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Summary

Research on.the relationship between habitual sleep patterns and memory pegorma

older adults'is limited. No previowsudy has used objective and subjective memory
measuresin‘alarge, oldaged sample to examine the association between sleep and various
domains of memory. Our aim was to exantime association between objective and

subjective measures of sleep with memory performamolder adults, controlling for the
effects of petential confounds. 173 community-dwelling older adults aged 65-89 years in
Victoria,;/Australia completed the study. Objective sleep quality and length were ascertained
using the Actiwatch Mini-Mitter, while subjective sleep was measured using the Pittsburgh
Sleep Quality Index. Memory was indexed by tests of retrospective memory (Hopkinad Ve
Learning Test= Revised), working memory (n-back, 2-back accuracy), and prospective
memory (ahabitual buttorrgssing task)Compared to normative data, oveadirformance

on retrospective' memory functievaswithin theaverageange Hierarchical regression was
used to'determine whether objective or subjective measures offsledicted memory
performancesgfter controlling for demographics, health, and ma&dter controlling for
confoundsactigraphic sleep indicégreater wake after sleep ondetigersleep onset

latency, and longenptal sleep timepredicted poorer retrospective R = .05,p = .016) and
workingfmemory 4 RZ = .05,p = .047). In contrast, subjective sleep indices did not
significantly predicimemoryperformancesin community-based older adults, objeclyve
measured, habitual sleep indiggedict poorer memory performances. It wil important to
follow the sample longitudinally to determine trajectories of change over time.
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Reductions in the length and quality of sleep are common in normal ageing (Ohayon
et al., 2004)and while recent research has evaluated the importance of sleep for general
cognition (Yaffe etal., 2007), and memory consolidation feestiing(see Sculliret al.,

2015 for cemprehensive revievifie relationship betwedrabitualsleeppatternsand

memory in older adults has not been sufficiently studied (Cochrane et al., 2018itNais
al., 2011, Seelye et al., 2015; Wilckens et al., 20D4éjerioratiorin various domains of
memory isccommon with age; and, evaluating the relationship betvedxtualsleeppatterns
and domains ofmemory(such as retrospective memory, working memory and prospective

memory) will contribute to strategies for improving cognitive health inregpopulations.

In studies using polysomnography, which examines cerebral sigepstates in
addition toother physiological changes that occur with sleep, and is the gold stndard
objective sleep measuremeimiglices of good sleep quality have been associated with better
subsequent memory performance (Lafortune et al., 2014; see Scullin et al., 201%f0). revi
However, beecause polysomnograptydies are usually conducted in slésporatoriesboth
the monitoring equipment and sleeping in a novel environment can |defuption to a
person’s normal sleeparticularly on the first night of recording, known as first night effects
(Edinger et.al., 2001)urthermore, idaboratorystudies generally restrict sample sizes,
reducing thesreliability of any found relationships. Actigraphy, which uses gebaged
algorithms'to.infer sleep/wake states, offers an alternative apphimabiective sleep
measurementVhereast cannot mesure sleep stages or microarousals, it involves
unobtrusive €ollection of successive nights of sleep data in naturalisiigjsethereby
providing a measure of habitual sleeping patterns, and lends itself to the ppssibiuch
larger sample sizeélthough the existing actigraphy literature suggest no relationship
betweerhabitualsleep duration and memargcallor working memory in older adults
(Cochrane et al2012; Wilckenset al., 2014); consensus is lacking about whether indices of
habitualpoor sleep quality are associated with poanemory(Cochrane et al., 2012,

Naismith et al., 2011; Seelye et al., 2015; Wilckens et al., 2014). Interpretation of study
findings is limited by the use of mixeaye samples, small sample sizes, possiblesioriwf

people with sleep apnoea, and the use of clinical samples which provide atypicebsaye-
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data. The relationship between habitual sleep patterns and memorychnical; olderaged
samplestherefore requires further evaluation.

Research ohabitualsleep patternand memory in older adults has also been
conducted,using,subjective measures of sleep, however, the area is again marked by
significant ineensistencies in outcomes. Selfforted sleep quality, with the exception of
sleep onset latency (time taken to fall asleep), has not generally been associated with poor
memorysinselderadults, after controlling for depresgi@amaldoet al.,2008; Jaussent et al.,
2012; Nebesset.al., 2009; Schmutte et al., 2007; Sutter et al., 2012; Twetralge2006;

Waller et al., 2015), although there are except{diBer et al.,2014), and others have
reported self-reported poor sleep quality at age 70 (but not age 50) to be assodiated wit
greater lifetime risk of developing dementia, in particulaah&imer’s disease (Benedict et
al., 2015).

