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Objective: To explore the clinical features and correlates of excessive daytime sleepiness

(EDS) in a Chinese population of Parkinson’s disease (PD) patients.

Methods: Patients with clinically established or clinically probable PD were recruited.

Clinical and demographic data were collected, and participants were evaluated using

standardized assessment protocols. Patients were divided into PD with EDS and PD

without EDS groups based on the Epworth sleepiness scale (ESS) scores, with a cutoff

score of 10. Clinical manifestations were compared between patients with and without

EDS, and correlates of EDS were also studied. In addition, the relationship between EDS

and poor nighttime sleep quality was analyzed.

Results: A total of 1,221 PD patients were recruited in our study. The mean ESS

(min, max) score was 7.6 ± 6.1 (0, 24), and 34.1% of the patients had ESS scores

≥10. No difference was seen in lifestyle (except for alcohol consumption), environmental

factors, BMI, levodopa equivalent dose (LED), initial presentation of motor symptoms,

motor subtype, and wearing off between patients with and without EDS. The PD with

EDS group had a higher proportion of male patients and a higher average patient age.

Moreover, the PD with EDS group showed older age at PD onset, lower educational

level, and longer disease duration. Patients with EDS had higher scores on the Hoehn-

Yahr scale and the Unified Parkinson’s Disease Rating Scale (UPDRS) parts I, II, and III

score, more severe non-motor symptoms, and poorer quality of sleep and life. Logistic

regression analyses demonstrated that EDSwas associatedwithmale sex, age, cognitive

impairment, PD-related sleep problems, rapid eye movement sleep behavior disorder

(RBD), and worse quality of life (QoL).

Conclusion: EDS is a general clinical manifestation in PD, and there were significant

differences in clinical features between patients with and without EDS. Moreover, our

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2019.00121
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2019.00121&domain=pdf&date_stamp=2019-02-19
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:guojifeng2003@163.com
https://doi.org/10.3389/fneur.2019.00121
https://www.frontiersin.org/articles/10.3389/fneur.2019.00121/full
http://loop.frontiersin.org/people/634285/overview
http://loop.frontiersin.org/people/460298/overview
http://loop.frontiersin.org/people/638828/overview
http://loop.frontiersin.org/people/630239/overview
http://loop.frontiersin.org/people/206717/overview


Xiang et al. Study of Excessive Daytime Sleepiness

study proved that many factors were associated with EDS, including male sex, age,

cognitive impairment, PD-related sleep problems, RBD, and worse QoL. Understanding

the clinical characteristics of EDS in PD patients may help identify EDS early, improve

QoL, and reduce the occurrence of accidents.

Keywords: excessive daytime sleepiness, Parkinson’s disease, sleep disorders, clinical features, risk factors

INTRODUCTION

Parkinson’s disease (PD) is a common neurodegenerative disease.
While environmental exposure and genetic background are
thought to be major risk factors for PD (1, 2), the etiology
of the disease is not fully understood. PD is characterized by
classical motor features including tremor, rigidity, bradykinesia,
and postural instability. However, the clinical manifestations of
PD are identified as heterogeneous, and the disease presents with
a wide range of non-motor symptoms (NMS) (3, 4).

Excessive daytime sleepiness (EDS) is one of the common
NMS in PD. The most significant clinical manifestation of
EDS is an inability to stay awake and alert during a major
part of the day. The reported incidence of EDS varies widely
due to differences in sample sizes, assessment methods, and
diagnostic criteria for sleep disorders. A cross-sectional study
of 436 PD patients indicated that the incidence of EDS was
37.8% (5), while in another study, the incidence of EDS was
26.3% (6). Moreover, the prevalence of EDS in PD patients
increases with longer disease duration. Zhu et al revealed
that 43% of PD patients had EDS at baseline, while 46% of
patients without EDS at baseline developed EDS after 5 years
(7). Tholfsen et al indicated that the incidence of PD with
EDS increased from 11.8% at baseline to 23.4% after 5 years’
follow-up (8). The etiology of EDS in PD is complicated and
multifactorial. Except for disease-related pathological changes,
many variables have been revealed to be associated with
EDS in PD, including male gender, poorer nighttime sleep,
cognitive impairment, autonomic dysfunction, hallucinations,
depression, anxiety, advanced disease, non-tremor dominant
motor phenotype, dosage of dopamine agonists, and use of anti-
hypertensives (7–11). Because of the diversity in sample sizes
and research methods, the results of previous studies on EDS-
associated factors were inconsistent.

