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Abstract
Objective: Sleep is important for brain health. We analysesbeiations between usual sleep

habits and MRI markers of neurodegeneration (betriophy), vascular damage (white matter
hyperintensities, WMH) and waste clearance (pecwias spaces, PVS) in older community-
dwelling adults.

Method: We collected self-reported usual sleep duratiomiyjuand medical histories from
the Lothian Birth Cohort 1936 (LBC1936) age 76 geand performed brain MRI. We
calculated sleep efficiency, measured WMH and bvalomes, quantified PVS, and assessed
associations between sleep measures and brain nrqankenultivariate models adjusted for
demographic and medical history variables.

Results: In 457 subjects (53% males, mean age 76+0.65 yeaesfound: brain and white
matter loss with increased weekend daytime sl@ep0(114, P=0.03$=-0.122, P=0.007
respectively), white matter loss with less effitiesieep £=0.132, P=0.011) and PVS
increased with interrupted sleep (OR 1.84 95% €0.625).

Conclusion: Cross-sectional associations of sleep parameifignsbrain atrophy and more
PVS suggest adverse relationships between usiegl Blbits and brain health in older people

that should be evaluated longitudinally.

Keywords. Sleep, perivascular spaces, brain atrophy, cerabooNar disease, ageing,

Magnetic resonance imaging



1.0 Introduction

Sleep is important for maintaining brain health.ribg sleep, the brain is thought to clear
metabolic waste including proteins suchBasmyloid.(Shokri-Kojori, et al., 2018, Xie, et al.,
2013) Impaired sleep may increase the risk of astveognitive and health outcomes,(Gadie,
et al., 2017,Spiegelhalder, et al., 2015) and sb@&@ated with slower processing speed in
older subjects.(Cox, et al., 2019) Furthermoregesldisorders such as obstructive sleep
apnoea (OSA) are associated with increased riskepgbrovascular disease,(Seiler, et al.,
2019,Sharma and Culebras, 2016) vascular lesionsmammetic resonance imaging (MRI)
such as white matter hyperintensities (WMH),(DealitBy, et al., 2017,Kim, et al., 2013,Song,
et al., 2017) increased perivascular space (PVS)bikiy,(Song, et al.,, 2017) and
hippocampal atrophy.(Gadie, et al., 2017,Kim, et2013,0wen, et al., 2018,Spiegelhalder,

et al., 2015)

Less is known about whether usual sleep habitsomnaunity-dwelling older people are
associated with neuroimaging changes. In cognitivedrmal, late middle-aged and older
adults, short sleep duration was associated cexg®sally with worse cortical and
hippocampus atrophy,(Carvalho, et al., 2017,Sexétnal., 2014,Spira, et al., 2016) and
longitudinally, with more brain atrophy and cogwéidecline.(Lo, et al., 2014,Sexton, et al.,
2014,Sexton, et al., 2017) Poor sleep quality weso@ated with reduced white matter
structural integrity on MRI in 448 community-dweldj subjects aged 60-82 years,(Sexton, et
al., 2017) and with WMH (but not microbleeds aruaes) in 311 older community-dwelling
people.(Del Brutto, et al., 2015) However, in amotttommunity-based study (n=970),
neither sleep quality nor duration were related aimy small vessel disease (SVD)

markers.(Zuurbier, et al., 2015) The different fimgs may reflect the wide range in ages and



background vascular risk, since all SVD lesions larain atrophy worsen with advancing age

and vascular risk factor exposure.