Shorter subjective sleep duration has been associated with poorer verbay memor
performance in a large cohort study of 50-85 year olds (Xu et al., 2011). However, others
have found,shert sleep duration to be asged with poorer memoriy middle aged-adults
(50-64 year,olds)but not in older adults aged 65 and above (Miller et al., 2014). In addition,
a declinetin“sleep duration from a baseline-8fhours per night has nbéenassociated with
lower retrospeitive memory performance (Loerbroks et al., 2080)d while shorsubjective
sleep duration in a sample spanning middle-age to older adulthood was associated with
greater betamyloid burden (Spira et al., 2013jort sleep in midlifevas notassociated
with subsequent increased riskAltheimer’s diseasan late lifein a much larger cohort
(Virta et al., 203B).

In gontrast longer sleep duration hasore consistently been associated with poorer
memory;,‘andthe development of dementia ofAtzbeimer’stype(BenitoLeodn, et al.,
2009; Loerbroks et al., 2010; Miller et al., 2014; Schmutte et al., 2007; Virta et al, X2013
et al., 2011), althoughot allfindings have been consistent (Nebes et al., 2009; Tworoger et
al., 2006; Waller, et 812015). A difficulty in explaining these discrepant findings is due to
most studies employing subjective measures only and the degree to which sulgpotitve r
reflects actual sleep is unclg@uysse et al., 2008)Vhile the mechanisms for the observed
relationships between long subjective sleep duration and poorer memory remain contended, a
number of possibilities exist; for example, degeneration of cholinergic neurdresbagal
forebrain (Stern et al., 2015) or underlying poor health (Fang et al., 2014; Ramp2&L 4.
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could contribute to both. Another possible mechanism by which longer sleep may cause poor
memory in older adults is through a process of over-downscaling of synaptic weighlis (Sc

et al., 2013). Downscaling of synapses that accrue during wakefulness is a process that has
been hypothesised to occur during slow-wave sleep to promote neural efficiency (Ttononi e
al., 2003): Itthas, however, alseen proposed that a relatweer-downscaling of synaptic
weights can occur in the case of older adults in whom slave sleep is preserved (albeit at
lower levels), but'the accrual of synaptic weights during the waking day is overlyistieul

as a reglt of ageing (Scullin et al., 2013). Finally, poorer memory may lead to longer sleep
through a process of compensation, whereby older adults with poorer memory function are
cognitively.exhausted as a result of increased mental effort required forutaitioh, and

thus sleepdonger as a result. Further research, however, is required to substantiate these

varied explanations.

Existingstesearch is further limited in only examining memory performance through
tests of retrospectivememory (the retrieval of explicit, episodic informatigi)oscovitch,
1992) and"working memory (the temporary storage and manipulation of information)
(Baddeley, 1992), even though researchers are now recognising that prospective memory (the
capacity to remember to perform an intended action in the fytirgteinet al., 2012)s an
important aspect of everyday memory. In younger adults, sleep, in particulavaiev-
sleep, isdnvolved in the consolidation of prospective memory intentions (Biakelet al.,
2013 Scullin et al, 2010). The relationship between sleep and prospective memory has not
been examined in older adults but is important to evaluate as prospective menmgrnas
identified as-eritical for the maintenance of independence in activitieslyplidig
(Schmtter-Edgecombe et al., 2009).

The.objective of this study, thereforeas to investigate whether habitual sleep
patterns (using.objective and subjective measures) predicted various domainsoof mem
performaneesimeommunity-living older peop&leep measures were collected prior to
memory assessment, although collection of prospective memory data and actidgeaphic s
data were.eompleted in parallgVe mitigated the effects of potential confounds by
controlling fer.mood and health disorders, and excluded people with reported sleep slisorder
Although objective and subjective measures of sleep are often not assdbered
evidence thabothmay predict memory performanck.was therefore expected that both

objective and subjective measures of gslegp quality would be associated with better
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memory, whereas objective and subjective measures indicating long sleep ducalchev
associated with poorer memory.

Method

Participants

Twe-hundred older adult volunteers from Victoria, Australia were recruited through
experimenter.networks and advertisements in community-based organisations. Inclusion
criteria were: (i265 years; (ii) fluent in English; (iii) independent in activities of daily living.
Exclusion criteria were: (i) presence of diagnosed dementia or mild cognitive impairment;
(i) history'of neurological or psychiatric disorder that may affect cognition; (iii) low
cognitive statugMini Mental State Examinatioscore of <2% (iv) uncorrected impairment
of vision, hearing, or communication that would interfere with study participatipppét-
hoc exclusion of those who self-reported a diagdsteep disorder. The research was
approved by“La Trobe University human ethiosmanittee, and all participants provided

written informed\consent.

