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Purpose: Impulse control disorders (ICDs) and excessive daytime sleepiness (EDS) are common symptoms in Parkinson’s disease
(PD). Few longitudinal studies have focused on the association between EDS and ICDs. This longitudinal study aimed at assessing
association between EDS and ICDs in PD.

Patients and Methods: Patients without ICDs were incorporated from the Parkinson’s Progression Markers Initiative. All patients
were followed until the onset of ICDs or the end of 4 years. A total of 260 PD patients were included. Univariable and multivariable
logistic regression were used to explore association between EDS and ICDs.

Results: The overall frequency of ICDs at the end of follow-up was 23.8% (62 patients). The mean duration from dopamine
replacement therapy to develop ICDs was 3.30 + 2.42 years. Patients with ICDs had significantly higher Epworth Sleepiness Scale
(ESS) score (P = 0.002) and higher proportion of EDS (P = 0.030) when compared to patients without ICDs. The multivariable logistic
regression analysis indicated that high ESS (OR = 2.01, 95% CI 1.01-4.04, p = 0.049) score, high dopamine agonist equivalent daily
dose (OR = 2.54, 95% CI 1.37-4.71, p = 0.003), high Geriatric Depression Scale (OR = 2.33, 95% CI 1.27—4.28, p = 0.006) score and
postural instability (OR = 3.03, 95% CI 1.26-7.29, p = 0.013) were associated with ICDs occurrence.

Conclusion: Our results indicated that EDS acts as a risk for ICDs occurrence in PD. Clinicians should pay attention to EDS in
clinical practice. This may be a promising new approach to better understand and therapy ICDs.
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Introduction

Parkinson’s disease (PD) is recognized as a common neurodegenerative disease. Motor symptoms are the characteristics
of PD that cause increasing disability. However, the burden on patients and their caregivers may worsen with the
emergence of numerous non-motor symptoms, including impulse control disorders (ICDs) and excessive daytime
sleepiness (EDS).

ICDs are repetitive reward-seeking behaviors characterized by an impairment in resisting some temptation. They can
lead to severe effects on life safety and disrupt major aspects of daily life.' The unfortunate aspect is that patients with
ICDs often repeat those behaviors without control, even though they are well aware of the negative consequences.
Classical ICDs encompass pathologic gambling, binge eating, compulsive shopping and hypersexuality, but other related
behaviors have been described, including hobbyism/punding and dopamine dysregulation syndrome.” Reported fre-
quency of ICDs vary considerably on the basis of sample characteristics in PD. A recent national study reported that
ICDs prevalence increased from 19.7% at baseline to 32.8% after 5 years.’

Usage of dopamine agonist is widely considered as an important risk factor for ICDs.* In addition, early age of
disease onset, impulsive personality, depression, anxiety and genetic variants are also associated with the development of
ICDs.’ Little attention has been paid to the association of ICDs and daytime sleepiness. Sleep deprivation have been
linked to a lack of control over impulsive behavior in healthy adults. PD patients who accompanied by ICDs have an
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increased prevalence of Restless Legs Syndrome (RLS) symptoms and worse sleep efficiency. Presumably due to
a failure of top-down control of prefrontal cortex when experiencing sleep disturbances.® It is supported by prior
neurophysiological studies. For example, increased measures of impulsivity were correlated with GABAergic activation
by reducing prefrontal inhibition.”* Additionally, glutamate and y-aminobutyric-acid (GABA) are important neurotrans-
mitters in brain circuitry to control wake and sleep.”'® However, few longitudinal studies have focused on assessing
whether EDS is associated with the development of ICDs.

It is important to profile the role of EDS in developing impulse control disorders. To date, most of the evidence comes
from cross-sectional studies.'' In this longitudinal study, we intend to explore the relationship between EDS and the
development of ICDs. At the meantime, we intend to find a new approach to better understand and therapy ICDs.

Materials and Methods
Participants

All data used in this longitudinal study were obtained from July 2010 to June 2018 from the Parkinson’s Progression
Markers Initiative (PPMI), an international multicenter investigation designed to assess the progression of PD, as
previously described in detail.'”> We downloaded the dataset on 19th July 2023. The inclusion criteria for patients with
PD were the following: (1) received dopamine replacement therapy regularly for at least 3 months, (2) participants who
did not develop ICDs were enrolled in our study. All patients were followed until the onset of ICDs or the end of 4 years.
In brief, a total of 260 patients were included in this paper. The PPMI study was approved by the institutional review
board at each PPMI site, and participants provided written informed consent for research. Since this research only
involves informational that legally obtained from public data and does not cause harm to the human body, the Ethics
Committee of Shanghai Tongji Hospital, School of Medicine, Tongji University, exempted it from ethical review.

