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Summary 

 

Research on the relationship between habitual sleep patterns and memory performance in 

older adults is limited. No previous study has used objective and subjective memory 

measures in a large, older-aged sample to examine the association between sleep and various 

domains of memory. Our aim was to examine the association between objective and 

subjective measures of sleep with memory performance in older adults, controlling for the 

effects of potential 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 2 Mini -Mitter, while subjective sleep was measured using the Pittsburgh 

Sleep Quality Index. Memory was indexed by tests of retrospective memory (Hopkins Verbal 

Learning Test – Revised), working memory (n-back, 2-back accuracy), and prospective 

memory (a habitual button pressing task). Compared to normative data, overall performance 

on retrospective memory function was within the average range. Hierarchical regression was 

used to determine whether objective or subjective measures of sleep, predicted memory 

performances after controlling for demographics, health, and mood. After controlling for 

confounds, actigraphic sleep indices (greater wake after sleep onset, longer sleep onset 

latency, and longer total sleep time) predicted poorer retrospective (∆ R2 = .05, p = .016) and 

working memory (∆ R2

 

 = .05, p = .047). In contrast, subjective sleep indices did not 

significantly predict memory performances. In community-based older adults, objectively-

measured, habitual sleep indices predict poorer memory performances. It will be 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 et al., 2007), and memory consolidation post-learning (see Scullin et al., 

2015 for comprehensive review), the relationship between habitual sleep patterns and 

memory in older adults has not been sufficiently studied (Cochrane et al., 2012; Naismith et 

al., 2011; Seelye et al., 2015; Wilckens et al., 2014). Deterioration in various domains of 

memory is common with age; and, evaluating the relationship between habitual sleep patterns 

and domains of memory (such as retrospective memory, working memory and prospective 

memory) will contribute to strategies for improving cognitive health in ageing populations.  

In studies using polysomnography, which examines cerebral sleep-wake states in 

addition to other physiological changes that occur with sleep, and is the gold standard of 

objective sleep measurement, indices of good sleep quality have been associated with better 

subsequent memory performance (Lafortune et al., 2014; see Scullin et al., 2015 for review). 

However, because polysomnography studies are usually conducted in sleep laboratories, both 

the monitoring equipment and sleeping in a novel environment can lead to disruption to a 

person’s normal sleep, particularly on the first night of recording, known as first night effects 

(Edinger et al., 2001). Furthermore, in-laboratory studies generally restrict sample sizes, 

reducing the reliability of any found relationships. Actigraphy, which uses activity-based 

algorithms to infer sleep/wake states, offers an alternative approach to objective sleep 

measurement. Whereas it cannot measure sleep stages or microarousals, it involves 

unobtrusive collection of successive nights of sleep data in naturalistic settings, thereby 

providing a measure of habitual sleeping patterns, and lends itself to the possibility of much 

larger sample sizes. Although the existing actigraphy literature suggest no relationship 

between habitual sleep duration and memory recall or working memory in older adults 

(Cochrane et al., 2012; Wilckens et al., 2014); consensus is lacking about whether indices of 

habitual poor sleep quality are associated with poorer memory (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 mixed-age samples, small sample sizes, possible inclusion of 

people with sleep apnoea, and the use of clinical samples which provide atypical age-related 
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data. The relationship between habitual sleep patterns and memory in non-clinical, older-aged 

samples, therefore, requires further evaluation.  

Research on habitual sleep patterns and memory in older adults has also been 

conducted using subjective measures of sleep, however, the area is again marked by 

significant inconsistencies in outcomes. Self-reported sleep quality, with the exception of 

sleep onset latency (time taken to fall asleep), has not generally been associated with poor 

memory in older adults, after controlling for depression (Gamaldo et al., 2008; Jaussent et al., 

2012; Nebes et al., 2009; Schmutte et al., 2007; Sutter et al., 2012; Tworoger et al., 2006; 

Waller et al., 2015), although there are exceptions (Miller  et al., 2014), and others have 

reported self-reported poor sleep quality at age 70 (but not age 50) to be associated with 

greater lifetime risk of developing dementia, in particular Alzheimer’s disease (Benedict et 

al., 2015).  

Shorter subjective sleep duration has been associated with poorer verbal memory 

performance in a large cohort study of 50-85 year olds (Xu et al., 2011). However, others 

have found short sleep duration to be associated with poorer memory in middle aged-adults 

(50-64 year olds), but not in older adults aged 65 and above (Miller et al., 2014). In addition, 

a decline in sleep duration from a baseline of 7-8 hours per night has not been associated with 

lower retrospective memory performance (Loerbroks et al., 2010); and while short subjective 

sleep duration in a sample spanning middle-age to older adulthood was associated with 

greater beta-amyloid burden (Spira et al., 2013), short sleep in midlife was not associated 

with subsequent increased risk of Alzheimer’s disease in late life in a much larger cohort 

(Virta et al., 2013).  

In contrast, longer sleep duration has more consistently been associated with poorer 

memory, and the development of dementia of the Alzheimer’s type (Benito-León, et al., 

2009; Loerbroks et al., 2010; Miller et al., 2014; Schmutte et al., 2007; Virta et al., 2013; Xu 

et al., 2011), although not all findings have been consistent (Nebes et al., 2009; Tworoger et 

al., 2006; Waller et al., 2015). A difficulty in explaining these discrepant findings is due to 

most studies employing subjective measures only and the degree to which subjective report 

reflects actual sleep is unclear (Buysse et al., 2008). While 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 neurons in the basal 

forebrain (Stern et al., 2015) or underlying poor health (Fang et al., 2014; Ramos et al., 2014) 
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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 weights (Scullin 

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 (Tononi et 

al., 2003). It has, however, also been proposed that a relative over-downscaling of synaptic 

weights can occur in the case of older adults in whom slow-wave sleep is preserved (albeit at 

lower levels), but the accrual of synaptic weights during the waking day is overly diminished 

as a result 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 for daily function, and 

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

varied explanations. 