EDS seriously influences patients’ quality of life (QoL) and
increases the risk of accidents while driving and the economic
burden on patients and their caregivers (12). In a follow-up
assessment performed in the general population to explore the
relationship between EDS and the risk of developing PD, male
patients with EDS showed more than three-fold higher risk of
PD in comparison with those without EDS (13). Thus, it is
important to identify these patients early and provide potential
treatment options as soon as possible. Identifying patients
with unique clinical features can facilitate analyses of subtype-
specific biomarkers and epidemiological and clinical treatments.
Although many studies conducted over the past decade have
explored the clinical features of EDS in PD patients, there are
still some issues that remain unclear and require further research.

Moreover, few large-sample studies have focused on studying
the clinical features and risk factors of EDS in Chinese patients.
Thus, we performed this study to investigate the prevalence,
clinical features, and correlates of EDS among PD patients in a
Chinese population.

METHODS

Patients
A total of 1,221 consecutive PD patients in an “off” state
were recruited from the clinic or inpatient department of the
Department of Neurology, Xiangya Hospital of Central South
University (Changsha, China) between February 1, 2017 and
April 30, 2018. All patients were diagnosed by a neurological
specialist by using the MDS Clinical Diagnostic Criteria (14).
Patients with acute psychosis, atypical parkinsonism, and
dementia [Mini-Mental State Examination (MMSE) score lower
than 24] were excluded. Patients who were unable to finish
the questionnaire were also excluded. Written informed consent
were obtained from all patients. The study was approved
by the Ethics Committee of Xiangya Hospital of Central
South University.

Assessments
All participants underwent clinical evaluation in an “off”
state. Clinical data were collected, including demographic data
and information regarding lifestyle factors, pesticide exposure,
medical history, motor symptoms, and NMS. Levodopa and
dopamine agonists were calculated as levodopa equivalent dose
(LED) (15). The ratio of the mean tremor score (8 items,
including UPDRS II-16, UPDRS III-20, and UPDRS III-21) to
the mean postural instability/gait disorder (PIGD) score (5 items,
including UPDRS II-13, UPDRS II-14, UPDRS II-15, UPDRS III-
29, UPDRS III-30) was used to classify motor subtype. Patients
with a ratio value <1.0 were defined as PIGD, and those with
values from 1.0 to 1.5 were categorized as intermediate, while
those with values ≥1.5 were classified as tremor dominant
(TD) (16). For evaluation of EDS, participants were assessed by
Epworth sleepiness scale (ESS), which measures the likelihood of
patients falling asleep in eight different situations. All items were
rated on a 4-point scale (0–3), with a maximum total score of 24.
A higher score demonstrates more severe EDS. Participants were
classified as showing EDS if they scored≥10 on the ESS (17). The
severity of disease was measured by the Hoehn-Yahr scale and
the unified Parkinson’s disease rating scale (UPDRS). Cognitive
impairment was evaluated using the MMSE (18). Non-motor
symptoms scale (NMSS) items 1–2 and 22–24 were used to assess
cardiovascular and urinary symptoms, respectively. A higher
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score indicates severe symptoms (19). Rapid eye movement
sleep behavior disorder (RBD) was evaluated using the REM
sleep behavior disorder questionnaire–Hong Kong (RBDQ-HK),
which is a valuable tool for screening RBD. The optimal cutoff
value for factor 2 of RBDQ-HK was 7/8 with 90% sensitivity
and 82% specificity, and that for the RBDQ-HK overall scale
was 17 with 85% sensitivity and 81% specificity; subjects were
classified as showing RBD when they reached the above score
(20). PD-related sleep and nocturnal disability were assessed
using the Parkinson’s disease sleep scale (PDSS), which includes
15 items that address eight aspects of sleep disturbances in PD,
including overall quality of night’s sleep (item 1), sleep onset and
maintenance insomnia (items 2 and 3), nocturnal restlessness
(items 4 and 5), nocturnal psychosis (items 6 and 7), nocturia
(items 8 and 9), nocturnal motor symptoms (items 10–13), sleep
refreshment (item 14), and daytime dozing (item 15); lower PDSS
scores indicate poorer sleep quality (21). Olfactory dysfunction
was measured using a hyposmia rating scale (HRS), which is a
simple, convenient and reliable method, reaching 70% (60–81%)
sensitivity and 85% (65–100%) specificity with a cutoff value of
22.5 (22). The Hamilton rating scale for depression (HAMD-17)
was applied to assess depression (23). QoL was evaluated by the
39-item Parkinson’s disease questionnaire (PDQ-39) (24).

