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Abstract
Introduction: Parkinson’s disease (PD) is a progressive neurodegenerative disease
more common in those over the age of 60. PD is classically characterized by motor
features, although patients may also experience non-motor symptoms. Sleep disturbances, such as rapid eye movement (REM) behavior disorder (RBD), are common
in patients with PD and may precede onset of PD. Methods: Data was collected on
patients with PD (358 subjects)in a movement disorders clinic at a safety net hospital. In this retrospective database analysis, the association of PD complications with
age of onset was evaluated using chi-square tests and logistic regression. Results: Of
the PD complications analyzed, there was a significant difference in sleep disturbances by age. Among the 358 PD patients, 120 individuals (33.5%) had information
regarding the presence or absence of sleep disturbances. There was a significant difference between the early (onset < 50) and later onset (≥50) groups (p = 0.03) with
the odds of having a sleep disorder for the early group 1.6 times that of the late
group. Those subjects with siblings who also had PD had 2.0 times the odds of having a sleep disorder compared those without (p = 0.02). Conclusion: Non-motor
symptoms such as sleep disorders are a useful predictor of early onset PD. Genetic
components of PD impact both motor and non-motor aspects of the disease.
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1. Introduction
Parkinson’s disease (PD) is a progressive neurodegenerative disease that manifests
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across a wide range of ages. PD is more common over the age of 60, with a mean diagnosis age of 70.5 years, and is uncommon in people under 40 [1]. PD is classically characterized by four motor features: tremor, bradykinesia, rigidity, and gait instability.
Although these motor features are primarily used to diagnose PD, patients are also affected by various non-motor symptoms.
Sleep disturbances are common in patients with PD. There is a high prevalence of
rapid eye movement (REM) behavior disorder (RBD) in PD and other synucleinopathies. RBD is characterized by loss of atonia during the REM cycle of sleep leading to
enactment of dreams [2]. Approximately 50% of patients with RBD develop parkinsonism within 10 years of RBD onset [3]; however, the variation of sleep disturbances with
age of PD onset has not been extensively investigated. In addition, non-motor symptoms of PD are numerous and also include cognitive dysfunction and dementia, autonomic dysfunction, and mood disorders [4]. RBD may precede the diagnosis of an

α-synuclein disorder, such as PD, dementia with Lewy bodies, or multiple systems
atrophy [5].
Genetics may likely influence age of PD onset and therefore may also correlate to PD
complications that are associated with age of disease onset. To date, 15 genes and 20
genetic loci relating to parkinsonism have been identified [6]. PD caused by a single
mutation in an inherited gene accounts for 3% - 5% of sporadic and 30% of familial PD
cases [7]. Examples of the numerous genes conferring PD risk and genes include parkin, SNCA, LRRK2, and PARK (at least 18 chromosomal regions related to PARK have
been identified), which are associated with the clinical phenotype of PD symptoms [7]
[8]. These genetic factors may influence the prevalence of PD complications such as
sleep disturbances within families and could be important in understanding clinical
subtypes of PD in patients.
In this study we are using a database to retrospectively assess the prevalence of sleep
disorders in our PD population in relation to age of onset of the disease.

2. Materials and Methods
2.1. Patient and Database
A total of 358 PD subjects were entered into a Parkinson’s Disease and Movement Disorders Database (PDMDD) in a tertiary care safety net hospital. The Institutional Review Board (IRB) reviewed and approved this study.

2.2. Survey Content
The surveys contained questions regarding family history, disease category, medications, and surgical history. The subject’s primary language and insurance provider were
reported. This information was self reported by patients. A racial category was chosen
that best reflected their background, their education level was identified and an occupational background was indicated. The date of onset and the date of official diagnosis
were listed. The date of onset was defined as the year in which any of the four classic
motor symptoms of PD was first noted, by family members, a care provider, or the pa108
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tient. Any related diseases including dementia, various types of dystonia, and PD diagnosed in their parents, grandparents, and children were included. Data on PD complications, such as compulsive behaviors, dyskinesia, dementia, depression freezing, hallucinations, motor fluctuations, orthostatic hypotension, psychosis, or any autonomic
dysfunction were also recorded in addition to sleep disturbances. This information was
reported by physicians following the corresponding patients. Finally, any therapeutic
surgical treatments the subject had undergone, as well as current and past use of medication were noted.

2.3. Statistical Analysis
All statistical analyses were performed using JMP Pro version 11.2. According to the
American Parkinson Disease Association (APDA), though a majority of PD is diagnosed over age 60, 10% - 20% of PD patients are diagnosed before 50. Therefore, the
cohort was divided into two groups, early onset (under 50 years at age of onset) and late
onset (50 years and over at age of onset) to ensure a truly younger onset population in
the early onset group. Motor complications, family history, and treatment complications were indicated as dichotomous variables, classified as being either present or absent. The association of these categories with age of onset was analyzed using chisquare tests. The chi-square test was followed by a logistic regression model. Age of
onset was analyzed against various PD complications to determine whether early or late
onset PD was characterized by a particular PD complication. Confounding factors were
defined as variables with p < 0.1 with chi-square analysis. Gender, race, and having a
family member (father, mother, children) with PD were variables tested, and not found
to be confounding factors.

