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Abstract.

Background: Sleep disturbances are common in parkinsonian disorders; however, whether sleep disorders affect individuals
with early-onset parkinsonism and whether they differ from individuals with typical-onset parkinsonism is unknown.
Objective: To compare the prevalence and incidence of sleep disorders before and after parkinsonian motor symptom onset
between individuals with early onset parkinsonism (age <50 at motor symptom onset) and typical-onset parkinsonism (age
>50 at motor symptom onset).

Methods: We used a population-based, 1991 to 2015 incident-cohort study of parkinsonism including 38 patients with
early-onset and 1,001 patients with typical-onset parkinsonism. Presence or absence and type of sleep disorder as well as the
relationship between motor and sleep symptoms were abstracted from the medical records. Rates of sleep disorders before
and after onset of parkinsonism were compared with logistic regression and Cox proportional hazards models.

Results: The prevalence of sleep disorders prior to the onset of parkinsonism in early vs. typical parkinsonism (24% vs. 16%
p=0.19) and incidence of sleep disorders after parkinsonism onset (5.85 cases per 100 person-years vs. 4.11 cases per 100
person-years; HR 1.15 95% CI: 0.74—1.77) were similar between the two groups. Early-onset parkinsonism had a higher risk
for developing post-motor insomnia compared with typical-onset parkinsonism (HR 1.73, 95% CI: 1.02-2.93); the risk for
developing all other sleep disorders considered was similar between groups.

Conclusions: Sleep disorders are common in individuals with early-onset parkinsonism and occur with similar frequency to
those with typical-onset parkinsonism, except for insomnia, which was more frequent in the early-onset group.
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INTRODUCTION time as the disease progresses [1-4]. However, the

distribution of specific sleep disorders tends to dif-

Sleep disorders, including REM sleep behavior
disorder (RBD), insomnia, hypersomnia, and sleep-
disordered breathing, are common in parkinsonian
disorders, negatively affecting the quality of life of
patients and caregivers and tend to increase over
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fer among the etiologies of parkinsonism (i.e., RBD
tends to be more common in synucleinopathies com-
pared with tauopathies) [5]. Further, sleep disorders
may evolve prior to, in conjunction with, or after the
development of motor symptoms [4, 6]. To date, most
of the research on sleep disorders in parkinsonism
has been focused on those with typical-onset degen-
erative parkinsonism or been age-agnostic in regards
to parkinsonism onset, with little research published
on sleep disorders in early-onset Parkinson’s dis-
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ease (PD) or parkinsonism. The relative rarity of
early-onset PD compared with typical PD and het-
erogenous definitions of “early-onset” historically
used have limited the ability to study various symp-
toms, including sleep, in early-onset PD. However,
a consensus definition of early-onset parkinsonism
as parkinsonism-symptom onset between age 21 and
50 years has recently been proposed to address this
limitation [7].

The few studies evaluating sleep disturbances in
early-onset PD have used differing age cutoffs for
early-onset PD and largely focused on survey mea-
sures to assess sleepiness and sleep quality, namely
the Epworth Sleepiness Scale (ESS) and Pittsburg
sleep quality index (PSQI). Individuals with typical-
onset PD tend to be worse sleepers (as denoted by
higher scores on PSQI) and have a higher frequency
of insomnia but similar levels of daytime sleepiness
as measured by the ESS compared with early-onset
PD [8, 9]. The frequency of RBD as assessed by
the RBDSQ was similar between early-onset PD and
typical-onset PD in one study while probable RBD
was less frequent in early-onset than typical-onset
PD patients in another study [8, 10]. The frequency
of restless legs syndrome (RLS) and sleep-disordered
breathing has not been studied in early-onset PD nor
specifically compared with typical-onset PD.

Given the limited data on sleep disorders in early-
onset PD, it is unknown whether frequency and type
of sleep disorders differ in those with early-onset
parkinsonism compared with those of typical-onset
parkinsonism. Further knowledge of sleep disor-
ders impacting those with early-onset PD would be
beneficial to provide individualized care and maxi-
mize quality of life in patients with early-onset PD
[11]. The objective of this study was 1) to compare
the type and frequency of sleep disorders between
individuals with early-onset parkinsonism (age <50
at parkinsonism onset) vs. those with typical-
onset parkinsonism in a population-based study in
Olmsted County, MN USA; and 2) to determine
whether or not the relationship between parkin-
sonian motor-symptom onset and sleep-symptom
onset differed between early- and typical-onset
parkinsonism.

