Nature and Science of Sleep ELer‘i’Sée

ORIGINAL RESEARCH

Sleep Duration, Chronotype, and Mortality in
Parkinson’s Disease: A Prospective Cohort Study

Eemil Partinen '_4, Ari Ylikoskis, Mariusz Sieminski 6, Madli Kaps7, Markku Partinen 2’4,
Christer Hublin 8

'Sleep Disorder Outpatient Clinic, Department of Psychiatry, Helsinki University Central Hospital, Helsinki, Finland; 2Helsinki Sleep Clinic,
Terveystalo Healthcare, Helsinki, Finland; 3Department of Neurology, Helsinki University Central Hospital, Helsinki, Finland; *Department of Clinical
Neurosciences, Clinicum, University of Helsinki, Helsinki, Finland; 5The Social Insurance Institution of Finland (KELA), Helsinki, Finland; 6Department
of Emergency Medicine, Medical University of Gdansk, Gdansk, Poland; “Department of Psychiatry, Helsinki University Central Hospital, Helsinki,
Finland; ®Finnish Institute of Occupational Health, Helsinki, Finland

Correspondence: Eemil Partinen, Email eemil.partinen@helsinki.fi

Aim: Sleep disturbances are a common non-motor symptoms in Parkinson’s disease (PD) and may occur already in the prodromal phase.
In the general population, shorter sleep duration is linked to higher mortality, while longer sleep duration has been associated with an
increased risk of developing PD. We examined the relationships between sleep duration, chronotype, and mortality in patients with PD.
Methods: A total of 855 randomly selected patients with PD completed a structured questionnaire including self-reported sleep
duration and chronotype. Mortality data were collected from the national death registry.

Results: Altogether 435 subjects (238 men; 54.7%) were included. The mean follow-up time was 4.3 (0.3—7.0) years, during which 99
participants had died. In a univariable model, longer sleep duration was associated with higher mortality [HR 1.31, 95% confidence
interval (1.15-1.49), P<0.0001]. In a fully adjusted model, longer sleep duration [HR 1.17 (1.01-1.35), P=0.035], older age, male
gender, PD duration and depression were associated with higher mortality. BMI and high physical activity were associated with lower
mortality. Although short sleep showed an association with mortality in univariable analyses, this association did not persist after
multivariable adjustment [HR 0.82 (0.52—1.30), P=0.401]. Chronotype was not associated with mortality. Long sleepers were older,
had lower mean levodopa-dose, took more naps, and were sleepier than short sleepers.

Conclusion: Self-reported longer sleep duration was associated with higher mortality in patients with Parkinson’s disease, whereas
chronotype was not associated with mortality. This does not imply a protective effect of shorter sleep duration. Further studies are
needed to clarify whether sleep duration reflects disease-related factors, behavioral patterns, or progression of Parkinson’s disease.
Keywords: Parkinson’s disease, mortality, sleep duration, sleep apnea, restless legs, sleep length, chronotype, morningness, eveningness

Introduction

Sleep disturbances are among the most common non-motor symptoms in Parkinson’s disease (PD)." In Finland, the
prevalence of Parkinson’s disease has been estimated at 268 per 100,000 population (95% highest density regions
263-274), underscoring its substantial public health impact.> Changes in sleep structure, circadian rhythmicity and sleep
duration may be observed already in the prodromal stage of PD.** In our earlier work using the same cohort, we reported
that sleep talking and REM sleep behaviours together with sleep talking were linked to increased mortality.® Sleep
disturbances have been linked to alterations in brain function and neuronal activity. Nocturnal hypoxemia has been linked
to changes in cortical EEG activity, suggesting that disturbed sleep can affect neuronal functioning.” In the present study,
we examine how sleep duration and chronotype relate to mortality, thereby addressing additional dimensions of sleep and
circadian health in Parkinson’s disease.

In general population, several studies have demonstrated that sleep duration may have either a U-shaped risk profile
or a linear profile, where shorter sleep is associated with increased mortality.® The lowest mortality risk is observed
between 7 and 8 hours of nighttime sleep.”!! The mechanisms underlying this association are unclear. Shorter sleep
duration has been linked to risk of dementia.'* Recent studies have associated longer sleep duration in older adults with
a higher risk of developing Parkinson’s disease and incident dementia in the general aging population, whereas one study
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linked shorter sleep duration in middle-aged individuals to a younger age at PD diagnosis.'>'® Additionally, tau
pathology is more pronounced in individuals with Alzheimer’s disease and longer sleep duration.'’

Chronotype is correlated with the molecular mechanisms of the circadian system. Various external, internal and
behavioural factors, such as light, temperature, exercise, and age, can adjust the chronotype.?® It is suggested that
changes in circadian rhythm may be related to the pathophysiology of PD, although dopaminergic medications may also
modify the chronotype.’'** A recent study indicated that PD Patients with different chronotypes do not significantly
differ from each other in terms of disease duration, sleepiness and medication.”® Disruption of circadian rhythmicity, but
not timing, has been linked to an increased risk of developing PD.** In studies conducted in the general population,
a later chronotype appears to be related to higher morbidity and mortality.zs’26

Based on the most recent studies we hypothesized that longer sleep duration may be associated with increased
mortality in patients with Parkinson’s disease (PD). The theory is that fragmented sleep and more severe underlying
neuropathology could lead to longer sleep as a compensatory mechanism. Consequently, longer sleep may indicate more
severe PD pathology and be linked to higher mortality rates.

