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Abstract

Objective—Rapid Eye Movement (REM) sleep behavior disorder is often co-morbid with

Parkinson's disease (PD). The current study aimed to provide a detailed understanding of the

impact of having REM sleep behavior disorder on multiple NMS in patients with PD.

Methods—86 participants were evaluated for REM-sleep behavior disorder and assessed for

multiple non-motor symptoms of PD. Principal component analysis was utilized to model multiple

measures of non-motor symptoms in PD and a multivariate analysis of variance was used to assess

the relationship between REM-sleep behavior disorder and the multiple non-motor symptoms

measures. Seven non-motor symptoms measures were assessed: cognition, quality of life, fatigue,

sleepiness, overall sleep, mood, and overall non-motor symptoms of PD.

Results—36 PD patients were classified as having REM-sleep behavior disorder (objective

polysomnography and subjective findings), 26 as not having REM-sleep behavior disorder

(neither objective nor subjective findings), and 24 as probable REM-sleep behavior disorder

(either subjective or objective findings). REM-sleep behavior disorder was a significant predictor

of increased non-motor symptoms in PD while controlling for dopaminergic therapy and age

(p=0.01). The REM-sleep behavior disorder group reported more non-motor symptoms of
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depression (p=0.012), fatigue (p=0.036), overall sleep (p=0.018), and overall non-motor

symptoms (p=0.002).

Conclusion—In PD, REM-sleep behavior disorder is associated with more non-motor

symptoms, particularly increased depressive symptoms, sleep disturbances, and fatigue. More

research is needed to assess whether PD patients with REM-sleep behavior disorder represent a

subtype of PD with different disease progression and phenomenological presentation.
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Introduction

Parkinson's disease (PD) is strongly associated with non-motor symptoms (NMS) including

sleep disturbances, daytime sleepiness, dementia, fatigue, and depression [1]. In a large

multicenter study, 99% of 1072 PD patients reported NMS [2]. NMS have a major negative

impact on the lives of patients and on their families, contribute to the severe disability these

patients experience, impair quality of life (QOL), and even shorten life expectancy [3].

Some studies have suggested that NMS are more significant than motor symptoms when

assessing caregiver distress, institutionalization rates, QOL, and overall economics of PD [1,

3, 4].

Rapid-eye-movement (REM) sleep behavior disorder (RBD) is a parasomnia characterized

by REM sleep without atonia (RSWA), i.e., abnormal increase of muscle activity during

REM sleep that is evident by phasic and/or tonic muscle activity on the electromyogram

(EMG) channel on the overnight polysomnograph (PSG) recording. This loss of muscle

atonia is typically described by patients as “acting out” their dreams. A high percentage of

idiopathic RBD patients eventually develop neurodegenerative disease [5], and RBD has

been recognized as a strong predictor of the development of synucleinopathies, including PD

[6, 7].

RBD has been reported to affect up to 58% of PD patients [8], yet few studies have

systematically assessed the relationship between RBD and NMS in PD. In a recent study we

reported that having PD and with multiple sleep disorders, was associated with increased

NMS [9]. Those results showed that RBD is a significant predictor of increased NMS while

controlling for other sleep disorders. The current study aimed to further assess and provide a

more detailed understanding of the impact of having RBD on multiple NMS in patients with

PD.

Methods

Participants

183 PD patients were referred to the study by neurologists at the University of California,

San Diego (UCSD) or by San Diego County community neurologists, volunteered after

hearing a talk at support group meetings or responded to flyers and advertisements (Figure
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1). 106 patients met inclusion/exclusion criteria (Table 1), agreed to participate, and

consented for this study. However, 7 patients dropped out prior to completing the overnight

PSG, 12 were excluded (did not meet inclusion criteria after medical records were

reviewed), and 1 patient did not have REM sleep. The remaining 86 patients, all of whom

completed the overnight PSG evaluation, participated in this study. The study was approved

by UCSD Human Research Protection Program and San Diego Veterans Administration

Healthcare System. All patients met UK brain bank criteria for the diagnosis of PD.