METHODS

Case ascertainment

Parkinsonism patients were identified using a
population-based incident cohort in Olmsted County

from 1991 to 2015 utilizing the Rochester Epidemiol-
ogy Project (REP), which has a population catchment
rate of >97% of individuals in Olmsted County and
allows for the review of life-long medical histories
of consenting participants from any medical setting
within this county [12, 13]. Early-onset parkinsonism
was defined as motor-symptom onset at or before age
50 whereas typical-onset parkinsonism was defined
as motor-symptom onset after age 50 [7]. Potential
parkinsonism patients were identified using the REP,
and all identified cases were reviewed to confirm
diagnosis. The date when the presence of 1 of the
4 cardinal features of parkinsonism was first doc-
umented in the medical record was defined as the
onset of motor symptoms. Details of case ascer-
tainment have been previously reported [12, 13].
Diagnoses included PD, dementia with Lewy bodies
(DLB), multiple system atrophy (MSA), progressive
supranuclear palsy (PSP), corticobasal degeneration
(CBD), amyotrophic lateral sclerosis-parkinsonism,
drug-induced parkinsonism, vascular parkinsonism,
and surgically induced parkinsonism [12, 13]. Diag-
noses were based on the clinical criteria utilized
at the time of diagnosis rather than at the time of
retrospective chart review. Methodology of case iden-
tification and diagnoses has been reported previously
[12]. Cases not meeting criteria for a specific type of
parkinsonism were classified as unspecified parkin-
sonism.

A comprehensive medical record review was per-
formed to confirm the presence and onset of sleep
disorders including snoring, obstructive sleep apnea
(OSA), RLS, probable REM sleep behavior disorder
(pRBD), insomnia, narcolepsy, or hypersomnia not
meeting narcolepsy criteria were determined by the
treating providers documentation [14—16]. Regarding
sleep-disordered breathing specifically, those with a
diagnosis of OSA were formally diagnosed with OSA
whereas those who either noted snoring without con-
firmatory OSA testing or patients with documented
snoring who underwent OSA evaluation without
confirmation were considered to have snoring. Diag-
noses were made based on the diagnostic criteria
at the time of diagnosis and not at the time of
chart review with the onset of sleep disorder symp-
toms determined based on the time of their first
mention in the medical record. Pre-motor sleep symp-
toms were defined as sleep symptoms documented
prior to the onset of parkinsonian motor symp-
toms whereas post-motor sleep symptoms developed
after (and were documented after) the onset of
parkinsonism.
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Statistical analysis

Continuous characteristics were summarized with
means and standard deviations as well as medians
with interquartile ranges; categorical features were
summarized with frequency counts and percentages.
Patient sex and parkinsonism subtype were compared
between early-onset and typical-onset parkinsonism
patients using two-sided Fisher’s exact tests.

The frequency of pre-motor sleep disorders was
compared between early-onset and typical-onset
parkinsonism using logistic regression adjusted for
patient sex. The risk of developing post-motor sleep
disorders was evaluated using Cox proportional-
hazards regression adjusted for patient sex and
duration of available follow-up. Cox models used the
onset of parkinsonism as the reference time point and
only included patients without a given sleep disorder
at parkinsonism onset. Results were considered sta-
tistically significant for p-values<0.05. Exploratory
analysis comparing those with suspected early-onset
PD due to a degenerative etiology with typical-
onset PD due to presumed degenerative etiology are
reported descriptively given few subjects in the early-
onset subgroup.

Standard protocol approvals, registrations, and
patient consents

The Mayo Clinic and Olmsted Medical Center
Institutional Review Boards approved this study. The
participating patients (or their legally authorized rep-
resentatives) provided informed written consent for
the use of their medical information for research.

RESULTS
Demographics

A total of 1,039 parkinsonism patients were iden-
tified with 38 (3.7%) cases meeting early-onset
parkinsonism criteria. Average age of parkinsonism
onset was 42.6 +7.7 years for patients with early
onset and 74.9 9.8 years in patients with typical
onset. There were no sex differences between early
and typical-onset cases of parkinsonism. Table 1
summarizes patient demographics and disease char-
acteristics.