The study also aimed to investigate whether a later chronotype (the natural inclination for sleep timing) is related to increased
mortality in PD patients. To test these hypotheses, we analysed data from a randomly selected prospective cohort study.

Methods
Study Subjects

A total of 1,500 subjects were randomly selected from 7,500 members of the Finnish Parkinson’s Association. Between
2010 and 2011, a structured questionnaire was sent to 1,447 eligible subjects. The inclusion criteria required participants
to be alive, able to provide consent, and have a diagnosis of Parkinson’s disease made by a neurologist. The questionnaire
was specifically designed for patients with Parkinson’s disease and the questions on sleep were based mainly on the
validated Basic Nordic Sleep Questionnaire.?” Details about the questionnaire and the study population can be found in
earlier publications.”® The participants were informed of the purpose of the study and gave their written informed
consent. All who had given consent were recontacted during 2015 and 2016. Non-respondents received a reminder and
were contacted via telephone. Mortality data were collected from the national death registry.

This study was approved by the regional ethics review board of the Helsinki and Uusimaa Hospital District (Ethics
approval permit number: HUS 400/13/01/09) and was conducted in accordance with the Declaration of Helsinki.

Sleep Duration and Chronotype

Sleep duration (TST) was defined as the duration from going to bed to waking up, with the self-reported time to fall asleep
subtracted. We used following questions: “At what time do you usually go to bed in the evenings?” and “At what time do you
usually wake up on weekdays / workdays?”. Self-reported median time to fall asleep was subtracted from sleep period. “How
long does it usually take you to fall asleep in the evenings?”, options were: In more than 40 minutes (we used 50 min), in
31-40 minutes (We used 35 min), In 21-30 minutes (35 min), In 10-20 minutes (15 minutes), In less than 10 minutes (5 minutes).
We also recorded median total sleep time per 24 hours (TST»y4;,), using a question: “How many hours do you sleep on average per
24 hours, including naps?”. Sleep duration was analysed as a continuous and categorical variable using 7 and 8 hours as a cut off.
These values were used because we noticed an increase in the mortality when sleep duration exceeded 8 hours per night. These
thresholds also reflect previous literature and resulted in approximately similar group sizes. Chronotype was assessed using
a simplified morningness-eveningness question: “Are you a morning or evening person? (circle the option that best describes
you).” The seven options were: 1. I am very alert/active in the morning and sleepy early in the evening (definitively morning
person); 2. I am to some extent alert in the morning and sleepy in the evening (more morning than evening person); 3. Neither
morning nor evening person; 4. I am to some extent alert in the evening and sleepy in the morning (more evening than morning
person); 5. I am very alert/active in the evening and sleepy in the morning (definitively evening person); 6. I am alert/active in the
evening and alert/active in the morning (needing very little sleep at night); 7. I am sleepy in the evening and sleepy in the morning
(I am almost always sleepy). The types 1 + 2 and 4 + 5 were pooled to reflect morningness and eveningness, respectively. Other

categories (3, 6 and 7) were defined as “unspecified”.**°
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Confounding Variables

We selected confounding variables based on epidemiological and clinical knowledge of factors potentially associated
with both mortality and sleep duration. Socioeconomic status, smoking, and alcohol use were not included in the analysis
due to a significant amount of missing data. Body mass index (BMI) was calculated based on self-reported weight and
height. The STOP questionnaire assessed sleep-disordered breathing, using a STOP score of >2 as the cutoff for a high
risk of sleep apnea.®' Total daily levodopa equivalent doses (LED) were determined with distinct conversion factors for
various self-reported medications.*

Depression was screened using the WHO-5 Well-Being Scale, which has a Cronbach’s alpha ranging from 0.84 to
0.89. A WHO-5 score of <50 in scale from 0 to 100 (raw score of 12 to 13) indicates a risk for depression.*> WHO-5
shows high validity with adequate detection of depression in patients with Parkinson’s disease, which does not differ
compared to BDI (P = 0.234).>* Another reason to choose the WHO-5 scale over the Beck Depression Inventory was to
avoid false-positive depression scores due to poor sleep in subjects with sleep disorders.

Daytime sleepiness was measured using the Epworth Sleepiness Scale (ESS), for which we had a licence from Mapi
Research Trust. Napping frequency was assessed through the question, “How often do you take naps?” Individuals who
responded “daily or almost daily” were categorized as taking daily naps. Self-reported sleep need was evaluated using the
question, “How much sleep do you need per day (how many hours would you sleep if you could sleep as long as you
wanted)?” Sleep debt was calculated by subtracting total sleep time (TST) from sleep need. Disturbed nighttime sleep
was assessed using a self-reported questionnaire item on the frequency of nighttime awakenings; participants reporting
awakenings on three or more nights per week were classified as having disturbed nighttime sleep.

Restless Legs Syndrome (RLS) symptoms were assessed using a validated question with 100% sensitivity and 96.8%
specificity: “When you try to relax in the evening or trying to sleep, do you experience unpleasant, restless feelings in
your legs that are relieved by movement?”.>> The response options were: 1) “never (or less than once per month)”, 2)
“less frequently than once per week”, 3) “on 1-2 evening/night per week”, 4) “on 3—5 evenings/nights per week”, and 5)
“every evening/night or almost every evening/night”. Participants were classified as having RLS if they reported
symptoms on at least 3 evenings/nights per week, following international criteria.*®

Weekly metabolic equivalent values in minutes (MET-minutes) were calculated from self-reported weekly physical activities
in different activity categories.*” Physical activities were divided into groups (<100; 100 < and <1000; >1000 MET-minutes)
representing sedentary, normal activity, and highly active lifestyles.>® Data on the use of hypnotics (including Z-drugs and
benzodiazepines), antipsychotics (used as sleep aids), and sedating antidepressants were also collected.