Assessments of Demographic and Clinical Characteristics

PPMI collects a vast body of clinical assessments. For this study, demographic, motor and non-motor symptoms at
enrollment were included. These included age at PD onset, age at enrollment, duration of PD, sex, Movement Disorders
Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) parts 1A, 1B, 2, and 3, Hoehn and Yahr (H&Y) stage,
initial symptoms at diagnosis (resting tremor, rigidity, bradykinesia and postural instability), duration of medication. All
analyses were performed using the MDS-UPDRS assessment “off” medication, more than 6 hours after the last dose of
dopaminergic therapy as defined in the PPMI study protocol. Medication data were used to calculate a total levodopa
equivalency daily dose (TLEDD) and dopamine agonist equivalent daily dose (DAED) based on established algorithm."?
The Rapid Eye Movement Behavior Disorder (RBD) Questionnaire (RBDSQ) was used to screen RBD. Patients would
be classified to positive for RBD if they scored >5.'* Cognition was evaluated by the Montreal Cognitive Assessment
(MoCA, score > 26 is the cutoff point for normal cognition). Anxiety was evaluated by State-Trait Anxiety Inventory
scores (STAI, including state anxiety and trait anxiety). Depression was evaluated by Geriatric Depression Scale (GDS-
15). Autonomic dysfunction was evaluated by Scale for Outcomes in Parkinson’s disease Autonomic (SCOPA-AUT).

Assessments of ICDs and EDS

All patients completed the Questionnaire for Impulse Control Disorders in Parkinson’s Disease Short Form (QUIP-S) to
identify those with possible ICDs. The cutoff point for each ICD was >1 affirmative answer to any question.'> All the
included patients had a QUIP-S of 0 at enrollment. All patients were followed annually for up to 4 years or until the onset
of ICDs. Patients were considered to have ICDs once they provided the first affirmative answer to any question of QUIP-
S during the follow-up. The time of development of ICDs was based on their recollection of when the symptom first
occurred. At the end of follow-up, patients were divided into two groups: with ICDs (ICDs group) and without ICDs
(NICDs group). It was worth noting that we were concerned about four typical ICDs in this study, including pathologic
gambling, binge eating, compulsive shopping, and hypersexuality, but did not include hobbyism/punding and dopamine
dysregulation syndrome. This is because previous studies suggested that typical ICDs have different risk factors from
punding and dopamine dysregulation syndrome.'® Based on the above criteria, we next considered two subgroups in the

2518  rees Neuropsychiatric Disease and Treatment 2024:20

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tang et al

cohort of patients with ICDs: with only one type of ICDs (Group 1) and with more than one type of ICDs (Group 2). This
kind of grouping was used to identify whether there is a difference in clinical characteristics between patients with only

718 in the

one type of ICDs and those with more than one type of ICDs. According to the methods of previous studies,
present work, all patients also completed the Epworth Sleepiness Scale (ESS) at enrollment. This is a validated
evaluation of EDS with eight items. According to conventions in previous studies, patients were dichotomized as having

EDS when ESS > 10."°

Statistical Analysis
Continuous data were compared by independent ¢ test or Mann—Whitney U-test and presented as mean + standard
deviation or median (interquartile range [IQR]), as appropriate. Categorical variables were compared by Pearson’s chi-
square or Fisher’s exact test and presented as numbers and percentage, as appropriate. To identify risk factors for ICDs,
we conducted univariable logistic regression models for all baseline variables, followed by a forward stepwise variable
selection to select variables for the multivariable logistic regression, with the significance level for entry and stay being
0.1 (the default setting) to avoid rejection of potentially important variables due to uncontrolled confounders. For logistic
regression analysis, continuous variables were transformed to categorical variables by the corresponding medians. At the
meantime, we conducted the multivariable logistic model adjusted age and sex. OR with 95% CI was calculated. We also
assessed multicollinearity of the selected variables by using the variance inflation factor (VIF).

A two-sided p value <0.05 was considered to be statistically significant. Statistical analysis was performed using
R version 4.3.1 (Foundation for Statistical Computing, Vienna, Austria).

