relevant to the emerging literature examining for evidence of a causal relationship between OSA 

and AD, and are of interest to further understand the various possible mechanistic links that explain this relationship. More importantly, it suggests that clinical 

interventions aimed to treat OSA in the elderly may slow the progression of cognitive impairment due to AD.

XX

XX

XXXX

SLEEPJ, 2019, 1�13

doi: 10.1093/sleep/zsz048
Advance Access Publication Date: 22 February 2019
Original Article

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



Bubu et�al.  |  9

presence of AHI4% �5/h and daytime symptoms across all ages [57]. 
The prevalence of OSA (with or without symptoms) in the elderly 
is much higher, estimated at 30%�50% in older subjects [58], thus 
additional work may be required to differentiate the risk of OSA 
for AD with and without associated daytime symptoms. Notably, 
all cause excessive daytime sleepiness in elderly subjects de�ned 
by Epworth sleepiness scores �10 was associated with longitudinal 
brain beta amyloid accumulation in a recent study [59].

Conclusions
OSA appears to accelerate increases in amyloid deposition, CSF 
T-tau and P-tau levels over time, both in NL and MCI individuals. 
Sleep fragmentation, intermittent hypoxia, and intrathoracic 
pressure swings from OSA are likely candidate mechanisms. 
Thus, clinical interventions aimed at OSA, such as treatment 
with CPAP or dental appliances, in cognitive normal and MCI 

Figure 2.  Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (cognitive normal�NL).

Figure 3.  Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (mild cognitive impairment�MCI).
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Figure 4.  Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (Alzheimer�s disease�AD).

Table 3.  Between subject variation in AD biomarkers and covariance parameter estimates

Parameters Estimate 95% CI P-value

OSA+ vs. OSA� (cognitive normal patients)
Florbetapir SUVR over time 0.06 .02, .11 <0.0001
Florbetapir SUVR over time (covariance) �0.06 �.09, �.04 <0.0001
CSF A�-42 over time �2.71 �3.11, �2.35 <0.0001
CSF A�-42 over time (covariance) 3.93 3.56, 4.31 <0.0001
CSF T-tau over time 3.68 3.31, 4.07 <0.0001
CSF T-tau over time (covariance) �2.89 �3.51, �2.29 <0.0001
CSF P-tau over time 1.22 1.02, 1.42 <0.0001
CSF P-tau over time (covariance) �1.21 �1.71, �0.74 <0.0001

OSA+ vs. OSA� (mild cognitive impairment patients)
Florbetapir SUVR over time 0.08 .05, .12 <0.0001
Florbetapir SUVR over time (covariance) �0.06 �0.09, �0.04 <0.0001
CSF A�-42 over time �2.62 �3.23, �2.03 <0.0001
CSF A�-42 over time (covariance) 2.69 2.02, 3.36 <0.0001
CSF tau volume over time 2.21 1.58, 2.86 <0.0001
CSF tau over time (covariance) �1.89 �2.91, �0.87 <0.0001
CSF P-tau over time 1.74 1.22, 2.27 <0.0001
CSF P-tau over time (covariance) �1.48 �2.05, �0.94 <0.0001

OSA+ vs. OSA� (Alzheimer�s disease patients)
Florbetapir SUVR over time 0.07 �1.19, 1.33 0.33
Florbetapir SUVR over time (covariance) �0.29 �2.07, 1.49 0.31
CSF A�-42 over time �1.11 �3.31, 1.09 0.53
CSF A�-42 over time (covariance) �1.14 �3.38, 1.63 0.56
CSF T-tau over time 0.26 �1.02, 1,28 0.47
CSF T-tau over time (covariance) �0.15 �1.94, 1.64 0.47
CSF P-tau over time 0.94 0.23, 1.65 0.11
CSF P-tau over time (covariance) �0.16 �1.66, 1.34 0.11