Study design

Consented patients received a brief cognitive assessment using the Montreal Cognitive

Assessment (MoCA) [10]. Patients were admitted to the General Clinical Research Center

(now Clinical and Translational Research Institute) Gillin Laboratory for Sleep and

Chronobiology for an overnight PSG recording. During their visit, a neurologist (JCB)

evaluated the patients with the Hoehn and Yahr [11] and the Unified Parkinson's Disease

Rating Scale (UPDRS) [12], a physician trained in sleep medicine (JSL or JEM) conducted a

history and physical including detailed sleep history, review of overall medical conditions,

medication use, and completion of the REM Behavior Disorder Sleep Questionnaire

(RBDSQ) [13]. All patients also completed a self-administered NMS questionnaire packet

including: 1. Non-motor Symptoms Questionnaire (NMSQuest) [14] assessing non-motor

features of PD (neuropsychiatric, autonomic, gastrointestinal, sensory and other

disturbances); 2. Beck Depression Inventory- 2nd edition (BDI-II) [15] assessing depressive

symptoms; 3. Epworth Sleepiness Scale (ESS) [16] assessing daytime sleepiness; 4. Short

Form of the Multidimensional Fatigue Symptom Inventory (MFSI-SF) [17] evaluating

fatigue on five subscales: General, Physical, Emotional, Mental, and Vigor; 5. Parkinson's

Disease Sleep Scale (PDSS) [18, 19] assessing sleep complaints and nocturnal difficulties

specific to PD; 6. Parkinson's Disease Questionnaire (PDQ-39) [20] evaluating QOL.

Polysomnographic evaluation

The first four participants had PSG recorded with Embla (Planegg, Gernamy). The

remaining participants had PSG recorded with Compumedics Somté (Charlotte, NCUSA).

Video-enabled PSG was available for 47% of the sample. Additionally, detailed clinical

notes of nighttime behaviors (e.g., talking, yelling, excessive movement, going to bathroom)

were maintained by the technician and recorded on the PSG record at the time of

occurrence. Electroencephalography (F4, C4, O1 or O2), electrooculography (left and right

outer canthus), submental EMG, respiratory effort (thoracic and abdominal piezoelectric

bands), airflow (nasal pressure transducer), electocardiogram, oximetry and tibialis EMG

were recorded.

Sleep recordings were scored by a scorer blinded to the clinical assessment, treatment

condition, and questionnaire data. All PSG records were staged and scored according to

accepted criteria [21] while allowing for RSWA in REM-sleep.

RBD scoring

Subjective—RBDSQ was used to assess clinical history of dream enactment behavior.

This screening tool for RBD is based on the clinical criteria of the International
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Classification of Sleep Disorders, second edition (ICSD-II) [22] and is composed of 10

yes/no items with maximum score of 13. The RBDSQ was previously validated with a

cutoff score of 5 exhibiting 96% sensitivity and 56% specificity. [13, 23]

Objective—Submental EMG was assessed for RSWA. RSWA scoring method was first

developed by Lapierre and Montplaisir [24] and validated by Consens et al, [25] including

scoring of tonic and phasic epochs. The American Academy of Sleep Medicine (AASM)

guidelines also provide the scoring method of tonic and phasic activity [21]. This study

followed the AASM guidelines, but integrated Lapierre and Montplaisir's and Consens et

al.'s ideas [24, 25] and also accommodated to PSG software, i.e., in order to score tonic and

phasic epochs, the mini-epoch length and reference activity amplitude were adjusted.

Tonic epoch was defined as a REM-sleep epoch with >50% of the duration exhibiting an

increase in chin EMG amplitude that was at least 2× the non-REM baseline. On the other

hand, the AASM guidelines define a tonic epoch as a REM-sleep epoch with >50% of the

epoch's duration showing chin EMG amplitude greater than the minimum amplitude present

in non-REM-sleep.

Phasic epoch was defined as at least 50% of the mini-epochs scored as phasic activity.

Phasic activity was defined as transient bursts of muscle activity 0.1-5.0 seconds in duration

with at least 4× the amplitude of background EMG-activity.

An EMGscore was calculated as the percent of tonic and phasic REM-sleep epochs over the

total number of REM-sleep epochs. The EMGscore is similar to the RBD measure (called

PSG-score) previously proposed by Consens et al. which established a cut-off score of 10%

with a sensitivity of 89% and specificity of 57% [25]. A cut-off of 10% EMGscore was also

used in this study.

