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Abstract

Obijective: To examine the association of sleep disturbance with Parkinson’s Disease (PD) during
10+ years of follow-up among post-menopausal women, 50-79 years of age at baseline.

Methods: Longitudinal data on 130,502 study-eligible women (mean + standard deviation
baseline age=63.16+7.20 years) from the Women’s Health Initiative Clinical Trials (WHI-CT) and
Observational Study (WHI-OS) were analyzed. The cohort was followed for 15.88 + 6.50 years,
yielding 2,829 (2.17%) PD cases. Sleep disturbance (habitual sleep duration, insomnia symptoms,
obstructive sleep apnea (OSA) risk factors, sleep aids among those with WHI Insomnia Rating
Scale scores (WHIIRS)>9) was measured at baseline and one follow-up time by September 12,
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2005. Cox proportional hazards models evaluated relationships controlling for socio-demographic,
lifestyle and health characteristics.

Results: PD was significantly associated with long sleep duration (=9 hours) versus a benchmark
of 7-8 hours (hazard ratio (HR)=1.296, 95% confidence interval (Cl):1.153-1.456), WHIIRS
(>9vs.<9) (HR=1.114, 95% CI:1.023-1.214), and use of sleep aids (yesvs.no) (HR=1.332, 95%
Cl:1.153-1.539) among those with WHIIRS >9. Compared to 7-8 hours, short (<7 hours) sleep
duration was unrelated to PD. Finally, the presence of OSA risk factors was not associated with
PD.

Conclusions: Among post-menopausal women, sleep disturbance was associated with
approximately 10-30% increased PD risk after ~16 years follow-up. Prospective cohort studies
with objective exposures and adjudicated outcomes that include men and women of diverse
backgrounds are required to confirm and extend these findings.
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INTRODUCTION:

Empirical evidence has established sleep as a restorative process that can have an impact

on multiple organ systems.! Aging is frequently accompanied by worsening of sleep quality
with a prevalence rate of poor sleep quality up to 36-69% among older adults.23 Previous
work has shown that both short and long sleepers experience increased morbidity and
mortality risks.# Insomnia symptoms such as difficulties falling asleep, waking during the
night, staying asleep, waking early, getting back to sleep and non-restorative sleep are
implicated in earlier onset of chronic conditions, including type 2 diabetes, cardiovascular
disease, cancer and cognitive decline.2® Obstructive sleep apnea (OSA), a sleep disorder
that has been shown to increase with age, especially among postmenopausal women, is
characterized by repetitive upper airway closure, resulting in disrupted sleep and nocturnal
hypoxemia and has been linked to oxidative stress, systemic inflammation and increased
risks of hypertension, type 2 diabetes, metabolic syndrome, coronary heart disease, stroke,
depression, cognitive impairment, motor vehicle accidents and death.6- There has been
more limited work linking sleep to onset, progression and exacerbation of neurodegenerative
disorders such as Alzheimer’s disease (AD), Huntington’s disease, Amyotrophic lateral
sclerosis and Parkinson’s disease (PD).19 Neuropathological pathways that may be
involved in the putative sleep-neurodegenerative disorder link include the neuroendocrine
stress axis, hippocampal neuroinflammation and oxidative stress, interrupted hippocampal
neurogenesis, aging-related protein misfolding, and consequently brain aging.1!

Caused by the loss of dopaminergic cells in the substantia nigra pars compacta, PD is the
second most frequently diagnosed neurodegenerative disorder after AD, affecting 2% of
older adults.12-14 Cardinal motor symptoms!® of PD are tremor, rigidity and bradykinesia,
but non-motor symptoms (NMS) including impairments of memory, affect, autonomic
function, and sleep are often present and may adversely impact quality of life.10 Sleep
disorders commonly diagnosed among individuals with PD including insomnial®16, Rapid
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eye movement behavior disorder (RBD)3:10.16-18 0SA3.10.17.18 perjodic limb movement
disorder3:10.16.17 restless leg syndrome3:10.16.17.19 and nocturial®, may precede onset of
PD motor symptoms or can manifest as sleep disturbances associated with underlying
neurodegeneration.10.15 As such, sleep disturbance identified at an early stage could be a
biomarker of undiagnosed PD or be associated with the future diagnosis of PD.