These analyses allowed us to examine whether there was signi�cant variation between OSA+ and OSA� subjects in mean AD biomarker level at baseline, as well 
as whether signi�cant variation in the change in AD biomarker level over time occurred. Furthermore, the covariance between the baseline AD biomarker level and 
AD biomarker change over time indicated whether OSA+ or OSA� subjects had experienced a faster increase or decrease in AD biomarker level over time. It also 
allowed for assessment of signi�cant differences in the rate-of-change in AD biomarker level between OSA groups over time. Models were adjusted for age, sex, 
BMI, education, CPAP use, ApoE4 status, alcohol intake, baseline biomarker data, history of respiratory disease, hypertension, diabetes, and history of cardiovascular 
disease (e.g. including ischemic heart disease, heart failure, and stroke/TIA), and history of traumatic brain injury.
A��=�amyloid beta; ApoE4�=�apolipoprotein epsilon4; BMI�=�body mass index; CSF�=�cerebrospinal �uid; tau�=�tau protein; P-tau�=�phosphorylated tau.
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patients, could possibly mitigate or slow the progression of 
cognitive impairment to AD. Further studies examining the 
mechanisms underlying these observed effects are needed.

Supplementary material
Supplementary material is available at SLEEP online.

Acknowledgments
The authors would like to gratefully acknowledge the 
dedication, time, and commitment of the participants and staff 
of the Alzheimer�s Disease Neuroimaging Initiative (ADNI). ADNI 
data are disseminated by the Laboratory for Neuro Imaging at 
the University of Southern California. Data used in preparation 
of this article were obtained from the Alzheimer�s Disease 
Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). 
The investigators within the ADNI contributed to the design and 
implementation of ADNI projects and provided data, but did 
not participate in the design, analysis, or writing of this report. 
A�complete listing of ADNI investigators can be found at: http://
adni.loni.usc.edu/wp content/uploads/how_to_apply/ADNI_
Acknowledgement_List.pdf.� The authors would like to thanks 
Ms. Jatnna Rivas and Eirene Oji for their author contributions 
help with the �gure.

Authors Contributions
O.M.B., R.S.O., E.P., A.A., and R.A.S.�were involved in the conception and 
design of the study, acquisition and analysis of the data, as well as drafting 
a signi�cant portion of the article or �gures. S.G., O.Q.U., M.M.H., A.M.S., 

F.M., N.S., and A.K.M.�were involved in the literature review, conception, 
and design of the study, and revision of the article for intellectual content. 
A.A.S., K.K., F.Z., A.R.B., J.A.M., K.E.K., D.M., I.R., I.A., D.M.R., G.J., and 
A.W.V.�interpreted the data; revised the article for intellectual content and 

drafted signi�cant portions of the article.

Funding
This work was supported by grants from the NIH/NIA/NHLBI 
(T32HL129953, R01HL118624, R21AG049348, R21AG055002, 
R01AG056031, R01AG022374, R21AG059179, R01AG056682, 
P30AG008051 and R01AG056531; Foundation for Research in Sleep 
Disorders; American Sleep Medicine Foundation, the American 
Thoracic Society Foundation, the Friedman Brain Institute. The 
Wellcome Trust (103952/Z/14/Z) supports I.R. Collection and 
sharing of data for this project was funded by ADNI (National 
Institutes of Health Grant U01 AG024904) and DOD ADNI 
(Department of Defense award number W81XWH-12-2-0012). 
ADNI is funded by the National Institute on Aging, the National 
Institute of Biomedical Imaging and Bioengineering, and through 
generous contributions from the following: AbbVie, Alzheimer�s 
Association; Alzheimer�s Drug Discovery Foundation; Araclon 
Biotech; BioClinica, Inc.; Biogen; Bristol-Myers Squibb Company; 
CereSpir, Inc.; Cogstate; Eisai, Inc.; Elan Pharmaceuticals, Inc.; Eli 
Lilly and Company; EuroImmun; F.�Hoffmann-La Roche Ltd and 
its af�liated company Genentech, Inc.; Fujirebio; GE Healthcare; 
IXICO Ltd.; Janssen Alzheimer Immunotherapy Research & 
Development, LLC.; Johnson & Johnson Pharmaceutical Research 
& Development LLC.; Lumosity; Lundbeck; Merck & Co., Inc.; 
Meso Scale Diagnostics, LLC.; NeuroRx Research; Neurotrack 
Technologies; Novartis Pharmaceuticals Corporation; P�zer, 

Figure 5.  Proposed mechanisms linking OSA with amyloid deposition in late-life.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



12  |  SLEEPJ, 2019, Vol. 42, No. 6

Inc.; Piramal Imaging; Servier; Takeda Pharmaceutical Company; 
and Transition Therapeutics. The Canadian Institutes of Health 
Research is providing funds to support ADNI clinical sites 
in Canada. Private sector contributions are facilitated by the 
Foundation for the National Institutes of Health (www.fnih.org). 
The grantee organization is the Northern California Institute 
for Research and Education, and the study is coordinated by the 
Alzheimer�s Therapeutic Research Institute at the University of 
Southern California.
Con�ict of interest statement. R.S.O.�gave a paid talk to Eisai Global 
at the SLEEP 2017 meeting.