Statistical Analysis
For descriptive analyses, conventional statistical parameters
including means and standard deviations were used to describe
continuous variables, while percentages and frequencies were
used for describing categorical variables. The t-test or chi-
squared test were used to compare the demographic and clinical
characteristics between PD patients with and without EDS.
Logistic regression analysis was used to evaluate the factors
associated with EDS in PD. To ensure the accuracy of the

model, variables that were clinically significant or showed
a relationship with EDS were included in univariate and
multivariate logistic models. In the univariate logistic regression
model, after adjusting for age and sex, variables with P < 0.2
were considered in the multivariate logistic model. A likelihood
ratio backward selection approach was used in the multivariate
logistic model. Relationships between PDSS subgroup and ESS
score were assayed with partial correlation analysis, and sex,
age, and disease duration were adjusted. Statistical analysis was
performed using SPSS version 20.0. Significance was considered
if p < 0.05.

RESULTS

Demographic and Medication Data of All
PD Patients and Patients With and Without
EDS
A total of 1,221 PD patients were included in this study. The
demographic data and medication data of all PD patients and
PD patients with and without EDS are shown in Table 1. The
percentage of male and female patients in our study was 54.1%
(661/1,221) and 45.9% (560/1,221), respectively. The mean age
of the patients was 61.5 ± 9.9 years. The average age at PD
onset and disease duration were 56.4 ± 10.6 years and 5.1
± 4.5 years, respectively. In terms of educational level, the
number of patients with none/primary level, secondary level/high
school, and university education were 457 (37.4%), 635 (52.0%),
and 129 (10.6%), respectively. The number of patients with
a history of smoking, alcohol consumption, tea consumption,
and pesticide exposure were 280 (22.9%), 260 (21.3%), 142
(11.6%), and 225 (18.4%), respectively. The average BMI was
22.6 ± 3.7 kg/m2. The mean LED of the patients in our study

TABLE 1 | Demographic and medication data of all PD patients and patients with and without EDS.

Variable Total With EDS Without EDS P-value

n = 1,221 n = 416 n = 805

Male sex, n (%)a 661 (54.1%) 249 (59.9%) 412 (51.2%) 0.004*

Age (years)b 61.5 ± 9.9 63.8 ± 9.5 60.31 ± 9.9 <0.001*

Age at PD onset, (years)b 56.4 ± 10.6 58.1 ± 10.2 55.5 ± 10.7 <0.001*

Disease duration (years)b 5.1 ± 4.5 5.7 ± 4.8 4.8 ± 4.2 <0.001*

Educational level, n (%)a <0.001*

None/first level, n (%) 457 (37.4%) 183 (44.0%) 274 (34.0%)

Secondary level/high school, n (%) 635 (52.0%) 181 (43.5%) 454 (56.4%)

University, n (%) 129 (10.6%) 52 (12.5%) 77 (9.6%)

Smoking, n (%)a 280 (22.9%) 100 (24.0%) 180 (22.4%) 0.509

Alcohol, n (%)a 260 (21.3%) 104 (25.0%) 156 (19.4%) 0.023*

Tea drinking, n (%)a 142 (11.6%) 51 (12.3%) 91 (11.3%) 0.622

Pesticide exposure, n (%)a 225 (18.4%) 79 (19.0%) 146 (18.1%) 0.715

BMIb 22.6 ± 3.7 22.2 ± 4.0 22.6 ± 4.1 0.125

LEDb 325.1 ± 302.8 338.6 ± 292.0 318.1 ± 308.2 0.265

aChi-squared test.
bt-test.
*Statistically significant (p < 0.05). LED, Levodopa Equivalent Dose; BMI, Body Mass Index.
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TABLE 2 | Motor and non-motor symptoms of all PD patients and patients with and without EDS.