Despite interest in PVS and their role during sleepodents, (lliff, et al., 2015) few studies
have assessed usual sleep habits and PVS, orwvabeular and neurodegenerative disease
markers, in humans.(Song, et al., 2017) PVS aiblgisn T2- and T1-weighted brain MRI
and are associated with other features of SVD, gpsion, cognitive impairment and
dementia.(Debette, et al., 2018,Francis, et all9Zassiak, et al., 2019) Two studies in
patients with cerebrovascular disease and commdmlling subjects (n=26 and n=97
respectively) found sleep abnormalities includifegp efficiency on polysomnography were
associated with increased PVS visibility,(Berezetkal., 2015,Del Brutto, et al., 2019) and in
a wider sample of 388 community-dwelling subjectsluding the 97 above, a univariate
association between poor sleep quality and incteassible basal ganglia PVS was

attenuated after co-variate adjustment.(Del Br@t@|l., 2019)

Based on self-reported sleep habits, we found pusly that increased daytime sleep
duration was associated with slower processingdspeass-sectionally, and with decline in
visuospatial processing between ages 70 and 7énmainity-dwelling subjects.(Cox, et al.,
2019) In the current analysis, we assessed the sammunity-dwelling subjects at age 76
for associations between self-reported sleep hahitd vascular (PVS, WMH) or

neurodegenerative (whole or subregional brain vellmss) changes on MRI.

2.0 Methods

2.1 Qubjects



Study participants were members of the LothianhB@ohort 1936 (LBC1936) who are
community-dwelling older adults, all born in 1936)d living in South-East Scotland when
recruited between 2004 and 2007.(Deary, et al.2RUhe LBC1936 underwent medical and
cognitive assessments at mean ages 70 (n=1091, ¥Wava (n=700, Wave 2), and 76 years
(n=488, Wave 3),(Deary, et al., 2012,Deary, et2lQ7) brain MRI(Wardlaw, et al., 2011)
at waves 2 and 3, and completed a short SleeptiQuesire at wave 3. We used concurrent

medical, MRI and sleep data from Wave 3 in thegmeanalysis.

2.2 Regulatory

Written informed consent was obtained from all jggraints under protocols approved by the
Lothian (REC 07/MREO0O0/58) and Scottish Multicen{REC/01/0/56) Research Ethics
Committees. Participants provided demographic médron and medical history including of

cardiovascular disease, diabetes, hypertensionkismaonever, previously or current),

hypercholesterolemia and stroke.(Deary, et al.,720@rdlaw, et al., 2014) We excluded

participants with a diagnosis of dementia.

2.3 Seep Variables

We used a short Sleep Questionnaire adapted froen Rhtsburgh Sleep Quality
Index.(Buysse, et al., 1989) As described previg(Sbx, et al., 2019) participants recorded
their sleepguality in the last month (very bad=0, fairly bad=1, faigood=2, very good =3).
Based on Patient-Partner Questionnaire used irSkbep Medicine Unit, Royal Infirmary
Edinburgh (author RLR) participants also providetineates of their typicaiime spent in
bed and sleemluration for night-time and daytime on weekdays and wee&eskéep latency
(time taken to fall asleep), and whether their titghe sleep was regularlynterrupted

(excluding awakenings for the toilet). We convertdldsleep durations and time in bed to



hours for uniformity and calculated hours sleptinigithe night gight-time), during the day
(daytime), on weekdays and weekends. We calculated slegp efficiency’ using the sleep
timings as reported in the Patient-Partner questima above and the principles described in
(Berezuk, et al., 2015) as:

[Number of night-time hours slept + total numbendgfht-time hours spent in bed] x 100

2.4 Brain Magnetic Resonance Imaging and Feature Analysis

Whole brain MRI was performed on a 1.5T GE Signaiztm HDx scanner (General

Electric, Milwaukee, WI, USA) using a self-shieldigradient set with a maximum gradient
strength of 33 mT/m, and an 8-channel phased-dreag coil. The imaging data included:
T;-, To-, To*- and Fluid Attenuated Inversion Recovery (FLAIRgighted whole brain scans,

all details described previously.(Wardlaw, et2011).