Existing research is further limited in only examining memory performance through 

tests of retrospective memory (the retrieval of explicit, episodic information) (Moscovitch, 

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 future) (Einstein et al., 2012) is an 

important aspect of everyday memory. In younger adults, sleep, in particular slow-wave 

sleep, is involved in the consolidation of prospective memory intentions (Diekelmann et 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 memory has been 

identified as critical for the maintenance of independence in activities of daily living 

(Schmitter-Edgecombe et al., 2009). 

The objective of this study, therefore, was to investigate whether habitual sleep 

patterns (using objective and subjective measures) predicted various domains of memory 

performance in community-living older people. Sleep measures were collected prior to 

memory assessment, although collection of prospective memory data and actigraphic sleep 

data were completed in parallel. We mitigated the effects of potential confounds by 

controlling for mood and health disorders, and excluded people with reported sleep disorders. 

Although objective and subjective measures of sleep are often not associated, there is 

evidence that both may predict memory performance. It was, therefore, expected that both 

objective and subjective measures of good sleep quality would be associated with better 
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memory, whereas objective and subjective measures indicating long sleep duration would be 

associated with poorer memory.  

 

Method  

Participants 

  Two hundred older adult volunteers from Victoria, Australia were recruited through 

experimenter networks and advertisements in community-based organisations. Inclusion 

criteria were: (i) ≥65 years; (ii) fluent in English; (iii) independent in activities of daily living. 

Exclusion criteria were:  (i) presence of diagnosed dementia or mild cognitive impairment; 

(ii) history of neurological or psychiatric disorder that may affect cognition; (iii) low 

cognitive status (Mini Mental State Examination score of <24); (iv) uncorrected impairment 

of vision, hearing, or communication that would interfere with study participation; (v) post-

hoc exclusion of those who self-reported a diagnosed sleep disorder. The research was 

approved by La Trobe University human ethics committee, and all participants provided 

written informed consent.  

Assessments 

As part of a larger study on memory in ageing, participants completed questionnaires prior to 

two neuropsychological assessment sessions, with measures of objective sleep, prospective 

memory and a subjective sleep diary collected between the two sessions, spaced two weeks 

apart.  

Objective Sleep. Actigraphy is a widely used instrument that objectively estimates sleep 

quantity and quality based on wrist movement measured using wristwatch-like devices.  It is 

light-weight, non-intrusive, and validated in older adults (van Hilten et al., 1993).  Activity 

data were sampled in one minute epochs using a medium (default) threshold for sleep/wake 

determination (Actiwatch 2 Mini-Mitter, Phillips-Respironics, OR, USA), over a fortnight 

(mean = 13.38 days [SD = 1.79]). Bed-times and Rise-times were determined by concordance 

between light, activity, and sleep diary data. Nocturnal sleep quality was indexed by (i) wake 

after sleep onset (WASOActi  [mins]), and (ii) sleep onset latency (SOLActi  [mins]). Nocturnal 

sleep quantity was indexed by total sleep time (TSTActi ; minutes in bed scored as sleep). 

These variables relate to distinct aspects of sleep measurement, have been used in other 

related research (Cochrane et al., 2012; Wilckens et al., 2014), and were not highly correlated 
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(WASOActi  and SOLActi  r = .46, p <.001; WASOActi and TSTActi  r = -.19, p = .006; and 

SOLActi and TSTActi  

Subjective Sleep. The widely used Pittsburgh Sleep Quality Index (PSQI) (Buysse et al.,  

1989) was completed by participants prior to the first cognitive assessment session (test-retest 

r = .87) (Backhaus et al., 2002). The PSQI assesses sleep over the month prior using 19 

questions which are converted into seven subscale scores, ranging from 0-3 (with higher 

numbers indicating poorer sleep), the sum of which provides a global score. In order to use 

subscales that appear to provide a similar construct to the actigraphic sleep variables, and to 

avoid multicollinearity in regressions, the following variables were extracted for analysis: 

Sleep quality was indexed by: (i) the subscale score for Sleep Disturbance

r = -.19, p = .006), thus would not lead to multicollinearity in regression.   

PSQI, and (ii) the 

raw score for SOLPSQI. Sleep quantity was indexed by the raw score for TSTPSQI. We also 

included the subscale score Daytime DysfunctionPSQI to indicate the subjective impact of 

sleep on daily function. Incomplete responses to the questionnaires led to missing data on 

some of the PSQI variables (resulting in SOLPSQI n = 164; TSTPSQI n = 169; Daytime 

DysfunctionPSQI: 

Memory Performance. The Hopkins Verbal Learning Test – Revised (HVLT-R) (Brandt et 

al., 2001) was administered, using the standard procedure, in the second assessment session. 

This task is a word-list memory task in which the experimenter orally presented a 12 item 

word-list from three semantic categories. There are three learning trials, and participants are 

asked to recall as many words as they can after each trial. . This was followed by a 20-30 

minute delay with a subsequent delayed free-recall trial without representing the word-list; 

and, the total number of correct words in the delayed free-recall trial was used as the index of 

retrospective memory. In the delay between the learning and delayed recall trials, the n-back 

task was administered (conditions 0-, 1-, and 2-back). Working memory was assessed by the 

n-back task, 2-back condition (accuracy). This computer-based task consisted of two blocks 

of 30 trials of random lower case letters presented for 500 milliseconds, with a fixed inter-

stimulus interval of two seconds. Participants indicated, on a numeric keypad, whether or not 

the currently presented letter was the same as the one presented two previously, which 

occurred 10 times in each of the 30 trial blocks.  

n  = 171). While wearing the Actiwatch, participants completed a sleep 

diary, with bed-time and rise-time used to aid scoring of the actigraph.  

Prospective memory was assessed using the event marker button on the Actiwatch 

that had been provided in the first assessment session to objectively record sleep patterns. 
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The event marker button records time-stamped information when pressed. At the end of the 

first assessment session, in addition to the general instructions about wearing the watch, 

participants were  asked to press the event marker button 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 week assessment period. A typed instruction sheet about the use of the actiwatch was 

also provided to each participant but they were not informed that the instructions contained a 

memory test. The actiwatch was returned at the second assessment session. Successful 

prospective memory performance was determined by the proportion of button presses within 

10 minutes of Rise-time over the two-week assessment period (Cavuoto et al., in press). Rise-

time prospective memory was selected for the study variable as it was relevant to 

investigating the relationship between sleep and prospective memory performance.  

