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USA

2Department of Neurology, UCLA David Geffen School of Medicine, Los Angeles, California, USA

3Department of Neurology, Veterans Administration Greater Los Angeles Healthcare System, Los 
Angeles, California, USA

Abstract

Introduction: Rapid Eye Movement (REM) sleep behavior disorder (RBD) is characterized by 

dream enactment and is associated with incidence of neurodegenerative disorders, especially 

Parkinson’s disease (PD). Whether PD with RBD constitutes a distinct subtype with unique 

progression is unknown. Here, we investigated motor and cognitive symptom progression in 

patients with self-reported RBD features in adult life.

Methods: We screened for RBD in a cohort of 776 PD patients whom we ascertained using a 

population-based strategy. Among participants with at least one follow-up (60%), we compared 

those with and without probable RBD (pRBD) estimating hazard rate ratios for progression events 

UPDRS-III≥ 35 and MMSE≤ 24.

Results: Prevalence of pRBD at baseline was 21%. In adjusted Cox regression models among 

patients with a Postural Instability and Gait Dysfunction (PIGD) phenotype, those with pRBD 

progressed faster to a UPDRS-III≥ 35 (HR= 1.92, 95% CI= 1.12; 3.27). Also, all patients with 

pRBD progressed twice as fast to a MMSE score≤ 24 (HR= 2.04, 95% CI= 1.13; 3.69). In 

sensitivity analyses, using alternative definition of pRBD and accounting for bias due to loss to 

follow-up results remained similar.
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Discussion: Employing data from one of the largest population-based studies of PD, in which 

movement disorder specialists assessed patients, we confirm evidence that pRBD features are a 

clinical marker for faster cognitive decline and possibly also motor progression in PD patients, the 

latter for patients with a PIGD subtype early in disease.

Keywords

Parkinson’s disease; REM sleep behavior disorder; motor progression; cognitive decline; sleep

Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD) is characterized by dream 

enactment, usually associated with dreams of violent content, and classified according to the 

International Classification of Sleep Disorders (ICSD-2) as a parasomnia, an event 

accompanying sleep, instead of a sleep disorder [1]. RBD occurs due to motor activity 

during REM sleep resulting from transient loss of muscle atonia normally present during this 

sleep stage, sometimes resulting in injuries to the patient and/or bed partners. The disorder is 

considered rare, with a prevalence of less than 1% in general population [2], but with much 

higher prevalence in those afflicted by neurodegenerative diseases known as 

synucleinopathies, including Parkinson’s disease (PD), Dementia with Lewy Bodies (DLB), 

and Multiple Systems Atrophy (MSA) [3].

Population-based studies estimated the prevalence of RBD symptoms in PD as 15% [4], 

while a meta-analysis including different study types estimated a 24% prevalence [5]. 

Characteristics associated with RBD in previous PD studies include male sex, older age, 

longer disease duration, and greater motor severity [6]. Attention to RBD has grown as it has 

become known for its link to neurodegenerative pathology [7] and as a prodromal marker of 

Parkinsonism. About 75% of those suffering from RBD develop PD or a Parkinsonism 

within about 10 years [8,9]. Furthermore, it has been suggested that PD presenting with 

RBD symptoms may constitute a distinct PD subtype, with features such as autonomic 

dysfunction, hallucinations, more axial symptoms, and faster cognitive decline [3,10].

Elucidating whether PD with RBD indeed constitutes a distinct phenotype with a unique 

etiology and disease course or is indistinguishable from idiopathic PD without RBD is 

crucial for upcoming neuroprotective trials and clinical care. To date, most studies on PD 

with RBD enrolled few subjects, selected participants from tertiary clinical settings, and/or 

relied on cross-sectional designs. Since prospective and population-based epidemiological 

studies may help us gain better insights into the role of RBD in PD, we investigated how 

self-reported RBD-like features manifesting in adult life are related to motor and cognitive 

symptom progression in a large population-based PD patient cohort.
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Methods

Research Ethics

The UCLA Institutional Review Board approved all phases of the study protocol, and 

participants were informed of all procedures and their rights, and provided written informed 

consent.