Early-onset patients were more commonly diag-
nosed with drug-induced parkinsonism compared
to typical-onset patients (42% vs. 6%; p<0.001)
whereas typical-onset patients were more commonly

diagnosed with dementia with Lewy bodies (15% vs.
0%; p=0.004) and unspecified parkinsonism (20%
vs. 3%; p=0.005). Rates of PD were nearly identical
between the two cohorts (early-onset 45%; typical-
onset 44%). Frequency of motor symptoms were
similar between early-onset and typical-onset parkin-
sonism patients except impaired postural reflex,
which was significantly less common among early-
onset patients compared to typical-onset patients
(29% vs. 60%; p<0.001). The duration of follow-
up was 9.9 years (IQR 7.4-12.6) for typical-onset
patients and 15.1 years (IQR 12.2-19.5) for early-
onset patients.

Sleep disorders

Table 2 summarizes the prevalence of pre-motor
and post-motor sleep disorders in patients early and
typical-onset parkinsonism. There were 158 (16%)
typical-onset patients diagnosed with >1 pre-motor
sleep disorder, compared with 9 (24%) early-onset
patients. There were no differences in pre-motor
sleep disorders between early-onset and typical-onset
patients after adjusting for patient sex (OR =1.08,
95% CI: 0.96-1.22, p=0.19). Among patients not
diagnosed with a pre-motor sleep disorder, there were
258 (31%) of 843 typical-onset patients who devel-
oped >1 post-motor sleep disorder compared with 17
(59%) of 29 early-onset patients. The incidence of
any post-motor sleep disorders was similar between
the groups, with 4.11 cases per 100 person-years for
typical-onset patients and 5.85 cases per 100 person-
years for early-onset patients, adjusting for duration
of available follow-up and patient sex (HR=1.15,
95% CI: 0.74-1.77, p=0.54).

Insomnia

A total of 89 (9%) typical-onset parkinsonism
patients were diagnosed with pre-motor insomnia,
compared with 6 (16%) early-onset patients. This did
not differ after adjusting for patient sex (OR =1.07,
95% CI: 0.98-1.18, p=0.15).

Among patients without pre-motor insomnia, 188
(21%) of 912 typical-onset patients and 16 (50%)
of 32 early-onset patients developed post-motor
insomnia. Early-onset patients had 73% greater
risk of developing post-motor insomnia compared
to typical-onset patients after adjusting for length
of follow-up and patient sex (HR=1.73, 95% CI:
1.02-2.93, p=0.042, Fig. 1).
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Table 1
Patient demographics and parkinsonism disease characteristics in early- and typical-onset parkinsonism
Typical-Onset Early-Onset Overall
(N=1,001) (N=38) (N=1,039)
Age at Disease Onset, y
Mean (SD) 74.9 (9.8) 42.6 (7.7) 73.7(11.4)
Median (Q1, Q3) 75.9 (67.7,81.7) 44.5(41.0,48.7) 75.4(67.1, 81.6)
Sex, n (%)
Female 402 (40.2%) 15 (39.5%) 417 (40.1%)
Male 599 (59.8%) 23 (60.5%) 622 (59.9%)
Parkinsonism Type, n (%)
Parkinson’s Disease 435 (43.5%) 17 (44.7%) 452 (43.5%)
Dementia with Lewy Bodies 153 (15.3%) 0 (0%) 153 (14.7%)
Parkinson’s Disease with Dementia 77 (7.7%) 0 (0%) 77 (7.4%)
Drug-Induced Parkinsonism 57 (5.7%) 16 (42.1%) 73 (7.0%)
Progressive Supranuclear Palsy 38 (3.8%) 0 (0%) 38 (3.7%)
Multiple System Atrophy 21 (2.1) 2 (5.3%) 23 (2.2%)
Vascular Parkinsonism 15 (1.5%) 1(2.6%) 16 (1.5%)
Corticobasal Syndrome 7 (0.7%) 0 (0%) 7 (0.7%)
Surgical Parkinsonism 1 (0.1%) 1 (2.6%) 2 (0.2%)
ALS Parkinsonism 1(0.1%) 0(0%) 1(0.1%)
Unspecified Subtype 196 (19.6%) 1(2.6%) 197 (19.0%)

SD, standard deviation; Q1, 1st quartile, Q3, 3rd quartile; ALS, amyotrophic lateral sclerosis.