3. Results
3.1. Demographic Information
The study population included 358 subjects with PD. The demographics of this cohort
listed 56.5% of the population as male, and a majority of the study population was
white at 83.0%. The age of PD onset in the cohort ranged from age 27 to 86 with a mean
age of onset of 58.4. The cohort was divided into early and late PD onset to determine
whether specific PD complications were more characteristic of early or late disease onset; 79 subjects (22.1%) were early onset 279 subjects (77.9%) were late onset. There was
a significant difference in the prevalence of sleep disturbances by age of onset, and thus
the distribution of early and late onset by gender, sleep disturbances, and sibling history
are shown in Table 1.

3.2. Sleep Disturbances
Among the 358 PD patients, 120 individuals had information regarding presence or
absence of sleep disturbances. 17/33 (51.5%) and 26/87 (29.9%) of the early and late age
of onset categories had sleep disturbances respectively. After performing a chi-squared
test there was a significant difference between categories with respect to the odds of
109
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Table 1. Patient distribution of gender, sleep disturbances, and sibling history, and prevalence of
various complications of PD by age of PD onset. (W = white, NW = non-white, Y = yes, N = no)
*p < 0.05.

Complications
(% Total)

Early PD Onset

Late PD Onset

Number

79

279

Gender (M:F)

50:28

150:126

Race (W:NW)

68:11

229:50

Any Family History of PD (Y:N)

30:50

80:199

Sleep disturbances

17/33

26/87

Sibling with PD

8/79

16/279

Sleep disorders*

51.5

29.9

Restless Leg Syndrome

0

0.4

Compulsive behavior

8.9

6.1

Hallucinations

19.0

26.9

Dementia

12.7

22.6

having a sleep disorder (p = 0.03). Table 1 shows the prevalence of sleep disorders in
early and late PD onset, along with the other non-motor complications that were investigated (restless leg syndrome, compulsive behavior, dementia, and hallucinations).
There was a significant difference between the early and late onset groups (p = 0.03)
with the odds of having a sleep disorder for the early group 1.6 times that of the late
group (95% CI: 1.3, 11.9). Furthermore, those subjects with siblings who also had PD
had 2.0 times the odds of having a sleep disorder compared to those without (p = 0.02,
95% CI: 1.1, 12.0). The prevalence of PD patients with sleep disorders among PD patients with or without family members with PD is shown in Table 2. Of the patients
with a sibling with PD, 9/14 (64.3%) also had sleep disturbances and of patients without, 34/106 (32.1%) had sleep disturbances. The distribution of patients with a sibling
with PD by age of onset was 8/79 (10.1%) and 16/279 (5.7%) at early and late onset respectively.

4. Discussion
The cohort used in this study included a total of 358 subjects, primarily Caucasian, at a
1:1 male to female ratio, and of these patients, 120 had data on sleep disturbances. The
major findings in this report include that there was a significantly higher incidence of
sleep disturbances in early (onset < 50) compared to later onset (≥50) in PD. Subjects
with siblings with PD were more likely to have a sleep disorder than those without
(Table 2). Other PD complications analyzed, including restless leg syndrome, hallucinations, and dementia did not vary in incidence between early and late onset PD (Table
2). Our finding that sleep disturbances are more common in early than late age onset
has important implications in early PD diagnosis. RBD and other sleep disorders are
being used as a predictor of PD, especially among early onset patients. Predicting PD
110
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Table 2. Prevalence of PD patients with sleep disorders among those who have family members
with and without PD. *p < 0.05.
Family Member (% total)
Father

Sleep disorder

Mother

Children

Sibling*

With

Without

With

Without

With

Without

With

Without

36.3

35.7

66.7

33.3

33.3

35.9

64.2

32.1

onset before motor symptoms manifest allows for improved neuroprotective treatment
opportunities.
Several neurotransmitters are involved with sleep function. The serotonergic, dopaminergic, and cholinergic systems have all been implicated [9] [10] [11]. Studies have
shown dopaminergic abnormalities are present in RBD prior to parkinsonism development [10]. By the time PD motor abnormalities are evident, 90% of dopaminergic
cells in the substantia nigra are dysfunctional [3]. Cholinergic nuclei in the basal forebrain, also involved in sleep regulation, are affected by Lewy body pathology [11] [12].
Using RBD as a predictor of PD before onset of motor symptoms may influence treatment options for patients.
RBD is more common in males and more strongly associated with the non-tremor
subtype of PD and increased PD severity (higher Hoehn and Yahr stages) [3] [13].
While gender did not significantly affect whether or not PD patients had sleep disorders within our cohort, we did observe that the ratio of males to females with sleep disturbances was about 2:1. Studies have also shown that females have later age of onset
[14], and their first symptoms are often tremor [15]. This information may provide
physicians with predictors of which patients are prone to develop PD, and the clinical
nature of their PD.
In addition to the association between age of PD onset and sleep disturbances, the
data also showed that having a sibling (but not other relatives) with PD increased the
likelihood that the patient would have sleep disturbances (Table 2). Gan-Or et al.
showed that part of the genetic component affecting PD risk also affects RBD risk. Single nucleotide polymorphisms in various genes have been identified as PD markers and
have been associated with RBD manifestation [16]. Further investigation is needed to
determine how genetics influence the presence of sleep disorders in PD.
Non-motor symptoms such as sleep disorders are a useful predictor of early onset
PD, although one of the limitations of our study is that we do not know with which
specific sleep disorders the PD patients presented. Sleep disorders such as RBD are often present before the motor symptoms of PD develop, and are being used as a diagnostic measure for PD. This appears true especially among early onset patients.
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