Variable Total With EDS Without EDS P-value

n = 1,221 n = 416 n = 805

Initial presentation of motor symptoms, n (%)a – – – 0.199

Tremor 535 (43.8%) 167 (40.1%) 368 (45.7%) –

Bradykinesia 438 (35.9%) 160 (38.5%) 278 (34.5%) –

Tremor and bradykinesia 238 (19.5%) 87 (20.9%) 151 (18.8%) –

Other 10 (0.8%) 2 (0.5%) 8 (1.0%) –

Hoehn and Yahr stage, n (%)a – – – <0.001*

1 178 (14.6%) 45 (10.8%) 133 (16.5%) –

1.5 161 (13.2%) 41 (9.9%) 120 (14.9%) –

2 268 (21.9%) 78 (18.8%) 190 (23.6%) –

2.5 231 (18.9%) 88 (21.2%) 143 (17.8%) –

3 314 (25.7%) 124 (29.8%) 190 (23.6%) –

4 53 (4.3%) 32 (7.7%) 21 (2.6%) –

5 16 (1.3%) 8 (1.9%) 8 (1.0%%) –

UPDRS part Ib 2.6 ± 2.0 3.0 ± 2.1 2.3 ± 1.9 <0.001*

UPDRS part IIb 12.4 ± 6.3 14.4 ± 6.7 11.4 ± 5.9 <0.001*

UPDRS part IIIb 29.3 ± 14.7 32.8 ± 15.4 27.5 ± 14.0 <0.001*

Motor subtype, n (%)a – – – 0.740

PIGD 784 (64.2%) 271 (65.1%) 513 (63.7%) –

TD 256 (21.0%) 82 (19.7%) 174 (21.6%) –

Intermediate 181 (14.8%) 63 (15.1%%) 118 (14.7%) –

Wearing off, n (%)a 225 (18.4%) 84 (20.2%) 141 (17.5%) 0.253

MMSE score b 26.7 ± 2.9 26.1 ± 3.1 27.0 ± 2.8 <0.001*

Depression, n (%)a 437 (35.8%) 192 (46.2%) 245 (30.4%) <0.001*

ESS scoreb 7.6 ± 6.1 14.8 ± 3.6 3.9 ± 3.1 <0.001*

PDSS scoreb 116.9 ± 24.8 108.3 ± 24.0 121.4 ± 24.1 <0.001*

RBD, n (%)a 450 (36.9%) 209 (50.2%) 241 (29.9%) <0.001*

Cardiovascular symptom scoreb 0.87 ± 1.8 1.1 ± 2.1 0.8 ± 1.7 0.001*

Urinary symptom scoreb 5.60 ± 6.1 7.0 ± 6.9 4.9 ± 5.5 <0.001*

Constipation, n (%)a 586 (48.0%) 222 (53.4%) 364 (45.2%) 0.007*

Hyposmia, n (%)b 511 (41.9%) 204 (49.0%) 307 (38.1%) <0.001*

PDQ-39 scorea 30.1 ± 24.7 38.7 ± 25.9 25.6 ± 22.8 <0.001*

aChi-squared test.
bt-test.
*Statistically significant (p < 0.05). UPDRS, Unified Parkinson’s Disease Rating Scale; PIGD, Postural Instability/Gait Disorder; TD, Tremor Dominant; MMSE, Mini-Mental State

Examination; ESS, Epworth Sleepiness Scale; PDSS, Parkinson’s Disease Sleep Scale; RBD, Rapid Eye Movement Sleep Behavior Disorder; PDQ-39, 39-item Parkinson’s Disease

Questionnaire.

was 325.1 ± 302.8. Patients with EDS were older than those
without EDS. The EDS group also showed a higher proportion
of alcohol consumption, higher age at PD onset, longer disease
duration, and lower educational levels. However, there were no
significant differences in smoking, tea consumption, pesticide
exposure, BMI, and LED between patients with EDS and those
without EDS.

Motor and Non-motor Symptoms in All PD
Patients and Patients With and Without
EDS
Table 2 summarizes the motor and non-motor symptoms
data of all PD patients and the clinical characteristics of

PD with EDS and PD without EDS. EDS was noted is
34.1% of the PD patients in our study population. In terms
of motor symptoms, patients with EDS had higher Hoehn
and Yahr scale scores. In comparison with patients without
EDS, the EDS group showed significantly higher scores
in UPDRS part I, UPDRS part II, and UPDRS part III.
However, there were no significant differences in the initial
presentation of motor symptoms, motor subtype, and percentage
of wearing off.

