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Objective: Poor sleep and high levels of repetitive negative thinking (RNT), including future-directed (ie, worry) and past-directed
(ie, brooding) negative thoughts, have been associated with markers of dementia risk. The relationship between RNT and sleep health
in older adults is unknown. This study aimed to investigate this association and its specificities including multiple dimensions of
objective and subjective sleep.

Methods: This study used a cross sectional quantitative design with baseline data from 127 cognitively healthy older adults (mean age
69.4 + 3.8 years; 63% female) who took part in the Age-Well clinical trial, France. RNT (ie, worry and brooding) levels were
measured using the Penn State Worry Questionnaire and the Rumination Response Scale (brooding subscale). Polysomnography was
used to assess sleep objectively, and the Pittsburgh Sleep Quality Index and the St. Mary’s Hospital Sleep Questionnaire were used to
measure sleep subjectively. In primary analyses the associations between RNT and sleep (ie, objective sleep duration, fragmentation
and efficiency and subjective sleep disturbance) were assessed via adjusted regressions.

Results: Higher levels of RNT were associated with poorer objective sleep efficiency (worry: f=—0.32, p<0.001; brooding: f=-0.26,
p=0.002), but not objective sleep duration, fragmentation, or subjective sleep disturbance. Additional analyses, however, revealed
differences in levels of worry between those with short, compared with typical and long objective sleep durations (p < 0.05).
Conclusion: In cognitively healthy older adults, RNT was associated with sleep characteristics that have been implicated in increased
dementia risk. It will take additional research to ascertain the causal link between RNT and sleep characteristics and how they
ultimately relate to the risk of developing dementia.
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Introduction

Sleep health among older adults has been widely implicated in the maintenance of physical and mental health, while poor
sleep health has emerged as a significant contributor to depression, cognitive impairment and Alzheimer’s disease
pathology, the primary cause of dementia.' Therefore, improved understanding of factors that may contribute to sleep
health in older adults is important for healthy ageing/preventative approaches.

In assessing the various facets of sleep health, polysomnography emerges as the gold standard for objectively
evaluating sleep patterns.* Sleep regularity, levels of alertness and sleepiness, sleep efficiency, duration and timing
have been identified as domains that represent habitual sleep health characteristics.”® This multifaceted view of sleep
health suggests that multiple sleep characteristics can be present concurrently, irrespective of the presence of sleep
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disorders.® Spira and colleagues suggest that poor sleep may be a prodromal feature of cognitive decline and dementia,
whilst healthy sleep helps to maintain brain integrity.” As well as being an early symptom of dementia,® poor sleep,
particularly short sleep duration, has been highlighted as a risk factor for pathological brain changes.” In addition to sleep
duration, other sleep characteristics most strongly associated with dementia risk include objectively measured sleep
fragmentation (awakenings during sleep), sleep efficiency (ratio between time spent asleep and time in bed), sleep
latency (reflecting easiness or difficulties falling asleep), and subjectively assessed sleep quality.”'®'* Sleep efficiency in
particular is an important sleep characteristic to consider, as this incorporates multiple sleep metrics, including sleep
latency, the length of sleep awakenings and sleep duration, and therefore provides a more holistic way of quantifying
sleep health. Particular sleep stages, such as slow wave sleep (SWS) and rapid eye movement (REM) sleep, as well as
sleep disorders such as sleep-disordered breathing (or sleep apnoea), have also been implicated in poorer cognitive
performance and increased dementia risk due to their associations with dementia biomarkers.'>™” Further to associations
with dementia, poor levels of subjective sleep quality and objective sleep fragmentation, as well as alterations in REM
sleep stages have been implicated in psychiatric disorders among older adults, including depression.*'®

Another risk factor implicated in a variety of neurodegenerative and psychiatric disorders includes repetitive negative
thinking (RNT), a recurrent negatively focused thinking process that is perceived as difficult to control.'” RNT is
a cognitive process that encompasses both past-directed negative thoughts (ie, brooding, a maladaptive form of
rumination) and future-directed negative thoughts (ie, worry), which relates to negative affect®® and has been implicated
in the development and maintenance of depression and anxiety disorders, respectively.?!

