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Abstract

INTRODUCTION: Sleep is crucial for memory consolidation and the clearance of

toxic proteins associated with Alzheimer’s disease (AD). We examined the association

between sleep characteristics and imaging biomarkers of early amyloid beta (Aβ) and
tau pathology as well as neurodegeneration in brain regions known to be affected in

the incipient stages of AD.

METHODS:Thirty-nine cognitively unimpaired (CU) participants of theHarvardAging

Brain Study underwent at-home polysomnography as well as tau positron emission

tomography (flortaucipir-PET), amyloid PET (Pittsburgh compound B [PiB]-PET), and

magnetic resonance imaging–derived assessment of cortical thickness (CT).

RESULTS: Increased N1 sleep was associated with a higher tau PET signal (β = 0.009,

p = 0.001) and lower CT in the temporal composite region of interest (β = –0.017,

p = 0.007). Decreased slow-wave sleep (SWS) was associated with higher tau burden

in the temporal composite (β = –0.008, p = 0.005) and lower CT (β = 0.008, p = 0.002),

even after controlling for global PiB-PET.

DISCUSSION: In CU older adults, lower SWS and higher N1 sleep were associated

with higher tau burden and lower CT in brain regions associated with early tau deposi-

tion andvulnerable toAD-relatedneurodegeneration throughmechanismsdissociable

from amyloid deposition.
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Highlights

∙ We report the results of an observational study, which leveraged -a well-

characterized cohort of healthy aging (Harvard Aging Brain Study) by adding

in-home full polysomnograms.
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∙ By adding at-home polysomnograms to this unique and deeply phenotyped cohort,

we examined variations in sleep architecture that are associated with Alzheimer’s

disease (AD) pathologic changes.

∙ Our results confirmed the association of sleep changes with early tau and cortical

neurodegenerative changes that were independent of amyloid.

∙ The resultswill be of importance inmonitoring sleep-related variations in relation to

the natural history of AD pathology and in designing sleep-focused clinical trials.

1 BACKGROUND

The accumulation of Alzheimer’s disease (AD)–related pathologies can

predate its clinical manifestations by years and even decades.1 This

long preclinical phase of AD represents a critical window for early dis-

ease detection, interventions with disease-modifying therapies, and

the mitigation of potentially modifiable risk factors for the emergence

of cognitive decline. Both the duration and quality of sleep have been

associated with the risk of developing AD,2–4 placing intense focus on

sleep disturbance as both an AD biomarker and a potential target to

delay the emergence of cognitive decline in older adults.5–8

Brain areas regulating sleep are found in the basal forebrain (BF),

hypothalamus, thalamus, midbrain, pons, and brainstem, which are

also regions that regulate arousal and circadian rhythms.9 Many of

these regions are affected by early tau pathology during pretangle

stages (stage 0 Braak), prior to cortical tau or amyloid beta (Aβ) pep-
tide deposition. Research in animals and cognitively unimpaired (CU)

humans suggests variations in time spent in each sleep stage, circadian

rhythm variability, and total sleep time may be linked to the process

of Aβ production and clearance and to the hyperphosphorylation and

promotion of tau protein aggregation.10–15 The early and profound

involvement of brainstem nuclei with tau may partially account for

the bidirectional relationship between sleep disruption andADpathol-

ogy, whereby sleep disruption due to early brainstem tau pathology

results in decreased clearance and/or increased production of cortical

tau and Aβ, and subsequently induces further accumulation of protein

aggregates and neurodegeneration.16–19 While the correlational link

between sleep and cognition in AD is well established, critical gaps

remain.