Assessments

As part of a larger study on memory in ageirgytipipants completeduestionnaires prior to
two neuropsychologicassessment sessions, with measures of objective ptesgective
memoryanda subjective sleegiary collectedbetween the two sessions, spaced two weeks

apart

Objective SleepsActigraphy is a widely used instrument that objectively estimates sleep
guantity and quality based on wrist movement measured usistywatchlike devices. Itis
light-weight,"non-intrusive, and validated in older adults (van Hilten et al., 1998)vity
data were'sampled in one minute epochs using a medium (default) thresholdpfavadtee
determination (Actiwatch 2 MirMitter, Phillips-Respironics, OR, USA), over a fortnight
(mean = 13.38 days§D = 1.79]). Bedimes and Ris¢imes were determined by concordance
between light, activity, and sleep diary data. Nocturnal sleep quality was indexgavhig
after sleep onset (WASGQ; [mins]), and (ii) sleep onset latency (SQ4[mins]). Nocturnal
sleep quantity was indexed by total sleep time (& Tminutes in bed scored as sleep).
These variables relate distinct aspects of sleep measurementelzeen used in other
relatedresearci{Cochrane et al., 2012; Wilckens et al., 2014), and were not lighiglated
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(WASOaci andSOLacii  =.46,p <.001;WASOaqi andTSTagi r =-.19,p = .006; and
SOLaci andTSTagi r =-.19,p = .006), thus would not lead to multicollinearityregression

Subjective Sleep. The widely used PittsburgBleep Quality Index (PSQ(Buysse et al.,
1989)was completed by participants prior to the first cognitive assessment Jeésstogtest
r =.87) (Backhaust al., 2002 The PSQlassessesleep over the month prior usiag
guestions which are converted into seven subscale scanging from 0-3with higher
numbers indicating poorer sleep), the sum of which provides a global lscorder touse
subscales:that.appear to provide a similar construbetactigraphic sleep variables, and to
avoid multicollinearity in regressions, the following variables were extracted for analysis
Sleepquality was indexed by(i) the subscale score for SleBsturbancesq, and(ii) the

raw score foSOLpsq. Sleep quantity was indexed by the raw score forsE&TWe also
included thessubscale score DaytiBysfunctiornpsgito indicate the subjective impact of
sleep on daily.function. Incompletesponses to thguestionnaires led to missing data on
some of the PSQI variablegéulting inSOLpsq N = 164; TSTesqi N = 169; Daytime
Dysfunctiofesgi:n = 171).While wearing the Actiwatch, participants completed a sleep

diary, with bedtime andrise-time used to aid scoring of the actigraph.

Memor y'Performance. The Hopkins Verbal Learning TesRevised (HVLFR) (Brandt et
al., 2001) was-administered, using the standard procedure, in the second assessimient se
This task'is a wordist memory task in which the experimenter orally presented a&a® it
wordlist from three semantic categoridhere are three learning triglnd participants are
asked to recall'as many words as they can after each frtak was followed by a 20-30
minute delay with a subsequent delayed fiezll trial without epresenting the worlist;

and, the total number of correct words in the delayedr&rea trial was used as the index of
retrospective memoryn the delay between the learning and delayed recall trials;ltaekn
task was administered (conditions 0-, and 2-back). Workingnemory was assessed by the
n-back taskygack condition(accuracy) This computer-based task consisted of two blocks
of 30 trialssefsrandom lower case letters presented for 500 milliseconds, fiwddanter-
stimulus interval of two seconds. Participants indicab&da numeric keypad, whether or not
the currently'presented letter was the same as the one presentedviauspyrewhich

occurred 10 times in each of the 30 trial blocks.

Prospectivanemory was assessed usingélient marker button dine Actiwatch

that had been provided in the first assessment session to objectively reepnoasterns.
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The event rarker huttonrecords timestamped information when pressed. At the end of the
first assessment sessiamaddition to the general instructions about wearing the watch,
participants wereasked to press the event markatton daily when getting into bed and
intending to go to sleep (i.e., at “lights out”), and upon rising from bed in the morning over
the two weekassessment periddyped instruction sheet about the use of the actiwatch was
also provided to each participant but they were not informed thatdtteations contained a
memory testThe actiwatch was returned at the second assessment session. Successful
prospective memory performance was determined by the proportion of button presses withi
10 minutes_.of Riséime over the tweweek assessment peri@avuoto et al.,n press)Rise

time prospectivenemory was selected fdre study variable as it waslevant to

investigating the relationship between sleep and prospective memory perfermanc

Duerstorlogistic reasons, one participant was unable tpletenthe second assessment
session, and.data were lost for four participants following n-back admimis{rathich led to
n= 172 forthe HVLT-R, and = 168 for the n-back.

Vigilance. Vigilance was objectively measured using a 5 minute psychomotor vigilance task
(PVT; Thorne et al., 2005). This was administered in the same testing sessiet®4t.T-R

and n-backtask"(approximately 20 minutes prior to these tasks). Due to l@&gsbos, data
were only collected on 162 participants. Total number of lapses (i.e., response »5@kms

included as a covariate.

Health. Three indices of health were use@ The number ofedf-reported vascular medical
conditions (sum, of transient ischaemic attack, heart problem, high cholesterappoy
diseasehigh,bleod pressure, and diabetes), an approach similar to that used by others
(McKinnon et al., 2014)ii) the number oselfreported, curremnedications; andii) the

PSQI subscalefor frequency of sleep medication use (dichotomised into those wtealrepor
medicationuse versus no medicatiose over the past montijor the latter question there

were missing data for two participants.