Table 2
Frequency of sleep disorders in parkinsonism between early- and typical-onset parkinsonism

Typical-Onset Early-Onset Overall
(N=1001) (N=38) (N=1039)

Probable REM Sleep Behavior Disorder, n (%)

None 910 (90.0%) 32 (84.2%) 942 (90.7%)

Pre-Motor Onset 16 (1.6%) 0 (0%) 16 (1.5%)

Post-Motor Onset 75 (7.5%) 6 (15.8%) 81 (7.8%)
Restless Legs Syndrome, n (%)

None 883 (88.2%) 31 (81.6%) 914 (88.0%)

Pre-Motor Onset 36 (3.6%) 0 (0%) 36 (3.5%)

Post-Motor Onset 82 (8.2%) 7 (18.4%) 89 (8.6%)
Obstructive Sleep Apnea, n (%)

None 871 (87.0%) 30 (78.9%) 901 (86.7%)

Pre-Motor Onset 50 (5.0%) 2 (5.3%) 52 (5.0%)

Post-Motor Onset 80 (8.0%) 6 (15.8%) 86 (8.3%)
Snoring, n (%)

None 963 (96.2%) 35(92.1%) 998 (96.1%)

Pre-Motor Onset 19 (1.9%) 1 (2.6%) 20 (1.9%)

Post-Motor Onset 19 (1.9%) 2 (5.3%) 21 (2.0%)
Narcolepsy, n (%)

None 998 (99.7%) 38 (100%) 1036 (99.7%)

Pre-Motor Onset 2 (0.2%) 0 (0%) 2 (0.2%)

Post-Motor Onset 1 (0.1%) 0 (0%) 1(0.1%)
Insomnia, n (%)

None 724 (72.3%) 16 (42.1%) 740 (71.2%)

Pre-Motor Onset 89 (8.9%) 6 (15.8%) 95 (9.1%)

Post-Motor Onset 188 (18.8%) 16 (42.1%) 204 (19.6%)
Hypersomnolence, n (%)

None 790 (78.9%) 26 (68.4%) 816 (78.5%)

Pre-Motor Onset 50 (5.0%) 2 (5.3%) 52 (5.0%)

Post-Motor Onset 161 (16.1%) 10(26.3%) 171 (16.5%)

Probable REM sleep behavior disorder pared with O early onset patients. After adjusting

for sex, there was no difference in pre-motor pRBD
A total of 16 (2%) typical-onset parkinsonism between the cohorts (OR =0.98, 95% CI: 0.95-1.02,
patients were diagnosed with pre-motor pRBD, com- p=0.43).
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Fig. 1. Incidence of insomnia after motor symptoms onset in early-
onset and typical-onset parkinsonism.

Among patients without pre-motor pRBD, 75 (8%)
of 985 typical-onset patients and 6 (16%) of 38 early-
onset patients developed post-motor pRBD. Of note,
only 1 early-onset pRBD patient underwent overnight
polysomnography but did not achieve sufficient REM
sleep for a diagnosis of definite RBD. After adjust-
ing for length of follow-up and sex, there was no
difference in post-motor pRBD between the cohorts
(HR=0.94, 95% CI: 0.37-2.34, p=0.89).

Restless legs syndrome

A total of 36 (4%) typical-onset parkinsonism
patients were diagnosed with pre-motor RLS, com-
pared with O early-onset patients, which was no
different after adjusting for patient sex (OR =0.96,
95% CI: 0.91-1.02, p=0.24). Among patients with-
out pre-motor RLS, 82 (8%) of 965 typical-onset
patients, and 7 (18%) of 38 early-onset patients
developed post-motor RLS, which was also similar
between groups after adjusting for length of follow-
up and sex (HR =1.40, 95% CI: 0.64-3.09, p = 0.40).

Obstructive sleep apnea and snoring

Fifty (5%) typical-onset parkinsonism patients
were diagnosed with pre-motor OSA, compared
with 2 (5%) early-onset patients, which was simi-
lar between cohorts (OR =1.00, 95% CI: 0.93-1.08,
p=0.94). A total of 19 (2%) typical-onset parkinson-
ism patients were diagnosed with pre-motor snoring,
compared with 1 (3%) early onset patients, which

also did not differ between cohorts (OR=1.01, 95%
CI: 0.96-1.05, p=0.75).