References
	1.	 Lim�AS, et�al. Sleep fragmentation and the risk of incident 

Alzheimer�s disease and cognitive decline in older persons. 
Sleep. 2013;36(7):1027�1032.

	2.	 Nalivaevaa� NN, et� al. Effect of hypoxia/ischemia and 
hypoxic preconditioning/reperfusion on expression of 
some amyloid-degrading enzymes. Ann N Y Acad Sci. 
2004;1035:21�33.

	3.	 Polsek� D, et� al. Obstructive sleep apnoea and Alzheimer�s 
disease: in search of shared pathomechanisms. Neurosci 
Biobehav Rev. 2018;86:142�149.

	4.	 Sun� X, et� al. Hypoxia facilitates Alzheimer�s disease 
pathogenesis by up-regulating BACE1 gene expression. Proc 
Natl Acad Sci USA. 2006;103(49):18727�18732.

	5.	 Liguori� C, et� al. Obstructive sleep apnea is associated 
with early but possibly modi�able Alzheimer�s disease 
biomarkers changes. Sleep. 2017;40(5).

	6.	 Spira�AP, et�al. Self-reported sleep and �-amyloid deposition 
in community-dwelling older adults. JAMA Neurol. 
2013;70(12):1537�1543.

	7.	 Yun�CH, et�al. Amyloid burden in obstructive sleep apnea. J 
Alzheimers Dis. 2017;59(1):21�29.

	8.	 Brys� M, et� al. Prediction and longitudinal study of CSF 
biomarkers in mild cognitive impairment. Neurobiol Aging. 
2009;30(5):682�690.

	9.	 Waragai� M, et� al. Comparison study of amyloid PET and 
voxel-based morphometry analysis in mild cognitive 
impairment and Alzheimer�s disease. J Neurol Sci. 
2009;285(1�2):100�108.

	10.	 Buerger� K� HH. Evaluation of phosporylated tau protein 
as a core biomarker of Alzheimer�s disease. In: Iqbal I, 
Winblad B, eds. Proceedings of the 9th International Conference 
on Alzheimer�s Disease and Related Disorders Philadelphia, 
Pennsylvania: Alzheimer�s Association; 2004: 46�58.

	11.	 Fitzpatrick� AL, et� al. Midlife and late-life obesity and the 
risk of dementia: Cardiovascular health study. Arch Neurol. 
2009;66(3):336�342.

	12.	 Petersen� RC, et� al. Alzheimer�s Disease Neuroimaging 
Initiative (ADNI): clinical characterization. Neurology. 
2010;74(3):201�209.

	13.	 McKhann�G, et�al. Clinical diagnosis of Alzheimer�s disease: 
report of the NINCDS-ADRDA Work Group under the 
auspices of department of health and human services task 
force on alzheimer�s disease. Neurology. 1984;34(7):939�944.

	14.	 Landau� SM, et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Amyloid-� imaging with Pittsburgh compound B 
and �orbetapir: comparing radiotracers and quanti�cation 
methods. J Nucl Med. 2013;54(1):70�77.

	15.	 Landau� SM, et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Comparing positron emission tomography 
imaging and cerebrospinal �uid measurements of 
�-amyloid. Ann Neurol. 2013;74(6):826�836.

	16.	 Vanderstichele�H�DMG�SF, et�al. Biomarkers for Early Diagnosis 
of Alzheimer�s Disease. Hauppauge, NY: Nova Science 
Publishers; 2008.

	17.	 Shaw� LM, et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Cerebrospinal �uid biomarker signature in 
Alzheimer�s disease neuroimaging initiative subjects. Ann 
Neurol. 2009;65(4):403�413.