Mood. The.21-item version of the Depression, Anxiety, and Stress Scale (DASS-21) is a
well-validated .measure of mood (Loviboatal, 1993).Items are rated-8, with higher
numbers indicating greater severiBach scale is multiplied by two to reflect the full (42-
item) version of the scaléndicesof depression, anxiety and stress were derwét

Cronbach’s alpha levels of .72, .62, and .80, respectively.
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Statistical Method

Outliers were replaced with a value just outside ofiedian + 3 xnterquartile rangé*®”).
Skewd or kurtdic variablesvere squareoot (“°?") or naturatlog transformed ("), and,

where necessaryvere reflected before transformatiof ¥/ "\

). Analyses were

conducted using transformed variables. The assumption of linearity was considetdd uphe
In order to determine the contribution of sleep variables to memory perfornoaecend
above that-aceounted for by potentially confounding variables (i.e., demographics, health, and
mood), thefellewing analyses were conduciBdo hierarchical regressions were performed
to determine whether i) WASQ:i, SOLaci, and TSThei; and i) SleepDisturbancesg,

SOLpsql, TSTesqi, Daytime Dysfunctiornsgipredicted HVLTR delayed recall,-Back

accuracy, and Riseéme prospective memorgfter controlling for age, gender, vascular
conditionsynumber of medications, use of sleep medications, depression, amdetiyess.
Additional analyses were conducted to determine whether vigilance accounted for any
observed relationships betweeaey) measures and retrospective and working memory

performantes. We also present associations between each variable in a comelaitkon

Results
Participant Characteristics

From 200 participants who completed the study, actigraphy data on seven were lost
due to recording malfunction, one participant chose not to wear the Actiwatch, and 19
participants,were excludetle to sleep disorde(sleep apnoea: 13; restless legs syndrome:
4; insomnija:1; delayed sleep phase syndrome: 1). The mean agdimétisamplgn = 173)
was 73.78¥D'='5.73yeary, 65.3% were female, 55.5% had more than 12 years of
education, and the average estimated intelligence (Test of Premorbid Furetoson
Assessments, 2009)as inthe average range at 109.3D (= 11.26).

Retrospective mmory performanceas average (see Table 1), dedels of
depression, anxiety, and stregsre comparable toormative datgCrawfordet al.,
2003)The averagactigraphicallyderivedbedtimewas 1055pm (SD = 54.14 minutes), and
theaverage Riséime was 722am (SD = 48.07 minutes). Normal levels of sleep complaint
were reported by 58% of the sample (i.e., GlIoMBQI<5). Other sleep parameters are listed
in Table 1. Bcause the dependent variables (HMR @elayed recall2-backaccuacy, and
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Risetime PM) were not correlateshore than .7, (i.e., HVLT-RKelayed recall and-Back
accuracy = .27; HVLT-Rdelayed recalandRisetime PM r = .22; and 2-backccuracyand

Risetime PMr = .16) the following analyses were not corrected for multiple comparisons.
(insert Table 1)

Prediction'of Memory Perfor mances

Retrospectiveimemory. For HVLT-R Delayed Recall, in Step 1, age, gengascular
conditions; number of medications, use of sleep medications, depression, amdetiress
explained 22:8% of the variand® = .23, F(8, 161 = 5.95,p<.001, with better performance
associated with younger age € -.21, p = .002), female gendesr(=.18,p = .010), and

lower anxiety:§r=-.16,p = .019). In Step AVASOacii, SOLaci and TSThei explained an
additional 4:8%/0f the variancaR? = .05,AF(3, 158) = 3.52p = .016, with longer TSH

and SOlaf being associated with poorer performarges; -.16,p = .020 andsr =-.13,p =
.056, respectively (see Table 2).dontrast, using subjective sleep measures (Sleep
Disturbancesg, SOLpsq, TSTesq, DaytimeDysfunctiornpsg) in Step 2 did noéxplain
additional variance\R? = .02,AF(4, 149) = 0.72p = .581 (see Tabl8). We performed a
further hierarehical regression to determine whether vigilance explained the relationship
betweens@actigraphic sleep and HVRIPelayed Recall. In Step 1, we added PVT lapses to
the demographics, which in total explained 24.2% of the vari&@ice,24,F(9, 150) = 5.32,
p<.001; however, PVT lapses did not contribute significant unique variance to the raodel, (
=-.12,p = .208); and the amount of variance explained by the subsequent actigraphic
variables inuStep 2 remained much the same, 4.6% of the vardRice,.05,AF(3, 147) =
3.14,p = .027, with similar unique contributions from TST and S8I5 -.16,p = .025 and

s =-.12,p=.080, respectively.

Working memaory. For 2back accuracy, in Step 1, age, gendascular conditions, nuoer

of medicatioensyuse of sleep medications, depression, anxiety, and stresseajglaint
significant.vafianceR’ = .09,F(8, 157) = 1.84p = .074. In Step 2WASOaci, SOLaci and

TSTaci explainedan additional 4.6% of the varianceR? = .05, F(3, 154) = 2.71p = .47,
although no variable contributed significant unique varigiedle 3. In contrast, subjective
sleep (Sleepisturbancesq;, SOLpsqi, TSTesqi, Daytime Dysfunctiorsq) only accounted for

an additional 2.4% of the variance in Step® = .02,AF(4, 146 = 1.00,p = .411 (Table 3).