Although research has established PD as more prevalent among men versus women, women
are more likely than men to experience sleep problems especially after menopause, with
35%-60% of postmenopausal women reporting significant sleep disturbance.2® Among
PD-diagnosed individuals, sleep disturbances were more frequent among women than

men, with evidence for sex differences in terms of difficulty maintaining sleep, excessive
dreaming, but not difficulty initiating sleep.3 Whereas the bulk of evidence linking sleep
disturbance to PD has originated from small clinical studies that often measured sleep
disturbance and PD simultaneously while emphasizing the role played by RBD315-19.21-
24 epidemiologic studies linking other sleep disturbances to PD are scarce. To date, few

of these studies have capitalized on large, prospective cohort studies to examine multiple
indicators of sleep disturbance as predictors of future PD diagnosis among postmenopausal
women. The purpose of this prospective cohort study is to examine habitual sleep duration,
insomnia symptoms, OSA risk factors and use of sleep aids (in the context of insomnia
symptoms) in relation to PD diagnosis over a follow-up period that exceeds 10 years among
postmenopausal women who were 50-79 years at baseline and participated in the Women’s
Health Initiative Clinical Trials (WHI-CT) or the Women’s Health Initiative Observational
Study (WHI-OS). Establishing an association between the presence of sleep disturbances
and future PD diagnosis is a first step towards informing the need for more advanced study
designs that can evaluate screening for sleep disturbance as a strategy for early detection and
treatment of PD and other neurodegenerative disorders.

METHODS:

Data Source:

The Women’s Health Initiative (WHI) is a long-term study focused on strategies for
preventing heart disease, breast and colorectal cancers and osteoporosis in postmenopausal
women. The WHI study design, eligibility criteria, recruitment methods and measurement
protocols are described elsewhere.2526 Briefly, WHI-CTs (n=68,132) and WHI-OS
(n=93,676) are two components of the WHI (n=161,808). WHI collected data on a
multiethnic sample of postmenopausal women who were recruited and enrolled between
1993 and 1998 at 40 geographically diverse U.S. clinical centers. The WHI study received
institutional review board approval with informed consent from all participating clinical
centers. Whereas the WHI-CTs evaluated outcomes of menopausal hormone therapy
(Hormone Therapy [HT] Trials), calcium and vitamin D supplementation ([CaD] Trial),
and a low-fat eating pattern (Dietary Modification Trial), the WHI-OS evaluated causes
of morbidity and mortality in postmenopausal women. The main WHI studies occurred
between 1993 and 2005, and of 150,076 participants who were actively followed-up at the
end of these studies, 76.9% participated in Extension Study 1 (2005-2010) and 86.9% of
those eligible participated in Extension Study 2 (2010 to 2020).1.2:4-6.27
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Study Participants:

We performed secondary data analyses on WHI participants, 50-79 years of age at

baseline, who were followed-up for >10 years (using Extension Studies 1-2) to determine
incident PD. For current analyses, we excluded women who self-reported PD (“yes” for
“Parkinson’s Disease” when asked “Has a doctor told you that you have any of the
following conditions or have you had any of the following procedures?”) or had missing
data on PD or sleep variables at baseline. All WHI participants completed the same

baseline self-administered questionnaire covering demographics, general health, clinical and
anthropometric characteristics, functional status, healthcare behaviors, reproductive, medical
and family history, personal habits, thoughts and feelings, therapeutic class of medication,
hormones, supplements and dietary intake, and several of these characteristics were assessed
at later follow-up times.

Study variables:

Exposure variables: The baseline questionnaire includes 10 items focused on sleep,
and several of these items can be used to define exposure variables, namely, habitual

sleep duration, insomnia symptoms, OSA risk factors and use of sleep aids.8:27:28 Five of
these 10 items constitute the WHI Insomnia Rating Scale (WHIIRS), a valid and reliable
instrument developed by WHI researchers. The WHIIRS was administered at multiple time
points (forms 37 and 38) between baseline and follow-up visits by September 12, 2005,
with follow-up visits depending on the participants’ enrollment in WHI-CT or WHI-OS.
Among WHI-CT participants, WHIIRS was administered at baseline, year 1 and study
closeout (~ year 9) and a sub-sample completed sleep measures at years 3, 6 and 9. Among
WHI-OS participants, the WHIIRS was administered at baseline and year 3. We defined
baseline and time-varying sleep-related exposure variables using available measurements
taken at baseline and the time point closest to an event, taking follow-up exposure times
into consideration. Although measured at distinct follow-up times for each WHI participant,
repeated sleep measurements were highly consistent between baseline and follow-up time
points. The mean differences between baseline and follow-up time points in habitual sleep
duration and WHIIRS score were close to zero and the correlation in these measurements
between time points was approximately 0.64.