RNT has also been associated with objective and subjective cognitive performance and decline, amyloid and tau
deposition, and accelerated brain ageing in older adults.** >° While there is substantiating evidence supporting the
correlation between RNT and biomarkers associated with Alzheimer’s disease, the specific interplay between its two
components—namely, worry and rumination (brooding) — remains less evident. This is due to previous literature
assessing RNT more broadly via the Perseverative Thinking Questionnaire (PTQ), or exclusively investigating either
worry or rumination. Therefore, exploring the individual contributions of worry and rumination on other risk factors for
dementia and psychological disorders, such as sleep, would be valuable.

Prior studies involving elderly individuals have frequently employed a comprehensive RNT metric, such as the
Reflective Thinking Scale (RTS), or have concentrated solely on either apprehension or reflective thought. To attain
a more thorough comprehension of the association between RNT and the risk of cognitive decline, undertaking inquiries
that concurrently scrutinize both constituents within the same participant pool would be advantageous. Such an approach
would facilitate a more intricate examination of the unique contributions of apprehension and reflective thought to
outcomes related to Alzheimer’s disease.

Both sleep and RNT have been independently associated with a range of mental, physical and neurological disorders,
and they are also associated with each other."* A large meta-analysis of studies that assessed the relationship between
RNT and sleep characteristics found small to medium associations between high levels of RNT and poorer sleep quality,
shorter sleep duration and longer sleep onset latency.'* The majority of studies within this meta-analysis however,
included young and middle-aged samples, and few included both objective and subjective sleep measurements. Indeed,
despite both objective and subjective sleep measures being associated with disorders such as depression and dementia
risk, the coherence between the two is often low when assessed in older adults.?” It remains unknown why coherence is
low, but one explanation may be that they often assess different time periods. Further, one might anticipate that RNT
could also help explain these inconsistencies, as RNT may have different strengths of association with subjective and
objective sleep individually. Alternatively, it has been suggested that objective and subjective sleep are arguably two
different outcomes and therefore it is important to consider both when exploring the relationship between sleep and
RNT.'* Considering this, alongside the importance of sleep health for the physical and mental health of older adults,'
there is an important gap in the literature surrounding perseverative cognition and the levels of both objective and
subjective sleep among older adults.

The current study addressed this gap in the research by investigating the cross-sectional association between RNT (ie,
worry and brooding) and a range of objective and subjective sleep health measures in community-dwelling cognitively
healthy older adults. Specifically, higher worry and brooding levels were hypothesised to be associated with poorer
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objective sleep efficiency, increased sleep fragmentation, reduced sleep duration, and worse subjective sleep quality — all
of which have been associated with RNT in younger-aged cohorts, as well as depression, Alzheimer’s disease biomarkers
and dementia risk.>'*?*7° No specific hypotheses were made in relation to other measures of sleep health and were thus
considered exploratory analyses. Further, we also assessed the coherence between objective and subjective sleep
measurements collected over the same one-night period and examined whether RNT influenced the coherence.
Gaining a better understanding of the relationship between RNT and sleep among older adults will allow us to have
a better idea of how these factors work together to contribute to the development and progression of mental and
neurological disorders in this population and can help us identify potential therapeutic interventions to improve overall
mental and neurological health outcomes for older adults.

Methods

Participants

Baseline data from 135 cognitively healthy older adults enrolled in the Age-Well randomised clinical trial were eligible
for inclusion. The Age-Well trial aimed to evaluate a meditation-based intervention designed to enhance mental health
and well-being in elderly individuals. Age-Well was designed with the capability to identify, when comparing the
meditation vs passive control arms of the trial, an effect size of 0.75 concerning the volume and perfusion of the anterior
cingulate cortex and insula. The study was powered with 80% statistical power and a two-sided type I error of 1.25%.
Consequently, the minimum required sample size was determined to be 126 participants, which has been exceeded with
135 participants. In adherence to guidance,’’ we did not conduct post-hoc power analyses for this secondary outcome
study. All participants were recruited from the general population, at least 65 years old, native French speakers, retired
for at least 1 year, received a minimum of 7 years of education, and performed within the normal range for age and
educational levels on standardised cognitive tests of a neuropsychological diagnostic battery, including measures of
global cognitive functioning, executive functions, and verbal episodic memory. Participants underwent a medical inter-
view with a physician and completed a diagnostic test battery to verify criteria. Detailed eligibility criteria have
previously been described.*