Among patients without pre-motor OSA, 80 (8%)
of 951 typical-onset patients and 6 (17%) of 36 early-
onset patients developed post-motor OSA. Among
patients without pre-motor snoring, 19 (2%) of 982
typical-onset patients and 2 (5%) of 37 yearly-onset
patients developed post-motor snoring. After adjust-
ing for length of follow-up and patient sex, there was
no difference in post-motor OSA or snoring between
the cohorts (HR =1.24, 95% CI: 0.53-2.90, p=0.62
and HR =2.26, 95% CI: 0.52-9.77, p=0.28, respec-
tively).

Narcolepsy and hypersomnolence

Two typical-onset parkinsonism patients were
diagnosed with pre-motor narcolepsy while only
one typical-onset parkinsonism patient was diag-
nosed with post-motor narcolepsy compared with
zero early-onset patients for both pre- and post-motor
narcolepsy. Fifty (5%) typical-onset parkinsonism
patients were diagnosed with pre-motor hypersom-
nolence, compared with 2 (5%) early-onset patients.,
which was similar between groups (OR =1.00, 95%
CIL: 0.93-1.08, p=0.94). Among patients without
pre-motor hypersomnolence, 161 (17%) of 951
typical-onset patients and 10 (28%) of 36 early-onset
patients developed post-motor hypersomnolence,
which was no different after adjusting for length
of follow-up and patient sex (HR=0.99, 95% CI:
0.52-1.91, p=0.99).

Sleep disorders in early-onset PD and
drug-induced parkinsonism

Given the importance of understanding differences
in early- and typical-onset neurodegenerative PD we
performed additional analysis in the subgroup of 15
early-onset PD and 435 typical-onset PD patients.
There were no differences between typical-onset and
early-onset PD in pre-motor sleep disorders (13% in
each group). However, median latency of pre-motor
sleep-disorder symptom onset to motor-symptom
onset was shorter in early-onset PD 0.4 (IQR 0.2-0.5)
years compared with 4.0 (IQR 1.7-9.5) years for
typical-onset patients. A total of 154 (41%) of 378
typical-onset patients developed at least one post-
motor sleep disorder compared with 9 (69%) of 13
early-onset patients, although there was no differ-
ence after adjusting for sex and follow-up duration.
The incidence of any post-motor sleep disorder was
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5.43 cases per 100 person-years for typical-onset
PD patients and 7.03 cases per 100 person-years for
early-onset PD patients.

As drug induced parkinsonism made up the sec-
ond largest group of early-onset cases we performed
additional analysis in this cohort. 10/57 (18%) of
typical-onset drug induced parkinsonism patients
developed at least one sleep disorder prior to parkin-
sonism onset compared with 6/16 (38%) early-onset
drug-induced patients. After adjusting for patient
sex, early-onset drug-induced patients were more
likely to have a sleep disorder prior to parkinson-
ismonset (OR =1.29,95% CI: 1.01-1.64, p =0.043).
There were no differences in post-motor sleep disor-
ders between early and late onset drug-induced cases
although due to the limited number of patients in the
early-onset subgroups limited confident interpreta-
tion of this analysis.

There were no differences in the prevalence or inci-
dence of specific pre- and post-motor sleep disorders
between early-onset and typical-onset PD. However,
insomnia mirrored the results from the entire whole
cohort, with 116 (29%) of 403 typical-onset patients
and 9 (64%) of 14 early-onset patients developing
post-motor insomnia, although this was not signifi-
cant after adjusting for length of follow-up and patient
sex (HR=1.71, 95% CI: 0.86-3.43, p=0.13). No
early-onset PD patients had pre-motor probable RBD
compared with 5 (1%) of typical-onset PD, while 5
(33%) early-onset PD patients developed post-motor
probable RBD compared with 46 (11%) typical-onset
PD, although these were not statistically different
between groups.