Subjective measure of habitual sleep duration: Participants were asked “about how many
hours of sleep did you get on a typical night during the last 4 weeks?” Taking current
evidence, sample size and recommendations by the American Academy of Sleep Medicine
and the Sleep Research Society into consideration, we identified self-reported short sleepers
as 6 or less hours, standard sleepers as 7-8 hours and long sleepers as =9 hours.24:9.28-34

Insomnia symptoms: Insomnia symptoms were evaluated using the WHIIRS3%-37 which
consists of five items covering sleep quality, trouble falling asleep, waking up several times
at night, waking up earlier than planned, and having trouble getting back to sleep after early
awakening during the past 4 weeks. By adding these five item scores, we calculated a global
score of insomnia symptoms that ranges between 0 and 20, with higher scores suggesting
more symptoms of insomnia. Based on previous studies, WHIIRS scores>9 were consistent
with diagnostic criteria for insomnia.1:2:1120.28,30,31,33,34,36-39
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Obstructive sleep apnea risk factors: Data on OSA risk factors not covered by WHIIRS
were collected at baseline, including obesity, snoring, diagnosis of hypertension and
presence of daytime sleepiness.®:30:33.37 Directly measured body mass index (BMI) was
categorized as “<25”, “25-29.9” and “>30” kg/m? and obesity was defined as BM1=30
kg/m2. Sleep variables included snoring (“Did you snore?”) and daytime sleepiness (“Did
you fall asleep during quiet activities like reading, watching TV, or riding in a car?”).
Hypertension was defined as being told by a physician that they had high blood pressure,
systolic blood pressure>140 mm Hg and/or diastolic blood pressure>90 mm Hg, and/or
use of antihypertensive medication. The presence of OSA risk factors was defined as
having BMI=30 kg/m?2, snoring=3 times per week, daytime sleepiness=3 times per week
and/or diagnosis of hypertension. We excluded restless or poor sleep quality and nighttime
awakenings=3 times per week from the overall index of OSA risk factors since these
indicators were already covered by the WHIIRS.6:30.33.37

Sleep aids: WHI participants were asked “Did you take any kind of medication or alcohol
at bedtime to help you sleep?”, with possible responses being “No, not in past 4 weeks”,
“Yes, less than once a week”, “Yes 1 or 2 times a week”, “Yes, 3 or 4 times a week”, “Yes, 5
or more times a week” and “Missing”. Self-reported use of sleep aids was defined as a “Yes”
or “No” variable.

Parkinson’s Disease: Incident PD was defined at each available year of follow-up, and
included self-reported PD diagnosis (“yes” when asked “Has a doctor ever told you that

you have Parkinson’s disease”), deaths attributed to PD and/or use of medications consistent
with PD diagnosis (Medication forms 44 and 153, Therapeutic Classes of 730000-734030),
as previously reported by another WHI-based study.*? Time-to-event, whether incident PD,
death or loss to follow-up, was calculated from the baseline questionnaire until March 1,
2019.

Covariates: Socio-demographic (WHI component, age, race/ethnicity, marital status,
education, household income), lifestyle (smoking status, alcohol use, physical activity)
and health (BMI, history of cardiovascular disease, history of hypertension, history of
diabetes, history of hyperlipidemia, depressive symptoms, self-rated health) characteristics
were examined only at baseline, irrespective of their availability at later time points.
Frequency and duration of walking, mild, moderate and strenuous physical activities

over the past week were assessed and total weekly kilocalories of energy expenditure
were calculated in metabolic equivalents. History of cardiovascular disease was defined

in terms of previous coronary heart disease (myocardial infarction, coronary angioplasty
and/or coronary artery bypass graft), angina, aortic aneurysm, carotid endarterectomy or
angioplasty, atrial fibrillation, congestive heart failure, cardiac arrest, stroke, or transient
ischemic attack. History of diabetes was defined as physician-diagnosed diabetes or use

of diabetes medications. History of hyperlipidemia was defined as using lipid-lowering
medications or having been told of high cholesterol by a physician. A depressive symptoms
screening algorithm previously developed by Burnam and colleagues with scores ranging
between 0 and 1 and higher scores consistent with greater burden of depressive symptoms
was generated using 6 items from the 20-item Center for Epidemiological Studies
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Depression scale (CES-D) and 2 items from the National Institute of Mental Health’s
Diagnostic Interview Schedule (D1S).9:304142Self-rated health was assessed using one

questionnaire item: “In general would you say your health is excellent, very good, good, fair
or poor?”2:9:11,20,30,34,41,42

Statistical analysis:

RESULTS:

All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).
Bivariate associations were examined using Chi-square or independent samples t-tests

or corresponding non-parametric tests, as appropriate. Cumulative incidence as well as
incidence density of PD were calculated after stratifying by levels of sleep disturbance
variables at baseline. Kaplan-Meier curves were constructed and log-rank tests evaluated
differences in incident PD for each selected sleep indicator defined at baseline or as
time-varying exposures. Moreover, we fit Cox proportional hazards models to examine
relationships between measures of sleep disturbance and PD diagnosis, before and after
controlling for confounders. Specifically, we examined each sleep disturbance indicator (at
baseline and as a time-varying exposure) as a predictor of incident PD, while sequentially
controlling for socio-demographic, lifestyle and health characteristics (Models I-111). Of
note, when examining OSA risk factors, BMI and history of hypertension were not
included in Model Il1. Proportional hazards assumptions were verified using exposure-by-
time interactions within fully-adjusted models. Multiple testing was accounted for using
familywise Bonferroni correction. After examining patterns of missingness, complete
participant analyses using available data on key exposure and outcome variables were
performed with and without multiple imputation of covariate data. Under assumption of
missing at random, we used SAS M1 to generate five distinct datasets; however, given

the relatively small percentage of missing data (<10%) and similarity of results between
non-imputed and imputed analyses, only non-imputed results were reported. Finally, we
performed sensitivity analyses to explore independent effects of sleep exposures, temporal
relationships, design differences between WHI components and distinct data sources for
PD diagnosis, by examining fully-adjusted models with (1) main sleep indicators added
together, (2) exclusion of PD cases that developed within 3 years of sleep exposure
assessment, (3) stratified analyses by age at baseline (<70 vs. = 70) or WHI component
(CT vs. OS) and (4) analyses involving distinct definitions of PD using self-report, death
certificates and medications as data sources. Two-tailed statistical tests were assessed at an
alpha level of 0.05.

Among 161,808 women who completed the baseline questionnaire and participated in WHI-
CT (n=68,132) or WHI-OS (n=93,676), 287 (0.2%) reported prior diagnosis of PD and
9,375 (5.8%) had unknown PD at baseline. Of the remaining 152,146 participants, 3,522
had missing data on 1+ sleep variable at baseline, leaving 148,624 participants with useful
data after covariate imputation. After exclusion of 18,122 with missing data on 1+ covariate,
non-imputed analyses were restricted to 130,502 participants (Figure 1).
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Table 1 displays baseline characteristics of the study sample. Nearly 60% were WHI-OS
participants and mean age was 63.17 + 7.20 years. Whereas 84% reported being White,
62% were married/partnered, 40% were college graduates, and ~90% reported household
income<$100,000. While 38% reported 1+ alcoholic drink/week, 50% never smoked and
35% had BMI<25 kg/m2. Prevalence of cardiovascular risk factors ranged between 12%
(diabetes) and 42% (hypertension) and >90% reported excellent/very good/good health.
Finally, the mean scores for depressive symptoms and metabolic equivalents were 0.04 and
12.44, respectively.

Eligible women were followed over a mean of 15.88 years; 2,829 (2.17%) women self-
reported PD (n=2,344), died from PD (n=280) or received medication consistent with
PD (n=255) by end of follow-up. The mean durations of time between repeated sleep
measurements were 2.18, 1.03 and 2.99 years among WHI, WHI-CT and WHI-OS
participants, respectively. At baseline, 59% reported 7—8 hours of sleep, 36% were short-
sleepers (<7 hours), 5% were long-sleepers (>8 hours), with 25.8% reporting WHIIRS
score>9. Furthermore, 30% had BMI=>30 kg/m?, 16.0% snored=>3 times/week, 15.2%
reported daytime sleepiness=3 times/week and 42.4% had hypertension. Nearly 39% of
women having WHIIRS score>9 reported using sleep aids. Similar results were obtained
with time-varying sleep exposures.

Bivariate associations between the exposure variables and PD onset were displayed in
Table 2 and Supplemental Digital Content 1 Figures S1-S4. The overall incidence density
for PD was 3.73 per 1,000,000 person-days, with attributable risks for indicators of sleep
disturbance of < 1.2 per 1,000,000 person-days. Kaplan-Meier curves with log-rank tests
suggested significantly greater PD risk (P<0.001) among women who slept <7 vs. 7-8
hours, women who slept =9 hours vs. 7-8 hours, women with high insomnia symptoms
score (WHIIRS>9) vs. low insomnia symptoms score (WHIIRS<9) and those who used
sleep aids vs. those who did not use sleep aids in the context of WHIIRS>9.