The Age-Well clinical trial was approved by local ethics committees (CPP Nord-Ouest III, Caen; trial registration
number: EudraCT:2016-002441-36; IDRCB:2016-A01767-44), in full compliance with the principles of the Declaration
of Helsinki and was registered on ClinicalTrials.gov (NCT02977819). All participants provided written informed consent
prior to participation.

Repetitive Negative Thinking

The Penn State Worry Questionnaire

Worry was assessed via the 16-item Penn State Worry Questionnaire (PSWQ).* Participants were asked to indicate how
typical statements are for them on a 5-point Likert scale ranging from 1 (not at all typical of me) to 5 (very typical of
me). A total score is calculated by summing the first 11 items and the reverse-scores of the latter five items, with global
scores ranging from 16 to 80 (higher scores representing greater worry). The psychometric properties of the PSWQ have
been examined in older adults, where it has demonstrated excellent internal consistency and adequate convergent validity
in individuals with Generalised Anxiety Disorder and those without psychiatric diagnoses.** Additionally, the PSWQ has
demonstrated clear divergent validity with measures of anxiety and depression, suggesting that these measure different
concepts.>

Rumination Response Scale - Brooding Sub-Scale

Participants completed the full 22-item Rumination Response Scale (RRS), with scores from the 5-item brooding
subscale used to assess brooding levels.>® Participants were asked to respond to items assessing the frequency of
thoughts on a scale ranging from 1 (almost never) to 4 (almost always). Scores can range from 5 to 20, with higher
scores representing a greater degree of brooding. The brooding subscale of the RRS has been found to have strong
convergent and predictive validity and good internal consistency in older adults.’”
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Sleep

Polysomnography

All participants underwent a polysomnography (PSG) at home using a portable device (Siesta®™, Compumedics,
Australia) as previously described.*® The PSG involved using multiple measurement instruments, as described in
previous research.>® This included an electroencephalogram (EEG), an electrooculogram (EOG) an electromyogram
(EMG) and an oximeter to measure oxygen saturation. Recordings from the EEG were visually scored by experts in 30-
second epochs according to the scoring rules of the American Academy of Sleep Medicine.*® Standard sleep parameters
were computed, including sleep duration, sleep fragmentation (the number of awakenings), sleep efficiency, sleep latency
and the proportion of time spent in each sleep stage (relative to total sleep time) were computed, as well as respiratory
parameters such as the apnoea-hypopnea index (AHI), an index used to indicate the severity of sleep apnoea. Eighty-
seven individuals (69%) underwent 2 polysomnography recordings, including a habituation night. Data from the second
night was used.

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI)*' is a 19-item questionnaire that assesses subjective sleep quality and
disturbances over the previous 4 weeks. It assesses 7 different components of sleep (ie, subjective sleep disturbance,
sleep latency, sleep duration, sleep efficiency, sleep fragmentation, use of sleeping medication, and daytime dysfunction)
which are coded categorically from 0 to 3. A global score, with a range from 0 to 21, is created by summing each of the 7
sub-components. Higher scores on each of the sub-components and global score are indicative of worse sleep.
Continuous data are also gathered for sleep duration, sleep efficiency, and sleep latency, and in this study were used
as continuous variables instead of their categorical equivalents.

St Mary’s Hospital Sleep Questionnaire

The St Mary’s Hospital Sleep Questionnaire is a 14-item self-report questionnaire that records information about sleep
latency, duration, and efficiency from the previous night’s sleep.** This questionnaire was administered the morning after
the polysomnography night.