Statistical Analysis and Selection of the Models

All analyses were performed using Stata 19.5 (StataCorp LLC, USA). Descriptive statistics for continuous variables are
presented as means with 95% confidence intervals (CIs). The Shapiro—Wilk test was conducted to check for normality in
the distributions. Depending on the distribution of the continuous variables, either the Student’s ¢-test or the Mann—
Whitney U-test was applied. Categorical variables are reported in terms of frequency and percentages and were analysed
using Pearson’s chi-square test and Fisher’s exact test. A P-value <0.05 was considered statistically significant.

The time variable was defined as the number of days from the date when the first questionnaire was answered to the latest
known time point when the patient was alive (which could include the date of the second questionnaire, the last known
contact, or the confirmed time of death). Variables included in the mortality models were selected based on established
predictors and potential confounding factors. Physical activity was incorporated into the models as a known factor influencing
survival and a possible surrogate marker for overall poor health. We included frequent daytime napping in the analyses as
a potentially clinically significant sleep related variable and potential confounder. For mortality analyses, we used the Nelson-
Aalen estimator and Cox proportional hazards models. Models were constructed using both forward and backward stepwise
methods (for entry p< 0.1, for removal p>0.15). Variables were retained if their removal worsened model fit using the Akaike
information criterion (AIC). Primary model 1 was designed to assess total sleep duration, while primary model 2 focused on
evaluating the associations between chronotype and mortality. A limited number of biologically plausible interaction terms
were tested, including interactions between chronotype and total sleep time (TST), 24-hour total sleep time (TST24h) and
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sleep timing variables, as well as between sleep duration, age and gender. Sensitivity analyses were performed to assess the
reliability of the findings, including models using alternative sleep duration definitions (TST and TST24h) and models with
and without adjustment for physical activity or daytime napping. Fully adjusted models including all available covariates
were also examined. Model stability was assessed by calculating the events-per-variable ratio (EPV). The command
“margins” was used to evaluate the average predicted probability of death with different sleep duration estimates.

The proportionality assumption in the Cox proportional hazards models was confirmed using time-interaction
covariates and using Schoenfeld residuals (global and covariate-specific tests) and visual inspection of scaled
Schoenfeld residual plots. To assess the robustness of the observed associations to potential unmeasured confounding,
we calculated E-values for the primary sleep duration and mortality association.

Results
A total of 855 participants completed the initial questionnaire, resulting in a response rate of 59%. Information regarding
mortality was collected through a follow-up questionnaire and the national death registries. Thirty-nine participants were
lost to follow-up due to factors such as potential name changes, relocation abroad, lack of address or telephone
information, or being untraceable in address registers. Complete data were gathered from 435 subjects who fully
answered the first questionnaire and provided mortality information through the second questionnaire and national
registries, yielding a response rate of 51% from the initial 855 participants.

Of the final study population, 336 individuals were alive at follow-up, while 99 had died. The mean follow-up period
was 4.3 years, with a range from 0.3 to 7.0 years. The selection process for the study population is illustrated in
Supplement Figure 1.

The final study population was older compared to those excluded due to incomplete data, as shown in Supplement
Table 1. Sleep duration was in similar range between included and excluded subjects.

The demographics of the study population are presented in Table 1, which included 238 men and 197 women, all of
whom were Caucasian. The subjects who passed away were generally older, slightly thinner, had a longer duration of

Parkinson’s disease, experienced higher levels of depression, and took daily naps more frequently. Additionally, they

Table | Demographic Characteristics of Participants

All; % or Mean (95% CL); n = 435 | Survived n = 336 | Deceased n= 99 | P-value
Age (years) 67.7 (66.9-68.6) 66.5 (65.6-67.4) 72.1 (70.2-73.8) <0.001
Gender (male) 54.7% (50.0-59.4) 53.1% (47.6-58.5) 60.0% (49.7-69.7) | 0.23
BMI (kg/m?) 26.7 (26.3-27.1) 27.1 (26.6-27.5) 25.4 (24.7-26.2) 0.01
STOP 1.6 (1.5-1.7) 1.6 (1.4-1.7) 1.8 (1.6-2.1) 0.09
Sleep apnea (STOP 2 2) 50.6% (45.8-55.4) 49.7% (44.2-55.2) 53.5% (43.2-63.6) | 0.64
Restless Legs Syndrome 18.4% (14.9-22.5) 17.4% (13.5-22.0) 21.9% (14.1-31.5) | 0.28
Duration of PD (years) 6.3 (5.9-6.7) 5.8 (5.4-6.2) 8.1 (6.9-9.2) <0.001
LED (mg) 646 (609-683) 631 (589-673) 696 (622-771) 0.055
Sleepiness (ESS score) 8.4 (7.9-8.9) 8.6 (8.0-9.1) 7.9 (6.9-9.0) 0.26
Depression (WHO-5 <50) 44.2% (39.4-49.0) 39.5% (34.2-44.9) 60.0% (49.7-69.7) | <0.001
Daily or almost daily naps 28.1% (24.0-32.6) 25.2% (20.7-30.2) 38.0% (28.5-48.3) | 0.013
Sleep duration (TST) 7.5 (7.4-7.7) 7.4 (7.3-7.5) 8.0 (7.7-8.3) 0.001
Total sleep time (TSTo4n) 7.3 (7.2-7.5) 7.1 (6.9-7.3) 8.0 (7.5-8.6) 0.036

(Continued)
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Table | (Continued).