Results

Prevalence and Demographic Characteristics

A total of 260 patients were enrolled into this study. The overall frequency of ICDs at the end of follow-up was 23.8%
(62 patients). There was no significant difference between NICDs and ICDs group in age of onset of PD, age at
enrollment, duration of PD and sex (Table 1). Among patients with ICDs, 85.5% (53 patients) accompanied by only one
type of ICDs and 14.5% (9 patients) accompanied by more than one type of ICDs. Among 53 patients with only one type
of ICDs, 54.7% (29 patients) with binge eating, 30.2% (16 patients) with hypersexuality, 13.2% (7 patients) with
compulsive shopping, and 1.9% (1 patient) with pathologic gambling. There was also no significant difference between
patients with only one type of ICDs and with more than one type of ICDs group in age of onset of PD (P = 0.987), age at
enrollment (P = 0.973), duration of PD (P = 0.491) and sex (P = 0.464) (Table 2).

Table | Clinical Characteristics of All the Patients and Patients with and without ICDs

Variables ALL (N = 260) NICDs (N = 198) ICDs (N = 62) P
Duration of medication for ICDs, y NA NA 330 £ 242 NA
Age of onset, y 58.8 + 9.0 587 £ 85 59.0 + 104 0.832
Age, y 62.5 + 8.8 62.6 £ 84 624 + 10.1 0.881
Duration of PD, y 3.2 (2.24.6) 3.1 (2244) 3.4 (2249) 0.747
Male, No. (%) 153 (58.8%) 114 (57.6%) 39 (62.9%) 0.551
DAED, mg 0.0 (0.0-122.4) 0.0 (0.0-80.0) 40.2 (0.0-160.0) 0.012*
Use DAED, No. (%) 105 (40.4%) 71 (35.9%) 34 (54.8%) 0.008*
TLEDD, mg 320.0 (199.6-600.0) | 310.0 (200.0-600.0) | 345.0 (160.0-570.0) | 0.870
(Continued)
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Table | (Continued).
Variables ALL (N = 260) NICDs (N = 198) ICDs (N = 62) P
Tremor, No. (%) 194 (74.6%) 143 (72.2%) 51 (82.3%) 0.156
Rigidity, No. (%) 186 (71.5%) 138 (69.7%) 48 (77.4%) 0.310
Bradykinesia, No. (%) 214 (82.3%) 162 (81.8%) 52 (83.9%) 0.858
Postural instability, No. (%) 28 (10.8%) 17 (17.7%) Il (8.6%) 0.073
MDS-UPDRS IA 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-3.0) 0.026*
MDS-UPDRS 1B 4.0 (2.0-7.0) 4.0 (2.0-7.0) 4.0 (3.0-6.0) 0.910
MDS-UPDRS I 6.0 (4.0-8.0) 6.0 (4.0-8.0) 6.0 (4.0-8.0) 0.894
MDS-UPDRS il 18.0 (12.0-25.0) 18.0 (12.0-24.0) 18.5 (15.0-27.0) 0.119
H&Y 2.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (1.0-2.0) 0.971
RBD, No. (%) 88 (33.8%) 61 (43.5%) 27 (30.8%) 0.090
GDS 5.0 (5.0-6.0) 5.0 (5.0-6.0) 6.0 (5.0-7.0) 0.006*
MoCA 27.0 (25.0-29.0) 27.0 (25.0-29.0) 27.0 (25.0-29.0) 0.825
ESS 6.0 (3.0-9.0) 6.0 (3.0-8.8) 7.0 (5.0-10.0) 0.002%*
EDS 49 (18.8%) 31 (15.7%) 18 (29.0%) 0.030%*
SCOPA-AUT 10.0 (6.0-14.7) 10.0 (6.0-14.0) 10.0 (6.0-16.6) 0.484
State anxiety 47.0 (44.0-50.0) 48.0 (44.0-50.0) 46.0 (43.0-50.0) 0.368
Trait anxiety 46.0 (43.048.0) 46.0 (43.048.0) 45.0 (41.0-48.0) 0.541
Notes: P: NICDs group versus ICDs group. “*” indicate statistical significance at p < 0.05.
Abbreviations: ICDs, impulse control disorders; NICDs, without impulse control disorders; DAED, dopamine agonist equivalent daily
dose; TLEDD, total levodopa equivalency daily dose; MDS-UPDRS IA, part IA of Movement Disorder Society Unified Parkinson’s Disease
Rating Scale; MDS-UPDRS [B, part IB of Movement Disorder Society Unified Parkinson’s Disease Rating Scale; H&Y, Hoehn and Yahr;
RBD, Rapid Eye Movement Sleep Behavior Disorder Questionnaire; GDS, Geriatric Depression Scale; MoCA, Montreal Cognitive
Assessment; ESS, Epworth Sleepiness Scale; EDS, excessive daytime sleepiness; SCOPA-AUT, Scale for Outcomes in Parkinson’s disease
Autonomic; NA, no applicable.
Table 2 Clinical Characteristics of Group | and Group 2
Variables Group | (N=53) | Group2 (N =9) P
Duration of medication for ICD, y 3.27+2.54 3.48+1.59 0.342
Age of onset, y 59.0 + 10.9 59275 0.987
Age, y 623 + 10.7 627 £ 6.7 0.973
Duration of PD, y 3.3 (2.34.9) 3.5 (2.24.1) 0.491
Male, No. (%) 32 (60.4%) 7 (77.8%) 0.464
DAED, mg 50.0 (0.0-160.0) 25 (0.0-160.0) 0.933
TLEDD, mg 350.0 (160.0-600.0) | 340.0 (300.0-450.0) | 0.818
Tremor, No. (%) 43 (81.1%) 8 (88.9%) 1.000
Rigidity, No. (%) 42 (79.0%) 7 (77.8%) 1.000
(Continued)
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Table 2 (Continued).