Statistical Analyses

To determine associations between RNT and objective and subjective sleep measures, we performed a series of
regression models, with worry and brooding as independent predictors and each sleep measure as a dependent variable.
Linear regressions were conducted for continuous outcomes (ie, objective sleep measures: duration, efficiency, fragmen-
tation, latency, % REM sleep, % Slow Wave Sleep (SWS) and subjective sleep measures from the PSQI: duration,
efficiency, latency and total PSQI score). Categorical variables (ie, subjective sleep measures from the PSQI: disturbance,
fragmentation, and daytime dysfunction) were first converted to binary outcomes by merging bins with the lowest count
with their nearest neighbour, and then analysed using logistic regressions). Subjective sleep measures using the PSQI
were used as they gathered information on sleep over the past 4 weeks making it more comparable to the Penn State
Worry Questionnaire and the Rumination Response scale compared to the St Mary’s Hospital Sleep Questionnaire which
only measures sleep over the past 24 hours. All analyses adjusted for age, sex, and AHI. The covariates age and AHI
were included as continuous variables, and sex as a categorical variable. Primary analyses (ie, objective sleep fragmenta-
tion, efficiency, and duration, and subjective sleep disturbance) were controlled for multiple comparisons using
a Bonferroni correction (ie, 0.05/4 = 0.0125).

Due to literature suggesting an inverted U-shaped (ie, non-linear) association between sleep duration and
cognitive decline® additional analyses were conducted to investigate whether levels of RNT differed between
individuals with short, typical, and long sleep durations. A tertial split was used to classify participants into
different sleep duration categories based on their objective polysomnography-derived sleep measurements, with
participants in the highest tertile classified as long sleepers, participants in the lowest tertile short sleepers, and the
middle tertile as typical sleepers. ANCOVA’s, adjusted for age, sex, and AHI, were conducted to investigate
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differences between RNT levels and sleep duration. Games-Howell post-hoc tests were used due to heterogeneity of
variance between tertile groups.

Linear regressions were conducted to examine the association between objective (assessed via polysomnography) and
subjective sleep (assessed via the St Mary’s Hospital Sleep questionnaire), as both measured the same night’s sleep, along
with the difference statistics to ascertain whether participants were more prone to over or under-estimate their sleep
behaviours. Only continuous variables of sleep measured in both objective and subjective assessments were analysable
(ie, sleep latency, sleep duration and sleep efficiency). The difference score was calculated by subtracting the subjective
score from the objective score for each of these outcomes. Linear regressions were then used to investigate whether
levels of RNT predicted any discrepancy between objective and subjective sleep.

Stata (version 17.0) and JupyterLab (version 3.5.0) were used to analyse data and standardised betas (fs) are reported
throughout. Figures were created in Python (version 3.8.15).

Results
Participant Characteristics
Demographic characteristics are provided in Table 1. Of the 135 participants, 8 were missing AHI data, thus the current
study reports results from a maximum of 127 participants across primary and exploratory analyses.

Being female was associated with lower levels of objective sleep fragmentation (»p<0.001) and higher levels of SWS
(»=0.018), REM sleep (p=0.048), objective sleep efficiency (p=0.014), objective sleep duration (p=0.002) and subjective
sleep disturbance (p=0.034). AHI was positively associated with objective sleep fragmentation (p=0.003), and negatively

Table | Demographic and Clinical Baseline Data (N=127)