All analyses were blind to sleep, medical, cogeitand all other parameters. We measured
intracranial volume (ICV), total brain volume (TBVWMH volumes, normal-appearing
white matter (NAWM) and grey matter (GM) volumesing a validated semi-automatic
image analysis method.(Valdés Hernandez, et al5PWe measured intracranial volume
(ICV) using the Object Extraction Tool in the Anaty9.0™,(Wardlaw, et al., 2011) and
expressed all brain and WMH volumes as the prapoif ICV (% ICV), indicating tissue

loss from peak adulthood.(Royle, et al., 2013, Waxcdllet al., 2011)

We assessed PVS in the basal ganglia (BG) anducersiemiovale (CS) on a validated four-
point scale (where O=none and 4=40 and above PYSige),(Potter, et al., 2015) defined as
previously.(Wardlaw, et al., 2013) The intra- anter-rater kappa statistics for PVS rating

were 0.89 in basal ganglia (BG), and 0.77 in centsemiovale (CS).



2.5 Satistical analyses

We performed all statistical analyses using SPSSiae 19 (IBM Inc. New York, USA),
with all statistical tests being two-tailed, P w&du<0.05 considered statistically significant
and a more rigorous value of P<0.001 to minimiserisps findings due to multiple
comparisons. Sleep duration and measures of atnephg/normally distributed; sleep quality
and interruption were categorical; sleep efficienogs left-skewed but could not be
normalised by any standard transformation and thexewas not transformed. We log
transformed WMH as it was very right-skewed. We pamed gender, sleep efficiency and
sleep duration using independent t-tests, and Siggity and interruption using Mann-
Whitney U test. We did not perform a power caldolatsince the sample was limited by the
available cohort, but we were careful not to ineludo many co-variates, check the fit of

models and set rigorous P values.

First, we examined consistencies amongst the stagpbles using bivariate analysis and
Cronbach’s alpha. Next, we examined associationwdsn sleep variables and medical
history (bivariate analysis) and lastly, we usedltivariate linear regression models to
examine associations between sleep variables aading parameters (PVS, % WMH in
ICV and measures of atrophy) adjusted for medical demographic variables. We ran
models using each sleep variable as the depennigicb(ne) variable and each brain volume,
% WMH in ICV and PVS as the independent variabtaurfmodels were developed in a step-
wise manner, beginning with the dependent variabtiependent variable, age and sex, then
adding medical variables (diabetes, smoking, bodsanindex, cholesterol and blood

pressure), then vascular disease (stroke, peripkaszular disease and other circulatory



problems) and finally adding arthritis. Final caedes were sex, age in days at scanning, and
self-reported history of cardiovascular diseaseabelies, hypertension, smoking,
hypercholesterolemia and stroke. Similarly, we usedression to test the association
between sleep efficiency and the predictor vargbleorrecting for all covariates. The
residuals of the regression model were normallyriliged, suggesting a good fit of the
model. We assessed sleep quality and interruptigs/fo), PVS and atrophy using
multinomial regression analysis with the sleepafale as the outcome and PVS, WMH and
measures of atrophy as the predictor variablesr@ate category for quality outcome

variable = ‘very bad’), controlled for all covargest

3.0 Results

3.1 Subjects: Of the 488 subjects who underwent brain MRI, #5d complete sleep, brain
MRI and clinical data, of whom 53% were male (Tab)e The mean age at MRI scanning
was 76.31+0.65 years (minimum 74.73, maximum 77yéars). Almost half of the
participants had hypertension, hypercholesterolemiarthritis, were current or ex-smokers,
12% had diabetes, 33% had heart disease and 11%rbaius stroke. The mean +SD
WMH volume was 16£15ml, mean 1.1£1.0% of the ICWieTmedian (IQR) basal ganglia
PVS score was 1.0 (0) and centrum semiovale scase2)) (1.0). The TBV, NAWM, and
GM occupied a mean£SD proportion of the ICV of 68%232+2%, and 32+2% respectively.