Variables Group | (N=53) | Group2 (N=9) P

Bradykinesia, No. (%) 46 (86.8%) 6 (66.7%) 0.151
Postural instability, No. (%) 7 (13.2%) 4 (44.4%) 0.044*
MDS-UPDRS IA 1.0 (0.0-3.0) 2.0 (1.0-2.0) 0.265
MDS-UPDRS IB 4.0 (3.0-6.0) 5.0 (4.0-7.0) 0.295
MDS-UPDRS I 7.0 (4.0-8.0) 4.0 (3.0-5.0) 0.182
MDS-UPDRS III 18.0 (15.0-27.0) 22.0 (15.0-33.0) 0.490
H&Y 2.0 (1.0-2.0) 2.0 (1.0-2.0) 0.345
RBD, No. (%) 22 (41.5%) 5 (55.6%) 0.485
GDS 6.0 (5.0-7.0) 5.0 (5.0-6.0) 0.533
MoCA 27.0 (25.3-29.0) 27.0 (19.5-28.5) 0.280
ESS 7.0 (5.0-10.0) 6.0 (5.0-9.0) 0.581
EDS 16 (30.2%) 2 (22.2%) 1.000
SCOPA-AUT 10.0 (6.0-16.1) 10.0 (6.0-22.0) 0.823
State anxiety 46.0 (43.0-50.0) 46.0 (43.0-52.0) 0.483
Trait anxiety 45.0 (41.0-48.0) 48.0 (44.048.0) 0.262

Note: “*” indicates statistical significance at p < 0.05.

Abbreviations: Group |, patients with only one type of ICDs; Group 2, patients with more than one type
of ICDs; DAED, dopamine agonist equivalent daily dose; TLEDD, total levodopa equivalency daily dose;
MDS-UPDRS IA, part IA of Movement Disorder Society Unified Parkinson’s Disease Rating Scale; MDS-
UPDRS IB, part IB of Movement Disorder Society Unified Parkinson’s Disease Rating Scale; H&Y, Hoehn and
Yahr; RBD, Rapid Eye Movement Sleep Behavior Disorder Questionnaire; GDS, Geriatric Depression Scale;
MoCA, Montreal Cognitive Assessment; ESS, Epworth Sleepiness Scale; EDS, excessive daytime sleepiness;
SCOPA-AUT, Scale for Outcomes in Parkinson’s disease Autonomic.