Due to logistic reasons, one participant was unable to complete the second assessment 

session, and data were lost for four participants following n-back administration, which led to 

n = 172 for the HVLT-R, and n = 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 session as the HVLT-R 

and n-back task (approximately 20 minutes prior to these tasks). Due to logistic reasons, data 

were only collected on 162 participants. Total number of lapses (i.e., response >500 ms) was 

included as a covariate. 

Health. Three indices of health were used - (i) The number of self-reported vascular medical 

conditions (sum of transient ischaemic attack, heart problem, high cholesterol, pulmonary 

disease, high blood pressure, and diabetes), an approach similar to that used by others 

(McKinnon et al., 2014); (ii) the number of self-reported, current medications; and (iii) the 

PSQI subscale for frequency of sleep medication use (dichotomised into those who reported 

medication use versus no medication use over the past month). For 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 (Lovibond et al., 1993). Items are rated 0-3, with higher 

numbers indicating greater severity. Each scale is multiplied by two to reflect the full (42-

item) version of the scale. Indices of depression, anxiety and stress were derived, with 

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

Outliers were replaced with a value just outside of the median ± 3 x interquartile range (“O”). 

Skewed or kurtotic variables were square-root (“SQ”) or natural-log transformed (“LN”), and, 

where necessary, were reflected before transformation (“RSQ”/“ RLN”). Analyses were 

conducted using transformed variables. The assumption of linearity was considered upheld. 

In order to determine the contribution of sleep variables to memory performance, over and 

above that accounted for by potentially confounding variables (i.e., demographics, health, and 

mood), the following analyses were conducted. Two hierarchical regressions were performed 

to determine whether i) WASOActi , SOLActi , and TSTActi ; and ii) Sleep DisturbancePSQI, 

SOLPSQI, TSTPSQI, Daytime DysfunctionPSQI 

 

predicted HVLT-R delayed recall, 2-back 

accuracy, and Rise-time prospective memory after controlling for age, gender, vascular 

conditions, number of medications, use of sleep medications, depression, anxiety, and stress. 

Additional analyses were conducted to determine whether vigilance accounted for any 

observed relationships between sleep measures and retrospective and working memory 

performances. We also present associations between each variable in a correlation matrix.  

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 excluded due to sleep disorders (sleep apnoea: 13; restless legs syndrome: 

4; insomnia:1; delayed sleep phase syndrome: 1). The mean age of the final sample (n = 173) 

was 73.78 (SD = 5.73 years), 65.3% were female, 55.5% had more than 12 years of 

education, and the average estimated intelligence (Test of Premorbid Function; Pearson 

Assessments, 2009) was in the average range at 109.37 (SD = 11.26).   

Retrospective memory performance was average (see Table 1), and levels of 

depression, anxiety, and stress were comparable to normative data (Crawford et al., 

2003).The average actigraphically-derived bedtime was 10:55pm (SD = 54.14 minutes), and 

the average Rise-time was 7:22am (SD = 48.07 minutes). Normal levels of sleep complaint 

were reported by 58% of the sample (i.e., Global PSQI ≤5). Other sleep parameters are listed 

in Table 1. Because the dependent variables (HVLT-R delayed recall, 2-back accuracy, and 
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Rise-time PM) were not correlated more than .7, (i.e., HVLT-R delayed recall and 2-back 

accuracy r = .27; HVLT-R delayed recall and Rise-time PM r = .22; and 2-back accuracy and 

Rise-time PM r = .16) the following analyses were not corrected for multiple comparisons. 

 

(insert Table 1) 

 

Prediction of Memory Performances  

Retrospective memory. For HVLT-R Delayed Recall, in Step 1, age, gender, vascular 

conditions, number of medications, use of sleep medications, depression, anxiety, and stress 

explained 22.8% of the variance, R2 = .23, F(8, 161) = 5.95, p<.001, with better performance 

associated with younger age (sr = -.21, p = .002), female gender (sr = .18, p = .010), and 

lower anxiety (sr = -.16, p = .019). In Step 2, WASOActi , SOLActi  and TSTActi  explained an 

additional 4.8% of the variance, ∆R2 = .05, ∆F(3, 158) = 3.52, p = .016, with longer TSTActi 

and SOLActi  being associated with poorer performance, sr = -.16, p = .020 and sr = -.13, p = 

.056, respectively (see Table 2). In contrast, using subjective sleep measures (Sleep 

DisturbancePSQI, SOLPSQI, TSTPSQI, Daytime DysfunctionPSQI)  in Step 2 did not explain 

additional variance, ∆R2 = .02, ∆F(4, 149) = 0.72, p = .581 (see Table 3). We performed a 

further hierarchical regression to determine whether vigilance explained the relationship 

between actigraphic sleep and HVLT-R Delayed Recall. In Step 1, we added PVT lapses to 

the demographics, which in total explained 24.2% of the variance, R2 = .24, F(9, 150) = 5.32, 

p<.001; however,  PVT lapses did not contribute significant unique variance to the model, (sr 

= -.12, p = .108), and the amount of variance explained by the subsequent actigraphic 

variables in Step 2 remained much the same, 4.6% of the variance, ∆R2

Working memory. For 2-back accuracy, in Step 1, age, gender, vascular conditions, number 

of medications, use of sleep medications, depression, anxiety, and stress did not explain 

significant variance, R

 = .05, ∆F(3, 147) = 

3.14, p = .027, with similar unique contributions from TST and SOL, sr = -.16, p = .025 and 

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

2 = .09, F(8, 157) = 1.84, p = .074. In Step 2, WASOActi , SOLActi  and 

TSTActi  explained an additional 4.6% of the variance, ∆R2 = .05, F(3, 154) = 2.71, p = .047, 

although no variable contributed significant unique variance (Table 2). In contrast, subjective 

sleep (Sleep DisturbancePSQI, SOLPSQI, TSTPSQI, Daytime DysfunctionPSQI) only accounted for 

an additional 2.4% of the variance in Step 2, ∆R2 = .02, ∆F(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, we added PVT 

total lapses to the demographics, which still only explained 8.6% of the variance, R2 = .09, 

F(9, 149) = 1.56, p = .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 marginally non-

significant probably due to loss of power from having fewer participants,  ∆R2

Habitual prospective memory. For prospective memory accuracy, in Step 1, age, gender, 

vascular conditions, number of medications, use of sleep medications, depression, anxiety, 

and stress did not explain significant variance, R

 = .05, ∆F(3, 

146) = 2.55, p = .058. 