Males generally slept longer than females (Table 1)

3.2 Seep measures, inter-relationships:
The sleep variables were internally consistent. kiged and weekday sleep durations were
highly correlated (eg ahightime Pearsonr=0.970, P<0.001, Supplementary Table S1,

Cronbach’s alpha 0.98). The following reflect weakdassociations, with a similar pattern



seen for weekends (Supplementary Table S1): thdse skept less during the night slept
more during the day£-0.20, P<0.001) and had poorer sleep efficiemeyO(11, P=0.007).
Night-time sleep duration correlated positively twisleep quality rc0.57, P<0.001) and
efficiency ¢=0.501, P<0.001). Sleep efficiency correlated posiy with sleep quality
(r=0.486, P<0.001). Interrupted sleep was preserdbiout 20% of the population and

associated inversely with sleep efficiency-0.12, P=0.003) and quality<-0.25, P<0.001).

3.3 Seep, demographic and medical variables:

There were no associations between self-reporegpslariables and age, BMI, smoking
habit or medical histories in adjusted models, fafram diabetesrE-0.10, P=0.012) and

arthritis =-0.17, P<0.001) both of which were associated wsitiorter night-time sleep

(Supplementary Table S2).

3.4 Seep and imaging variables:

Increased weekend daytime sleep duration was assdcivith reduced total brain and
NAMW volumes (=-0.11, P=0.03; an@=-0.12, P=0.01 respectively; Table 1, Figure 1).
Lower sleep efficiency was associated with redu¢adlVM volume (3=0.13, P=0.011, Table
2, Figure 2). There was no association betweenttigie sleep duration or sleep quality and

brain volume losses, although the directions c#aff were consistent.

Interrupted sleep was associated with more vidiasal ganglia PVS (OR 1.84, 95% CI

1.08-3.15), but not WMH or brain volumes (Table 2).

Neither sleep duration, sleep quality or efficiemoyrelated with WMH (Table 2).

4.0 Discussion



We show that adverse usual sleeping habits, spaltyfincreased day-time sleep and lower
sleep efficiency, are associated with signs of o@egeneration and cerebral microvascular
dysfunction, when measured contemporaneously ergelsample of community-dwelling

people aged around 76. Reduced white matter prevaenechanistic substrate for the
association between increased daytime sleep aneisfirocessing speed found previously in
this cohort.(Cox, et al., 2019) The associatiowieen interrupted sleep and increased PVS
visibility suggests that sleep disturbance migtieécfbrain waste clearance, or vice versa.
The lack of association in this study between uslesdp habits and WMH may be due to the
co-association between age and WMH reflected iremadje-ranges in prior studies. This is,
to the best of our knowledge, the largest and astlydy to assess contemporaneous
associations between sleep duration, quality, ieffy, interruption and MRI markers of

cerebrovascular and neurodegenerative disease ddr ages. These cross-sectional
associations require testing in longitudinal stadie determine whether alterations in usual
sleep habits lead to development of vascular andodegenerative lesions, or vice versa, in

older age.(Gadie, et al., 2017,Scullin, 2017)

Brain atrophy is associated with cognitive declidementia and early death (Cole, et al.,
2018) and impaired sleep may increase the risk a@femse cognitive and health
outcomes.(Gadie, et al., 2017,Spiegelhalder, et28ll5) The independent association of
reduced white matter (and total brain) volume vatlverse sleep parameters of increased
weekend daytime sleep and poorer sleep efficieaayovel since previous studies reported
on cortical or hippocampal volume loss but not ehrtatter loss.(Carvalho, et al., 2017,Lo,
et al., 2014,Sexton, et al., 2014,Spira, et alLl62MReasons for the absence of association of
brain volume loss with night-time or weekday dawimleep in our study are unclear

although the direction of effect was consistente Blabjects were all past conventional UK
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retirement age but nonetheless may have had weelaagitments and more time to rest
during the day at weekends. The finding is conststeth the Honolulu-Asian Ageing Study
(n=167) which found that reduced slow wave sleemiified with polysomnography was

associated with brain atrophy at post-mortem omamgee10 years later.(Gelber, et al., 2015)

