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Sleep habits in older adults in Ireland: Associations with physical and 

cognitive function 

Siobhán Scarlett, MSc 

Abstract 

Sleep acts as the rest cycle for the body, during which restorative processes such as 

muscle growth, repair and memory consolidation occur. Sleep duration and chronotype 

have been identified as areas of interest to improve healthy ageing in older adults. The 

study of sleep is complex, with numerous interacting factors contributing to worse sleep 

behaviours. This thesis aimed to investigate the sleep habits of older community-

dwelling adults in Ireland. Data were from The Irish Longitudinal Study on Ageing, a 

nationally representative study of community-dwelling adults aged 50 years and older 

in Ireland. Self-reported sleep was captured using survey questions and objective sleep 

measured using accelerometer devices. Study 1 established baseline findings of 

objective sleep duration in older adults in Ireland, identifying social and health 

correlates, many of which are modifiable, of impaired sleep duration. Study 2 assessed 

discrepancies between measurements of self-reported and objective sleep duration. 

Disagreement between self-reported and objective measures of sleep duration was 

found, with insomnia symptoms shown to be an independent driving factor. Study 3 

measured cross-sectional associations between sleep duration, sleep quality and 

cognition. Long self-reported sleep duration, short objectively measured sleep duration, 

and sleep quality were all associated with worse cognitive performance. Study 4 was a 

longitudinal analysis of sleep duration and cognitive function trajectories using repeated 

cognitive assessments. Long self-reported sleep duration was consistently associated 

with a decline in performance at two-, four- and six-year follow-up periods. Study 5 

was a longitudinal analysis which assessed sleep chronotype as a risk factor for physical 

frailty. Late sleep chronotypes were associated with an increased risk of developing 

frailty. This thesis established important associations between sleep, cognitive and 

physical function in a large sample of older, community-dwelling adults. Interventions 

to improve sleep and address the underlying conditions which lead to impaired sleep 

will contribute to the healthy ageing of our older population.  
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Summary 

Sleep is characterised as the absence of wakefulness with reduced awareness of 

environmental stimuli. This period acts as the rest cycle for the body, during which 

many restorative processes such as muscle growth, repair and memory consolidation 

can occur. Throughout the life course, the recommended duration of sleep time 

decreases from around 14-17 hours daily in newborns, to 7-8 hours in adults aged 65 

years and older, however the experience of sleep disruption increases with ageing. 

Excessive sleep, sleep deprivation and sleep disruption have been associated with 

memory problems, concentration and cognitive impairment. Furthermore, adverse 

physical health outcomes such as increased cardiovascular risk have repeatedly been 

linked to poor sleep habits. There is a growing need to understand sleep at a population 

level and the implications of poor sleep and sleep chronotypes in ageing. The study of 

sleep is complex, with numerous interacting factors contributing to worse sleep 

behaviours. Few studies have the capacity to assess sleep in a large-scale community-

dwelling population sample coupling both self-reported and objective measurements. 

This thesis analysed data from The Irish Longitudinal Study on Ageing (TILDA), a 

nationally representative population study of adults aged 50 years and older in Ireland 

with extensive information on the social and health circumstances of the participants. 

TILDA captured information on sleep habits using both survey questions (self-reported) 

and accelerometer (objective) data. Additionally, many of these measurements were 

repeated at multiple follow-ups, allowing for assessment of longitudinal relationships. 

The aim of this thesis was to investigate the sleep habits of older adults at a population 

level in Ireland, and better understand how sleep influences cognitive and physical 

function. 

Paper 1 explored objectively measured sleep duration using accelerometer data captured 

during Wave 3 of TILDA. This sample of accelerometer data (n=1,533) is one of the 

largest available in a community-dwelling population-derived sample of older adults 

internationally. The availability of extensive health and social information on the lives 

of these participants allowed for a comprehensive analysis of sleep duration and 

potential factors influencing sleep. In 2014, the US National Sleep Foundation 

convened an 18-member expert group to update the recommended guidelines for sleep 

duration (1, 2). Scientific and medical research articles (n=312) covering sleep duration 
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and health outcomes of insufficient or prolonged duration were reviewed, applying the 

RAND/UCLA appropriateness method (3). Each sleep duration timing was graded for 

appropriateness based on whether expected health benefits exceeded negative 

consequences for physical, cognitive and emotional health (2). The group recommended 

appropriate hours of sleep for nine age groups, including those aged 26-64 years (7-9 

hours) and ≥65 years (7-8 hours) (1). Paper 1 demonstrated that the majority (69.4%) of 

older adults in Ireland record sleep duration within the times recommended by the US 

National Sleep Foundation (1), but 13.9% recorded shorter times, and 16.5% longer 

times. Regression analyses showed significant associations between sleep duration and 

a number of health and social correlates. Those reporting fair/poor health had 

significant associations with short sleep duration. A seasonal effect was also apparent, 

with recordings taken during the Summer significantly shorter than Winter months. 

Data from older participants, those who were retired, separated or divorced, and 

participants who reported anti-depressant use showed significant associations with 

longer sleep durations. A relationship between self-reported physical activity was also 

apparent, with reporting of moderate or high levels of activity negatively associated 

with short, and long sleep duration respectively. 

Paper 2 assessed the agreement between self-reported and objectively measured sleep, 

and how insomnia symptoms influence agreement. Survey questions have typically 

been used to measure sleep in large-scale samples of older adults, but accelerometry 

measurement has become more feasible in recent years for capturing sleep habits in 

population studies. Self-reported sleep duration and accelerometer sleep duration 

measurements were compared using intra-class correlations, Bland-Altman analysis and 

linear regression modelling, as a means of establishing overall agreement between the 

measurements in a population sample. Agreement between the measurements was low. 

Self-reported insomnia symptoms were independently associated with under-reporting 

of self-reported sleep in fully adjusted analyses. Participants reporting the highest levels 

of insomnia symptoms underreported their sleep duration an average of almost two 

hours compared to their accelerometer measurements. Researchers should be aware of 

the impact of insomnia symptoms on either self-reported or actigraphy-based 

measurement. Where possible, multiple measures should be included in studies of sleep 

duration. 
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Papers 3 and 4 explored associations between sleep duration, quality and cognitive 

function. Paper 3 comprehensively examined cross-sectional cognitive function and 

sleep using a battery of cognitive testing available in Wave 3 of TILDA, coupled with 

accelerometer measured sleep duration, and self-reported sleep duration and sleep 

problems. Negative associations between self-reported long sleep duration and multiple 

domains of cognition including global cognition, executive function and memory were 

found, while higher numbers of self-reported sleep problems be associated with worse 

performance in processing speed. Paper 4 was a longitudinal assessment of the 

influence of self-reported sleep duration on cognitive function trajectories at multiple 

follow-up assessments using Waves 2 to 5 of TILDA. Participants reporting long sleep 

duration had poorer performance in verbal memory assessments at each two, four and 

six-year follow-up assessments after adjustment for known risk factors for cognitive 

decline.  

The final paper (Paper 5) investigated whether sleep chronotypes were related to 

physical function at baseline and 2-year follow-up using Waves 3 and 4 of TILDA. 

Sleep chronotypes, characterised as those exhibiting early sleep/wake preferences 

(Larks) and late sleep wake preferences (Owls), were identified using accelerometer 

measurements. Physical function was measured using frailty status as operationalised 

by the frailty phenotype (4). Owls exhibit worse early life health behaviours, many of 

which have been linked to increased risk of frailty. I hypothesised that Owls would 

experience more progressed impairment in later life and exhibit a higher prevalence of 

frailty at baseline, and incident frailty at follow-up. Paper 5 demonstrated that Owls 

were most likely to exhibit pre-frailty and frailty status at baseline, with the strongest 

relationships emerging between Owls and the slowness, low activity and exhaustion 

components of the frailty phenotype. Pre-frailty/frailty status was also more prevalent in 

Owls at 2-year follow-up, however this association did not reach statistical significance.  

In summary, this thesis identified important, potentially modifiable, social and health 

correlates which influence sleep habits in older adults in Ireland. Insomnia symptoms 

were shown to be an independent driving factor in disagreement between self-reported 

and objective sleep duration. Associations between sleep duration and impaired 

cognitive performance were established using complex data, repeated assessments and 

sophisticated modelling techniques. Furthermore, sleep chronotype, understood to be an 

endogenous behaviour, was linked to worse physical function. Interventions targeting 
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the driving factors of sub-optimal sleep habits, and identification of at-risk individuals 

exhibiting poor sleep behaviours, may delay or interrupt the progression of physical and 

cognitive impairment in later life, extending the healthy life years and overall wellbeing 

of older adults.  
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Chapter 1: Background 

1.1. Introduction 

This thesis seeks to improve our understanding of the relationships between sleep, 

cognition and physical function in older adults using a population study of community-

dwelling adults aged 50 years and older in Ireland. Sleep is a necessary but complex 

process. The data available through this study allows for sophisticated analyses which 

will help to unravel the intricacies of these relationships, and further evaluate sleep 

habits in community-dwelling older adults. This thesis aims to contribute to the 

growing body of research on sleep, specifically addressing how sleep habits such as 

sleep and wake timing preference, and average nocturnal sleep duration, may influence 

cognition and physical function in the older population. 

1.2. Ageing in the 21st century 

The world is undergoing a dramatic shift in the ageing demographic. By 2050, the 

proportion of adults aged 60 years and older worldwide is expected to increase to 22%, 

compared to just 12% in 2015 (5). In Europe, those aged 65 years and older will 

increase from 14% of the population in 2000 to 21.6% by 2030 (6). Ireland is 

undergoing a similarly rapid increase of the ageing population. The proportion of over 

65s in the population rose by 19.1% between 2011 and 2017 (7). This has been partially 

driven by improved delivery of healthcare, treatments prevention of disease (8, 9). 

However, there remains some disparity in the proportion of healthy life years, i.e. time 

spent in a healthy state, during this extended life expectancy. The life expectancy of 

those aged 65 years in the European Union was 20 years in 2018 (10), but the expected 

healthy life years from this age was between 8.4-9.8 years, with an increase in Ireland 

of between 10.9-12.0 years (11). We experience a higher occurrence of disease burden 

as we age leading to increased pressure on our healthcare systems and economic burden 

as the ageing population rapidly increases (12, 13). For the individual, disease burden 

can result in increased healthcare utilisation and impact independent living, physical 

and cognitive functioning and quality of life (14-20). There is a growing need to 

address and understand the factors which drive impairment in later life to identify those 

which may be modifiable through targeted interventions as a means of extending 

healthy life years and to reduce economic and healthcare burden. Sleep is one such 

potentially modifiable factor. Understanding and screening for sleep and circadian 
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disruption has become an increasingly important in the care of older adults as a means 

of improving health (21, 22). 

1.3. Ageing related changes in sleep 

Sleep architecture is made up of two distinct states, non-rapid eye-movement (NREM) 

and rapid eye-movement (REM) sleep, which operate on a cyclical basis throughout the 

night (23, 24). An individual’s sleep episode begins with NREM stage 1 (Stage 1), a 

transitional light sleep stage which is shortly followed by NREM stage 2 (Stage 2). 

Light arousal may disrupt Stage 1 sleep, while Stage 2 encompasses a slightly higher 

arousal threshold to return to wakefulness. NREM stage 3 (Stage 3), deep sleep, follows 

and is characterised as slow wave sleep (SWS) (25). During this stage, the arousal 

threshold is at its highest and heart rate and blood pressure are at their lowest (21). The 

final phase of sleep is REM which becomes progressively longer throughout the sleep 

episode. During REM, brain activity is high, dreaming is typical and heart rate is 

increased (23, 26). The consolidation of each stage is vital for triggering restorative 

periods for muscle repair, immune system strengthening and memory consolidation 

(27-29). 

Changes in circadian rhythm and sleep architecture occur during the ageing process 

(21-23, 30-32). Circadian rhythms are prone to fragmentation, loss of rhythm, internal 

desynchronisation, decreased sensitivity to phase resetting signals, and the internal 

clock becomes less efficient (21, 31, 33). The average proportion of time spent in each 

sleep stage also begins to shift (30, 32, 34). As age increases, the proportion of sleep 

spent in Stage 1 and 2 increases and the proportion of time spent in Stage 3 declines 

(35-37). Around 75-80% of time during a sleep cycle is spent in NREM sleep, and the 

remaining 20-25% in REM sleep in older ages (25).  

Although individuals in later life spend similar amounts of time in bed, absolute sleep 

amount and sleep quality decline and the proportion of time spent in restorative sleep 

stages are reduced (25, 32, 36, 38). Older adults also have earlier wake and sleep times 

compared to younger adults, are more likely to nap during the day and experience 

daytime sleepiness (22, 25, 31, 32, 38).  

Ohayon et al. presented normative values of sleep parameters within a sleep cycle from 

early childhood to later life, reporting a linear decline of around 10 minutes on average 

of total sleep time per decade up until 60 years of age (Figure 1.1) (34). Stage 1 and 2 
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sleep increased by around 5% from early adulthood until around 70 years of age, while 

Stage 3 declined by around 2% per decade (34). Sleep latency, defined as the time taken 

transition from a state of wakefulness to sleep (39), increased with ageing, becoming 

more accelerated after 65 years of age (34).Wake after sleep onset (WASO) increased 

by about 10 minutes per decade (34). A difference of around four percent was found 

between older adults and younger adults in the proportion of REM sleep during a sleep 

cycle (34).  

Figure 1.1. Sleep stage trends from early childhood to later life. SWS = Slow Wave 

Sleep; REM = Rapid Eye Movement; WASO = Wake after sleep onset. Adapted 

from Ohayon et al. (2004) (34) 

 

Increased numbers of night time awakenings, risk of sleep fragmentation, worse sleep 

efficiency are commonly found to be associated with advancing age, potentially 

resulting from longer times spent in Stages 1 and 2 sleep with low arousal thresholds 

(21, 22, 30, 32, 35-37). Dijk et al. showed marked deterioration in sleep consolidation 

during all phases primarily resulting from increased awakenings (35). Consequently, as 

the extension of the REM period relies on persistence of sleep during peak circadian 
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time, the overall proportion of REM sleep during the sleep cycle may decline 

significantly where sleep is frequently disrupted. This has implications for intellectual 

function and memory consolidation (23). However, contrary to previous reports, 

Schwarz et al. found that age had a more limited effect on sleep fragmentation in an 

analysis of 211 women aged 22 to 71 years drawn from the Sleep Heart Health Study 

(SHHS) (37). 

Although changes in sleep and circadian rhythm are a part of the normal ageing 

process, sleep problems are not inevitable and promoting healthy sleep may improve 

overall health in older adults (21, 36). Nonetheless, sleep problems are prevalent in the 

older population with fewer than 20% reporting no sleep complaints in a large 

epidemiological study of adults aged 65 years and older (40). Within this sample, 

between 23-34% reported insomnia symptoms (40). Goonerate et al. showed that older 

adults who presented with insomnia had significantly reduced time spent asleep, 

reduced efficiency, and were subject to increased arousals from Stage 3 sleep compared 

to participants without insomnia (41).  

Foley et al. showed that a small prevalence of healthy older adults reported insomnia 

symptoms, however sleep complaints are most often found in older adults with 

depressive symptoms, respiratory illness, cardiovascular disease, chronic conditions, 

behavioural health, medication use and physical disabilities (25, 32, 34, 40-43). Buysse 

et al. demonstrated that those reporting worse subjective sleep quality did not 

objectively measure worse sleep, and that age-related change in subjective sleep quality 

may result from worse health conditions or medication use rather than age (44). Older 

adults with cognitive impairment also experience more pronounced sleep disruption 

(22, 32, 33, 45-49). Manifestations of sleep complaints appear early in the onset of 

cognitive impairment with increasing severity as decline progresses, but identifying 

how many of these complaints are a result of circadian dysfunction and 

neurodegeneration is complex (22, 33, 46). Electroencephalography (EEG) monitoring 

of a sample of both older adults without dementia, and older adults with Alzheimer’s 

disease (AD) revealed significantly higher fragmentation in AD participants during 

sleep, recording just over twice the number of transitions from sleep to wakefulness 

than those without AD (45). AD participants recorded more daytime napping, typically 

averaging over an hour long, but these were not sufficient to restore REM sleep to 

levels found in those without AD (45). Sleep complaints most commonly present with 
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comorbid medical conditions suggesting there are underlying causes driving incidence 

of sleep disruption, and these disruptions may potentially affect health (40).  

Impaired sleep has consequences for public health as a result of increased morbidity, 

mortality, healthcare utilisation, impaired functioning and cognitive performance (50-

53). In older adults, insomnia, sleep fragmentation and short sleep time increase the risk 

of falls which result in injury, increased hospital admissions and institutionalisation 

leading to a higher burden of health expenses (54, 55). Disrupted sleep is understood to 

be a major contributor to institutionalisation (33, 56, 57). In older adults with dementia, 

institutionalisation was almost ten times more likely in those with insomnia symptoms, 

potentially as a result of caregiver stress and fatigue (56, 57).  

Promotion of healthier behaviours has encouraged as an approach to delaying disability, 

and public health campaigns have targeted behaviours such as smoking and physical 

activity to improve the health and wellbeing of populations (50, 52, 58). Increased 

physical activity, cessation of smoking and improved eating habits have received focus 

as modifiable behaviours which will contribute to better overall health and reduced 

burden of lifetime disability, but sleep health has not received the same attention (50, 

52, 58-61). Hillman et al. estimated the economic burden of sleep problems resulting 

from increased healthcare expenses in 2016-2017 to be $160 million in Australia, 

suggesting similar costings in equivalent economies (58). Hale et al. notes the 

importance of sleep health as a public health opportunity, but recognises the difficulty 

in studying sleep given the prevalence of concurrent, potentially bidirectional 

relationships with physical and mental health (62). Social and environmental 

determinants of sleep must also be considered requiring complex, multifaceted 

methodological approaches to further our understanding of sleep (62). Treatment for 

problems exacerbating sleep complaints may serve to suppress the experience of poor 

sleep helping to further preserve physical and cognitive function in older adults (21, 22, 

25, 33, 36, 43, 48). Sleep screening may offer opportunities for early detection of 

decline and potential interventions (22, 33). 

1.4. Measurement of sleep 

Measurement of sleep in epidemiology often relies on self-reported assessment (63-65). 

This assessment may be administered using validated sleep scales. Commonly used 

scales include the Pittsburgh Sleep Quality Index (PSQI) which establishes a global 
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assessment of sleep duration and quality (66). The Athens Insomnia Scale, the Epworth 

Sleepiness Scale and the Jenkins Sleep Scale assess self-reported experience of 

insomnia symptoms (67-69). The Munich Chronotype Questionnaire and the 

Morningness-Eveningness Questionnaire capture detailed information on circadian 

rhythms (70, 71). These scales are however lengthy and large-scale surveys need to be 

cognisant of participant burden. Sleep is often measured using shorter, more direct self-

reported questions as a compromise (63). Large population studies will routinely 

capture sleep duration with a single question asking how long on average the individual 

recalls sleeping at night (72-75). Self-reported sleep may be influenced by health 

conditions, psychological distress or presence of sleep complaints. Individual’s with 

insomnia are likely to underestimate their sleep (76-82). These methods have 

implications in studies where there may be a high presence of influencing factors, such 

as in older adults where insomnia symptoms are known to be prevalent (83, 84). It has 

been recommended, where possible, that both self-reported and objective measure of 

sleep are included in studies assessing sleep patterns (79, 85-87).  

Polysomnography (PSG) is the gold standard measurement of sleep. PSG involves 

continuous monitoring which typically takes place in a laboratory setting. Monitoring 

will include EEG, electrooculography (EOG), electromyography (EMG), 

electrocardiography (ECG) allowing for extensive extrapolation of information to 

determine a precise picture of sleep architecture (88). The application of PSG is limited, 

generally spanning 24 hours and often taking place in a laboratory setting, although in-

home PSG is also available. PSG monitoring is expensive and invasive which limits its 

application in large population studies, or vulnerable individuals such as those in a 

nursing home (65).  

Actigraphy is an accepted alternative method to PSG for measuring sleep using non-

invasive accelerometer devices (85, 86, 89-95). Accelerometer devices measure limb 

movements which may be used to estimate activity, inactivity, and sleep and wake 

periods through specialised algorithms (92, 96). Devices are constructed for wear in a 

number of body areas such as ankle, hip, thigh, or wrist, although the wrist is 

recommended for placement for the most precise estimation of sleep (89). Actigraphy 

correlates highly with PSG (85). A comparison between PSG and actigraphy measured 

sleep in healthy volunteers found that a high proportion of sleep periods classified by 

PSG were also classified as sleep by actigraphy (97). Application of actigraphy in a 
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sample of older adults with dementia based in a nursing home showed a strong 

correlation of 0.91 between actigraphy measurements and EEG recordings (98). 

Correlation is the most commonly used method to assess the association between sleep 

measurement methods, but this measures the relationship strength while a measure of 

agreement may be more appropriate (63, 99). Taibi et al. compared agreement within 

each 30 second epoch recording of PSG and wrist actigraphy in older community-

dwelling women (100). Significant agreement was apparent in measurement of total 

sleep time but sleep disturbances were underestimated (100). Moderate correlation was 

found in a large sample of male older adults, with a discrepancy of just 13 minutes on 

average between PSG and actigraphy, but misclassification of sleep was more apparent 

in those with underlying sleep problems (101). Wrist-actigraphy is not as accurate as 

PSG, but this style of device offers a cost-effective, non-invasive method which 

expands opportunities for measurement of larger samples in home environments over 

longer periods of time than possible with PSG (88, 89). Measurements have been 

shown to be stable and were not subject to a significant first-night effect in adults aged 

50-98 years, suggesting little adaption to the device is required (102). Actigraphy 

measurement in larger populations has become more feasible through the availability of 

inexpensive devices and validated algorithms for processing raw data into sleep 

characteristics. There are limitations with actigraphy measurement also. Actigraphy 

uses prolonged absence of movement to determine sleep which may lead to 

overestimation of sleep time where, for example, individuals with sleep disruptions 

spend time motionless but awake (93). Accuracy of sleep and wake measurements may 

decrease as sleep fragmentation increases (89). Actigraphy is also more accurate in 

measuring sleep than wake. As a result, the measurements derived such as total sleep 

time tend to be more accurate than those measuring wakefulness, such as awakenings 

during the sleep period (103). Extended periods of measurement are however required 

for reliable estimates which may increase participant burden (85).  

Self-reported sleep and actigraphy measurement generally show low agreement and it 

has been suggested they are measuring different aspects of sleep (65, 79, 80). 

Jackowska et al. reported a correlation of 0.28 between PSQI-measured sleep duration 

and actigraphy-based duration using a sample of young adults, and suggested that they 

are measuring different experiences (80). A study of early and middle-aged adults 

drawn from the Coronary Artery Risk Development in Young Adults Study (CARDIA) 
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showed that participants who were healthy reported sleep duration an hour longer than 

measurements taken by actigraphy (104). Hughes et al. however showed that in 

vulnerable older adults residing in adult day healthcare, PSQI responses did not 

significantly predict actigraphy measurements and participants of the study 

underestimated their sleep duration by just over one hour (81). Similarly in a sample of 

community dwelling older adults aged 55 years and older, correlations between PSQI 

sleep and actigraphy-based sleep were generally weak (81). The correlation between 

both measures of sleep duration was 0.29, and it was shown that just over half of the 

participants under-reported their sleep compared to their objective measurement (79). 

Neither study determined clear indicators for what drove the differences between 

measurements, but Van den Berg et al. found that older community dwelling adults 

reporting subjectively poor sleep tended to under-report their sleep duration compared 

to actigraphy measurement (79, 81). It is also suggested that as insomnia symptoms are 

expected as part of the ageing process, they may be dismissed and not reported as 

problems (81). Sleep measured using a limited number of items rather than a validated 

scale has also been shown to not adequately reflect actigraphy-measured sleep (63).  

Studies examining concordance between these methods in large samples of community-

dwelling older adults are limited (73, 83, 84, 87, 105). Previous studies examining 

differences have typically had small samples or selected populations (79-81, 106). A 

number of large studies have included objective measurement of sleep, although such 

studies have limited generalisability to the broader population. The Sleep Heart Health 

Study (SHHS), the Study of Osteoporotic Fractures (SOF), and the Osteoporotic 

Fractures in Men (MrOS) Study have all included in-home PSG (107-109). SOF, 

MrOS, CARDIA and the Whitehall II study have also included wrist-worn actigraphy 

measurement (105, 108, 109). SHHS is a multicentre study designed to identify the 

consequences of sleep-disordered breathing on cardiovascular outcomes (107). The 

sample is drawn from a large cohort study and it is recommended the results are not 

used for population estimates (110). The SOF and MrOS studies are limited to either 

female or male volunteer cohorts respectively, CARDIA is a study of young adults and 

the Whitehall II study is a cohort of British civil servants (104, 105, 108, 111, 112). 

Introduction of these measures in large population studies paired with self-reported 

sleep measurements allows for the possibility of sophisticated analyses of sleep in 

population representative samples of community-dwelling older adults using complex 
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datasets with extensive health, social and economic information (74, 75). However, 

concordance between methods of sleep assessment as typically measured in these kinds 

of studies is not well understood and measurement differences may have implications 

for understanding how sleep affects health. Lauderdale et al. investigated associations 

between sleep duration and poor health using a single survey item, sleep logs and 

actigraphy measurements in older adults (73). Short sleep duration was consistently 

associated with poor health amongst all types of measurement methods (73). The 

association was only present for long sleep duration when measured using a single 

survey question, suggesting that associations with health outcomes may vary by 

measurement type (73).  
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1.5. Sleep Duration 

Sufficient sleep is an important part of maintaining health (113, 114). The 

recommended length of sleep changes throughout the lifespan. It is advised that new-

borns to sleep for between 14-17 hours of sleep at night, decreasing to 7-9 hours for 

adults aged between 26-64, and 7-8 hours for adults aged over 65 years (1, 2). The 

majority of older adults have been shown to sleep within these recommended time 

frames when reporting sleep or when recorded using actigraphy (65, 73, 115-119). The 

proportion of those reporting extreme sleep durations are variable however, with short 

and long sleep duration ranging from 10% to over 25% and 15% respectively (115, 

120). Sleep habits are influenced by a range of interacting factors including 

sociodemographic, cultural, economic, physical, cognitive and mental health condition, 

as well as environmental impacts such as the increased availability of artificial light 

sources (Table 1) (65, 115, 118, 121-130).  

1.5.1. Sleep Duration Risk Factors 

Health conditions, medication use, depressive symptoms and socioeconomic status 

were all associated with long sleep duration in 60,028 female registered nurse’s aged 

25-46 years (122). Those who reported use of benzodiazepine or antidepressant 

medication three times more likely to report long sleep duration, and those reporting 

depressive symptoms were twice as likely (122). These findings were supported in 

studies of middle-aged adults of both sexes. Both short and long sleep duration were 

associated with similar risk factors including health conditions such as diabetes, 

socioeconomic status and depressive symptoms, also finding associations with 

sociodemographic characteristics such as marital status, low education, worse health 

behaviours including smoking and low physical activity (121, 123, 124). Age was 

related to long but not short sleep duration, while working long hours was exclusively 

associated with short sleep duration (121, 123, 124). Men aged 60 years and older are 

significantly more likely to report long sleep duration compared to normal sleep 

duration in samples drawn from both the US and UK (121). This association was only 

apparent in women drawn from the US sample (121). Similarly, in middle-aged and 

older women, higher anthropometric measurements including body mass index (BMI) 

are positively associated with long sleep duration, while healthy behaviours such as 
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exercise are negatively associated (118). Cardiovascular disease was associated with 

both short and long sleep duration (118).  

Similar health, social and economic gradients were apparent in older community-

dwelling adults (115, 125, 127). Older adults who reported being separated or widowed 

were more likely to report either short or long sleep duration (115). As with middle-

aged adults, worse general health and health behaviours such as low physical activity, 

in addition to lower household wealth, quality of life and memory performance, were 

associated with short and long sleep duration in older adults in England, while those 

with cardiovascular disease or no longer in employment had the highest prevalence of 

long sleep duration only (115). In older adults based in South Africa, lower wealth, 

hypertension, health related quality of life and risky alcohol behaviour were associated 

with long sleep duration only, while smoking and activity limitation were associated 

only with short sleep duration (125). These findings were not reflected in one study of 

older Chinese adults, which found no association with obesity or unhealthy lifestyle 

behaviours after adjustment for confounding factors (126). Chronic disease and 

multimorbidity were associated with long sleep duration but no such association was 

apparent for short sleep duration (126). In older adults in the US, an association 

between long sleep duration was only apparent in BMI, showing that obese participants 

were less likely to be long sleepers when measured using actigraphy (65). Advancing 

age was associated with a lower risk of recorded short sleep, while current smokers 

were over twice as likely to record short sleep (65). 

Recent work has reported on some environmental impacts which may be linked to short 

sleep duration, namely artificial light sources which have become increasingly common 

(129, 130). Ohayon et. al. investigated the impact of outdoor nighttime lights on sleep 

patterns, finding that in a sample of US adults aged 18 years and older, higher amounts 

of nighttime light was associated with shorter sleep duration (130). Similarly, in middle 

to older aged adults, Xiao et al. reported that higher levels of artificial light at night was 

associated with short sleep in both men and women (129).  

Cultural differences also play a role. In a study of 1,118 volunteers of European 

Americans and African Americans, ethnicity was the strongest predictor of sleep 

disturbance (131). Racial minorities are also more likely to report either short or long 

sleep duration (132-134). These differences are thought to be partially driven by socio-
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economic position, but cultural beliefs may also play a role in why discrepancies exist 

(128, 135). One study which surveyed individuals in countries with lifestyle differences 

showed the median sleep duration to be seven hours in Japan, to over eight hours in 

Portugal (136). In Turkish individuals, 29% believed the “time passed while sleeping is 

a waste, so the sleep time must be short” with negative implications for overall sleep 

duration (135). Some discrepancies may also be explained by cultural differences in 

napping which may have implications for overall daily duration. Afternoon naps are 

part of the culture of Mediterranean and Latin American countries (128), while in 

contrast, just 12.1% of individuals based in Japan reported regular napping (136). 

Table 1.1. Characteristics identified as potential risk factors for impaired sleep 

duration 

 Short Sleep Duration Long Sleep Duration 

Sociodemographic 

o Age,  

o Marital status 

(separated/widowed)  

o Low education 

o Long working hours 

o Ethnicity/Cultural Differences 

o Age 

o Sex 

o Marital status 

(separated/widowed)  

o Low education 

o Ethnicity/Cultural Differences 

Economic o Low household wealth o Low household wealth 

Physical health 

o General health 

o Cardiovascular disease 

o Health-related quality of life 

o Benzodiazepine medication 

o Antidepressant medication 

o Cardiovascular disease 

o Increased BMI 

o Chronic disease  

o Multimorbidity 

Mental health 
o Depressive symptoms 

o Quality of life 

o Depressive symptoms 

o Quality of life 

Behavioural health 
o Low physical activity 

o Smoking 

o Low physical activity 

o Smoking 

o Alcohol use 

Cognitive health o Poor memory performance o Poor memory performance 

Environment o Artificial light  

 

Although these studies identify a number of important potential risk factors for extreme 

sleep durations, the majority are cross-sectional and directionality of these relationships 

cannot be confirmed (65, 115, 118, 121-126). Further work is needed to establish the 

role of social, economic, health and cultural determinants that drive these durations. 
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Short and long sleep duration may also have negative outcomes for physical, mental 

and cognitive wellbeing and have repeatedly been found to predict mortality in 

population studies, further affirming sleep duration as an important factor in the health 

of older adults (48, 113, 116, 117, 137-166).  
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1.5.2 Sleep Duration and Mortality 

In adults aged 33-55 years, a decrease from self-reported normal sleep at baseline to 

short sleep duration at a five to six year follow-up period was associated with 

cardiovascular mortality and an increase to long sleep duration was associated with 

non-cardiovascular mortality (143). Women reporting either short or long sleep 

duration had a 15% and 42% increase in risk of mortality during 14 year follow-up 

(144). Kripke et al. reported similar findings in a large prospective analysis of over one 

million men and women, showing that sleep longer than 7.5 hours was associated with 

mortality, with the risk increasing as reported sleep became longer (145). Conversely, 

only short reported sleep duration was associated with an elevated mortality risk in a 

sample of working adults based in Scotland (146). A meta-analysis of over 5 million 

participants and 137 prospective studies showed that long sleep duration was associated 

with increased mortality risk, reporting a dose response as sleep duration increased 

(140). When focusing on older adults, prospective analyses of women found that 

participants reporting over nine hours of sleep in a 24-hour period were at greater risk 

of mortality at seven year follow-up (147). Higher mortality risk was also observed for 

long sleep duration in older adults at multiple follow-ups over a ten year period in 

samples drawn from both China and Japan (141, 148, 149). Mesas et al. assessed 

mortality in older community-dwelling adults, finding an increased risk of mortality at 

seven year follow-up in both short and long sleep duration however the risk was 

attenuated in short sleepers with good health status, but not for long sleepers (116). 

Burazeri et al. found evidence to suggest that long, but not short sleep duration was 

associated with increased risk of mortality, but the effect only persisted in male 

participants after controlling for confounding factors (150). Similarly, Ensrud et al. 

reported no association with short sleep duration and mortality in a prospective analysis 

of older men (151). Hall et al. found similar associations but demonstrated that the 

relationships were greatly attenuated by health and lifestyle factors (117).  

1.5.3 Sleep Duration and Physical Health 

Physical health declines with advancing age with implications for quality of life, 

independent living, healthcare utilisation and reliance on caregiving (13, 167, 168). 

Measures of physical function such as grip strength also decline from the age of 50 

onwards, and more rapidly from age 65, with a similar trajectory in walking speed 
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(169). In a sample of adults aged 65 years and older, those with functional limitations 

reported worse health related quality of life including more physically and mentally 

unhealthy days compared to those without limitations (167). Physical impairments and 

limitations form part of the pathway to disability, as described by Nagi (170), and 

measures of both grip strength and Timed Up and Go predict both functional limitation 

and disability (171-173). Prevention strategies for disability require an understanding of 

groups at risk of onset of disability, and modifiable risk factors which progress 

conditions (168). 

An assessment of physical function and sleep duration showed that in older women, 

short sleep duration when recorded by actigraphy was associated with worse function as 

measured by walking speed and repeated chair stands (152). Analyses of older men and 

women however showed an accelerated decline in physical function and slower walking 

speed in long sleepers but not short sleepers when sleep duration was self-reported 

(153, 154). Both Mesas et al. and Stone et al. evaluated the role of sleep duration in 

falls (54, 155, 156), a known predictor of institutionalisation (174), of which older 

adults taking benzodiazepines or antidepressants are at greater risk (175, 176). Long 

sleep duration was associated with recurrent falls in both samples, however the effect 

was attenuated after adjustment for health measures in the SOF sample and was 

apparent only in short sleep duration when measured using actigraphy in the same 

sample (54, 155, 156).  

Sleep duration has also been linked to a number of chronic health conditions with 

numerous studies finding a strong link between duration and cardiovascular risk (140, 

158-163). An experimental study of sleep restriction over an eight day period in healthy 

adults found impaired flow-mediated vasodilation to the extent of that found in smokers 

and those with either diabetes or coronary heart disease, suggesting short sleep duration 

contributes to cardiovascular impairment (162). Adults with self-reported sleep 

durations of less than six hours or more than nine hours were 1.7 and 1.3 times more 

likely to have hypertension (160). Increased risk of coronary heart disease during a ten 

year follow-up period was also apparent in women reporting less than six or more than 

nine hours duration (159). Conversely, Holliday et al. reported that although short sleep 

duration is associated with incident diabetes, no association was found with incident 

cardiovascular disease (165). Focusing on long sleep duration, Jike et al. investigated 

health outcomes finding significant associations with diabetes and coronary heart 
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disease but not hypertension in adults, while Shan et al. found that the association with 

incident diabetes was U-shaped with both short and long sleep associated with an 

increased risk between 2.5 and 16 year follow-up periods (140, 157). The risk of 

incident cardiovascular disease increased from 1.5 to 2.1 in older adults with co-

occurring short sleep duration and diabetes (166). A prospective analysis of middle 

aged and older adults drawn from a British cohort investigated sleep duration and the 

risk of stroke occurrence, both fatal and nonfatal (164). Reporting of long sleep 

duration at both baseline and a ten-year follow up period was associated with double the 

risk of stroke compared to normal sleepers (164). There have been mixed outcomes in 

the relationship between sleep duration and obesity in older adults with sleep duration 

recorded using actigraphy tending to show an increased risk of obesity in short or long 

sleep duration, but not with self-reported sleep duration (177-179). 

Although associations have been established at either end of the distribution, the 

potential mechanisms driving why short and long sleep duration have negative 

implications for health are inherently different (73, 180, 181). Short sleep has direct 

adverse effects for health (50, 162, 182, 183). Sleep restriction and deprivation cause 

increased blood pressure and inflammation which increase cardiovascular risk (162, 

183). Night shift workers have been shown to experience impaired cardiovascular 

function, understood to stem from circadian misalignment and restricted sleep (184). 

Chronic sleep restriction may also influence cortisol secretion with implications for 

physical and mental health, and memory (185-188). Prolonged sleep may not explicitly 

be a health risk, but rather the underlying mechanisms driving the need for prolonged 

sleep (113, 117, 119, 122, 144, 148, 189). Patel et al. suggest long self-reported sleep 

duration may result from an increased need for sleep as a result of reduced 

physiological reserve while Lan et al. suggested it may be a sign of deviation from the 

normal ageing process (144, 148). Long sleep duration is also thought to act as a proxy 

for underlying health conditions and may be a manifestation of poor health rather than 

contribute to it, although short sleep may have similar driving factors (117, 119, 122, 

149, 189). In this way, sleep patterns may be a valuable screening method for 

undetected health conditions (53, 117). 

Cognitive impairment is prevalent in older adults (48, 190-193). Normative values of 

cognitive function in healthy older adults in Ireland showed that cognitive function 

when measured using tests of global cognition declined with age (169). Cognitive 
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impairment can range from mild impairment to more severe forms of impairment, such 

as dementia and decline is experienced by individuals at different rates. The prevalence 

of mild cognitive impairment (MCI) was 10.1% in one study of community-dwelling 

older adults in Ireland, but ranged between 7.4% to as high as 24.3% in a study of low 

and middle income countries, suggesting heterogeneity in the risk of development of 

MCI (194, 195).  

MCI may not immediately result in functional difficulties, but the incidence rate of 

dementia is much higher among those with MCI compared to those without MCI (191, 

196). MCI is viewed as a precursor to dementia, of amnestic MCI in particular is 

understood to be useful in identifying individuals at risk of Alzheimer’s disease (196, 

197). A prospective study of individuals, aged 80.9 years on average, with MCI found a 

conversion rate to Alzheimer’s disease of 12% per year over a four year follow-up 

period (198). As the ageing demographic shifts, the prevalence of cognitive impairment 

will increase creating a global public health challenge (5, 199, 200). MCI and dementia 

can have serious implications for the lives of older adults. Cognitive impairment 

negatively impacts physical function in older adults. Impairments have been linked to 

reduced mobility, spatiotemporal gait changes and increased risk of falls (194, 201). 

Taylor et al. showed that older adults with either MCI or dementia experienced more 

rapid physical decline than cognitively healthy older adults (201), while Tyrovolas et al. 

showed that MCI was associated with a higher rate of both non-accidental and 

accidental falls in the past 12 months (194). Cognitive impairment even when mild can 

lead to driving cessation with negative implications for the lifestyle of older adults and 

increased risk of depressive symptoms (190, 202-204). Dementia severely inhibits 

independent living and function, resulting in high rates of institutionalisation and a 

requirement for constant care (5, 200). There is a growing need to understand the risk 

factors for MCI to assist in preventing or delaying the onset of dementia and reduce the 

strain on long-term care services needed to manage the projected rise of cases of 

moderate to severe dementia (199).  

Healthy sleep plays a critical role in memory consolidation (24, 28, 205, 206). Sleep has 

been consistently linked with cognitive impairment and sleep duration in particular has 

been supported as a reliable predictor of cognitive performance (48, 49, 137, 207, 208). 

Both short sleep and long sleep duration have repeatedly been shown to be associated 

with cognitive impairment (209-211). Results however are inconsistent; disagreement 
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exists between studies on whether it is short sleep, long sleep or both which impacts 

cognitive function (212). 