2 = .05, F(8, 161) = 1.08, p = .378. In Step 2, 

WASOActi , SOLActi  and TSTActi  did not explain significant additional variance, ∆R2 = .03, 

∆F(3, 158) = 1.78, p = .152 (Table 2). Similarly, using Sleep DisturbancePSQI, SOLPSQI, 

TSTPSQI, Daytime DysfunctionPSQI in Step 2 did not account for significant additional 

variance, ∆R2 = .03, ∆F(4, 149) = 1.28, p = .280 (Table 3). Although neither objective nor 

subjective sleep predicted prospective memory performance, significant zero-order 

correlations were observed between poorer prospective memory, and longer objective 

WASOActi  (r = -.16, p = .018) and longer subjective SOLPSQI

(insert Table 2) 

, , and (r = -.19, p = .007), (see 

Table 4 for correlations). Four of the 173 participants made no button presses upon rising 

from bed throughout the entire study period, which may indicate that they had forgotten or 

did not understand the instructions. After re-running the analyses without these 4 participants, 

prospective memory results were essentially unchanged. 

(insert Table 3) 

(insert Table 4) 

 

Discussion 

The primary findings indicate that objective, but not subjective, sleep predicted memory 

performance. Specifically, after controlling for demographics, health, and mood, the 

collective contribution of actigraphically-measured longer WASO, SOL, and TST were 

predictive of poorer retrospective memory (HVLT-R delayed recall) and poorer working 

memory (2-back accuracy), with 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 

community-living older adults who were screened for self-reported sleep disorders, were the 

study’s major strengths. 

In demonstrating that longer objectively measured TST was negatively associated 

with memory performance, the present study extended previous research in older adults 

which has relied on self-report to associate sleep quantity with poorer memory (Miller et al., 

2014). One possible explanation relating memory decline and age-related changes in sleep-

wake control would be if they shared a common underlying aetiology; for example, age-

related reductions in wake-promoting neurons, such as the cholinergic neurons of the nucleus 

basalis of Meynert, are implicated in both memory performance, and sleep-wake control (see 

Stern et al., 2015 for review). Furthermore, in older adults, self-reported longer sleep duration 

has been associated with other negative health outcomes, such as higher prevalence of stroke 

(Fang et al., 2014), and increased brain white-matter hyperintensity volumes (Ramos et al., 

2014), which are associated with decreased memory performance (Silbert et al., 2008). The 

possibility that objectively measured, long TST in the current study indirectly reflected poor 

sleep quality was not supported by the current data, as the correlation between actigraphic 

time in bed and sleep efficiency (the proportion of time spent asleep compared to time spent 

in bed) was low (r = -.07, p = .361). However, such an association may be more likely to be 

observed in individuals with insomnia who, in an attempt to compensate for perceived lack of 

sleep, may stay in bed for longer periods, thus leading to lower sleep efficiency (Friedman et 

al., 1991). Alternatively, long sleep duration could reflect less restorative sleep in a way that 

is not detected by actigraphy, or the effect of long sleep may be mediated by sleep stage or 

other neurophysiological markers that occur during sleep, for example REM sleep or sleep 

spindles (Lafortune et al., 2014). A further theory suggests that in older adults, slow-wave 

sleep may in fact be deleterious for memory (Scullin, 2013). Synaptic downscaling has been 

proposed as a process that occurs during slow-wave sleep in which there is a pruning of 

synaptic weights that accrue over the waking day as a result of experiences (Tononi et al., 

2003). It has been suggested that slow-wave sleep could have a negative impact on memory 

in older adults through a process of synaptic over-downscaling when the accrual of synaptic 

weights has decreased as a process of ageing but downscaling during slow-wave sleep is 

maintained (Scullin, 2013). However, support for this theory is difficult to gauge as sleep 

stages were not measured in the current study.   
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The current study also demonstrated a relationship between longer objective SOL 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 allocation (Yaffe et al., 

2007). The current finding was not accounted for by mood or age, which has previously been 

associated with SOL (Naismith et al., 2011; Ohayon et al., 2004). It 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 structure (Buysse et al., 2005), and 

for this reason may be associated with reduced memory performance.  Alternatively, 

preliminary findings have indicated an association between longer subjective SOL and 

greater beta-amyloid burden in healthy adults (Branger et al., 2015 [conference abstract]; 

Spira et al., 2013). However, whether underlying Alzheimer’s disease pathology could 

explain the relationship between longer objective SOL and poorer memory in the current 

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 of the prospective memory task, in a naturalistic setting. Because older adults often 

outperform younger adults in naturalistic settings (Rendell et al., 2000), this may indicate that 

older people with subtle memory decline may be able to modify their behaviour in 

naturalistic settings, thereby mitigating cognitive impacts that sleep may have on 

performance. The prospective memory task (i.e., pressing the Actiwatch  Event Marker 

button within 10 minutes of rising from bed)  may, however, have been affected by sleep 

inertia, which has been shown to occur in older adults over the first 30 minutes following 

waking (Silva et al., 2008), and could explain the reason sleep did not predict prospective 

memory performance. 