Clinical Characteristics

The mean duration from dopamine replacement therapy to the onset of ICDs in this cohort was 3.30 + 2.42 years.
Patients with ICDs had significantly higher DAED (P = 0.012) and significantly higher proportion of using DAED (P =
0.008) than patients without ICDs. However, there was no significant difference in TLEDD between patients with and
without ICDs (P = 0.870). In view of motor symptoms that appeared at diagnosis, there was no significant difference in
the proportion of tremor (P = 0.156), rigidity (P = 0.310), and bradykinesia (P = 0.858) between patients with and
without ICDs. Notably, the proportion of postural instability in patients with ICDs appeared higher than that in those
without ICDs, but the difference was not statistically significant (P = 0.073). Patients with ICDs had significantly higher
MDS-UPDRS IA than patients without ICDs (P = 0.026). Whereas, there was no difference in MDS-UPDRS IB (P =
0.910), MDS-UPDRS 1I (P = 0.894), MDS-UPDRS III (P = 0.119) and H&Y (P = 0.971) between these two groups.
Patients with ICDs had a significantly higher GDS score (P = 0.006) and an ESS score (P = 0.002) when compared to
patients without ICDs. In addition, the proportion of EDS in patients with ICDs was also significantly higher than that in
patients without ICDs (P = 0.030). There was no significant difference in the proportion of RBD in patients with and
without ICDs (P = 0.090). There was no significant difference in MoCA (P = 0.825), SCOPA (P = 0.484), state anxiety
(P = 0.368) and trait anxiety (P = 0.541) between patients with and without ICDs (see Table 1 for details). At the
meantime, we found that the proportion of ICDs in patients with EDS was significantly higher than that in patients
without EDS (Figure 1). When comparing patients with only one subtype of ICDs and patients with more than one
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Figure | Incidence of ICDs at the end of follow-up in patients with and without EDS.
Abbreviations: ESS, Epworth Sleepiness Scale; ICDs, impulse control disorders; NICDs, without impulse control disorders; EDS, excessive daytime sleepiness.

subtype of ICDs, there was no difference in demographic characteristics, motor and non-motor symptoms, excepted for
the proportion of postural instability (P = 0.044) (see Table 2 for details).

Risk Factors for Development of ICDs

Firstly, we used univariable logistic regression analysis to find out significant variables to avoid error or miss important variables
with a border of P <0.1. Finally, the following variables were incorporated in the multivariable logistic regression analysis: age,
sex, DAED, postural instability, RBD, GDS and EDS. The results of the multivariable logistic regression analysis were shown in
Table 3. Results of VIF (GDS 1.01, DAED 1.06, EDS 1.01, postural instability 1.06) suggested no multicollinearity among the
above-selected variables. Forest plot of the multivariable logistic regression analysis was displayed in Figure 2. We found that

Table 3 Logistic Regression Analysis of ICDs (N = 260)

Variables Univariable Analysis Multivariable Analysis
B OR (95% CI) P B OR (95% ClI) P
Age of onset 0.305 1.36 (0.76-2.41) 0.299 NA NA NA
Age 0.285 1.30 (0.73-2.32) 0.368 NA NA NA
Duration of PD 0.235 1.26 (0.71-2.24) 0.422 NA NA NA
Male 0.223 1.25 (0.69-2.25) 0.457 NA NA NA
DAED 0.776 | 2.17 (1.22-3.87) | 0.009* | 0.931 | 2.54 (1.37—4.71) | 0.003*
TLEDD 0.210 1.23 (0.70-2.19) 0.471 NA NA NA
Tremor 0.578 1.78 (0.87-3.67) 0.116 NA NA NA
(Continued)
2522 hetps: Neuropsychiatric Disease and Treatment 2024:20

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Tang et al

Table 3 (Continued).

Variables Univariable Analysis Multivariable Analysis
B OR (95% CI) P B OR (95% CI) P

Rigidity 0.399 1.49 (0.76-2.91) | 0.241 NA NA NA
Bradykinesia 0.145 1.16 (0.54-2.49) | 0712 | NA NA NA
Postural instability | 0.831 2.30 (1.01-5.21) | 0.047* | 1.108 | 3.03 (1.26-7.29) | 0.013*
MDS-UPDRS IA 0.496 1.64 (0.90-2.99) | 0.104 | NA NA NA
MDS-UPDRS IB —0.093 | 091 (0.51-1.62) | 0.750 | NA NA NA
MDS-UPDRS I 0.303 1.35 (0.76-2.40) | 0300 | NA NA NA
MDS-UPDRS llI 0.162 1.18 (0.66-2.08) | 0.578 | NA NA NA
H&Y 0.474 | 1.61 (0.14-18.02) | 0.701 NA NA NA
RBD 0.550 1.73 (0.97-3.11) | 0.066 | NA NA NA
GDS 0.850 | 2.34(1.31-4.19) | 0.004* | 0.848 | 2.33 (1.27—4.28) | 0.006*
MoCA 0.061 1.06 (0.60-1.88) | 0.835 NA NA NA
EDS 0.790 | 220 (1.13-4.30) | 0.021* | 0.699 | 2.01 (1.01-4.04) | 0.049*
SCOPA-AUT -0.053 | 0.95 (0.54-1.68) | 0.857 | NA NA NA
State anxiety -0.386 | 0.68 (0.38-1.21) | 0.289 | NA NA NA
Trait anxiety -0.071 | 0.93 (0.52-1.67) | 0.812 | NA NA NA

Note: “*” indicates statistical significance at p < 0.05.