Table 3 presents Cox proportional hazards models for each sleep-related exposure at
baseline in relation to PD, before and after adjustment for socio-demographic, lifestyle and
health characteristics. Consistent with log-rank tests, unadjusted, partially adjusted (Model

I and 1) and fully-adjusted (Model 111) models implied positive but weak relationships
between sleep indicators and PD with estimated hazard ratios (HR) that did not exceed 1.40.

In fully-adjusted models, the following time-varying exposures were significantly associated
with PD: long (=9 hours) vs. standard (7—8 hours) sleep (hazard ratio (HR)=1.296, 95%
confidence interval (Cl): 1.153-1.456), WHIIRS score>9 (HR=1.114, 95% CI: 1.023-
1.214), and use of sleep aids (HR=1.332, 95% ClI: 1.153-1.539) among those with WHIIRS
score>9. Compared to standard (7-8 hours) sleep, short (<7 hours) sleep was unrelated

to PD. Similarly, OSA risk factors were not associated with PD (Table 4). Pre-specified
sensitivity analyses yielded similar results providing evidence for independent effects of
each sleep exposure on PD risk, consistency across WHI components and similar results
after exclusion of PD events happening within 3 years of follow-up. Heterogeneity of
findings according to PD definition (self-report, death certificates, medications) are likely
attributed to sample size limitations (Supplemental Digital Content 2 Tables S1-S5).
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DISCUSSION:

In this cohort study, we performed secondary analyses of data on 130,502 WHI participants
to evaluate sleep disturbance in relation to PD diagnosis among postmenopausal women
over a follow-up period of ~16 years. Study results showed a nearly 10-30% increased risk
of PD diagnosis among postmenopausal women with several indicators of sleep disturbance.
Women who slept =9 hours but not <7 hours were at slightly higher risk for PD diagnosis
than those who slept 7-8 hours/day, reflecting a J-shaped rather than a U-shaped relationship
between hours of sleep and PD. Similarly, having insomnia symptoms and use of sleep

aids was associated with slightly more PD diagnoses. Baseline sleep measures alone or
inclusion of repeated sleep measures had similarly positive, but weak, associations with PD.
By contrast, a composite index of OSA risk factors at baseline was not associated with PD,
after controlling for socio-demographic, lifestyle and health characteristics.

Our study findings are consistent with past research examining habitual hours of sleep and
insomnia symptoms in relation to a wide range of health outcomes. A U-shaped or J-shaped
relationship between hours of sleep and adverse outcomes were previously reported in
population-based studies including the National Health and Nutrition Examination Survey,
the Monitoring Trends and Determinants on Cardiovascular Diseases and the Nurses’ Health
Study. Furthermore, the health effects of insomnia symptoms are thought to be mediated
through increased vulnerability to physical or mental decline, frailty and inflammation in the
context of aging.##3 Health outcomes associated with use of sleep aids have been previously
reported although not specifically in the context of PD.44:45

Aging itself is a risk factor for PD and postmenopausal women may be at particularly
high-risk for both poor sleep and PD because of hormonal changes not present in other age
and sex groups. The association of menopause-related factors with sleep and PD should

be carefully examined in future studies. So far, epidemiologic evidence for a putative
relationship between sleep and PD has mostly originated from small case-control studies,
with only one similarly designed cohort study.*® For instance, Kim et al'® conducted a
case-control study of 31 participants with idiopathic PD compared to 23 participants with
clinically probable AD and 36 healthy controls on indicators of RBD; the idiopathic PD
group had higher scores on validated RBD questionnaire than in any other group.10 Liu et
al1® compared 98 participants with PD, 210 siblings of participants with PD and 250 healthy
controls on selected NMS, namely, depression, anxiety, cognitive function, sleep status,
constipation, daytime sleepiness, RBD and RLS. The participants with PD had the highest
anxiety, depression, and RBD scores followed by siblings of participants with PD and then
healthy controls.19 Abbott and colleagues evaluated excessive daytime sleepiness (EDS) in
relation to incident PD among 3,078 men 71-93 years of age at baseline who were enrolled
in the Honolulu-Asia Aging Study (1991-1993) and had repeat neurological assessments
between 1994 and 2001, yielding a total of 43 PD (19.9/10,000 person-years) cases.*8 Their
results suggested nearly 3-fold increased odds of PD among men with EDS vs. men without
EDS in age-adjusted (OR=3.3, 95% ClI: 1.4, 7.0) and fully-adjusted (OR=2.8, 95% ClI: 1.1,
6.4) models.#¢ PD risk did not vary according to insomnia, daytime napping, early morning
grogginess or frequent nocturnal awakening at baseline.46
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This study has many strengths. First, the WHI database comprises large samples with longer
follow-up and comprehensive rigorously collected data useful for evaluating hypothesized
relationships while controlling for confounders. Second, WHI findings are potentially
generalizable to postmenopausal women of different racial and ethnic groups and from
distinct geographical areas across the United States. Third, this study examined repeated
measurements of multiple indicators of sleep disturbance frequently used in epidemiologic
studies, including self-reported WHIIRS, a validated screening tool. Nevertheless, results
need to be interpreted with caution in light of several important limitations. First, missing
data could have resulted in selection bias, although multiple imputations of covariates
resulted in similar estimated associations. Second, several measurements were self-reported
potentially leading to non-differential misclassification and biased estimates toward the
null value. In particular, we relied on indicators of sleep disturbance that were subjective