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 other research (Miller 

et al., 2014; Schmutte et al., 2007).  Previous studies are likely to have included people with 

sleep disorders (Miller et al., 2014; Schmutte et al., 2007; Waller et al., 2015), such as sleep 

apnoea, which is independently associated with memory impairment (Wallace et al., 2013), 

and may account for some of the associations previously reported between subjective sleep 

measures and memory performance. Furthermore, 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); and this was also observed in the 

current study.  
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The current findings are important because of the significant inconsistencies and lack of 

consensus in previous research about how sleep predicts memory in older adults, particularly 

in non-clinical populations. Although we attempted to control for a variety of potential 

confounds, limitations include the reliance on self-reported presence of sleep disorders, 

number of medications, and vascular medical conditions. It is therefore possible that the 

sample contained people with undiagnosed sleep disorders. However, sleep disorders are 

commonly, although not always associated with daytime dysfunction (as indicated by the 

PSQI), of which there were not high levels in this sample, nor did daytime dysfunction 

predict memory performances. Both of these observations would indicate that the association 

between actigraphic sleep indices and memory performances are less likely to be explained 

by the presence of sleep disorders. A further limitation is that cognitive testing occurred at 

different times of day across participants and should be controlled in further studies even 

though as noted in our statistical method section, controlling for vigilance, which may change 

at different times of the day, did not change the study results. Due to the cross-sectional 

design, the present study cannot confidently address the causal directions on reported 

associations. This suggests the importance of further longitudinal research to determine 

trajectories of change over time, as understanding factors which affect memory decline will 

have implications for the early detection and treatment of people at risk of developing 

memory impairment with advancing age. The relevance of the findings is highlighted when 

considering the body of research demonstrating a relationship between sleep disturbance and 

Alzheimer’s disease (Peter-Derex 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 (minimally) in older adults with 

long sleep duration to see whether memory performances improve. 

 

References 

Backhaus, J., Junghanns, K., Broocks, A., Riemann, D. and Hohagen, F. Test–retest 

reliability and validity of the Pittsburgh Sleep Quality Index in primary insomnia. J. 

Psychosom. Res., 2002, 53: 737-740. 

Baddeley, A. Working memory. Science, 1992, 255: 556-559.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   15 
 

This article is protected by copyright. All rights reserved 

Benedict, C., Byberg, L., Cedernaes, J. et al. Self-reported sleep disturbance is associated 

with Alzheimer's disease risk in men. Alzheimers. Dement., 2015, 11: 1090-1097.   

Benito-León, J., Bermejo-Pareja, F., Vega, S. and Louis, E. Total daily sleep duration and the 

risk of dementia: a prospective population-based study. Eur. J. Neurol., 2009, 16: 

990-997. 

Brandt, J. and Benedict, R. H. B. Hopkins Verbal Learning Test-Revised: Professional 

Manual. Psychological Assessment Resources, Lutz, 2001. 

Branger et al., 2015. Difficulties falling asleep are associated with higher Aβ burden in 

healthy adults [Conference abstract]. Alzheimer’s Association International 

Conference 

Buysse, D. J., Hall, M. L., Strollo, P. J. et al. Relationships between the Pittsburgh Sleep 

Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and 

clinical/polysomnographic measures in a community sample. J. Clin. Sleep Med., 

2008, 4: 563-571. 

Buysse, D. J., Monk, T. H., Carrier, J. and Begley, A. Circadian patterns of sleep, sleepiness, 

and performance in older and younger adults. Sleep, 2005, 28: 1365-1376.  

Buysse, D. J., Reynolds, C. F., III , Monk, T. H., Berman, S. R. and Kupfer, D. J. The 

Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and 

research. Psychiatry Res., 1989, 28: 193-213. 

Cavuoto, M. G., Ong, B., Pike, P. E., Nicholas, C. L. and Kinsella, G. J. Naturalistic 

prospective memory in older adults. Predictors of performance on a habitual task. 

Neuropsychol. Rehabil., (in press).  

Cochrane, A., Robertson, I. H. and Coogan, A. N. Association between circadian rhythms, 

sleep and cognitive impairment in healthy older adults: an actigraphic study. J. Neural 

Transm., 2012, 119: 1233-1239.  

Crawford, J. R. and Henry, J. D. The Depression Anxiety Stress Scales (DASS): Normative 

data and latent structure in a large non‐clinical sample. Br. J. Clin. Psychol., 2003, 42: 

111-131.  

Diekelmann, S., Wilhelm, I., Wagner, U. and Born, J. Sleep to implement an intention. Sleep, 

2013, 36: 149-153. 

Edinger, J. D., Glenn, M. D., Bastian, L. A. et al., Sleep in the laboratory and sleep at home 

II: comparison of middle-aged and insomnia sufferers and normal sleepers, Sleep, 

2001, 24: 761-770. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   16 
 

This article is protected by copyright. All rights reserved 

Einstein, G. O., McDaniel, M. A. and Scullin, M. K. Prospective memory and aging: 

understanding the variability. In: M. Naveh-Benjamin and N. Ohta (eds) Memory and 

Aging: Current Issues and Future Directions. Psychology Press, New York 2012: 

153. 

Fang, J., Wheaton, A. G. and Ayala, C. Sleep duration and history of stroke among adults 

from the USA. J. Sleep Res., 2014, 23: 531-537. 

Friedman, L., Bliwise, D., Yesavage, J. A. and Salom, S. R. A preliminary study comparing 

sleep restriction and relaxation treatments for insomnia in older adults. J. Gerontol. B 

Psychol. Sci. Soc. Sci., 1991, 46: 1-8. 

Gamaldo, A. A., Allaire, J. C. and Whitfield, K. E. The relationship between reported 

problems falling asleep and cognition among African American elderly. Res. Aging, 

2008, 30: 752-767.  

Jaussent, I., Bouyer, J., Ancelin, M.-L. et al. Excessive sleepiness is predictive of cognitive 

decline in the elderly. Sleep, 2012, 35: 1201-1207. 

Lafortune, M., Gagnon, J. F., Martin, N. et al. Sleep spindles and rapid eye movement sleep 

as predictors of next morning cognitive performance in healthy middle‐aged and older 

participants. J. Sleep Res., 2014, 23: 159-167.  