One of the largest studies of sleep duration comprised of almost half a million middle-

aged participants drawn from the UK Biobank Study (213). Relative to normal sleep 

duration in this study, self-reported short and long sleep duration were associated with 

worse performance in all cognitive assessments (213). Similarly, both self-reported 

short and long sleep duration were associated with cognitive impairment in large 

samples of both middle-aged and older adults (214, 215). Westwood et al. found that 

both short and long sleep duration were cross-sectionally associated with worse 

cognitive performance, but the association with short sleep duration was limited to a 

Trail Making Test, which relies on cognitive processes that are negatively impacted by 

sleep deprivation (211). Objectively assessed sleep duration a weak or no association 

with cognitive impairment (109, 216, 217). In older adults in the US, however, worse 

performance in both objective and subjective cognitive tests was apparent in those with 

long sleep duration but not short sleep duration (218). When assessing a broad range of 

cognitive domains, women with longer actigraphy recorded sleep duration performed 

worse in measures of global cognition and verbal fluency (219). Faubel et al. reported a 

progressive decline in cognitive function in older adults across sleep duration categories 

from seven hours to over 11 hours, estimating the association between cognitive decline 

in ≥11 hours of sleep to be equivalent to that of a ten year increase in age (220). Miller 

et al. found that adults aged 65 years and older reporting long sleep had significantly 

worse amnestic and non-amnestic cognitive function, but in the younger group aged 50-

64 years, only short sleepers had worse amnestic function (221). Only short rather than 

long sleep duration was associated with cognition in another study of older adults, 

finding that those reporting less than six hours of sleep were between 1.5 to 2.2 times 

more likely to be classified as having cognitive impairment (222). Similarly, Miyata et 

al. found that only short sleep duration was associated with cognition, but impairment 

was limited to memory only (223).  

Prospective studies measuring sleep duration and incident cognitive decline are less 

common. Change in sleep duration from baseline normal duration to long duration was 

associated with worse cognitive performance at four-year follow-up in older Mexican 

adults and at ten-year follow-up in older US adults, but not in those reporting consistent 

long sleep duration at both timepoints (211, 214). McSorley et al. found that only short 
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sleep when measured using actigraphy was associated with cognitive decline at five-

year follow-up, but no association with either self-reported short or long sleep duration 

(224). In Japanese community-dwelling older adults, long sleep duration was associated 

with cognitive decline at four-year follow-up, but an association with short sleep 

duration was only apparent when coupled with excessive daytime sleepiness (209). 

Potvin et al. found that short sleep duration was linked to one year incident cognitive 

decline in men, while impairment in women was limited to long sleep duration only 

(225). 

Reporting of sleep can be imprecise where single-point estimates are used (64). 

Reporting may also be cognitively challenging as responses require memory recall and 

mental arithmetic potentially leading to biases when used as a determinant of cognitive 

function (224). Incorporating both self-reported and objective measurement should 

establish a clearer understanding of how sleep duration affects cognitive function, but 

few studies have explored these links in older adults with both measurements. Where it 

has been possible, limited cognitive assessments or sample sizes were available (224). 

Cavuoto et al. used both actigraphy-measured and subjective reports of sleep duration 

to assess cognitive performance in 173 community-dwelling adults aged 65-89 years, 

finding that only prolonged sleep measured objectively was associated with worse 

performance (226). Similar findings were apparent in Basta et al., which assessed 271 

adults aged 60 years and older, however actigraphy measurement was limited to a 

maximum of 24 hours with potential implications for the reliability of the 

measurements (210). Blackwell et al. found only self-reported long sleep duration to be 

associated with cognition when using both forms of measurement (109).  

The perception of short sleep may be a consequence of worse sleep quality rather than 

shorter sleep times (87). Worse sleep quality is apparent in self-reported long sleepers 

who may be reporting extended time in bed with high sleep fragmentation rather than 

prolonged sleep (227, 228). Impaired cognitive function may stem from 

neurodegenerative changes such as reduced hippocampal volume, neuroinflammation 

or increased amyloid-β burden due to sleep deprivation or disruption (48, 229-231). 

Spira et al. also identified an association between rapid cortical thinning in frontal and 

temporal brain regions in those reporting short or long sleep duration which may also 

form one of the underlying mechanisms driving the relationship between cognitive 

decline and impaired sleep durations, although a causal link was not established (232). 
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Ju et al. suggest a bidirectional relationship between the pathology of Alzheimer’s 

disease and sleep as sleep-wake cycles may affect amyloid-β (233). The relationship 

between sleep and cognitive function however is still not fully understood (48). 

To summarise, cognitive impairment is prevalent in older adults. Sleep duration is 

regarded as a reliable predictor of impairment. Self-reported and objectively measured 

short and long sleep duration in older adults have both been found to be associated with 

impairment in cross-sectional and prospective studies, but there remain some 

inconsistencies in the findings of these studies. Inconsistent findings may stem from 

heterogeneity in cognitive assessments and measurement of sleep. Analyses using large, 

representative samples where objective measurement is available coupled with self-

reported estimates of sleep, and a wide range of cognitive assessments will help to 

establish the true nature of the association between sleep duration and cognitive 

impairment (218, 220). Nonetheless, these studies identify sleep duration as an 

important indicator of cognitive decline which may aid efforts for early detection of 

MCI, but further research is needed to address inconsistencies in findings, establish the 

temporal direction of this relationship, and better understand the mechanisms driving 

this relationship (214, 221).  
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1.6. Sleep Chronotype 

Chronotype refers to the preferred timing of sleep patterns. It is understood to be an 

endogenous preference driven by an internal circadian clock which reacts to 

environmental time stimuli such as light and darkness (234-236). Variation in 

individual preferences are common, ranging from extreme early to extreme late 

chronotypes, demonstrated to be partially influenced by circadian regulator genes such 

as CLOCK and the Period (PER) gene family (24, 236-240).  

The distribution of early, intermediate and late chronotypes shift throughout the lifespan 

(241-243). Early chronotypes are highly prevalent during infancy accounting for 70% 

of the distribution, while just one percent are characterised as late chronotypes (242). A 

strong shift toward late chronotype occurs by the age of 16, with just 5% characterised 

as early chronotypes and 19% as late chronotypes during this age period (242). The 

peak of lateness is reached at approximately 20 years of age, before beginning to shift 

toward early chronotype again from adulthood to older ages with extreme early and late 

chronotypes existing in all ages (Figure 1.2) (243-245). Early chronotypes accounted 

for 38.2% of a sample of adults aged between 49 to 79 years, with just 5.9% 

characterised as late chronotypes (241).  
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Figure 1.2. Age-related changes in sleep chronotype measured using the Munich 

ChronoType Questionnaire. MSF=Midpoint of sleep on free days. Adapted from 

Roenneberg et al. (2004) (243) 

 

 

 

Sex differences are also apparent in sleep chronotype which become most pronounced 

in the teenage years and early adulthood. Women are more likely to report early sleep 

and wake preferences than males from the age of 16 years old until the differences 

begin to converge in the middle ages (242). By 40 years of age, men begin to present 

with earlier preferences than women, but differences in chronotype begin to diminish 

and become less variable in the older ages (244, 246).  

In addition to determining sleep and wake preferences, chronotype also influences the 

24-hour timing of peak physical and cognitive performance (242, 247). The 

misalignment of sleep routine and internal circadian rhythms can increase the risk of 
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adverse physical, mental and cognitive health outcomes (33, 48, 248). Misalignment 

may result from societal cues such as timings for school, or work schedules imposing 

either early or late shifts which may not suit the corresponding sleep preference. Rather 

than sleep timings adjusting to suit social clock or shift work requirements and maintain 

healthy sleep durations, the offset of these timings instead often leads to cumulative 

sleep debt in those required to wake earlier than preferred on school or work days, or in 

those with earlier timings staying awake later on free days for social pressures (70). 

Late chronotypes are more likely than either early or intermediate chronotypes to 

experience both sleep debt and sleep duration shorter than what they consider to be 

ideal (249). The accumulated debt is typically recovered on free days in those losing 

sleep as a result of work or school schedules, however chronic restriction may still have 

negative implications for cognition, learning and mood (250-252).  

1.6.1. Sleep Chronotype and Health Outcomes 

Studies examining the negative implications of sleep chronotype characteristics have 

most often focused on adolescents and young adults (253-256). Late chronotypes are 

more likely to have disrupted sleep, higher risk of cardiovascular morbidity, report 

depressive symptoms, engage in worse behaviours including higher rates of smoking, 

alcohol consumption and lower levels of physical activity (253, 256-260). Physiological 

differences in chronotype have also been identified (255). Late chronotype have been 

shown to be more susceptible to cardiovascular stress than early types regardless of 

time of day, potentially resulting from lower measured heart rate variability at baseline 

(255). Willis et al. however found heart rates at rest and in response to stress to be 

higher in late types, but only during afternoon times (254). Roeser et al. suggest the 

decreased HRV apparent in late chronotypes may be a contributing factor to their 

emotional instability in comparison to early chronotypes (255). In contrast, early 

chronotypes report higher satisfaction with life and are positively associated with the 

stability factor of personality traits, indicating higher levels of agreeableness and 

conscientiousness, and lower levels of neuroticism (261, 262).  

In middle-aged and older women, Vetter et al. reported a lower risk of incident 

depression at four-year follow-up for early chronotypes compared to intermediate 

chronotypes (263). Patterson et al. assessed lifestyle behaviours and chronotype in 

adults aged 40-69 years, finding evidence to suggest chronotypes were associated with 
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risk factors for impaired cardiovascular function (163). Those characterised as late 

chronotypes were over twice as likely to be smokers than intermediate chronotypes 

(163). Conversely, early chronotypes were less likely to be smokers, while also 

reporting higher levels of physical activity and better dietary habits than late 

chronotypes (163). Similarly, Mecacci et al. found late chronotypes to be more 

susceptible to anxiety, depression and behavioural patterns which may be predictive of 

cardiovascular risk (264). A study including participants ranging from adolescence to 

older ages further confirmed these findings, showing that late chronotypes experience 

higher levels of exhaustion, depressed mood, alcohol consumption and were more often 

smokers (265). With the exception of smoking however, these associations were 

strongest in earlier age groups, losing significance by late adulthood (265). The 

association with smoking remained strong until retirement age (265).  

Research focusing on chronotype in later life is more limited. Analyses of older adults 

found that late chronotypes reported worse health related quality of life, physical, 

mental and behavioural health relative to early chronotypes (241, 266, 267). Late 

chronotypes also reported lower physical activity and were shown to have an estimated 

risk of dementia almost twice as high as early chronotypes (267). Furthermore, late 

chronotypes were shown to be more strongly associated with mortality than early 

chronotypes after adjusting for known confounders (266).  

These associations are thought to stem from disruptions to circadian timing as opposed 

to a direct effect of chronotype characterisation (265). Experience of misalignments 

from social cues may occur predominantly during school and work life periods, but 

behavioural habits early in the life-course may lead to long term consequences. 

Circadian rhythm disruptions also increase with age and are more prevalent in 

individuals with cognitive impairment (48). An understanding of chronotypes and their 

influence in later life may also present intervention opportunities to help mediate 

associated behaviours and health conditions contributing to worse outcomes (247).  

1.6.2. Sleep Chronotype and the Frailty Syndrome 

Numerous behaviours and negative health outcomes associated with late chronotypes 

have also been coupled with an increased risk of frailty. Frailty is understood to be a 

physiological syndrome of dysregulation with increased vulnerability to stressors which 

becomes increasingly prevalent in older ages (268, 269). Older adults living with frailty 
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typically present with impaired physical and cognitive function (270-272). Risk factors 

for frailty include poor dietary habits, physical, mental and behavioural health (272-

276). Frail individuals are more likely to categorised as either obese or underweight, 

report smoking, low physical activity and be associated with long term health 

conditions including depression, anxiety and cardiovascular disease (272, 275). Older 

adults who reported current smoking were at higher risk of incident frailty over four 

years compared to non-smokers (277). Behavioural risk factors for frailty are not 

limited to later life. Higher physical activity in mid-life has been associated with a 

lower risk of later life frailty (278). 

Though distinct from disability, frailty shares overlapping characteristics and is a risk 

factor for the onset of disability (168). The Fried phenotype assesses frailty using five 

indicators; exhaustion, physical activity, weakness, walking speed and unintentional 

weight loss (4). When operationalised as the Fried phenotype, frailty independently 

predicted incident disability at both three and seven years (4). Frailty may be an 

opportunity for reduction of the risk of disability, notably including a state of pre-frailty 

allowing for early detection of the condition (4, 168, 279). This pre-clinical stage does 

not guarantee transition to frailty and may be a reversible state, supporting the 

importance of early detection (168, 280-282). With respect to the shared characteristics 

of late chronotypes and risk factors for frailty, many of which are modifiable 

behaviours, sleep chronotype may present one such opportunity for detecting groups at 

risk of frailty at an early, intervenable stage in the life course. Research on frailty and 

sleep is limited however, typically focusing on associations with sleep duration and 

disturbances (151, 283). Maekawa et al. measured chronotype relative to frailty in older 

adults, finding later timings to be more likely in pre-frail and frail individuals, but noted 

a limited sample size (n=105) which was predominantly female (85.7%) (284). 

Measurable differences in health are apparent between chronotypes, but may be 

alleviated with improvements to lifestyle behaviours, environmental structures and 

sleep hygiene (163, 241, 285-288). Interventions may be an opportunity to benefit 

health outcomes in later life which may include a reduced risk of frailty (33). A further 

understanding of chronotype and health in later life will serve to inform potential 

intervention strategies. 

1.7. Conclusion 
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This chapter has discussed the role of sleep in physical and cognitive health, and the 

implications of impaired sleep in the older ages. In 2015, the American Academy of 

Sleep Medicine and Sleep Research society recommended further research to enable a 

clearer understanding of the mechanisms underlying sleep need (113). The overarching 

aim of this recommendation seeks to encourage healthy sleep habits, promote research 

in the area, understand the benefits of sufficient sleep duration, inform public policy 

and educate both the public and clinicians of the need for sufficient sleep (113).  

Both sleep duration and chronotype have been identified as areas of interest for 

potential avenues to improve the lives of older adults, but gaps in the knowledge base 

are present. There is a growing literature in this topic, but limitations remain. Many of 

the studies have been limited to small, or non-representative samples. The mechanisms 

driving the association between sleep and cognition are not fully understood, and results 

in these studies have some inconsistencies.  

The relationship between sleep and health has been shown to be complex, with 

numerous interacting factors potentially contributing to worse outcomes. There remains 

a need to examine these relationships further using large, population representative 

studies with more substantial information and sophisticated methodologies to better 

understand the mechanisms which drive these connections. Here we endeavour to 

further our understanding of sleep specifically in the older population who face an 

increased risk of unhealthy sleep habits and sleep complaints. Addressing and 

understanding the risks and causes of inadequate sleep serve as a potential benefit for 

the overall health, social and economic wellbeing of older adults.  
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1.8. Thesis Aims 

Aim 1. Establish baseline characteristics of sleep habits in the older population in 

Ireland. 

Aim 2. Identify demographic and health correlates driving potentially inappropriate 

sleep habits.  

Aim 3. Measure the concordance between self-reported and objectively measured sleep 

duration. 

Aim 4. Test whether self-reported or objectively measured sleep are associated with 

cognitive performance across multiple cognitive domains. 

Aim 5. Measure the impact of sleep duration longitudinally on cognitive performance 

trajectories. 

Aim 6. Test whether late sleep chronotypes are at an increased risk of developing frailty 

in later life.  

1.9. Thesis Outline 

Chapter one provides a comprehensive description of the sleep and ageing literature, 

identifying gaps in knowledge that this thesis seeks to address.  

Chapter two describes the methodology of the thesis, introducing the study population, 

design, measurements and analysis strategy. 

Chapter three addresses the first two aims of the thesis in a paper titled “Objective 

Sleep Duration in Older Adults: Results from The Irish Longitudinal Study on Ageing”. 

Sleep characteristics of the older population in Ireland are identified using 

measurements taken by accelerometer devices, and characteristics of the sample relative 

to their respective sleep habits are explored.  

Chapter four answers the third aim of the thesis in a study titled “Discrepancies in self-

reported and actigraphy-based sleep duration are associated with self-reported insomnia 

symptoms in community-dwelling older adults”. I compare self-reported sleep with 

accelerometer measured sleep to establish the level of concordance between these 

measurements taken at a population-level. I also examine how the presence of insomnia 

conditions may drive disagreement between perception and objectively measured sleep.  
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Chapter five addresses the fourth aim of the thesis. A study titled “Associations 

between cognitive function, actigraphy-based and self-reported sleep in older 

community-dwelling adults: findings from The Irish Longitudinal Study on Ageing” 

will assess the association between sleep across a range of cognitive tests. 

Chapter six answers the fifth aim of the thesis using a study titled “Examining the 

association between self-reported sleep duration and cognitive function trajectories in 

older adults in Ireland”. I use repeated cognitive assessments and self-reported sleep 

information captured over 8 years to examine whether sleep is a driving factor in 

cognitive impairment trajectories of the older population. 

Chapter seven addresses the sixth aim of the thesis. This study, titled “Sleep chronotype 

and frailty status in the older population: Evidence from The Irish Longitudinal Study 

on Ageing”, examines sleep chronotypes and the frailty phenotype, assessing whether 

late chronotypes are at an increased risk of developing frailty over a two-year follow-up 

period. 

The final chapter will discuss the overall findings of these studies and how they fit in 

the knowledgebase of sleep habits in the older population. I will also discuss the 

implications of the findings and future directions of this research area.  
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Chapter 2: Methodology 

This thesis seeks to further our understanding of sleep habits at a population level in 

Ireland and how this can impact cognitive and physical function as we age. To address 

this, quantitative analysis of The Irish Longitudinal Study on Ageing (TILDA) is used. 

This chapter describes in detail the methodology of the thesis, covering the aims of each 

chapter, the study population and design, and the measures and analysis strategies used. 
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2.1. Research Aims 

2.1.1. Paper 1. Objective sleep duration in older adults: results from The Irish 

Longitudinal Study on Ageing 

The aim of this paper is to assess objectively measured sleep duration in community-

dwelling older adults aged 50 and over, and identify demographic and health correlates 

of sub-optimal sleep. Studies of sleep duration in older adults have predominantly used 

self-reported survey questions to measure sleep. Objective measurement such as 

actigraphy have become more feasible for population studies to include, however there 

are limited studies on representative population cohorts. The introduction of these 

methods to TILDA provide a unique opportunity to assess sleep in a large, population-

derived cohort coupled with extensive demographic and health information. This paper 

will use cross-sectional analysis to establish baseline estimates of objectively measured 

sleep duration and will contribute to the literature with an exploration of objectively 

measured sleep in one of the largest samples to date of community-dwelling older 

adults in a rich and complex dataset.  

2.1.2. Paper 2. Discrepancies in self-reported and actigraphy-based sleep duration 

are associated with self-reported insomnia symptoms in community-dwelling 

older adults 

This paper will measure agreement between self-reported and objectively measured 

sleep duration in older adults, and how disagreement relates to measures of sleep 

quality. Studies have identified disagreement in self-reported sleep and sleep measured 

using accelerometer devices, often reporting that this disagreement is influenced by 

sleep complaints. Studies which have assessed this concordance have been limited to 

small samples. Objective measurement is becoming more common in population 

studies. As such, it is important to understand how well commonly used measurements 

of sleep in these studies agree, particularly in light of the high prevalence of sleep 

complaints in the older population. Methodological considerations that studies of a 

similar nature should be aware of will be identified. This paper contributes to the 

literature by assessing the agreement of sleep measurements in a large, population-

derived cohort of older community-dwelling adults and the impact of sleep complaints 

using quick to administer survey questions.  
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2.1.3. Paper 3. Associations between cognitive function, actigraphy-based and self-

reported sleep in older community-dwelling adults: findings from The Irish 

Longitudinal Study on Ageing 

This paper explores the associations between cognitive function and sleep in older 

adults. The relationship between cognitive function and sleep is established, but there 

remains some ambiguity in which characteristics of sleep are driving this association. 

There have been inconsistencies in the measurement of sleep and cognitive testing used 

which may contribute to this disparity. The TILDA dataset offers a unique opportunity 

to assess this association with both self-reported and objective measurements of sleep, 

coupled with an extensive battery of cognitive testing covering global cognition, 

executive function, verbal memory and processing speed. This cross-sectional analysis 

addressed known limitations of current literature by using extensive information 

collected by TILDA to assess cognition and sleep in a large, generalisable cohort.  

2.1.4. Paper 4. Examining the association between self-reported sleep duration and 

cognitive function trajectories in older adults in Ireland 

This paper will aim to determine the impact of self-reported sleep duration on cognitive 

function trajectories of older adults at multiple follow-ups. There is a paucity of 

longitudinal analyses of sleep and cognitive function. The availability of repeated 

cognitive and sleep measurements on a large sample allow for more sophisticated 

modelling of the relationship between sleep and cognitive trajectories. This study 

contributes to the sparse knowledge of these longitudinal associations, and furthers our 

understanding of potential factors driving the progression of cognitive impairment.  

2.1.5. Paper 5. Sleep chronotype and frailty status in the older population: Evidence 

from The Irish Longitudinal Study on Ageing 

The aim of this paper is to establish baseline prevalence of sleep chronotypes in older 

Irish adults. Sleep chronotypes are understood to determine the natural inclination to 

early or late sleep and wake habits, and late chronotypes have been shown to engage in 

worse health behaviours and be at greater risk of negative health outcomes. I 

hypothesised that late sleep chronotypes may have experienced a more progressed 

impairment in later life, resulting in increased risk of frailty syndrome. Sleep duration 

and quality have been explored previously in the context of frailty, but there is a paucity 

of literature available which explores the relationship between chronotype and frailty. 
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This paper contributes to this relatively unexplored area using objectively measured 

sleep and wake timings to identify chronotype, and assess whether this is a risk factor 

for frailty. 

2.2. Study Design 

2.2.1. Overview of TILDA 

TILDA is a nationally representative longitudinal study of adults aged 50 years and 

older, and their spouse of any age, in the Republic of Ireland. TILDA collects extensive 

information on the social, economic and health circumstances of participants. 

Interviews are repeated every two years and referred to as waves of data collection. The 

study is comprised of three main components: 1) A structured computer-assisted 

personal interview (CAPI); 2) an optional self-completion questionnaire collecting 

more sensitive information; and 3) an optional comprehensive health assessment carried 

out by trained research nurses. TILDA was established to provide baseline information 

on the older population in Ireland and contribute to our understanding of the causal 

processes involved in ageing by mapping changes over time of the ageing population 

(75). TILDA is modelled on the Health and Retirement Study (HRS) questionnaire to 

allow for maximum comparability with a family of longitudinal studies worldwide 

following a similar design (289). All participants provided written consent. Ethical 

approval was granted by the Trinity College Dublin Faculty of Health Sciences 

Research Ethics Committee.  

2.2.2. Sampling Design 

TILDA used a random sampling procedure (RANSAM) (290) to recruit participants for 

the first wave of data collection. The target population was any adult aged 50 years or 

older, and their spouse of any age, living in a residential address in the Republic of 

Ireland. The Irish Geodirectory is a comprehensive listing of all residential addresses in 

the Republic of Ireland and was used as the sampling frame for TILDA (291). The 

sampling process was three-stage. Firstly 3,155 clusters were identified which 

comprised of between 50 and 1,180 addresses. Of these, 640 clusters, and 50 addresses 

within each cluster were randomly selected, identifying 32,000 addresses. It was 

estimated that 25,600 of these households would achieve the required sample size 

threshold of 8,000 participants. Interviewers were required to identify eligibility of each 

selected address by determining whether a member of the household was aged 50 years 
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or older (75, 291). Further detail on the sampling and design of TILDA is described 

elsewhere (75, 290-292). 

2.2.3. Data Collection 

Figure 2.1 displays an overview of the modules included at each wave of data 

collection, and the attrition rates of the core Wave 1 sample. 

2.2.3.1. Wave 1 

The first wave of data collection took place between October 2009 and February 2011 

(293). Interviews were conducted in 6,279 households with 8,175 individuals aged 50 

years and older, and a further 329 younger spouses, participating in the study (n=8,504). 

This represented a response rate of 62.0% (291). A comprehensive health assessment 

was also offered to participants who completed an interview. Cognitive, cardiovascular, 

gait and vision testing was carried out, and anthropometric measurements and blood 

samples were taken. The health assessment was carried out in a health assessment 

centre based in Dublin or Cork. Where the participant was unable to travel, a modified 

home-based assessment was offered (294). 

2.2.3.2. Wave 2 

Wave 2 interviews were carried out between April 2012 and January 2013 (295). 

Participants were invited to take part in a structured interview and complete an optional 

self-completion questionnaire. Of the core sample (n = 8,504), 7,207 participants 

completed the self-interview at Wave 2. Wave 2 introduced new types of interview. A 

proxy interview was carried out where a participant was unable to complete an 

interview due to a physical or cognitive impairment (n=78). Where a participant had 

passed away, an end-of life interview was sought with a close family member or friend 

of the participant (n=160). In addition to the core sample, 170 new participants 

completed an interview at Wave 2. These participants were individuals who shared a 

household with a TILDA respondent from Wave 1 but did not participate in the first set 

of interviews.  

2.2.3.3. Wave 3 

Wave 3 interviews took place between March 2014 and October 2015 (296). A total of 

6,403 participants completed the wave with a further 119 proxy interviews and 206 end-
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of-life interviews carried out. The optional health assessment was again offered at 

Wave 3, with 5,270 participants completing this. Accelerometry measurements were 

also collected from a randomly selected subsample of participants who had completed 

the health assessment (n=1,683) (297). Interviews were also collected for 29 new 

participants outside of the core sample.  

2.2.3.4. Wave 4 

Wave 4 was completed between January 2016 and December 2016 (298). Self-

interviews were completed by 5,445 participants, proxy interviews by 117 participants 

and 206 end-of-life interviews were completed. Interviews were collected for 13 new 

participants outside of the core sample. 

2.2.3.5. Wave 5 

Interviews for Wave 5 were carried out between January 2018 and December 2018. 

Self-interviews were completed by 4,980 participants, proxy interviews by 123 

participants and 171 end-of-life interviews were completed. A further 3 new 

participants also completed Wave 5 interviews.  
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Figure 2.1. Flowchart of core TILDA sample  

 

_______________________ 

1 
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1  
The accelerometer substudy sample (n=1683) were randomly selected participants who had completed a 

health/home assessment with an accelerometer device available for use directly after. Further details are outlined in 

section 2.3.3.
 

2.3. Measures 

Details of measures covering outcome, predictor and confounding variables are 

provided in the respective methodology of each paper. Measures of sleep, cognitive and 

physical function in TILDA were the primary focus of the thesis. Sleep measures 

included self-report sleep duration and quality, and sleep measured by accelerometry. 

Cognitive function was assessed by the Mini-Mental State Examination (MMSE) (299), 

the Montreal Cognitive Assessment (MoCA) (300), a verbal fluency task, immediate 

and delayed verbal memory tests, the colour trails test (301) and a choice reaction time 

(CRT) test (302). Frailty was operationalised according to the Fried phenotype (4) to 

assess physical impairment. Availability of measurements differed by wave of data 

collection and is shown in Figure 2.2. 

Figure 2.2. Availability of sleep measurements in each wave of data collection 
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2.3.1. Self-Reported Sleep Duration 

During the structured interview, participants were asked the question “approximately 

how many hours do you sleep on average on a weeknight?”. Responses were rounded 

to the nearest hour.  

2.3.2. Self-Reported Sleep Quality 

Participants were also asked a series of three questions measuring their perceived sleep 

quality. The first question asked participants to rate how often they were likely to doze 

off, or fall asleep during the day. Responses were on a four-point Likert scale: 0. Would 

never doze; 1. Slight chance of dozing; 2. Moderate chance of dozing; 3. High chance 

of dozing.  

The remaining two questions pertained to perceived insomnia symptoms, drawn from 

the Jenkins Sleep Scale (67). The first question asked how often the participant had 

trouble falling asleep. The second question asked how often they had trouble waking up 

too early, and not being able to fall asleep again. Both questions were asked using a 

three-point Likert scale with responses including 0. Rarely or never; 1. Sometimes; 2. 

Most of the time.  

2.3.3. Accelerometry Measurement 

Accelerometry measurement was included as a sub-study in Wave 3, allowing for 

objective measurement of sleep habits to be captured. The sub-study took place during a 

limited time frame for data collection with a total of 190 accelerometer devices 

available. A ten-day turnaround from the first day of recording to return of the device to 

the TILDA offices was estimated, accounting for time taken to return the device 

through the postal service. A certain level of unpredictability was envisioned in this 

estimation, where a participant may delay in returning the device or the device takes 

longer than average to be delivered in the post. With this in mind, it was not considered 

feasible to allocate devices, or identify participants for inclusion in the study in advance 

of their health assessment. The sub-study sample was instead partially drawn from an 

opportunistic sample of randomly selected participants where a device was available for 

use following completion of their health assessment or (n=1,693). Devices were made 

available in both the health assessment centre, and with nurses for use in the modified 

home assessment which is offered where a participant is willing to take part in the 
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assessment but unable to travel (75). The home assessment typically captures 

participants who are older, frailer, and have worse reported behavioural health and 

socio-demographic characteristics compared to the health assessment sample (294). 

Application of the devices in both settings ensured a more representative distribution 

amongst the population and generated a sub-sample which was characteristically similar 

to both the health assessment sample, and the full, population representative, Wave 3 

sample.  

In a number of occasions, devices were not returned, or a technical fault occurred in the 

field with the device which corrupted the data (n=96). A total of 1,596 usable data files 

were obtained. The devices used and the methods of processing the data to produce 

sleep measurements are described below.  

2.3.3.1. GENEActiv Device 

Measurements were captured using wrist-worn GENEActiv™ triaxial accelerometer 

devices (Figure 2.3) (105, 303-305). Devices had a maximum sampling frequency of 

100Hz with a continuous logging period of 7 days with a measurement range of ±8g. 

The devices were non-invasive, waterproof and included a near-body temperature 

sensor which allowed for detection of non-wear periods (306).   
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Figure 2.3. GENEActiv™ wrist-worn accelerometer device 

 

2.3.3.2. Participant Protocol 

Appendix 2.1 displays the accelerometer information leaflet which was provided to 

participants who were offered an accelerometer device. The device sampling frequency 

was set at the maximum level of 100Hz to collect data at the highest precision level. 

Continuous recording up to a maximum of seven days is possible with the sampling 

frequency set at 100Hz, which is considered a suitable length of time for a reliable 

estimate of sleep (307) and ensured both weekday and weekend sleep was captured. 

These timings additionally allowed for a rapid turnaround of devices during the health 

assessment, maximising the sample which could be collected. Participants were asked 

to wear the device for seven continuous days immediately following their health 

assessment. Devices were set to begin recording at 9pm on the first day of wear to 

ensure consistency of recordings. The devices were worn on the non-dominant wrist 

where possible as this is the most validated placement in measuring sleep patterns 

(308). If there was a reason it could not be worn on this wrist, the device was worn on 

the dominant wrist. The devices were robust and participants were instructed to wear it 

at all times, including when they were playing sports, doing manual work or showering, 

as per the manufacturer instructions. The only instance where participants were asked to 

remove the device as a precaution was where extreme heat was involved, such as using 

a sauna. If the participant removed the device at any point, they were asked to put it 

back on when possible and the device would continue recording. Following the seven 
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days of wear, participants posted the device back to TILDA where the data was 

downloaded. The accelerometer was cleaned, and the device was offered to another 

health assessment participant.  

2.3.3.3. Processing 

The accelerometer raw data files were extracted in .bin and .csv formats and processed 

using a fully automated Micro-Electro-Mechanical-Systems (MEMS) classification 

algorithm for epidemiological studies (309). Generic, manual tools are typically suited 

for small scale studies. Fully automated tools are necessary for efficient batch 

processing of data in large scale studies. This classification algorithm processed 

approximately 180 files per hour using a standard consumer desktop computer making 

it an effective method of processing larger quantities of accelerometer data. The data 

files were processed at the maximum sampling frequency. Data was split into three-

second epochs which produced 300 data points per epoch at Fs = 100Hz. A total of 

216,000 epochs were generated for the one-week period of wear.  

To classify sleep, a spread-based approach was used to estimate sleep onsets and 

offsets. The data was filtered using a running interquartile range filter determining the 

range of movement over periods of time which allows for separation of sleep from 

wake periods. A bimodal distribution is generated from filtering and smoothed with a 

25-point centred moving average filter to eliminate phase shift. A threshold was 

determined as the minimum value between the two peaks of the bimodal distribution, 

which was used to classify epochs as either activity or inactivity. The final step was 

classification where values were converted to time-above-threshold representation and 

classified as sleep or non-sleep periods. A minimum threshold of 2 hours was set. The 

period with the longest consecutive period between sleep onset and offset was classified 

as the major sleep period. 

A validation study was completed using 100 sleep diaries and accompanying 

accelerometry files from the English Longitudinal Study of Ageing (ELSA). The time 

values for sleep and wake periods produced by the algorithm to times recorded in sleep 

diaries were compared. There was a zero-mean offset with confidence intervals of less 

than 10 minutes, and a standard deviation of less than 45 minutes, meaning that on 

average the sleep classification algorithm agreed closely with sleep diaries (309). 

2.3.3.4. Accelerometer Sleep Measures  
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The classification algorithm produced a number of sleep related measures. The 

measures focused on for this thesis included sleep duration, derived as the average 

length of the major sleep period each day, sleep time, derived as the time the participant 

started the sleep period, and wake time, derived as the time the participant ended the 

sleep period. Mid-sleep points were calculated as: 

(𝑠𝑙𝑒𝑒𝑝 𝑠𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 + 𝑡𝑜𝑡𝑎𝑙 𝑠𝑙𝑒𝑒𝑝 𝑡𝑖𝑚𝑒)

2
 

Sleep chronotypes were determined using the participant’s respective mid-sleep point.  

 

2.3.4. Cognitive Function 

2.3.4.1. Mini-Mental State Examination 

Participants completed the MMSE at each wave of TILDA. The MMSE measures 

global cognitive function and is used to screen for cognitive impairment (299). 

Participants were asked a series of questions which assess attention, orientation, 

memory, language and visuospatial ability. Scores range from 0-30.  

2.3.4.2. Montreal Cognitive Assessment 

The MoCA was administered by research nurses during the health assessment in Wave 

1 and Wave 3 of TILDA. The MoCA also measures global cognitive function, covering 

attention, orientation, executive function, memory, language and visuospatial ability 

(300). Participants were asked a series of questions which assess attention, orientation, 

memory, language and visuospatial ability. Scores range from 0-30. The MoCA is 

understood to be more sensitive at detecting mild cognitive change in a wide variety of 

settings (310).  

2.3.4.3. Verbal Fluency 

Verbal fluency was used to assess executive function at each wave of TILDA. 

Participants were asked to name as many different animals as possible in 60 seconds. 

This assessment requires participants to apply mental flexibility, self-initiated activity, 

abstraction, language processing and orientation (293, 298, 311, 312). 

2.3.4.4. Immediate and Delayed Recall 
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An immediate and delayed word list recall were used to assess memory measuring 

verbal learning and recall (293). Participants were read a list of ten words and asked to 

recall as many of the words as possible immediately after (immediate recall). This was 

repeated twice and the scores were added together to give a total immediate recall 

score. At a later stage in the interview, approximately 15 minutes after the list has been 

read, the participant were asked to again recall as many words as possible (delayed 

recall). 

2.3.4.5. Colour Trails Test 

Participants completed the colour trails test during the health assessment in Wave 1 and 

Wave 3. The test is made up of two parts. In part one, participants were asked to 

connect a series of numbered circles in consecutive order as quickly as possible. In part 

two, participants repeat the same task, but this time must alternate between pink and 

yellow coloured circles while connecting the numbers in sequence. Part one of the test 

measured processing speed. Part two measured executive function. 

2.3.4.6. Choice Reaction Time 

The Choice Reaction Time test was also completed during the health assessment in 

Wave 1 and Wave 3. Participants were provided with a specialised keyboard (Ergodex 

response board) which contained a central key, alongside ‘yes’ and ‘no’ keys. At the 

beginning of the test, the participant was asked to press the central key and hold until a 

stimulus appears on a computer screen in from of them. The stimulus displayed either 

the word ‘yes’ or ‘no’, at which point the participant was instructed to press the 

corresponding key on the keyboard as quickly as possible before returning and holding 

the central key. The stimulus appears approximately 100 times in the duration of the 

test. The test produced measures of cognitive response (time taken to release the central 

button) and motor response time (time taken to press the corresponding stimulus 

button). This test assessed processing speed (296). 

2.3.5. Frailty 

Physical impairment was assessed using the frailty syndrome. Frailty was 

operationalised as the Fried phenotype which characterises pre-frailty and frailty status 

using five criteria (exhaustion, weight loss, low physical activity, slowness, weakness) 

(4). Participants who were classified as having 0 frailty criteria were categorised as 
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robust, 1-2 of the frailty criteria as pre-frail, and those with 3+ criteria were categorised 

as frail.  

2.3.5.1. Exhaustion 

Exhaustion was measured using two items drawn from the Centre for Epidemiological 

Studies Depression (CES-D) scale (313). Participants were asked to rate how often in 

the past week they felt “everything I did was an effort” or “I could not get going”. The 

four response options included “rarely or none of the time (less than 1 day)”, “some or a 

little of the time (1-2 days), “occasionally or a moderate amount of time (3-4 days)” or 

“all of the time (5-7 days). A response of occasionally or all of the time to either 

question was classified as exhaustion.  

2.3.5.2. Weight loss 

Unintentional weight loss was measured with the question “in the past year have you 

lost 10 pounds (4.5kg) or more in weight when you weren’t trying to, for example, 

because of illness” asked during the structured interview. A response of ‘yes’ was 

classified as unintentional weight loss. 

2.3.5.3. Low physical activity 

Physical activity can be determined either through self-reported data or objective 

measures (314). The actigraphy measurements captured in TILDA can be used to 

measure physical activity, however this data has not yet been processed from the 

devices and measurements would be limited to Wave 3 only. Instead, physical activity 

was measured using the short-form International Physical Activity Questionnaire (315, 

316). Participants were asked a series of questions about how often they engage in 

vigorous activity (e.g. heavy lifting, aerobics or fast cycling), moderate activity 

(carrying light loads, cycling at a regular pace, tennis) or walking at a regular pace in 

the last seven days. The number of days and average time spent on each day were 

reported by the participant and used to calculate weekly minutes spent in each activity. 

Metabolic energy expenditure was calculated using the intensity of the activity and time 

spent converted into metabolic minutes.  

Metabolic Minutes = (vigorous activity minutes × 8.0) + (moderate activity minutes × 

4.0) + (walking minutes × 3.3). 
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Metabolic minutes were then converted into kilocalories (kcal) as: 

Metabolic minutes × (weight in kilograms/60).  

Low activity was classified as the lowest 20% of energy expenditure from participants 

aged 65 years and older stratified by sex.  

Future work may use the physical activity measurements from the accelerometer 

devices to validate self-reported physical activity captured in TILDA (317). Including 

this information may also provide a more accurate reflection of activity, as previous 

work has shown older adults to under-report levels of moderate to physical activity, and 

sedentary behaviour when compared to measurements from a wrist-worn accelerometer 

device (317). 

2.3.5.4. Slowness 

Slowness was measured using the Timed up and Go (TUG) test (318). Participants were 

asked to stand up from a chair, walk three metres, turn around, walk back to the chair 

and sit down. Participants were asked to walk at their regular pace during the test. 

Slowness was classified as the 20% slowest times taken to complete the test from 

participants aged 65 years and older, stratified by sex and height.  

2.3.5.5. Weakness 

Weakness was measured using a grip strength test. Participants were asked to squeeze a 

handheld dynamometer device as hard as they could for a few seconds using their 

dominant hand. The test was repeated twice. Grip strength was classified as the average 

value of the two tests. Weakness was classified as the lowest 20% of grip strength from 

participants aged 65 years and older stratified by sex and BMI.  

2.3.5.6. Measurement Differences 

Application of the measurements used to define frailty differed between waves for some 

measures. Trained research nurses administered the grip strength and TUG tests, and 

measured height and weight, during health assessment waves. During other waves, the 

grip strength and TUG tests were administered by the field interviewers and height and 

weight were self-reported.  

2.4. Statistical Analysis 
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Statistical analysis was conducted using Stata 14.2 and Stata 15.1 (319, 320). I designed 

analysis strategies for each paper which were appropriate for exploring the main 

objectives of the study. Analysis strategies are described in detail in the methodology 

section of each paper. The respective analyses are summarised here.  

Paper 1 was a cross-sectional analysis of accelerometer data from Wave 3 of TILDA to 

establish baseline estimates of sleep duration and determine correlates of impaired 

sleep. A Spearman-Brown reliability analysis was used to identify how many days of 

accelerometer recordings were required to obtain a reliable measure of sleep duration. 