The association of increased PVS with interrupledsis also notable. PVS are pathways
for clearing interstitial fluid and metabolic wastich is thought to increase during sleep, at
least in rodents.(lliff, et al., 2015) IncreasedFP®¥h MRI associate with SVD, hypertension,
cognitive decline and dementia.(Debette, et all82Xrancis, et al., 2019,Passiak, et al.,
2019) Increased PVS visibility was associated sssetionally with abnormal sleep
efficiency in two studies on polysomnography,(Beiezt al., 2015,Del Brutto, et al., 2019)
but an association with sleep quality did not segvto-variate adjustment in a larger sample
of community-dwelling subjects.(Del Brutto, et a2019) Sleep efficiency reflects some
elements of interrupted sleep that we found todse@ated with increased basal ganglia PVS
in co-variate-adjusted analysis in the presentystiitiese findings require confirmation in
larger studies in other populations and in longitat analysis. Data on PV&inction in
humans, including in wakefulness versus sleep,ery VWimited.(Ringstad, et al., 2017) If
sleep is important for PVS fluid clearance in husgjathen enlargement of the PVS in
subjects with interrupted sleep might indicatedlstagnation and waste deposition in PVS,
consistent with increasgtdamyloid seen in brain and CSF with short-termsl@isruption in
volunteers.(Ju, et al., 2017,Shokri-Kojori, et &018,Varga, et al., 2016) However, the
present cross-sectional study does not determenditbction of association and it is possible
that sleep interruption might reflect adverse affext dilated PVS on sleep control centres in
the hypothalamus. These findings will be examineébngitudinal studies to determine the

direction of effect.
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We did not find associations between WMH, a commuarker of vascular disease and
dementia,(Debette, et al., 2018,Georgakis, e2@l9) and sleep variables, but the study may
have been underpowered to detect a small assatidtawever, with 457 subjects, this is the
largest study of usual sleep habits and brain adsng date. Our findings concur with one
other community-based sample with a wide age rahgebier, et al., 2015) but not with
several other studies which included population# wore vascular disease or pathological
sleep, e.g. 237 persons of poor cardiovasculattheaan age 70 where poor sleep quality
was associated with WMH,(Del Brutto, et al., 20150 subjects with clinically-defined
OSA in whom the severity of sleep apnoea was inaégetly associated with WMH(Song,
et al.,, 2017) and 104 persons in whom OSA was &dsdcwith WMH.(Del Brutto, et al.,
2017,Ramirez, et al.,, 2015,Sharma and Culebrasg)2Uhe absence of an association
between sleep measures and WMH in the LBC1936 neflgct that WMH may be
associated with OSA specifically (rather than usle¢p habits), that LBC1936 subjects have
better average cardiovascular health than popukitaitending sleep clinics, the wider age
range of subjects in other studies increasing igle of confounding WMH associations by
age, or the lower sensitivity of self-reported pleeariables versus polysomnography.
However, the sleep questionnaire detected smddrdiices in sleep variables between men
and women, in those with diabetes or arthritidhiea ¢urrent analysis, and with subtle changes
in cognitive function in prior analysis,(Cox, et,a2019) suggesting that it is sensitive to
modest associations with other variables. We sughes further analyses of associations
between sleep variables and WMH are required inujapns with high or low
cardiovascular risk profiles and/or pathologicatesl complaints to determine if the
association of sleep parameters and WMH is skewaqehbent characteristics or increases in