Abbreviations: ICDs, impulse control disorders; DAED, dopamine agonist equivalent daily dose; TLEDD, total
levodopa equivalency daily dose; MDS-UPDRS IA, part IA of Movement Disorder Society Unified Parkinson’s
Disease Rating Scale; MDS-UPDRS IB, part IB of Movement Disorder Society Unified Parkinson’s Disease Rating
Scale; H&Y, Hoehn and Yahr; RBD, Rapid Eye Movement Sleep Behavior Disorder Questionnaire; GDS, Geriatric
Depression Scale; MoCA, Montreal Cognitive Assessment; EDS, excessive daytime sleepiness; SCOPA-AUT, Scale

for Outcomes in Parkinson’s disease Autonomic; OR, Odds Ratio; Cl, Confidence Interval; NA, no applicable.

EDS was independently associated with the development of ICDs (OR = 2.01, 95% CI 1.01-4.04, p = 0.049). In addition, high
DAED (OR = 2.54, 95% CI 1.37-4.71, p = 0.003), high GDS (OR = 2.33, 95% CI 1.27-4.28, p = 0.006) and appearance of
postural instability at diagnosis (OR = 3.03, 95% CI 1.26-7.29, p = 0.013) also showed significant correlation with ICDs.

Figure 2 Forest plot of multivariable logistic regression analysis.

Variables OR (95% Cl)
DAED 254 (137-471) f L ] !
GDS 2.33(1.27-4.28) R
DXPOSION  3.03(1.26-7.29) f L
ESS 201(1.01-404) ——J—
T T T
1 2 3 4

Abbreviations: DAED, dopamine agonist equivalent daily dose; GDS, Geriatric Depression Scale; DXPOSION, Postural instability.
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Discussion

This study followed a group of PD patients free of ICDs at baseline for 4.0 years. The prevalence of ICDs at the end of
follow-up was 23.8%, which was consistent with prior studies.’* We found that those who were going to develop ICDs
had significantly higher proportion of EDS and significantly higher ESS score than those who were not. Moreover, we
found EDS was independently associated with development of ICDs. In addition, depression, high dopamine agonist and
appearance of postural instability are also risk factors of ICDs.

When compared to patients without ICDs, patients with ICDs had significantly severer depression, higher proportion
of postural instability at diagnosis, higher DAED and more serious excessive daytime sleepiness. Patients with ICDs also
had significantly severer MDS-UPDRS IA that mainly used to assess disturbances in mood.”' However, we found that
the proportion of postural instability at diagnosis was the only variable that is significantly different between patients
with only one subtype of ICDs and patients with more than one subtype of ICDs. Those variables may be associated with
the development of ICDs but may not be associated with subtype of ICDs, except for postural instability.

The combination of EDS, depression, dopamine agonist and postural instability significantly predicted ICDs, with
appearance of EDS, severe depression, high dopamine agonist and appearance of postural instability at diagnosis being
associated with occurrence of ICDs. Our results add to clinical evidence suggesting that patients with postural instability
at diagnosis of PD have an increased risk of ICDs. There is also a neuroanatomical explanation for their relationship.
Inferior frontal gyrus has been classically involved in inhibitory control along with the lateral anterior prefrontal cortex
and supplementary motor area. Prior studies found that patients with ICDs showed stronger activation in inferior frontal
gyrus.*>** Additionally, studies found that the bilateral inferior frontal gyrus and superior temporal gyrus are the only
regions associated with the presence of postural instability in PD.** Patients with postural instability and gait disorders
showed increased recruitment of inferior frontal gyrus and supplementary motor area when performing the dual-task.? In
addition, the association for ICDs and depression has been noted.**® The prevalence of depression in PD patients is high.
A previous study found that sleep status, daily use of levodopa, a high H-Y, a high UPDRS II score, and a high UPDRS
IIT score were all risk factors for depression in PD patients.”” Dopaminergic denervation of the mesolimbic pathway
would lead patients to experience both depression and ICDs.”**° However, a previous study showed that PD depression
is a state that predisposes to the development of ICDs. They supported that depression could be regarded as
a consequence of ICDs, either as a risk factor for developing ICDs.?® Dopamine agonist is widely considered as a risk
factor for ICDs.***! The point worth emphasizing in this study was that we separated DAED from TLEDD" and found
correlation between ICDs and dopamine agonist. This association was reported for dopamine agonist with a preferential
affinity for D2-like receptors,”” and was higher with oral short-lasting dopamine agonist than oral long-lasting dopamine
agonist.>? In agreement with a previous longitudinal study,’ we did not find a significant association between TLEDD and
ICDs. As some evidence suggested, high TLEDD dose was associated with an increased risk of ICDs to a lesser extent.>*