Demographic Characteristics Ratio Ratio (%)
Sex, Female: Male 80:47 63:37
Mean (SD) Range
Age (years) 69.4 (3.8) 64-83
Education (years) 13.0 3.1) 7-22
Polysomnography
AHI 25.3 (14.8) 0.7-75.5
Sleep duration/TST (hrs) 6.0 (1.08) 3.2-9.2
Short sleep duration (hrs) 4.8 (0.6) 3.2-55
Typical sleep duration (hrs) 6.0 (0.3) 5.6-6.5
Long sleep duration (hrs) 7.1 (0.6) 6.5-9.2
Fragmentation/micro-arousals (total nb) 23.2 (9.3) 8-50
WASO (min) 87.0 (47.8) 12-230
Sleep efficiency (%) 77.0 (10.1) 49.6-96.6
Sleep onset latency (min) 20.9 (13.9) 0-88.5
SWS (% of TST) 19.8 (9.6) 0-48.1
REM sleep (% of TST) 18.3 (5.6) 0-33.3
Pittsburgh Sleep Quality Index
Continuous data
Global PSQI score® 49 (3.1 0-13
Sleep duration (hrs) 7.0 (1.1) 3.5-10
Sleep efficiency (%) 82.8 (12.7) 38.9-103.2
Sleep latency (min) 20.9 (29.3) 1-240
Categorical data
Component |: Sleep disturbance® 0.9 (0.6) 0-2
Component 2: Sleep latency® 0.9 (0.9) 0-3
(Continued)
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Table | (Continued).

Demographic Characteristics Ratio Ratio (%)
Component 3: Sleep duration® 0.5 (0.7) 0-3
Component 4: Sleep efficiency® 0.8 (1.0) 0-3
Component 5: Sleep fragmentation® 1.1 (0.4) 0-2
Component 6: Sleep medication® 0.1 (0.5) 0-3
Component 7: Daytime dysfunction® 0.4 (0.6) 0-3

St Mary’s Hospital Sleep Questionnaire

Sleep latency (min)t 44.7 (44.4) 0-330
Sleep duration (hrs)* 54 (2.3) 0.2-18.6
Sleep efficiency (%)* 67.64 (22.8) 49.6-96.6

Penn State Worry Questionnaire 41.8 (11.6) 19-70

Rumination Response Scale: Brooding Subscale 8.0 (2.3) 5-16

Notes: TN = 116. N = 112. *Higher values indicate worse sleep health on this metric.

Abbreviations: AHI = apnoea-hypopnea index; min = minutes; nb = number; Pittsburgh Sleep Quality Index = PSQI; REM =
Rapid Eye Movement Sleep; SD = Standard deviation; SWS = Slow Wave Sleep; WASO = Wake After Sleep Onset; TST = total
sleep time.

associated with objective sleep measures including proportion of REM sleep (p=0.001) and SWS (p=0.001), and total
sleep duration (p=0.03). Age was not associated with any objective or subjective sleep characteristic. Neither worry nor

brooding were associated with any covariate (ie, age, sex or AHI).

Associations Between RNT and Sleep Measure Variables
Results from primary analyses assessing the relationship between RNT and objective (sleep duration, efficiency, and
fragmentation) and subjective (sleep disturbance) sleep measures are described below and presented in Table 2.
Higher levels of RNT were associated with worse objective sleep efficiency (worry: p=—0.32, 95% CI. —0.48 to
—0.16, p<0.001; brooding: p=—0.27, 95% CI: —0.44 to —0.10, p=0.002), but there was no evidence of an association
between RNT and objective sleep fragmentation (worry: p=0.880; brooding: p=0.598), or objective sleep duration
(worry: p=0.050; brooding: p=0.300). Associations with subjective sleep disturbance did not survive corrections for
multiple comparisons (worry: p=0.025; brooding: p=0.058). However, in analyses assessing the association between
RNT and different sleep duration categories (ie, short, typical, or long) associations emerged with worry (F[2, 124]=7.03,
p=0.001) and not brooding (F[2, 123]=2.68, p=0.073). Post-hoc analyses were then run for both worry and brooding.
Worry levels in the short sleep duration group (M = 47.0, SD = 12.3) were significantly higher than in the typical (M =
38.6, SD =9.1) and long (M = 39.8, SD = 11.4) sleep duration groups (p=0.002, p=0.018 respectively). Worry levels did
not differ between typical and long sleep duration groups. No significant differences in levels of brooding were found

Table 2 Primary Analysis Results Examining the Relationship Between Worry and Brooding and Sleep Health (N=127)