When comparing NMS between patients with and without
EDS, we found that participants with EDS had higher scores
for ESS, cardiovascular symptoms, urinary symptoms, and PDQ-
39, but lower scores for MMSE and PDSS. Furthermore, in
comparison with patients without EDS, those with EDS showed a
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TABLE 3 | Logistic regression analysis of factors associated with EDS.

Variable Univariate

P-value

Multivariate

OR (95% CI)

Multivariate

P-value

Sex 0.004 0.605(0.466–0.785) <0.001*

Age <0.001 1.021(1.007–1.035) 0.004*

Educational level 0.127 — NS

Age at PD onset 0.001 — NS

Disease duration 0.001 — NS

LED 0.290 — Not included

Initial presentation of

motor symptoms

0.570 — Not included

Hoehn and Yahr stage <0.001 — NS

UPDRS part I <0.001 — NS

UPDRS part II <0.001 — NS

UPDRS part III <0.001 — NS

Motor subtype 0.879 — Not included

MMSE score <0.001 0.950(0.907–0.995) 0.030*

Depression <0.001 — NS

PDSS score <0.001 0.988(0.982–0.993) <0.001*

RBD <0.001 1.627(1.247–2.121) <0.001*

Cardiovascular

symptom score

0.009 — NS

Urinary symptom score <0.001 — NS

Constipation 0.306 — Not included

Hyposmia 0.005 — NS

PDQ-39 score <0.001 1.012(1.006–1.018) <0.001*

All univariate analyses were adjusted for age and sex. The multivariate analysis forced

age and sex into the model. NS, not significant; Not included, variables with P > 0.2

in the univariate logistic regression model. −Variables not included in the multivariate

logistic model or variables with P > 0.05 in the multivariate logistic model. *Statistically

significant (p < 0.05). LED, Levodopa Equivalent Dose; UPDRS, Unified Parkinson’s

Disease Rating Scale; MMSE, Mini-Mental State Examination; PDSS, Parkinson’s Disease

Sleep Scale; RBD, Rapid Eye Movement Sleep Behavior Disorder; PDQ-39, 39-item

Parkinson’s Disease Questionnaire.

significantly higher proportion of depression, RBD, constipation,
and hyposmia.

Logistic Regression Analysis of Factors
Associated With EDS
Table 3 shows the factors associated with EDS. The logistic
regression analysis indicated that male sex, age, cognitive
impairment, PD-related sleep problems, RBD, and worse QoL
were associated with EDS in PD patients.

The Relationship Between PD-Related
Nocturnal Sleep Problems and EDS in PD
Patients
The findings showed that patients with EDS had poorer quality
of sleep than those without EDS. In order to thoroughly study
the relationship between EDS and PD-related nocturnal sleep
problems, we compared the PDSS subgroup scores between
patients with and without EDS. We also assessed correlations
between the ESS scores and PDSS subgroup scores. There were
significant differences in the overall quality of night sleep,

sleep onset and maintenance insomnia, nocturnal restlessness,
nocturnal psychosis, nocturia, nocturnal motor symptoms, sleep
refreshment, and daytime dozing between two groups. The
differences in PDSS subgroup scores between patients with and
without EDS are shown in Figure 1.

Further, analysis of the ESS scores and PDSS subgroup scores
showed weak to moderate correlations in the following aspects:
overall quality of night sleep (r =−0.118, p < 0.001), sleep onset
and maintenance insomnia (r = −0.073, p = 0.011), nocturnal
restlessness (r = −0.080, p = 0.005), nocturnal psychosis (r =
−0.175, p < 0.001), nocturia (r = −0.122, p < 0.001), nocturnal
motor symptoms (r=−0.138, p< 0.001), sleep refreshment (r=
−0.171, p < 0.001), and daytime dozing (r =−0.536, p < 0.001).
The results of these, analysis are shown in Table 4.

DISCUSSION

To the best of our knowledge, this study is the largest
reported cross-sectional investigation of the incidence, clinical
characteristics, and associated factors of EDS among PD patients
in a Chinese population. A wide range of evaluation methods
were used to assess various factors that can potentially influence
EDS. The prevalence of EDS was 34.1% in our study. Our
findings showed significant differences in demographic factors
and motor and non-motor symptoms between patients with and
without EDS. Moreover, we revealed that EDS was associated
with many variables.