We also performed another hierarchical regression to determine whether vigilance explained
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the relationship between actigraphic sleep and 2-back accuracy. In Step 1, dv@¥dide

total lapses to #tndemographics, which still only explained 8.6% of the variaRfce,.09,

F(9, 149) = 1.56p = .133, and the actigraphic variables in Step 2 explained the same amount
of variance as previously (i.e., 4.6%), although the overall step became mangimally
significantprobably due to loss of power from having fewer participatE, = .05,AF(3,

146) = 2.55p = .058.

Habituak prespective memory. For prospective memorgiccuracyjn Step 1, age, gender,
vascular conditions, number of medications, usded#p medications, depression, anxiety,
and stresslid notiexplairsignificant varianceR? = .05, F(8, 167 = 1.08 p = .378. In Step 2,
WASOaci, SOLaci and TS did not explairsignificant additional variancaR? = .03,

AF(3, 15§ = 1.78,p = .152(Table 2) Similarly, usingSleepDisturbancesq;, SOLpsg,

TSTesq, DaytimeDysfunctionssqiin Step 2 did not account for significant additional
variance ARZ.=+03,AF(4, 149 = 1.28,p = .280 (Table 3). Although neither objective nor
subjectivessleep predictguiospective memory performansignificant zereorder
correlationsvere observed between poorer prospectieenory and longeobjective

WASOgi (r =-.16,p = .018)and longer subjective SQkq,, , and ( =-.19,p = .007),(see
Table4 for correlations)Four of the 173 participants made no button presses upon rising
from bed threughout the entire study period, which may indicate that they had forgotten or
did not understand the instructionstekfrerunning the analyses without these 4 participants,

prospective memory results were essentially unchanged.
(insert Table 2)
(insert Table3)

(insert Tabled)

Discussion

The primary findingsindicatethat objectivebut not subjectivesleep predictechemory
performanceSpecifically,after controlling for demographics, health, and mood, the
collective contribution of actigraphicaliyjeasuredongerWASO, SOL,andTST were
predictive of pooreretrospectivanemory (HVLT-R delayed recalland poorer working

memory (2back accuracywith greater unique contributions coming from TST and SOL.
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The inclusion of both objective and subjective sleep measures in a large sample of
communityliving older adults who were screened for gelported sleep disorders, were the

study’s major strengths.

In demonstratinghat longermbjectively measure@ST was negatively associated
with memoryperformance, the present stuektenekd previous research in older adults
which hagelied.onself-report to assom@te sleemuantitywith poorermemory(Miller et al.,
2014). OGnespossible explanation relating memory decline anteéaged changes sleep
wakecontrokweuld be if theghareda common underlying aetiologigr example age-
related reductions in wake-promoting neurons, such as the cholinergic neurons of the nucle
basalis of Meynert, are implicated in both memory performanceslaagwakecontrol(see
Stern et al.2015 for review). Furthermore, in older adults, sefforted longer sleep duration
has been associated with other negative health outcomes, ughersprevalence of stroke
(Fanget alsx2034), and increased brainite-matter hyperintensityolumes (Ramos et al.,
2014) which are associated with decreased memory perfornf8iibertet al, 2008). The
possibility that'objectively measured, long TST in the current study indireéitgtex] poor
sleep quality was not supported by the current data, as the correlati@ebetetigraphic
time in bed and sleep efficiendyhe proportion of time spent asleep compared to time spent
in bed)waslew. ¢ = -.07,p = .361). However, such an association may be more likely to be
observedin individuals with insomnieho, in an attempto compensate for perceived lack of
sleep, may stay in bed for longer periods, thus leading to lower sleep effiffermdmanet
al., 1991) Alternatively, bng sleep duration could reflect less restorative sleep in a way that
is not detegctedwby actigraphy,tbe effect of long sleemay be mediated by sleep stage or
other neurophysiological marketfsat occur during sleep, for example REM sleep or sleep
spindles (Lafortune et al., 2014). A further theory suggests that in older athvtsyave
sleepmay in fact' be deleterious for memory (Scullin, 2013). Synaptic downscaling has been
proposed as a process that occurs during-slawe sleep in which there is a pruning of
synaptic weights that accrue over the waking day as a result of experiences Efl@honi
2003). It has been suggested that slow-wave sleep could have a negative impact on memory
in olderfadults through a process of synaptic over-downscaling when the accrual of synaptic
weights has decreased as a process of ageing but downscalimgstiunimvave sleep is
maintained (Scullin, 2013). However, support for this theory is difficult to gaugleeys

stages were not measured in the current study
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The current study also demonstrated a relationship between tajgetiveSOL and
poorer memory, adding to the growing body of evidence suggesting that longer SOL is
associated with lower performance in other domains, such as attention all¢¢afferet al,
2007). The current finding was not accounted for by mood or age, which has previously been
associated with"'SO{Naismith et al., 2011; Ohayon et al., 2004 has been speculated that
difficulties/with sleep onset and maintenance with age may reflect, as is observed with other
aspects of sleep, broader changes in cortical volume and str{i®tysse et al., 2005), and
for this reason may be associated w&tluced memory performancAlternatively,
preliminary_findings have indicated an association between longer subjectiven8OL a
greater betamyloid burden in healthy adults (Branger et al., J@b&ference abstract]