Variables Worry Brooding T
Standardised j/OR 95% CI P Standardised j/OR 95% CI P

Polysomnography

Sleep duration -0.17 —0.34, 0.00 0.051 —0.09 —0.26, 0.08 0.300

Sleep fragmentation —-0.01 —-0.18, 0.15 0.880 0.04 —0.12, 0.21 0.599

Sleep efficiency —-0.32 —0.48, —0.16 | <0.001 -0.27 —0.44, -0.10 0.002
Pittsburgh Sleep Quality Index

Sleep disturbance (Component 1)* 1.05 1.01, 1.09 0.024 1.14 0.93, 1.40 0.197

Notes: All models are adjusted for age, sex, and sleep apnoea scores. Results in bold are significant at the Bonferroni corrected level of 0.0125. ¥ Logistic regression (odds
ratio). TN = 126.
Abbreviations: §, beta coefficient; Cl, confidence interval; OR, Odds Ratio.
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Figure | Associations between RNT and categorical sleep duration: short, typical, and long. (A) Worry and sleep duration, and (B) brooding and sleep duration. Mean and
standard deviations shown.

between sleep duration groups. Figure 1 shows the associations between RNT and categorical sleep durations and
Supplementary Table 1 contains means and standard deviations of RNT scores by sleep duration.

Exploratory Analyses

Positive associations were observed between RNT and the global PSQI score (worry: p=0.23, 95% CI: 0.07 to 0.40,
p=0.007; brooding: p=0.21, 95% CI: 0.04 to 0.38, p=0.018). Further, positive associations were observed between
brooding and subjective daytime dysfunction (B=1.30, 95% CI: 1.09 to 1.54; p=0.003) and subjective sleep latency
(B=0.18, 95% CI: 0.00 to 0.35, p=0.049). No other associations were observed (Table 3).

Coherence Between Subjective and Objective Sleep Measures
Positive associations were observed between subjective and objective measures of sleep efficiency (r(108)=0.22,
p<0.001), duration (r(108)=0.23, p<0.001), and latency (r(112)=0.07, p=0.019).

Table 3 Exploratory Analysis Results Examining the Relationship Between Worry and Brooding and Sleep Health (N=127)

Variables Worry Brooding *
Standardised 95% ClI P Standardised 95% ClI P
B/OR B/OR

Polysomnography
Objective sleep latency 0.03 —0.15, 0.21 0.767 0.00 —-0.18, 0.18 0.970
Proportion of REM sleep —0.00 —-0.17,0.17 | 0.979 0.02 —0.16, 0.19 0.859
Proportion of SWS —0.08 —0.24, 0.09 | 0377 —0.08 —0.25, 0.09 0.376

Pittsburgh Sleep Quality Index
PSQI total score (Continuous) 0.23 0.07, 0.40 | 0.007 0.21 0.04, 0.38 0.018
Subjective sleep duration (Continuous) —0.08 —0.26 0.10 0.380 —0.04 -0.22, 0.14 0.651
Subjective sleep efficiency (Continuous) —-0.14 —0.32, 0.03 0.110 —-0.11 —0.29. 0.06 0.209
Subjective sleep latency (Continuous) 0.05 —-0.13, 0.23 0.591 0.18 0.00, 0.35 0.049
Subjective sleep fragmentation (PSQI component 5) 1.02 0.98, 1.07 0.254 1.07 0.86, 1.34 0.540
Subjective daytime dysfunction® (PSQI component 7) 1.02 0.98, 1.05 0.324 1.30 1.09, 1.54 0.003

Notes: All models are adjusted for age, sex, and sleep apnoea scores. Results in bold are significant at 0.05. TN = 126 ¥ Logistic regression (odds ratio).
Abbreviations: f, beta coefficient; Cl, confidence interval; OR, Odds Ratio; REM, Rapid Eye Movement; SWS, Slow Wave Sleep.
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Sleep Duration

The mean difference between objectively and subjectively assessed sleep duration was 36.5 minutes (SD=119.2). On
average participants perceived that they had 36.5 minutes less sleep than that was recorded via polysomnography. This
discrepancy was not predicted by RNT (worry: p=0.412; brooding: p=0.822).