DISCUSSION

Our study yielded several noteworthy findings
about sleep disturbances in early-onset parkinson-
ism. First, sleep disorders are common in both early-
and typical-onset parkinsonism, particularly develop-
ing after parkinsonism-symptom onset, with similar
overall incidence of post-motor sleep disorders
between groups. While RBD is a well-established
prodromal alpha-synucleinopathy, particularly in
typical cases of parkinsonism, the frequency of other
sleep disorders prior to the onset parkinsonism is not
well established, particularly for early-onset parkin-
sonism [17]. Overall, we found that the prevalence
of pre-motor sleep disorders were similar between
groups (16% vs. 24%; typical-onset vs. early-onset)
with a similar incidence in post-motor sleep disor-
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Fig. 2. Incidence of post-motor sleep disorders in early- and
typical-onset parkinsonism.

ders between groups of 4.11 cases per 100 years in
typical-onset patients compared with 5.85 cases per
100 years in early-onset patients with increasing inci-
dence over time (Fig. 2). Our findings of increasing
incidence of sleep disorders over time is consistent
with prior reports of increasing frequency of sleep
disorders with PD disease progression [3, 11]. The
reason for increasing incidence of sleep disorders
over time is likely multifactorial. First, provider bias
based on parkinsonism symptoms likely increased the
likelihood of specifically querying about post-motor
sleep disorders, especially RBD. Further, medica-
tions utilized to treat parkinsonian symptoms, such
as carbidopa/levodopa or dopamine agonists, are
known to impact sleep and certainly could have con-
tributed to sleep disturbances, along with progression
of parkinsonism itself. Additionally, given the rela-
tively high frequency of drug-induced parkinsonism,
particularly in the early-onset group, these medica-
tions likely also influence sleep and contribute to
a high incidence of post-motor sleep disturbance.
Further, mood-disorder comorbidities and/or other
medications such as antidepressants, which are com-
mon in patients with parkinsonism, could have also
contributed to sleep disturbances but were not sys-
tematically assessed as part of this study.

We found that individuals with early-onset parkin-
sonism had a 73% greater risk of insomnia after
the onset of parkinsonian-motor symptoms compared
to individuals with typical-onset parkinsonism. Our
results differ from prior studies, which have typi-
cally reported higher incidence of insomnia or poorer
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sleep quality in patients with typical-onset PD [8,
9]. There are multiple explanations for these differ-
ences. First, prior studies utilized different definitions
of early-onset, with one study using an age cutoff of
40 years; thus, the higher frequency of insomnia in
“typical” parkinsonism may have been due to age [9].
Second, our study is a population-based sample com-
pared with patients recruited from neurology clinics;
thus inherent differences in patient populations con-
tributed to differences from the current study and
previous reports. Additionally, as nearly 50% of our
early-onset parkinsonism cases were drug-induced, it
is likely that contributions from medications and/or
underlying diseases for which medications were
required (which were most commonly psychiatric)
increased the frequency of insomnia in early-onset
parkinsonism [18].

When comparing subgroups of early-onset PD
with typical-onset PD due to neurodegenerative eti-
ology, results largely mirrored the results of the entire
cohort. There was a trend toward increased inci-
dence of post-motor insomnia in the early-onset PD
group indicating overall group differences in insom-
nia were not purely due to the high frequency of
drug-induced parkinsonism in the early-onset group.
This suggests an inherent difference in etiologies
of insomnia in early-onset PD, although additional
studies are needed to understand the potential mech-
anisms. Some prior studies have reported a higher
incidence of rigidity in early-onset PD, which could
contribute to difficulties with sleep initiation or main-
tenance; however, this was not the case in our study,
suggesting other factors influenced insomnia in our
early-onset cohort [19]. Most importantly, our results
highlight the importance of screening patients diag-
nosed with early-onset PD for insomnia so that
appropriate treatment or cognitive behavioral ther-
apy strategies can be implemented. We also found
that latency of sleep disorders to motor symptoms
was much shorter in early-onset PD compared to
typical-onset (0.4 years (IQR 0.2-0.5) vs. 4.0 years
(IQR 1.7-9.5), although the significance of this will
require replication given few numbers of early-onset
PD patients with pre-motor sleep disorders but in part
likely reflects the absence of pre-motor pRBD in our
early-onset cases. Further studies with a larger cohort
of neurodegenerative early-onset PD are needed to
confirm our findings.