Prior studies found an association between RBD and ICDs.>> Fewer studies explored association of EDS and
development of ICDs. In this longitudinal study, we were more concerned with EDS and its influence on the development
of ICDs. Consistent with a prior cross-sectional study, ICDs were significantly associated with EDS."" Our results of
logistic regression analysis confirmed the role of EDS in leading to ICDs. This association was strong (OR = 2.01) and
may assist clinicians to distinguish patients who might develop ICDs in future. Studies reported that EDS is mainly
a consequence of alterations in sleep and wakefulness structures due to neurodegeneration.” The pedunculopontine
nucleus (PPN) as a part of the pathway of arousal was hypothesized relatively early to promote cortical desynchroniza-
tion through switching the thalamus from a synchronized to a desynchronized mode.*®*” This desynchronization results
in disturbance of arousal. In addition, the PPN is mainly comprised of cholinergic neurons, glutamatergic, and
GABAergic neurons.”®* Increased measures of impulsivity were correlated with GABAergic activation.’
Furthermore, as we know, amygdala has an important role in stimulus-reward learning.*® The increased activity in the
amygdala that results from suboptimal sleep may contribute to the heightened reward-seeking behavior.*'** More than
that, the dopamine mediated mesolimbic circuitry is not only responsible for rewarding and reinforcement but it is also
heavily involved in the regulation of sleep/wake states. The same pathway from the ventral tegmental area to the nucleus
accumbens is critically involved in both the attribution of incentive salience to cues and the regulation of sleep-wake
states.*’ Our results were supported by the above-shared neurobiological mechanisms between sleep and impulsivity.
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This prospective study may not confirm the causality of the association between EDS and ICDs, but it does suggest that
EDS seems to act as a risk factor for the occurrence of ICDs. Thus, clinicians should consider screening for EDS in
routine clinical practice. The ESS is a reliable tool to assess self-reported daytime sleepiness.*® It is not time-consuming
and easy to understand. Positive results in screening for EDS should attract clinicians’ attention and prompt further
evaluation, and possibly lead to therapeutic adjustments. Certainly, it would be better to compare patients with EDS at
baseline and patients who developed it during follow-up. In the future studies, we will use more follow-up data to further
investigate the relationship between EDS and ICDs.

There are several limitations of this study. First, both ICDs and EDS were evaluated by subjective scales, which might
suffer from subjective assessment bias. It is necessary to assess sleepiness objectively by appropriate instruments because
there are many potential confounding factors in patients with PD,* such as polysomnography and quantitative electro-
encephalogram. However, these scales are reliable, convenient, and practicable for clinicians. Second, the data came from
the PPMI study. Most participants were so young and mild that they cannot represent the general population. However,
this benefited researchers in exploring the risk factors for ICDs through follow-up. Third, the study sample was small.
Further evaluation of the potential role of EDS in ICDs development should be conducted in large sample sizes. Fourth,
medication information has only been provided for dopaminergic treatments with TLEDD and DAED that would omit
any medications that could potentially cause ICDs. Additionally, it would lead to miss out on discovering new drug
adjustment program. It is essential to distinguish different medications in the future studies. Despite these limitations, this
was a rarely prospective design with longer duration of follow-up to examine the relationship between ICDs and EDS.

Conclusion

In summary, our results indicated that EDS acts as a risk for ICDs occurrence in PD. Clinicians should pay attention to
screening for EDS in clinical practice. Positive results in screening for EDS should prompt further evaluation, and
possibly lead to therapeutic adjustments. It may represent a promising new approach to better understand ICDs.
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