Finally, patients were diagnosed with RBD as suggested by the ICSD-II.[22] Current criteria

of confirmed-RBD according to the ICSD-II involves subjective clinical history with

objective documentation of either RSWA or dream enactment behavior during an overnight

PSG. Therefore, patients were classified into groups based on subjective (RBDSQ) and

objective (EMGscore) measures: Yes-RBD group (yRBD; n=36; RBDSQ≥5 and

EMGscore≥10% or having video- and/or technician-recorded evidence of motor behaviors

during REM sleep) or No-RBD group (nRBD; n=26; RBDSQ<5 and EMGscore<10).

Patients not falling into either the yRBD or nRBD groups were not included in the primary

analyses as they may be fundamentally different from the yRBD and nRBD groups;

however, these patients (called probable RBD, pRBD; n=24; RBDSQ ≥5 or

EMGscore≥10%) were included in secondary analyses for exploratory purposes.

Medications

All patients were assessed for medication use (type, dose, frequency, time, reason, and

duration of use). As dopaminergic therapy regimen highly differs between patients, and to

allow comparisons among patients on different dopaminergic regimens, drug dosages were

converted to Levodopa Dosage Equivalents (LDE) according to the formula provided by

Tomlinson et al. [26]
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Data analysis

Given that seven NMS variables (e.g., mood, sleepiness, sleep dysfunction, fatigue,

cognition, overall NMS, and QOL) were under consideration and to avoid multiple

comparisons, principal component analysis (PCA) was utilized to derive component/factor

scores for the NMS of PD. This was accomplished by factoring the relationships among the

multiple observed variables designed to assess the seven different NMS [27]. The PCA was

conducted utilizing the correlation matrix with a varimax rotation. The first principal

component was derived, which by construction captured the maximum variability in the

NMS variables. An analysis of variance (ANOVA) was used to assess the relationship

between the NMS factor (i.e., first principal component) and the presence of RBD while

controlling for age and dopaminergic therapy (LDE). A significant model showing RBD

status as a significant predictor (p<0.05) would serve as an omnibus test of any association

between RBD status and NMS variables and would suggest that post-hoc analysis of this

relationship would be appropriate.

To extract a subset of NMS variables for further analysis, a multivariate ANOVA

(MANOVA) was used to assess the relationship between RBD groups (yRBD vs. nRBD)

and the seven NMS measures while controlling for age and dopaminergic therapy. A

significant overall model would further indicate a relationship between RBD and NMS.

Furthermore, a significant relationship (p<0.05) between RBD status and the individual

measures was used to guide post-hoc analyses of individual variables. Post-hoc analyses

were conducted using independent-sample t-tests. No Type I error protection was utilized as

these tests were exploratory.

Finally, MANOVA was used for exploratory analysis, which included the pRBD group to

examine possible differences between the pRBD vs. yRBD or nRBD. These exploratory

analyses were intended to examine the clinical utility of this classification.

All analyses were executed using SPSS (version 17.0, SPSS, Chicago, IL).

Results

A total of 86 PD patients (mean age=67.2±9.4 years; Range: 47-89, 29f) participated in the

study and were evaluated for RBD (Figure 1). The majority of participants were Caucasian

(90%), married (73%), and had at minimum an undergraduate degree (70%). There were no

significant differences between yRBD and nRBD in any of the demographic variables

except UPDRS total score (p=0.017), UPDRS part 1 (p<0.001) and part 2 (p=0.02), and

antidepressant use (p=0.05) (Table 2).

Omnibus testing of RBD and NMS

The PCA resulted in a single component that explained 54% of the variance. The remaining

components explained 14% or less of the variability in the set of NMS variables. A

regression model with NMS factor (i.e. the first principle component) as the dependent

variable and LDE, age, and RBD status as independent variables was significant (R2=0.29,

F3,61=7.9, p<0.001). All variables included in this model were significant predictors of the
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NMS factor score [Age (β=-0.26, p=0.021), LDE (β=0.34, p=0.003), and RBD status

(β=0.31, p=0.008)].