In contrast to Aβ deposition, which occurs across many cortical

regions, tau accumulation occurs in anatomically more circumscribed

patterns, and appears to correlate better with regional neurodegener-

ation and cognitive decline.20–22 Most research has linked sleep distur-

bances to amyloid and tau levels in cerebrospinal fluid.23–25 The advent

of tau positron emission tomography (PET) tracers hasmade it possible

to measure tau pathology distribution patterns in vivo and link them

to Braak stages thereby providing a framework for reliably identify-

ing sleep disturbances based on the earliest stages of AD pathology.26

However, data on relationships between polysomnography data and

tau PET remain extremely limited.27

The Harvard Aging Brain Study (HABS) is a longitudinal study of

cognitive aging and preclinical AD, consisting of a deeply phenotyped

cohort of older (60–90 years) individuals who were cognitively normal

at study entry. HABS participants are closely followed with cognitive

and clinical measures, magnetic resonance imaging (MRI), and both

amyloid and tau PET imaging.28 By adding at-home polysomnograms

(PSGs) to this unique cohort, we examined how variations in sleep

architecture are associated with early changes in Aβ and tau pathol-

ogy in older adults. A better understanding of sleep changes in relation

to emerging amyloid and tau pathology as well as cortical neurodegen-

erative changes will be a key in designing clinical trials targeting the

earliest stages ofADprior to the development of cognitive impairment.

2 METHODS

2.1 Participants

The study was approved by the Mass General Brigham Institutional

Review Board and all study participants signed informed consents.

All participants were recruited from the HABS cohort. As previ-

ously described, HABS participants undergo comprehensive cognitive

assessments, MRI, and tau and Aβ PET imaging.28 For the purpose of

this study, HABS participants were invited to also undergo at-home

polysomnography, as described below. At study entry, all participants

were CU (Clinical Dementia Rating [CDR] = 0,29 Mini-Mental State

Examination [MMSE] score > 25,30 performance within 1.5 standard

deviations [SDs] of age and education-adjusted norms on the Log-

ical Memory Delayed Recall,31 without current clinical depression

[Geriatric Depression Scale < 11]).32 Key exclusion criteria included

a history of severe medical, neurological, and psychiatric condition,

as well as clinically significant sleep-related disorders. All participants

with available amyloid PET, tau PET, MRI, and PSG data were included

in the analyses (n= 39).

2.2 PET data acquisition and analysis

Amyloid PET was acquired using previously described methods.28 In

brief, administration of 10 to 15mCi 11C-Pittsburgh compoundB (PiB)
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was followed by a 60 minute acquisition (63 parallel planes: axial field

of view: 15.2 cm; in-plane resolution: 4.1 mm full-width at half maxi-

mum; slice width: 2.4mm), using a 39-frame dynamic protocol: 8× 15s,

4× 60s, and 27× 120s. PET datawere reconstructed and corrected for

scatter, attenuation, and randoms using vendor-supplied software.We

calculated the distribution volume ratio (DVR) for PiB-PET based on

the Logan graphical analysis technique,33 using the FreeSurfer-defined

cerebellar gray reference regionof interest (ROI).34 As inourprior pub-

lications, PiB retention was summarized using an aggregate cortical

ROI including frontal, lateral temporal, and retrosplenial cortices.35

Tau PET imaging was performed using [18F]flortaucipir tau PET

tracer using previously described procedures.35,36 Regional values for

tau PET were calculated based on FreeSurfer-defined cortical ROIs,

using cerebellar gray as a reference for calculating standardizeduptake

value ratios (SUVRs). The prespecified region for analysis was a com-

posite ROI comprised of the bilateral entorhinal cortex, inferior tempo-

ral cortex, middle temporal region, and fusiform regions.37 Follow-up

exploratory analyses examined the broader regional changes across

individual FreeSurfer-defined ROIs.35,38 All PET data were partial vol-

ume corrected (PVC) using the symmetric geometric transformmatrix

approach.39

2.3 MRI data acquisition and analysis

MRI scans were performed at the Massachusetts General Hospi-

tal Athinoula A. Martinos Center for Biomedical Imaging using a

3T Siemens Trio TIM scanner fitted with a 12-channel head coil.