All; % or Mean (95% CL); n = 435 | Survived n = 336 | Deceased n= 99 | P-value
Need for sleep (h) 7.9 (7.8-8.1) 7.8 (7.7-8.0) 8.3 (7.9-8.6) 0.036
Sleep debt (h) 0.6 (0.5-0.8) 0.7 (0.6-0.9) 0.2 (-0.2-0.7) 0.035
Long sleepers (TST 2 8h) 37.5% (33.042.3) 32.9% (27.9-38.2) 53.0% (42.6-63.1) | <0.001
Average sleepers (TST 27 hand TST <8 h) | 27.1% (22.9-31.3) 29.5% (24.6-34.4) 19.2% (11.3-27.1) | 0.05
Short sleepers (TST <7 h) 35.6% (31.140.2) 37.8% (32.643.0) 28.3% (19.3-37.3) | 0.1
Morningness-eveningness
Morning type 53.5% (48.7-58.3) 55.2% (49.7-60.6) | 48.0% (37.9-58.2) | 0.21
Unspecified 25.4% (21.4-29.8) 24.3% (19.8-29.3) 29.0% (20.4-38.9) | 0.35
Evening type 21.1% (17.3-25.2 20.5% (16.3-25.2) 23.0% (15.2-32.5) | 0.59
Mean physical activity (MET-minutes) 220 (190-252) 252.2 (213-290) 115 (78-152) <0.001
Sedentary (MET<100) 15.1% (11.9-18.8) 13.4% (10.0-17.5) 21.0% (13.5-30.3) | 0.06l
Active (MET 2100 and <1000) 69.8% (65.3-74.1) 68.2% (63.0-73.2) 75.0% (65.3-83.1) | 0.20
Highly active (MET=1000) 15.1% (11.9-18.8) 18.4% (14.4-23.0) 4.0% (1.1-10.0) <0.001
Nighttime awakenings (number) 2.2 (2.1-2.3) 2.1 (2.0-22) 2.5 (22-27) 0.007
Hypnotics 13.8% (10.7-17.4) 12.5% (9.2-16.5) 18.2% (11.1-27.2) | 0.15
Antipsychotics as sleep medicines 1.6% (0.6-3.3) 1.2% (0.3-3.0) 3.0% (0.6-8.6) 0.20
Sedating antidepressants 4.4% (2.6-6.7) 4.5% (2.5-7.3) 4.0% (1.1-10.0) 0.86

Notes: P-value is calculated for survived vs deceased. Statistically significant differences between survived and deceased (P-value <0.05) are printed in bold.
Abbreviations: PD, Parkinson disease; BMI, Body Mass index; STOP, A sleep apnea questionnaire: Snoring, Tiredness, Observed apneas, high blood Pressure; LED,
Levodopa equivalent dose; ESS, Epworth Sleepiness Score; WHO-5, WHO-5 well-being scale; TST, Nighttime sleep duration; TST,4, Total sleep time per 24 hours,
including naps; MET, Metabolic equivalent task.

reported longer nighttime sleep and total 24-hour sleep durations. These deceased individuals were less physically active
and encountered more nighttime awakenings compared to those who were still alive at follow-up. However, there was no
difference in chronotype between the deceased and the surviving subjects.

The calculated mean nighttime sleep duration (TST), based on bedtimes and sleep latency, was 7.5 hours (95%
confidence interval (CI), 7.4-7.7; median, 7.5; interquartile range [IQR], 6.5-8.5). The self-reported mean total daily
sleep time (TST,4p) was 7.3 hours (95% CI, 7.2-7.5; median, 7; IQR, 6.0-8.0).

Cox Hazard Models

We examined the relationship between sleep duration and mortality using survival models (Table 2). Longer sleep
duration was associated with higher mortality. This relationship was assessed through various methods, including plotting
data, categorizing variables, and conducting margins analysis. Unadjusted Nelson-Aalen survival curves for different
sleep durations are presented in Figure 1.

No violations of the proportional hazards assumption were detected based on Schoenfeld residuals (global and
covariate-specific tests) and visual inspection of scaled Schoenfeld residual plots (Supplement Figures 2—11).

In univariable models, several factors were linked to higher mortality, including age, lower body mass index (BMI),
the duration of Parkinson’s disease (PD), depression, daily or almost daily napping, and sleep duration. However,

chronotype did not show any significant association with mortality.
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Table 2 Hazard Ratios for Mortality in Parkinson’s Disease (N=435, Number of Events = 99)

Univariable
Model, EPV=99

Primary Model
I, EPV=12

Primary Model
2, EPV=12

Sensitivity Model,
Fully Adjusted,

HR (95% CI) HR (95% CI) HR (95% CI) EPV=12
Age 1.07 (1.04-1.10) 1.05 (1.03-1.08) 1.06 (1.03-1.09) 1.06 (1.03-1.08)
Gender (male) 1.34 (0.90-2.0) 1.54 (1.02-2.33) 1.55 (1.02-2.36) 1.60 (1.04-2.48)

BMI (kg/m?)