Spira et al§'2013). However, whether underlying Alzheimer’s disease pathology could
explain the relationship between longer objective SOL and poorer memory in et curr

study are speculative, and further research is required to understand the potential mechanism.

Lack of a strong relationship between prospective memory and sleep may be due to
the nature“ofthe prospectimeemory taskin a naturalistic settinddecause older adults often
outperform younger adults in naturalistic settings (Reradell, 2000) this may indicate that
older people with subtle memory decline may be able to modify their behaviour in
naturalistic Settingghereby mitigating cognitive impacts that sleep may have on
performance. The prospective memtasgk (i.e., pressing th&ctiwatch Event Marker
button within 10 minutes of rising from bed) may, however, have been affected by sleep
inertia, whieh has been shown to ocuolder adults over the first 30 minutes following
waking (Silvaret,al, 2008), and could explain the reason sleep did not predict ptogpe

memoryperformance.

The.current study found no association between memory and subjective sleep quality
or quantity; which is consistent with some (Sutter et al., 2012), but not othechgddiler
et al., 2014;*Schmutte et al., 2007). Previous studies are likely to have includedytople
sleep disorder@Vliller et al., 2014; Schmutte et al., 2007; Waller et al., 204%¢h as sleep
apnoea, which'is independently associated with memory impaifiweatiaceet al.,2013),
and may aceount for sonoé the associationgreviouslyreported between subjective sleep
measureand memonyperformanceFurthermore, a difficulty with interpreting subjective
measures of sleep is that they do not always correlate highly with objective measures of
sleep, particularly in older adults (Buysse et al., 2008) tlsdvas also observed in the

current study.
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The current findings arenportart because of theignificant inconsistencieand lack of
consensus previous researcabout how sleep predicts memory in older adplsticularly

in non<linical populations. Although we attempted to control for a variety of potential
confounds, limitations includine reliance oselfreported presence of sledgorders,

number of medications, and vascular medical conditibistherefore possible that the
sample contained people with undiagnosed sleep disorders. However, sleep disorders are
commonly, although not always associated waktonedysfunction (as indicated by the
PSQI),of which there were not high levels in this sample, nor didichedysfunction

predict memory. performances. Both of these observations would indicate that thatiassoc
between actigraphic sleep indices and memory performances are less likely tabeedxpl

by the presence of sleep disorddrgurther limitation is that cognitive testing occurred at
different times 'of day across participants and should be controlled in further sueines
though as noted in our statistical method section, controlling for vigilance, whichhraage

at different times of the day, did not change the study results. Duedm#ssectional

design, the present study cannot confidently addressatisal directions on reported
associationss-Fhisuggests the importancefafther longitudinal research to determine
trajectories,of.change over tigmes understanding factors which affect memory decline will
have implications for the early detection and treatment of people aff igkveloping

memory impairment with advancing age. The relevance of the findings is highlighted when
considering the body of research demonstrating a relationship between sleep distanoanc
Alzheimer’sdiseaséPeterDerex et al.2015). Further development of behavioural and
neurobiological models will be useful in explaining the mechanism behind the current
findings. For example, future studies may be able to test whether there is a causal association
between longer sleep and poorer memory by restricting sleep (minimatiiger adults with

long sleep duratioto see whether memory performances improve.
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Tables

Table 1

Sleep and memory in older adults 1

Descriptive Statistics on Memory, Sleep, Health, and Mood

Mean/Median (SD/IQR}

HVLT-R Total Trials 1-3 24.83 (5.28)
HVLT-RTetal"T=score 51.47 (10.38)
HVLT-R DelayR3° 9.00 (4.00) a
HVLT-R Delay T-score 52.00 (18.00) a
2-back accuracy "N (Total) 48 (9.00) a
PM % accuracy. 57.16 (26.20)
WASOnci ©=%(mins) 47.86 (22.04) a
SOLaci 2N(mins) 6.14 (7.93) a
TSTaci © (HFs: mins) 7:16.79  (1:12.36) a
Sleep Disturbanggg (subscale score) 1.23 (0.50)
SOLpso % 3%(mins) 15.00 (20.00) a
TSTrsoi(MiNS) 418.58 (65.98)
Daytime Dysfunctiopsq (Subscale score) 0.59 (0.58)
Global PSQI 5 5)a
Number of Vascular conditions 1.29 (2.19)
Number of Medications® 3.00 (4.00) a
Sleep medications (% Y) (20.8%)
Depressiof?:t™ 2.00 (4.00) a
Anxiety ON 0.00 (4.00) a
Stresg™ 4.00 (8.00) a