	18.	 HernÆn�MA, et� al. Causal knowledge as a prerequisite for 
confounding evaluation: an application to birth defects 
epidemiology. Am J Epidemiol. 2002;155(2):176�184.

	19.	 Lee�PH. Should we adjust for a confounder if empirical and 
theoretical criteria yield contradictory results? A�simulation 
study. Sci Rep. 2014;4:6085.

	20.	 Jennrich� RI, et� al. Unbalanced repeated-measures 
models with structured covariance matrices. Biometrics. 
1986;42(4):805�820.

	21.	 Ten�Have�TR, et�al. Mixed effects logistic regression models 
for longitudinal binary response data with informative 
drop-out. Biometrics. 1998;54(1):367�383.

	22.	 Spira�AP, et�al. Objectively measured sleep and beta-amyloid 
burden in older adults: a pilot study. SAGE Open Med. 2014;2.

	23.	 Sharma�RA, et�al. Obstructive sleep apnea severity affects 
amyloid burden in cognitively normal elderly: a longitudinal 
study. Am J Respir Crit Care Med. 2018;197(7):933�943.

	24.	 Ju� YE, et� al. Obstructive sleep apnea decreases central 
nervous system-derived proteins in the cerebrospinal �uid. 
Ann Neurol. 2016;80(1):154�159.

	25.	 Kalaria� RN, et� al. Accumulation of the beta amyloid 
precursor protein at sites of ischemic injury in rat brain. 
Neuroreport. 1993;4(2):211�214.

	26.	 Zhang�X, et�al. Hypoxia-inducible factor 1alpha (HIF-1alpha)-
mediated hypoxia increases BACE1 expression and beta-
amyloid generation. J Biol Chem. 2007;282(15):10873�10880.

	27.	 Hou� H, et� al. Association of obstructive sleep apnea with 
hypertension: a systematic review and meta-analysis. J 
Glob Health. 2018;8(1):010405.

	28.	 Lurie�A. Endothelial dysfunction in adults with obstructive 
sleep apnea. Adv Cardiol. 2011;46:139�170.

	29.	 Nagayoshi� M, et� al. Obstructive sleep apnea and incident 
type 2 diabetes. Sleep Med. 2016;25:156�161.

	30.	 Mosconi� L, et� al. Metabolic interaction between ApoE 
genotype and onset age in Alzheimer�s disease: 
implications for brain reserve. J Neurol Neurosurg Psychiatry. 
2005;76(1):15�23.

	31.	 Bero� AW, et� al. Neuronal activity regulates the regional 
vulnerability to amyloid-� deposition. Nat Neurosci. 
2011;14(6):750�756.

	32.	 Kiviniemi� V, et� al. Ultra-fast magnetic resonance 
encephalography of physiological brain activity�
glymphatic pulsation mechanisms? J Cereb Blood Flow 
Metab. 2016;36(6):1033�1045.

	33.	 Schlosser�Covell�GE, et� al. Disrupted daytime activity and 
altered sleep-wake patterns may predict transition to mild 
cognitive impairment or dementia: a critically appraised 
topic. Neurologist. 2012;18(6):426�429.

	34.	 Varga�AW, et�al. Reduced slow-wave sleep is associated with 
high cerebrospinal �uid a�42 levels in cognitively normal 
elderly. Sleep. 2016;39(11):2041�2048.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019



Bubu et�al.  |  13

	35.	 Xie�L, et�al. Sleep drives metabolite clearance from the adult 
brain. Science. 2013;342(6156):373�377.

	36.	 Pase� MP, et� al. Sleep architecture and the risk of 
incident dementia in the community. Neurology. 
2017;89(12):1244�1250.

	37.	 Dreha-Kulaczewski� S, et� al. Identi�cation of the upward 
movement of human CSF in vivo and its relation to the 
brain venous system. J Neurosci. 2017;37(9):2395�2402.

	38.	 Green�RC, et�al. Depression as a risk factor for Alzheimer 
disease: the MIRAGE study. Arch Neurol. 2003;60(5):753�759.