pathological sleep states.
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The study strengths include the large sample, naage range minimising the confounding
effect of age, and use of extensively validatedgimg measurements. The study limitations
included use of a self-report questionnaire rathan polysomnography or other recording
device. This may have reduced our sensitivity fetedting modest associations between
sleep timings, including the derived variables sashsleep efficiency, and brain changes.
However, devices may not be completely reliable; sieep measures were internally
consistent and identified small but significantfeliénces for some characteristics including
cognition.(Cox, et al., 2019) Longer night-timeegeduration, better sleep quality and sleep
efficiency were all positively correlated; reduaagdht-time sleep was associated with more
daytime sleep, interrupted sleep and lower sleeglityu These consistent associations
support the reliability and validity of self-reped sleep data.(Buysse, et al., 1989,Cox, et al.,
2019) The association of diabetes and arthritid vgihorter night-time sleep duration is
unsurprising since diabetes may increase noctuniaathritis causes discomfort. As noted
above, the study may have been underpowered totdetme subtle associations, although to
the best of our knowledge it is the largest stunlylate to assess sleep variables and age-
associated brain lesions. We did not perform a powedculation since the sample was
limited by the available cohort. Computational noelh to assess PVS are now
emerging(Ballerini, et al., 2018) which can quantibt only PVS count and total volume but
also individual PVS length, width, size, sphericitycation and orientation and these may
prove to be far more sensitive in future analysisibtle associations between early PVS
pathology and sleep habits. We did not assessprdrat for, the influence that respiratory
function, body mass index, use of medications, mmopresence/absence of a partner might

have on sleep since the current focus was braiculeasand neurodegenerative markers and
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sleep, corrected for common vascular risk factos diseases that are known to affect SVD

features.(Debette, et al., 2018,Georgakis, eR@l9)

Sleep is important for brain health. One night l&fep deprivation,(Shokri-Kojori, et al.,

2018) deliberately interrupted slow-wave sleep,@ual., 2017) and reduced slow-wave
sleep(Varga, et al., 2016) are associated witreasgd3-amyloid in the brain(Shokri-Kojori,

et al., 2018) or CSF(Ju, et al., 2017,Varga, eRall6) of healthy volunteers. The association
of reduced sleep duration, quality, efficiency andreased sleep interruption with brain
atrophy and increased PVS provides structural zde® whereby sleep impairment might
affect brain health. Future research should addilesg-term associations of sleep
parameters with neuroimaging markers of neurodegéina and vascular disease, and with
cross-sectional or longitudinal measures of cogmitand physical function and general

health.
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Figure L egends:

Figure 1. Scatter plot with regression line showing assoantibetween (a) Daytime sleep
duration at weekends and % TBV in ICV and (b) Dagisleep duration at weekends and %
NAWM in ICV. Note, Beta (p values) account for all covariateshim models, including
age, sex, diabetes, smoking, BMI, cholesterol, iggod pressure, stroke, cardiovascular
disease, peripheral vascular disease and arthiiBd/ = Total Brain Volume. ICV =

Intracranial Volume. NAWM = Normal Appearing Whitéatter.

Figure 2: Scatter plot with regression line showing assoongibetween (a) Sleep efficiency
and % NAWM in ICV and (b) Sleep efficiency and % WNh ICV. Note, Beta (p values)
account for all covariates in the models, includiage, sex, diabetes, smoking, BMI,
cholesterol, high blood pressure, stroke, cardiovias disease, peripheral vascular disease
and arthritis. TBV = Total Brain Volume. ICV = l@itranial Volume. NAWM = Normal

Appearing White Matter.
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Table 1. Demographic, health, sleep and imaging paramé&iethe study population