T1-weighted volumetric magnetization-prepared rapid-acquisition

gradient-echo (MP-RAGE) imageswere collected (repetition time/echo

time/inversion time = 6400/2.8/900 ms, flip angle = 8◦, voxel

size = 1 × 1 × 1.2 mm3). Image segmentation and ROI labeling were

performed using FreeSurfer version 6.0.

We calculated cortical thickness (CT) in FreeSurfer-defined ROIs

(averaged across right and left hemispheres). As with tau PET data, a

composite of temporal regions, comprised of the bilateral entorhinal

cortex, inferior temporal cortex, middle temporal region, and fusiform

regions, was used as the prespecified ROI for analysis. Follow-up

exploratory analyses using individual ROIs were also performed.37,40

2.4 Polysomnography methods

One night of polysomnography was performed using a Compumedics

Somte II device. The montage consisted of six electroencephalogram

(EEG) leads (F3, F4, C3, C4, O1, O2, sampling frequency 256 Hz)

bilateral electrooculogram (EOG), submental electromyogram (EMG),

bilateral anterior tibialis EMG, and standard electrocardiogram (ECG)

electrodes. Sensors recommended by the American Academy of

Sleep Medicine (AASM) for assessment of sleep-disordered breath-

ing included: nasal/oral airflow (thermistor), nasal pressure (Validyne

transducer), chest plus abdominal wall motion (inductance plethys-

mography), and finger pulse oxygen saturation. PSG scoring was

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture using traditional sources (e.g., PubMed) as well

as research presented at conferences. Previous stud-

ies demonstrated reduced slow-wave sleep (SWS) being

linkedwithhigher amyloidburden in thepreclinical stages

of Alzheimer’s disease (AD), yet less is known about

the relationship between sleep architecture including

SWS and early regional tau and cortical correlates of

neurodegeneration.

2. Interpretation: In cognitively unimpaired older adults,

lower amounts of SWS and increased amounts of N1

sleep are associated with higher tau accumulation and

lower cortical thickness in brain areas prone to early tau

build-up and susceptible to AD, independent of amyloid

deposition.

3. Future directions: This study illuminates the emergence

of sleep changes early in the course of AD and the

prospect of sleep-based therapeutic and preventative

strategies during the preclinical stages of AD. Further

research is warranted to explore the mechanisms and

time course of this relationship in larger andmore diverse

longitudinal cohorts.

performed by a registered sleep technologist in accordance with the

AASM scoring manual.41 Main PSG features extracted included total

sleep time (TST), sleep efficiency (SE), wake after sleep onset (WASO,

minutes), as well as duration and percentage of N1, N2, N3, and rapid

eye movement (REM) sleep. Arousals were scored according to the

AASMmanual scoring criteria,which require anabrupt shift of EEG fre-

quency including alpha, theta, and/or frequencies greater than 16 Hz

(but not spindles) that last at least 3 seconds with 10 seconds of sta-

ble sleep preceding. Apnea–hypopnea index (AHI) was calculated as

apneas and hypopneas with ≥ 4% oxygen desaturation per hour of

sleep.

2.5 Statistical analyses

Statistical analyses were performed using R version 4.0.5 (http://www.

r-project.org/).

Pearson r values were calculated for associations between the PSG

sleep variables and tau PET ROIs, CT ROIs, as well as age and arousal

index (AI). To study the relationship between sleep parameters and

temporal lobe tau burden, and temporal lobe CT, we created sepa-

rate general linear models (GLMs) with tau ROI, CT ROI as dependent

variables, and PSG-derived sleep features as independent predictors

while controlling for age and sex. To determine the extent to which the

effects of poor sleep were dependent on amyloid pathology, we com-

http://www.r-project.org/
http://www.r-project.org/
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TABLE 1 Demographic and PSG characteristics.