Sleep Efficiency

The mean difference between objectively and subjectively assessed sleep efficiency was 9.5% (SD=19.8), suggesting that
on average participants believed that their sleep was less efficient than objective measures had recorded. This discrepancy
was not predicted by RNT (worry: p=0.944; brooding: p=0.558).

Sleep Latency

The mean difference between objectively and subjectively assessed sleep latency was —23.3 minutes (SD=43.7),
suggesting that on average participants estimated that they took more time to fall asleep than objective measures had
recorded. The discrepancy was not predicted by RNT (worry: p=0.877; brooding: p=0.319).

Discussion

The current study sought to better understand the association between RNT (ie, worry and brooding) and components of
sleep health known to be associated with increased dementia risk in cognitively healthy older adults. Higher levels of
RNT (ie, both worry and brooding) were associated with lower objective sleep efficiency. Although there was no
evidence of a linear relationship between RNT and sleep duration, participants with shorter sleep durations had
significantly higher levels of worry compared to those with typical or long sleep durations. These findings partially
align with the cognitive debt hypothesis by showing that RNT is associated with some sleep characteristics that have
previously been associated with dementia risk.**

The associations found between RNT and sleep health could be potentially explained by biological mechanisms.
Chronic worry, for example, can dysregulate the hypothalamus-pituitary adrenal (HPA) axis, which can impact the
secretion of cortisol and other stress related hormones.** The presence of increased stress hormones has been associated
with disruptions in the sleep cycle and overall sleep quality in older adults.*’

Sleep efficiency is one metric by which sleep health can be assessed. Since both worry and brooding were exclusively
linked to sleep efficiency, our findings may imply that sleep efficiency is the most important metric of sleep health in
relation to cognitive debt. This could be attributed to the fact that sleep efficiency encompasses various sleep metrics,
making it a potentially more sensitive indicator of overall sleep health. Sleep regularity, levels of alertness and sleepiness,
sleep efficiency, duration and timing have been identified as domains that represent habitual sleep health
characteristics.™® This multifaceted view of sleep health suggests that multiple sleep characteristics can be present
concurrently, irrespective of the presence of sleep disorders.°

A nonlinear relationship between RNT and sleep duration may exist - RNT, particularly worry, was associated with
short sleep duration when assessed categorically, rather than continuously. While both categorically-defined short and
long sleep durations have been associated with cognitive decline,? here we observed that worry was only associated with
one segment of that inverted-u shaped curve. It may be that the causes of short and long sleep duration are different;
worry being one mechanism to explain short sleep duration, with other factor(s) driving longer sleep duration (comor-
bidities, for example). Interestingly, levels of brooding were not found to differ significantly depending on sleep duration.
This could be explained methodologically by the rather more limited range of responses on the brooding subscale, or that
worry has been found to be more predictive of both depression and anxiety than rumination,*® which have both been
consistently associated with poorer sleep health*” and with dementia risk.***°

Due to the cross-sectional design of the current study the direction of the association between RNT and sleep health,
however, remains unclear. For instance, RNT could negatively impact sleep health, poor sleep health could cause
increased levels of RNT, a third factor could influence both (ie, prodromal dementia) or indeed as recent evidence
suggests, there could be bidirectional feedback loop.’® Looking further into potential explanations for associations
between sleep and RNT more generally, executive function (ie, the ability to plan, focus attention and concentrate)’’
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and emotional regulation (ie, the ability to appropriately respond to a range of emotions)’ may play important roles. Cox
and colleagues investigated these potential mechanisms and reported that insomnia levels in community-dwelling adults
influenced change in RNT over a three-month period via an indirect effect of executive functioning on emotional
regulation.” Further, another study found that sleep disturbance was not associated with levels of rumination in older
adults with higher inhibitory control, suggesting that inhibitory control, a component of executive function, may play
a mediating role between sleep and RNT.>* Based on our and others’ findings, interventions such as meditation, that
target cognitive control and/or emotion regulation may be particularly suited to improve sleep health and reduce RNT.
Future research could investigate the benefits of such nonpharmacological interventions to reduce RNT and improve
sleep outcomes among older adults. The use of nonpharmacological interventions is particularly important among older
adults, who are often on multiple medications, in order to avoid side effects and negative drug-interactions.