Bivariate relationships between sleep duration and participant’s demographic and health 

characteristics were analysed using independent t-tests or ANOVAs where appropriate. 

Linear regression was used to model associations between continuous sleep duration 

and participant characteristics. Multinomial logistic regression was used to identify 

independent associations between sub-optimal sleep categories and demographic and 

health characteristics.  

Paper 2 analysed cross-sectional self-reported and accelerometer sleep data from Wave 

3 to determine agreement between the measurements. Intra-class correlation and Bland-

Altman analysis were applied to assess concordance between the measure, followed by 

linear regression analyses to model the association between self-reported sleep quality 

and differences in sleep measurements.  

Paper 3 modelled cross-sectional associations between self-reported and accelerometer 

sleep data, and a series of cognitive assessments in Wave 3, to establish whether there 

was a relationship between sleep duration, sleep quality and cognitive function. A 

single model was fitted for each cognitive assessment, with mutually adjusted sleep 

measurements included as predictor variables. Linear and negative binomial regression 

models were used where appropriate.  

Paper 4 was a longitudinal assessment of cognitive function and self-reported sleep 

duration measuring trajectories of cognitive function with respect to sleep habits at 2, 4 

and 6 year follow-up. Analysis was carried out using three-level multilevel mixed 

effects linear or negative binomial models where appropriate. Random intercepts were 

used to account for the repeated measurements of participants, and measurement of 

participants living in the same household. An autoregressive (order 1) residual structure 

was used in linear models to account for repeated measures over equally spaced time 
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points, assuming higher correlation between adjacent times points compared to more 

distant time points. Mixed-effects modelling allows for time-varying covariates to be 

accounted for, and is effective in maximising analysis samples by requiring a minimum 

of just two timepoints for each observation.  

Paper 5 was a longitudinal analysis of sleep chronotype and frailty status at two year 

follow-up using data from Wave 3 and Wave 4 to assess whether sleep chronotype was 

a risk factor for frailty. Sleep chronotype was determined using accelerometry 

measurements at Wave 3, and frailty status categorised at both Wave 3 and Wave 4. 

Cross-sectional prevalence of frailty status by chronotype was first determined. 

Logistic, poisson and multinomial regression was used to model associations between 

sleep chronotype and frailty status, frailty score and individual frailty criterion. Next, a 

longitudinal analysis using logistic regression was used to establish the association 

between sleep chronotype and incident frailty at two-year follow-up.  
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Introduction to Chapter 3 

The importance of healthy sleep was underpinned in the introduction of this thesis. 

Research measuring sleep at a population level is limited, and few studies have the 

resources to administer objective measurements in samples of this kind. This chapter 

sought to understand sleep habits of older Irish adults using a population-derived 

sample and accelerometer-based measurements of sleep. Furthermore, we explored 

potential health and demographic correlates of these sleep behaviours as a means of 

identifying risk factors for impaired sleep. This information will build an initial 

knowledge foundation of sleep habits and their correlates in this sample that informs the 

remaining studies of the thesis.   
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3.1. Abstract 

Objective 

This study assessed the distribution and correlates of objective sleep duration in the 

older population in Ireland. 

Design 

Cross-sectional study using population derived data from Wave 3 of the Irish 

Longitudinal Study on Ageing 

Setting 

Community dwelling adults 

Participants 

Adults aged 50 and older, who wore an accelerometer for at least four days (n=1,533). 

Measurements 

Sleep was measured for at least four days in 1,533 participants using a GENEActiv™ 

wrist-worn accelerometer device. Sleep parameters included total sleep time (TST) and 

self-reported sleep problems. TST was categorised as short and long sleep duration 

using US National Sleep Foundation guidelines. Linear and multinomial logistic 

regression models assessed socio-demographic, health and behavioural correlates of 

sleep duration. 

Results  

Mean TST for the sample was 463 minutes (SD, 72.6). 13.9% and 16.5% of participants 

measured short and long sleep duration respectively. TST decreased as sleep problems 

increased, as did durations recorded in Summer compared to Winter recordings. 

Advancing age was associated with longer sleep, as was anti-depressant use. 

Retired/Unemployed participants recorded longer TST, and were more likely to record 

long sleep compared to employed participants. Fair/poor self-rated health and 

separated/divorced participants were more likely to record short sleep. Those reporting 

moderate or high physical activity were less likely to record short or long sleep 

respectively compared to those reporting low physical activity. Participants reporting a 

limiting disability were less likely to record long sleep. 
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Conclusion 

Average TST was within recommended guidelines, however, a significant subset of 

older adults recorded sleep duration outside of the guidelines. Independent demographic 

and health correlates of sub-optimal sleep were identified, many of which are 

modifiable. Patients and clinicians should be aware of factors potentially influencing 

sleep patterns. Longitudinal analyses to confirm directionality of relationships with 

potential risk factors are warranted. 
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3.2. Introduction 

Sleep duration decreases naturally as we age, but may become more variable in older 

adults (34, 65, 321). Studies report a U shaped association with adverse health 

outcomes suggesting that both short and long sleep duration are risk factors for 

premature mortality, cardiovascular and chronic disease, and impairments in cognitive 

and mental health (42, 48, 115, 182, 219, 283, 322-324). In 2015, the National Sleep 

Foundation released guidelines recommending 7-9 hours (420-540 minutes) of sleep for 

adults aged 26-64 years, and 7-8 (420-480 minutes) hours for adults aged 65 years and 

older (1). Despite links to negative health outcomes and increased healthcare utilisation, 

sleep duration is not recognised as a public health concern (325). 

The gold standard for sleep measurement, laboratory-based polysomnography, is 

impractical outside of laboratory settings and of limited use in understanding the sleep 

patterns of large community-dwelling populations (65). Self-reported sleep measures 

are the most commonly used method in large-scale surveys (65). However, these may 

measure different sleep parameters than objective measurement.(81) Alternative 

objective methods such as accelerometry are becoming increasingly common (85). 

Technological advances and access to cost-effective, user-friendly, non-invasive 

measurement devices such as wrist-worn monitors have made it feasible for large, 

community based population studies to incorporate accelerometry measurement (95). 

The Sleep Health Heart Study (SHHS) included home-based PSG (107), while The 

Study of Osteoporotic Fractures (SOF) and Osteoporotic Fractures in Men Study 

(MrOS) measured sleep parameters using both wrist accelerometers and home-based 

PSG (108, 109). The CARDIA study included sleep measurement in young adults using 

wrist accelerometers (104). These studies have expanded our knowledge on objectively 

measured sleep characteristics in adults while also exploring outcomes of sleep 

disorders, fragmented sleep and insufficient sleep duration (104, 109, 326-331). SHHS, 

MrOS and SOF are, however, limited in their generalizability to other cohorts. SHHS is 

a multi-centre cohort study designed to focus on sleep disorders as risk factors for 

cardiovascular disease (111), while SOF (108) and MrOS (112) are multi-centre 

prospective observational studies limited to female or male cohorts respectively. 

Population studies have predominantly used self-reported survey questions for sleep 

research. There is a need for objective sleep analysis in generalizable population 
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cohorts. Limited comparative data on European cohorts exists. The Whitehall II study 

of British civil servants recently included accelerometry (105). These measurements 

have now been included in the English Longitudinal Study of Ageing (ELSA) (74) and 

The Irish Longitudinal Study on Ageing (TILDA) (75). These population representative 

studies of community dwelling older adults follow an internationally comparable design 

modelled on the Health and Retirement Study. TILDA provides a unique opportunity to 

analyse sleep in a population derived randomly selected large sample of community 

dwelling older adults and thus further contribute to extant literature. The richness and 

complexity of the data available allows for comprehensive analyses while accounting 

for an extensive list of confounding factors covering social, economic and health 

domains.  

The aims of this study were to: 1) assess objective sleep duration in older adults in 

Ireland; 2) identify demographic and health related factors associated with sleep 

duration outside of the recommended ranges. 

3.3. Methods 

3.4. Results 

The demographic characteristics of the accelerometer sample did not differ greatly from 

the health assessment sample, or the complete sample (Table 3.1). The mean (SD) age 

of the accelerometer sample was 67.5 (9.1) years (range: 50-94 years). The largest 

discrepancy was found in employment status. 53.4% of the accelerometer sample 

reported being retired, compared to 46.4% of the health assessment sample and 45.8% 

of the complete sample. Self-reported sleep problems did not differ across the three 

samples (Mean±SD: 2.2±1.6). 
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Table 3.1. Characteristics of the Wave 3 self-interview, health assessment and 

accelerometer samples 
 Wave 3 self-interviewa 

sample  

(n=6497) 

Wave 3 Health 

assessmentb sample 

(n=5315) 

Wave 3 accelerometerc 

sample 

(n=1533) 

Mean (SD) or % Mean (SD) or % Mean (SD) or % 

Sleep Problems Score 2.2 (1.6) 2.2 (1.6) 2.2 (1.6) 

Sex     

Male 44.6 45.0 46.4 

Female 55.4 55.0 53.6 

Age 66.6 ± 9.2 66.4 ± 9.0 67.5 ± 9.1 

Education    

None/Primary 25.5 23.6 25.4 

Secondary 39.8 39.2 39.7 

Third/Higher 34.7 37.2 34.8 

Employment Statusd    

Employed 33.0 33.2 26.5 

Retired 45.8 46.4 53.4 

Other 21.3 20.4 20.1 

Marital Status    

Married 69.7 71.0 72.4 

Never Married 8.5 7.8 7.7 

Separated/Divorced 7.2 7.0 6.8 

Widowed 14.6 14.2 13.1 

Location    

Dublin city or county 24.1 25.6 28.4 

Another town or city 27.8 27.1 27.1 

A rural area 48.1 47.2 44.4 

Self-Rated Health    

Excellent/Very Good/Poor 81.8 83.1 84.1 

Fair/Poor 18.2 16.9 15.9 

Physical Activity Groups    

Low 39.0 38.1 36.1 

Moderate 34.8 35.7 36.5 

High 26.1 26.2 27.4 

BMI Category    

Normal Weight 22.4 22.4 23.4 

Overweight 43.7 43.7 44.7 

Obese 34.0 34.0 31.9 

Current Smoker 12.9 11.7 10.7 

Reported Pain 35.0 35.1 35.8 

Limiting Disabilityd 25.7 25.1 25.1 

Depressive Symptomsd 10.3 10.4 9.2 

Medications: Sleep 9.1 9.0 8.4 

Medications: Anti-Hypertensives 43.7 43.2 46.3 

Medications: Anti-Depressants 9.2 9.2 9.4 

≥1 Chronic Condition  54.1 54.2 56.0 

≥1 Cardiovascular Condition 45.9 45.3 48.1 
aMissing data: Sleep problems n = 18 (0.3%), Education n = 2 (0.03%,) Employment status n = 11 (0.2%), Self-rated health n = 1 

(0.02%), Physical Activity Groups n = 315 (4.9%), Smoker n = 6 (0.1%), Reported pain n = 5 (0.1%) Limiting disability n = 3 

(0.1%), Depressive symptoms n= 34 (0.5%) 
bSleep problems n = 12 (0.2%), Education n = 1 (0.02%,) Employment status n = 6 (0.1%), Self-rated health n = 1 (0.02%), 

Physical Activity Groups n = 256 (4.8%), BMI Category n = 78 (1.5%), Smoker n = 1 (0.02%) Reported pain n = 5 (0.1%) Limiting 

disability n = 2 (0.04%), Depressive symptoms n= 19 (0.4%) 
cMissing data: Sleep problems n = 7 (0.5%), Employment status n = 4 (0.3%), Physical Activity Groups n = 17 (1.1%), BMI 
Category n = 17 (1.1%) Reported pain n = 4 (0.3%) Limiting disability n = 6 (0.4%), Depressive symptoms n= 6 (0.4%) 
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Mean TST was 463±73 minutes with a range of 164-779 minutes (Figure 4.2). 80.2% of 

participants aged 50-64 were within the recommended range of 7-9 hours, with 15.0% 

sleeping 6 hours or less and 4.8% sleeping for 10 hours or more. Of those aged 65 years 

and older, 61.1% slept within the recommended time of 7-8 hours, with 13.0% sleeping 

6 hours or less and 25.9% sleeping for 9 hours or more. 

Figure 3.2. Histogram of Total Sleep Time 

 

Supplementary Figure 3.1 shows mean TST by day of wear, week/weekend and season. 

Participants recorded longer mean TST on day of application of the device (483 

minutes) compared to shorter means of 459-465 minutes for the remainder of wear. 

Significant variation in TST between seasons was recorded. TST recorded during spring 

and summer were shorter (Mean: 455 minutes) than winter and autumn (Mean: 470-472 

minutes).  

Table 3.2 shows the mean TST by sample characteristic groups. Participants who were 

retired (Mean: 468) or unemployed (Mean: 467) recorded almost 20 minutes longer 

TST compared to employed participants (Mean: 450 minutes). Anti-hypertensive 

medication users recorded longer TST compared to non-users (Mean: 467 minutes vs 
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459 minutes), as did anti-depressant users compared to non-users (Mean: 478 minutes 

vs 461 minutes).  
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Table 3.2. Total sleep time by sample characteristics 
 Total Sleep Timea 

Mean ± SD (Range) 
 

Overall 463 ± 73 (164-779)   

Sex   

Male 460 ± 75 (164-726) 
p = 0.19 

Female 465 ± 70 (234-779) 

Education   

None/Primary 467 ± 78 (197-779) 

p = 0.24 Secondary 464 ± 73 (191-705) 

Third/Higher 459 ± 68 (164-726) 

Employment Statusb   

Employed 450 ± 63 (191-629) 

p < 0.001 Retired 468 ± 75 (164-726) 

Unemployed 467 ± 76 (197-779) 

Marital Status   

Married 462 ± 68 (164-726) 

p = 0.10 
Never Married 451 ± 80 (197-701) 

Separated/Divorced 467 ± 72 (318-655) 

Widowed 471 ± 89 (234-779) 

Location   

Dublin city or county 459 ± 69 (209-672) 

p = 0.39 Another town or city 465 ± 77 (191-779) 

A rural area 464 ± 72 (164-705) 

Self-Rated Health   

Excellent/Very Good/Poor 463 ± 70 (164-779) 
p = 0.82 

Fair/Poor 464 ± 84 (250-705) 

Physical Activity Groupsb   

Low 465 ± 81 (164-779) 

p = 0.26 Moderate 465 ± 69 (209-710) 

High 458 ± 66 (191-655) 

BMI Categoriesb   

Normal Weight 462 ± 68 (259-726)  

p = 0.73 Overweight 465 ± 70 (191-779) 

Obese 461 ± 78 (164-710) 

Current Smoker   

No 463 ± 72 (164-779) 
p = 0.77 

Yes 465 ± 77 (282-658) 

Reported Painb   

No 462 ± 74 (164-779) 
p = 0.46 

Yes 465 ± 70 (250-710) 

Limiting Disabilityb   

No 462 ± 71 (164-779) 
p = 0.09 

Yes 468 ± 77 (214-705) 

Depressive Symptomsb   

No 462 ± 72 (164-779) 
p = 0.22 

Yes 470 ± 80 (250-672) 

Medications: Sleep   

No 462 ± 72 (164-779) p = 0.07 
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 Total Sleep Timea 

Mean ± SD (Range) 
 

Yes 474 ± 77 (259-699) 

Medications: Anti-Hypertensives   

No 459 ± 69 (164-655) 
p < 0.03 

Yes 467 ± 76 (214-779) 

Medications: Anti-Depressants   

No 461 ± 70 (164-726) 
p < 0.01 

Yes 478 ± 93 (191-779) 

Chronic Conditions   

No Chronic Condition 463 ± 72 (164-726) 
p = 0.84 

≥1 Chronic Condition 463 ± 73 (197-779) 

Cardiovascular Conditions   

No Cardiovascular Condition 461 ± 69 (191-655) 
p = 0.20 

≥1 Cardiovascular Condition 465 ± 76 (164-779) 
aPresented as minutes 

bMissing data: Sleep problems n = 7 (0.5%), Employment status n = 4 (0.3%), Physical Activity Groups n = 17 

(1.1%), BMI Category n = 17 (1.1%) Reported pain n = 4 (0.3%) Limiting disability n = 6 (0.4%), Depressive 

symptoms n= 6 (0.4%) 

p-values below 0.05 show statistically significant differences between groups 

 

Figure 3.3A shows a multivariable linear regression model assessing associations 

between sample characteristics and TST. Figure 3.3B and 3.3C show the results of a 

multinomial logistic regression analysis which assessed predictors of short (n=213, 

13.9%) and long sleep duration (n=253, 16.5%).  

Self-reported sleep problems were associated with TST, and the likelihood of short 

sleep and long sleep durations. TST decreased as sleep problems increased (B=-3.58, 

95% CI:-6.00,-1.17, p<0.01), with the risk of short sleep duration increasing 

(RRR=1.12 95% CI=1.01,1.23, p<0.05), and long sleep duration decreasing (RRR=0.89 

95% CI=0.81,0.99, p<0.05) for each unit increase of sleep problems. 

Associations between employment status and both TST and long sleep durations were 

found. Retired/unemployed participants recorded longer TST compared to employed 

participants (Retired: B=15.04, 95% CI: 4.22,25.85, p<0.01; Unemployed: B=12.60, 

95% CI: 0.78,24.42, p<0.05). This was further reflected in a significant positive 

association with long sleep duration. Retired (RRR=3.36 95% CI=1.91,5.90, p<0.001) 

and Unemployed (RRR=2.64 95% CI=1.42,4.92, p<0.01) participants were more likely 

than employed participants to record long sleep duration.  

Season of recording was associated with TST and short sleep duration. Shorter TST was 

recorded in Summer compared to Winter (B=-13.53, 95% CI: -24.59,-2.47, p<0.05). 
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Correspondingly, participants who had recordings taken in summer were more likely to 

record short sleep duration (RRR=1.80 95% CI=1.12,2.92, p<0.05) compared to Winter 

recordings. 

Individual associations with both short and long sleep duration were also found. 

Participants who reported their health as fair/poor, compared to those who rated their 

health as excellent/very good/good, were more likely to record short sleep (RRR=2.29 

95% CI=1.43,3.66, p<0.001). Participants who were separated/divorced, compared to 

married participants, were also more likely to be short sleepers (RRR=2.12 95% 

CI=1.19,3.80, p<0.05). Age was positively associated with long sleep (RRR=1.05, 95% 

CI=1.03,1.08, p<0.001) as were anti-depressant medication users compared to non-

users (RRR=1.66 95% CI=1.03,2.70, p<0.05). 

Those reporting moderate physical activity were less likely (RRR=0.67 95% 

CI=0.45,0.99, p<0.05) to be short sleepers compared to those reporting low physical 

activity, as were those who reported a limiting disability compared to those who did not 

(RRR=0.62, 95% CI=0.40,0.95, p<0.05). Participants reporting high physical activity 

were less likely (RRR=0.60 95% CI=0.39,0.93, p<0.05) to be associated with long 

sleep duration than participants reporting low physical activity.
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Figure 3.3. Regression models for predictors of A: Total Sleep Time, B: Short Sleep Duration, C: Long Sleep Duration. A: Linear 

Regression for total sleep time in minutes. B/C: Multinomial Regression for predictors of short and long sleep duration compared 

to recommended sleep duration 
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3.5 Discussion 

This study assessed objective sleep duration in one of the largest samples to date of 

community-dwelling older adults, from different socio-economic backgrounds. 

Distributions of sleep duration were explored, and predictors of short and long sleep 

duration were identified. Whereas 69.6% of adults are sleeping within recommended 

guidelines, 13.9% and 16.5% report short or long sleep respectively. In other studies, 

these are known to be associated with negative health outcomes (42, 48, 109, 115, 182, 

219, 283, 322-324, 333). Reported sleep problems and poorer self-rated health were 

associated with short sleep. Increasing age, separated/divorced participants and 

unemployment were positively associated with long sleep duration, as were common 

experiences with advancing age such as retirement, and anti-depressant use. Limiting 

disability and moderate physical activity were negatively associated with short sleep 

duration, while reported sleep problems and high physical activity were associated with 

long sleep duration. Awareness of characteristics of people with altered sleep may alert 

attending health care professionals to high risk groups, suggesting monitoring of 

habitual changes in sleep during life-stage transitions and healthcare management may 

be warranted.  

SHHS (321), SOF (178), MrOS (109) and CARDIA (328) have all shown that sleep 

duration is associated with increased health risks. MrOS provides an insight in older 

male adults, and SOF provide insight into older female adults. Both studies however are 

volunteer led multi-centre prospective observational studies, limited to male or female 

samples respectively, and note their findings have limited generalizability to other 

cohorts (108, 112). SHHS is designed to investigate sleep disorders as risk factors for 

cardiovascular disease using in-home PSG (111), while CARDIA assesses sleep in a 

young adult cohort (104). Although the Whitehall II study includes valid accelerometer 

data for 4,204 adults aged 60-83 (105), data is collected from an occupational cohort 

and may not be considered representative of the general older population (334). The 

TILDA accelerometer sample is a sub-sample of community dwelling adults in a large 

European cohort drawn from an internationally comparable survey design. The richness 

and complexity of the TILDA data enabled adjustment for many relevant confounders 

and identified sleep duration, socio-demographic, health and behavioural correlates of 

sleep duration. The design of TILDA has additionally allowed us to control for sources 

of methodological variation such as season. This study thus expands on existing reports. 
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Insomnia is closely related to sleep duration. TILDA included a number of questions 

assessing self-reported sleep problems drawn from a validated instrument (67). These 

were included in models to assess the impact of sleep quality on measured sleep 

duration. Reporting more problems was strongly associated with short sleep. Inclusion 

of these measurements also allowed assessment of the effects of other factors on sleep 

duration independent of subjective experience.  

Seasonal differences may be related to change in temperature or daylight hours (335). 

Recordings taken during summer were associated with short sleep, potentially caused 

by longer daylight hours or higher temperatures. 

Poorer general health was associated with short and long sleep duration. Participants 

who rated their health as fair/poor were more likely to record short sleep. Anti-

depressants disrupt sleep, or improve it dependent upon the sedative properties of 

different drug classes (336). Anti-depressant use was associated with long sleep in fully 

adjusted models which controlled for depressive symptoms. 

Moderate and high physical activity showed negative associations with short and long 

sleep. Physical activity is known to attenuate the risk of sub-optimal sleep duration. In 

the MrOS study high levels of physical activity reduced the odds of becoming a short 

sleeper during 6-year follow (327). 

Age, employment status and marital status were all found to be related to TST. Our 

analysis showed age had a positive association with long sleep duration, but not with 

TST. Kurina et al. found increased TST of around 12 minutes per decade in adults aged 

62-90 (65). The MrOS sample showed higher baseline age predicted increased odds of 

becoming a long sleeper (327). However, findings from SHHS showed that TST 

decreased at older age, but sleep latency increased, an effect similar to our findings 

(321). Transition to retirement leads to an increase in sleep duration (337). Increased 

TST and a positive association with long sleep duration was found in our retired 

participants. A study of older adults in China showed an increased risk of short and long 

sleep duration in unmarried participants (338). A US study reported better sleep 

characteristics in older married adults compared with unmarried participants (339). 

Conversely, our findings showed participants who were separated/divorced experienced 

an association with long sleep duration. 
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Characteristics which were found to have associations with sub-optimal sleep duration 

may have clinical relevance, identifying groups potentially at risk of negative outcomes. 

Strengths and Limitations 

This is one of the largest studies of accelerometer measurement in a large population 

derived, community-dwelling cohort of older adults, to date. 

The availability of TST coupled with the richness of data allow for a comprehensive 

assessment of sleep duration in older adults. The time span involved in collecting data 

during Wave 3 of TILDA additionally allowed for a summary of seasonal variation. 

Although this effect is cross-sectional and subject to individual variation, it has 

identified meaningful differences that should be considered as potential confounders. 

Limitations were also present. The sample is relatively young (mean age: 67.5 years) 

and healthy. Accelerometer measurement is cross-sectional, limiting the ability to 

understand the temporal direction of these relationships. Further study is needed 

including longitudinal analyses to confirm directionality of relationships. 

Accelerometer measurements were only available for a sub-sample and though 

characteristically similar to the full cohort, it is not fully population representative. In 

wrist-worn monitors, activity measurement can be influenced by the height of the user. 

However, objectively measured height did not correlate with TST (-0.02) in this study 

(Supplementary Figure 3.2).  

Limited information on sleep disorders was collected during the TILDA interview. 

Participants were not asked about diagnosed conditions such as obstructive sleep 

apnoea, which is increasingly prevalent in older ages (340). Furthermore, participants 

were not asked if they were undergoing any treatment such as use of a continuous 

positive airway pressure breathing machine, or use of sleeping medication for treatment 

of a specific disorder. Almost 10% of the sample reported use of sleeping medication, 

but information on whether this medication was used to treat a specific disorder was not 

captured. OSA is a known risk factor for cardiovascular disease (341). Here we found 

that 48% reported at least one cardiovascular impairment. Use of anti-hypertensive 

medication was reported by 46% of participants, with significantly longer sleep times 

recorded in this group. The role of OSA in these findings must be considered but cannot 

be clarified with this data. Future waves of TILDA should consider inclusion of 
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questions that identify the experience or diagnosis of sleep disorders, and any treatment 

that is being undertaken. (341) 

In conclusion, our findings show that the majority (69.6%) of older Irish adults sleep 

within the recommended range. This study has established baseline findings of sleep 

duration in a population derived sample of community dwelling older adults drawn 

from a large European cohort. Short and long sleep duration were found to be 

associated with socio-demographic and health characteristics, including employment 

status, marital status, self-rated health, limiting disability, physical activity and use of 

anti-depressants, many of which may be modifiable. Patients and clinicians should be 

aware of factors which influence undesirable sleep patterns. 
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3.6. Supplementary Information 

S3.3.1. Supplementary Methods. Spearman-Brown Reliability Analysis to determine 

minimum number of recorded days required for reliable measure of sleep duration 

A two-way random effects model was used to calculate an intra-class correlation 

coefficient (ICC). Reliability was estimated using the formula;  

𝑟𝑠𝑏 =
𝑛(ICC)

1+(𝑛−1)ICC
  

where n refers to the number of within person observations. In line with previous 

literature, ≥0.7 was used as the threshold for an acceptable reliability coefficient for the 

measurement of sleep parameters (307, 342). Four days or more of recorded sleep 

duration were needed to reach the reliability coefficient threshold in this sample 

(Supplementary Figure 3.3). 
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Supplementary Figure 3.1. Total Sleep Time by Day of Wear, Weekday/Weekend 

and Season 
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Supplementary Figure 3.2. Scatterplot of Total Sleep Time (Minutes) by Height 

(CM). 
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Supplementary Figure 3.3. Spearman Brown coefficients by number of recorded days of sleep duration. 



92 

 

Chapter 4: Discrepancies in self-reported and actigraphy-

based sleep duration are associated with self-reported 

insomnia symptoms in community-dwelling older adults 

Title: Discrepancies in self-reported and actigraphy-based sleep duration are associated 

with self-reported insomnia symptoms in community-dwelling older adults 

Authors: Siobhan Scarlett1, Hugh Nolan1, Rose Anne Kenny1,2, Matthew DL 

O’Connell1,3 

Affiliations: 

1 The Irish Longitudinal Study on Ageing (TILDA), Department of Medical 

Gerontology, Trinity College Dublin, University of Dublin, Ireland 

2 Mercer’s Institute for Successful Ageing, St James’s Hospital, Dublin, Ireland 

3 Department of Population Health Sciences, School of Population Health and 

Environmental Sciences, Kings College London, London, UK 

 

This paper was published in Sleep Health: Journal of the National Sleep Foundation 

Scarlett, S, Nolan, H, Kenny, RA, O'Connell MDL. Discrepancies in self-reported and 

actigraphy-based sleep duration are associated with self-reported insomnia symptoms in 

community-dwelling older adults. 2020. Sleep Health: Journal of the National Sleep 

Foundation. [In Press]. https://doi.org/10.1016/j.sleh.2020.06.003 

 

Keywords: Older population; measurement agreement; Accelerometer; insomnia; 

sleep duration 

  



93 

 

Introduction to Chapter 4 

Disagreement between perceived and measured sleep has been shown frequently. 

Perceptions of sleep may be driven by underlying conditions such as depression, sleep 

complaints or poor health which often become more common in older ages. 

Technological advances have made it more feasible to include objective measurement 

in population studies which have typically been limited to measuring sleep using self-

reported survey questions only. This chapter aimed to establish the concordance of self-

reported and actigraphy-based measurement of sleep in a population sample of older 

adults. Using the extensive accompanying information available in the study, I also 

sought to establish how strongly sleep complaints, measured using survey questions, 

predicted divergent measurements. With consideration to the complexity and 

differences in perceived and measured sleep, it is important to understand the 

measurements as they are administered in population studies. In particular, identifying 

any methodological implications that should be considered as these types of 

measurements become more common.   



94 

 

4.1. Abstract 

Objectives 

To establish agreement between self-reported and actigraphy-based total sleep time 

(TST). To determine the impact of self-reported sleep problems on these measurements. 

Design 

Cross-sectional study using data from Wave 3 of The Irish Longitudinal Study on 

Ageing (2014-2015). 

Participants 

Community-dwelling older adults, aged ≥50 years, with self-reported sleep information 

and ≥4 days of actigraphy-based TST (n=1,520) 

Measurement 

Self-reported total sleep time, daytime sleepiness, insomnia symptoms (trouble falling 

asleep, trouble waking too early) measured during a structured self-interview. 

Actigraphy-based total TST was collected using GENEactiv wrist-worn accelerometers. 

Demographic characteristics and health information were controlled for. Analyses 

included descriptive statistics, reliability and agreement analysis using paired t-tests, 

intra-class correlations and Bland-Altman analysis. Linear regression was used to 

model associations with measurement discrepancies. 

Results 

Participants reported that they slept 7.0 hours (SD: 1.4, Range: 2.0-13.0 hours) on 

average, compared to 7.7 hours (SD: 1.2 hours, Range: 3.0-13.0 hours) recorded by 

accelerometry. Trouble falling asleep or waking too early “most of the time” were 

associated with under-reporting of sleep by 2.3, and 2.2 hours respectively. Agreement 

between measurements had an intra-class correlation of 0.18 and wide 95% limits of 

agreement (-3.95 to 2.60 hours). Under-reporting of sleep was independently associated 

with insomnia symptoms. 

Conclusion 

The agreement between self-reported and actigraphy-based TST in community dwelling 

older adults was low. Self-reported insomnia symptoms were independently associated 

with under-reporting of sleep. Studies seeking to measure sleep duration should 
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consider inclusion of questions measuring experience of insomnia symptoms to account 

for potential influence on measurements.  
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4.2. Introduction 

Sleep is a restorative process and plays a vital role in preservation of cognitive, physical 

and mental health (48, 343, 344). Poor sleep quality and duration has been associated 

with adverse health outcomes such as cognitive impairment, cardiovascular disease, 

depression, and mortality, many of which older adults are at increased risk of (48, 182, 

322-324, 345). Measurement of sleep can be achieved both subjectively and 

objectively. Despite the importance of measurement of sleep quality and duration, the 

number of studies examining agreement between types of measurement in large 

community samples is limited (79, 81, 87, 103, 106, 346). 

Surveys typically use subjective means such as sleep questionnaires, or sleep diaries, to 

assess sleep in participants. Laboratory based polysomnography is considered the gold 

standard for sleep measurement, but is expensive and impractical to consider for use in 

large community dwelling populations (65). Activity based monitoring through the use 

of accelerometer devices has been shown to be an effective tool for sleep research (86). 

These have become a feasible method for capturing objective sleep in large population 

studies. Wrist-worn devices are cost-effective and allow for non-invasive objective 

measurement of sleep in natural settings over long periods of time. 

Sleep quality is a complex construct. Perception of sleep may not corroborate with 

measured sleep, potentially impacted by sleep complaints experienced by an individual 

(63, 76, 79, 80). A number of studies have identified disagreement between subjective 

and objective measurements of sleep in older adults where accelerometer devices were 

used (79, 81, 87, 103, 106, 346). The CARDIA study showed subjective reports of sleep 

to be longer than actigraphy-measured sleep, increasing by 31 minutes for each 

additional hour of measured sleep (106). 

Sleep complaints are prevalent in the older population (84). It has been reported that 30-

48% of older adults report experiencing insomnia symptoms, with the most common 

complaint being difficulty initiating or staying asleep (83). Sleep complaints were found 

to drive differences between objective and subjective measurements. Using wrist worn 

accelerometer devices in a sample of adults aged 57-97 years and the Pittsburgh Sleep 

Quality Index (PSQI), van den Berg et al. showed that adults reporting poorer sleep 

were more likely to under estimate their sleep duration compared to their accelerometer 

measurement (87), while McCrae et al. reported that subjective and objective 
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measurements matched only for those without sleep complaints (103). Similarly, 

vulnerable older adults reporting sleep complaints were more likely to negatively report 

their sleep relative to their objective measurements (81). 

It is advised for studies to include both subjective and objective measurements of sleep 

(79, 86). The inclusion of subjective measurement is common in population studies, but 

there is no consensus on which tool is optimal for this purpose. Subjective sleep 

duration is often captured by a single survey question such as “How many hours on 

average do you sleep per night”. A number of high quality sleep scales have been 

validated, such as the PSQI (19 items) (66), the Epworth Sleepiness Scale (8 items) 

(68), or the Munich Chronotype Questionnaire (13 items) (70). These scales provide 

detailed data on different aspects of sleep, but application may be difficult in studies 

with high participant burden or clinical settings with limited time. 

Large studies examining agreement between subjective and objective measurements in 

community dwelling older adults are limited (87, 105). A number of large, population 

representative studies of older adults have introduced accelerometery measurement 

including The Irish Longitudinal Study on Ageing (75), the English Longitudinal Study 

of Ageing (74), and the Whitehall II study of British civil servants (105). These studies 

provide unique opportunities to analyse sleep in rich, complex datasets. Using the 

Whitehall II cohort, van Hees et al. showed gender, depression and insomnia symptoms 

to be drivers of measurement disagreement (105). As the use of objective measurement 

becomes more common in large population studies, it is important to understand the 

concordance of self-reported and objective sleep measurements as typically measured in 

these studies. The majority of research in this area has used small samples with limited 

generalisability (79-81, 104). 

This study set out to contribute to existing literature by assessing measurement 

agreement in The Irish Longitudinal Study on Ageing (TILDA) cohort of community-

dwelling older adults using wrist-worn accelerometry and quick to administer survey 

questions on sleep duration and complaints. The nature of the study allowed for an 

extensive list of known confounders for sleep measurement agreement to be accounted 

for in a large, population derived sample of community dwelling older adults.  

This study aims to 1) establish the overall level of agreement between self-reported 

total sleep time and actigraphy-based total sleep time and 2) to determine the impact 
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self-reported sleep problems have on measurement agreement using three short sleep 

problem questions. 

4.3. Methods 

Data were drawn from The Irish Longitudinal Study on Ageing (TILDA). TILDA is a 

nationally representative population study of community dwelling adults aged 50 and 

over in the Republic of Ireland. The TILDA study design has been outlined previously 

(75, 292). Briefly, the sample was selected using the RANSAM sampling procedure 

(290). Interviewers visited residential addresses drawn from the Irish National 

Geodirectory. Any adult aged 50 or older, including their spouse of any age, were 

invited to participate. 8,175 adults aged 50 or older took part in the first wave of data 

collection in TILDA (2009-2011) representing a response rate of 62%. Participants 

provided written, informed consent. Ethical approval was obtained from the Trinity 

College Dublin Faculty of Health Sciences Research Ethics Committee. 

Through structured interviews, TILDA collects detailed information on the health, 

social and financial situation of each participant. Figure 4.1 presents a detailed 

breakdown of the analysis sample for this study. This study analysed data from Wave 3, 

collected during 2014 and 2015 (n=6902). Where a participant could not complete the 

survey due to a cognitive or physical impairment, a proxy interview was offered. An 

end-of-life interview was administered to a close relative or friend where a participant 

had passed away. Only participants who were aged 50 years or older and had completed 

the self-interview were included (n=6,497). Wave 3 included a comprehensive health 

assessment (296). The health assessment was carried out by trained research nurses and 

offered to participants who completed the structured interview. 190 GENEactiv wrist-

worn accelerometer devices were also available during Wave 3, facilitating an 

accelerometry study on a sub-sample of Wave 3 health assessment participants. 

Following their health assessment, a randomly selected group of participants were 

asked to wear an accelerometer device for seven consecutive days immediately 

following their assessment (n=1578) (297). 

Previous analyses reported that four days of measurement were sufficient to obtain a 

reliable estimate of total sleep time in this cohort (347). Due to technical faults with the 

device, or where a participant did not wear the device for the full seven days, 45 devices 

were returned with fewer than four days of data captured. A further 13 participants with 
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incomplete data on self-reported sleep were excluded from the analysis. The final 

analysis sample consisted of 1,520 participants. 

Figure 4.1. Sample flowchart displaying exclusion criteria and breakdown of 

analysis sample 

 

4.3.1. Accelerometer Devices 

Devices used were wrist‐worn GENEactiv devices. These devices have a measurement 

range of ±8 g with a maximum logging period of 7 days at 100 Hz. The device is 

lightweight and water resistant. Devices have a body‐temperature sensor that can 

confirm wear and nonwear periods. Data was processed using a fully automated Micro‐

Electro‐Mechanical Systems (MEMS) accelerometer classification algorithm devised 

for epidemiological studies (309, 347). 
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4.3.2. Measures 

4.3.2.1. Total Sleep Time 

Actigraphy-based Total Sleep Time (TSTobj) was classified as average total sleep time 

for the length of device wear as measured by the accelerometer device (309, 347). Self-

reported Total Sleep Time (TSTsub) was classified using the interview question 

“Approximately how many hours do you sleep on a weeknight?”. Participants were 

asked to round to the nearest hour when asked to self-report their average sleep. For 

comparative purposes, TSTobj was rounded to the nearest hour. As previous analyses 

have shown there to be no difference in weekday and weekend recordings in this 

sample, measured total sleep time was derived using all available days of recording 

(347). 

4.3.2.2. Sleep Reporting Difference 

A sleep reporting difference score was calculated as (TSTsub-TSTobj). A positive value 

indicated over-reporting of sleep relative to objective measurement, and a negative 

value indicated under-reporting. 

4.3.3. Sleep Problems 

4.3.3.1. Daytime Sleepiness 

Participants rated whether they were likely to doze off or fall asleep during the day on a 

four point likert scale – 0.would never doze, 1.slight chance of dozing, 2.moderate 

chance of dozing, 3.high chance of dozing.  

4.3.3.2. Insomnia Symptoms 

Participants were asked two additional questions drawn from the Jenkins Sleep Scale 

which relate to insomnia symptoms.36 These asked how often the participant has 

trouble falling asleep, and how often they have trouble waking up too early and not 

being able to fall asleep before. These were answered on a three point Likert scale – 

0.rarely or never, 1.sometimes, 2. most of the time. 

4.3.4. Covariates 

Variables known to be related to sleep duration were included as potential confounders. 

Socio-demographic information including age, sex, education level (primary/none, 
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secondary level, third level or higher), marital status (married, not married, 

separated/divorced, widowed), area of residence (urban, rural) and employment status 

(employed, retired/not employed) were collected during the interview. The season of 

recording for measured sleep was also included.  

Cognitive status was assessed using the Mini-Mental State Examination (MMSE) (299). 

Health measures included self-rated health (excellent/very good/good, fair/poor), 

smoker status (smoker, non-smoker), self-reported pain and depressive symptoms as 

measured by scoring nine or higher on the eight-item Center for Epidemiological 

Depression Scale (332). Height and weight were measured during the health 

assessment. BMI was defined as weight divided by height squared (kg/m2) and 

categorised as underweight/normal weight (0-24.9), overweight (25.0-29.9), and obese 

(≥30).  

Participants were asked if they have ever been diagnosed with any chronic or 

cardiovascular conditions. Chronic conditions included lung disease, asthma, arthritis, 

osteoporosis, cancer, Parkinson disease, stomach ulcer, varicose ulcer, liver disease, 

thyroid disease, or kidney disease. Cardiovascular conditions included hypertension, 

stroke, angina, heart attack, heart murmur atrial fibrillation, or other abnormal heart 

rhythms. Participants were classified as having none, or one or more chronic conditions, 

and none, or one or more cardiovascular conditions.  

Detailed medication use information was also collected. Medications were classified 

using Anatomical Therapeutic Chemical (ATC) classification codes. Use of 

medications that impact sleep were included as covariates. Antidepressant medication 

was classified by ATC code N06A. Use of sleep medication included ATC codes N05A 

(antipsychotics), N05B (anxiolytics), N05C (hypnotics and sedatives), and R06A 

(antihistamines). Use of antihypertensive medication was classified by ATC codes C02 

(antiadrenergic agents), C03 (diuretics), C07 (β blockers), C08 (calcium‐channel 

blockers), and C09 (angiotensin‐converting enzyme inhibitors). 