@ Medians and Interquartile ranges reported for skewed variables. HVLT-R: Hopkins verbal
Learning Test.Revised; WASO = wake after sleep onset; SOL = sleep onset latency, TST =
total sleepitime. Sleep medications (% Y) = proportion of sample who endorsed use of sleep
medication over the past month; Acti = actigraphy; PSQI = Pittsburgh Sleep Quality Index;
Note. The following transformations were applied to variables used in andlysisutlier
transformed® = reflected prior to transformation?= square root transformed! = natural

log transformed.
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Table 2

Sleep and memory in older adults 2

Summary.of Regréssion and Hierarchical Regredsiafyses for Objective Measures of Sleep,

Demographic;"Health, and Mood Variables Predicting Retrospective Memory, Working Memory, and

ProspectivesMemory.

Change Statistics

Overall model

Dependent ] @
Variable B or Bloc AR AE Predictors B sr r R df F
1. Demographics, | .23 5.95%* | Age =23 .21 -30
Health, and Mood Gender (F) 19* .18 .23
Vascular -.17 -14 -27
Meds®? -08 -06 -.28
.23 (8,161) 5.95
HVLT-R Sleep Meds .03 .03 .02
Delayed Depressiol?™ .09 .08 -.07
Recall?SQ Anxiety ©N -18* -16  -.21
Stresg™ -13 -12  -13
2. Objective Sleep | .05 3.52% WASO %5 -.07 -06 -.16
SOL O -.15 -13  -19 .28 (3,158) 5.50
TST® -17 16 -12
1., Demographics, | .09 1.84 Age -.15 14  -14
Health, and Mood Gender (F) .08 .08 .09
Vascular -.10 -.08 -.08
Meds>® .07 .05  -03
2-back .09 (8,157) 1.84
Sleep Meds 13 A2 A2
accuracy  OLN
ORI Depressior? A9 17 .09
Anxiety Ot -.14 -12  -10
Stress™ -10  -09 -.06
270Objective Sleep | .05 2.71% WASO 9% -.10 -09  -12
SOLOW -13 -12  -.16 13 (3,154) 212
TST® -15  -14  -.09
1. Demographics, | .05 1.08 Age .06 .05 <01
Health,;and Mood Gender (F) .02 .02 .02
Vascular -.04 -03 -11
Rise-time Meds>® -17  -13  -16
.05 (8,162) 1.08
PM Sleep Meds .05 .05 .02
accuracy Depressio?™ .16 14 .10
Anxiety N -.05 -05 -.03
Stress™ -06  -.06 -.04
2. Objective Sleep | .03 1.78 WASO 9% -.11 -10 -.16
OLN .08 | (3,159) 1.29
SOL™ -.05 -04 -11
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TSTO .09 .08 .09

*p < .05, **p < .01, ***p < .001.2For each dependent variable, the first block shows the
contribution of demographics, medical factors, and mood, and the second block shows the
additional contribution of objective sleep. Note. The degrees of freedom reported in the table
vary because"of missing data on some variables. Vascular = number of vascular conditions;
Meds = number of medications, Sleep Meds = use of sleep medication over the past month;
WASO = wake after sleep onset; SOL = sleep onset latency; TST = total sleep time. The
following transformations were applied to variables used in analysisoutlier transformed;

R = reflectéd prior to transformation®= square root transformed' = natural log

transformed. To aid interpretation a negative sign for coefficients has only been used when
the relationship.ds negative, regardless of whether the variable was reflected in

transformation:
Table 3

Summary of Regression and Hierarchical Regregsiafyses for Subjective Measures of Sleep,
Demographic, Health, and Mood Variables Predicting Retrospective Memory, Working Memory, and

Prospective Memory

Dependent : . Change Statistics Overall model
Variable Predictor Bloc AR2 AF Predictors B sr r R df F
1. Demographics, | .23 5.65** | Age =23 .21 -30
Health, and Mood Gender (F) 19* .18 .23
Vascular -.17 -14 27
Meds®>® -08  -06 -28
.23 (8,153) 5.65
Sleep Meds .03 .03 .02
HVLT-R on
Depressiorf: .09 .08 -07
Delayed o OIN
RS Anxiety ~ -.18* -16  -21
Recall?5? \
Stress" -3 -12  -13
2. Subjective Sleep| .02 0.72 Disturbance -.03 -03 -.05
SOL 9@ -08  -07 -07
.24 (4,149) 3.98
TST -.02 -.02 .03
Day-Dysf. -11 -09 -14
1., Demographics, | .09 1.75 Age -.15 -14  -14
Health, and Mood Gender (F) .08 .08 .09
2-back
Vascular -.10 -.08 -.08
accuracy 0 .09 (8,150) 1.75
O.RLN Meds .07 .05 -.03
Sleep Meds 13 A2 A2
Depressiof?™  .19* A7 .09
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Anxiety OV -.14 -12  -.10
Stresg™ -.10 -09 -.06
2. Subjective Sleep| .02 1.00 Disturbance -.06 -05 -01
SOL 9@ <01 <01 .02
A1 (4,146) 1.50
TST -.12 =11 -1
Day-Dysf. -.09 -.07 -.03
1. Demographics, | .05 1.03 Age .06 .05 <01
Healthyand Mood Gender (F) .02 .02 .02
Vascular -.04 -03 -11
Meds®? -17  -13  -16
.05 (8,153) 1.03
Rise-time Sleep Meds .05 .05 .02
PM Depressio?™ .16 14 .10
accuracy Anxiety ©N -.05 -05 -.03
Stress™ -06  -.06 -.04
2. Subjective Sleep| .03 1.28 Disturbance <.01 <01 -.02
SOL 9@ -18* -17  -19
.08 (4,149) 1.12
TST .03 .03 .04
Day-Dysf. -.01 -.01 .05