The coherence between subjective and objective sleep measures was examined by utilising polysomnography metrics
and data from a sleep questionnaire collected the following morning. Small but significant associations were observed,
unlike previous research,?’ which may be due to our method of assessment (using subjective and objective data collected
in close temporal proximity). This may explain why previous research that assessed objective and subjective sleep over
different time periods has often failed to observe associations between the two.?” We hypothesised that RNT might have
impacted the results as previous research suggests that worry and brooding are more closely associated with subjective
measures of sleep disturbance than objective measures.'* However, we did not observe stronger RNT associations with
subjective sleep measures, and discrepancies between objective and subjective measures were not affected by levels of
RNT. This suggests that worry and brooding did not influence a person’s ability to accurately assess their sleep.

Other factors may therefore explain the disparity between subjective and objective sleep measures. Factors such as
age, sleep apnoea, physical health, and cognitive performance have been found to influence time perception and
assessment of sleep duration.” >’ This could explain why the current results contradict previous research among younger
adults, where worry was found to impact the association between objective and subjective sleep.’® These factors,
alongside individual differences in levels of self-awareness and understanding of sleep,” are likely to influence
subjective sleep scores.

Strengths and Limitations

The current study has several strengths. It fills in an important gap in the research by investigating the association
between RNT and sleep health in a well-characterised sample of older adults. Further, the combination of both subjective
and objective sleep measurements meant in-depth data could be gathered on both physiological characteristics and
individual’s perception of sleep, including a questionnaire which allowed subjective and objective sleep to be assessed
over the same period. Similarly, including assessments of two forms of RNT (ie, worry and brooding), allowed us to
determine their distinct and overlapping relationships with markers of sleep, to the best of our knowledge, for the first
time in older adults. The fact that their associations were largely consistent across all outcomes supports the shift towards
a transdiagnostic approach to the assessment of negative thinking styles.*® Finally, due to the comprehensive data
collected, covariates including age, sex and sleep apnoea were able to be considered, which ensures any associations
found were not influenced by these factors which have previously been associated with sleep, Alzheimer’s disease
biomarkers and/or dementia risk.'-¢*¢!

However, the cross-sectional data used in this research precludes the determination of causality between RNT and
sleep health, or their influence on cognitive trajectory and dementia incidence. Secondly, the current study only examined
a single night of polysomnography and not all participants benefited from a habituation night, therefore outcomes may
not reflect habitual sleep in every participant given that some people may find it difficult to sleep while wearing the
polysomnography device. Further to this, measuring the consistency between subjective and objective sleep data was
only assessed over one night. To address these limitations, future research could employ longitudinal designs to better
understand the temporal dynamics and potential causal links between RNT, sleep health, and cognitive outcomes.
Incorporating multiple nights of polysomnography or with validated wearable devices would also ensure a more
comprehensive assessment of habitual sleep patterns which could allow for a more robust investigation into the
consistency between subjective and objective sleep measurements.
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Implications and Conclusions

Findings from this study show an association between sleep and RNT, clustering two emerging psychological risk factors
for dementia, which is important given that prevention is an important channel for dementia management.®> Further
research is needed to determine the causal relationship between these variables to identify which could be a promising
risk factor to target for dementia prevention strategies.

The identification of factors that delay the onset of dementia may help combat the large and rapidly increasing public
health challenge that this syndrome presents. Although it is not known whether RNT and sleep health are causal
pathways to dementia risk, or whether they are prodromal symptoms, these results suggest that they are avenues
worth exploring in future research, especially since both RNT and sleep are modifiable via nonpharmacological
interventions.®>*** The clinical implications of this research extend beyond the mere observation of associations, urging
a proactive and multi-faceted approach toward dementia prevention. By identifying and addressing modifiable risk
factors, clinicians, researchers and policymakers can contribute to the collective effort to delay the onset of dementia and
mitigate its impact on public health.
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