in nature since few WHI participants had available objective sleep measures taken using
actigraphy or polysomnography. The focus of our analyses was on sleep disturbance rather
than sleep disorders. Specifically, RBD, which is currently recognized as an early-stage a-
synucleinopathy, was not assessed among WHI participants and OSA risk factors rather than
OSA, per se, were evaluated in this study. Moreover, PD cases were defined using multiple
data sources including follow-up questionnaires and the National Death Index, but PD was
not among the adjudicated health outcomes in WHI. Third, sleep-related exposures were
measured repeatedly at baseline and at distinct follow-up times for each participant. Despite
their stability over time, further research is needed to elucidate whether these exposures

are relevant to PD onset if they occurred > 10 years prior to the end of the study period.
Fourth, residual confounding due to unmeasured or inadequately measured confounders
such as socioeconomic status and healthcare access remains a concern in observational
studies. Fifth, establishing a temporal relationship between exposures and outcomes may
be an issue because sleep problems are also considered PD symptoms. In particular, WHI
participants may have had undiagnosed PD for many years and early stage biomarkers of
PD are needed to truly establish a temporal relationship between sleep disturbance and PD.
Overall evidence from published studies suggests that sleep disturbance is a symptom of
PD rather than a risk factor for PD, rendering it a potentially useful biomarker for future
PD diagnosis. Finally, WHI targeted postmenopausal women and is not population-based
but rather involves volunteers at clinical centers limiting generalizability to men as well as
younger and less educated women.

CONCLUSIONS:

In conclusion, among postmenopausal women, sleep disturbance indicators were associated
with approximately 10-30% increased risk of PD after an average follow-up of ~16 years.
Sleep disturbance may be a marker of future PD diagnosis, although it may also be marker
of undiagnosed PD. Establishing a temporal relationship between sleep disturbance and PD
will necessitate the availability of markers of PD susceptibility, onset and progression in
addition to PD diagnosis. Prospective cohort studies with objective exposure and adjudicated
outcome measurements that involve men and women of diverse backgrounds are required to
confirm and extend these findings.
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N5 =3,522

Complete data for baseline
sleep variables
N6 = 148,624
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Figure 1.
Study Flowchart

Complete data for covariates
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Page 15

Baseline socio-demographic, lifestyle and health characteristics of study sample — Women’s Health Initiative

(n=130,502)

WHI component:
CT
0s
Age (years):
<55
55-59
60-64
65-69
70-74
> 74
Race/Ethnicity:
Black
White
Latina

Asian

Other?

Marital status:
Married/Partnered
Single
Divorced
Widowed

Education:

Less than high school

High school graduate

Some college
College graduate
Household income:
< $20,000
$20,000-$49,999
$50,000-$99,999
>$100,000
Smoking status:
Never
Past
Current
Alcohol use:
Non-drinker

Former drinker

52784
77718

17368
26061
30330
28513
19877

8353

11121
109766
4540
3630
1445

81176
5696
21273
22357

5886
22181
49659
52776

20830
58533
38296
12843

66042
55396
9064

13707
24126

Menopause. Author manuscript; available in PMC 2024 April 08.