Loerbroks, A., Debling, D., Amelang, M. and Sturmer, T. Nocturnal sleep duration and 

cognitive impairment in a population-based study of older adults. Int. J. Geriatr. 

Psychiatry, 2010, 25: 100-109. 

Lovibond, S. H. and Lovibond, P. F. Manual for the Depression Anxiety Stress Scales 

(DASS). Psychology Foundation Monograph, Sydney, 1993. 

McKinnon, A.Terpening, Z., Hickie, I. B. et al. Prevalence and predictors of poor sleep 

quality in Mild Cognitive Impairment. J. Geriatr Psychiatry Neurol. 2014, 27:204-

211. 

Miller, M. A., Wright, H., Ji, C. and Cappuccio, F. P. Cross-sectional study of sleep quantity 

and quality and amnestic and non-amnestic cognitive function in an ageing 

population: the English longitudinal study of ageing (ELSA). PloS One, 2014, 9: 

e100991.  

Moscovitch, M. Memory and working-with-memory: A component process model based on 

modules and central systems. J. Cogn. Neurosci., 1992, 4: 257-267. 

Naismith, S. L., Rogers, N. L., Lewis, S. J. et al. Sleep disturbance relates to 

neuropsychological functioning in late-life depression. J. Affect. Disord., 2011, 132: 

139-145. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   17 
 

This article is protected by copyright. All rights reserved 

Nebes, R. D., Buysse, D. J., Halligan, E. M., Houck, P. R. and Monk, T. H. Self-reported 

sleep quality predicts poor cognitive performance in healthy older adults. J. Gerontol. 

B Psychol. Sci. Soc. Sci., 2009, 64: 180-187. 

Ohayon, M. M., Carskadon, M. A., Guilleminault, C. and Vitiello, M. V. Meta-analysis of 

quantitative sleep parameters from childhood to old age in healthy individuals: 

developing normative sleep values across the human lifespan. Sleep, 2004, 27: 1255-

1273.  

Peter-Derex, L., Yammine, P., Bastuji, H. and Croisile, B. Sleep and Alzheimer's disease. 

Sleep Med. Rev., 2015, 19: 29-38. 

Ramos, A. R., Dong, C., Rundek, T. et al. Sleep duration is associated with white matter 

hyperintensity volume in older adults: the Northern Manhattan Study. J. Sleep. Res., 

2014, 23: 524-530. 

Rendell, P. G. and Craik, F. I. Virtual week and actual week: Age-related differences in 

prospective memory. Appl. Cogn. Psychol., 2000, 14: S43-S62. 

Schmitter-Edgecombe, M., Woo, E. and Greeley, D. R. Characterizing multiple memory 

deficits and their relation to everyday functioning in individuals with mild cognitive 

impairment. Neuropsychology, 2009, 23: 168-177. 

Schmutte, T., Harris, S., Levin, R., Zweig, R., Katz, M. and Lipton, R. The relation between 

cognitive functioning and self-reported sleep complaints in nondemented older adults: 

results from the Bronx aging study. Behav. Sleep Med., 2007, 5: 39-56.  

Scullin, M. K. and McDaniel, M. A. Remembering to execute a goal: sleep on it! Psychol. 

Sci., 2010, 21: 1028-1035. 

Scullin, M. K. Sleep, Memory, and Aging: the link between slow-wave sleep and episodic 

memory changes from younger to older adults. Psychol. Aging, 2013, 28: 105-114.   

Scullin, M. K. and Bliwise, D. L. Sleep, cognition, and normal ageing: integrating a half 

century of multidisciplinary research. Perspect. Psychol. Sci., 2015, 10: 97-137. 

Seelye, A., Mattek, N., Howieson, D., Riley, T., Wild, K. and Kaye, J. The impact of sleep on 

neuropsychological performance in cognitively intact older adults using a novel in-

home sensor-based sleep assessment approach. Clin. Neuropsychol., 2015, 29: 53-66. 

Silbert, L. C., Nelson, C., Howieson, D. B., Moore, M. M. and Kaye, J. A. Impact of white 

matter hyperintensity volume progressionon on rate of cognitive and motor decline. 

Neurology, 2008, 71: 108-113. 

Silva, E. J. and Duffy, J. F. Sleep inertia varies with circadian phase and sleep stage in older 

adults. Behav. Neurosci., 2008, 122: 928-935. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   18 
 

This article is protected by copyright. All rights reserved 

Spira, A. P., Gamaldo, A. A., An, Y. et al. Self-reported sleep and β-Amyloid deposition in 

community-dwelling older adults. JAMA Neurol., 2013, 70: 1537-1543. 

Stern, A. L. and Naidoo, N. Wake-active neurons across aging and neurodegeneration: a 

potential role for sleep disturbances in promoting disease. Springerplus, 2015, 4: 1-

13. 

Sutter, C., Zöllig, J., Allemand, M. and Martin, M. Sleep quality and cognitive function in 

healthy old age: The moderating role of subclinical depression. Neuropsychology, 

2012, 26: 768-775.  

Thorne, D. R., Johnson, D. E., Redmond, D. P., Sing, H. C., Belenky, G., and Shapiro, J. M. 

The Walter Reed palm-held psychomotor vigilance test. Behavior Research Methods, 

2005, 37: 111-118.  

Tononi, G. and Cirelli, C. Sleep and synaptic homeostasis: a hypothesis.  Brain Res. Bull., 

2003, 62: 143-150.  

Tworoger, S. S., Lee, S., Schernhammer, E. S. and Grodstein, F. The association of self-

reported sleep duration, difficulty sleeping, and snoring with cognitive function in 

older women. Alzheimer Dis. Assoc. Disord., 2006, 20: 41-48.  

van Hilten, J., Braat, E., van der Velde, E., Middelkoop, H., Kerkhof, G. and Kamphuisen, H. 