The MANOVA which modeled the relationship between the multiple NMS measures and

RBD status (yRBD vs. nRBD) showed that RBD was a significant predictor of NMS

(p=0.05) while controlling for age (p=0.001) and LDE (p=0.03). This analysis further

revealed that in this model controlling for age and LDE, having RBD was a significant

predictor for PDSS (R2=0.27, F3,61=5.74, p=0.02), BDI-II (R2=0.22, F3,61=8.48, p=0.005),

NMSQuest (R2=0.25, F3,61=11.1, p=0.002), and MFSI-SF (R2=0.23, F3,61=4.58, p=0.037).

RBD was not a significant predictor for PDQ-39 (p=0.25), MoCA (p=0.67), or ESS

(p=0.66).

NMS Assessment

yRBD, compared to nRBD, endorsed significantly more NMS on the NMSQuest

(yRBD=13.1±5.0 vs. nRBD=9.2±4.4, t=-3.21, p=0.002) (Figure 2). The NMSQuest includes

2 questions regarding RBD symptoms. Omitting these questions from the analyses did not

significantly change the results (yRBD=11.9±4.7 vs. nRBD=9.3±4.4, t=-2.14, p=0.037).

Frequency of positive answers on the NMSQuest is provided in Table 3. Exploratory post-

hoc analyses revealed that, as expected, the yRBD patients more commonly endorsed the

questions associated with RBD (both p<0.001). Additionally, yRBD patients reported more

changes in taste and smell (p=0.039), unexplained changes in weight (p=0.03), and feeling

light headed, dizzy or weak when standing from a sitting or lying position (p=0.004).

Depression

yRBD, compared to nRBD, rated themselves as more depressed, scoring significantly higher

on the BDI-II (yRBD=10.56±6.6 vs. nRBD=6.54±5.2, t=-2.59, p=0.025) (Figure 2). The

BDI-II includes a question regarding changes in sleep; excluding this question from the

analysis did not significantly change the results (yRBD=9.6±6.2 vs. nRBD=5.9±5.0,

t=-2.51, p=0.015). Exploratory post-hoc analyses revealed that yRBD patients reported more

symptoms of loss of pleasure (p=0.001), crying (p=0.018), indecisiveness (p=0.043), and

fatigue (p=0.02). Differences in depressive symptoms were also noted on part 1 of the

UPDRS with yRBD patients scored significantly higher compared to nRBD (p=0.001).

Fatigue

yRBD, compared to nRBD patients, rated themselves as more fatigued, scoring significantly

higher on the MFSI-SF (yRBD=12.06±13.3 vs. nRBD=6.0±7.7, t=-2.26, p=0.028) (Figure

2). Exploratory analyses revealed no significant differences between the groups in the

individual subscales.

Sleep Dysfunction

yRBD, compared to nRBD patients, reported more sleep dysfunction on the PDSS

(yRBD=99.2±20.1 vs. nRBD=110.7±18.6, t=2.3, p=0.025) (Figure 2). However, when

omitting the two questions assessing RBD, the analyses resulted in no significant differences

between the group on this measure (yRBD=84.9±17.2 vs. nRBD=92.1±17.8, t=1.62,

p=0.11).
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Probable RBD group

The exploratory MANOVA that modeled the relationship between the three RBD groups

(yRBD, nRBD, and pRBD) and the multiple NMS measures while controlling for age and

LDE showed that RBD (p=0.021), age (p<0.001) and LDE (p=0.003) were all significant

predictors in this multivariate model. This analysis further revealed that in a model

controlling for age and LDE, RBD classification was a significant predictor for PDSS

(R2=0.21, F4,83=3.96, p=0.023), BDI-II (R2=0.20, F4,83=4.45, p=0.015), NMSQuest

(R2=0.23, F4,83=5.21, p=0.007), and MFSI-SF (R2=0.24, F4,83=3.13, p=0.049). RBD

classification was not a significant predictor for PDQ-39 (p=0.29), MoCA (p=0.18), and

ESS (p=0.66).