4.3.5. Statistical Analysis 

Analyses were performed using Stata version 15.1 (Stata Corp., College Station, TX). 

Descriptive statistics for sleep parameters and participant characteristics were produced. 
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TSTsub and TSTobj differences are presented to examine where discrepancies were 

more pronounced within sample characteristics. 

Intra-class correlation coefficients produced using two-way mixed-effects models and 

Bland-Altman analysis was used to examine measurement agreement between TSTsub 

and TSTobj (99, 348). Overall agreement between measurements, and agreement by 

sleep problems were calculated. 

Linear regression models were used to analyse independent associations between 

TSTsub-TSTobj difference scores and sleep problems (daytime sleepiness, trouble 

falling asleep and trouble waking up too early). Basic models were adjusted for age and 

sex. Full models were additionally adjusted for covariates associated with large 

discrepancies in TSTsub and TSTobj. Full model outputs are shown in Supplementary 

Tables 4.3–4.5. 

Significance was set at p<0.05. All tests were two-tailed. 

4.3.6. Interview – Health Assessment Time Delay 

A delay between the structured interview and health assessment is present. The median 

time delay between structured interview and health assessment was 56 days (IQR: 23 

days – 109 days) (data not shown). Supplementary analyses were produced to assess 

whether delays between measurements contributed to discrepancies. 

4.4. Results 

4.4.1. Sample Characteristics 

Characteristics of the sample are presented in Table 4.1. 53.6% of the sample were 

female. The sample had a mean age of 67.5 years (SD 9.1, range 50-94 years). 55.8% 

lived in an urban area. The majority of the sample were married (72.4%), reported that 

their health was excellent/very good/good (84.1%) and were retired or not working 

(73.4%). Over half the sample reported one or more chronic conditions (56.1%) and 

48.1% reported one or more cardiovascular conditions. Just 8.4% reported use of sleep 

medication, while 9.3% reported use of anti-depressants and 46.3% reported use of anti-

hypertensive medication. The cohort were predominantly overweight (44.9%) or obese 

(31.8%). 9.0% reported depressive symptoms, while 35.7% reported the presence of 
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pain. Only 10.8% of the sample were current smokers. The mean MMSE score for the 

sample was 28.7 (SD=1.7, range: 16-30).  

  



104 

 

Table 4.1. Sample characteristics 

 n=1,520 

Sex, n (%)  

Male 704 (46.3) 

Female 816 (53.7) 

Age, Mean (SD) [Range] 67.5 (9.1) [50-94] 

Education, n (%)  

Primary 387 (25.5) 

Secondary 603 (39.7) 

Tertiary 530 (34.9) 

Marital Status, n (%)  

Married 1100 (72.4) 

Never Married 117 (7.7) 

Separated/Divorced 104 (6.8) 

Widowed 199 (13.1) 

Location, n (%)  

Urban 848 (55.8) 

Rural 672 (44.2) 

Employment Statusa, n (%)  

Employed 403 (26.6) 

Retired/Not Employed 1113 (73.4) 

Self Rated Health, n (%)  

Excellent/Very Good/Good 1279 (84.1) 

Fair/Poor 241 (15.9) 

Medication use: Sleep, n (%) 128 (8.4) 

Medication use: Anti-Hypertensives, n (%) 704 (46.3) 

Medication use: Anti-Depressants, n (%) 142 (9.3) 

Depressive Symptomsa, n (%) 137 (9.0) 

Reported Paina, n (%) 541 (35.7) 

≥1 Chronic Condition, n (%) 852 (56.1) 

≥1 Cardiovascular Condition, n (%) 731 (48.1) 

Physical Activity Groupsa, n (%)  

Low 521 (36.1) 

Moderate 525 (36.4) 

High 398 (27.6) 

BMI Categorya, n (%)  

Normal 351 (23.3) 

Overweight 675 (44.9) 

Obese 478 (31.8) 

Current Smoker, n (%) 164 (10.8) 

MMSE Score, mean (SD) [Range] 28.7 (1.7) [16-30] 

Season of recording, n (%)  

Winter 294 (19.3) 

Spring 252 (16.6) 

Summer 461 (30.3) 

Autumn 513 (33.8) 
aMissing data: employment status, n = 4 (0.3%); depressive symptoms, n = 5 (0.3%); reported pain, n 

= 4 (0.3%); physical activity groups, n = 76 (5.0%); BMI category, n = 16 (1.1%) 

SD = Standard Deviation 
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4.4.2. Total Sleep Time 

Table 4.2 summarises TSTsub and TSTobj by sample characteristics. Participants had a 

TSTsub of 7.0 hours (SD: 1.4, Range: 2.0-13.0 hours) of sleep on average compared to 

an TSTobj of 7.7 hours (SD: 1.2 hours, Range: 3.0-13.0 hours). The magnitude of 

TSTsub-TSTobj difference differed between demographics. Female participants had a 

sleep difference score of -0.8 hours, while male participants had -0.6 hours. Those 

living in an urban area had a difference of -0.8 hours compared to -0.5 hours for those 

living in a rural area. The difference was -0.7 hours in Retired/Not Employed 

participants compared to -0.5 in employed participants. One of the largest discrepancies 

of TSTsub and TSTobj was found in participants who were separated/divorced (-1.1 

hours). 

Differences in health status also had an impact on TSTsub-TSTobj difference. Those 

who reported fair/poor self-rated health had a significantly larger difference than those 

who reported excellent/very good/good self-rated health (-1.1 vs -0.6 hours). Similarly, 

participants who used sleep medication had a score of -0.9 hours compared to -0.6 for 

those who were not taking sleep medication. The largest discrepancy was found in those 

who reported depressive symptoms who measured a difference of -1.7 hours, compared 

to -0.6 in those who did not report depressive symptoms.  
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Table 4.2. Sample characteristics by self-reported total sleep time, actigraphy-

based total sleep time and self-reported total sleep time – actigraphy-based total 

sleep time difference 
 Self-reported Total 

Sleep Time 

(Hours) 

Actigraphy-based 

Total Sleep Time 

(Hours) 

TSTsub-TSTobj 

difference 

(Hours) 

Overall 7.0 7.7 -0.7 

Sex    

Male 7.1 7.7 -0.6 

Female 7.0 7.8 -0.8 

Education    

Primary 7.0 7.8 -0.8 

Secondary 7.0 7.7 -0.7 

Tertiary 7.1 7.7 -0.5 

Marital Status    

Married 7.0 7.7 -0.7 

Never Married 7.0 7.5 -0.5 

Separated/Divorced 6.8 7.8 -1.1 

Widowed 7.2 7.8 -0.6 

Location    

Urban 6.9 7.7 -0.8 

Rural 7.2 7.7 -0.5 

Employment Statusa    

Employed 7.0 7.5 -0.5 

Retired/Not Employed 7.1 7.8 -0.7 

Self Rated Health    

Excellent/Very Good/Good 7.1 7.7 -0.6 

Fair/Poor 6.6 7.7 -1.1 

Sleep Medication: No  7.0 7.7 -0.6 

Sleep Medication: Yes 6.9 7.9 -0.9 

Anti-Hypertensive Medication: No 7.0 7.7 -0.6 

Anti-Hypertensive Medication: Yes 7.1 7.8 -0.7 

Anti-Depressant Use: No 7.0 7.7 -0.7 

Anti-Depressant Use: Yes 7.2 7.9 -0.8 

Depressive Symptoms: No 7.1 7.7 -0.6 

Depressive Symptoms: Yes 6.2 7.8 -1.7 

Reported Pain: No 7.2 7.7 -0.5 

Reported Pain: Yes 6.8 7.7 -1.0 

≥1 Chronic Condition: No 7.0 7.7 -0.6 

≥1 Chronic Condition: Yes 7.0 7.8 -0.7 

≥1 Cardiovascular Condition: No 7.1 7.7 -0.6 

≥1 Cardiovascular Condition: Yes 7.0 7.8 -0.8 

Physical Activity Groups    

Low 7.0 7.7 -0.7 

Moderate 7.1 7.8 -0.8 

High 7.1 7.7 -0.5 

BMI Category    

Normal 6.9 7.6 -0.7 

Overweight 7.1 7.7 -0.7 

Obese 7.1 7.7 -0.6 

Current Smoker: No 7.0 7.7 -0.7 

Current Smoker: Yes 7.0 7.8 -0.8 

Season of recording    

Winter 7.1 7.9 -0.8 

Spring 7.1 7.6 -0.5 

Summer 7.1 7.6 -0.5 

Autumn 7.0 7.8 -0.8 

TSTobj = Actigraphy-based total sleep time; TSTsub = Self-Reported total sleep time 
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Figure 4.2 presents a Bland-Altman plot depicting TSTsub and TSTobj. The average 

agreement line between the two measures is shown to be below 0 (Observed Average 

Agreement = -0.68) suggesting systematic bias toward under-reporting of sleep 

compared to actigraphy-based sleep. The limits of agreement ranged from -3.95 to 2.60 

hours. 

Figure 4.2. Bland-Altman plot comparing self-reported and actigraphy-based total 

sleep time 

 

Supplementary Table 4.1. presents mean TSTsub-TSTobj differences by Interview – 

Health Assessment time delay quantiles. Those with the shortest delay between 

structured interview and health assessment (0-20 days) had a mean TSTsub-TSTobj 

difference of -0.73 hours (SD=1.74) compared to -0.70 (SD=1.69) in those with longer 

delays ranging between 77-127 days, and -0.52 (SD=1.60) in delays of between 128-

421 days. No clear relationship between Interview-Health Assessment Time Delay was 

seen in a scatterplot depicting the two measures (Supplementary Figure 4.1.). This is 

further assessed in Supplementary Table 4.2. which presents a simple linear regression 
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to model the association between TSTsub-TSTobj difference and Interview-Health 

Assessment time delay (log). The association was found to be non-significant [B=0.04, 

95% CI: -0.04,0,12]. 

Scatterplots depicting average TSTsub-TSTobj difference and sleep problem 

components are shown in Figure 4.3. Significant negative Spearman rank correlations 

were found between self-reported sleep and all sleep problem components suggesting 

that sleep difference scores became more negative, representing greater underreporting 

of self-reported sleep, as sleep problems increased. Correlations were strongest with 

trouble waking too early (Rs=-0.454, p<0.001) and trouble falling asleep (Rs=-0.345, 

p<0.001). Only daytime sleepiness was significantly correlated with actigraphy-based 

sleep, however this correlation was weak (Rs=-0.082, p<0.01). 
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Figure 4.3. Scatterplots of average difference between self-reported and 

actigraphy-based total sleep time in hours by Daytime sleepiness, Trouble falling 

asleep and Trouble waking too early 
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The ICC coefficient between TSTsub and TSTobj was 0.18 (Table 4.3). The highest 

ICC coefficients were measured in those who reported trouble waking too early “rarely 

or never” (ICC=0.29) and trouble falling asleep “rarely or never” (ICC=0.26). The 

lowest coefficients were obtained in measurements of participants who reported trouble 

falling asleep or trouble waking up too early “most of the time”, with ICC coefficients 

of 0.03 and 0.02 respectively.   
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Table 4.3. Self-reported total sleep time – actigraphy-based total sleep time difference, intra-class correlations and Bland-Altman 

95% limits of agreement results overall self-reported and actigraphy-based total sleep time and by daytime sleepiness, trouble 

falling asleep, trouble waking too early 

 n (%) TSTsub-TSTobj 

Difference 

ICC Bland Altman  

95% Limits of Agreement 

Overall  -0.7 0.18 -2.60 3.95 

Daytime Sleepiness      

Would never doze 591 (38.9) -0.8 0.17 -2.54 4.15 

Slight chance of dozing 431 (28.4) -0.5 0.17 -2.53 3.46 

Moderate chance of dozing 245 (16.1) -0.6 0.17 -2.63 3.78 

High chance of dozing 253 (16.6) -0.8 0.19 -2.70 4.40 

Trouble falling asleep      

Rarely or never 1000 (65.5) -0.3 0.26 -2.63 3.32 

Sometimes 379 (24.9) -0.9 0.15 -2.19 4.01 

Most of the time 149 (9.6) -2.3 0.03 -1.28 5.91 

Trouble waking too early      

Rarely or never 800 (52.2) -0.2 0.29 -2.68 3.01 

Sometimes 489 (32.1) -0.8 0.20 -2.12 3.65 

Most of the time 243 (15.7) -2.2 0.02 -1.26 5.69 

TSTobj = Actigraphy-based total sleep time; TSTsub = Self-reported total sleep time; ICC = Intra-Class Correlation 
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4.4.3. Self-reported and actigraphy-based sleep differences 

Figure 4.4. depicts mean TSTsub and TSTobj by sleep problem measures. Sleep 

difference scores remained stable for those reporting increased chances of daytime 

sleepiness, with those reporting that they would never doze, and those reporting a high 

chance of dozing both measuring a TSTsub-TSTobj difference of -0.8 hours (Figure 

4.4A). TSTsub-TSTobj differences were lowest in those who reported “rarely or never” 

having trouble falling asleep (-0.3 hours) (Figure 4.4B), or trouble waking too early (-

0.2 hours) (Figure 4.4C). These differences increased as the frequency of either 

problem increased. Participants who stated that they have trouble falling asleep “most 

of the time” had a difference of -2.3 hours. Those who stated they have trouble waking 

too early “most of the time” had a difference of -2.2 hours. 
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Figure 4.4. Means and 95% confidence intervals of Self-Reported Total Sleep 

Time and Actigraphy-based Total Sleep Time by A) Daytime Sleepiness, B) 

Trouble Falling Asleep and C) Trouble waking too early 
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Regression models predicting sleep difference scores for individual sleep problem 

components are shown in Figure 4.5. Basic models and fully adjusted models are 

displayed. Positive coefficients represent over-reporting of sleep, negative coefficients 

represent under-reporting of sleep.  

In the fully adjusted models, only participants who reported a slight chance of daytime 

sleepiness compared to no chance had a significant positive association with sleep 

difference scores (B=0.31, 95% CI: 0.08,0.51, p<0.01) (Figure 5.5A). 

When compared to participants who stated they “rarely or never” had trouble falling 

asleep, or waking up too early, those who reported they had trouble either “sometimes” 

or “most of the time” had significant negative associations with sleep difference scores. 

The effects were attenuated in fully adjusted models, but remained significant. 

Strongest associations were found in those who had trouble falling asleep “most of the 

time” (B=-1.80 95% CI:-2.10,-1.51, p<0.001) (Figure 4.5B) compared to trouble falling 

asleep “rarely or never”, or trouble waking up too early “most of the time” (B=-1.86 

95% CI:-2.10,-1.63, p<0.001) (Figure 4.5C) when compared to trouble waking up too 

early “rarely or never”.  

The r2 value for the basic Daytime Sleepiness model was just 0.01, suggesting that 

although significant associations were found, Daytime Sleepiness predicts little of the 

variance (1%) in sleep reporting scores (Supplementary Table 4.3). In contrast, the r2 

value for the basic model using trouble falling asleep to predict variance in sleep 

difference scores was 0.18 (Supplementary Table 4.5). This increased only slightly to 

0.21 where all covariates were included in the fully adjusted model.  
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Figure 4.5. Linear regression models for predictors of TSTsub-TSTobj difference 

by A) daytime sleepiness, B) trouble falling asleep and C) trouble waking too early. 

CI, confidence interval. Positive coefficients represent over-reporting of sleep, 

negative coefficients represent under-reporting of sleep. TSTobj = Actigraphy-

based total sleep time; TSTsub = Self-reported total sleep time 
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4.5. Discussion 

This study sought to assess measurement agreement between self-reported total sleep 

time and actigraphy-based total sleep time using data from TILDA. Overall agreement 

was low between measurements with systematic under-reporting of sleep relative to 

actigraphy-based sleep apparent. Average results from both measurements were within 

one hour of each other, but participants under-reported their sleep by 0.7 hours 

compared to actigraphy-based sleep. Differences were more pronounced in participants 

reporting poorer health, such as fair/poor self-rated health and depressive symptoms, 

with discrepancies of greater than one hour between measurements. 

Another aim of this study was to determine the impact of subjective sleep problems on 

measurement agreement using three short sleep problem questions. Sleep problems 

were prevalent. Over one-third of participants experienced insomnia symptoms which is 

in accordance with previous literature (83). Agreement between measurements 

decreased in those experiencing insomnia symptoms as the magnitude of sleep under-

reporting increased. In particular, those who experienced trouble falling asleep, or 

waking too early “most of the time” were found to under-report their sleep by over two 

hours on average. This is consistent with other findings which showed that poor self-

reported sleep quality was associated with shorter reported TST when compared to 

measured sleep (81, 87, 103). 

Experience of daytime sleepiness did not show the same effects on sleep reporting in 

this sample. Measurement differences were consistent in all categories which may 

suggest daytime sleepiness is not a driving force to the same extent of insomnia 

symptoms in perceptions of sleep. Use of the TILDA data in this analysis enabled 

extensive adjustment for relevant confounders in assessing these questions as driving 

factors of these discrepancies. 

Depressive symptoms were shown to be the strongest driving participant characteristic 

in sleep reporting differences. To further understand this relationship, supplementary 

analyses assessing prevalence of depressive symptoms and anti-depressant use by sleep 

problems were conducted. Depressive symptoms were more prominent in participants 

reporting greater magnitude of sleep problems (Supplementary Table 4.6). Similarly, 

use of anti-depressant medication was more commonly reported in those reporting more 
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sleep problems (Supplementary Table 4.7). This is consistent with previous findings of 

the association between insomnia and depressive symptoms (324, 343). 

Accelerometer devices may classify a period of sedentary, motionless behaviour as 

sleep. They are still however considered an effective method for sleep research (86). 

We have shown that in a sample of older adults, actigraphy-based measurements were 

on average longer than self-reported sleep. 

Underreporting was most pronounced in participants who self-reported insomnia 

symptoms. It is suggested that discrepancies of this kind in insomniacs may be a 

reflection of poor sleep quality that is not captured by accelerometer devices rather than 

an inaccurate recall of actual sleep duration (87). It is unclear whether differences here 

were under-reporting sleep relative to how much sleep was actually obtained, or 

whether recordings were longer resulting from sedentary periods resulting from trouble 

falling asleep or waking too early. The day-to-day variability of sleep duration 

experienced in those with insomnia complaints creates challenges in using either 

objective measurement or single-item survey questions. With consideration to the high 

prevalence of insomnia in the older population (83), researchers should be cognisant of 

the impact this may have on either self-reported or actigraphy-based measurement.  

Sleep state misperception is a disorder where an individual reports subjective 

complaints of insomnia without corresponding objective evidence (349). The 

prevalence of the disorder is understood to be low (350), but may drive some of the 

more extreme discrepancies we identified and influence overall discrepancies. We 

found that underestimation of total sleep time was as high as seven hours in this sample. 

5% of participants underestimated their total sleep time by four hours or more, but this 

increased to 19% in participants reporting insomnia complaints “most of the time”, 

potentially partially driven by sleep state misperception syndrome (data not shown). It 

was not possible to identify those experiencing sleep state misperception syndrome in 

this sample, but this may represent one explanation for some discrepancies found in 

these sleep measurements. 

These discrepancies have implications on studies of sleep duration and it is 

recommended where possible that multiple measures of sleep are included (79, 85, 87). 

Landry et. al note the importance of the methods used in sleep quality assessment given 

the complex nature of sleep (79). The PSQI has been commonly used as the method of 
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measuring sleep quality in research of this kind (74, 79-81, 87, 346), but the length of 

this tool may be prohibitive in certain settings. Our findings demonstrate that addition 

of short, quick to administer questions which assess insomnia symptoms may be 

effective complimentary questions to account for potential bias when evaluating sleep 

duration. These results add to current literature with this evidence, and confirm findings 

of a similar nature using a large, population-derived cohort of older adults. 

These findings also have implications for clinical practice. Those with adverse health 

characteristics were shown to be most at risk of discrepancies. Measurement on these 

cohorts should emphasise use of objective measurement using wearable devices such as 

FitBit or similar. 

Strength and Limitations 

This study has a number of strengths. This is one of the largest studies of its kind to 

date and uses a population derived community-dwelling cohort of older adults. The 

design of TILDA allowed for an assessment of agreement of sleep measurements in 

older adults while accounting for a comprehensive array of confounding factors. 

Limitations are also present. The prevalence of obstructive sleep apnoea (OSA) 

increases with age and is a risk factor for cardiovascular impairment which was 

reported by almost half of this sample (48.1%) (340, 341, 351, 352). It has been 

reported that short sleep duration is associated with OSA when measured using PSG 

and actigraphy (353, 354). Insomnia symptoms are also common in those who 

experience OSA (355). Although an extensive list of diagnosed conditions were 

captured during the TILDA interview, participants were not asked about diagnoses of 

sleep disorders such as OSA. This limited our ability to understand the prevalence of 

OSA in this sample, or understand the role it may play in the discrepancies we have 

highlighted here.    

The accelerometer measurements are from a sub-sample of the TILDA study and not 

population representative, however it has been shown that this sample is 

characteristically similar to the full cohort (347). Participants are asked when reporting 

their sleep to round to the nearest hour, reducing the precision of this measurement. 

Self-Reported Total Sleep Time was asked during the self-interview, while 

accelerometer measurements were taken directly after the health assessment. As a 

consequence of the study design of TILDA, a delay between the structured interview 
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and health assessment is present. This created some uncertainty in whether reported 

sleep reflected the same sleep patterns that were being experienced during the 

accelerometer recording period. We produced supplementary analyses to assess whether 

this contributed to measurement discrepancies. We did not find clear evidence for an 

effect resulting from the lag. Nevertheless, lag between assessments is a potential 

limitation in studies of variable characteristics like sleep duration. Studies of a similar 

nature should be conscious of potential contributions to discrepancies where delays 

between measurements are present. 

Conclusions  

In summary, agreement between self-reported and actigraphy-based sleep duration was 

low in this sample of community dwelling older adults. Health practitioners should be 

aware of the prevalence of under-reporting of sleep duration, particularly as those with 

adverse health characteristics were shown to be most at risk of discrepancies. Insomnia 

symptoms were associated with measurement discrepancies. It was shown that this 

effect can be gauged using quick to administer questions. Studies which seek to use 

either form of measurement should consider inclusion of similar questions as a means 

of establishing whether self-reporting, or objective measurement may have been 

influenced. Future work will investigate longitudinal differences in measurements and 

incident insomnia symptoms to better understand the directionality of the relationship. 
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4.6. Supplementary Information 

Supplementary Table 4.1. Interview - Health Assessment time delay quantiles by 

TSTsub-TSTobj difference 

No. of days 0-20 21-41 42-76 77-127 128-421  Overall 

Sleep 

Reporting 

Difference, 

Mean (SD) 

-0.73 (1.74) -0.78 (1.55) -0.66 (1.77) -0.70 (1.69) -0.52 (1.60) -0.68 (1.67) 

 

Supplementary Figure 4.1. Scatterplot of Interview – Health Assessment Time 

Delay by Sleep Difference Score 
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Supplementary Table 4.2. Simple linear regression model for association between 

Interview – Health Assessment time delay (log) and TSTsub-TSTobj difference 

TSTobj-TSTsub difference 
 

 B [95% CI] 

Interview-Health Assessment time delay (log) 0.04 -0.04-0.12 

r2 0.001 
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Supplementary Table 4.3. Linear regression models for associations between 

daytime sleepiness and TSTsub-TSTobj difference 

 Model 1 Model 2 

 B [95% CI] B [95% CI] 

Daytime Sleepiness: Would never doze  - - - - 

Daytime Sleepiness: Slight chance of dozing 0.31** [0.10,0.52] 0.30** [0.09,0.50] 

Daytime Sleepiness: Moderate chance of 

dozing 

0.19 [-0.06,0.44] 0.23 [-0.02,0.47] 

Daytime Sleepiness: High chance of dozing -0.11 [-0.36,0.14] -0.01 [-0.24,0.26] 

Sex: Male - - - -- 

Sex: Female -0.18* [-0.35,-0.01] -0.06 [-0.24,0.11] 

Age 0.00 [-0.00,0.01] 0.01 [-0.00,0.02] 

Marital Status: Married   - - 

Marital Status: Never married   0.23 [-0.09,0.44] 

Marital Status: Separated/Divorced   -0.22 [-0.56,0.11] 

Marital Status: Widowed   0.11 [-0.16,0.37] 

Education: Primary/none   - - 

Education: Secondary   0.07 [-0.15,0.29] 

Education: Third Level    0.21 [-0.01,0.44] 

Employment Status: Employed    - - 

Employment Status: Retired/Not Employed    -0.20 [-0.41,0.02] 

Season: Winter    - - 

Season: Spring    0.38* [0.10,0.65] 

Season: Summer    0.32* [0.08,0.56] 

Season: Autumn    -0.02 [-0.27,0.22] 

Location: Urban    - - 

Location: Rural    0.16 [-0.01,0.33] 

Sleep Medication: No   - - 

Sleep Medication: Yes   -0.07 [-0.37,0.24] 

Reported Pain: No   - - 

Reported Pain: Yes   -0.29** [-0.47,-0.11] 

Current Smoker: No   - - 

Current Smoker: Yes   0.02 [-0.26,0.31] 

Depressive Symptoms: No   - - 

Depressive Symptoms: Yes   -0.85*** [-1.15,-0.55] 

Self-rated health: Excellent/very good/good   - - 

Self-rated health: Fair/poor   -0.17 [-0.42,0.07] 

MMSE Score   -0.02 [-0.07,0.03] 

r2 0.01 0.08 
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Supplementary Table 4.4. Linear regression models for associations trouble falling 

asleep and TSTsub-TSTobj difference 

 Model 1 Model 2 

 B [95% CI] B [95% CI] 

Trouble Falling Asleep: Rarely/Never - - - - 

Trouble Falling Asleep: Sometimes -0.56*** [-0.75,-0.37] -0.51*** [-0.70,-0.32] 

Trouble Falling Asleep: Most of the time -1.96*** [-2.24,-1.69] -1.80*** [-2.08,-1.51] 

Sex: Male - - - - 

Sex: Female -0.01 [-0.18,0.15] 0.04 [-0.12,0.21] 

Age 0.00 [-0.01,0.01] 0.01 [-0.01,0.02] 

Marital Status: Married   - - 

Marital Status: Never married   0.22 [-0.09,0.53] 

Marital Status: Separated/Divorced   -0.25 [-0.58,0.08] 

Marital Status: Widowed   0.14 [-0.12,0.41] 

Education: Primary/none   - - 

Education: Secondary   0.03 [-0.18,0.24] 

Education: Third Level   0.15 [-0.07,0.37] 

Employment Status: Employed    - - 

Employment Status: Retired/Not Employed   -0.11 [-0.32,0.09] 

Season: Winter    - - 

Season: Spring    0.37** [0.10,0.63] 

Season: Summer   0.25* [0.02,0.48] 

Season: Autumn    -0.08 [-0.30,0.15] 

Location: Urban    - - 

Location: Rural    0.17* [0.01,0.33] 

Sleep Medication: No   - - 

Sleep Medication: Yes   0.07 [-0.22,0.36] 

Reported Pain: No   - - 

Reported Pain: Yes   -0.15 [-0.33,0.04] 

Depressive Symptoms: No   - - 

Depressive Symptoms: Yes   -0.55*** [-0.84,-0.26] 

Self-rated health: Excellent/very good/good   - - 

Self-rated health: Fair/poor   -0.16 [-0.39,0.08] 

MMSE Score   -0.01 [-0.06,0.04] 

r2 0.12 0.16 
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Supplementary Table 4.5. Linear regression models for associations between 

trouble waking too early and TSTsub-TSTobj difference 

 Model 1 Model 2 

 B [95% CI] B [95% CI] 

Trouble Waking Too Early: Rarely/Never - - - - 

Trouble Waking Too Early: Sometimes -0.59*** [-0.77,-0.42] -0.55*** [-0.72,-0.38] 

Trouble Waking Too Early: Most of the time -2.04*** [-2.26,-1.82] -1.89*** [-2.12,-1.67] 

Sex: Male - - - - 

Sex: Female -0.05 [-0.21,0.10] 0.02 [-0.14,0.18] 

Age 0.00 [-0.01,0.01] 0.01 [-0.00,0.02] 

Marital Status: Married   - - 

Marital Status: Never married   0.21 [-0.08,0.50] 

Marital Status: Separated/Divorced   -0.21 [-0.52,0.10] 

Marital Status: Widowed   0.05 [-0.20,0.30] 

Education: Primary/none   - - 

Education: Secondary   0.01 [-0.20,0.22] 

Education: Third Level   0.11 [-0.12,0.33] 

Employment Status: Employed    - - 

Employment Status: Retired/Not Employed   -0.22* [-0.42,-0.02] 

Season: Winter    - - 

Season: Spring    0.33* [0.08,0.59] 

Season: Summer    0.30*** [0.08,0.52] 

Season: Autumn    -0.05 [-0.27,0.17] 

Location: Urban    - - 

Location: Rural    0.08 [-0.07,0.24] 

Sleep Medication: No   - - 

Sleep Medication: Yes   0.00 [-0.28,0.28] 

Reported Pain: No   - - 

Reported Pain: Yes   -0.16 [-0.33,0.01] 

Depressive Symptoms: No   - - 

Depressive Symptoms: Yes   -0.46*** [-0.74,-0.17] 

Self-rated health: Excellent/very good/good   - - 

Self-rated health: Fair/poor   -0.04 [-0.26,0.19] 

MMSE Score   -0.01 [-0.06,0.04] 

r2 0.18 0.21 
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Supplementary Table 4.6. Prevalence of depressive symptoms by daytime 

sleepiness, trouble falling asleep and trouble waking too early 
 No Depressive 

Symptoms 

(%) 

Depressive 

Symptoms 

 (%) 

Overall 91.0 9.0 

Daytime Sleepiness   

Would never doze 90.4 9.7 

Slight chance of dozing 94.7 5.4 

Moderate chance of dozing 90.2 9.8 

High chance of dozing 86.9 13.2 

Trouble Falling Asleep   

Never or rarely 94.1 5.9 

Sometimes 90.4 9.6 

Most of the time 71.2 28.8 

Trouble Waking Too Early   

Never or rarely 94.7 5.3 

Sometimes 92.6 7.4 

Most of the time 75.2 24.8 
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Supplementary Table 4.7. Prevalence of the use of anti-depressants by daytime 

sleepiness, trouble falling asleep and trouble waking too early 

 No Anti-Depressant Use 

(%) 

Anti-Depressant Use 

 (%) 

Overall 90.7 9.3 

Daytime Sleepiness   

Would never doze 91.5 8.5 

Slight chance of dozing 92.3 7.7 

Moderate chance of dozing 89.4 10.6 

High chance of dozing 87.0 13.0 

Trouble Falling Asleep   

Never or rarely 92.0 8.0 

Sometimes 91.0 9.0 

Most of the time 80.8 19.2 

Trouble Waking Too Early   

Never or rarely 90.7 9.3 

Sometimes 92.0 8.0 

Most of the time 87.8 12.2 
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Introduction to Chapter 5 

Having established baseline sleep characteristics in TILDA and identifying meaningful 

differences in the sleep measurements available in this sample, this chapter set out to 

use this information to investigate how sleep may impact cognitive function in older 

adults. Research to date has established an association between sleep and cognitive 

function, but as discussed in the literature review, there remains some ambiguity in 

which parameters of sleep drive cognitive impairment. Studies have suggested that this 

ambiguity may result from different measurements of sleep such as between self-

reported and objective sleep relating to cognitive function. Other studies have noted that 

often cognitive measurements were limited and may have contributed to emergent 

differences in findings. I build on the knowledgebase of sleep and cognition using a 

unique opportunity to investigate sleep in a population-derived sample, measured using 

self-reported survey questions and accelerometer devices for each participant, coupled 

with an extensive range of cognitive testing covering multiple domains.   
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5.1. Abstract 

Objective: Cognitive impairment is prevalent in older ages. Associations with sleep are 

well established, however ambiguity remains in which sleep characteristics contribute 

to this impairment. We examined cross-sectional associations between both self-

reported and actigraphy-based sleep and cognitive performance across a number of 

domains in community-dwelling older adults. 

Methods: 1,520 participants aged 50 and older with self-reported and actigraphy-based 

total sleep time (TST) (≤5 hours, 6 hours, 7-8 hours, 9 hours ≥10 hours) and self-

reported sleep problems, were analysed. Cognitive function was assessed using the 

Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), 

verbal fluency, immediate and delayed recall memory, colour trails tests and choice 

reaction tests (CRT). Associations between sleep and cognition were modelled using 

linear and negative binomial regression. 

Results: Negative associations were found between ≥10 hours of self-reported TST and 

MoCA error rate (Incidence Rate Ratio[IRR]= 1.42, 95% CI=1.18,1.71, p<0.001), 

verbal fluency (Beta[B]=-2.32 words, 95% CI=-4.00,-0.65, p<0.01) and delayed recall 

(B=-0.91 words, 95% CI=-1.58,-0.25, p<0.05) compared to 7-8 hours. Significant 

associations with actigraphy-based TST were limited to MoCA error rate in ≤5 hours 

[IRR=1.22; 95% CI=1.02,1.45, p<0.05] compared to 7-8 hours. Higher numbers of 

sleep problems were associated with slower performance in CRT cognitive response 

time (IRR=1.02; 95% CI=1.00,1.04, p<0.05) and total response time (IRR=1.02 95% 

CI=1.00,1.04, p<0.05).  

Conclusions: Self-reported long sleep duration was consistently associated with worse 

cognitive performance across multiple domains. Marginal associations between 

cognition and both actigraphy-based sleep and self-reported sleep problems were also 

apparent. These results further affirm poor sleep as a risk factor for cognitive 

impairment. 
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Key points:  

• Sleep was associated with cognitive impairment in community-dwelling older 

adults. 

• The strongest associations were between self-reported long sleep duration and 

global cognition, executive function and verbal memory. 

• Self-reported long sleep duration may be a marker for cognitive impairment. 

• Longitudinal analyses using actigraphy-based and self-reported measurements are 

warranted to better understand this relationship. 

5.2. Introduction 

Cognitive function broadly declines with age, leading to a high incidence of cognitive 

impairment in older adults (190-193). This creates health challenges as the global 

ageing demographic shifts (5) emphasising the need to understand contributing factors. 

Sleep difficulties are increasingly prevalent with advancing age are common in 

Alzheimer’s disease and have been consistently linked with cognitive impairment (48, 

49, 137, 207, 212, 218). However, there remains some ambiguity in which attributes of 

sleep contribute to impairment (48, 137). 

Sleep duration is often shown to have a U-shaped relationship with both short and long 

duration associated with cognitive impairment (48). Previous work on self-reported 

sleep has shown complaints such as insomnia, and long sleep duration to be associated 

with cognitive impairment (220, 356, 357), while others found only short sleep duration 

to be related (222, 223). Studies also showed varying results across demographic strata 

and cognitive domains. Potvin et al. found that short sleep duration was linked to 

cognitive impairment in men, while impairment in women was related to long sleep 

duration (225). Miyata et. al showed short sleep duration affected memory, with others 

showing memory impairment resulting from poor sleep quality or insomnia, but not 

short sleep duration (223). Actigraphy-based total sleep time was shown in some 

studies to have a weak or no relationship to cognitive impairment in older adults (109, 

216, 217), however recent research found an association with actigraphy-assessed sleep 

times (223, 226)Cavuto et al. and Miyata et. al analysed sleep measurements captured 

using wrist-worn actigraphy, showing measured total sleep time to be associated with 

memory performance (223, 226). 
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Disparity in findings may be a consequence of inconsistent mseasurement of both sleep 

and cognitive function (137). Sleep is typically self-reported in household surveys, 

while laboratory-based studies often use objective measures such as polysomnography 

(PSG) (65). Laboratory-based studies using PSG can determine a precise picture of 

sleep architecture but monitoring is invasive, expensive, and generally spans just 24 

hours limiting the ability to measure habitual patterns (65, 88). Actigraphy is non-

invasive and causes less disruption to sleep routines (89, 102). Use of actigraphy has 

become feasible in larger surveys and allows measurement in home environments 

where natural sleep patterns can be recorded over longer periods (88, 89). It has been 

shown that self-reported and actigraphy-based sleep do not correlate well, limiting 

comparability between methods (63, 81, 85, 87, 358, 359). Few studies have assessed 

cognitive function with both self-reported and objectively measured sleep, and where it 

has been possible, studies had limited sample sizes, cognitive testing, measurement 

periods, confounder information or were based in laboratory settings (79, 109, 210, 226, 

360, 361). 

Population studies of older adults such as The Irish Longitudinal Study on Ageing 

(TILDA) have recently included self-reported and actigraphy-based measurement of 

sleep. The US National Sleep Foundation recommends between 7-9 hours of sleep for 

adults aged 26-64 years, and 7-8 hours for those aged 65 years and older (1). Sleep 

duration may be negatively impacted by sociodemographic factors or health conditions 

(115, 118, 121-126, 347). In Irish older adults, 13.9% recorded sleep durations less than 

recommended, and 16.5% longer than recommended (347). Associations between sleep 

and cognitive outcomes in this population are not yet established. Availability of both 

self-reported and actigraphy-based sleep measurement, coupled with extensive 

cognitive measurement and confounder information provides opportunity to analyse 

associations while addressing previously noted limitations in similar studies (79, 109, 

360, 361). 

This study will investigate cross-sectional associations between self-reported and 

actigraphy-based sleep duration, self-reported disturbances and cognitive performance 

in a population-derived sample of community-dwelling older adults in Ireland.  

5.3. Methods 
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This was a cross sectional study from Wave 3 of TILDA. TILDA is a nationally 

representative population study of community-dwelling older adults in Ireland. The 

TILDA study design has been described previously (75, 292). Briefly, random sampling 

of the population using the RANSAM procedure was used (290). Household addresses 

were drawn from the Irish National Geodirectory. Participants provided written consent. 

Ethical approval was granted from the Trinity College Dublin Faculty of Health 

Sciences Research Ethics Committee. 

The first wave of data collection was completed between October 2009 and February 

2011 with 8,175 adults aged 50 and over completing an interview, representing a 

response rate of 62%. Wave 3 interview data was collected between March 2014 to 

October 2015 (n=6,902) (296). Participants completed a structured interview which 

collected information on their social, health and financial situation. Participants who 

could not complete the interview due to a cognitive or physical impairment were 

offered a proxy interview. Only participants who had completed a self-interview were 

included in this analysis (n=6,497) (Figure 5.1). A health assessment including tests of 

cognitive function, vision, bone health, walking, balance, grip strength was offered to 

participants after their interview and carried out by trained research nurses. 

Anthropometric measurements, blood and hair samples were also taken. Wave 3 

included an accelerometer sub-study on health assessment participants using 

GENEActiv™ Original wrist-worn accelerometers (Activinsights, Cambridgeshire, 

UK) (297). A limited number of devices were available (n=190) which precluded the 

study from capturing data on all health assessment participants. Participants were 

randomly selected following their assessment and asked to wear the device for seven 

consecutive days to facilitate the sub-study. Data was collected for 1,578 participants. 

5.3.1. GENEActiv™ Device 

The GENEActiv™ accelerometer is a lightweight, robust, waterproof, non-invasive 

device with a measurement range of ±8g. The device has a maximum logging period of 

seven days at 100Hz and a body temperature sensor to determine non-wear periods. 

Sleep data from the devices were processed using a fully automated micro-electrical-

mechanical systems classification algorithm (309, 347). Automated threshold detection 

was used to classify the data into sleep and wake cycles (309, 347). The algorithm was 

verified previously using actigraphy-recordings matched to sleep diary logs, finding a 
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zero-mean difference suggesting close agreement between measurements (309, 347). 

The devices were programmed to begin measuring at 9pm on the day of the health 

assessment and record for a full week with a major sleep period classified for each day. 

A Spearman-Brown reliability analysis has shown at least four recorded major sleep 

periods are required to meet the threshold for an acceptable estimate of total sleep time 

in this cohort (347). In a number of cases (n=45), devices were returned with less than 

four recorded major sleep periods. This occurred where a participant did not wear their 

device everyday (n=3), or where a technical fault occurred in the field (n=42). This 

analysis included participants with at least four days of accelerometer data and 

complete data on self-reported sleep duration and quality (n=1,520). 