0.93 (0.89-0.98)

0.92 (0.87-0.98)

0.92 (0.87-0.97)

0.92 (0.87-0.98)

Sleep apnea (STOP22)

117 (0.79-1.74)

1.23 (0.81-1.86)

RLS (23 diw)

1.28 (0.80-2.05)

0.89 (0.53-1.48)

PD duration 1.09 (1.05-1.14) 1.06 (1.01-1.10) 1.06 (1.02-1.11) 1.06 (1.01-1.11)
LED 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Depression (WHO-5 <50) 1.98 (1.33-2.96) 1.85 (1.22-2.81) 1.85 (1.22-2.82) 1.76 (1.15-2.70)
Daily or almost daily naps 1.61 (1.07-2.41) 0.96 (0.61-1.49) 1.06 (0.69-1.63) 0.96 (0.61-1.50)
Sleep duration

Sleep duration (TST) 1.31 (1.15-1.49) 1.16 (1.01-1.33) 1.17 (1.01-1.35)
Sleep (TST <7h) 0.64 (0.41-0.99)

Intermed (TST 27 to <8) 0.65 (0.40-1.07)

Long sleep (TST 28) 2.05 (1.38-3.04)

Morningness - eveningness

Morning type 0.78 (0.52-1.15) 0.81 (0.50-1.29) 0.88 (0.55-1.43)
Middle/Unspecified 1.32 (0.85-2.04) Base Base

Evening type 1.06 (0.67-1.70) 0.77 (0.43-1.36) 0.85 (0.47-1.52)
Physical activity

Sedentary (MET<100) 1.32 (0.82-2.15) 0.99 (0.59-1.66) 1.10 (0.65-1.86) 1.05 (0.61-1.79)
2100 and <1000 Base Base Base Base

Active (MET=1000) 0.24 (0.09-0.65) 0.32 (0.11-0.87) 0.30 (0.11-0.84) 0.32 (0.12-0.89)

Notes: Primary model | was used to study total sleep duration. Primary model 2 tested associations between chronotype and mortality. P-value is calculated
for survived vs deceased. Statistically significant differences (P-value <0.05) are printed in bold.

Abbreviations: EPV, Events per variable; PD, Parkinson disease; BMI, Body Mass Index; STOP, A sleep apnea questionnaire: Snoring, Tiredness, Observed
apneas, high blood Pressure; RLS, symptoms of restless legs syndrome 2 3 days per week; LED, Levodopa equivalent dose; WHO-5, WHO-5 well-being scale;
TST, Nighttime sleep duration; MET, Metabolic equivalent task.

Short sleep duration (< 7 hours per night) was linked to lower mortality, with a hazard ratio (HR) of 0.64 (95% CI
0.41-0.99), P=0.044. In contrast, average sleep duration (between 7 and 8 hours) was not associated with mortality,
yielding an HR of 0.65 (95% CI 0.40-1.07), P=0.091. Longer sleep duration (> 8 hours) was linked to increased
mortality, with an HR of 2.05 (95% CI 1.38-3.04), P<0.0001. This is seen also in margins plot given in Supplement
Figure 12. When adjusted for same covariates as in model 1 (Table 2), short sleep duration (< 7 hours per night) was no
longer associated with lower mortality, showing an HR of 0.82 (95% CI 0.52—-1.30), P=0.401.

The use of sleep medications was not associated with mortality in the univariable models: hypnotics (HR 1.37, 95%
CI 0.80-2.33), P=0.255, antipsychotics (HR 3.00, 95% CI 0.93-9.43), P=0.065, and sedating antidepressants (HR 0.85,
95% CI 0.31-2.30), P=0.744.
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0.40 1
0.30
—— Short sleep duration (<7h)
0.204 —— Intermediate sleep duration (>=7 to <8h)
' —  Long sleep duration (>=8h)
0.10
0.00

1 2 3 4 5
Analysis time

Number at risk
Short 152 151 146 134 54
Intermediate 116 112 109 98 29
Long 157 148 137 115 44

Figure | Unadjusted Nelson-Aalen survival estimates for different sleep durations.

We constructed Cox proportional hazards models using the most promising variables from the univariable models, with
gender included as a potential confounder. In all models, we used the middle categorical value of physical activity as
areference. Primary model 1 tested the association between sleep duration and mortality, while Primary model 2 focused on
chronotype and its association with mortality. Interaction variables involving age, gender, chronotype and total sleep time
(TST), or TST over 24 hours (TST,y4;,) did not demonstrate significance and were excluded from all models. Additionally,
sensitivity analyses indicated that disturbed nighttime sleep did not impact the results. Model 1 without physical activity
yielded similar results, with TST remaining associated with mortality (HR 1.22 (95% CI, 1.06—1.40), p = 0.005).

In the fully adjusted sensitivity model, sleep duration, age, gender, PD duration, and depression all showed
associations with increased mortality. Conversely, higher BMI and high levels of physical activity (defined as weekly
metabolic equivalent of task [MET] minutes >1000) were associated with lower mortality. High probability of sleep
apnea (STOP>2 points) was not associated with mortality.

The E-value for the association between sleep duration and mortality was 1.95 and 1.57 for the lower confidence limit.