As shown in Figure 2, post-hoc analyses revealed that pRBD scored significantly lower on

PDSS compared to nRBD (p=0.012) indicating poorer sleep, with no differences between

yRBD and pRBD. Excluding the two questions related to RBD symptoms did not

significantly change these results (p=0.028). Additionally, pRBD scored significantly higher

on MFSI-SF compared to nRBD group (p=0.025) indicating more fatigue, again with no

differences between yRBD and pRBD. Assessing the MFSI-SF subscales showed that

pRBD, compared to nRBD scored higher on the Physical (p=0.011) and Emotional

(p=0.001) subscales. On the BDI-II, pRBD did not score significantly different from yRBD

(p=0.637) or nRBD (p=0.06). Similarly, pRBD did not differ on the NMSQuest compared to

either the yRBD (p=0.096) or nRBD (p=0.205).

Discussion

This observational study assessed the complex relationship between RBD and NMS in PD.

The results suggest that, after controlling for age and dopaminergic therapy, PD patients

with RBD experienced more NMS than PD patients without RBD. Our results showed that

PD patients with RBD reported more NMS on measures of depression, fatigue, sleep, and

overall NMS. Our multivariate model of NMS in PD revealed a moderate effect size

(R2=0.29) and moderate effect sizes were observed in the models of the individual measures

of depression, fatigue, sleep, and overall NMS. These data provide further support for an

association between RBD and different NMS in PD and raises the possibility that RBD

could be a useful biomarker for a subgroup of PD with more NMS.

To our knowledge, this study is the first to show an association between RBD and

depressive symptoms. yRBD experienced more depressive symptoms including loss of

pleasure, crying, indecisiveness, and fatigue. A recent study by Suzuki et al.[28] reported

that PD patients who met the subjective criteria for RBD (using the Japanese version of the

RBDSQ [23]) scored significantly higher on the BDI-II compared to a healthy control group

but there were no differences between their RBD groups (including those with an RBDSQ≥5

but with no objective findings) on this measure. Nonetheless, in their study the RBD group

reported significantly poorer emotional well-being on the subscale of the PDQ-39. Studies

assessing depression in PD suggest that depression primarily results from brain dysfunction

rather than situational factors [29] and the presence of RBD may indicate more progressive

neuropathological processes which may explain such findings. This contrasts with the

results of prior studies in patients with idiopathic RBD [30], and studies of RBD in PD
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[31-33]. In the study by Postuma et al, depression was assessed with the UPDRS Part 1 [31].

In our study, there was a significant difference between the groups in the BDI-II as well as

in Part 1 of the UPDRS (see Table 2). Differences in results may be a function of the smaller

sample size used in their study. However, yRBD used antidepressant medications more

frequently which may explain the increase in depressive symptom in that group as

antidepressants such as serotonin reuptake inhibitors (SSRIs) may result in RSWA, thus

falsely lead to a positive RBD diagnosis. In fact, more patients in the yRBD (n=5) group

were on SSRIs compared to the nRBD group (n=1). Due to small sample in this study, we

did not control for antidepressant medication use. Therefore, future studies employing

improved controls are necessary to better establish and understand this possible relationship.

To our knowledge, this is also the first study to show an association between RBD and

fatigue in PD. Our findings suggest that PD patients with RBD report more fatigue.

Increased fatigue may be a function of worse sleep as is suggested by the higher PDSS

scores in yRBD. Additional studies are necessary to explore this association.

Our findings of yRBD reporting feeling light headed, dizzy or weak when standing from a

sitting or lying position suggests increased symptoms of orthostatic hypotension, and this is

well supported by previous studies [34, 35]. Idiopathic RBD has been demonstrated to be

closely related to autonomic dysfunction [36]. Other studies showed evidence for autonomic

failure in RBD (with and without PD) [35, 37, 38] as well as abnormal orthostatic blood

pressure changes [31, 39].

Our study found that yRBD also reported more olfactory symptoms compared to nRBD.

Some previous research supports this relationship [39-41], but Postuma et al. did not [31].

This is likely due to methodological issues including a smaller PD sample in their study.

More importantly, many of their participants had significantly impaired smell sensation

which made the authors conclude that “a floor effect was probably present.”

Our study did not find a relationship between RBD and cognitive performance in this PD

sample, similar to other findings in studies utilizing a single measure of cognitive

impairment [42]. However, other studies using comprehensive neurocognitive assessment

have shown that PD patients with RBD tend to demonstrate more cognitive impairment,

likely better representing overall congnitive functioning [43-47].