Ambulatory activity monitoring during sleep: an evaluation of internight and 

intrasubject variability in healthy persons aged 50-98 years. Sleep, 1993, 16: 146-150.  

Virta, J. J., Heikkilä, K., Perola, M. et al. Midlife sleep characteristics associated with late 

life cognitive function. Sleep, 2013, 36: 1533.  

Wallace, A. and Bucks, R. S. Memory and obstructive sleep apnea: a meta-analysis. Sleep, 

2013, 36: 203-220.  

Waller, K. L., Mortensen, E. L., Avlund, K. et al. Subjective sleep quality and daytime 

sleepiness in late midlife and their association with age-related changes in cognition. 

Sleep Med., (in press).  

Wechsler, D. Advanced Clinical Solutions for the WAIS-IV and WMS-IV. Pearson, San 

Antonio, 2009. 

Wilckens, K. A., Woo, S. G., Kirk, A. R., Erickson, K. I. and Wheeler, M. E. Role of sleep 

continuity and total sleep time in executive function across the adult lifespan. Psychol. 

Aging, 2014, 29: 658-665.  

Xu, L., Jiang, C. Q., Lam, T. H. et al. Short or long sleep duration is associated with memory 

impairment in older Chinese: the Guangzhou Biobank Cohort Study. Sleep, 2011, 34: 

575-580.   

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   19 
 

This article is protected by copyright. All rights reserved 

Yaffe, K., Blackwell, T., Barnes, D., Ancoli-Israel, S. and Stone, K. Preclinical cognitive 

decline and subsequent sleep disturbance in older women. Neurology, 2007, 69: 237-

242.  

 

Acknowledgments  

We would like to acknowledge Fenny Muliadi and Stephen D. Lee for assistance in 

recruitment and data collection. 

This work was supported by the Mason Foundation, ANZ Trustees (grant number 13039 to 

CLN). This research was performed during the tenure of an Award from Alzheimer’s 

Australia Dementia Research Foundation for Ms Cavuoto. Dr Pike is funded by a National 

Health and Medical Research Council of Australia Clinical Research Training Fellowship 

(602543).  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Sleep and memory in older adults   1 
 

This article is protected by copyright. All rights reserved 

Tables 

Table 1  

Descriptive Statistics on Memory, Sleep, Health, and Mood   

 Mean/Median (SD/IQR) a 

  

HVLT-R Total Trials 1-3 24.83  (5.28) 

HVLT-R Total T-score 51.47  (10.38) 

HVLT-R Delay RSQ 9.00 (4.00) a 

HVLT-R Delay T-score  52.00  (18.00) a  

2-back accuracy O.RLN (Total) 48 (9.00) a 

PM % accuracy 57.16 (26.20) 

WASOActi  
O.SQ (mins) 47.86  (22.04) a 

SOLActi 
O.LN (mins) 6.14  (7.93) a  

TSTActi 
O (hrs: mins) 7:16.79  (1:12.36) a  

Sleep DisturbancePSQI (subscale score) 1.23 (0.50) 

SOLPSQI 
O.SQ (mins) 15.00 (20.00) a 

TSTPSQI (mins) 418.58 (65.98) 

Daytime DysfunctionPSQI (subscale score) 0.59 (0.58) 

Global PSQI 5 (5) a 

Number of Vascular conditions 1.29 (1.19) 

Number of Medications SQ 3.00 (4.00) a 

Sleep medications (% Y) (20.8%) 

Depression O.LN 2.00  (4.00) a 

Anxiety O.LN 0.00  (4.00) a 

Stress LN 4.00 (8.00) a 

 
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 sleep time. 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 analysis:  O = outlier 

transformed; R = reflected prior to transformation; SQ = square root transformed; LN = natural 

log transformed. 
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Table 2 

Summary of Regression and Hierarchical Regression Analyses for Objective Measures of Sleep, 

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

Prospective Memory  

Dependent 

Variable 
Predictor Block a 

Change Statistics Overall model 

R2  F  Predictors  sr r R2 df F 

HVLT-R 

Delayed 

Recall RSQ 

1.  Demographics, 

Health, and Mood 

 

.23 5.95*** Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

Anxiety O.LN 

Stress LN 

-.23** 

.19* 

-.17 

-.08 

.03 

.09 

-.18* 

-.13 

-.21 

.18 

-.14 

-.06 

.03 

.08 

-.16 

-.12 

-.30 

.23 

-.27 

-.28 

.02 

-.07 

-.21 

-.13 

.23 (8, 161) 5.95 

2. Objective Sleep .05 3.52* WASO O.SQ 

SOL O.LN 

TST O 

-.07 

-.15 

-.17* 

-.06 

-.13 

-.16 

-.16 

-.19 

-.12 

.28 (3, 158)  5.50 

2-back 

accuracy 
O.RLN 

 

1.  Demographics, 

Health, and Mood 

.09 

 

 

1.84 

 

Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

Anxiety O.LN 

Stress LN 

-.15 

.08 

-.10 

.07 

.13 

.19* 

-.14 

-.10 

-.14 

.08 

-.08 

.05 

.12 

.17 

-.12 

-.09 

-.14 

.09 

-.08 

-.03 

.12 

.09 

-.10 

-.06 

.09 (8, 157) 1.84 

2. Objective Sleep .05 2.71* WASO O.SQ 

SOL O.LN 

TST O 

-.10 

-.13 

-.15 

-.09 

-.12 

-.14 

-.12 

-.16 

-.09 

.13 (3, 154) 2.12 

Rise-time 

PM 

accuracy 

 

1.  Demographics, 

Health, and Mood 

 

.05 

 

1.08 

 

Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

Anxiety O.LN 

Stress LN 

.06 

.02 

-.04 

-.17 

.05 

.16 

-.05 

-.06 

.05 

.02 

-.03 

-.13 

.05 

.14 

-.05 

-.06 

<.01 

.02 

-.11 

-.16 

.02 

.10 

-.03 

-.04 

.05 (8, 162) 1.08 

2. Objective Sleep .03 

 

1.78 WASO O.SQ 

SOL O.LN 

-.11 

-.05 

-.10 

-.04 

-.16 

-.11 
.08 (3, 159) 1.29 
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 TST O .09 .08 .09 

*p < .05, **p < .01, ***p < .001. a For 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 analysis:  O = outlier transformed; 
R = reflected prior to transformation; SQ = square root transformed; LN = 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 was reflected in 

transformation.   