*p < .05, **p <..01, ***p < .0012For each dependent variable, the first block shows the
contribution"of'demographics, medical factors, and mood, and the second block shows the
additional contribution of subjective sleep. Note. The degrees of freedom reported in the table
vary because of missing data on some variables. Vascular = number of vascular conditions;
Meds = number of medications, Sleep Meds = use of sleep medication over the past month;
Disturbanc¢e ="Sleep disturbance; SOL = sleep onset latency; TST = total sleep time; Day-
Dysf. = Daytime dysfunction. The following transformations were applied to variables used

in analysis:° = outlier transformed? = reflected prior to transformation?= square root
transformed-" = natural log transformed. To aid interpretation a negative sign for

coefficients hasonly been used when the relationship is negative, regardless of whether the

variable wassreflected in transformation.
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Table 4

Correlationsibetween Objective Memory, Sleep, Demographics, Mood and Health in Participants

Sleep and memory in older adults 5

HVLT  2back=PM WASO  SOL TST  Age Gend. Vasc. Meds>®  Sleep Dep®™  Anx°™  Stress  Dist.  SOL TST Dysf. PVT
RSQ RN ActiO'SQ ActiO'LN ActiO Meds N PSQI PSQlo'SQ PSQI PSQI o

HVLT | --

RSQ

2back | .27%

O.RLN

PM 22%* 16* ) -

WAS | -.16* -2 -16* -

OActi

0.8Q

SOL | -.19%  -716%, -.11 ABFr

Acti

O.LN

TST |-12 -:09 .09 S19% S 19v

Acti

Age | -30%* _14¥ <01  -02 -.04 12 -

Gend. | .23* 09 .02 -.05 -.13* 23 -11 -

(F)

Vasc | -.27%*  08=" -11 .10 .07 .03 A7 -16% -

Meds | -.28**  -03 -16* .12 -.01 11 360 11 ST

SQ
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Sleep
Meds

Dep
O.LN

Anx
O.LN

Stress
LN

Dist.

PSQI
SOL

PSQI
0.SQ

TST
PSQI
Dysf.

PSQI

PVT
O.LN

.02 12 .02 A1 .04 .20 .05 .20 <01 .14 --

-.07 .09 .10 .13 .02 -.13* .01 -.18** .09 .07 -.04 --

=21 -0 -.03 .20%* .05 .03 .06 .04 -.02 .09 .07 .33%r* --

-.13 -.06 -.04 .09 .05 <.01 -.13 .04 -.02 -.02 .07 .28%+* 34rx --

-.05 -.01 -.02 -.18** .05 .09 -12 -.01 .04 .10 25%** A1 A3* A3 --

-.07 .02 -19*  16* 24 .05 -.02 A7 .05 .07 21 -.07 .07 22%* A1 --

.03 -11 .04 .02 .01 .18* -.15* .07 -.04 -.04 =23 .03 .04 -.07 -.03 -.18* --

14* -03 .05 -.01 .01 -.05 .10 -.09 A1 .15* 14* ASFE A1 .16* 14 -10 .09 -

-.23% -.06 -.10 .03 .06 .04 .28*** -.02 .20%* 19** .01 .10 -.02 .16* -.03 .03 .02 .15* --

*p <.05**p< .01, **p <.001. HVLT: HVLT-R delayed recall; 2back: n-back, 2-back accurBist.psqi= PSQI Sleep Disturbance subscale;
Dysf.psqi=RPSQI Daytime Dysfunction subscalep = Depression; Anx = Anxiety; Vasc = number of vascular conditions; Meds = number of
medications; Sleep Meds = use of sleep medications over the past month (positive association = association with use of sleep medications,

negative association = association without use of medicatdfNE (number of PVT lapses > 500ms). For gender, positive associations = greater
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relationship with women, negative associations = greater relationship with men. The following transformations were applied to variables used in
analysis:© = outlier transformed? = reflected prior to transformation?= square root transforme'd! = natural log transformed. To aid
interpretation a negative sign for coefficients has only been used when the relationship is negative, regardless of whether the variable wa

reflectedin-transformation.
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