Figure 5.1. Sample flowchart.  
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5.3.2. Sleep Measures 

Participants were asked how likely they were to doze off during the day, with responses 

ranging from 0 to 3 referring to likelihood of dozing. Participants were also asked how 

often they have trouble falling asleep, and how often they have trouble waking up too 

early and not being able to fall asleep again with responses ranging 0 to 2 representing 

frequency of symptoms (67). A composite sleep score was derived by summing the 

items (0-7) with higher scores representing more sleep problems. Self-reported total 

sleep time (TST) was classified using a single question which although not formally 

validated, has routinely been used to capture self-reported sleep in large, 

epidemiological studies and typically shows the expected correlations with health 

outcomes (63, 72-74). Participants were asked “Approximately how many hours do you 

sleep on a weeknight?” with answers rounded to the nearest hour.  

Actigraphy-based TST was classified as average total sleep time recorded by the 

GENEActiv™ device. Actigraphy-based and self-reported TST were categorised as ≤5 

hours, 6 hours, 7-8 hours, 9 hours and ≥10 hours to reflect sleep period 

recommendations and for comparability with studies using similar definitions (1, 2, 

109, 228). 

5.3.3. Cognitive Measures 

This analysis focused on four cognitive domains assessed during the TILDA interview 

and health assessment (Supplementary Table 5.1).  

Global Cognition was measured using the Mini-Mental State Examination (MMSE)60, 

and the Montreal Cognitive Assessment (MoCA) both of which are widely used in 

clinical settings (300). Although the MoCA is understood to be more sensitive for 

assessing people with mild cognitive impairment, we included both to maximise 

comparability with other studies (310).  

Verbal memory was assessed with an immediate and delayed word recall test using a 

list of ten words (362). 

Processing Speed was assessed using part one of the Colour Trails Test, where 

participants are asked to draw a line connecting circles numbered 1-25 in consecutive 

order,(301) and a computer-based cognitive response test (Choice Reaction Test (CRT)) 

(302). Participants were instructed to press and hold the central key on a specialised 
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keyboard and press a corresponding yes/no key on appearance of a yes/no stimulus on 

the screen producing three measures. Cognitive response as the time taken to release the 

button in response to the stimulus, movement response as the time taken to press the 

corresponding stimulus button, and total response as the combined cognitive and 

movement response time. 

Executive Function was assessed using two tests. The first was a verbal fluency test, 

where participants were asked to list as many animals as they could name in one minute 

(363). The second was part two of the Colour Trails Test where participants must repeat 

the instructions from part one while alternating between pink and yellow circles.  

5.3.4. Covariates 

Additional measures recognised as risk factors for sleep or cognitive impairment were 

adjusted for including age, sex, educational attainment (primary or 

none/secondary/third level or higher); location of residence (urban/rural); marital status 

(married/never married/separated or divorced/widowed); employment status 

(employed/retired or not employed); self-reported exercise group as measured by the 

Short-Form International Physical Activity Questionnaire (low/moderate/high) (315, 

316) and smoker status (never or past/current). Depressive symptoms were assessed 

using the eight-item version of the Center for Epidemiological Depression Scale (CES-

D8), a short-form version of the 20-item scale which has been validated in TILDA 

where the measurement of latent factors of depression while using fewer items was 

confirmed (364). The CES-D8 was included from Wave 3 to shorten the length of the 

assessment and reduce participant burden (273, 313). Depressive symptoms were 

measured as scoring nine or higher on the scale (332). Medications were classified 

using the Anatomical Therapeutic Chemical (ATC) classification codes. Sleep 

medications included ATC codes N05A (antipsychotics), NO5B (anxiolytics), N05C 

(hypnotics and sedatives), and R06A (antihistamines). Antihypertensive medication 

included ATC codes C02 (antiadrenergic agents), C03 (diuretics), C07 (β blockers), 

C08 (calcium-channel blockers) and C09 (angiotensin-converting enzyme inhibitors). 

Antidepressant medication included ATC code N06A. Participants were asked if they 

had ever been diagnosed with any chronic conditions including lung disease, asthma, 

arthritis, osteoporosis, cancer, Parkinson disease, stomach ulcer, varicose ulcer, liver 

disease, thyroid disease, or kidney disease. Participants were categorised as having no 
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chronic conditions or chronic condition ≥1. Participants were also asked if they had any 

cardiovascular disease including hypertension, stroke, angina, heart attack, heart 

murmur atrial fibrillation, or other abnormal heart rhythms. Participants were 

categorised as having no cardiovascular conditions or cardiovascular condition ≥1. 

Seasonal variation in actigraphy-based TST has been found previously(347) and was 

also adjusted for. 

5.3.5. Statistical Analysis 

Statistical analyses were performed using Stata 15.1 (StataCorp. 2017. College Station, 

TX: StataCorp LLC.). Participant characteristics of actigraphy-based and self-reported 

TST categories, and self-reported sleep problems were presented. Descriptive 

characteristics were presented as percentages or means and standard deviations (SD). 

Means and SD of cognitive tests and TST categories, and correlations between 

cognitive tests and sleep problems were assessed. Regression analyses were fitted to 

model mutually adjusted associations between actigraphy-based TST, self-reported TST 

and sleep problems and all cognitive tests. Both actigraphy-based and self-reported TST 

were treated as categorical predictor variables with 7-8 hours as a reference category. 

Sleep problems were treated as a continuous predictor. Model assumptions were tested 

prior to analysis. Following this, linear models were used for verbal fluency, immediate 

and delayed recall. Colour Trails 1, 2, cognitive response time, movement time and 

total time were positively skewed approximating a Poisson distribution. The MMSE 

and MoCA revealed both a ceiling effect and skewed distribution. For analysis, the 

number of errors made for MMSE and MoCA (30-Score) was calculated and modelled 

as a count process. Negative binomial regression was then used to model MMSE errors, 

MoCA errors, Colour Trails 1, Colour Trails 2, cognitive response time, movement time 

and total response time. Linear models were used for verbal fluency, immediate and 

delayed recall. Models were adjusted for all covariates defined previously. Full model 

outputs are displayed in supplementary tables 5.5-5.14. Cases with complete sleep data 

were analysed. Some missing data was present in cognitive tests (MoCA: n=8; colour 

trails 1: n=13; colour trails 2: n=33; CRT: n=133). Statistical significance was set at 

p<0.05. 

5.4. Results 

5.4.1. Accelerometer sub-study sample 
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The accelerometer sample was characteristically similar to the self-interview sample 

(Supplementary Table 5.2). The main difference was a higher prevalence of retired/not 

employed participants in the accelerometer sample (73.4%) compared to the self-

interview sample (67.0%). 

5.4.2. Sample Characteristics by Total Sleep Time categories 

Mean age of the sample was 67.6 years (SD=9.1). 53.7% were female, 34.9% had third 

level or higher education and 55.8% lived in an urban area (Table 5.1). The majority 

were married (72.4%) and either retired or not employed (73.4%).  

Approximately 60% of participants had 7-8 hours sleep by both actigraphy (62.4%) and 

self-reported TST (59.7%). Just 3.7% of participants recorded ≤5 hours of actigraphy-

based TST and 6.4% ≥10 hours, while 12.4% of participants self-reported ≤5 hours of 

TST and 3.2% self-reported ≥10 hours. Concordance between measurements was low 

(Supplementary Table 5.3). The highest concordance was in those recording 7-8 hours 

actigraphy-based TST, with 62.9% of participants also self-reporting 7-8 hours TST. 

Just 9.5% of those with 9 hours of actigraphy-based TST also self-reported 9 hours, 

while 13.4% recording ≥10 hours also self-reported ≥10 hours.  

Mean age was highest in the shortest and longest actigraphy-based TST categories. This 

age gradient was only apparent in the longest self-reported TST categories. 

Use of medications was highest in ≥10 hours across both actigraphy-based and self-

reported TST categories. Those with ≥10 hours of actigraphy-based TST had the 

highest prevalence of depressive symptoms, however in self-reported TST, depressive 

symptoms were highest in those with ≤5 hours. Prevalence of ≥1 cardiovascular 

condition was highest in ≤5 hours and ≥10 hours in both actigraphy-based and self-

reported TST.  



138 

 

Table 5.1. Sample characteristics overall and by actigraphy-based total sleep time and self-reported total sleep time categories  

 

 Overall 

(n=1,520) 

Actigraphy-based total sleep time (hours) Self-reported total sleep time (hours) 

≤5 

3.7%  

(n=56) 

6 

10.2% 

(n=155) 

7-8 

62.4% 

(n=948) 

9 

17.4% 

(n=264) 

≥10 

6.4% 

(n=97) 

≤5 

12.4%,  

(n=189) 

6 

18.7% 

(n=284) 

7-8 

59.7% 

(n=907) 

9 

6.1% 

(n=92) 

≥10 

3.2% 

(n=48) 

Age, Mean±Standard Deviation 67.6±9.1 71.8±10.7 66.1±9.2 67.2±9.0 67.8±8.9 70.7±9.2 67.4±8.7 67.6±9.5 67.0±8.9 70.8±8.8 72.3±10.8 

Sex: Male, % 46.3 53.6 48.4 46.2 43.8 47.5 42.9 38.7 48.6 57.6 39.6 

Education, %            

Primary/None 25.5 32.1 21.9 24.7 26.0 33.3 32.8 22.2 24.2 27.2 37.5 

Secondary 39.6 32.1 42.6 39.1 40.4 42.4 42.3 41.2 39.3 33.7 39.6 

Third Level or higher 34.9 35.7 35.5 36.2 35.6 24.2 24.9 36.6 36.6 39.1 22.9 

Location: Urban, % 55.8 62.5 52.3 56.9 52.7 55.7 65.1 59.9 52.9 47.8 45.8 

Marital Status, %            

Married 72.4 55.4 72.9 74.3 75.0 55.7 72.5 69.7 74.3 65.2 64.6 

Never Married 7.7 16.1 7.7 7.8 6.1 6.2 7.9 7.0 7.8 10.9 2.1 

Separated/Divorced 6.8 1.8 20.3 5.9 8.0 10.3 10.6 7.0 6.1 7.6 4.2 

Widowed 13.1 26.8 9.0 12.0 11.0 27.8 9.0 16.2 11.8 16.3 29.2 

Retired/Not Employed, % 73.4 80.0 69.0 70.1 80.2 90.7 79.4 69.0 71.9 80.2 91.5 

Exercise Group, %            

Low 36.1 51.0 36.8 33.3 39.4 44.7 38.7 38.7 33.3 38.8 57.8 

Moderate 36.4 29.4 32.6 37.1 38.2 34.0 38.7 34.6 37.9 29.4 22.2 

High 27.6 19.6 30.6 29.6 22.5 21.3 22.7 26.8 28.8 31.8 20.0 

Smoker: Never/Past, % 89.3 87.5 90.3 89.7 89.4 83.8 87.3 89.4 89.5 90.2 87.5 

Season            

Winter 19.3 12.5 15.5 18.9 24.2 20.2 22.2 17.3 19.0 23.9 18.8 

Spring 16.6 23.2 14.8 17.5 14.7 13.1 12.7 15.1 18.0 17.4 12.5 

Summer 30.2 30.4 43.9 29.7 25.3 27.3 28.6 32.8 29.7 32.6 31.3 

Autumn 33.8 33.9 25.8 34.0 35.9 39.4 36.5 34.9 33.4 26.1 37.5 

Takes Sleep Medication, % 8.4 10.7 7.1 7.5 10.9 11.1 13.2 6.0 7.6 10.9 14.6 

Takes Anti-Hypertensive Medication, % 46.3 55.4 40.7 45.6 45.3 58.6 49.7 43.7 44.9 51.1 66.7 

Takes Anti-depressant Medication, % 9.4 19.6 6.5 7.1 13.2 20.2 11.6 8.5 7.8 17.4 18.8 

Body Mass Index Category, %            

Normal Weight 23.4 18.9 24.7 24.2 19.7 25.5 24.9 21.7 24.3 19.6 16.7 

Overweight 44.8 37.7 41.6 45.3 48.7 38.8 39.7 48.7 44.4 47.8 45.8 

Obese 31.8 43.4 33.8 30.5 31.7 35.7 35.5 29.6 31.3 32.6 37.5 

Depressive Symptoms, % 9.2 10.7 11.0 7.4 12.5 14.1 21.8 13.8 5.6 2.2 8.3 

Cardiovascular Condition ≥1, % 48.0 57.1 44.5 47.3 48.9 54.6 55.6 46.5 46.3 50.0 58.3 

Chronic Condition ≥1, % 56.1 58.9 56.8 55.1 58.3 56.7 59.8 63.4 52.8 57.6 56.3 
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5.4.3. Sample characteristics by sleep problems 

Table 5.2 displays mean (standard deviation) sleep problems by sample characteristics 

(full outputs in supplementary table 5.4). The overall sample had a mean of 2.2 

(SD=1.6) problems. Sleep problems were highest in those who reported primary/none 

education, taking sleep medications, anti-depressant medication or depressive 

symptoms. 
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Table 5.2. Sample characteristics by sleep problems score 
 

Sleep Problems 

Mean±Standard Deviation 

Overall 2.2±1.6 

Sex  

Male  2.1±1.7 

Female 2.2±1.6 

Education  

Primary/None 2.5±1.8 

Secondary 2.2±1.7 

Third Level or higher 2.0±1.5 

Location  

Urban 2.2±1.7 

Rural 2.1±1.6 

Marital Status  

Married 2.2±1.6 

Never Married 2.1±1.6 

Separated/Divorced 2.3±1.7 

Widowed 2.2±1.6 

Employment Status  

Retired/Not Employed 2.3±1.6 

Employed 1.9±1.6 

Exercise Group  

Low 2.3±1.7 

Moderate 2.2±1.7 

High 2.0±1.5 

Smoker Status  

Never/Past 2.2±1.6 

Current 2.3±1.8 

Season  

Winter 2.3±1.7 

Spring 2.2±1.6 

Summer 2.1±1.6 

Autumn 2.2±1.6 

Sleep Medication  

No 2.1±1.6 

Yes 2.8±1.8 

Anti-Hypertensive Medication  

No 2.0±1.6 

Yes 2.4±1.7 

Anti-depressant Medication  

No 2.1±1.6 

Yes 2.6±1.8 

Body Mass Index Category  

Normal Weight 2.3±1.6 

Overweight 2.2±1.6 

Obese 2.2±1.7 

Depressive Symptoms  

No 2.1±1.6 

Yes 3.3±1.8 

Cardiovascular Condition ≥1  

No 2.0±1.6 

Yes 2.4±1.7 

Chronic Condition ≥1  

No 1.9±1.6 

Yes 2.4±1.7 
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5.4.4. Cognitive tests by total sleep time categories 

MoCA errors were highest in both ≤5 hours actigraphy-based TST (Figure 5.2). 

Similarly, in verbal fluency those with ≤5 hours and ≥10 hours recorded the fewest. In 

verbal memory, those with ≤5 hours recorded the fewest words in immediate recall and 

delayed recall, as did those with ≥10 hours. Distributions were similar for almost all 

other tests, with the exception of CRT movement time where longest times were most 

notable only in ≥10 hours. 

In self-reported TST, differences were most apparent in longer TST. Highest numbers 

of MoCA errors were recorded in those with 9 hours of self-reported TST and ≥10 

hours. One of the largest differences was in the colour trails 1 test, where participants 

with ≥10 hours recorded completion times nearly 10 seconds longer than other self-

reported TST times. Similar, though less pronounced, trends were seen for verbal 

fluency, immediate and delayed recall. 
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Figure 5.2. Median and mean results of all cognitive tests by actigraphy-based and 

self-reported total sleep time categories  
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5.4.5. Cognitive tests by sleep problem scores 

Higher numbers of reported sleep problems were associated with significantly worse 

performance in cognitive tests, but correlations were weak ranging between 0.05 to 0.10 

(Table 5.3). The strongest association was between CRT cognitive response time and 

sleep problems, followed by total response time. 

Table 5.3. Pearson’s correlation results for individual cognitive tests by sleep 

problem score 

Cogntive Domain Cognitive Test r 

Global Cognition 
MMSE Errors 0.05* 

MoCA Errors 0.10*** 

Executive Function 
Verbal Fluency -0.06* 

Colour Trails 2 0.10*** 

Memory 
Immediate Recall -0.06* 

Delayed Recall -0.05* 

Processing Speed 

Colour Trails 1 0.05* 

Cognitive Response Time 0.10*** 

Movement Time 0.08** 

Total Response Time 0.10*** 

* p <0.05; **p < 0.01; ***p < 0.001 
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5.4.6. Regression analyses of cognitive outcomes and sleep parameters 

In actigraphy-based TST, an association was only found with global cognition. Recording ≤5 

hours was associated with a higher MoCA error rate than those recording 7-8 hours (Figure 

5.3).  

Stronger relationships were seen for longer self-reported sleep. In global cognition, self-

reported TST of ≥10 hours was associated with a higher MMSE error rate and a higher 

MoCA error rate compared to 7-8 hours. Correspondingly in executive function, ≥10 hours 

self-reported TST was associated with lower verbal fluency scores and 9 hours self-reported 

TST was associated with slower higher colour trails 2 compared to 7-8 hours. In verbal 

memory, ≥10 hours self-reported TST were negatively associated with immediate recall 

scores and delayed recall scores compared to 7-8 hours. ≤5 hours self-reported sleep was not 

clearly associated with poorer cognitive performance.  

Higher scores on the sleep problem scale were associated with a slower CRT cognitive 

response and CRT total response. There were no clear associations with the other tests. 
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Figure 5.4. Linear and negative binomial regression models of associations between total sleep time, sleep problems, and individual 

cognitive tests 
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5.5. Discussion 

This study assessed cognitive performance and associations with actigraphy-based and 

self-reported sleep. Long self-reported sleep duration was consistently associated with 

poorer cognitive performance. ≥10 hours of self-reported TST was associated with 1.39 

times and 1.42 times more errors on the MMSE and MoCA respectively compared to 7-

8 hours. Similarly, ≥10 hours recorded two fewer words in verbal fluency, and one 

fewer word in both immediate and delayed recall. Associations with actigraphy-based 

sleep were more limited. Participants recording ≤5 hours of sleep recorded 1.22 times 

more errors on the MoCA than those recording 7-8 hours. Finally, self-reported sleep 

problems were associated with processing speed, showing that with each additional 

point on the sleep problems scale, participants recorded slower times in both CRT 

cognitive and total response time. This is one of the largest studies using actigraphy-

based and self-reported sleep to assess cognitive function in a population derived 

sample of community-dwelling older adults. 

In line with previous studies, we found discrepancies between actigraphy-based and 

self-reported sleep (79, 81). Concordance between those reporting long sleep and 

recording long sleep duration was below 14%. Discrepancies may be driven by the 

experience of sleep state misperception in some participants, where an individual 

perceives the experience of insomnia symptoms and may report shorter sleep duration 

while objective measurements do not support their perceiving timings (349). 

Discrepancies may also result from overestimation by accelerometer devices where 

wakeful but motionless periods in bed have been registered as sleep, or where a 

participant has reported long sleep reflecting time spent in bed rather than prolonged 

sleep (93, 227). Landry et al. suggest these measurements target different aspects of 

sleep with each providing valuable insights, and recommend where possible both self-

reported and objective methods are included when assessing sleep patterns (79). 

Our finding that self-reported long sleep duration is associated with worse cognitive 

performance is consistent with previous studies and further affirms long sleep as a risk 

factor for cognitive impairment (48, 207, 214, 215, 218, 220, 225, 356, 357). We 

identified this association after extensive adjustment for known confounding variables 

including medication use and depressive symptoms. Long sleep duration is linked with 

greater sleep fragmentation and wake after sleep onset, while perception of long sleep 
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duration is associated with health outcomes and said to potentially result from longer 

time spent in bed, rather than extended sleep periods (48, 143, 218, 227). It was shown 

that after controlling for wake after sleep onset, the association between self-reported 

long sleep duration and cognitive impairment was attenuated (109). These confounding 

effects on self-reported sleep duration emphasise the need for objective measurement to 

capture a more accurate reflection of the relationship between sleep duration and 

cognitive impairment. 

Similar to previous findings, sleep problems were associated with poorer cognitive 

performance in processing speed (365). Processing speed is understood to be a strong 

predictor of age-related cognitive decline and shown to have negative implications in 

everyday life such as slower functional mobility in older adults (366, 367). 

The association with cognitive decline and actigraphy-based TST was not as clear as in 

self-reported measures. (368)Analyses mutually adjusted for sleep parameters but 

trends were similar in models which did not. We found actigraphy-based short sleep 

duration to be associated with more errors in the MoCA, potentially reflecting worse 

attentional control as can be experienced in sleep deprivation (368). Previous studies 

have shown a weak or no association with actigraphy-based TST and cognitive 

impairment (109, 216, 217). We extend these findings by showing in a large sample 

with an extensive battery of cognitive tests, actigraphy-based TST was not strongly 

associated with cognitive impairment. Longitudinal analyses using objectively 

measured sleep duration and quality will further our understanding of this relationship 

(48, 143). 

This study was cross-sectional data meaning temporal direction cannot be established. 

The sample was relatively young (67.6 years) and healthy. The sample was limited to 

participants who wore an accelerometer, though found to be characteristically similar to 

the full sample (347). There were differences in timings of sleep and cognitive 

measurements. Self-reported sleep duration and problems were collected during self-

interviews. Actigraphy-based sleep was recorded directly after health assessments. It 

has been shown that this time difference did not contribute to disagreement between 

actigraphy-based and self-reported measurements (359). Self-reported sleep refers to 

average sleep on a weeknight, while actigraphy measurement included weekends. As 

actigraphy-based sleep requires a minimum number of recordings for reliability, this 
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may be unavoidable where devices can only be worn for a limited period of time. This 

raises the possibility of weekend and weekday differences, although they were found to 

be similar in this population of mainly retired men and women (347). We used the 

maximum sampling frequency of the GENEActiv devices which allowed for the highest 

possible precision, but limited measurement to seven days. Longer periods would 

provide more reliable estimates of routine sleep patterns and reduce susceptibility to 

short term changes, but this may not be practical in epidemiological studies. 

This study also has a number of strengths. We used a large population-derived cohort of 

community-dwelling older adults. Self-reported and actigraphy-based measured sleep 

were available coupled with a comprehensive battery of cognitive tests and confounder 

information. This addressed limitations of previous studies where either sleep 

measurement or cognitive testing was limited. 

Conclusion 

Our study shows that sleep is associated with cognitive performance in older adults 

across a number of cognitive domains, with the strongest associations evident in self-

reported long sleep duration. These findings may have clinical relevance, potentially 

identifying groups of community-dwelling adults at risk of cognitive decline. 

Longitudinal studies of community-dwelling older adults assessing change in self-

reported and objective sleep patterns, and their relationship with cognitive decline, are 

warranted as a means of understanding the temporal direction of this relationship. 
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5.6. Supplementary Information 

Supplementary Table 5.1. Cognitive measures 

Cognitive Domain Cognitive Test Assessment Period Scoring n 

Global Cognition 
Mini-Mental State Examination Interview Number of errors (0-30) 1,520 

Montreal Cognitive Assessment Health Assessment Number of errors (0-30) 1,512 

Executive Function 
Verbal Fluency Interview Number of words 1,520 

Colour Trails 2 Health Assessment Time (seconds) 1,507 

Verbal Memory 
Immediate Recall Interview Number of words (0-10) 1,520 

Delayed Recall Interview Number of words (0-10) 1,520 

Processing Speed 

Colour Trails 1 Health Assessment Time (seconds) 1,487 

Cognitive Response Time Health Assessment Time (seconds) 1,387 

Movement Time Health Assessment Time (seconds) 1,387 

Total Response Time Health Assessment Time (seconds) 1,387 
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Supplementary Table 5.2. Characteristics of the Wave 3 self-interview and 

accelerometer samples 

 Wave 3  

self-interview 

sample  

(n=6497) 

Wave 3  

accelerometer 

sample 

(n=1520) 

Sex: Female, % 55.4 53.7 

Age, Mean (SD) 66.6 (9.2) 67.6 (9.1) 

Education, %   

None/Primary 25.5 25.5 

Secondary 39.8 39.7 

Third/Higher 34.7 34.9 

Employment Status: Retired/Not 

Employed, % 
67.0 73.4 

Marital Status, %   

Married 69.7 72.4 

Never Married 8.5 7.7 

Separated/Divorced 7.2 6.8 

Widowed 14.6 13.1 

Location: Rural, % 48.1 44.2 

Physical Activity Groups, %   

Low 39.0 36.1 

Moderate 34.8 36.4 

High 26.1 27.6 

BMI Category, %a   

Normal Weight 22.4 23.3 

Overweight 43.7 44.9 

Obese 34.0 31.8 

Current Smoker, % 12.9 10.8 

Depressive Symptoms, % 10.3 9.0 

Medications: Sleep, % 9.1 8.4 

Medications: Anti-Hypertensives, % 43.7 46.3 

Medications: Anti-Depressants, % 9.2 9.3 

≥1 Chronic Condition, % 54.1 56.1 

≥1 Cardiovascular Condition, % 45.9 48.1 

Sleep Problems Score, Mean (SD) 2.2 (1.6) 2.2 (1.6) 

MMSE Errors, Median [IQR] 1 [0-2] 1 [0-2] 

MoCA Errors, Median [IQR]a 4 [2-6] 4 [2-6] 

Verbal Fluency, Mean (SD) 18.9 (6.0) 19.1 (5.7) 

Colour Trails 2, Median [IQR]a 103.1 [81.8-132.9] 106.2 [83.7-136.5] 

Immediate Recall, Mean (SD) 13.6 (3.3) 13.7 (3.1) 

Delayed Recall, Mean (SD) 6.0 (2.6) 6.0 (2.5) 

Colour Trails 1, Median [IQR]a 50.1 [38.2-67.5] 51.0 [38.8-69.2] 

CRT Response Time, Median [IQR]a 483.7 [427.2-552.7] 483.6 [429.1-554.7] 

CRT Motor Time, Median [IQR]a 256.9 [201.3-335.7] 265.6 [209.3-341.8] 

CRT Total Time, Median [IQR]a 766.9 [671.9-901.0] 772.2 [674.7-924.1] 
aAvailable for health assessment cohort only (n=5,315) 

BMI=Body Mass Index; MMSE=Mini Mental State Examination; MOCA = Montreal Cognitive 

Assessment; CRT = Choice Reaction Test
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Supplementary Table 5.3. Concordance between actigraphy-based total sleep time categories and self-reported total sleep time 

categories 

 

Actigraphy-Based Total Sleep Time 

% 

≤5 hours 6 hours 7-8 hours 9 hours ≥10 hours 

S
el

f-
R

ep
o
rt

ed
 T

o
ta

l 

S
le

ep
 T

im
e 

%
 

≤5 hours 7.9 15.3 57.1 14.3 5.3 

6 hours 5.3 14.4 62.3 14.1 3.9 

7-8 hours 2.3 8.8 65.7 17.2 6.0 

9 hours 3.3 4.4 55.4 27.2 9.8 

≥10 hours 4.2 2.1 33.3 33.3 27.1 

  100 100 100 100 100 
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Supplementary Table 5.4. Median [interquartile range] and mean [standard deviation] scores for individual cognitive tests by 

actigraphy-based total sleep time and self-reported total sleep time categories 

             

 Sample +/- Mean or Sample Median  

[IQR] 

 

Cognitive Test Actigraphy-based sleep duration (hours) Self-reported sleep duration (hours)  Overall 

 ≤5 6 7-8 9 ≥10 ≤5 6 7-8 9 ≥10  

Global Cognition  

MMSE Errors 
1  

[0-3] 

1  

[0-2] 

1  

[0-2] 

1  

[0-2] 

1  

[1-2] 

1  

[0-2] 

1  

[0-2] 

1  

[0-2] 

1  

[0-2] 

1  

[1-3] 

1  

[0-2] 

MOCA Errors 
5.5 

[3-10] 

3  

[1-6] 

4  

[2-6] 

4  

[2-7] 

5  

[3-7] 

4  

[2-7] 

4  

[2-6] 

4 

[2-6] 

5  

[2-8.5] 

6  

[4-9] 

4  

[2-6] 

Executive 

Function 
           

Verbal Fluency 18.2±6.4 19.4±6.0 19.4±5.8 18.5±5.4 17.4±4.9 18.8±5.8 19.4±5.5 19.3±5.8 18.1±4.8 15.5±5.7 19.1±5.7 

            

Colour Trails 2 
122.8  

[94.3-150.7] 

99.3 

[78.8-137.1] 

103.6  

[83.4-133.9] 

108.2  

[83.5-138.7] 

116.6  

[94.9-156.2] 

110.1  

[91.6-140.1]  

99.9  

[80.4-139.9] 

103.4 

[82.6-130.3] 

129.6  

[102.4-164.9] 

113.3  

[86.8-158.0] 

106.21  

[83.7-136.5] 

Memory            

Immediate Recall 13.0±3.0 14.3±3.0 13.9±3.1 13.6±2.9 12.6±3.4 13.4±2.9 13.8±2.9 14.0±3.0 12.7±3.7 12.2±3.8 13.7±3.1 

Delayed Recall 5.6±2.4 6.2±2.6 6.2±2.4 5.8±2.4 5.1±2.6 5.8±2.3 6.2±2.4 6.1±2.5 5.4±2.7 4.6±2.7 6.0±2.5 

Processing Speed            

Colour Trails 1 
63.5  

[41.4-86.5] 

47.0  

[37.0-65.4] 

50.3  

[38.3-66.4] 

54.2  

[40.9-71.2] 

58.1  

[44.3-76.4] 

52.6  

[41.4-72.0] 

48.9  

[38.5-67.6] 

49.3  

[37.8-67.6] 

49.2 

[62.6-79.8] 

61.5  

[44.8-78.5] 

51.03  

[38.84-69.2] 

Cognitive Response 

Time 

495.9  

[444.4-612.9] 

475.5  

[419.5-530.9] 

482.4  

[427.1-552.3] 

485.5  

[432.9-572.5] 

509.3  

[457.9-612.2] 

484.2  

[432.8-560.7] 

482.4  

[431.6-550.6] 

481.5  

[424.3-549.8] 

488.4  

[436.2-575.4] 

524.2 

[467.9-644.1] 

483.61  

[429.1-554.7] 

Movement  

Time 

271.7 

 [234.7-390.7] 

249.5  

[196.8-323.9] 

261.6 

 [209.8-333.4] 

274.8  

[207.4-389.9] 

294.2 

 [248.0-401.5] 

263.0  

[207.2-356.9] 

259.8  

[208.9-334.0] 

261.7  

[207.0-340.1] 

284.5  

[209.3-352.8] 

310.1  

[271.5-432.9] 

265.6  

[209.3-341.9] 

Total Response  

Time 

841.2  

[694.6-1038.4] 

739.3  

[677.3-863.1] 

770.6  

[674.5-910.1] 

780.2 

[670.0-990.2] 

841.8  

[697.3-1032.9] 

772.5  

[674.5-924.1] 

767.9  

[677.1-892.3] 

768.5  

[671-1-

923.5] 

816.0 

 [692.7-969.8] 

888.2  

[792.8-1180.6] 

841.2  

[694.6-1038.4] 
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Supplementary Table 5.5. Negative binomial model of MMSE errors, actigraphy-

based total sleep time categories, self-reported total sleep time categories, and 

sleep problems score. 
 MMSE Errors 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      0.98    [0.71,1.37] 

Actigraphy-based TST: 6 hours              1.00    [0.80,1.24] 

Actigraphy-based TST: 7-8 hours            -    - 

Actigraphy-based TST: 9 hours              0.91    [0.77,1.09] 

Actigraphy-based TST: 10+ hours            1.22    [0.96,1.54] 

Self-reported TST: 5 hours or less      1.05    [0.85,1.29] 

Self-reported TST:6 hours              0.97    [0.81,1.16] 

Self-reported TST:7-8 hours            -    - 

Self-reported TST:9 hours              0.96    [0.73,1.25] 

Self-reported TST:10+ hours            1.39*   [1.00,1.92] 

Sleep Problems Score 1.00    [0.96,1.04] 

Age  1.03*** [1.02,1.04] 

Sex: Male                 -    - 

Sex: Female               0.84*   [0.74,0.97] 

Education: Primary/none         -   [1.00,1.00] 

Education:Secondary            0.64*** [0.55,0.74] 

Education:Third/higher         0.53*** [0.45,0.63] 

Location: Urban                -    - 

Location: Rural                1.05    [0.92,1.19] 

Employment Status: Retired/Not Employed         -    - 

Employment Status: Employed             0.84    [0.70,1.00] 

Marital Status: Married              -    - 

Marital Status: Never married        1.31*   [1.05,1.64] 

Marital Status: Sep/divorced         0.77    [0.58,1.02] 

Marital Status: Widowed              1.15    [0.95,1.38] 

Smoker Status: Never/Past -   - 

Smoker Status: Current 1.17    [0.96,1.43] 

Exercise Group: Low                  - - 

Exercise Group: Moderate             0.94    [0.81,1.09] 

Exercise Group: High                 1.01    [0.85,1.19] 

Season of recording: Winter               -   - 

Season of recording: Spring               1.12    [0.91,1.38] 

Season of recording: Summer               1.02    [0.85,1.23] 

Season of recording: Autumn               1.06    [0.88,1.26] 

Sleep Medication: No -  - 

Sleep Medication: Yes 1.15    [0.93,1.43] 

Anti-depressant Medication: No -   [1.00,1.00] 

Anti-depressant Medication: Yes 1.35**  [1.10,1.66] 

Anti-hypertensive Medication: No -  -- 

Anti-hypertensive Medication: Yes 1.07    [0.90,1.28] 

Depressive Symptoms: No 1.00    [1.00,1.00] 

Depressive Symptoms: Yes 1.17    [0.94,1.45] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           1.06    [0.90,1.26] 

BMI Category: Obese                1.16    [0.97,1.38] 

Cardiovascular Condition: No -    - 

Cardiovascular Condition: Yes 0.96    [0.81,1.14] 

Chronic Condition: No -   [1.00,1.00] 

Chronic Condition: Yes 1.04    [0.91,1.19] 
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Supplementary Table 5.6. Negative binomial model of MoCA errors, actigraphy-

based total sleep time categories, self-reported total sleep time categories, and 

sleep problems score. 
 MOCA Errors 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.22*   [1.02,1.46] 

Actigraphy-based TST: 6 hours              0.95    [0.84,1.07] 

Actigraphy-based TST: 7-8 hours            -    - 

Actigraphy-based TST: 9 hours              1.02    [0.93,1.12] 

Actigraphy-based TST: 10+ hours            1.04    [0.90,1.19] 

Self-reported TST: 5 hours or less      1.00    [0.89,1.12] 

Self-reported TST:6 hours              1.00    [0.90,1.10] 

Self-reported TST:7-8 hours            -    - 

Self-reported TST:9 hours              1.09    [0.95,1.26] 

Self-reported TST:10+ hours            1.42*** [1.18,1.71] 

Sleep Problems Score 1.02    [0.99,1.04] 

Age  1.02*** [1.02,1.03] 

Sex: Male                 -    - 

Sex: Female               0.97    [0.90,1.04] 

Education: Primary/none         -     

Education:Secondary            0.75*** [0.69,0.81] 

Education:Third/higher         0.59*** [0.54,0.65] 

Location: Urban                -    - 

Location: Rural                1.09*   [1.01,1.17] 

Employment Status: Retired/Not Employed         -    - 

Employment Status: Employed             1.01    [0.92,1.11] 

Marital Status: Married              -    - 

Marital Status: Never married        1.25*** [1.10,1.41] 

Marital Status: Sep/divorced         0.95    [0.83,1.10] 

Marital Status: Widowed              1.11    [0.99,1.23] 

Smoker Status: Never/Past -    - 

Smoker Status: Current 1.19**  [1.07,1.33] 

Exercise Group: Low                  -    - 

Exercise Group: Moderate             0.95    [0.87,1.03] 

Exercise Group: High                 0.95    [0.87,1.05] 

Season of recording: Winter               -    - 

Season of recording: Spring               1.07    [0.95,1.20] 

Season of recording: Summer               1.00    [0.90,1.10] 

Season of recording: Autumn               0.98    [0.89,1.08] 

Sleep Medication: No -    - 

Sleep Medication: Yes 1.06    [0.94,1.20] 

Anti-depressant Medication: No -    - 

Anti-depressant Medication: Yes 1.20**  [1.07,1.35] 

Anti-hypertensive Medication: No -    - 

Anti-hypertensive Medication: Yes 0.95    [0.86,1.05] 

Depressive Symptoms: No -    - 

Depressive Symptoms: Yes 1.07    [0.94,1.21] 

BMI Category: Normal Weight        -    - 

BMI Category: Overweight           1.10*   [1.01,1.21] 

BMI Category: Obese                1.16**  [1.05,1.28] 

Cardiovascular Condition: No -    - 

Cardiovascular Condition: Yes 1.01    [0.92,1.11] 

Chronic Condition: No -    - 

Chronic Condition: Yes 0.96    [0.89,1.04] 
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Supplementary Table 5.7. Linear regression model of verbal fluency, actigraphy-

based total sleep time categories, self-reported total sleep time categories, and 

sleep problems score. 
 Verbal Fluency 

 B [95% CI] 

Actigraphy-based TST: 5 hours or less       0.28    [-1.32,1.89] 

Actigraphy-based TST: 6 hours              -0.07    [-1.02,0.89] 

Actigraphy-based TST: 7-8 hours             -    - 

Actigraphy-based TST: 9 hours              -0.68    [-1.45,0.10] 

Actigraphy-based TST: 10+ hours            -0.52    [-1.70,0.67] 

Self-reported TST: 5 hours or less       0.26    [-0.70,1.22] 

Self-reported TST:6 hours               0.39    [-0.39,1.18] 

Self-reported TST:7-8 hours            -    - 

Self-reported TST:9 hours              -0.42    [-1.64,0.80] 

Self-reported TST:10+ hours            -2.32**  -4.00,-0.65] 

Sleep Problems Score -0.06    [-0.26,0.14] 

Age  -0.14*** -0.18,-0.10] 

Sex: Male                 -    - 

Sex: Female               -0.27    [-0.88,0.34] 

Education: Primary/none         -    [0.00,0.00] 

Education:Secondary             1.27*** [0.53,2.01] 

Education:Third/higher          3.27*** [2.49,4.05] 

Location: Urban                -    - 

Location: Rural                -0.04    [-0.63,0.55] 

Employment Status: Retired/Not Employed         -    [0.00,0.00] 

Employment Status: Employed             -0.16    [-0.90,0.58] 

Marital Status: Married              -    - 

Marital Status: Never married        -1.39*   -2.45,-0.32] 

Marital Status: Sep/divorced          0.34    [-0.79,1.48] 

Marital Status: Widowed              -0.56    [-1.48,0.37] 

Smoker Status: Never/Past -    - 

Smoker Status: Current -0.75    [-1.68,0.19] 

Exercise Group: Low                  - - 

Exercise Group: Moderate              0.40    [-0.27,1.08] 

Exercise Group: High                  0.37    [-0.38,1.11] 

Season of recording: Winter               - - 

Season of recording: Spring                0.32    [-0.62,1.27] 

Season of recording: Summer               -0.46    [-1.29,0.37] 

Season of recording: Autumn                0.06    [-0.75,0.86] 

Sleep Medication: No  -  [0.00,0.00] 

Sleep Medication: Yes -0.67    [-1.72,0.38] 

Anti-depressant Medication: No - - 

Anti-depressant Medication: Yes -0.63    [-1.63,0.38] 

Anti-hypertensive Medication: No - - 

Anti-hypertensive Medication: Yes -0.40    [-1.22,0.41] 

Depressive Symptoms: No  - - 

Depressive Symptoms: Yes -0.64    [-1.68,0.39] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           -0.23    [-0.96,0.51] 

BMI Category: Obese                -0.28    [-1.07,0.52] 

Cardiovascular Condition: No - - 

Cardiovascular Condition: Yes -0.06    [-0.85,0.73] 

Chronic Condition: No - - 

Chronic Condition: Yes  0.25    [-0.35,0.86] 
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Supplementary Table 5.8. Negative binomial model of Colour Trails 2 time, 

actigraphy-based total sleep time categories, self-reported total sleep time 

categories, and sleep problems score. 
 Colour Trails 2 Time 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.03    [0.95,1.13] 

Actigraphy-based TST: 6 hours              0.97    [0.92,1.02] 

Actigraphy-based TST: 7-8 hours            - - 

Actigraphy-based TST: 9 hours              0.99    [0.95,1.03] 

Actigraphy-based TST: 10+ hours            1.02    [0.95,1.09] 

Self-reported TST: 5 hours or less      1.00    [0.95,1.06] 

Self-reported TST:6 hours              0.99    [0.95,1.04] 

Self-reported TST:7-8 hours            - - 

Self-reported TST:9 hours              1.12**  [1.04,1.21] 