While there were no statistical differences between
groups, given the relevance of REM sleep behavior
disorder to parkinsonism, additional commentary is
warranted. Little is known about the frequency of

RBD in early-onset PD. One study reported a fre-
quency of probable RBD by questionnaire in 28% in
early-onset PD (EOPD criteria <50 years) that did
not differ from typical PD, although timing of RBD
symptoms in relationship to motor symptoms was
not reported [7]. Another study found a significantly
lower frequency of probable RBD in early-onset PD
of 7.8% compared with typical-onset PD. This study
used a definition of 20 to 40 years for early-onset PD,
possibly explaining differences from our and the prior
study [10]. This study also reported that the major-
ity of patients had RBD symptoms after the onset of
parkinsonian motor symptoms, similar to what was
found in our study, although they did not specify if
there were differences between early- and typical-
onset cases [10]. We found an overall pRBD fre-
quency of 33% in early-onset PD (only 1 case had
PSG but insufficient REM sleep for diagnosis), sim-
ilar to prior studies using the <50-year definition of
early-onset PD. Further, all patients developed RBD
after onset of motor symptoms, suggesting RBD may
manifest differently in early-onset PD compared with
typical-onset PD, where RBD is often a pre-motor
manifestation [20]. This highlights the importance
of consistent screening of early-onset PD patients
for dream-enactment behaviors so that appropriate
bedroom-safety counseling and treatment can be
implemented in hopes of preventing dream enactment
behavior-related injury [21].

Our study has notable limitations. As a retrospec-
tive study relying on medical records, ascertainment
bias likely influenced our results as sleep symp-
toms were not uniformly sampled in clinical practice
or by survey measures, and some sleep symptoms
were not reported by patients or identified by the
clinician. Because of this, our study likely underesti-
mates the frequency and incidence of sleep disorders
in our cohort, which is supported by the less-than-
expected prevalence of both OSA and pRBD in our
cohort compared with what has been found in a large
population-based study of aging in Olmsted County,
MN, although that study formally assessed sleep
symptoms by survey, likely explaining differences
between that and the current study [22]. However, as
sleep symptoms were of sufficient severity to warrant
clinical documentation or evaluation, our prevalence
estimates likely reflect at least the minimal preva-
lence and incidence of clinically significant sleep
disorders in both pre- and post-motor parkinson-
ism. The presence of a diagnosis of parkinsonism
also likely influenced provider querying about sleep
disturbances, particularly RBD, which could also
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influence results and we did not systematically col-
lect medication use or medical comorbidities which
may also influence sleep.

As our study spans multiple decades, awareness of
specific sleep disorders (specifically RBD, which was
identified in 1986 but became more widely known in
the late 2000s) as well as differing diagnostic criteria
used during different decades may have influenced
our results. Our reliance on clinical medical record
documentation for diagnosis also introduces a poten-
tial bias due to the use of heterogenous methodologies
for arriving at a specific diagnosis. For instance,
some provides may diagnose hypersomnia based on
symptoms alone without full hypersomnia workup to
assess for narcolepsy although this would be expected
to impact all patients equally. The lack of polysomno-
graphic evaluation in all patients included in our
population-based cohort very likely led to under-
diagnosis (particularly for RBD and OSA) of sleep
disorders in our cohort, considering that many RBD
patients are unaware of their abnormal nocturnal
behaviors [23].

The overall relatively small number of patients in
the early-onset group limited our ability to compare
individual subgroups of parkinsonism confidently,
thus further studies are required to better delineate
the differences in sleep disorders between specific
etiologies of early and late onset parkinsonism. Addi-
tionally, as our study is a population-based study
with varying etiologies of parkinsonism being diag-
nosed by different specialists or general practitioners
(i.e., Psychiatry may be more likely to encounter
drug-induced parkinsonism) the potential for ascer-
tainment bias in identification of motor parkinsonism
is possible. Finally, while some genetic etiologies of
PD are associated with sleep disorders, such as muta-
tions in the LRRK2 and GBA genes, this was not
formally assessed in this study.

Overall, sleep disorders appear to impact patients
with early-onset and typical-onset parkinsonism to a
similar degree, apart from insomnia, which appears
to develop more frequently after parkinsonian motor
symptoms in early-onset cases. Mechanisms for
the different insomnia frequencies between groups
are likely multifactorial and requires further study.
However, providers caring for individuals with early-
onset parkinsonism should be aware of the increased
risk of insomnia in these patients so that appropri-
ate management strategies can be implemented to
prevent insomnia-related worsening quality of life.
Future well-designed studies consistently utilizing
the recently proposed criteria of motor-symptom

onset between age 21 and 50 for early-onset
parkinsonism with structured sleep assessments and
objective testing are needed to replicate and expand
upon the findings of the current study [7].
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