%

40.45
59.55

1331
19.97
23.24
21.85
15.23

6.40

8.52
84.11
3.48
2.78
111

62.20
4.36
16.30
17.13

451
17.00
38.05
40.44

15.96
44.85
29.35
9.84

50.61
42.45
6.95

10.50
18.49

Mean £ SD
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< 1drink / week

=1 drink / week

43249
49420

Physical activity (Met-hours/week):

Continuous
Body Mass I ndex (kg/m 2):
<25
25-29.9
230
Medical history:
Cardliovascular disease.
Yes
No
Hypertension.
Yes
No
Diabetes:
Yes
No
Hyperlipidemia:
Yes
No

Depressive symptoms score:

Continuous
Self-rated health:

Excellent

Very good

Good

Fair

Poor

46269
45279
38954

26858
103644

55348
75154

15444
115058

18168
112334

22664
54009
42671
10260
898

%
33.14
37.87

35.45
34.70
29.85

20.58
79.42

42.41
57.59

11.83
88.17

13.92
86.08

17.37

41.39

32.70
7.86
0.69

Mean £ SD

12.44 + 13.63

0.040+0.13

Page 16

a - R . . . — . - .
Includes participants who self-identify as American Indian or Alaskan Native, multiracial and other race besides those specified. Abbreviations:

CT=Clinical Trial; OS=Observational Study; WHI=Women’s Health Initiative.
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Table 2.

Number of PD events, number of participants, person-days of follow-up, cumulative incidence and incidence
density of PD by levels of sleep indicators at baseline — Women’s Health Initiative (n=130,502)

PD events Number of Cumulative Person-days of Incidence density
participants incidence (%) follow-up Per 1000,000
person-days
Overall: 2829 130502 217 756,689,535 3.73
Habitual sleep duration (hours):
<6 965 46549 2.07 260,322,090 3.70
7-8 1714 78323 2.19 465,193,085 3.68
29 150 5630 2.66 31,174,360 4.81
Insomnia symptoms score?:
<9 2027 96851 2.09 567,770,363 3.57
>9 802 33651 2.38 188,919,172 4.24
OSA risk factors (any)b:
0 964 45240 213 280,181,205 3.44
1+ 1865 85262 2.19 476,508,330 391
Sleep aids®:
Yes 355 13026 2.72 71,227,128 4.98
No 447 20625 2.16 117,692,044 3.79

a . A . . . . . . .
Based on the 5-item Women’s Health Initiative Insomnia Rating Scale covering sleep quality, trouble falling asleep, waking up several times at
night, waking up earlier than planned, and having trouble getting back to sleep after early awakening during the past 4 weeks.

Presence of OSA risk factors was defined as having BMI1=30 kg/mz, snoring=3 times per week, daytime sleepiness=3 times per week and/or
diagnosis of hypertension;

Among women with a insomnia symptoms score greater than 9; Abbreviations: OSA=0Obstructive Sleep Apnea; PD=Parkinson’s Disease.
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Table 3.

Sleep indicators at baseline in relation to PD onset — Women’s Health Initiative (n=130,502)

Page 18

Habitual sleep duration (hours):
<6
7-8
29
Insomnia symptoms score:
<9
>9
OSA risk factors (any):
0
1+
OSA risk factor 1 (BMI = 30 kg/m?):
Yes
No

OSA risk factor 2 (Snoring = 3 times per week):

Yes
No

OSA risk factor 3 (daytime sleepiness = 3 times
per week):

Yes
No
OSA risk factor 4 (diagnosis of hypertension):
Yes
No
Sleep aids @
Yes
No

Unadjusted
HR (95% Cl)

1.026 (0.948-1.110)
Ref.
1.389 (1.184-1.629)

Ref.
1.224 (1.127-1.328)

Ref.
1.217 (1.125-1.315)

1.107 (1.021-1.200)
Ref.

1.046 (0.948-1.154)
Ref.

1.219 (1.102-1.349)
Ref.

1.225 (1.137-1.320)
Ref.

1.345 (1.170-1.546)
Ref.

Model 12
HR (95% CI)

1.055 (0.974-1.143)
Ref.
1.347 (1.149-1.580)

Ref.
1.210(1.114-1.313)

Ref.
1.174 (1.084-1.270)

1.136 (1.045-1.234)
Ref.

1.096 (0.993-1.210)
Ref.

1.108 (1.001-1.228)
Ref.

1.136 (1.052-1.227)
Ref.

1.336 (1.162-1.536)
Ref.

Model 110
HR (95% CI)

1.046 (0.966-1.133)
Ref.
1.338 (1.140-1.569)

Ref.
1.206 (1.111-1.309)

Ref.
1.128 (1.041-1.222)

1.095 (1.006-1.192)
Ref.

1.086 (0.984-1.200)
Ref.

1.091 (0.985-1.208)
Ref.

1.119 (1.036-1.209)
Ref.

1.364 (1.185-1.569)
Ref.

Model 111€
HR (95% CI)

1.009 (0.931-1.094)
Ref.
1.301 (1.109-1.526)

Ref.
1.130 (1.039-1.229)

Ref.
1.067 (0.982-1.158)

1.011 (0.926-1.013)
Ref.