Table 3 

Summary of Regression and Hierarchical Regression Analyses for Subjective Measures of Sleep, 

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

Prospective Memory  

Dependent 

Variable 
Predictor Block a 

Change Statistics Overall model 

R2  F  Predictors  sr r R2 df F 

HVLT-R 

Delayed 

Recall RSQ 

1.  Demographics, 

Health, and Mood 

 

.23 5.65*** Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

Anxiety O.LN 

Stress LN 

-.23** 

.19* 

-.17 

-.08 

.03 

.09 

-.18* 

-.13 

-.21 

.18 

-.14 

-.06 

.03 

.08 

-.16 

-.12 

-.30 

.23 

-.27 

-.28 

.02 

-.07 

-.21 

-.13 

.23 (8, 153) 5.65 

2. Subjective Sleep .02 0.72 Disturbance 

SOL O.SQ 

TST 

Day-Dysf. 

-.03 

-.08 

-.02 

-.11 

-.03 

-.07 

-.02 

-.09 

-.05 

-.07 

.03 

-.14 

.24 (4, 149)  3.98 

2-back 

accuracy 
O.RLN 

1.  Demographics, 

Health, and Mood 

.09 

 

 

1.75 

 

Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

-.15 

.08 

-.10 

.07 

.13 

.19* 

-.14 

.08 

-.08 

.05 

.12 

.17 

-.14 

.09 

-.08 

-.03 

.12 

.09 

.09 (8, 150) 1.75 
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Anxiety O.LN 

Stress LN 

-.14 

-.10 

-.12 

-.09 

-.10 

-.06 

2. Subjective Sleep .02 1.00 Disturbance 

SOL O.SQ 

TST 

Day-Dysf. 

-.06 

<.01 

-.12 

-.09 

-.05 

<.01 

-.11 

-.07 

-.01 

.02 

-.11 

-.03 

.11 (4, 146) 1.50 

Rise-time 

PM 

accuracy 

 

1.  Demographics, 

Health, and Mood 

 

.05 

 

1.03 

 

Age 

Gender (F) 

Vascular 

Meds SQ 

Sleep Meds 

Depression O.LN 

Anxiety O.LN 

Stress LN 

.06 

.02 

-.04 

-.17 

.05 

.16 

-.05 

-.06 

.05 

.02 

-.03 

-.13 

.05 

.14 

-.05 

-.06 

<.01 

.02 

-.11 

-.16 

.02 

.10 

-.03 

-.04 

.05 (8, 153) 1.03 

2. Subjective Sleep .03 

 

 

1.28 Disturbance 

SOL O.SQ 

TST 

Day-Dysf. 

<.01 

-.18* 

.03 

-.01 

<.01 

-.17 

.03 

-.01 

-.02 

-.19 

.04 

.05 

.08 (4, 149) 1.12 

*p < .05, **p < .01, ***p < .001. a For 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; 

Disturbance = Sleep disturbance; SOL = sleep onset latency; TST = total sleep time; Day-

Dysf. = Daytime dysfunction. The following transformations were applied to variables used 

in analysis:  O = outlier transformed; R = reflected prior to transformation; SQ = square root 

transformed; LN = 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 was reflected in transformation.  
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Table 4 

Correlations between Objective Memory, Sleep, Demographics, Mood and Health in Participants 

 HVLT 
RSQ 

2back 
O.RLN 

PM WASO 

Acti 
O.SQ 

SOL 

Acti 
O.LN 

TST 

Acti 
O 

Age Gend. Vasc.  Meds SQ Sleep 

Meds 

Dep O.LN Anx O.LN Stress 
LN 

Dist. 

PSQI 

SOL 

PSQI 
O.SQ 

TST 

PSQI 

Dysf. 

PSQI 

PVT 

O.LN 

HVLT 
RSQ 

--                   

2back 
O.RLN 

.27*** --                  

PM 

 

.22** .16* --                 

WAS

OActi 

O.SQ 

-.16* -.12 -.16* --                

SOL 

Acti 

O.LN 

-.19** -.16* -.11 .46*** --               

TST 

Acti 
O 

-.12 -.09 .09 -.19** -.19** --              

Age 

 

-.30*** -.14* <.01 -.02 -.04 .12 --             

Gend. 

(F) 

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

Vasc 

 

-.27*** -.08 -.11 .10 .07 .03 .17* -.16* --           

Meds 
SQ 

-.28*** -.03 -.16* .12 -.01 .11 .36*** -.11 .57*** --          A
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Sleep 

Meds 

 

.02 .12 .02 .11 .04 .20** .05 .20** <.01 .14* --         

Dep 
O.LN 

 

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

Anx 
O.LN 

 

-.21** -.10 -.03 .20** .05 .03 .06 .04 -.02 .09 .07 .33*** --       

Stress 
LN 

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

Dist. 

PSQI 

-.05 -.01 -.02 -.18** .05 .09 -.12 -.01 .04 .10 .25*** .11 .13* .13 --     

SOL 

PSQI 

O.SQ 

-.07 .02 -.19** .16* .24** .05 -.02 .17* .05 .07 .21** -.07 .07 .22** .11 --    

TST 

PSQI 

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

Dysf. 

PSQI 

.14* -.03 .05 -.01 .01 -.05 .10 -.09 .11 .15* .14* .45*** .11 .16* .14* -.10 .09 --  

PVT 
O.LN 

-.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 accuracy;  Dist.PSQI = PSQI Sleep Disturbance subscale; 

Dysf.PSQI = PSQI Daytime Dysfunction subscale; Dep = 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 medications; PVT (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:  O = outlier transformed; R = reflected prior to transformation; SQ = square root transformed; LN = 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 was 

reflected in transformation. 
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