Self-reported TST:10+ hours            1.01    [0.91,1.11] 

Sleep Problems Score 1.01    [0.99,1.02] 

Age  1.02*** [1.02,1.02] 

Sex: Male                 - - 

Sex: Female               0.97    [0.93,1.00] 

Education: Primary/none         - - 

Education:Secondary            0.89*** [0.85,0.93] 

Education:Third/higher         0.84*** [0.80,0.88] 

Location: Urban                - - 

Location: Rural                1.07*** [1.03,1.10] 

Employment Status: Retired/Not Employed         - - 

Employment Status: Employed             0.96*   [0.92,1.00] 

Marital Status: Married              - - 

Marital Status: Never married        1.12*** [1.05,1.19] 

Marital Status: Sep/divorced         0.99    [0.94,1.06] 

Marital Status: Widowed              1.03    [0.97,1.08] 

Smoker Status: Never/Past - - 

Smoker Status: Current 1.10*** [1.05,1.16] 

Exercise Group: Low                  - - 

Exercise Group: Moderate             0.99    [0.96,1.03] 

Exercise Group: High                 0.98    [0.94,1.02] 

Season of recording: Winter               - - 

Season of recording: Spring               0.96    [0.91,1.01] 

Season of recording: Summer               1.02    [0.97,1.07] 

Season of recording: Autumn               0.96    [0.92,1.01] 

Sleep Medication: No - - 

Sleep Medication: Yes 1.03    [0.98,1.09] 

Anti-depressant Medication: No - - 

Anti-depressant Medication: Yes 1.07*   [1.01,1.13] 

Anti-hypertensive Medication: No - - 

Anti-hypertensive Medication: Yes 1.01    [0.96,1.06] 

Depressive Symptoms: No - - 

Depressive Symptoms: Yes 1.04    [0.98,1.11] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           1.01    [0.96,1.05] 

BMI Category: Obese                1.04    [0.99,1.09] 

Cardiovascular Condition: No - - 

Cardiovascular Condition: Yes 0.99    [0.95,1.04] 

Chronic Condition: No - - 

Chronic Condition: Yes 0.99    [0.96,1.03] 
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Supplementary Table 5.9. Linear regression model of immediate recall, 

actigraphy-based total sleep time categories, self-reported total sleep time 

categories, and sleep problems score. 
 Immediate Recall 

 B [95% CI] 

Actigraphy-based TST: 5 hours or less      -0.01     [-0.79,0.78] 

Actigraphy-based TST: 6 hours               0.33     [-0.13,0.80] 

Actigraphy-based TST: 7-8 hours             -    - 

Actigraphy-based TST: 9 hours              -0.13     [-0.51,0.25] 

Actigraphy-based TST: 10+ hours            -0.35     [-0.93,0.23] 

Self-reported TST: 5 hours or less      -0.32     [-0.79,0.15] 

Self-reported TST:6 hours              -0.10     [-0.49,0.28] 

Self-reported TST:7-8 hours            -    - 

Self-reported TST:9 hours              -0.56     [-1.15,0.04] 

Self-reported TST:10+ hours            -1.02*   [-1.84,-0.20] 

Sleep Problems Score  0.01     [-0.09,0.10] 

Age  -0.12*** [-0.14,-0.10] 

Sex: Male                 -    - 

Sex: Female                1.03***   [0.73,1.33] 

Education: Primary/none          -    - 

Education:Secondary             1.04***   [0.68,1.40] 

Education:Third/higher          1.91***   [1.53,2.29] 

Location: Urban                -    - 

Location: Rural                -0.37*   [-0.66,-0.08] 

Employment Status: Retired/Not Employed         -    [0.00,0.00] 

Employment Status: Employed             -0.08    [-0.44,0.28] 

Marital Status: Married              -    - 

Marital Status: Never married        -0.74**  [-1.26,-0.22] 

Marital Status: Sep/divorced         -0.22     [-0.77,0.33] 

Marital Status: Widowed              -0.34     [-0.79,0.11] 

Smoker Status: Never/Past -    - 

Smoker Status: Current -0.34     [-0.79,0.12] 

Exercise Group: Low                  -    - 

Exercise Group: Moderate              0.45**    [0.12,0.78] 

Exercise Group: High                  0.18     [-0.18,0.55] 

Season of recording: Winter               -    - 

Season of recording: Spring                0.01     [-0.45,0.47] 

Season of recording: Summer               -0.01     [-0.41,0.40] 

Season of recording: Autumn               -0.12     [-0.51,0.28] 

Sleep Medication: No -    - 

Sleep Medication: Yes -0.01     [-0.52,0.50] 

Anti-depressant Medication: No -    - 

Anti-depressant Medication: Yes -0.50*   [-0.99,-0.01] 

Anti-hypertensive Medication: No -    - 

Anti-hypertensive Medication: Yes  0.26     [-0.13,0.66] 

Depressive Symptoms: No -    - 

Depressive Symptoms: Yes -0.34     [-0.85,0.16] 

BMI Category: Normal Weight        -    - 

BMI Category: Overweight           -0.15     [-0.51,0.21] 

BMI Category: Obese                -0.10     [-0.49,0.29] 

Cardiovascular Condition: No -    - 

Cardiovascular Condition: Yes -0.06     [-0.45,0.32] 

Chronic Condition: No -    - 

Chronic Condition: Yes -0.04     [-0.34,0.25] 
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Supplementary Table 5.10: Linear regression model of delayed recall, actigraphy-

based total sleep time categories, self-reported total sleep time categories, and 

sleep problems score. 
 Delayed Recall 

 B [95% CI] 

Actigraphy-based TST: 5 hours or less       0.23     [-0.41,0.87] 

Actigraphy-based TST: 6 hours               0.08     [-0.30,0.47] 

Actigraphy-based TST: 7-8 hours            -    - 

Actigraphy-based TST: 9 hours              -0.23     [-0.53,0.08] 

Actigraphy-based TST: 10+ hours            -0.36     [-0.83,0.11] 

Self-reported TST: 5 hours or less      -0.24     [-0.62,0.14] 

Self-reported TST:6 hours               0.14     [-0.18,0.45] 

Self-reported TST:7-8 hours             -    - 

Self-reported TST:9 hours              -0.24     [-0.72,0.25] 

Self-reported TST:10+ hours            -0.91**  [-1.58,-0.25] 

Sleep Problems Score  0.01     [-0.07,0.09] 

Age  -0.10*** [-0.12,-0.09] 

Sex: Male                  -    - 

Sex: Female                0.85*** [0.61,1.10] 

Education: Primary/none         -    - 

Education:Secondary             0.58*** [0.28,0.87] 

Education:Third/higher          1.06*** [0.75,1.37] 

Location: Urban                -    - 

Location: Rural                -0.32**  [-0.56,-0.09] 

Employment Status: Retired/Not Employed          -    [0.00,0.00] 

Employment Status: Employed             -0.17     [-0.46,0.13] 

Marital Status: Married               -    - 

Marital Status: Never married        -0.84*** [-1.26,-0.42] 

Marital Status: Sep/divorced          0.14     [-0.31,0.59] 

Marital Status: Widowed              -0.20     [-0.57,0.17] 

Smoker Status: Never/Past -    - 

Smoker Status: Current  0.06     [-0.31,0.43] 

Exercise Group: Low                   -    - 

Exercise Group: Moderate              0.19     [-0.08,0.46] 

Exercise Group: High                  0.04     [-0.25,0.34] 

Season of recording: Winter               -    - 

Season of recording: Spring               -0.15     [-0.53,0.22] 

Season of recording: Summer               -0.17     [-0.50,0.16] 

Season of recording: Autumn               -0.22     [-0.54,0.10] 

Sleep Medication: No  -    - 

Sleep Medication: Yes  0.01     [-0.41,0.43] 

Anti-depressant Medication: No -    - 

Anti-depressant Medication: Yes -0.37     [-0.77,0.03] 

Anti-hypertensive Medication: No -    - 

Anti-hypertensive Medication: Yes -0.01     [-0.34,0.31] 

Depressive Symptoms: No -    - 

Depressive Symptoms: Yes -0.60**  [-1.01,-0.19] 

BMI Category: Normal Weight        -    - 

BMI Category: Overweight           -0.04     [-0.33,0.25] 

BMI Category: Obese                -0.15     [-0.47,0.17] 

Cardiovascular Condition: No -    - 

Cardiovascular Condition: Yes  0.20     [-0.11,0.52] 

Chronic Condition: No -    - 

Chronic Condition: Yes  0.01     [-0.23,0.25] 
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Supplementary Table 5.11. Negative binomial model of colour trails 1, actigraphy-

based total sleep time categories, self-reported total sleep time categories, and 

sleep problems score. 
 Colour Trails 1 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.03    [0.92,1.14] 

Actigraphy-based TST: 6 hours              1.01    [0.93,1.09] 

Actigraphy-based TST: 7-8 hours            - - 

Actigraphy-based TST: 9 hours              1.01    [0.96,1.06] 

Actigraphy-based TST: 10+ hours            1.00    [0.92,1.09] 

Self-reported TST: 5 hours or less      1.00    [0.94,1.07] 

Self-reported TST:6 hours              0.98    [0.93,1.04] 

Self-reported TST:7-8 hours            - - 

Self-reported TST:9 hours              1.06    [0.98,1.15] 

Self-reported TST:10+ hours            1.17    [0.97,1.42] 

Sleep Problems Score 1.00    [0.99,1.02] 

Age  1.02*** [1.02,1.03] 

Sex: Male                 - - 

Sex: Female               0.91*** [0.86,0.95] 

Education: Primary/none         - - 

Education:Secondary            0.89*** [0.85,0.94] 

Education:Third/higher         0.86*** [0.81,0.91] 

Location: Urban                - - 

Location: Rural                1.05*   [1.00,1.10] 

Employment Status: Retired/Not Employed         - - 

Employment Status: Employed             1.02    [0.96,1.08] 

Marital Status: Married              - - 

Marital Status: Never married        1.18*** [1.08,1.28] 

Marital Status: Sep/divorced         1.05    [0.96,1.14] 

Marital Status: Widowed              1.07    [1.00,1.14] 

Smoker Status: Never/Past - - 

Smoker Status: Current 1.13*** [1.05,1.20] 

Exercise Group: Low                  - - 

Exercise Group: Moderate             0.96    [0.92,1.01] 

Exercise Group: High                 0.94*   [0.89,1.00] 

Season of recording: Winter               - - 

Season of recording: Spring               0.95    [0.89,1.02] 

Season of recording: Summer               0.99    [0.94,1.06] 

Season of recording: Autumn               0.98    [0.93,1.04] 

Sleep Medication: No - - 

Sleep Medication: Yes 1.05    [0.97,1.14] 

Anti-depressant Medication: No - - 

Anti-depressant Medication: Yes 1.11**  [1.03,1.19] 

Anti-hypertensive Medication: No - - 

Anti-hypertensive Medication: Yes 0.99    [0.92,1.05] 

Depressive Symptoms: No - - 

Depressive Symptoms: Yes 1.02    [0.94,1.10] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           1.02    [0.96,1.07] 

BMI Category: Obese                1.05    [0.99,1.12] 

Cardiovascular Condition: No - - 

Cardiovascular Condition: Yes 0.99    [0.92,1.06] 

Chronic Condition: No - - 

Chronic Condition: Yes 1.00    [0.96,1.05] 
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Supplementary Table 5.12. Negative binomial model of choice reaction test 

cognitive response time, actigraphy-based total sleep time categories, self-reported 

total sleep time categories, and sleep problems score. 
 Cognitive Response 

Time 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.09    [0.91,1.30] 

Actigraphy-based TST: 6 hours              0.98    [0.91,1.05] 

Actigraphy-based TST: 7-8 hours            - - 

Actigraphy-based TST: 9 hours              1.00    [0.94,1.07] 

Actigraphy-based TST: 10+ hours            1.06    [0.95,1.18] 

Self-reported TST: 5 hours or less      0.95    [0.87,1.04] 

Self-reported TST:6 hours              0.97    [0.91,1.04] 

Self-reported TST:7-8 hours            - - 

Self-reported TST:9 hours              1.05    [0.93,1.18] 

Self-reported TST:10+ hours            1.03    [0.90,1.17] 

Sleep Problems Score 1.02*   [1.00,1.04] 

Age  1.01*** [1.01,1.01] 

Sex: Male                 - - 

Sex: Female               1.02    [0.97,1.07] 

Education: Primary/none         - - 

Education:Secondary            0.96    [0.89,1.03] 

Education:Third/higher         0.92*   [0.86,0.99] 

Location: Urban                - - 

Location: Rural                1.06*   [1.01,1.11] 

Employment Status: Retired/Not Employed         - - 

Employment Status: Employed             0.96    [0.91,1.02] 

Marital Status: Married              - - 

Marital Status: Never married        1.05    [0.94,1.17] 

Marital Status: Sep/divorced         0.97    [0.91,1.04] 

Marital Status: Widowed              0.99    [0.90,1.09] 

Smoker Status: Never/Past - - 

Smoker Status: Current 1.05    [0.98,1.13] 

Exercise Group: Low                  - - 

Exercise Group: Moderate             0.98    [0.93,1.04] 

Exercise Group: High                 0.97    [0.92,1.04] 

Season of recording: Winter               - - 

Season of recording: Spring               0.96    [0.89,1.04] 

Season of recording: Summer               1.03    [0.96,1.10] 

Season of recording: Autumn               1.00    [0.94,1.07] 

Sleep Medication: No - - 

Sleep Medication: Yes 1.04    [0.94,1.16] 

Anti-depressant Medication: No - - 

Anti-depressant Medication: Yes 0.99    [0.92,1.06] 

Anti-hypertensive Medication: No - - 

Anti-hypertensive Medication: Yes 1.00    [0.93,1.08] 

Depressive Symptoms: No - - 

Depressive Symptoms: Yes 1.03    [0.94,1.12] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           1.02    [0.96,1.09] 

BMI Category: Obese                1.01    [0.94,1.08] 

Cardiovascular Condition: No - - 

Cardiovascular Condition: Yes 1.01    [0.93,1.08] 

Chronic Condition: No - - 

Chronic Condition: Yes 0.99    [0.95,1.04] 
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Supplementary Table 5.13. Negative binomial model of choice reaction test 

movement time, actigraphy-based total sleep time categories, self-reported total 

sleep time categories, and sleep problems score. 
 Movement Time 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.10    [0.91,1.33] 

Actigraphy-based TST: 6 hours              1.02    [0.90,1.17] 

Actigraphy-based TST: 7-8 hours            - - 

Actigraphy-based TST: 9 hours              1.09    [0.97,1.22] 

Actigraphy-based TST: 10+ hours            1.06    [0.92,1.20] 

Self-reported TST: 5 hours or less      0.96    [0.84,1.08] 

Self-reported TST:6 hours              0.93    [0.84,1.02] 

Self-reported TST:7-8 hours            - - 

Self-reported TST:9 hours              1.02    [0.87,1.19] 

Self-reported TST:10+ hours            1.05    [0.89,1.24] 

Sleep Problems Score 1.02    [0.99,1.05] 

Age  1.02*** [1.01,1.02] 

Sex: Male                 - - 

Sex: Female               1.11**  [1.04,1.19] 

Education: Primary/none         -    - 

Education:Secondary            0.95    [0.87,1.05] 

Education:Third/higher         0.89*   [0.81,0.98] 

Location: Urban                - - 

Location: Rural                1.13**  [1.05,1.21] 

Employment Status: Retired/Not Employed         -    - 

Employment Status: Employed             0.92    [0.84,1.01] 

Marital Status: Married              -    - 

Marital Status: Never married        1.16*   [1.00,1.34] 

Marital Status: Sep/divorced         0.92    [0.82,1.03] 

Marital Status: Widowed              1.07    [0.96,1.20] 

Smoker Status: Never/Past -    - 

Smoker Status: Current 1.07    [0.96,1.19] 

Exercise Group: Low                  -    - 

Exercise Group: Moderate             0.97    [0.90,1.06] 

Exercise Group: High                 0.96    [0.87,1.05] 

Season of recording: Winter               - - 

Season of recording: Spring               0.88*   [0.78,0.99] 

Season of recording: Summer               0.95    [0.86,1.06] 

Season of recording: Autumn               0.95    [0.86,1.05] 

Sleep Medication: No -    - 

Sleep Medication: Yes 0.98    [0.88,1.10] 

Anti-depressant Medication: No -    - 

Anti-depressant Medication: Yes 0.99    [0.90,1.09] 

Anti-hypertensive Medication: No -    - 

Anti-hypertensive Medication: Yes 0.97    [0.88,1.08] 

Depressive Symptoms: No -    - 

Depressive Symptoms: Yes 1.03    [0.92,1.15] 

BMI Category: Normal Weight        -    - 

BMI Category: Overweight           1.04    [0.95,1.14] 

BMI Category: Obese                1.08    [0.99,1.19] 

Cardiovascular Condition: No -    - 

Cardiovascular Condition: Yes 1.00    [0.90,1.10] 

Chronic Condition: No -    - 

Chronic Condition: Yes 1.02    [0.95,1.09] 
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Supplementary Table 5.14. Negative binomial model of choice reaction test total 

response time, actigraphy-based total sleep time categories, self-reported total 

sleep time categories, and sleep problems score 
 Total Response Time 

 IRR [95% CI] 

Actigraphy-based TST: 5 hours or less      1.11    [0.92,1.33] 

Actigraphy-based TST: 6 hours              1.00    [0.91,1.09] 

Actigraphy-based TST: 7-8 hours            - - 

Actigraphy-based TST: 9 hours              1.04    [0.96,1.13] 

Actigraphy-based TST: 10+ hours            1.04    [0.93,1.17] 

Self-reported TST: 5 hours or less      0.95    [0.86,1.04] 

Self-reported TST:6 hours              0.95    [0.88,1.02] 

Self-reported TST:7-8 hours            - - 

Self-reported TST:9 hours              1.03    [0.91,1.17] 

Self-reported TST:10+ hours            1.06    [0.92,1.22] 

   

Sleep Problems Score 1.02*   [1.00,1.04] 

Age  1.01*** [1.01,1.02] 

Sex: Male                 - - 

Sex: Female               1.06*   [1.00,1.12] 

Education: Primary/none         - - 

Education:Secondary            0.95    [0.88,1.02] 

Education:Third/higher         0.90**  [0.83,0.97] 

Location: Urban                - - 

Location: Rural                1.09**  [1.03,1.15] 

Employment Status: Retired/Not Employed         - - 

Employment Status: Employed             0.95    [0.89,1.01] 

Marital Status: Married              - - 

Marital Status: Never married        1.08    [0.97,1.21] 

Marital Status: Sep/divorced         0.94    [0.87,1.02] 

Marital Status: Widowed              1.03    [0.94,1.14] 

Smoker Status: Never/Past - - 

Smoker Status: Current 1.07    [0.99,1.16] 

Exercise Group: Low                  - - 

Exercise Group: Moderate             0.98    [0.92,1.04] 

Exercise Group: High                 0.97    [0.91,1.04] 

Season of recording: Winter               - - 

Season of recording: Spring               0.93    [0.86,1.02] 

Season of recording: Summer               1.00    [0.93,1.08] 

Season of recording: Autumn               0.98    [0.91,1.05] 

Sleep Medication: No - - 

Sleep Medication: Yes 1.02    [0.92,1.13] 

Anti-depressant Medication: No - - 

Anti-depressant Medication: Yes 1.00    [0.93,1.08] 

Anti-hypertensive Medication: No - - 

Anti-hypertensive Medication: Yes 0.99    [0.91,1.07] 

Depressive Symptoms: No - - 

Depressive Symptoms: Yes 1.03    [0.94,1.13] 

BMI Category: Normal Weight        - - 

BMI Category: Overweight           1.03    [0.96,1.10] 

BMI Category: Obese                1.05    [0.98,1.13] 

Cardiovascular Condition: No - - 

Cardiovascular Condition: Yes 1.00    [0.92,1.09] 

Chronic Condition: No - - 

Chronic Condition: Yes 1.00    [0.95,1.06] 
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Introduction to Chapter 6 

Following on from the findings of Chapter 5 which consistently showed associations 

between self-reported long sleep duration, this chapter looked at longitudinal 

trajectories of cognitive function and self-reported sleep durations. Cognitive 

impairment is prevalent in older ages and although sleep has been consistently shown to 

play a role in cognition, there is a paucity of studies which measure this association 

longitudinally. The mechanisms suggested as the driving factors between sleep and 

cognitive impairment, such as sleep fragmentation, low efficiency and nonrestorative 

sleep, require objective measurement to obtain precise readings. Studies have however 

noted reporting of long sleep duration may be indicative of individuals experiencing 

more disrupted sleep resulting in longer time spent in bed rather than extended sleep 

periods. I aimed to further explore self-reported sleep duration as a marker of cognitive 

impairment by using repeated sleep and cognitive assessments allowing for a more 

complete picture of cognitive change over time relative to habitual sleep. 
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6.1. Abstract 

Background:  

Cognitive impairment is prevalent in older ages. Sleep duration has been linked to 

cognitive impairment and may be a risk factor for cognitive decline. Few studies have 

measured these effects longitudinally. 

Objectives:  

Investigate the impact of sleep duration on cognitive performance trajectories in older 

community-dwelling adults. 

Methods:  

Data are from adults aged 50 and older enrolled in Waves 2-5 of The Irish Longitudinal 

Study on Ageing (n=6,289) (baseline mean age: 64.4 years, 55% female). Self-reported 

sleep duration was categorised as short, normal or long, and cognitive assessments 

measuring global cognition, executive function and verbal memory were repeated at 

each wave. Mixed-effect linear and negative binomial models measured associations 

between sleep duration measured at each wave and cognitive decline.  

Results:  

At baseline, 12.1% reported short sleep, and 5.9% reported long sleep. Long sleep was 

negatively associated with immediate recall (Wave 3: [Beta[β]=-0.46 words, 95% 

Confidence Interval[CI]=-0.78,-0.13, p<0.01; Wave 4: β=-0.35 words, 95%CI=-0.69,-

0.004, p<0.05; Wave 5: β=-0.62 words, 95%CI=-0.98,-0.27, p<0.01] compared to 

normal sleep, and also with delayed recall but only at Wave 5 [β=-0.38 words, 95%CI=-

0.66,-0.10, p<0.01]. Negative trends were found between short sleep and MMSE errors, 

immediate and delayed recall but were not statistically significant.  

Conclusions: 

Self-reported sleep duration was associated with accelerated cognitive decline over up 

to six years in a large sample of community-dwelling older adults. Effects were 

strongest at the latest follow-up. Early identification of sub-optimal sleep may facilitate 

targeted intervention to delay or prevent progression of decline. 
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6.2. Introduction 

Cognitive impairment becomes increasingly prevalent in the older population, 

presenting a global health challenge as the ageing demographic shifts (5, 190, 192). 

Progression to Alzheimer’s disease from mild cognitive impairment was shown to be 

11% annually, increasing to 14% in those with amnestic mild cognitive impairment 

(369). Understanding the risk factors for cognitive decline may facilitate targeted 

interventions to delay or extend the transitional period.  

It is reported that 30-48% of older adults experience difficulties in sleeping (83, 84). 

The association between sleep quality, sleep duration and cognitive impairment has 

been well established (48, 137, 322). Both short and long sleep duration have been 

linked to cognitive impairment (40, 48, 215, 220, 223, 225, 356). Our understanding of 

the impact of sleep duration on cognitive decline trajectories and the mechanisms 

driving this relationship are less clear, though it is suggested the association may be 

bidirectional (233). Some prospective studies have identified that sleep duration and 

adverse changes in duration are associated with both cognitive impairment and incident 

dementia in middle aged and older adults (228, 370, 371). Recent reviews have 

however highlighted the deficit of longitudinal designs in the growing body of research 

of self-reported sleep and cognitive impairment (372). 

Few studies have the capacity to assess sleep and cognitive change in large, population 

representative samples of older adults. Using data from The Irish Longitudinal Study on 

Ageing (TILDA), this study will investigate self-reported sleep duration and cognitive 

performance in older community-dwelling adults using repeated cognitive assessments 

at two-, four- and six-year follow-up coupled with extensive demographic and health 

information. 

6.3. Methods 

6.3.1. Data 

TILDA is a nationally representative cohort study of community-dwelling adults aged 

50 years and older living in Ireland. The study design and sampling procedure has been 

described in detail previously (75, 290, 292, 297). Briefly, Participants are asked to 

complete a structured interview at each wave, capturing information on their social, 

financial and health situation. 8,175 participants aged ≥50 years completed Wave 1. 



167 

 

Ethical approval was obtained from the Faculty of Health Sciences Research 

Committee, Trinity College Dublin. Written consent was obtained from all participants.  

Data for this study were from Waves 2, 3, 4 and 5 of the TILDA study. Data was 

collected between 2012 to 2018.  

6.3.2. Analysis Sample 

The analysis sample used participants aged ≥50 years who completed Wave 2 

(n=7,281) and had at least two waves of sleep duration and cognitive assessment data 

collected during a structured self-interview (n=6,289). Details of incomplete data are 

presented in Supplementary Table 6.1.  

6.3.3. Cognitive Assessment 

Repeated cognitive assessments in Waves 2-Waves 5 included the Mini-Mental State 

Examination (299) (MMSE) (Global Cognition), immediate and delayed word recall 

tests (Verbal Memory) and a verbal fluency test (Executive Function) (Table 6.1). 
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Table 6.1. Cognitive measures 

 

Cognitive Domain Cognitive Test Scoring Administration 

Global Cognition Mini-Mental State Examination Number of errors (0-30) 
A series of questions covering attention, memory, 

orientation, language, and spatial ability. 

Executive Function Verbal Fluency Number of words 
Participants are asked to name as many animals as 

possible in 60 seconds 

Verbal Memory 

Immediate Recall 
Number of words (0-10) x 2 

Max score 20 

Participants are read a list of 10 words on two occasions 

and asked to recall as many words as possible from the 

list immediately after.  

Delayed Recall 
Number of words (0-10) 

Max score 10 

Participants are asked to recall as many words as possible 

from the word list read previously (approximately 15 

minutes delay) 
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6.3.4. Sleep Measurements 

6.3.4.1. Sleep Duration Categories 

During the interview, participants were asked “Approximately how many hours do you 

sleep on a weeknight?”. Responses were rounded to the nearest hour. Categories were 

defined in line with recommended sleep periods by the US National Sleep Foundation 

(1, 2). Participants who reported sleeping less than 7 hours were categorised as short 

sleep. Long sleep duration was categorised as >9 hours for participants aged up to 64 

years, and >8 hours for participants aged 65+ years. 

6.3.5. Covariates 

6.3.5.1. Sleep Problems 

Daytime sleepiness was measured with the question “how likely are you to doze off 

during the day” with responses on a four-point Likert from “would never doze” to “high 

chance of dozing”. Insomnia symptoms were measured with questions “how often do 

you have trouble falling asleep”, and “how often do you have trouble waking up too 

early and not being able to fall asleep again” with responses on a three-point Likert 

scale from “rarely or never” to “most of the time” (67). A composite sleep score was 

derived by summing the items ranging from 0-7. Higher scores represented more sleep 

problems. 

6.3.5.2. Covariates 

Covariates included age, sex, education (primary/none, secondary, third/higher), marital 

status (married, never married, separated/divorced, widowed), employment status 

(employed, retired/not employed) and location of residence (urban, rural), depressive 

symptoms (≥8 on the short-form Centre for Epidemiological Studies scale(332)), Body 

Mass Index (BMI) (kg/m2) (underweight/normal weight, overweight or obese), Smoker 

status (past/never or current) and physical activity groups (low, moderate and 

high)(315, 316). Participants reported doctor diagnosed cardiovascular conditions 

including hypertension, stroke, angina, heart attack, heart murmur, atrial fibrillation, or 

other abnormal heart rhythms and categorised as no cardiovascular condition or ≥1 

cardiovascular conditions. Participants also reported doctor-diagnosed chronic 

conditions including lung disease, asthma, arthritis, osteoporosis, cancer, Parkinson’s 

disease, stomach ulcer, varicose ulcer, liver disease, thyroid disease, or kidney disease 
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and categorised as having no chronic condition, or ≥1 chronic conditions. Self-reported 

medications were classified using Anatomical Therapeutic Chemical (ATC) codes. 

Anti-depressant medication was classified using ATC code N061, sleep medication 

using codes N05A (Antipsychotics), N05B (Anxiolytics), N05C (Hypnotics and 

Sedatives) and R06A (Antihistamines), and anti-hypertensive medication using codes 

C02 (anti-adrenergic agents), C03 (diuretics), C07 (beta-blockers), C08 (calcium-

channel blockers) and C09 (ACE inhibitors) 

6.3.6. Statistical Analysis 

Statistical analyses were performed using Stata 15.1 (StataCorp, College Station, TX). 

Baseline characteristics, defined as the first available measure of each variable, were 

compared by sleep duration categories. Categorical variables were explored using 

percentages, and continuous variables using means and standard deviations, or medians 

and interquartile ranges where appropriate.  

Mixed-effects regression was used to model associations between cognitive function 

and sleep duration. Mixed-effects models allow for fixed and random effects. These can 

account for correlation found in repeated measures within individuals, and further 

potential correlation between subjects within the same cluster, reducing the risk of 

inflated Type I errors. A model was fit for each cognitive test with sleep duration as a 

predictor. All models were three-level with random intercepts to account for repeated 

measurements of participants and measurements of participants within the same 

households. Intraclass correlations (ICC) in linear regression models were first tested 

using no predictor variables to assess the correlation of cognitive measures at individual 

and household level. ICCs were calculated using residual variance in each model and 

defined as:  

𝐼𝐶𝐶𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  =
𝜎2

𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙

(𝜎2
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 +  𝜎2

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 +  𝜎2
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)

  

 

𝐼𝐶𝐶𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑  =
𝜎2

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

(𝜎2
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 +  𝜎2

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 +  𝜎2
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)

 

 

 𝐼𝐶𝐶𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙|𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 = 𝐼𝐶𝐶𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 + 𝐼𝐶𝐶𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑  
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Estimates were high in each model for both ICCindividual and ICChousehold 

(Supplementary Table 6.2). The ICCindividual and ICChousehold in Immediate Recall 

models were 0.34 and 0.29 respectively. This suggested similar variability attributable 

to individual and household, and considerable combined variability confirming the 

appropriateness of a three-level multi-level modelling approach. 

Verbal fluency, immediate and delayed recall were modelled using mixed-effects linear 

regression. Estimates are presented as β coefficients. A β coefficient<0 indicates worse 

cognitive function. Linear models used an autoregressive (order 1) residual structure to 

account for repeated measures on matched observations over approximately evenly 

spaced time intervals. MMSE errors were modelled using mixed-effects negative 

binomial regression and presented as Incident Rate Ratios (IRR). An IRR>1 indicates 

worse cognitive function (higher error rate).  

Models were adjusted for all covariates defined previously. The sleep categories and all 

covariates were treated as time-varying fixed effects, except sex and location of 

residence which were treated as time-invariant fixed effects. Age-squared was entered 

into each model to account for the curvilinear relationship of age and cognition. Follow-

up wave was parameterised as a set of factor variables corresponding to each wave. 

Interaction terms with wave were included for all predictor variables to estimate 

cognitive function at baseline and change at subsequent waves within sleep duration 

categories accounting for the effects of covariates on both baseline and change. The 

interaction between sleep duration category and wave shows the estimated change in 

cognitive result associated with the reported sleep duration category at each respective 

timepoint.    

6.3.7. Sensitivity Analysis 

Two sensitivity analyses were produced. The first assessed whether results were driven 

by the age gradient observed in sleep duration categories at baseline by repeating the 

analyses on participants aged ≥65 years baseline (n=2,596), except MMSE errors as the 

model would not converge. The second repeated the analyses on participants with sleep 

duration data at all waves of analysis (n=4,630) to assess whether analyses were 

impacted by imbalanced predictor data. 
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6.4. Results 

Baseline characteristics of the sample are presented in Table 6.2. Overall mean age at 

baseline was 64.4 years (standard deviation=9.1 years). 55% of the sample were female. 

The majority reported normal sleep duration (82.1%), 12.1% reported short sleep 

duration, and 5.9% reported long sleep duration. Participants reporting short or long 

sleep duration were more likely to be categorised as obese compared to normal sleep 

duration. Participants with short sleep duration reported more sleep problems, and were 

more likely to report depressive symptoms, being current smokers and ≥1 chronic 

condition. Those reporting long sleep duration were older, and a higher prevalence were 

retired or not employed, living in a rural location or widowed, reported low physical 

activity, taking sleep, anti-hypertensive or antidepressant medication, or ≥1 

cardiovascular condition.  
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Table 6.2. Sample characteristics at baseline 

 Overall Sleep Duration Category 

  
Short 

12.1% (n=754) 

Normal 

82.1% (n=5,133) 

Long 

5.9% (n=367) 

MMSE Errors, median [IQR] 1 [0-2] 1 [0-2] 1 [0-2] 2 [1-3] 

Verbal Fluency, mean±SD 19.1±6.1 19.9±6.0 19.9±6.0 17.1±5.6 

Immediate Recall, mean±SD 13.9±3.1 13.6±3.2 14.1±3.0 12.3±3.4 

Delayed Recall, mean±SD 6.2±2.5 6.0±2.6 6.3±2.5 4.8±2.7 

Age, mean±SD 64.4±9.1 64.8±8.9 63.7±8.8 72.6±8.4 

Female, % 55.0 59.5 54.6 51.6 

Education, %     

Primary/none 25.6 34.4 23.0 42.6 

Secondary 40.3 40.6 40.6 34.8 

Third/higher 34.2 24.9 36.4 22.6 

Marital Status, %     

Married 71.1 65.3 72.5 63.8 

Never married 8.5 8.4 8.6 7.5 

Separated/divorced 7.3 10.7 7.0 4.8 

Widowed 13.1 15.6 12.0 23.9 

Retired/Not Employed, % 64.3 72.8 61.1 90.4 

Location: Rural, % 48.1 41.0 49.0 50.5 

Sleep Problems, mean±SD 2.2±1.6 3.8±1.7 1.9±1.5 1.9±1.5 

Depressive Symptoms, % 8.0 23.0 5.8 6.7 

BMI Category, %     

Normal Weight 33.6 30.1 34.3 29.5 

Overweight 43.5 41.2 43.9 43.4 

Obese 22.9 28.8 21.7 27.1 

Fair/Poor Self Rated Health, % 16.4 32.3 13.5 24.7 

Current Smoker, % 14.8 18.7 14.2 14.9 

Exercise Group, %     

Low 30.8 37.2 28.8 45.2 

Moderate 35.2 33.0 35.8 31.1 

High 34.0 29.8 35.4 23.7 

Sleep Medication, % 8.3 12.5 7.0 16.8 

Antihypertensive medications, 

% 
41.0 44.6 39.2 58.8 

Antidepressant Medication, % 8.7 11.6 7.6 17.6 

Cardiovascular Condition ≥1, % 45.1 52.8 43.0 59.6 

Chronic Condition ≥1, % 50.5 62.4 48.2 57.7 
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The majority who reported normal sleep duration at Wave 2 reported the same at each 

follow-up wave (Wave 3: 86.6%, Wave 4: 86.5%, Wave 5: 85.7%) (Figure 6.1). Those 

who had reported either short or long sleep duration were not as consistent in their 

reported sleep durations at follow-up. Of those who reported short sleep duration at 

baseline, 57.4% reported short sleep at Wave 3, 49.1% at Wave 4, and 45.5% at Wave 

5. Similarly, of those reporting long sleep duration at Wave 2, 42.9% reported long 

sleep duration at Wave 3, 36.9% at Wave 4, and 39.3% at Wave 5. 
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Figure 6.1. Sleep duration category transitions from Wave 2 across each analysis wave 
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Results from regression analyses examining associations between cognitive 

performance and sleep duration are presented in Table 3. Reporting long sleep was 

negatively associated with immediate recall score change at each wave (Wave 3: 

[Beta[β]=-0.46 words, 95% Confidence Interval[CI]=-0.78,-0.13, p<0.01; Wave 4: β=-

0.35 words, 95% CI=-0.69,-0.004, p<0.05; Wave 5: β=-0.62 words, 95% CI=-0.98,-

0.27, p<0.01] compared to normal sleep. Similarly, reporting long sleep was 

significantly negatively associated with delayed recall compared to normal sleep, but 

only at Wave 5 follow up [β=-0.39 words, 95% CI=-0.67,-0.11, p<0.01]. Negative 

associations between long sleep and MMSE errors at waves were also apparent but did 

not reach statistical significance.  

There were graded negative associations between reporting short sleep, MMSE errors, 

immediate and delayed recall at each wave compared to normal sleep, however none 

reached statistical significance.  

The ICCindividual|household in fully adjusted models were high (Verbal Fluency: 0.49; 

Immediate Recall: 0.45; Delayed Recall: 0.50), suggesting some homogeneity in 

measurements at both household and individual level, but a considerable amount of 

within person variability in cognitive outcomes remained unaccounted for.
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Table 6.3. Mixed effects multilevel regression models for associations between sleep duration and cognitive assessments including 

MMSE Errors, Verbal Fluency, Immediate Recall and Delayed Recall 

 MMSE Errors Verbal Fluency Immediate Recall Delayed Recall 

 IRR [95% CI] β [95% CI] β [95% CI] β [95% CI] 

Fixed Effects         

Wave 3 1.05 [0.20,5.61] -2.04 [-9.04,4.97] -2.25 [-6.02,1.52] -0.67 [-3.60,2.27] 

Wave 4 1.30 [0.30,8.53] -0.71 [-9.09,7.68] 0.96 [-3.49,5.40] 0.98 [-2.48,4.44] 

Wave 5 0.62 [0.06,6.12] -6.62 [-16.45,3.21] 1.19 [-3.98,6.36] 0.25 [-3.79,4.29] 

Short Sleep 1.02 [0.94,1.11] 0.18 [-0.19,0.55] 0.13 [-0.07,0.32] 0.09 [-0.06,0.24] 

Long Sleep 1.10 [0.99,1.21] -0.29 [-0.77,0.19] 0.11 [-0.15,0.36] -0.06 [-0.26,0.14] 

Short Sleep x Wave 3 0.97 [0.87,1.09] -0.01 [-0.48,0.46] -0.19 [-0.44,0.06] -0.10 [-0.29,0.10] 

Short Sleep x Wave 4 1.00 [0.89,1.13] -0.19 [-0.70,0.31] -0.17 [-0.44,0.10] -0.17 [-0.38,0.04] 

Short Sleep x Wave 5 1.07 [0.95,1.21] -0.18 [-0.71,0.35] -0.25 [-0.53,0.03] -0.19 [-0.41,0.03] 

Long Sleep x Wave 3 1.07 [0.94,1.21] -0.51 [-1.13,0.11] -0.46** [-0.78,-0.13] -0.23 [-0.49,0.03] 

Long Sleep x Wave 4 1.04 [0.91,1.18] -0.02 [-0.63,0.66] -0.35* [-0.69,-0.004] -0.03 [-0.30,0.24] 

Long Sleep x Wave 5 1.07 [0.94,1.23] 0.002 [-0.67,0.68] -0.62** [-0.98,-0.27] -0.39** [-0.67,-0.11] 

Random Effects         

𝝈𝟐
𝑰𝒏𝒅𝒊𝒗𝒊𝒅𝒖𝒂𝒍    8.49 [7.58,9.50] 2.34 [2.09,2.63] 1.81 [1.63,2.00] 

𝝈𝟐
𝑯𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅    5.53 [4.69,6.53] 0.93 [0.72,1.22] 0.64 [0.49,0.83] 

𝝈𝟐
𝑹𝒆𝒔𝒊𝒅𝒖𝒂𝒍    14.49 [14.03,14.96] 4.01 [3.89,4.13] 2.42 [2.35,2.50] 

***p<0.001 **p<0.01 *p<0.05 

aIRR = Incident Rate Ratio;  
bβ=Beta Coefficient 
cAdjusted for age, age-squared, sex, education group, marital status, location of residence, employment status, sleep problems, depressive 

symptoms, BMI category, smoker status, sleep medication, anti-depressant medication, exercise group, chronic condition ≥ 1, cardiovascular 

condition ≥ 1 
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6.4.1. Sensitivity Analysis 

Supplementary Tables 6.3-6.4 display regression estimates of sensitivity analyses. 

Patterns of cognitive function were similar in these models, with some stronger 

estimates compared to the full analysis sample, suggesting robustness of the main 

analyses. 