N= 39

Age (years) 74.6 (8.69)

Sex: female 24.0 (61.5%)

Education (years) 16.5 (2.75)

Total sleep time (minutes) 351 (54.0)

Sleep efficiency (%) 73.6 (11.6)

Wake after sleep onset (minutes) 109 (71.0)

N1 (%) 17.0 (9.54)

N1 (min) 58.9 (31.8)

N2 (%) 56.1 (10.9)

N2 (min) 196 (46.0)

N3 (%) 11.4 (10.0)

N3 (minutes) 40.2 (35.0)

REM (%) 15.5 (7.68)

Time REM (minutes) 55.6 (30.0)

Arousal index (events/hour) 16.4 (8.44)

Apnea-hypopnea index (events/hour) 9.0 (9.10)

Notes: Data are presented as mean ± SD or n (%). N1(%) = percentage of

sleep period spent in stage 1 sleep; N2(%) = percentage of sleep period

spent in stage2 sleep;N3(%)=percentage of sleep period spent inN3 sleep;

REM (%)= percentage of sleep period spent in REM sleep.

Abbreviations: AHI, apnea–hypopnea index (calculated as apneas and

hypopneas with ≥ 4% oxygen desaturation per hour of sleep); PSG,

polysomnogram; REM, rapid eyemovement; SD, standard deviation.

puted additional models adjusted for global cortical amyloid burden

(PiB-PET SUVR). To account for the presence of nocturnal arousals we

performed sensitivity analyses on the significant models correcting by

AI.

3 RESULTS

A total of 39 participantswere included in themain analyses. The study

population consisted of CU, highly educated (16.5± 2.75 years of edu-

cation) adults with a mean ± SD age at tau PET of 74.6 ± 8.7 years, of

which 61.5% were females (Table 1). The average total sleep time was

351 ± 54 minutes with a mean sleep efficiency of 73.6 ± 11.6% and

WASOof 109± 1.0minutes. Sleep stage distributions and further data

from polysomnography are summarized in Table 1.

Analysis of sex differences (Table S1 in supporting information)

revealed that males spent more time in N1 sleep measured in minutes

(p = 0.028) and percentage (p = 0.0380). Conversely, females spent

more time in N3 sleep (p < 0.001, minutes and percentage). Males had

a higher AHI compared to females (p= 0.011).

3.1 Associations between sleep architecture and
AD pathology

We observed that a higher percentage of time spent in N1 sleep was

significantly associated with greater tau PET signal in the temporal

composite region (β = 0.009, p = 0.001) while a lower percentage of

N3 sleep was significantly associated with greater tau burden in the

same region (β = −0.008, p = 0.005). Follow-up exploratory analyses

in other temporal regions revealed a significant association between a

higher percentage of N1 sleep and tau PET signal in the entorhinal cor-

tex (β = 0.016, p = 0.007), and the inferior temporal cortex (β = 0.008,

p = 0.002). Lower percentage of N3 sleep was significantly associated

with greater tau burden in the entorhinal cortex (β=−0.012, p=0.035)

and inferior temporal cortex (β = −0.007, p = 0.010; Figure 1). No sig-

nificant associations were observed between tau PET signal and total

sleep time, sleep efficiency, or WASO (Table S2 in supporting informa-

tion), as well as the percentage ofN2 andREMsleep and tau PET signal

in the temporal composite region (Table 2).

There was no association between any sleep stages and global

amyloid PET signal, though a trend was observed with N3 sleep per-

centage being negatively correlated with amyloid burden (β = −0.006,
p= 0.067; Table S3 in supporting information).

We also tested whether tau PET associations were dissociable from

global amyloid PET and found that adjustment for cortical amyloid bur-

den did not alter the associations between percentages of N1 and N3

sleepwith tau in the temporal compositeROI (N1[β=0.009, p=0.002];

N3[β=−0.007, p= 0.016]; Table S4 in supporting information).