Study design

PD patients enrolled in the Parkinson’s Environment and Genes Study (PEG), were 

identified in two independent waves (PEG1 & PEG2), from the population of three 

California counties. In the first wave, new onset PD cases (≤3 years from diagnosis) in the 

region were identified by contacting health professionals, and in the second wave, PD cases 

(≤5 years from diagnosis) were identified through a population-based PD registry. Eligible 

cases had lived in California five years at minimum and agreed to participate [11]. Baseline 

neurologic exams occurred between 2001 and 2007 (PEG1), and 2011–2017 (PEG2). PEG1 

participants were seen up to four times during follow-up thus far, on average 3.2 years apart. 

For PEG2, there has only been one follow-up thus far, on average 3.3 years after baseline. 

Figure 1 shows flowchart for baseline recruitment and follow-ups.

Data collected

At baseline and each follow-up, UCLA movement disorder specialists confirmed a diagnosis 

of idiopathic PD and evaluated motor features using the Unified Parkinson’s Disease Rating 

Scale (UPDRS parts I, III and IV) and Hoehn and Yahr staging (HY). At each time point, 

over 80% of the participants were evaluated in an ‘off’ (≥12 hours) medication state. For 

those ‘on’, we added a correction factor to their UPDRS-III total score, equal to the mean 

difference of ‘off’ and ‘on’ scores in all patients. We also used the average of the whole 

sample to impute missing items (mainly due to disability impeding evaluation of specific 

items such as ‘arise from chair’). We adopted the MDS version of the UPDRS-III in 2016, 

thus, scores derived from this scale were corrected by subtracting six points.

At baseline, participants were screened for RBD (Figure S1) answering four questions about 

nighttime sleep as an adult: 1- acting out dreams, 2- talking/yelling/screaming, 3- walking, 

4- aggressive behaviors (1- definitely happened, 2- may have happened but not sure, 3- 

unlikely to have happened, 4- I don’t know if happened). We defined probable presence of 

RBD features (pRBD) based on questions # 1 and 4 only, as an answer of definitely 
happened to at least one with the other being at least may have happened, i.e. they were 

certain that they had acted out dreams or shown aggressive behaviors during sleep, and did 

not negate the possibility of the other action completely. Trained researcher assistants also 

collected data on demographics, lifestyle and environmental exposures, medical history, and 

applied standardized instruments: UPDRS patient questionnaire (parts IB+II), Mini-Mental 

State Examination (MMSE), and Geriatric Depression Scale (GDS) [11]. UPDRS-I and II 

were only administered at follow-up. From these interview data, we calculated Levodopa 

Equivalent Dose (LED), as previously described [12].
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PD clinical progression was defined in terms of time to a motor and a non-motor outcome. A 

UPDRS-III score≥ 35 (higher score represents worse motor function) was chosen as a 

meaningful threshold for motor progression because it represents, on average [13], motor 

progression to a stage where patients start presenting some dependency for functional 

activities, equivalent to a HY stage 3 and to 60% in Schwab and England scale. For 

cognitive decline, a MMSE score≤ 24 (lower scores represent worse cognition) was chosen 

as the threshold, as previously done [12]. Time to event was defined as the interval in years 

from baseline (time=0) to the first time the event was recorded at a follow-up visit; those 

with the event at baseline were excluded from progression analyses.

Using items scores from UPDRS-III at baseline, we classified participants into motor 

subtypes of Postural Instability and Gait Dysfunction (PIGD), Tremor Dominant (TD), or 

Indeterminate (IND), as previously described [14]. Summing up specific items from 

UPDRS-III, we calculated subscores of bradykinesia, rigidity, tremor, axial [15], and PIGD 

features.