We utilized a clinical criteria [22] of RBD that requires both evidence of loss of muscle

atonia during REM-sleep with a clinical history of dream enactment, or clear evidence of

loss of muscle tone or dream enactment behavior as recorded on video during the PSG

recordings. Due to this criteria, a third group, called probable RBD (pRBD), was formed

which included those meeting only one of the two criteria. We wanted to explore whether

these patients were phenomenologically different from those with clear RBD or clear no-

RBD. Our results suggest that pRBD patients are not significantly different from the yRBD

group on any of the measures, suggesting similar clinical representation. In addition, pRBD

patients experienced more NMS than nRBD patients, specifically, more sleep dysfunction

including poorer sleep quality, more distressing dreams, as well as more physical and

emotional fatigue. pRBD also seemed to endorse more depressive symptoms compared to
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nRBD but this result was statistically weak (p=0.06). These findings pose interesting clinical

and research questions. Additional studies are necessary to indicate any clinical or research

relevance of this group of patients.

While increasing reports suggest that PD patients with versus without RBD are clinically

different, the etiology of such differences is not well understood. According to Braak et al.'s

six-stage neuropathological model of PD, pathology begins at the dorsal motor nucleus of

the vagal nerve and at the olfactory bulb and anterior olfactory nucleus, and progresses to

the basal portions of the midbrain and forebrain and encroaches the substantia nigra, all of

which leads to the classic clinical manifestation of PD [48]. This pathology may explain

some of the NMS of PD, but further research is necessary to assess different pathologies in

PD patients with versus without RBD and whether those with RBD represent a subtype of

PD with different disease progression and phenomenological presentation.

The major strengths of this study include simultaneous use of subjective and objective

measures for RBD diagnosis, multiple validated measures of NMS, and utilization of

advanced statistics cohesive assessment of NMS thus avoiding multiple comparisons.

Nonetheless, this study had several limitations: 1. Video recordings were available for less

than half of the sample. However, detailed clinical notes were maintained by the technician

and these notes were available for all patients; 2. The scorer of EMG-activity was not blind

to technician's notes as notes were made on the PSG records; 3. Only a single night of PSG

was recorded and while this more closely resembles clinical practice, single night recordings

may miss RBD occurrences due to high night-to-night variability [49]; 4. Increased use of

antidepressants (i.e., SSRIs) in the yRBD group may have influenced the EMGscore thus

having an impact on diagnosis. Nevertheless, while these issues may have biased RBD

diagnosis in our sample, our RBD occurrence rate is similar to other studies using similar

methodology [42, 50]; 5. Our study was also limited to a subjective assessment of NMS and

future studies should include objective measures; 6. While the NMSQuest is a widely used

method and validated measure, two questions relate specifically to RBD. Our analyses were

done with and without these questions. It is possible that removal of the two questions might

affect the validity of the total score. However, since removal of the two questions did not

change the significant difference between the groups, we feel confident that the results were

not biased by the inclusion or removal of these 2 questions and the interpretation of the

results is not dependent on the full or limited score; 7. Due to inclusion/exclusion criteria

our sample may not be generalizable; 8. We did not have sufficient power to strictly protect

error-rate of post-hoc analyses. These were exploratory in nature and post-hoc results should

be interpreted with caution. Nonetheless, the use of advanced statistical methods allowed us

omnibus testing of the relationship between RBD and multiple NMS.

In summary, our study showed that presence of co-morbid condition of RBD with PD is

associated (with moderate effect sizes) with increased NMS symptoms compared to PD with

no RBD. We have found that RBD in PD is associated with increases in depressive

symptoms, sleep disturbances, fatigue, olfactory dysfunction, and orthostatic hypotensive

symptoms. This adds further support to a growing body of literature that suggests that RBD

is related to increased frequency and severity of non-motor impairment and subsequent

poorer QOL. These findings also further support the hypothesis that RBD may be an
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indicator of a subtype of PD patients with a different clinical presentation and

pathophysiological processes. Finally, while further research is necessary on that subset of