3.2 Associations between sleep architecture and
CT

A higher percentage of N1 sleep was significantly associated with

lower CT in the temporal composite ROI (β = −0.017, p = 0.007;

β = −0.007, p = 0.011; Table 3) while a lower percentage of N3 sleep

was significantly associated with lower CT in the temporal composite

ROI (β = 0.008, p = 0.002). Follow-up exploratory analyses demon-

strated similar associations between percent N3 sleep and CT in other

temporal lobe ROIs (entorhinal cortex [β = 0.013, p = 0.031]; infe-

rior temporal cortex [β = 0.005, p = 0.023]; see Figure 2). Adjustment

for global amyloid burden revealed that associations between percent

N3 sleep and CT in the temporal composite ROI remained signifi-

cant (β = 0.008, p = 0.006; see Table S5 in supporting information).

Exploratory regional analyses are summarized in Table S5. Similar to

regional tau PET signal analysis, we observed no significant associa-

tions between percentage of N2 and REM sleep and temporal lobe CT

measures.

3.3 Sensitivity analyses

We performed separate linear regression analyses accounting for the

AHI index to investigate whether the significant increases in N1 and

reductions in %N3 (slow-wave sleep [SWS]) are the result of sleep

fragmentation due to sleep-disordered breathing.

Ahigher percentageofN1sleep, aswell as a lowerpercentageofN3,

remained significantly associatedwith tauburden in the temporal com-

posite ROI (%N1[β = 0.010, p = 0.001]; %N3[β = −0.008, p = 0.005]),
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F IGURE 1 Temporal lobe tau PET signal is higher in individuals with less time spent in N3 sleep. Tau PET signal in the temporal composite ROI
was negatively correlated with the percentage of time each participant spent in N3 sleep (left). Similar results were seen in exploratory analyses of
individual temporal ROIs, including the entorhinal cortex (middle) and inferior temporal cortex (right). The X axis represents %N3 sleep (slow-wave
sleep), where higher values indicate a higher proportion of N3 sleep. The Y axis represents tau PET signal. FTP, flortaucipir; PET, positron emission
tomography; ROI, region of interest; SUVR, standardized uptake value ratio.

TABLE 2 Associations between regional tau burden and sleepmacroarchitecture features.

Temporal composite ROI tau burden

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 0.009 0.002 3.782 0.001 0.005 0.014

% timeN2 0.001 0.002 0.318 0.753 −0.004 0.005

% timeN3 −0.008 0.002 −3.030 0.005 −0.012 −0.003

% time REM −0.004 0.004 −1.051 0.301 −0.012 0.004

Entorhinal cortex tau burden

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 0.016 0.006 2.881 0.007 0.005 0.027

% timeN2 0.001 0.005 0.143 0.887 −0.009 0.010

% timeN3 −0.012 0.006 −2.199 0.035 −0.023 −0.001

% time REM −0.007 0.008 −0.784 0.438 −0.023 0.010

Inferior temporal cortex tau burden

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 0.008 0.003 3.353 0.002 0.003 0.013

% timeN2 0.000 0.002 0.193 0.848 −0.004 0.005

% timeN3 −0.007 0.002 −2.725 0.010 −0.012 −0.002

% time REM −0.003 0.004 −0.838 0.408 −0.011 0.004

Notes: p value uncorrected for multiple comparisons, t statistic – t value. Linear regression models were corrected for age and sex. Temporal composite ROI

composed of entorhinal, inferior temporal, middle temporal, and fusiform.

Abbreviations: CI, confidence interval; REM, rapid eyemovement; ROI, region of interest; SE, standard error.
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TABLE 3 Associations between regional cortical thickness and sleepmacroarchitecture features.