6.5. Discussion 

This study analysed cognitive performance in older adults and the impact of both self-

reported sleep duration using repeated cognitive assessments at two, four and six year 

follow up. When compared to normal sleep durations, we found that participants who 

reported long sleep duration experienced a significant decline in immediate and delayed 

recall memory test performances at follow up. A positive, but non-significant, main 

effect for Wave 4 and Wave 5 of immediate and delayed recall may indicate a slight 

learning effect in the sample, however the negative effect at each wave suggests that 

relative to performances in those with normal sleep duration, those with long sleep 

duration performed worse. Negative but non-significant trends in performance were 

also visible for those reporting short sleep durations.  

Despite a number of these trends not reaching statistical significance, consistent decline 

in global cognition and verbal memory was apparent in participants reporting short or 

long sleep duration. These estimates were produced extensively accounting for 

confounding factors which did not fully explain the observed decline in cognition.  

Long sleep duration has been shown to be associated with poorer cognitive function in 

cross-sectional studies of older adults and cognition (109, 215, 220), but the 

relationship is less clear in longitudinal research. Potvin et al. found that short sleep 

duration was associated with one year incident cognitive impairment in men, and long 

sleep duration in women (225). Ferrie et al. showed that a change from normal sleep at 

baseline to long sleep at follow up was associated with cognitive decline in multiple 

domains, except memory, in middle-aged adults. A study of older nurses found no 

association between cognitive decline and sleep duration at 2-year follow up (373). 

However, Loerbroks et al. found increases in sleep duration were associated with a 

decline in cognition, including verbal memory, in older adults at 8.5 year follow up 

(370). Our analysis had multiple follow-up measurements of cognitive assessments and 

extensive participant information, allowing for sophisticated modelling of cognitive 
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trajectories and sleep habits. Our results further assert long sleep duration as a marker 

of cognitive decline. 

Although we show consistent decline in cognitive performance, the relative estimates 

are small. The trend remained in a subsample of participants aged ≥65 years. The 

magnitude was however larger, suggesting that these declines may become more rapid 

in later life and attention should be drawn to older age groups reporting poor sleep. 

Studies exploring these associations should consider the implications of length of 

follow-up when establishing detectable changes in performance. 

The association between self-reported sleep and cognitive function is not fully 

understood. Sleep time may be perceived and reported as short sleep due to poor sleep 

quality rather than restricted sleep times (87). Self-reported longer sleepers have been 

shown to report more sleep complaints, with extended time in bed potentially leading to 

increased sleep fragmentation (189, 227). 

Our finding that long sleep was associated with memory decline is important. Amnestic 

mild cognitive impairment is identified by memory deficits and understood to be a 

precursor to Alzheimer’s disease (374). The mechanisms thought to drive self-reported 

long sleep duration, such as poorer sleep quality (48, 189, 228), have been shown to be 

associated with cognitive decline and incident Alzheimer’s disease (375). Sleep 

changes may be early signs of cognitive decline. Early detection is important to delay 

the progression of these declines. 

This study has a number of strengths. The sample was drawn from a large-scale 

population-representative longitudinal cohort of older, community dwelling adults. 

Reporting of sub-optimal sleep was shown to be variable. Repeated measurements 

allowed us to model sleep as time-varying to account for this. We had repeated 

cognitive measurements, coupled with an extensive list of potentially time-varying 

confounding variables which could be controlled for at each wave of assessment. Our 

assessments covered multiple cognitive domains addressing attention, executive 

function, memory, language, spatial ability, and orientation. This allowed for a more 

complete picture of cognitive function. Limitations were also present. TILDA is a 

relatively young, healthy sample. We did not have objective sleep measurements which 

would help to establish the impact of objective poor sleep quality on these associations. 
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In conclusion, we have shown that self-reported sleep duration was associated with 

cognitive decline in a large sample of community dwelling older adults. Assessment of 

sleep duration may assist clinicians in identifying individuals at risk of cognitive 

decline, or delay progression with targeted interventions to encourage healthy sleep 

habits. Future work with longitudinal objective sleep measurements will help to 

establish the role of sleep efficiency and fragmentation on these associations.  
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6.6. Supplementary Information 

Supplementary Table 6.1. Details of missingness between waves 

   

 
Wave 

2 
Wave 3 Wave 4 Wave 5 

Sleep Duration Data 12 21 7 11 

MMSE Data 0 12 0 0 

Verbal Fluency Data 4 6 9 5 

Immediate Recall Data 5 10 18 10 

Delayed Recall Data 11 10 21 14 

Proxy Interview 80 111 109 111 

End of Life Interview  190 166 164 

No Interview  809 1483 2173 

Covariates 

Age     

Sex     

Education Status 12 2   

Marital Status     

Employment Status  11 2 2 

Location of Residence     

Sleep Problems 1 16 11 6 

Self Rated Health  1 2  

BMI 220 214 260 265 

Smoker Status 2 6 1 5 

Depressive Symptoms 19 30 23 23 

Physical Activity 63 303 139 18 

Cardiovascular Conditions     

Chronic Conditions     

Anti-depressant 

Medication 
7    

Sleep Medication     

Anti-hypertensive 

Medication 
7    
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Supplementary Table 6.2. Mixed effects multilevel regression models for associations between sleep duration and cognitive 

assessments including MMSE Errors, Verbal Fluency, Immediate Recall and Delayed Recall.  

Sensitivity analysis subsample MMSE Score > 18 & Participants ≥ 65 years at baseline 

 Verbal Fluency Immediate Recall Delayed Recall 

Fixed effects    

Wave 3 -16.53 [-46.39,13.32] -20.96 [-38.57,-3.35] -0.09 [-17.79,13.60] 

Wave 4 -24.31 [-60.80,12.18] -2.25 [-23.70,19.19] 0.20 [-16.40,16.81] 

Wave 5 -17.73 [-62.76,27.29] -11.36 [-37.69,14.97] 6.81 [-14.63,27.25] 

Short Sleep 0.57 [0.02,1.11] 0.08 [-0.23,0.40] 0.07 [-0.17,0.32] 

Long Sleep -0.06 [-0.58,0.46] 0.17 [-0.14,0.47] -0.01 [-0.25,0.23] 

Short Sleep x Wave 3 -0.52 [-1.23,0.18] -0.14 [-0.56,0.28] -0.11 [-0.44,0.21] 

Short Sleep x Wave 4 -0.32 [-1.08,0.44] 0.09 [-0.36,0.53] -0.14 [-0.49,0.21] 

Short Sleep x Wave 5 -0.34 [-1.16,0.46] -0.14 [-0.62,0.35] -0.27 [-0.65,0.11] 

Long Sleep x Wave 3 -0.81* [-1.49,-0.14] -0.50* [-0.90,-0.10] -0.33* [-0.64,-0.02] 

Long Sleep x Wave 4 -0.06 [-0.79,0.68] -0.40 [-0.83,0.03] -0.16 [-0.49,0.18] 

Long Sleep x Wave 5 -0.27 [-1.06,0.52] -0.96*** [-1.42,-0.49] -0.53** [-0.89,-0.17] 

Random effects       

𝝈𝟐
𝑰𝒏𝒅𝒊𝒗𝒊𝒅𝒖𝒂𝒍  8.87 [7.36,10.69]  2.75 [2.24,3.38] 2.10 [1.76,2.51] 

𝝈𝟐
𝑯𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅  3.83 [2.57,5.71]  0.96 [0.55,1.65] 0.56 [0.31,1.02] 

𝝈𝟐
𝑹𝒆𝒔𝒊𝒅𝒖𝒂𝒍  13.37 [12.69,14.07] 4.59 [4.36,4.83] 2.74 [2.60,2.88] 

***p<0.001 **p<0.01 *p<0.05  

aIRR = Incident Rate Ratio;  
bβ=Beta Coefficient 
cAdjusted for age, age-squared, sex, education group, marital status, location of residence, employment status, sleep problems, 

depressive symptoms, BMI category, smoker status, sleep medication, anti-depressant medication, anti-hypertensive 

medication, physical activity group, chronic condition ≥ 1, cardiovascular condition ≥ 1 
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Supplementary Table 6.3. Mixed effects multilevel regression models for associations between sleep duration and cognitive 

assessments including MMSE Errors, Verbal Fluency, Immediate Recall and Delayed Recall  

Subsample of participants with complete sleep duration data across all analysis waves 

 MMSE Errors Verbal Fluency Immediate Recall Delayed Recall 

Fixed effects     

Wave 3 0.54 [0.05,5.80] -1.31 [-10.21,7.60] -0.18 [-4.92,4.57] -0.21 [-3.90,3.48] 

Wave 4 0.68 [0.06,7.76] 1.92 [-8.00,11.84] 2.71 [-2.48,7.90] 1.99 [-2.05,6.02] 

Wave 5 0.43 [0.03,5.45] -7.54 [-18.01,2.93] 2.12 [-3.32,7.56] 0.89 [-3.34,5.13] 

Short Sleep 1.01 [0.91,1.14] 0.40 [-0.03,0.82] 0.17 [-0.05,0.39] 0.11 [-0.06,0.29] 

Long Sleep 0.99† [0.99,1.22] -0.22 [-0.82,0.38] 0.12 [-0.19,0.44] 0.05 [-0.20,0.29] 

Short Sleep x Wave 3 0.98 [0.86,1.13] -0.18 [-0.72,0.37] -0.30* [-0.59,-0.02] -0.14 [-0.37,0.08] 

Short Sleep x Wave 4 1.04 [0.90,1.19] -0.49† [-1.05,0.08] -0.23 [-0.53,0.06] -0.16 [-0.39,0.07] 

Short Sleep x Wave 5 1.12 [0.97,1.28] -0.42 [-0.99,0.15] -0.32* [-0.62,-0.02] -0.23 [-0.46,0.01] 

Long Sleep x Wave 3 1.15 [0.97,1.37] -0.38 [-1.14,0.38] -0.29 [-0.70,0.11] -0.27 [-0.58,0.05] 

Long Sleep x Wave 4 1.23* [1.04,1.45] -0.11 [-0.87,0.66] -0. 38 [-0.78,0.02] -0.19 [-0.50,0.12] 

Long Sleep x Wave 5 1.19* [1.01,1.40] -0.14 [-0.91,0.62] -0.61** [-1.01,-0.21] -0.47** [-0.78,-0.15] 

Random effects         

𝝈𝟐
𝑰𝒏𝒅𝒊𝒗𝒊𝒅𝒖𝒂𝒍    8.65 [7.62,9.82]  2.16 [1.89,2.47] 1.68 [1.50,1.89] 

𝝈𝟐
𝑯𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅    5.52 [5.54,6.71]  0.86 [0.64,1.18] 0.61 [0.45,0.99] 

𝝈𝟐
𝑹𝒆𝒔𝒊𝒅𝒖𝒂𝒍    14.50 [14.02,15.00] 3.92 [3.79,4.04] 2.37 [2.29,2.44] 

***p<0.001 **p<0.01 *p<0.05  

aIRR = Incident Rate Ratio;  
bβ=Beta Coefficient 
cAdjusted for age, age-squared, sex, education group, marital status, location of residence, employment status, sleep problems, depressive 

symptoms, BMI category, smoker status, sleep medication, anti-depressant medication, anti-hypertensive medication, exercise group, chronic 

condition ≥ 1, cardiovascular condition ≥ 1 
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Introduction to Chapter 7 

Having established an understanding of sleep habits in older adults in Ireland and 

identifying important associations with cognitive function, I then looked at sleep in the 

context of physical function. Adequate physical function is important for independent 

living and quality of life in older ages. This study characterises older adults into their 

respective sleep chronotypes, determined by their pattern of sleep and wake times 

measured using accelerometer devices. Sleep chronotypes are understood to be partially 

determined by genetics. Research on physical function and sleep in older adults to date 

has primarily focused on measures of duration and quality. Sleep chronotypes are more 

commonly used in research on adolescents and young adults, but these studies have 

shown late sleep chronotypes to exhibit worse health behaviours such as low physical 

activity and smoking. We hypothesised that late sleep chronotypes would be more at 

risk of impaired physical function in later life, having been more likely to engage in 

worse health behaviours which have been shown to contribute to reduced physical 

function. I measured physical function using the Fried phenotype, a frailty assessment 

tool which can be used in clinical practice. I aimed to establish whether late sleep 

chronotypes were at risk of developing pre-frailty or frailty when compared to early 

sleep chronotypes, as this may highlight groups at higher risk of physical impairment 

who can be identified throughout the life course. 
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7.1. Abstract 

Background 

Individuals with a preference for late sleep preferences (Owls) are more likely to 

exhibit negative health behaviours throughout the life course compared to those with 

early sleep preferences (Larks). Many of those behaviours and outcomes are linked to 

physical frailty. However, the relationship between sleep chronotype and frailty is 

unclear.  

Methods 

Sleep and frailty data were analysed in participants of The Irish Longitudinal Study on 

Ageing (TILDA). Owl and Larks were defined using mid-sleep point time detected by 

accelerometery, and frailty was operationalised using the Fried phenotype. Baseline 

measurements were captured for 1,209 participants, and 2-year follow-up 

measurements from 557 participants categorised as robust at baseline.  

Results 

Owls made up 6.7% of the baseline sample, of which 49.4% were pre-frail, and 7.9% 

frail. A further 30.4% were Larks of which 37.6% were pre-frail and 5.7% frail. The 

association with frailty in Owls compared to Larks was positive but non-significant in 

minimally adjusted models [RRR=1.93; 95% CI=0.67,5.59, p=0.226], and attenuated 

by adjustment for health behaviours models [RRR=1.12; 95% CI=0.37,3.43, p=0.841]. 

Almost 38% of Owls robust at baseline were pre-frail at follow-up, however this 

association was not significant in multivariable analysis [OR=1.18; 95% CI=0.50,2.78; 

p=0.726].  

Conclusions 

Older adults identified as Owls may be at increased risk of physical frailty in later life. 

Pre-frailty and frailty were most prevalent in Owls. Although these associations did not 

reach statistical significance, they were only partially attenuated by health behaviours. 

Future studies using larger samples and more sophisticated modelling are needed to 

better understand this relationship. 
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7.2. Introduction 

Sleep chronotype determines an individual’s natural inclination to wake early in the day 

and feel tired early in the evening, or on the other end of the spectrum, wake late in the 

day and feel tired late in the evening (235). This biological tendency categorises 

individuals into different sleep chronotypes. The most commonly occurring chronotype 

is an intermediate chronotype, sometimes referred to as Third Birds, with no strong 

preference for either early or late sleep timings. The early chronotype may be referred 

to as Larks, while the late chronotype are often referred to as Owls (70, 242, 376, 377). 

Partially determined by genetics (237, 378), chronotype has however been found to 

vary throughout the lifespan (242). A shift toward late-type was seen in early 

adolescence, peaking in early adulthood before our mid-sleep point was shown to return 

to earlier timings in later life (235, 242). Irrespective of chronotype, habitual sleep can 

also be influenced by social and environmental factors (70, 379-381). 

Chronotypes have been shown to be associated with personality, social and health 

differences (260, 261, 382-384). Larks are more likely to experience positive affect and 

higher quality of life (261, 382). Owls on the other hand have been found to experience 

more severe levels of depression (383), and engage in worse health behaviours such as 

alcohol use, poor diet and smoking (260, 384). 

The majority of the research has focused on the impact of chronotype in adolescence 

and young adults (253, 381, 384). Limited research on chronotype in later life is 

available. Suh et al (2016) found that older adults with a late chronotype reported more 

unhealthy behaviours such as smoking, alcohol use and lower physical activity than 

early chronotypes (241). Associations with late chronotype in older adults and 

dementia, cardiovascular disease and asthma have also been established (285, 287, 

385). 

Frailty is characterised by cumulative biological decline and increased vulnerability to 

stressors (4). Older adults living with frailty have been found to be more susceptible to 

impaired physical, cardiovascular and cognitive function (270-272). Increased risk of 

frailty has been linked with depression, inadequate diet, worse socioeconomic 

circumstances and health behaviours with evidence found coupling risk behaviours in 

mid-life and later life outcomes (272-278, 386, 387). Many of these factors have also 

been strongly linked with late type chronotypes in adolescence and early adulthood 
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(241, 288, 388), suggesting that chronotype might influence the trajectory of decline 

and vulnerability as we age. 

The importance of early detection of frailty has been highlighted (282). Pre-frailty does 

not guarantee transition to frailty, and it is suggested that the condition may be 

reversible (280). The identification of risk/mitigating factors associated with onset of 

frailty will improve the potential for early detection. Sleep chronotype is one such 

potential risk, but research on frailty and sleep has predominantly focused on sleep 

duration and disturbances, identifying evidence of associations between frailty and poor 

sleep quality (283, 389). 

Investigations into the potential relationship between sleep chronotype and frailty are 

limited. One recent study found evidence to suggest that evening sleep chronotype may 

be a characteristic of frailty in older adults, but noted limitations of a small, 

predominantly female sample (284). Furthermore, links with chronotype and incident 

frailty have not been established.  

7.2.1. Hypothesis 

We hypothesised that older adults classified as late sleep chronotypes will have 

experienced more progressed impairment in later life than early sleep chronotypes, 

contributing to an increased likelihood of developing either pre-frailty or frailty. 

Furthermore, risk of incident frailty would be more likely in late sleep chronotypes.  

7.2.2. Aims  

This study aimed to firstly establish the prevalence of sleep chronotypes in a cohort of 

older adults in Ireland. Secondly, we examine independent cross-sectional associations 

between sleep chronotype and frailty status and each of the frailty criteria. Finally, we 

assessed sleep chronotypes as risk factors for incident frailty at two-year follow-up. 

7.3. Methods 

7.3.1. Data 

Data were drawn from Wave 3 and Wave 4 of The Irish Longitudinal Study on Ageing 

(TILDA). TILDA is a nationally representative cohort of adults aged 50 years and older 

in Ireland. The study design and sampling procedure has been described in detail 

previously (75, 292). Briefly, Wave 1 commenced in 2009, with fieldwork completed in 
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April 2011. The sampling frame was the Irish Geodirectory, a listing of all residential 

addresses in Ireland. A clustered, randomly selected sample of 25,600 households were 

identified using the RANSAM sampling procedure (290) with residents aged 50 and 

over, and their spouses or partners of any age eligible to participate. Wave 1 included 

8,175 adults aged 50 and over. Each participant underwent a detailed, structured 

interview covering their health, social and financial circumstances. Wave 2 introduced 

proxy respondents who completed interviews on behalf of returning participants with 

cognitive or physical impairment. Fieldwork for Wave 3 took place between March 

2014 and October 2015 with 6,902 participants completing an interview (Figure 7.1). 

Participants aged ≥ 50 years who had completed a self-interview were included in this 

study (296). 

Wave 3 included a health assessment was carried out by qualified research nurses in a 

dedicated health assessment centre in Dublin. Where a participant could not travel but 

wished to participate, a modified home assessment was carried out. A total of 5,315 

participants completed either a health centre or home assessment. Wave 3 additionally 

included a sub-study on accelerometry for those who had completed the health 

assessment using wristworn GENEActiv devices. 190 devices were available. 1,578 

participants were randomly selected to wear an accelerometer device for seven 

consecutive days immediately following their health assessment which allowed for 

objective measurement of sleep behaviours. In a number of cases (n=226), devices were 

returned without seven continuous days of recording. This occurred where a participant 

removed the device before the seven days were completed, or where a technical fault 

occurred in the device while in the field. The majority of data loss was confined to one 

day (n=138). Previous work has shown that at least four days of recording allowed for 

an accurate measure of total sleep time in this cohort (347). Further data was lost (n=63) 

when devices experienced a fault resulting in inaccurate device timestamps. 

Accelerometer data with at least four days of continuous recordings were available for 

1,470 participants. 
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Figure 7.1. Participant Flowchart
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7.3.2. Activity Monitor 

The accelerometer devices had a measurement range of +/-8g range at 3.9mg resolution 

and a maximum logging period of seven days at 100Hz. The devices are light weight, 

non-invasive, waterproof and have built-in near body temperature sensor allowing for 

confirmation of non-wear periods. Data was processed using a fully automated Micro‐

Electro‐Mechanical Systems accelerometer classification algorithm devised for 

epidemiological studies (309, 347). 

7.3.3. Sleep Variables 

Sleep start time and sleep end time of the major nocturnal sleep period was recorded on 

each day the accelerometer device was worn. A median sleep start and end time for the 

duration of recordings was derived. 

Total sleep time (TST) was derived as the difference between sleep start time and sleep 

end time averaged for the duration of recordings. 

Mid-sleep point was defined as (sleep start time + total sleep time)/2.  

7.3.4. Sleep Chronotypes 

Average mid-sleep point which determines chronotype preference changes throughout 

the lifespan, peaking in early adulthood before beginning to decline in older ages (243, 

244, 390). Zhang et al. measured a decline of almost one hour in average mid-sleep 

point between adults aged 20 years compared to adults aged 60 years when measured 

using wrist-worn actigraphy devices (390). Sleep chronotype is also influenced by 

latitude and longitude, climate, sunrise and sunset timings and artificial light (379, 391-

394).  

Validated thresholds for determining chronotype are not yet established, and limited 

comparative methods used here are available for older adults. Thresholds for 

classification of chronotype here were determined using similar cut-points to research 

involving both questionnaire and actigraphy based sleep assessment, drawn from a 

study based in Birmingham, United Kingdom, based in the same time-zone and where 

climate, longitude and latitude would be closely matched to that experienced by our 

participants (395). These produced similar distributions of classifications to earlier 
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studies in the older population (Morning types: 38.2%; Evening types: 4.9%) (241, 

395). 

Each participant was classified into sleep chronotypes using their mid-sleep point. Early 

types are hereafter referred to as Larks, and late types as Owls, the colloquial terms 

often used for these chronotypes. The intermediate type is referred to as Wrens, the 

most common bird populating Ireland; 

Larks (early type): Mid-sleep point between 00:00 and 03:30 

Wrens (intermediate type): Mid-sleep point between 03:31 and 05:29.  

Owls (late type): Mid-sleep point between 05:30 and 23:59.  
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7.3.5. Sleep Problems 

During the self-interview, participants were asked three questions pertaining to sleep 

difficulties. These included one item on whether they were likely to doze off during the 

day, with responses on a four-point Likert scale ranging from “would never doze” to 

“high chance of dozing”. The two remaining questions were taken from the Jenkin’s 

Sleep Problem Scale measuring insomnia symptoms (67). The items asked how often 

the participant has trouble falling asleep, and how often they have trouble waking up 

too early and not being able to fall asleep again, with responses on a three point Likert 

scale ranging from “rarely or never” to “most of the time”. Responses were summated 

into a sleep problems scale ranging from 0-7, with higher scores representing more 

disturbed sleep. 

7.3.6. Frailty Variables 

Frailty was operationalised according to the Fried phenotype (4) composing of five 

indicators: weakness, slowness, unintentional weight loss, low activity and exhaustion. 

Population specific cut-points, derived from the full Wave 3 home and centre 

assessments sample, were used for slowness, weakness and low activity. Participants 

with no criteria were categorised as robust, one to two criteria as pre-frail, and those 

with three or more criteria as frail. 

Weakness was assessed using a dynamometer. The cut-point was taken as the 20th 

percentile of handgrip strength following sex and weight adjustment among participants 

aged ≥65 years. A cut-point of 24.5kg was used for all male participants, and a cut-

point of 14.5kg was used for all female participants. 

Slowness was assessed using the Timed up and Go (TUG) test. Participants were asked 

to stand up from a chair, walk at their normal pace for three meters, turn around, walk 

back to the chair and sit down. The cut-point was taken as the slowest 20th percentile of 

TUG time in seconds following sex and height adjustment among participants aged ≥65 

years. A cut-point of 13.02 seconds was used for males with a height of ≤171.2cm and 

11.62 seconds for those with a height of >171.2cm. A cut-point of 14.04 was used for 

females with a height of ≤158.0cm, and 11.59 seconds for those with a height of 

>158cm. Height measured during the health assessment was used at baseline. Self-

reported height was used at follow-up.  
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Low activity was assessed using the short-form International Physical Activity 

Questionnaire (315). The cut-point was taken as the 20th percentile following 

stratification by sex among participants aged ≥65 years. Male participants who reported 

kcal/week expenditure of ≤868 kcals and females who reported ≤432 kcals/week met 

this frailty criterion. 

Unintentional weight loss was assessed using the question “in the past year have you 

lost 10 pounds (4.5 kg) or more in weight when you weren't trying to, for example, 

because of illness?”. Participants who responded “Yes” met this frailty criterion. 

Exhaustion was assessed as self-reported exhaustion (4), which identifies poor 

endurance and energy (4, 396), based on responses of “sometimes” or “often” to either 

of the items “I could not get going” or “I felt that everything I did was an effort” taken 

from the Center for Epidemiological Studies Depression Scale (CES-D) (313). 

7.3.7. Other measures 

Measures known to impact sleep and frailty were included in analysis. Socio-

demographic data was collected including age, sex, education (primary/none, 

secondary, third level or higher), marital status (married, not married, 

separated/divorced, widowed), employment status (employed or retired/not employed). 

Participants also reported health information such as, smoker status, medication use, 

presence of one or more physician-diagnosed chronic conditions including lung disease, 

asthma, arthritis, osteoporosis, cancer, Parkinson’s disease, stomach ulcer, varicose 

ulcer, liver disease, thyroid disease, or kidney disease, presence of one or more 

physician diagnosed cardiovascular disease including hypertension, stroke, angina, 

heart attack, heart murmur, or atrial fibrillation. Body Mass Index (BMI) was defined 

using height and weight measured during the Health Assessment at baseline when 

identifying cutpoints for frailty. 

7.3.8. Statistical Analysis 

Analyses were separated into two parts to cover the aims of this study. Firstly, a cross-

sectional analysis using Wave 3 of the TILDA study was used to assess prevalence of 

sleep chronotype and model the association between sleep chronotype and frailty. Next, 

follow-up data from Wave 4 was used in longitudinal analyses to model the relationship 

between sleep chronotype and incident frailty. Individuals who had at least four days of 
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accelerometer recordings, and complete data on measurements used for frailty criteria 

were included in the cross-sectional analysis sample (n=1,209). Individuals who had at 

least four days of accelerometer recordings and were robust at baseline, had completed 

self-interviews at both Wave 3 and Wave 4, and had complete data on measurements 

for frailty criteria at both waves were included in the prospective analysis sample 

(n=557).  

7.3.8.1. Cross-sectional analysis 

Baseline characteristics are presented for sleep chronotype groups. Regression analysis 

was used to model associations between sleep chronotype and frailty group 

(multinomial logistic regression), frailty component score (negative binomial 

regression) and individual frailty criteria (logistic regression). Basic models included 

age, sex, employment status, season of accelerometer recording, total sleep time and 

sleep problem score. Full models additionally adjusted for smoker status, anti-

depressant medication (ATC code N06A), chronic conditions and cardiovascular 

disease.  

7.3.8.2. Prospective analysis 

Descriptive statistics on incident frailty are presented. Logistic regression was used to 

model transition from robust to pre-frailty or frailty status at two-year follow-up 

(Robust to PF/F), with those who remained as robust at follow-up as the reference 

group. Models are adjusted for baseline demographics and covariates found to be 

significant in cross-sectional regression analyses. 

Analyses were completed using Stata 15.1 (StataCorp., College Station, TX).  

7.4. Results 

7.4.1. Cross Sectional: Characteristics of sleep chronotypes 

Older adults were most likely to be classified as a Wren chronotype (62.9%) (Figure 

7.2). Lark chronotypes made up 30.4% of the sample, with a further 6.7% classified as 

Owl chronotypes. 
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Figure 7.2. Histogram of sleep chronotype distributions
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Table 7.1 provides overall characteristics of the sample and stratified by sleep 

chronotype. The mean age of the sample was 67.3 years (SD=9.1), 51.6% of 

participants were female, 34.0% had complete third/higher level education and the 

majority were married (73.0%) and either retired/not employed (73.2%).  

Mean age was similar across chronotype classifications (Lark: Mean±SD = 67.5±9.6; 

Wren: 67.2±8.9; Owl: 67.3±9.1). Owls were more likely to opt for a home assessment 

(29.6%) compared to Larks (25.1%). Differences were found in employment status with 

88.8% of Owls reporting being retired/not employed, compared to 66.1% of Larks who 

were retired/not employed with the remaining 33.9% reporting being currently 

employed.  

The largest prevalence of smokers were Owls with 29.6% of Owls reporting that they 

were current smokers, compared to just 9.8% of Larks. Correspondingly, Owls had the 

lowest percentage of never smokers (Larks: 44.1%; Wrens: 44.9%; Owls: 25.9%). Over 

twice as many Owls reported taking anti-depressant medication (19.8%) compared to 

Larks (9.0%). Owls were on average one second slower (Mean±SD = 11.0±6.9 

seconds) in completing the TUG test compared to Larks (Mean±SD = 10.0±6.3 

seconds), reported lower physical activity (Mean±SD = 2769.9±3923.0 kcals vs 

3358.6±4309.5 kcals) and recorded a shorter TST (Mean±SD = 7.3±1.6 hours vs 

7.9±1.3 hours). Cardiovascular disease was higher in Owls (58.0%) compared to Larks 

(44.1%), as was use of anti-hypertensive medication (Owls: 49.4% vs Larks: 42.8%). 
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Table 7.1. Overall and by sleep chronotype category sample characteristics  

 Overall (n=1,209) Lark (n=367) Wren (n=761) Owl (n=81) 

Mid-Sleep Point, Mean±SD (hh:mm) 04:02±01:10 02:55±00:31 04:19±00:29 06:31±02:04 

Age, y, Mean±SD 67.3±9.1 67.5±9.6 67.2±8.9 67.3±9.1 

Sex: Female, % (n) 51.6 (624) 49.9 (183)  52.8 (402)  48.2 (39)  

Education: Primary/none, % (n) 25.1 (304)  28.1 (103)  23.4 (178)  28.4 (23)  

Education: Secondary, % (n) 40.9 (494)  39.5 (145)  41.9 (319)  37.0 (30)  

Education: Third/Higher, % (n) 34.0 (411)  32.4 (119)  34.7 (264)  34.6 (28)  

Marital Status: Married, % (n) 73.0 (882)  71.4 (262)  75.2 (572)  59.3 (48)  

Marital Status: Never Married, % (n) 7.9 (95)  8.7 (32)  7.0 (53)  12.4 (10)  

Marital Status: Separated/Divorced, % (n) 6.6 (80)  5.7 (21)  6.8 (52)  8.6 (7)  

Marital Status: Widowed, % (n) 12.6 (152)  14.2 (52)  11.0 (84)  19.8 (16)  

Retired/Not employed, % (n) 73.2 (882)  66.1 (242)  75.0 (569)  88.8 (71)  

Season of Recording: Winter, % (n) 20.3 (245)  15.8 (58)  22.5 (171)  19.8 (16)  

Season of Recording: Spring, % (n) 17.0 (206)  18.5 (68)  16.4 (125)  16.1 (13)  

Season of Recording: Summer, % (n) 31.5 (381)  29.7 (109)  33.1 (252)  24.7 (20)  

Season of Recording: Autumn, % (n) 31.2 (377)  36.0 (132)  28.0 (213)  39.5 (32)  

Health Centre Assessment, % (n) 79.9 (966) 74.9 (275) 83.3 (634) 70.4 (57) 

Home Assessment, % (n) 20.1 (243) 25.1 (92) 16.7 (127) 29.6 (24) 

Never Smoked, % (n) 43.4 (525) 44.1 (162)  44.9 (342)  25.9 (21)  

Past Smoker, % (n) 45.2 (547) 46.1 (169) 44.9 (342) 46.1 (36) 

Current Smoker, % (n) 11.3 (137)  9.8 (36)  10.1 (77)  29.6 (24)  

Taking Sleep Medication, % (n) 8.2 (99)  9.8 (36)  7.2 (55)  9.9 (8)  
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 Overall (n=1,209) Lark (n=367) Wren (n=761) Owl (n=81) 

Taking Anti-Depressant Medication, % (n) 9.3 (112)  9.0 (33)  8.3 (63)  19.8 (16)  

Taking Anti-Hypertensive Medication, % 

(n) 
42.8 (552)  42.8 (157)  46.7 (355)  49.4 (40)  

Chronic Condition≥1, % (n) 54.2 (655)  53.7 (197)  54.3 (413)  55.6 (45)  

Cardiovascular Condition≥1, % (n) 46.8 (566)  44.1 (162)  46.9 (357)  58.0 (47)  

Body Mass Index, kg/m2, Mean±SD 28.5±5.0 28.0±4.9 28.7±5.0 28.8±5.3 

Total Sleep Time, hours, Mean±SD 7.7±1.2 7.9±1.3 7.7±1.1 7.3±1.6 

Sleep Problems Scale, Mean±SD 2.1±1.6 2.2±1.7 2.1±1.6 2.3±1.9 

Grip Strength, kg, Mean±SD 27.3±9.7 27.5±9.9 27.4±9.7 26.3±8.8 

TUG time, seconds, Mean±SD 9.9±4.5 10.0±6.3 9.7±2.9 11.0±6.9 

Low activity, kcal, Mean±SD 3284.1±4098.0 3358.6±4309.5 3302.9±4012.5 2769.9±3923.0 

Weight loss, Yes, % (n) 6.2 (75) 7.1 (26) 5.9 (45) 4.9 (4) 

Exhaustion, Yes, % (n) 9.4 (115) 8.7 (32) 8.7 (66) 18.5 (15) 

Frailty Component Score, Mean±SD 0.66±0.88 0.66±0.91 0.63±0.85 0.93±0.97 

Note: SD = Standard Deviation 
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7.4.2. Cross-sectional: Sleep chronotypes and frailty  

Figure 7.3 displays bar charts depicting the prevalence of frailty group and each of the 

frailty criteria by sleep classification group. Frailty was most prevalent in Owls (7.4%) 

compared to both Larks (5.7%) and Wrens (3.7%). Almost half of all Owls were 

categorised as pre-frail (49.4%) compared to just 37.6% of Larks and 40.5% of Wrens. 

The average frailty component score for Owls was higher (Mean±SD=0.93±0.97) 

compared to Larks (0.66±0.91). On all criteria, Larks and Wrens had similar 

prevalence. The most prevalent frailty criterion among all three chronotype 

classifications was low activity, with 35.8% of Owls meeting the criteria for frail 

compared to 24.8% of Larks. Conversely, Slowness (22.2%) and exhaustion (18.5%) 

were more prevalent in Owls compared to Larks (11.4% & 8.7% respectively). Little 

difference was found in sleep chronotypes between the weakness (Lark: 13.9%, Owl: 

11.1%) and weight loss criteria (Lark: 7.1%, Owl: 4.9%).  
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Figure 7.3. Prevalence of frailty category and frailty Criteria (Weakness, Slowness, Low Activity, Weight Loss, Exhaustion) within 

sleep chronotype categories 
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7.4.3. Cross-sectional: Regression analyses of sleep chronotype and frailty 

Basic (Model 1) and fully adjusted (Model 2) regression analyses of associations with 

frailty category, component score and criteria between Owls and Wrens compared to 

Larks are shown in Table 7.2.  

Adjusting for age, sex, season and sleep characteristics, Owls were found to have an 

increased likelihood of being categorised as pre-frail (Relative Risk Ratio [RRR]=1.77; 

95% Confidence Interval [95% CI]=1.04,3.02; p<0.05) and frail (RRR=1.93; 95% 

CI=0.67,5.59), although this association failed to reach statistical significance, 

compared to Robust. Following adjustment for health characteristics, associations 

remained positive but were attenuated (Pre-frailty: RRR=1.44; 95% CI=0.83, 2.51; 

Frailty: RRR=1.12; 95% CI=0.37, 3.43), with pre-frailty no longer significant.  

A positive association with Frailty Component Score among owls (Incident Rate Ratio 

[IRR]=1.42; 95% CI=1.09,1.85; p<0.05) compared to Larks was found but this was 

attenuated and no longer significant in fully adjusted models ([IRR]=1.19; 95% 

CI=0.92,1.53). 

Owls were more likely than larks to be positively associated with being categorised as 

frail on the criteria Slowness (Odds Ratio[OR]=2.98; 95% CI=1.47,6.02; p<0.01), Low 

Activity (OR=1.92; 95% CI=1.12,3.29; p<0.05) and Exhaustion (OR=2.31; 95% 

CI=1.14,4.67) compared to non-frail. In the fully adjusted models, Owls only remained 

positively associated compared to Larks with being categorised as frail compared to 

non-frail on the Slowness criteria (OR=2.37; 95% CI=1.15,4.90; p<0.05). 

Across basic and fully adjusted models, Wrens displayed the same direction of effect 

with weaker effect sizes compared to Owls for pre-frailty (Basic: OR=1.11; 95% 

CI=0.85, 1.46, Fully Adjusted: OR=1.10; 95% CI=0.83, 1.46) and the slowness 

criterion (Basic: OR=1.26; 95% CI=0.82, 1.95, Fully Adjusted: OR=1.27; 95% 

CI=0.82, 1.97), however both associations failed to reach statistical significance.  
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Table 7.2. Regression models of cross-sectional associations between sleep 

chronotype and individual frailty category, frailty component score and frailty 

criteria 

 Lark Wren Owl 

 OR/IRR OR/IRR/RRR 95% CI OR/IRR/RRR 95% CI 

Pre-Fraila      

Model 1 Ref 1.11 0.84,1.46 1.77* 1.04,3.01 

Model 2  Ref 1.10 0.83,1.46 1.44 0.83,2.51 

Fraila      

Model 1 Ref 0.71 0.37,1.36 1.93 0.67,5.59 

Model 2  Ref 0.73 0.38,1.42 1.12 0.37,3.43 

Frailty 

Scoreb 
     

Model 1 Ref 0.99 0.84,1.16 1.41* 1.08,1.84 

Model 2  Ref 0.99 0.85,1.16 1.19 0.92,1.53 

Weaknessc      

Model 1 Ref 0.87 0.59,1.28 0.56 0.24,1.28 

Model 2  Ref 0.87 0.59,1.28 0.50 0.21,1.15 

Slownessc      

Model 1 Ref 1.26 0.82,1.95 2.98** 1.47,6.02 

Model 2 Ref 1.27 0.82,1.97 2.36* 1.14,4.86 

Low 

Activityc 
     

Model 1 Ref 1.02 0.75,1.38 1.92* 1.12,3.29 

Model 2  Ref 1.02 0.75,1.38 1.60 0.92,2.80 

Weight Lossc      

Model 1 Ref 0.82 0.49,1.37 0.69 0.23,2.07 

Model 2  Ref 0.80 0.47,1.34 0.61 0.19,1.86 

Exhaustionc      

Model 1 Ref 1.02 0.65,1.62 2.31* 1.14,4.67 

Model 2 Ref 1.05 0.65,1.69 1.66 0.79,3.49 
aMultinomial Logistic Regression. Reference Category: Robust. Relative Risk Ratio 

[RRR] with 95% Confidence Intervals [95% CI]. 

bNegative Binomial Regression. Incident Rate Ratio [IRR] with 95% Confidence 

Intervals [95% CI]. 

cLogistic Regression. Reference Category: Non-Frail. Odds Ratio [OR] with 95% 

Confidence Intervals [95% CI]. 

Model 1: Adjusted for age, sex, employment, season of recording, total sleep time, 

sleep problems scale 

Model 2: Adjusted for age, sex, employment, season of recording, total sleep time, 

sleep problems scale, smoker status, anti-depressant medication, chronic condition, 

cardiovascular disease 

* p < .05, ** p < .01, *** p < .001 
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7.4.4. Prospective: Characteristics of sleep chronotypes 

A similar breakdown of sleep chronotype were found in the prospective sample 

compared to the baseline sample. In the prospective analysis, the prevalence of sleep 

chronotypes was Wren (63.9%), Lark (30.9%) and Owl (5.2%). Mean age of robust 

participants at baseline was 65.0 years (SD±8.07 years), increasing to 67.3 years 

(SD±7.9 years) in the prospective sub-sample (data not shown).  

 

7.4.5. Prospective: Sleep chronotypes and frailty  

Table 7.3 displays frailty category, component score and criteria at two-year follow-up 

in those who were categorised as robust at baseline. Whereas the majority of the sample 

(67.5%) remained robust, 31.2% were categorised as pre-frail, and 1.3% were frail. No 

incidence of frailty was found in Owls or Larks, but 37.9% of Owls and 30.2% of Larks 

were now categorised as pre-frail. Among Wrens, 30.3% were pre-frail and 2.0% were 

frail at follow-up. Mean frailty component scores were highest in Owls (Mean±SD = 

0.48±0.69), compared to Wrens (0.42±0.69) and Larks (0.35±0.55).  