PD patients that do not fulfill the full RBD criteria but have either REM sleep without atonia

or history of dream enactment, our findings suggest that these patients present a different

clinical picture than those without RBD, but not different than those with RBD.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Consort Table
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Figure 2.
Mood, sleep, fatigue and overall NMS Differences between PD patients without RBD

(nRBD), with RBD (yRBD), or probable RBD (pRBD).
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Table 1
Inclusion/Exclusion Criteria

Inclusion Criteria Exclusion Criteria

1 A clinical diagnosis of PD

2 MMSE≥18

3 Over the age of 50 years

4 Stable health

5 Fluent English speaking

6 Participants willing and able to
remain stable on the same
medication regimen for 2 months
prior to enrollment in the study

1 Bronchospastic and symptomatic chronic obstructive pulmonary disease as
indicated by regular use of bronchodilators, steroids, history of carbon dioxide
retention, waking hypoxemia, or use of supplemental oxygen

2 Current diagnosis of active seizure disorder; presence of any neurodegenerative
disorder other than PD

3 Symptomatic coronary or cerebral vascular disease (history of myocardial
infarction, angina, stroke, or transient ischemic attacks), history of life-
threatening arrhythmias, cardiomyopathy, or current alcohol or drug abuse

4 Receiving current treatment for obstructive sleep apnea

5 Receiving deep brain stimulation treatment for PD

6 Current alcohol and/or drug abuse/dependence

7 Any significant physiological (e.g., incontinence) or psychological impairments
(i.e., bipolar depression) that would have limited, their participation
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Table 2
Demographics

Variable Total nRBD yRBD

N 86 26 36

Age: mean years (SD) 67.4 (8.8) 68.38 (10.0) 67.25 (7.3)

Gender: n (%)

 Male 57 (66.3) 18 (69.2) 25 (69.4)

 Female 29 (33.7) 8 (30.8) 11 (30.6)

UPDRS: mean (SD)

 Part 1 3.1 (2.3) 1.5 (1.3) 4.1 (2.7)

 Part 2 11.0 (4.9) 9 (3.5) 11.8 (5.0)

 Part 3 18.5 (7.5) 16.9 (6.7) 19.4 (7.5)

 Part 4 3.5 (2.3) 3.3 (2.2) 3.5 (2.4)

 Total 36.1 (13.2) 30.7 (10.5) 38.7 (13.3)

 Missing: n 6 2 2

Hoehn & Yahr: n (%)

 Stage I 24 (27.9) 7 (26.9) 10 (27.8)

 Stage II 44 (51.1) 13 (50.0) 19 (52.8)

 Stage III 12 (14.0) 4 (15.4) 5 (13.9)

 Missing 6 (7.0) 2 (7.7) 2 (5.6)

PD duration: mean years (SD) 6.3 (5.3) 5.8 (4.0) 6.9 (6.4)

Medications:

 LDE: mean (SD) 853.0 (592.1) 845.2 (572.1) 828.9 (618.9)

 Benzodiazepine: n (%) 9 (10.5) 0 6 (16.7)

 Antidepressants: n (%) 24 (27.9) 4 (15.4) 9 (25.0)

AHI: mean (SD) 14.1 (13.8) 13.4 (10.7) 10.25 (10.9)

PLMI: mean (SD) 21.0 (25.4) 13.67 (20.2) 25.2 (27.1)

TST: mean min (SD) 349.2 (73.3) 336.39 (87.1) 358.82 (63.8)

REM-sleep percent: mean % (SD) 11.7 (7.1) 11.76 (5.9) 13.05 (7.9)

Total REM Time: mean min (SD) 43.1 (29.5) 42.44 (26.2) 48.43 (31.4)

EMGsocre: mean % (SD) 12.8 (12.2) 4.33 (2.1) 19.62 (11.1)

RBDSQ: mean (SD) 5.9 (3.5) 2.35 (1.1) 8.08 (2.7)

RBD, REM-sleep behavior disorder; nRBD, no RBD; yRBD, yes RBD; AHI, Apnea hypopnea index; PLMI, periodic limb movement index; TST,
total sleep time; REM, rapid eye movement; RBDSQ, REM behavior disorder screening questionnaire. RBD, REM-sleep behavior disorder;
UPDRS, Unified Parkinson's Disease Rating Scale;
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