Temporal composite ROI thickness

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 −0.007 0.003 −2.677 0.011 −0.013 −0.002

% timeN2 −0.001 0.002 −0.618 0.541 −0.006 0.003

% timeN3 0.008 0.002 3.341 0.002 0.003 0.013

% time REM 0.001 0.004 0.213 0.833 −0.007 0.009

Entorhinal cortex thickness

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 −0.017 0.006 −2.866 0.007 −0.029 −0.005

% timeN2 0.002 0.005 0.298 0.767 −0.009 0.012

% timeN3 0.013 0.006 2.246 0.031 0.002 0.025

% time REM −0.001 0.009 −0.067 0.947 −0.018 0.017

Inferior temporal cortex thickness

Predictor β coef. SE t statistic p-value CI low CI high

% timeN1 −0.003 0.002 −1.192 0.241 −0.008 0.002

% timeN2 −0.003 0.002 −1.683 0.101 −0.007 0.001

% timeN3 0.005 0.002 2.381 0.023 0.001 0.010

% time REM 0.004 0.003 1.269 0.213 −0.002 0.011

Notes: P value uncorrected for multiple comparisons, t statistic – t-value. Linear regression models were corrected for age and sex. Temporal composite ROI

composed of entorhinal, inferior temporal, middle temporal, and fusiform.

Abbreviations: CI, confidence interval; REM, rapid eyemovement; ROI, region of interest; SE, standard error.

F IGURE 2 Temporal lobe cortical thickness is lower in individuals with less time spent in N3 sleep. Cortical thickness in the temporal
composite region of interest (ROI) was positively correlated with the percentage of time each participant spent in N3 sleep (left). Similar results
were seen in exploratory analyses of individual temporal ROIs, including the entorhinal cortex (middle) and inferior temporal cortex (right). The X
axis represents %N3 sleep (slow-wave sleep), where higher values indicate a higher proportion of N3 sleep. The Y axis represents cortical
thickness of significant ROIs.
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as well as the entorhinal (%N1[β = 0.017, p = 0.006]; %N3[β = −0.012,
p = 0.038]) and inferior temporal cortices tau burden (%N1[β = 0.009,

p = 0.001]; %N3[β = –0.007, p = 0.011]), respectively, after correcting

for the total AHI index (see Table S6 in supporting information).

As for the CT, significant associations between the percentage of

N1 sleep remained significant for the temporal composite (β=−0.007,
p = 0.016) and the entorhinal cortex (β = −0.016, p = 0.014; see Table

S7 in supporting information). Similarly, a reduced percentage of N3

sleep remained significantly associated with lower CT in the tempo-

ral composite ROI (β = 0.008, p = 0.003). Exploratory analyses in the

entorhinal and inferior temporal regions remained largely unchanged

after adjustment for the AHI (entorhinal cortex [β = 0.013, p = 0.038];

inferior temporal cortex [β= 0.005, p= 0.022]).

4 DISCUSSION

Individual variations in sleep may play an important role in the

development of AD pathology, especially early in the course of the

disease. Here we observed a significant association among N3, SWS,

and N1 sleep with regional tau accumulation in temporal lobe brain

regions susceptible to early tau deposition in cognitively healthy older

adults. These relationships were also present with respect to CT in

the temporal lobe, suggesting that, in particular, individual variations

in SWS may play a role in the establishment of early tau tangle pathol-

ogy in both isocortical and neocortical regions of the temporal lobe,

as well as to very early neuronal loss in these same regions. Strikingly,

the associations of SWS to tau pathology and CT observed here were

independent of amyloid PET signal, indicating that SWS may not be

directly involved in the promotion of early amyloid accumulation. In

turn, this suggests that interventions on SWS may have added bene-

fit even in individuals receiving potent anti-amyloid disease-modifying

therapies. Importantly, the associations of SWSwith tau PET signal and

CT were also independent of sleep-disordered breathing, suggesting

that SWS may have a relatively specific association with these early

neurodegenerative changes.