1.077 (0.977-1.187)
Ref.

1.056 (0.947-1.178)
Ref.

1.041 (0.961-1.127)
Ref.

1.316 (1.142-1.515)
Ref.

a, . . : - . . . .
Adjusted for socio-demographic characteristics (WHI component, age, race/ethnicity, marital status, education, household income);

bAdjusted for socio-demographic (WHI component, age, race/ethnicity, marital status, education, household income) and lifestyle (smoking status,

alcohol use, physical activity) characteristics;

cAdjusted for socio-demographic (WHI component, age, race/ethnicity, marital status, education, household income), lifestyle (smoking status,
alcohol use, physical activity) and health (BMI, history of cardiovascular disease, history of hypertension, history of diabetes, history of
hyperlipidemia, depressive symptoms, self-rated health) characteristics; when examining OSA risk factors, BMI and history of hypertension

were not included in this model;

Among women with insomnia symptoms score greater than 9. Abbreviations: BMI=Body Mass Index; Cl=Confidence Interval; HR=Hazard ratio;
OSA=0bstructive Sleep Apnea; PD=Parkinson’s Disease.
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Table 4.

Page 19

Sleep indicators (time-varying exposure variables) in relation to PD onset — Women’s Health Initiative

(n=130,502)

Habitual sleep duration (hours):
<6
7-8
29
I nsomnia symptoms score:
<9
>9
OSA risk factors (any):
0
1+
OSA risk factor 1 (BMI = 30 kg/m?):
Yes
No

OSA risk factor 2 (Snoring = 3 times per week):

Yes
No

OSA risk factor 3 (daytime sleepiness > 3 times
per week):

Yes
No
OSA risk factor 4 (diagnosis of hypertension):
Yes
No
Sleep aids. 7
Yes
No

Unadjusted

HR (95% CI)

1.029 (0.973-1.089)
Ref.
1.382 (1.230-1.553)

Ref.
1.219 (1.121-1.325)

Ref.
1.212 (1.147-1.281)

1.086 (1.026-1.151)
Ref.

1.063 (0.991-1.139)
Ref.

1.253 (1.164-1.349)
Ref.

1.210 (1.147-1.276)
Ref.

1.359 (1.178-1.567)
Ref.

Model 12
HR (95% CI)

1.065 (1.006-1.127)
Ref.
1.338 (1.191-1.504)

Ref.
1.196 (1.100-1.301)

Ref.
1.130 (1.065-1.199)

1.128 (1.064-1.197)
Ref.

1.108 (1.033-1.188)
Ref.

1.140 (1.058-1.229)
Ref.

1.131 (1.071-1.195)
Ref.

1.347 (1.168-1.554)
Ref.

Model 110
HR (95% CI)

1.056 (0.997-1.118)
Ref.
1.330 (1.184-1.495)

Ref.
1.193 (1.097-1.297)

Ref.
1.136 (1.073-1.203)

1.088 (1.024-1.156)
Ref.

1.098 (1.024-1.178)
Ref.

1.121 (1.040-1.208)
Ref.

1.114 (1.054-1.177)
Ref.

1.381 (1.197-1.594)
Ref.

Model 111€
HR (95% CI)

1.018 (0.961-1.078)
Ref.
1.296 (1.153-1.456)

Ref.
1.114 (1.023-1.214)

Ref.
1.057 (0.997-1.121)

1.006 (0.945-1.071)
Ref.

1.056 (0.984-1.133)
Ref.

1.073 (0.995-1.156)
Ref.

1.037 (0.980-1.097)
Ref.

1.332 (1.153-1.539)
Ref.

a, . . . - . . . .
Adjusted for socio-demographic characteristics (WHI component, age, race/ethnicity, marital status, education, household income);

bAdjusted for socio-demographic (WHI component, age, race/ethnicity, marital status, education, household income) and lifestyle (smoking status,

alcohol use, physical activity) characteristics;

cAdjusted for socio-demographic (WHI component, age, race/ethnicity, marital status, education, household income), lifestyle (smoking status,
alcohol use, physical activity) and health (BMI, history of cardiovascular disease, history of hypertension, history of diabetes, history of
hyperlipidemia, depressive symptoms, self-rated health) characteristics; when examining OSA risk factors, BMI and history of hypertension

were not included in this model;

dAmong women with a insomnia symptoms score greater than 9. Abbreviations: BMI=Body Mass Index; Cl=Confidence Interval; HR=Hazard
ratio; OSA=0bstructive Sleep Apnea; PD=Parkinson’s Disease.
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