The prevalence of EDS is lower than that reported in other
population studies (25, 26). This difference may be attributed to
the differences in methodology and patient cohort demographics
and cultural factors that may have influenced questionnaire
interpretation. Patients with EDS showed specific clinical
parameters. In comparison with patients without EDS, those with
EDS included a higher proportion of male patients, consistent
with a previous study (8). Moreover, male gender was associated
with EDS in our study, whereas in a general population, the
contribution of male gender in EDS was not confirmed (27).
These discrepancies possibly indicate that there were differences
in susceptibility for males with PD. Interestingly, we found that
patients with EDS were older, and this was a contributor to
EDS. The aging process led to macro-level changes in the sleep
structure and micro-level changes in the sleep architecture, such
as advanced sleep-phase disturbances and reductions in slow-
wave activity (28). This discovery suggested that age processing
combined with disease-related biologic changes in certain areas
of the brain induce or promote EDS. Thus, long-term follow-
up studies to assess the contribution of age to EDS are essential.
Notably, patients with EDS showed a higher age at PD onset
than those without EDS. It is possible that patients with different
etiologies for developing EDS show different ages of onset (7).
Environmental factors were not associated with EDS in PD. This
result illustrated that environmental factors are possibly only
related to the occurrence of PD other than EDS.

The effect of antiparkinsonian medications on EDS is
controversial and complex. Levodopa and dopamine agonists
significantly improve the patient’s motor symptoms, but theymay
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FIGURE 1 | Comparing subgroups of Parkinson’s Disease Sleep Scale (PDSS) among patients with EDS and without EDS. There were significant differences in

aspects of overall quality of night sleep, sleep onset and maintenance insomnia, nocturnal restlessness, nocturnal psychosis, nocturia, nocturnal motor symptoms,

sleep refreshment and daytime dozing between patients with EDS and patients without EDS. *Statistically significant (p < 0.05).

TABLE 4 | Correlation coefficient between ESS scores and PDSS subgroup

scores.

Subgroups Correlation coefficient P-value

Overall quality of night sleep −0.118 <0.001*

Sleep onset and maintenance insomnia −0.073 0.011*

Nocturnal restlessness −0.080 0.005*

Nocturnal psychosis −0.175 <0.001*

Nocturia −0.122 <0.001*

Nocturnal motor symptoms −0.138 <0.001*

Sleep refreshment −0.171 <0.001*

Daytime dozing −0.536 <0.001*

*Statistically significant (p < 0.05).

also increase the incidence of other clinical manifestations, such
as EDS and dyskinesia (29, 30). Dopamine has biphasic effects
on wakefulness (31). Furthermore, many studies have shown
that classic and newer stimulant medications exert their effect
through dopaminergic mechanisms, which may be independent
of their effects on motor activity (32). A previous study revealed
that LED was correlated with EDS. The ESS score significantly
increased and the mean multiple sleep latency test (MSLT)
score decreased after treatments with dopaminergic drugs (33).
However, our study has shown that there was no significant
difference in LED between patients with EDS and those without
EDS, but a tendency toward a higher LED in the PD with EDS
group was found. This result was consistent with another study
that reported no significant associations between dopaminergic
drugs and either subjective or objective EDS (34). Bliwise et al.
indicated that increasing dosages of dopamine agonists were
positively associated with less daytime alertness, whereas higher
levels of levodopa were related to higher levels of alertness (35).

This is likely because patients were predominantly treated with
levodopa and the doses of agonists were relatively low in our
population, so there was no significant difference in LED. The
effects of dopaminergic drugs on EDS need further study.

Expectedly, the EDS group showed longer disease duration,
more advanced disease, and higher UPDRS score than the PD
without EDS group in our population, indicating that EDS may
be associated with more severe neurodegeneration within the
ascending arousal system of the brainstem. Prior longitudinal
studies indicated that the prevalence of EDS increases as the
disease progresses. In a study consisting of 232 patients, the
prevalence of EDS increased from 5.6% at the baseline to 22.5%
at the 4-year follow-up and 40.8% at the 8-year follow-up (29).
Braak et al. reported that Lewy bodies emerged from the dorsal
motor vagal nucleus and progressed in an ascending course
with the progression of disease (36). The pedunculopontine
nucleus (PPN), locus coeruleus (LC), nucleus magnocellularis,
and tegmental area are significant parts of the ascending arousal
systems in brainstem. When these areas involved in regulating
sleep and awareness are affected, sleep disorders including EDS
may occur (37, 38).