SWS is the deepest phase of non-REM sleep, characterized by

reduced cholinergic activity and low-frequency delta wave oscillations

at 0.5 to 2Hz.42 While it is recognized that SWS is a marker of home-

ostatic sleep pressure, particularly the slow oscillatory activity during

SWS, it has been linked to global synaptic downscaling, a processwhich

preserves the overall balance of synaptic strength and helps consol-

idate long-term memory representations in the neocortex.43,44 Slow

waves originate from specific cortical areas (insula, superior tempo-

ral gyri) and tend to spread through the cingulate cortices, typically

involving the anterior cingulate gyrus; the middle, medial, and infe-

rior frontal gyri; and the posterior cingulate and precuneus, a process

during which they can grow in relative current amplitude as they

travel. Although slow oscillations have generally been considered a

cortical phenomenon, including local cortical circuits, there are also

indications for subcortical structures in particular sleep-promoting cir-

cuitries in thebrainstemplaying an activemodulatory role in regulating

the quantity and quality of SWS.45,46

Given the time course of tau deposition pattern, it is possible

that early tau accumulations in the brainstem inhibit sleep-promoting

systems necessary for sleep stability and SWS induction.

In contrast to SWS, N1 sleep is considered a transitional sleep

stage after wakefulness and is characterized by low-voltage and fast

EEG activity, including theta (4–8 Hz) activity. An increase in N1

sleep is considered a marker of more frequent transitions between

sleep stages and lower sleep stability. Notably, this increase has been

observed in AD patients and has also been identified as a marker

for dementia using an electroencephalography-based brain age index

(BAI) machine-learningmodel.47,48

Furthermore, in this study, we also observed a sex differential effect

with respect to sleep stageswithmales exhibiting a greater duration of

N1 sleep, while females showed a propensity for a higherN3 sleep per-

centage. This observation aligns with prior research demonstrating49

variations in sleep characteristics, particularly in EEG frequency, based

on sex in older populations, potentially due to anatomical variations

such as differences in skull thickness.50,51

Strengths of this study include the application of multimodal imag-

ing techniques (including quantitative structuralMRI and the combina-

tionof amyloid and tauPET) allowing for amore comprehensive assess-

ment of structural and functional brain changes thatmay be associated

with sleep disturbances and early cognitive decline.52,53 The use of at-

home polysomnography reduces disruption of an individual’s natural

sleep patterns compared to laboratory-based polysomnography, and

thereby provides amore ecologically valid and representativemeasure

of individuals’ real sleeping habits.

We also acknowledge several limitations of the present work.While

the studywas sufficiently powered for themain outcome variables (tau

PET, amyloid PET, and CT in the temporal lobe), we lacked sufficient

power to properly assess cross-sectional relationships between sleep

measures and cognitive performance (particularly as the sample was

CU, limiting the range of cognitive test scores). Additionally, due to the

nature of the cross-sectional design,wewere not able to determine the

directionality between sleep disturbances and AD pathology. Future

larger scale longitudinal studies with longer post-PSG follow-up peri-

ods are needed to establish the temporal sequence and underlying

mechanisms of the relationship between sleep and AD pathology, and

cognition.

Overall, the present study was able to detect sleep architecture

variations that are sensitive to early tau deposition and reduced CT

in the temporal lobe independent of amyloid burden. It is important

to note that the interpretation of these results is contingent upon

the characteristics of the sample population, comprising clinically

unimpaired older adults, as well as the relatively modest sample size.

Our focus was to examine the very early stages of disease, prior to

clear clinical cognitive impairment. However, to clearly distinguish the

extent to which our findings are within the scope of normal aging or

the beginning stages of the degenerative processes of AD will require

further studies, including longitudinal data collection of our ownHABS

study sample and subsequent investigations involving cohorts with

early AD-related mild cognitive impairment and encompassing larger

samples.
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Data from previous AD trials and the relatively slow rate of change

in AD pathology strongly support the idea that the preclinical stage of

disease may be optimal for intervention. Ultimately, studies applying

interventionsdirected at sleep—either independently or in conjunction

with amyloid-lowering therapies—to mitigate the onset of AD-related

cognitive decline will enable a more comprehensive assessment of the

potential role of sleep disruption as a modifiable risk factor in the

progression of AD.
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