Sleep Duration

To confirm the findings, all models were reanalyzed using total sleep time over a 24-hour period (TSTo4p,). TSTo4, Was
linked to higher mortality in the univariable model, showing a hazard ratio (HR) of 1.24 (95% CI, 1.14-1.35), P<0.0001.
With the covariates from primary Model 1, the HR for TST,4, was 1.18 (95% CI, 1.07-1.31), P=0.001. The fully
adjusted sensitivity model (Table 2) produced an identical estimate for TST,4,: HR 1.18 (95% CI, 1.07-1.31), P=0.002.

The study also evaluated the potential of sleep duration (TST) to categorize subjects into different phenotypes,
as illustrated in Table 3. Long sleepers were generally older, took lower mean doses of levodopa, napped more
frequently, reported greater levels of sleepiness, and were more often evening-oriented compared to short sleepers.
Notably, long sleep duration was not linked to factors that typically disturb nighttime sleep, such as depression or
nighttime awakenings often associated with insomnia. Additionally, the use of sleep medication was similar across
individuals with varying sleep durations. We also used TST,y;, to categorize sleep duration. The results were in the
same magnitude as using TST as the base value.

Self-reported sleep needs correlated with increased mortality in a univariable model, the HR was 1.23 (95% CI,
1.10-1.38), P=0.001, but not in the multivariable model, adjusted for age, gender, BMI, PD duration, LED, naps,
depression, and physical activity, with an HR of 1.14 (95% CI, 0.99-1.31), P=0.06. Conversely, sleep debt was
negatively associated with mortality, with an HR of 0.79 (95% CI, 0.70-0.90) in the univariable model and an HR of
0.83 (95% CI, 0.73-0.95), P=0.005 in the multivariable model.
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Table 3 Characteristics of Participants with Different Nighttime Sleep Duration

Short Duration

P (Short vs Intermed)

Intermediate Duration

P (Intermed vs Long)

Long duration (=8h)

P (Short vs Long)

(<7h); n= 155 (=7 to <8 h); n=118 n= 162
Age (years) 65.6 (64.3-66.9) 0.13 67.2 (65.6-68.9) 0.006 70.1 (68.7-71.5) <0.001
Gender (male) 55.5% (47.3-63.5) | 0.62 58.5% (49.0-67.5) 0.23 51.2% (43.3-59.1) 0.45
BMI (kg/m?) 26.9 (26.3-27.6) 0.51 26.7 (26.0-27.5) 0.54 26.4 (25.7-27.1) 0.25
STOP score 1.6 (1.5-1.8) 0.94 1.6 (1.4-1.8) 0.99 1.6 (1.5-1.8) 0.87
Sleep apnea (STOP 2 2) 51.0% (43.0-58.9) | 0.69 53.4% (44.3-62.5) 0.39 48.1% (40.1-55.6) 0.62
RLS (= 3 diw) 18.5% (12.2-24.8) | 0.38 13.8% (7.4-20.2) 0.12 21.8% (15.2-28.3) 0.57
Duration of PD (years) 6.2 (5.6-6.7) 0.27 6.1 (5.3-6.8) 0.42 6.7 (5.9-7.5) 0.88
LED (mg) 722 (659-786) 0.02 618 (551-684) 0.45 595 (535-654) 0.001
Sleepiness (ESS score) 9.3 (8.5-10.1) 0.03 8.0 (7.1-8.8) 0.6l 7.9 (7.1-8.7) 0.006
Depression (WHO-5 < 50/100) 47.7% (39.7-55.9) | 0.38 42.4% (33.3-51.8) 0.96 42.1% (34.4-50.0) 0.31
Daily or almost daily naps 18.7% (12.9-25.8) | 0.50 22.0% (14.9-30.6) 0.001 41.5% (33.8-49.4) <0.001
Sleep duration (TST, h) 6.1 (6.0-6.1) <0.001 7.4 (7.3-74) <0.001 9.0 (8.9-9.2) <0.001
Need for sleep (h) 7.3 (7.1-7.5) <0.001 7.8 (7.6-8.0) <0.001 8.6 (8.4-8.9) <0.001
Sleep debt (h) 1.2 (1.0-3.5) 0.001 0.8 (0.6—1.0) <0.001 0.0 (-0.3-0.3) <0.001
Morningness-eveningness
Morning type 50.3% (42.2-58.4) | 0.006 67.0% (57.7-75.3) 0.001 47.0% (39.1-54.9) 0.55
Evening type 18.1% (12.4-25.0) | 0.54 15.3% (9.3-23.0) 0.011 28.0% (21.3-35.6) 0.035
Unspecified 31.6% (24.4-39.6) | 0.0l 17.8% (11.4-25.9) 0.15 25.0% (18.6-32.3) 0.19
Mean physical activity (MET-minutes) | 557 (464—650) 0.27 642 (516-767) 0.01 478 (393-562) 0.12
Sedentary (MET<100) 13.5% (62.5-77.4) | 0.68 11.9% (6.6—19.1) 0.68 18.9% (13.2-25.7) 0.20
=100 and <1000 70.3% (62.5-77.4) 1.0 70.3% (61.2-78.4) 1.0 68.9% (61.2-76.0) 0.78
Active (MET=1000) 16.1% (10.7-22.9) | 0.72 17.8% (11.4-25.9) 0.72 12.2% (7.6-18.2) 0.31
Nighttime awakenings (number) 2.1 (2.0-23) 0.87 2.2 (1.9-24) 0.87 2.3 (2.1-2.5) 0.54
Hypnotics 12.9% (0.8-19.2) 0.87 13.6% (8.0-21.1) 0.87 14.8% (9.7-21.2) 0.62
Antipsychotics as sleep medicines 1.3% (0.2-4.6) 1.0 0.8% (0.02—4.6) 0.60 2.5% (0.7-6.2) 0.73
Sedating antidepressants 3.9% (0.8-6.9) 0.28 7.6% (2.8-12.5) 0.08 2.5% (0.7-6.2) 0.69

Notes: P-values are calculated for differences between groups. Statistically significant differences (P-value <0.05) are printed in bold.