The clinical NMS showing differences between patients
with and without EDS in our population included cognitive
impairment, depression, PD-related sleep disorder, RBD,
cardiovascular symptoms, urinary symptoms, constipation,
and hyposmia. Cognitive impairment is a common feature of
PD and a well-known contributor of EDS (39). Jennifer et al
reported that the ESS scores of patients with normal cognition
(PD-NC), mild cognitive impairment (PD-MCI), and dementia
(PDD) were significantly different. ESS scores was associated
with cognitive impairment, including the cognitive domains
of attention/working memory, executive function, memory,
and visuospatial function (25). Our results indicated that the
EDS group had lower MMSE scores and this was associated
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with EDS, which was consistent with the data from other PD
populations. EDS in PD implies neuronal loss and Lewy body
aggregation in the brainstem, hypothalamus, basal forebrain
regions, and thalamus along with alterations in the cholinergic,
monoaminergic, dopaminergic, and histaminergic systems.
It is noteworthy that similar neuroanatomical regions and
neurotransmitter systems that regulate sleep-wake cycle may
be connected with attention, executive function, learning, and
memory (40, 41). Depression frequently occurs in PD patients,
with the prevalence of depression ranging from 2.7 to 90%
(42). Our study indicated that patients with EDS had more
severe depression than those without EDS and that this was
associated with EDS. This study is supported by prior studies
that have reported a strong association between depression
and EDS (43), but the specific pathophysiological mechanism
underlying this association remains unknown. Therefore, in PD
patients with EDS, it is necessary to focus on mood disorders
such as depression and use neuropsychological scales to assess
the patients’ mood. Sleep architecture is overtly disturbed
in PD patients due to disease-related pathological changes.
Polysomnography showed shorter total sleep time, lower sleep
efficiency, and reduced slow-wave and REM sleep time in
PD patients (44, 45). Nocturnal problems have a significant
impact on PD patients. Previous studies indicated that EDS may
be correlated with poor nocturnal sleep, such as restless legs
syndrome, nocturnal motor symptoms, and nocturia (46–48).
Notably, in our population, we found that the PDSS total and
subgroup scores in patients with EDS were lower than those in
patients without EDS, and a low PDSS score was related to EDS.
Furthermore, correlation analyses confirmed this relationship
between EDS and PD-related nocturnal sleep disturbance.
However, this correlation was weak, indicating that EDS may be
a consequence of poor night sleep. RBD is a common prodromal
maker of PD. In a prior series, EDS was significantly correlated
with iRBD (idiopathic RBD) in patients aged <50 years (49),
and a study consisting of 432 PD participants and 196 healthy
controls revealed that RBD was closely associated with EDS in
univariate analysis, but the association became insignificant in
multivariate analysis (50). In contrast, in our population, RBD
was significant both in univariate and multivariate analyses. This
is likely because patients in our population were in advanced
disease stage than those in prior studies, which included
participants in drug-naïve and early stages.

Furthermore, the relationship between EDS and
cardiovascular symptoms, urinary symptoms, and hyposmia
has not been systematically studied in large samples. Our result

demonstrated that the EDS group had more severe autonomic
and olfactory dysfunction, all of which may associated with the
greater spread of neurodegeneration within the areas controlling
autonomic function and olfaction (51). Of note, the autonomic
nervous system is controlled by a wide range of central and
peripheral neural networks, both of which are involved in PD
and contribute to nocturia and are subsequently accompanied
by nocturnal sleep disorders or daytime sleepiness (52, 53).
Indeed, EDS has a negative influence on the QoL of patients and
increases the burden on caregivers. Our data corroborate the
findings of previous studies that suggested that QoL impairment
was more common in PD patients with EDS than in those
without EDS, and that poorer QoL was associated with EDS, as
evaluated using the PDQ-39 scale (54, 55).

The strengths of this study are the large sample size and
the use of detailed medical record information. The limitation
of our study is a lack of subjective measures to assess sleep
disorders. Besides, the nature of a cross-sectional study was
another limitation. Further prospective studies are necessary to
elucidate the clinical features and risk factors of EDS.

In conclusion, we conducted the largest sample study to
systematically investigate the prevalence, clinical features,
and correlates of EDS in a Chinese population of PD
patients. Our finding indicated that PD with EDS presented
with more severe motor symptoms and NMS than PD
without EDS. Further, our findings demonstrated that
male sex, age, cognitive impairment, PD-related sleep
problems, RBD, and worse QoL were associated with EDS
in PD patients.
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