	39.	 Donohue� MC, et� al.; Australian Imaging, Biomarkers, and 
Lifestyle Flagship Study of Ageing; Alzheimer�s Disease 
Neuroimaging Initiative; Alzheimer�s Disease Cooperative 
Study. The preclinical Alzheimer cognitive composite: 
measuring amyloid-related decline. JAMA Neurol. 
2014;71(8):961�970.

	40.	 Edmonds� EC, et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Patterns of cortical and subcortical amyloid 
burden across stages of preclinical Alzheimer�s disease. J 
Int Neuropsychol Soc. 2016;22(10):978�990.

	41.	 Snowdon� DA, et� al. Brain infarction and the clinical 
expression of Alzheimer disease. The Nun Study. JAMA. 
1997;277(10):813�817.

	42.	 Cirrito�JR, et�al. Synaptic activity regulates interstitial �uid 
amyloid-beta levels in vivo. Neuron. 2005;48(6):913�922.

	43.	 Nir� Y, et� al. Regional slow waves and spindles in human 
sleep. Neuron. 2011;70(1):153�169.

	44.	 Ju�YS, et�al. Obstructive sleep apnea treatment, slow wave 
activity, and amyloid-beta. Ann Neurol. 2019;85(2):291�295.

	45.	 Hosselet�J, et�al. Classi�cation of sleep-disordered breathing. 
Am J Respir Crit Care Med. 2001;163(2):398�405.

	46.	 Hosselet�JJ, et�al. Detection of �ow limitation with a nasal 
cannula/pressure transducer system. Am J Respir Crit Care 
Med. 1998;157(5 Pt 1):1461�1467.

	47.	 Ju�YS, et�al. Slow wave sleep disruption increases cerebrospinal 
�uid amyloid-� levels. Brain. 2017;140(8):2104�2111.

	48.	 Osorio� RS, et� al. Interaction between sleep-disordered 
breathing and apolipoprotein E genotype on 

cerebrospinal �uid biomarkers for Alzheimer�s disease in 
cognitively normal elderly individuals. Neurobiol Aging. 
2014;35(6):1318�1324.

	49.	 Heneka� MT, et� al. Neuroin�ammation in Alzheimer�s 
disease. Lancet Neurol. 2015;14(4):388�405.

	50.	 Rosenzweig�I, et�al. Sleep apnoea and the brain: a complex 
relationship. Lancet Respir Med. 2015;3(5):404�414.

	51.	 Jack� CR, Jr., et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Serial PIB and MRI in normal, mild cognitive 
impairment and Alzheimer�s disease: implications for 
sequence of pathological events in Alzheimer�s disease. 
Brain. 2009;132(Pt 5):1355�1365.

	52.	 Osorio� RS, et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Sleep-disordered breathing advances cognitive 
decline in the elderly. Neurology. 2015;84(19):1964�1971.

	53.	 Jack� CR, Jr., et� al.; Alzheimer�s Disease Neuroimaging 
Initiative. Brain beta-amyloid measures and magnetic 
resonance imaging atrophy both predict time-to-
progression from mild cognitive impairment to Alzheimer�s 
disease. Brain. 2010;133(11):3336�3348.

	54.	 Johnson�KA, et�al. Brain imaging in alzheimer disease. Cold 
Spring Harb Perspect Med. 2012;2(4):a006213.

	55.	 Van�Den�Berg�JF, et�al. Disagreement between subjective and 
actigraphic measures of sleep duration in a population-
based study of elderly persons. J Sleep Res. 2008;17(3):295�302.

	56.	 Unruh�ML, et�al. Subjective and objective sleep quality and 
aging in the Sleep Heart Health Study. J Am Geriatr Soc. 
2008;56(7):1218�1227.

	57.	 Young� T, et� al. The occurrence of sleep-disordered 
breathing among middle-aged adults. N Engl J Med. 
1993;328(17):1230�1235.

	58.	 Heinzer� R, et� al. Prevalence of sleep apnoea syndrome in 
the middle to old age general population. Lancet Respir Med. 
2016;4(2):e5�e6.

	59.	 Carvalho� DZ, et� al. Association of excessive daytime 
sleepiness with longitudinal �-amyloid accumulation 
in elderly persons without dementia. JAMA Neurol. 
2018;75(6):672�680.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/42/6/zsz048/5362540 by guest on 12 Septem

ber 2019