Abbreviations: BMI, Body Mass Index; STOP, A sleep apnea questionnaire: Snoring, Tiredness, Observed apneas, high blood Pressure; RLS, symptoms of restless legs syndrome = 3 days per week; PD, Parkinson’s disease; LED, Levodopa

equivalent dose; WHO-5, WHO-5 well-being scale; TST, total nighttime sleep duration; MET, Metabolic equivalent task.
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Discussion

The data support our hypotheses regarding the relationship between higher Parkinson’s disease (PD) mortality and longer
sleep duration. Our analysis revealed that longer sleep duration was consistently associated with increased mortality across
all tested models. At the same time sleep debt was associated with lower mortality rates. Interestingly, we did not observe any
increase in mortality among subjects with a later chronotype. Additionally, factors such as age, duration of PD, and
depression were associated with higher mortality rates, whereas a higher body mass index (BMI) and increased physical
activity were associated with lower mortality. Because physical activity could act as a collider, its inclusion could introduce
bias. However, results regarding sleep duration were similar with and without adjustment for physical activity.

We used a single item to evaluate morningness—eveningness, similar to the final question of the reduced Morningness—
Eveningness Questionnaire, which has the highest correlation with the full MEQ.?® Single-item measures of morningness—
eveningness cannot capture intermediate chronotypes and the subjectively perceived chronotype could misalign with intrinsic
circadian preference. Although we did not observe an association between circadian preference and mortality, objectively
measured circadian rthythms may still be relevant to Parkinson’s disease progression and survival.

Both nighttime sleep duration (TST) and 24-hour sleep duration (TST,y4,), which includes daytime napping, were
used in this study. The average TST,4y,, derived from a single question, was shorter than the TST calculated from the time
of falling asleep to the time of waking up.

Previous research indicates that individuals with poor sleep frequently underestimate their subjective sleep duration.
In an earlier study, 37% of participants reported chronic insomnia symptoms, which may contribute to underestimation.”

The results are consistent with findings from a large survey examining estimation bias and the agreement between
self-reportedsleep duration methods. Sleep durations reported using a single subjective assessment tended to be shorter
than those calculated from sleep onset to offset.*® These findings indicate that measuring total sleep time based on sleep
onset and offset provides a reasonable estimate of average nightly sleep duration.

Analyses were conducted using both TST and TST,4, estimations. The choice of method did not alter the observed effects
of sleep duration on mortality. Longer sleep duration was consistently associated with higher mortality, regardless of the
measurement approach. When using categorical values, higher mortality was observed among subjects with TST >8 hours.
This change is unlikely to happen exactly at 8 hours. In addition individuals tend to report sleep duration in rounded numbers,
so our reported categories should be interpreted as approximations rather than exact biological thresholds.

Longer naps have been linked to neurodegeneration.*! A large US study found that increased daytime napping, but
not total sleep time, correlated with Parkinson’s disease (PD) and poor health.** In addition to poor health, frequent
napping may indicate daytime sleepiness and unmet sleep needs. In our study, short sleepers had higher daytime
sleepiness, as measured by ESS, and higher LED (see Table 3). However, frequent napping was linked to mortality
only in univariable analysis. While increased napping could be a risk factor for PD, nighttime sleep duration appears
more critical to mortality in people with PD.

There is evidence that longer sleep duration is associated with a higher risk of developing Parkinson’s disease
(PD)."*'* The Nurses’ Health Study indicated that more years in rotating shift work and short sleep were associated with
a lower risk of developing PD."* Additionally, a higher awakening index in polysomnography appears to protect against
Parkinson’s disease.'* Indirectly, our results in patients with PD align with the adverse effects of long sleep duration
related to development of PD, as they demonstrate that longer sleep duration is also related to a worse prognosis of PD.

The relationship between sleep duration and mortality is complex. In general, shorter sleep or a U-shaped sleep length has
been associated with higher mortality. This information has been available in the literature for decades. In this PD population,
shorter sleep was associated with lower mortality, which should not be interpreted as evidence of a protective effect.