 

Low activity was now found to be the most prevalent criteria in the prospective sample 

(12.2%), closely followed by slowness (10.4%), weakness (5.6%), weight loss (6.6%) 

and exhaustion (6.1%). The incidence of slowness was lowest among Owls (3.5%) 

compared to Wrens (10.7%) and Larks (11.1%). However, the incidence of exhaustion 

and weight loss among Owls (Exhaustion: 13.8%; Weight Loss: 17.2%) was twice that 

observed for both Larks (Exhaustion: 5.8%; Weight Loss: 4.7%) and Wrens 

(Exhaustion: 5.6%; Weight Loss: 6.7%). Low activity was more prevalent in Wrens, 

with 14.6% meeting the criteria compared to just 8.1% of Larks, and 6.9% of Owls. 

Little difference was found between chronotypes in incidence of weakness. 
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Table 7.3. Frailty status at two-year follow-up of participants categorised as robust 

at baseline 

 

7.4.6. Prospective: Regression analyses of sleep chronotype and frailty 

Finally, prospective associations between sleep chronotype and incident frailty were 

modelled (Table 7.4). There was some evidence of a positive trend with incident frailty 

at follow-up in Owls compared to Larks in both basic models (OR=1.29; 95% 

CI=0.55,2.98) and fully adjusted models (OR=1.17; 95% CI=0.50,2.78), but no trend 

with incident frailty was apparent in Wrens compared to Larks (Basic Model: OR=1.02; 

95% CI=0.66,1.47, Fully Adjusted Model: OR=1.00; 95% CI=0.67,1.51). No 

association reached statistical significance in either Owls or Wrens compared to Larks. 

  

 

Lark  

(n=172, 

30.9%) 

Wren 

(n=356, 

63.9%) 

Owl  

(n=29, 

5.2%) 

Overall 

Weakness, % (n) 5.8 (10)  4.2 (15)  6.9 (2)  5.6 (34)  

Slowness, % (n) 11.1 (19)  10.7 (38)  3.5 (1)  10.4 (58)  

Low Activity, % (n) 8.1 (14)  14.6 (52)  6.9 (2)  12.2 (68)  

Exhaustion, % (n) 5.8 (10)  5.6 (20)  13.8 (4)  6.1 (34)  

Weight Loss, % (n) 4.7 (8) 6.7 (24)  17.2 (5)  6.6 (37)  

Frailty Component Score, 

Mean±SD  
0.35±0.55 0.42±0.69 0.48±0.69 0.39±0.65 

Robust, % (n) 68.0 (117)  67.7 (241)  62.1 (18)  
67.5 

(376)  

Pre-frail, % (n) 32.0 (55)  30.3 (18)  37.9 (11)  
31.2 

(174)  

Frail, % (n) 0.0 (0)  2.0 (7)  0.0 (0)  1.3 (7)  
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Table 7.4. Regression models of longitudinal associations between sleep 

chronotype, incident frailty and frailty component score change 

  Lark Wren Owl  

 OR/IRR OR/IRR 95% CI OR/IRR 95% CI 

Robust to PF/Fa      

Model 1 Ref 1.02 0.66,1.47 1.29 0.55,2.98 

Model 2 Ref 1.00 0.67,1.51 1.18 0.50,2.78 

Model 1: Adjusted for age, sex, education, employment, sleep problems 

Model 2: Adjusted for age, sex, education, employment, smoker status, anti-depressant 

use, chronic condition, cardiovascular condition, sleep problems 

aLogistic Regression. Reference Category: Robust at two-year follow-up. Odds Ratio 

[OR] with 95% Confidence Intervals [95% CI]. 

* p < .05, ** p < .01, *** p < .001. 
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7.5. Discussion 

In line with our hypothesis, we found that both pre-frailty and frailty was most 

prevalent in Owls. Just under half of Owls were categorised as pre-frail. Owls were 

more prevalent in low activity, slowness and exhaustion at baseline compared to Larks 

and Wrens. At two-year follow-up, a further 38% of Owls who were robust at baseline 

were classified as pre-frail. To our knowledge, this is the first study to investigate i) 

both cross-sectional and prospective associations between frailty and sleep chronotype 

and ii) using objectively measured sleep chronotype and iii) in a large population 

derived community-dwelling sample of older men and women.  

Associations between sleep chronotypes and pre-frailty and frailty were found in cross-

sectional analyses. Owls were significantly associated with pre-frailty and frailty 

component score in minimally adjusted models. Although these did not remain 

significant in fully adjusted models, the association was not fully attenuated and 

remained positive. A strong positive association was also found between Owls and 

frailty, although this association did not reach statistical significance in either minimally 

or fully adjusted models.  

Incidence of pre-frailty/frailty at two-year follow-up was highest in Owls compared to 

Larks and Wrens, though this effect did not reach statistical significance. Similarly, 

Owls had a higher frailty score than either Larks or Wrens at two-year follow-up. We 

also found that almost 38% of Owls who had been classified as robust at baseline were 

pre-frail at two-year follow-up, highlighting potentially rapid transitions of status. 

Comparatively, 32% of Larks were pre-frail, while only 30% of Wrens transitioned to 

pre-frailty with a further 2% frail at follow-up 

Relationships between Owl chronotypes and frailty components including low activity, 

slowness and exhaustion were identified, with significant positive associations in 

minimally adjusted models. This association remained significant and positive for 

slowness after adjustment for health covariates. 

Low activity & slowness were most prevalent at baseline and follow-up, however the 

prevalence in Owls was lower in prospective than cross-sectional analyses. This is 

likely a consequence of high prevalence in cross-sectional analyses, resulting in 

exclusion of pre-frail, frail and slower tug time participants in prospective analysis. 
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Late-types have been found to experience poorer sleep quality and report longer sleep 

duration. Associations with sleep disturbances, including drowsiness, reduced 

efficiency, prolonged latency and poor self-reported quality in older adults and 

increased risk of frailty have also been established (389). Prevalence of frailty was also 

found to be higher in older adults reporting both short and long sleep duration (283). 

Previously, pre-frailty was found to be associated with a later mid-sleep point, however 

this study had noted limitations of a small sample size that was 86% female (284). The 

data presented here, using a larger, population-derived sample of community dwelling 

older adults, would appear to support the finding of a positive relationship between late-

sleep chronotype and pre-frailty. 

Chronotype is most frequently determined using questionnaire based assessment 

methods, however these were found to correlate strongly with actigraphy (397). Using 

actigraphy-based measurement, we found that the distribution of Wrens, Larks and 

Owls was 60.7%, 30.4% and 6.7% respectively. This is similar to previous findings 

which used the morningness-eveningness question to categorise sleep chronotype in 

older adults. In this study, the distribution of intermediate types (56.9%), early types 

(38.2%), and late types (4.9%) was 56.9%, 38.2% and 4.9% respectively (71, 241). This 

preference towards early and intermediate chronotypes may be expected in the older 

population. Late type has been reported to peak around the age of 16, where a 

distribution of 5% of early-types compared to 19% of late-types was found before 

shifting to 13% of early-types compared to 12% of late-types by the age of 30 (242). 

   

At baseline, Owl chronotype was strongly associated with slowness. Owls had on 

average a one second slower TUG time than Larks and Wrens in a walking test, and 

were over twice as likely to meet the criteria for slowness when compared to Larks in 

multivariable modelling. Trends were apparent in low activity and exhaustion, but none 

remained significant in cross-sectional analyses after adjustment. Adjusted ORs for low 

activity and exhaustion criteria remained around 1.6, suggesting the lack of significance 

is partially explained by low numbers of Owl participants. The low prevalence of Owl 

chronotypes in older adults presents difficulties in statistical modelling.  

These findings have clinical implications. There was a higher incidence of pre-frailty 

among Owls at two-year follow-up. In addition, over a third of Owls also met the 
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criteria for Physical Activity. Low physical activity was apparent in 12.2% of robust 

baseline participants at just two-years of follow-up. Furthermore, we found that almost 

three times as many Owls reported being current smokers compared to both Larks and 

Wrens. Owls were also more likely to report presence of a cardiovascular condition. 

This highlights a potential at-risk group with an endogenous sleep preference that can 

be identified at an early stage in the progression of frailty. 

Viewed as a transitional state between healthy ageing and disability, the identification 

of risk factors for frailty development, such as Owl chronotype, may provide 

opportunity for preventive interventions, such as encouraging healthier behaviours early 

in the life course to alleviate lifetime burden contributing to frailty (282). Little is 

known about the early stage intervention on outcomes in frailty. Targeting potentially 

modifiable health behaviours found to be strongly associated with late-sleep 

chronotype, may be an effective strategy to prevent, slow or reverse the progression of 

frailty (241, 277, 288, 388, 398). 

Our study has a number of strengths. Our sample is drawn from a large cohort of 

community dwelling men and women with both objectively measured sleep data and a 

high-quality assessment of frailty. Owing to the nature of the study, we were able to 

control for an extensive list of confounding variables. The longitudinal design of the 

study also allowed for prospective modelling of frailty risk at follow-up. A high 

proportion of the sample were either retired or unemployed, improving the likelihood 

we captured natural sleep patterns during measurement and reduced influences such as 

work schedules. Season has been shown to influence chronotype and sleep behaviours 

(380). Our assessment spanned over a year, allowing for us to control for this in models 

and reduce potential seasonal bias. 

Limitations were also present. Our sample uses a subset of TILDA participants who 

completed a health assessment and wore an accelerometer device, and although they 

were found to be characteristically similar to the main TILDA cohort, they are not 

population representative (347). Some differences in measurement were present 

between baseline and follow-up. Grip strength and TUG were measured by research 

nurses at baseline, and by field interviewers at follow-up. Measured height was used at 

baseline, while self-reported height was used at follow-up. Sampling began at age 50 in 

the TILDA study, limiting our knowledge of early and mid-life behaviours in our 
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participants. The frailty phenotype is a well-established validated screening tool frailty 

in older adults (4). Nonetheless, some limitations must be acknowledged. The 

phenotype is understood to be most appropriate in identifying risk in older non-disabled 

adults (282, 399). Though application of the tool can be simple, requiring evaluation of 

just five components, this limits the predictive power and information beyond just signs 

of risk (282, 399, 400).  

It could not be established from this data whether the classification of Owls is an 

indicator of those who lead an unhealthy lifestyle, or if Owls have a physiological 

predisposition to worse behaviours and health outcomes. Despite our relatively large 

sample, prevalence was low in our groups of interest (those classified as frail and/or 

owls) resulting in limited statistical power in regression modelling. This impact was 

exacerbated in the prospective analysis, where power in statistical analysis was reduced. 

Furthermore, it was not possible to investigate whether there was detectable variability 

in outcomes within the sleep classifications such as in those who were ‘extreme’ Owls 

or Larks. Future work using more sophisticated models with time varying covariates, 

larger samples and more timepoints may help to better understand causal links between 

frailty and sleep chronotypes. 
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Conclusion 

Older adults identified as Owls may be at increased risk of frailty in later life. 

Transitions from robust to pre-frail occur over a short two year period. Early detection 

is recommended and intervention strategies focusing on negative health behaviours 

found to be more prominent in Owls, and encouraging positive health behaviours such 

as physical activity and muscle strengthening exercise programs may be effective in 

reversing or preventing the onset of frailty. Future studies to establish the causal link 

between sleep chronotype and frailty are warranted. 

  



212 

 

Chapter 8: Conclusions, Limitations and Implications 

8.1. Conclusions 

The principal aim of this thesis was to investigate sleep habits in community-dwelling 

older adults in Ireland, and how they influenced physical and cognitive outcomes in 

later life. The proportion of older adults in the population is increasing rapidly, 

presenting new global health challenges. As highlighted in the introduction to this 

thesis, sleep has been shown to play a vital role in health outcomes and is increasingly 

recognised as an important factor for consideration in healthy ageing of older adults. 

The study of sleep is complex however, with numerous interacting factors shown to 

contribute to the risk of impaired sleep with potentially severe consequences for 

physical and cognitive functioning. It was also shown that the important subject of the 

role of sleep in later life would serve to benefit from use of large, population-

representative samples of community-dwelling older adults and the application of 

objective measurement of sleep in these cohorts. 

Gaining a better understanding of the mechanisms underlying the sleep and health 

relationship in later life is challenging, requiring a sophisticated, multifaceted approach 

accounting for the many social and health factors which impact the dynamic ageing 

process. This set out the context for my thesis. I utilised the complex data available in a 

population-representative study of older adults in Ireland to better understand 

methodological implications in the study of sleep, risk factors for impaired sleep, and 

consequences of impaired sleep for physical and cognitive health. To achieve this, five 

empirical studies using self-reported sleep data and objectively measured sleep drawn 

from accelerometer devices in the TILDA study were conducted. 

The first study set out to establish baseline findings of objective sleep duration in older 

adults in Ireland. There are few large-scale population representative studies of 

community-dwelling older adults with access to an objective measurement of sleep. 

This study was an opportunity to assess sleep habits in the general older population 

using a large, European cohort with extensive coupling information on the social and 

health circumstances of the participants. The extent of this information additionally 

allowed correlates of impaired sleep to be established, identifying groups potentially at 

risk of worse health outcomes. Impaired sleep was characterised as short sleep duration 

and long sleep duration using sleep period times as recommended by the US National 
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Sleep foundation (1, 2). The majority of older adults slept within the recommended 

periods, but almost a third recorded average sleep durations either shorter or longer than 

recommended. Sleep duration was associated with socio-demographic and health 

conditions. With each additional self-reported sleep problem, which measured insomnia 

symptoms and experience of daytime sleepiness, individuals recorded shorter sleep on 

average. There was evidence for worse general health and sleep problems being a risk 

factor for older adults sleeping less than what has been recommended. Advancing age, 

employment and marital status were linked to sleeping longer than recommended, as 

was the use of antidepressants. Longer sleep in advancing age may reflect more 

fragmented sleep, a deviation from the normal ageing process, or potentially a need for 

prolonged sleep resulting from decreased physiological reserve (144, 148, 227, 228). 

Conversely, individuals who reported either a moderate or high level of physical 

activity were less likely to have impaired sleep, highlighting one potential avenue for 

improving sleep habits in the older adults. Additionally, seasonal variation in 

measurements were apparent which may have methodological implications for studies 

administering accelerometer devices during more limited data collection periods. This 

study highlighted correlates of impaired sleep which individuals and clinicians should 

be aware of as they may highlight at-risk groups. Many of these factors are modifiable 

and may also present opportunities for intervention. To our knowledge, this was one of 

the largest studies of sleep habits in a population-derived cohort of older adults using 

objective measurements.  

The second study focused on methodological implications in the measurement of sleep 

using both self-reported and objective means. Self-reported survey questions are the 

routine method of capturing sleep in large-scale surveys, but objective measurement has 

recently become more practical (72-75). It is apparent from the literature that self-

reported sleep and actigraphy-based measurements do not correlate well, potentially 

influenced by sleep quality and health conditions (65, 79, 80) (81). This has 

implications in the study of older adults, where both sleep disruption and health 

problems become increasingly prevalent (84). Studies assessing agreement between 

methods of measuring sleep as typically used in large, epidemiological studies are 

limited however (79-81, 87, 103, 104, 106, 346). We found systematic under-reporting 

of sleep when compared with actigraphy-based measurements, which became more 

pronounced with poorer physical health, depressive symptoms and worse sleep quality. 
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The magnitude of this disagreement became higher as the frequency of insomnia 

symptoms increased. Importantly, we gauged this effect using a short set of questions 

assessing insomnia symptoms and daytime sleepiness. This method is quick to 

administer and may alleviate the potential increased participant burden of longer sleep 

quality scales. This should serve as motivation for studies of a similar nature to seek 

inclusion of both self-reported and objective measurement of sleep, coupled with an 

assessment of sleep quality, such that any potential biases which confound the measure 

of sleep can be accounted for. Clinicians should also be aware of the impact of adverse 

health when screening sleep.  

The third study investigated the relationship between self-reported sleep, objective 

sleep, and cognitive function in older adults. Cognitive impairment becomes 

increasingly prevalent in older ages with a growing need to understand potential 

intervenable risk factors which may delay the progression to more severe forms of 

dementia (199). The literature on this topic highlighted sleep duration as an important 

factor in cognitive function (48, 137, 207, 208), but inconsistencies in the findings 

remain with some divergent results on whether it is short sleep, long sleep, or both 

which contribute to impairment (42, 209-212, 215, 220, 222, 223, 225, 356). We sought 

to address some of the inconsistencies which may stem from heterogeneity in the 

assessment of sleep and cognition. Assessing cognition across domains which covered 

global cognition, executive function, processing speed and verbal memory, we found 

self-reported long sleep duration to be consistently associated with worse cognitive 

function in all domains apart from processing speed. Individuals who recorded short 

sleep duration were associated with a higher rate of errors on the MoCA, while an 

association between higher numbers of sleep problems were associated with worse 

performance in processing speed assessments. These effects persisted after mutually 

adjusting for all sleep parameters, and controlling extensively for health and 

sociodemographic characteristics, further affirming sleep duration and quality as a 

potential marker of cognitive decline. Sleep screening may provide an opportunity for 

early recognition of cognitive impairment.  

The fourth study expanded on the investigation of sleep duration as a marker of 

cognitive function. Prospective studies of sleep duration and cognition in large, 

population representative samples of older community-dwelling adults are limited (209, 

211, 214, 224, 225, 228, 370-372). This study used repeated assessments of self-
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reported sleep and cognition over a six-year period to measure trajectories of cognitive 

function with respect to sleep habits. There was evidence for an association between 

long sleep duration and decline in verbal memory performance at each follow-up, the 

magnitude of which was strongest at six-year follow-up. We also found a trend of 

decline with short sleep duration, but these were not statistically significant. The lag 

between measurement periods should be considered in similar prospective studies of 

cognitively healthy older adults at baseline, as measurable differences in function may 

not be apparent at early follow-ups. These findings further affirmed long self-reported 

sleep duration as an important marker of cognitive decline. These declines were most 

notable in verbal memory, an indicator or amnestic mild cognitive impairment which is 

understood to be a precursor to Alzheimer’s disease (374). Additionally, we showed 

that reported sleep duration was not consistent between timepoints in those reporting 

either short or long sleep duration, which supports the need for frequent sleep screening 

to identify potentially rapid behavioural shifts. This study highlights the importance of 

sleep as a risk factor for impaired cognitive function, and may assist clinicians in 

identifying groups who could benefit from interventions to improve sleep habits and 

delay progression to severe cognitive impairment. 

The fifth paper examined sleep chronotypes and physical health using accelerometer 

devices to measure average sleep timings. Studies on the role of chronotype in health 

outcomes have becoming increasingly prevalent, but there remains a paucity of studies 

focusing on chronotypes in later life. Our review of the literature identified numerous 

shared characteristics in the health and behaviours of late chronotypes, referred to as 

Owls, and risk factors for the frailty syndrome (163, 265, 272-278). We therefore 

hypothesised that Owls would have experienced more progressed impairment in later 

life, and be more at risk of development of frailty. To date, just one study has assessed 

chronotype and frailty in older adults, finding that frail individuals have later sleep 

timings than robust individuals. We found in a sample of older, community-dwelling 

adults that just 6.4% were characterised as Owls. A further 30.4% recorded sleep 

timings which characterised them as early chronotypes (Larks). Owls were three times 

as likely to be current smokers than other chronotypes, and also more likely to report 

cardiovascular conditions. Cross-sectional analyses revealed Owls to have the highest 

prevalence of both pre-frailty and frailty, and the other criteria low physical activity, 

slowness and exhaustion. In adjusted models, only the association with slowness 
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remained significant, although trends remained for pre-frailty and frailty. We also 

analysed these associations at a two-year follow-up period, focusing on individuals who 

were robust at baseline. By the follow-up period, 38% of Owls were pre-frail, 

highlighting the potential of rapid physical decline in this chronotype. Statistical 

modelling of these associations was challenging, as despite the large sample size of 

TILDA, the prevalence of Owls and frailty is low. Nonetheless, this study highlights a 

potentially endogenous sleep preference which is at risk of development of frailty in 

later life. This may provide an opportunity for early detection and encouragement of 

healthier behaviours to alleviate this risk. To our knowledge, this is the first 

longitudinal study of sleep chronotype and frailty in community-dwelling older adults.  

These studies highlight sleep duration and sleep chronotype as important factors for 

consideration in cognitive and physical function in older community-dwelling adults. 

Healthcare professionals should consider frequent screening of sleep habits. 

Intervention strategies to target modifiable behaviours which have been highlighted as 

risk factors for impaired sleep and negative outcomes in at-risk groups may delay or 

interrupt the progression of cognitive and physical impairment in later life.  

8.2. Strengths and Limitations 

The combination of a large sample, self-reported and objective measurement of sleep, 

and a longitudinal design was a major strength of this study. TILDA provided access to 

an array of information pertinent to the study of sleep. The introduction of 

accelerometer devices at Wave 3 allowed for a comprehensive analysis of sleep using 

both self-reported and objective sleep, an opportunity which has been limited in 

population studies to date. I was involved in management of the accelerometer sub-

study, which provided me with important insight into the conception and aims of the 

sub-study, the data collection period and processing of the raw data. The compliance 

rate of device wear was high, maximising the amount of usable information captured by 

the accelerometer devices. Cognitive assessments encompassing multiple cognitive 

processes including memory, attention, executive function, language, spatial ability and 

orientation were available for analysis. The extent of this testing, coupled with both 

self-reported and objective sleep measurement, allowed me to plan analysis strategies 

which could conceptualise the complex relationship of sleep and cognition. Objective 

measures of physical function such as grip strength and TUG were also available which 
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I could use to operationalise an objective measure of frailty. Furthermore, detailed 

information on the social, economic and health situation of each participant is captured. 

I designed analyses which could identify independent risk factors for impaired sleep 

habits, while accounting for confounding factors for sleep.  

Another strength of this work was the nature of the TILDA study. TILDA is a 

population-representative cohort of community-dwelling adults which allowed analyses 

of sleep applicable to the general older population. The majority of the TILDA sample 

were retired which increased the likelihood that natural sleep habits were measured 

during the accelerometer sub-study rather than potentially capturing some disruption to 

routine as a result of work schedules. The study interviews participants at multiple time 

points, capturing in-depth information of the dynamic ageing process. This information 

allowed me to model cognitive trajectories over time with respect to sleep while 

accounting for changes which may confound the nature of these associations. The data 

collection periods undertaken by TILDA were advantageous for analyses involving 

objective sleep. Accelerometer measurements were captured throughout a full year, 

which allowed for seasonal variation in sleep to be controlled for.  

Limitations must also be acknowledged. The TILDA sample is relatively young, 

healthy and middle-class, limiting the prevalence of outcomes of interest such as 

impaired sleep, frailty and cognitive impairment. The accelerometer sub-study may also 

capture a healthier group of TILDA who are more likely to attend the health 

assessment, although devices were made available to participants who opted for a 

home-based assessment, extending the distribution to the older, frailer participants of 

the health assessment sample. The full TILDA sample and the accelerometer sub-study 

sample were characteristically similar, but are not strictly population-representative. 

Accelerometer measurements were only captured during Wave 3 of TILDA meaning 

the temporal direction of these associations cannot be established. 

Although TILDA captures extensive participant information, questions around 

diagnosis of sleep disorders, treatment of sleep disorders or screening questions for 

disorders such as obstructive sleep apnoea (OSA), were not included. It has been 

estimated that approximately 24.5% of adults aged 30-69 experience mild to severe 

OSA in Ireland, while 4.8% experience moderate to severe OSA, with the prevalence of 

OSA increasing with age (401). Prevalence of OSA increases with age (340, 352). This 
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suggests a considerable proportion of this sample may be experienced OSA, with 

implications for actigraphy recordings that must be considered when analysing and 

interpreting this data (89). Kushida et al. measured sleep in 100 adults with a reported 

sleep disorder, 66 of whom reported OSA (402). Actigraphy was efficient in detecting 

sleep, but less so at detecting wakefulness periods and when compared with PSG, 

actigraphy overestimated total sleep time (402). Actigraphy still provided more 

accuracy in detecting nocturnal awakenings than self-reported logs but it was 

recommended that subjective information should be collected in addition to actigraphy 

particularly when evaluating participants with a sleep disorder (402). Additional 

questions on diagnosis of sleep disorders, or inclusion of simple screening questions for 

OSA such as “do you snore every night” will help to identify where a sleep disorder, 

which impacts both self-reported and actigraphy measurements, may be experienced  

TILDA captures self-reported sleep using a single survey question. The response 

rounded to the nearest hour, which reduces the precision of these estimates. Single-

point estimate responses to sleep are also imprecise, however this remains the routine 

way of capturing sleep in large-scale surveys with high levels of participant burden 

where longer sleep scales may be impractical.  

Actigraphy uses inactive periods to extrapolate sleep data, meaning there is the 

potential that long, motionless periods may be incorrectly classified as sleep. There is 

no validated algorithm considered the gold standard for classifying sleep from 

actigraphy data. This work used an automated micro-electro-mechanical systems 

algorithm for processing sleep in large, epidemiological studies, verified using matched 

sleep diary data in a sample of older adults. Correlates of sleep established here were 

also in the expected direction based on previous literature and detected measurable 

differences between sleep groups, further suggesting an accurate classification of sleep 

from this algorithm. Nonetheless, there may be implications for the comparability of 

these findings with similar actigraphy-based studies using other algorithms to process 

data from accelerometer devices. 

TILDA data collection consists of three main components – the structured interview, 

the self-completion questionnaire and the health assessment. Each component is 

administered at different time points, meaning there are some delays between 

measurements. Self-reported sleep was captured during the structured interview, while 
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the accelerometer sub-study commenced during the health assessment. The median 

delay between the structured interview and the health assessment was 56 days, meaning 

there is some uncertainty as to whether accelerometer measurements captured reflected 

the sleep habits reported by the participant during their interview. This is a limitation 

which may be unavoidable in large, epidemiological studies with multiple study 

components. It was shown in paper two that these delays did not impact discrepancies 

seen between self-reported and actigraphy-based sleep in this cohort, but ideally 

measurements would be captured at more similar time-points. 

Similar to sleep measurements, there were some time delays between cognitive 

assessments. The MMSE, verbal fluency, immediate and delayed recall tests are 

captured during the structured interview, while the MoCA, colour trails and CRT tests 

are captured during the health assessment. Time differences in measures used to 

operationalise the frailty phenotype are also present. In Wave 3, grip strength and the 

TUG test are administered during the health assessment, while questions to determine 

exhaustion, physical activity and unexpected weight loss are asked during the structured 

self-interview. The delay between measurements is not extensive, but there is the 

possibility of some difference in physical, mental and cognitive state between time 

points that must be considered.  

While TILDA comprises of an extensive battery of cognitive tests, some of these tests 

are limited to the health assessment waves only. The MoCA, colour trails test, and the 

CRT test have data available only at Wave 1 and Wave 3 of TILDA, limiting our ability 

to measure trajectories of these outcomes over time with respect to sleep. Challenges 

arise in the measurement of cognitive change over time. A practice effect and 

measurement error are common in cognitive tests repeated over times. Mixed-effects 

regression using up to four waves of data allowed for some of these challenges to be 

addressed, accounting for within-person variation in repeated tests and modelling 

outcomes over extended periods at multiple time-points.  

8.3. Implications 

Changes to sleep and circadian rhythm are part of the normal ageing process, but sleep 

problems become increasingly prevalent in later life. The findings of this thesis show 

that sub-optimal sleep duration and late sleep chronotypes may be a risk factor for 

cognitive and physical decline in older community-dwelling adults, or potentially a 
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marker for confounding factors which drive cognitive and physical decline. Many of the 

underlying mechanisms shown to drive these associations are modifiable. Intervention 

strategies that target these health conditions and negative behaviours may be effective 

in improving sleep habits. Awareness of contributing factors is important for the 

management of impaired sleep by both individuals and healthcare professionals. 

Addressing the causes of poor sleep may help in preserving physical and cognitive 

function in later life, improving the health and wellbeing of the older population and 

reducing pressure on healthcare systems. We have also demonstrated that some of these 

negative behaviours may be prevalent in late chronotypes throughout the life course 

with potential consequences in later life. This highlights the need for strategies to 

promote healthy behaviours in early to mid-life for better outcomes in later life.  

I demonstrated that long sleep duration was a consistent marker of worse cognitive 

function. Our finding that the trajectory of decline in verbal memory was significantly 

worse in long sleepers is particularly important. Memory impairment is an indicator of 

amnestic mild cognitive impairment, which was previously shown to have a conversion 

rate to Alzheimer’s disease of 12% per year over a four-year period (198). Reporting of 

long sleep is thought to potentially result from extended time spent in bed, and is also 

linked with higher levels of fragmentation during sleep. There is evidence of 

neurodegenerative degradation potentially resulting from prolonged sleep and sleep 

disruption, which suggests long sleep duration may play a direct role in cognitive 

decline, rather than just as a proxy for other casual mechanisms of decline (48, 229-

232). Causal links however have not yet been confirmed. If a bidirectional association 

between sleep and cognition can be established, this will further highlight the 

significance of sleep screening and promotion of healthy sleep in cognitive health. 

These studies used assessments of sleep and health outcomes which were administered 

on community-dwelling older adults. We found measurable differences in health using 

these assessments, suggesting that effective screening for impaired sleep is possible 

with routine survey questions and devices which do not disrupt routine. Frequent 

screening of this kind in healthcare settings may help in highlighting the presence of 

potentially undetected health conditions which drive poor sleep habits. 

8.3.1. Intervention Strategies 
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Physical activity has shown promising results as a means of improving sleep, physical 

and cognitive outcomes in older adults (281, 403-406). Sleep quality drives part of the 

motivation to engage in physically active behaviours in older adults (407-409). Studies 

have typically investigated physical activity as a predictor of improved sleep quality 

(410-413). Activity sessions just once a day improve subjective, but not objective sleep 

quality (413). Higher total daily physical activity and moderate to vigorous physical 

activity were associated with overall better subjective sleep quality in community 

dwelling adults reporting generally sedentary behaviour (412). In a population study of 

community dwelling older adults, Garfield et al. looked specifically at the impact of 

physical activity on sleep duration, finding that physical activity was positively 

associated with longer reported sleep duration but only in those who reported 

depressive symptoms (414). Holfeld et al. however showed that at two-year follow-up 

in a sample of older adults, baseline sleep quality predicted physical activity, but 

physical activity did not predict sleep quality (407). A randomised control trial focused 

on adults aged 55 years and older who reported less than 60 minutes of moderate or 

physical activity weekly (410). Participants engaged in classes and home-based exercise 

sessions for 12 months (410). PSG recordings showed that after 12 months when 

compared with baseline recordings, exercisers had significantly increased time in Stage 

2 sleep, and significantly fewer awakenings during the night although total sleep time 

did not differ. Exercisers also reported lower subjective sleep disturbance and shorter 

sleep latency (410). We found that individuals who reported either moderate or high 

physical activity were less likely to also report impaired sleep (347). Higher levels of 

physical activity may improve sleep habits, but engagement in activity may also rely on 

higher sleep quality. Collaborative public health strategies focused on targeting sleep 

and physical activity behaviours may be mutually beneficial with positive consequences 

for physical and cognitive health outcomes in older adults. 

Sleep hygiene has also been suggested as an educational approach to improve sleep 

habits in the older population experiencing sleep difficulties (25). Limiting napping, 

keeping a regular sleep schedule, light exercise and avoiding stimulants such as a 

caffeine, alcohol and tobacco are all behaviours which can improve sleep habits while 

the primary cause of impaired sleep is being addressed (25). Promotion of sleep hygiene 

should be considered from a public health perspective to encourage healthier habits in 
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the general older population which may potentially act as a preventative measure for the 

development of sleep difficulties. 

Randomised control trials of interventions for sleep in adults including cognitive 

behavioural therapy, relaxation methods, management of sleep behaviours, simplified 

sleep restriction, low impact exercise and Tai Chi have shown improvements in sleep 

quality, but not sleep duration (415-419). Improvements in sleep quality however may 

lead to an overall improvement in general sleep and health, and these interventions may 

offer an alternative treatment option to sleep medication. 

8.4. Future Directions 

These findings have identified important associations between sleep, cognition and 

physical health. Nonetheless, further work is needed to better understand the underlying 

mechanisms driving these associations. Future work in the TILDA study focusing on 

sleep may seek to incorporate the other technologies which the study has included, such 

as magnetic resonance imaging data or near-infrared spectroscopy, as a means of better 

understanding the neurological implications of these sleep habits and their contribution 

to impaired cognitive function. Sleep-disordered breathing is an important consideration 

when seeking to establish the underlying mechanisms between these relationships (48), 

and the inclusion of questions establishing whether individuals have a doctor’s 

diagnosis of any sleep disorders may be beneficial. The information captured during the 

TILDA study is extensive and offers many avenues for exploration of influences of 

sleep. Personality was captured using the NEO-PI-3 personality inventory in TILDA 

(420) and is one such avenue which may aide our understanding of influences of sleep 

habits and perceptions of sleep in the older ages (420). Repeated administration of the 

accelerometer devices will provide an opportunity to engage in prospective studies of 

objectively measured sleep in a large sample of older adults, helping to establish the 

temporal direction of these associations. Longitudinal measurements will also better 

facilitate the modelling trajectories of these associations over time.  

Expansion of the data processed from the accelerometer devices will allow for a more 

in-depth assessment of the complex role of sleep in health. Sleep components such as 

fragmentation, wake after sleep onset and efficiency may facilitate a better 

understanding of associations identified in these studies. These parameters may also 

help to better understand the discrepancies between self-reported and objective sleep 
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duration in this sample. The devices also measure activity during wake time which 

allows for the processing of objective physical activity and sedentary behaviour. 

Furthermore, collaborative work between research groups is needed to establish a 

standardised algorithm for processing sleep which can be applied in studies of a similar 

nature, reducing the challenges experienced when comparing study outcomes. The 2019 

HRS harmonisation meeting focused on accelerometer measurement in HRS 

harmonised studies. There have been encouraging moves to introduce accelerometer 

measurement in these studies which would open opportunities for cross-country 

comparative work, and further validation of our algorithm using these cohorts. Our 

algorithm which was developed for use in large-scale epidemiological studies can be 

validated against the company provided software, to ensure consistency in 

measurements with studies using the proprietary software. Application of this algorithm 

in cohorts using a similar protocol coupled with matched PSG measurements will also 

allow us to further validate our algorithm, better understand the limitations of 

accelerometer measurements of sleep and further understand the discrepancies between 

objective and self-reported sleep. Future work will complete the processing of the 

devices for physical activity measures, which will provide a more objective reflection 

of activity and can be used to validate self-reported measures of physical activity 

already captured in TILDA (317). 

The prospective study of sleep chronotype and frailty was novel. This identified an 

important association potentially driven by a more progressed impairment resulting 

from early-life behaviours. A connection between sleep chronotype and cardiovascular 

stress has also been established, but merits further investigation. The breadth of 

objective cardiovascular data available in the TILDA study is an opportunity to 

extensively assess the role of sleep chronotype and autonomic function in older adults. 

Interventions to reduce late circadian preferences have been effective in improving 

circadian functioning in adolescents (421). Randomised control trials may also present 

an opportunity to establish whether interventions can modify the impact of sleep 

chronotypes on cardiovascular stress in older adults.  
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8.5. Conclusion 

This thesis identified associations between sleep duration, sleep chronotype, cognitive 

function and physical function in community-dwelling adults aged 50 years and older. 

This is one of the largest studies to date utilising both self-reported and objective 

measurement of sleep in a large, population representative epidemiological study of 

older adults. Early detection of risk factors for impaired physical and cognitive 

outcomes in older adults are imperative for extending the healthy life years we 

experience in later life. Important health and social correlates of impaired sleep were 

identified, and consistent associations between sleep duration and worse cognitive 

function were established. Older adults with an endogenous sleep preference were also 

found to be at an increased risk of developing frailty. Future research is needed to 

understand the temporal direction of some of these associations and their driving 

factors. These findings highlight sleep habits as a marker of decline in community-

dwelling older adults, warranting frequent screening to highlight groups at risk of worse 

outcomes. Interventions targeting modifiable behaviours and conditions contributing to 

worse sleep habits may improve outcomes in later life and contribute to the healthy 

ageing of our growing older population.   
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Appendix 2.1. Information Leaflet: TILDA Activity Monitor 

 

Firstly, on behalf of the whole TILDA team, thank you for agreeing to wear this state-

of-the-art device to record your physical activity. In this leaflet we detail a list of 

common questions and answers about the activity monitor.  

 

 

 

 

 

Importance of State of the Art Measurement of Physical Activity 

As you know physical activity and exercise is important to our lifelong health. Physical 

activity is known to affect health in many ways, but it has been hard to measure accurately 

(even with detailed questionnaires). Advances in technology are changing this, and 

TILDA wants to take advantage of these state of the art devices. Thanks to your help, 

information gathered with these activity monitors will help scientists better understand 

how physical activity affects health.  

 

What does the activity monitor measure? 

The activity monitor records information about the duration, frequency and intensity of 

all kinds of activity (from sleeping to vigorous physical activity). It does this by 

measuring speed of movement in three directions (up/down; forwards/backwards; and 

left/right). For those familiar with Wii electronic games, it works like the Wii handset in 

picking up changes in movement. Scientists will be able to determine how active a 

person has been based on the information collected by the activity monitor. 

 

How long do I have to wear it? 

The activity monitor should be worn continuously for 7 days. Do not worry if that week 

is not typical for you (e.g. you are doing more or less physical activity than normal). 

Please start wearing it as soon as possible after it arrives through the post (preferably on 

the same day).  

 

On which wrist should I wear it? 

 

PLEASE REMEMBER TO TAKE OFF YOUR ACTIVITY MONITOR AND 

RETURN IT TO US ON  

 

         

 

PLEASE DO NOT REMOVE THE ACTIVITY MONITOR UNTIL THEN. 

THANK YOU. 
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It is preferable if you wear the activity monitor on the wrist of the hand that you usually 

don’t use to write (i.e. your left wrist if you are right-handed). But, if for some reason 

you cannot wear the monitor on this wrist then please wear it on the other wrist. 

 

How will I know if it is working? 

The activity monitor is set up to turn itself on soon after you leave the TILDA health 

assessment centre and to turn itself off after 7 days. As it is completely silent, you will 

not be able to tell that it is running. 

 

Are there any risks associated with wearing the device?  

There are no known health risks associated with wearing an activity monitor. 

 

Do I need to wear it for 7 days in a row or can it be any 7 days? 

The activity monitor has been set up to turn itself on automatically after you health 

assessment and to run for the next 7 days before turning itself off. So, in order to record 

the most complete information about your activity it needs to be worn continuously for 

7 days.  

 

Can I take it off during the 7-day period? 

It is better if you wear the activity monitor all of the time throughout the 7-day period. 

This will ensure that it provides more complete information about the duration, 

frequency and intensity of your activity. It is robust and water-proof, and has been 

designed to be worn when working or sleeping, having a bath or shower, or playing all 

types of sport (including swimming). But, if you need to take the monitor off for some 

reason then you can put it back on later and it will continue recording your activity.  

 

Is there anywhere that I cannot wear the activity monitor? 

The device is robust and water-proof. It can be worn when having a bath or shower and 

when doing manual work or playing sport (including swimming). Extremes of 

temperature may damage the battery so it should be taken off while you have a sauna. If 

you require any advice, please telephone us at the number provided below. 

 

My job does not allow me to wear accessories: can I still take part? 
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Yes. Please remove the activity monitor if you are required to do so for work, but don’t 

forget to put it back on again afterwards. (It is robust and waterproof so it can be worn 

during heavy manual work.)  
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Can I take the activity monitor on holiday? 

Yes. Put the monitor on your wrist and forget about it. It will switch itself off after 7 

days and you can then take it off. But please do not forget to return it to us when you 

get back home. 

 

Can I wear the monitor for longer than a week? 

The monitor is set up to turn itself off after 7 days. The date when this occurs is 7 days 

after your health assessment. Please return it to us as soon as possible after that date in 

the stamped addressed FREEPOST envelope provided so that we can retrieve the 

information about your activity. 

 

What should I do if the activity monitor breaks or is lost? 

Don’t worry. If the device gets broken just return it to us in the envelope provided. We 

should be able to retrieve the information that has already been collected. Depending 

how long you had worn the device, we may offer to send you a replacement. If you lose 

the device then please let us know by telephoning the number below or by emailing us 

at the email address below.  

 

How do I return the activity monitor? 

Please mail the device back to us as soon as possible after the date of the reminder 

phone call. All you need to do is put it into the stamped addressed envelope provided, 

seal the envelope and put it in a post box. The cost of postage is already paid.  

 

What should I do if I cannot find the return envelope?  

Don’t worry. Just call us on the number below and we will arrange with you an easy 

way to return your activity monitor. 

 

Many thanks for your help: If you would like any more information, please don’t 

hesitate to call us on (01) 896 2509 (Mon-Fri; 9:00am-5:00pm) or email us at 

tilda@tcd.ie.  

 

 

mailto:tilda@tcd.ie