N=457 Measures Mean (SD)
Demographic Age in years, mean (SD) 76.31(0.65
% men 53
YES NO
Health conditions| Hypertension (%) 55 45
Diabetes (%) 12 88
Prior stroke (%) 11 89
Smoking (%) current or ever smoked 49 51
Hypercholesterolemia (%) 47 53
Cardiovascular (Heart) disease (%) 33 67
Peripheral vascular disease (%) 21 79
Arthritis (%) a7 53
Sleep Variables Measures of sleep Mean (SD)
Night-time sleep| Weekdays M: 6.92 (1.25), F: 6.73 (1.34)
duration (hours)| Weekends M: 7.00 (1.29), F: 6.79(1.36)*
Day-time Sleep | Weekdays M: 1.21 (1.61), F: 0.85(1.2)**
duration (hours)| Weekends M: 1.19 (1.68), F: 0.79(1.19)**
Sleep efficiency weekdays (%) M: 94.27(5.88)9E:73(7.85) **
Sleep efficiency weekends (%) M: 95.49(5.609E65(8.31) **
Sleep Quality, Median and IQR, 2 (1), of 4 caréep
Interrupted sleep NO = 82% YES = 18%
Brain Imaging
findings PVS BG, Median (IQR) 1(0)
PVS CS, Median (IQR) 2 (1.00)
Mean (SD) % in ICV, Mean (SD)
ICV (ml) 1439.04(1367)
TBV (ml) 975.73(90.69) 68 (21)
WMH (ml) 15.86(14.64) 11 (10)
NAWM (ml) 464.59(53.21) 32 (20)
GM (ml) 465.79(43.31) 32 (20)

Note. BG = Basal Ganglia, CS = Centrum Semiovaé$ = Perivascular Spaces, WMH = White
Matter Hyperintensity, NAWM = Normal Appearing WaiMatter. GM = Grey Matter. TBV = Total
Brain Volume. ICV = Intracranial Volume, CVD = caoslascular disease, M= Male, F=Female, *
Male significantly different from female at P<0.0%. Male significantly different from female at
P<0.001, Independent t-test. ** Male significardifferent from female at P<0.001, Mann-Whitney
U test.
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Table 2: Linear regression models (A, C) and multinomégression models (B), all fully
adjusted, for the association between sleep duatiterrupted sleep, sleep efficiency and
brain parameters

Night-time sleep

Night-time sleep

Day-time sleep

Day-time sleep

A duration, weekdays, duration, weekends duration, weekdays duration, weekends
Standardize@ (P value)
PVS BG | 0.078 (0.092) 0.077 (0.099) -0.035( 0.461) | 0.031(0.517)
%WMH | 0.000 (0.980) 0.000 (0.970) 0.05 (0.28) 0.02%)
% TBV -0.038 (0.453) -0.051 (0.321) -0.075(0.151) | -0.11(0.030)
%
NAWM |-0.031 (0.524) -0.036 (0.465) -0.09(0.07) -0.12(0.014)
B Interrupted Sleep
OR (95% CI) SE P value
PVS BG | 1.84(1.08,3.15) 0.273 0.025
%WMH | 6.13 (0.00,999.99) 13.153 0.89
%TBV 99.9 (0.04,99.99) 6.722 0.139
%NAWM | 0.69 (0.00,999.99) 6.736 0.956
C Sleep Efficiency
Standardize@ (P value)
PVS BG | -0.029 (0.562)
%WMH | -0.056 (0.274)
%TBV 0.067 (0.217)
%NAWM | 0.13 (0.011)

Note. Sleep variables were the dependent variabléle brain parameters were the independent

variables. Distinct models were run for each sleapable and brain parameter. These final fully

adjusted models accounted for age, sex, diabateskisg, BMI, Cholesterol, high blood pressure,

stroke, cardiovascular disease, peripheral vascié®ase, other circulatory problems and arthritis.

PVS BG = Perivascular spaces in the Basal Gan@iH = White matter hyperintensities;

TBV=total brain volume; NAWM=normal appearing whitetter.
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Highlights

* Adverse usua sleep habits associate with key brain changesin older people.
* White matter loss may explain association of daytime sleep and processing speed.
* PVSincrease with interrupted sleep may indicate impaired brain waste clearance.

» Thesefindings may explain why usua sleep isimportant for older brain health.