Longer sleep duration may be related to sleep fragmentation, which has been associated with increased Parkinson’s
disease (PD) pathology in older individuals without a PD diagnosis.** In our study, nighttime awakenings, depression
rates, hypnotic use, and medication intake did not differ by sleep duration or relate to mortality. Additionally, the rate of
depression did not correlate with sleep duration. The use of hypnotics was similar among subjects with different sleep
durations. No association was found between the intake of hypnotics or other medications and mortality. Although the
exact dosing times of dopaminergic drugs were not recorded, the mean levodopa equivalent dose (LED) was lower
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among subjects with longer total sleep time (TST) compared to short sleepers, with no difference in disease duration. The
difference in daily levodopa dose could be attributed to different disease phenotypes, such as poor response to treatment,
insufficient treatment, or incorrect diagnosis. It has been proposed that the “sleepy” Parkinson subtype, characterized by
daytime sleepiness, could be more vulnerable to dopamine D5 agonist side effects, but lower levodopa intake alone likely
does not explain higher mortality.**

We included weekly physical activity in the models as a potential marker of overall health. Physical activity has been
associated with better outcomes in PD.** Also in our study, higher physical activity was observed as a protective trait.
However, no increase in mortality was observed among sedentary subjects. We hypothesized that more active subjects
might sleep less, but this could not be confirmed. There was no association between the amount of physical activity and
sleep duration.

The reasons for this finding are not clear. Longer sleep may reflect neurodegeneration of wake-promoting systems.'®+
Behavioral factors may also play a role, as individuals who sleep less and report less sleepiness may have a more active
lifestyle, which is associated with better overall health outcomes. Several biological pathways could link sleep duration to
PD progression, including impaired glymphatic flow, neuroinflammation and altered sleep architecture.***> However, these
mechanisms were not assessed in this study. Future studies should integrate objective sleep measures, biomarkers and
longitudinal design to clarify whether sleep duration reflects PD pathology, progression or prognosis.

The strength of our study lies in its prospective design and large sample size of patients with PD, which enables the
investigation of associations between sleep behaviour and mortality in PD. Included and excluded participants were
similar across baseline characteristics, though excluded individuals were slightly older. Because age relates to both sleep
measures and mortality, this difference could introduce some selection bias. Complete information about the variables
used in the study was available. The sample includes subjects from all geographic areas in Finland. Inclusion bias was
minimized by allowing family members and healthcare personnel to assist in completing the questionnaire. If subjects did
not respond, they were contacted by telephone.

This study has several limitations. Causal inferences cannot be made from an observational study. Residual
confounding and misclassification of sleep measures may remain despite adjustments. Because sleep duration and
chronotype were assessed cross-sectionally, we could not account for changes over time or prior to the first questionnaire.
Unfortunately, wake after sleep onset times (WASO) were not collected, so total sleep times (TST) may be over-
estimations of true sleeping times. However, the conclusions would likely remain the same even if WASO had been
available as it would probably affect all sleep duration categories similarly. In addition, our results were not affected by
factors that could lead to increased WASO, such as sleep apnea, disturbed nighttime sleep, or RLS.

Self-estimated sleep duration is an easy and feasible way of estimating habitual sleep time. Self-estimated sleep
duration may differ from the actual sleep duration. Many biases arise from self-reported data that can result in over and
underestimation of sleep duration. To minimise bias, we used a validated Basic Nordic Sleep Questionnaire to inquire
about bedtimes and sleep duration.”” Nevertheless, conditions such as insomnia or sleep apnea can affect the perception
of sleep duration, often leading to a misestimation of actual sleep time. Calculating sleep duration from sleep onset and
offset may be more accurate than a single question asking for sleep length.*® Although self-reports of sleep durations are
not exact, they can still be useful for identifying general sleep patterns in epidemiological studies, especially when
polysomnography is not feasible. For a more accurate assessment of habitual sleep length, combining self-reports with
objective measures like actigraphy or smart devices can provide a more comprehensive picture. Unfortunately, such
devices are not feasible in an epidemiological and registry based study.

Classification of chronotype is highly subjective in our study. Some misclassification is therefore possible, but is
likely minor problem and would bias associations toward the null. Despite limitations, single-item chronotype assess-
ments are widely used and accepted in large epidemiological studies.

One limitation is the lack of information regarding the duration of daytime naps. The frequency of naps per week was
recorded, but the average length of naps was not separately assessed.

Another limitation is the absence of data on the exact time of death (over 24 hours). Although the date of death was requested,
the estimated time of death was not specified. However, previous studies indicate that cardiovascular deaths most commonly

occur in the morning hours between 9 and 11 am, and patients with Parkinson’s disease (PD) often die around 9 am.*
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Causality between mortality and sleep duration cannot be inferred from these observational data. These findings
should be interpreted in light of the questionnaire-based assessment and require replication in independent cohorts,
preferably with objective sleep measurements. The information is based on a questionnaire without objective measure-
ments, which affects data accuracy, particularly in estimations of sleep duration and chronotype. Self-reported sleep
duration tends to overestimate objectively measured sleep duration, although correlations are consistent across age, sex,
and varying sleep durations.*’ Clinical confirmation of Parkinson’s disease was not possible due to resource constraints;
however, only cases diagnosed by a neurologist and recorded in the Finnish Parkinson’s Disease Registry were included.
Some diagnostic inaccuracies may persist given the difficulty distinguishing PD from other extrapyramidal disorders.

Conclusions

Self-reported longer sleep duration was associated with higher mortality in this cohort of patients with PD, whereas
chronotype was not associated with mortality. The underlying mechanisms warrant further investigation. Longer sleep
may reflect disease-related factors or behavioral patterns rather than a direct causal effect. Future studies should explore
if sleep duration is a marker of disease progression or whether related factors, such as social activity and well-being,
contribute to prognosis. These findings do not imply that shorter sleep is beneficial, but it is worth exploring if sleep-
related factors could be modifiable risk factors in PD.
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