Statistical analysis

Analyses were conducted in statistical software package SAS (SAS Institute) version 9.4, 

and forest plot figure was generated in R (package forestplot). Cross-sectional comparisons 

of clinical and lifestyle characteristics between groups with and without pRBD were tested 

using t-tests or linear regressions for continuous characteristics, and chi-square or logistic 

regressions (ordinal logistic regression for more than two categories) for categorical.

We used Cox proportional hazards regression models to obtain hazard rate ratios and 95% 

confidence intervals (CI) comparing clinical progression between groups with and without 

pRBD. We assessed the proportional hazards assumption plotting product-limit survival 

curves for each outcome and time variables, stratified by pRBD, confirming that hazard rates 

were proportional between groups. All regression models were fitted by maximum 

likelihood methods.

We selected covariates for adjustment in regression models based on assumptions derived 

from previous knowledge and encoded using DAG (Directed Acyclic Graph) (Figure S2) 

methodology [16]. Baseline characteristics assumed to be confounders were: sex, age at PD 

diagnosis, PD duration, ethnicity (minority yes/no), baseline wave (PEG1/2), smoking in 

pack-years, and years of education (for cognition) and comorbidities (note: comorbidities 

(high blood pressure, diabetes type 2, anxiety, and depression) did not change estimates 

under these scenarios, and we did not include these to avoid generating spare data strata). 

The models were also stratified by motor subtypes.

To account for lack of information about outcomes on the 44% of participants not seen for 

follow-up, we used Inverse Probability of Censoring Weighting (IPCW) [16], generating 

weights conditional on presumed determinants of loss to follow-up (Supplemental Methods, 

and Table S4). In sensitivity analyses, we defined pRBD only by an answer ‘definitely 
happened’ to Question #1-acting out dreams (Table S4).
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Results

Overall prevalence of pRBD in adult life was 21% (15% in PEG1 and 25% in PEG2), shown 

in Table 1. Fewer pRBD participants were females (24 vs. 40%) and more self-reported 

diagnoses of myocardial infarction, anxiety, and depression before baseline. Patients 

reporting pRBD had slightly lower mean MMSE scores, longer average disease duration, 

and a trend for a higher LED (p=0.06). Average time from baseline to first follow-up was 3.4 

(SD= 1.6, min-max=0.7–15) years overall and by pRBD status.

Of the 44% (362 out of 832) missing follow-up information, most had died or were severely 

debilitated at our last attempt of contact. Those without follow-up information had a similar 

prevalence of pRBD at baseline, but were older, had longer PD duration, exhibited a PIGD 

subtype, and had more comorbidities (Table S1).

Table 2 shows cross-sectional associations of pRBD with motor and non-motor outcomes. 

At baseline, motor signs (UPDRS-III total score and subscores, and HY≥3) were similar in 

both groups, while at first follow-up (average PD duration of 6.1±2.8 years), pRBD was 

associated with slightly higher bradykinesia and axial UPDRS-III subscores. MMSE scores 

were lower at both times for those with pRBD, while GDS scores were similar. At first 

follow-up, non-motor symptoms measured by UPDRS-I/II, were worse in pRBD, 

specifically, patients reported more hallucinations.

Of participants with at least one follow-up motor evaluation (n=416), a total of 115 (30%) 

developed the event UPDRS-III≥ 35 (Figure 2) and the incidence was higher in those with 

pRBD (33%). In Cox models adjusted for potential confounders, pRBD PD patients 

progressed faster to a UPDRS-III≥ 35 than those without pRBD (HR= 1.48), but the HR 

estimate was not formally statistically significant at alpha=0.05 (p=0.08, 95% CI= 0.95; 

2.32). When stratifying by motor phenotypes, only among PIGD patients pRBD was a risk 

factor for faster progression to a UPDRS-III≥ 35 (HR= 1.92, 95% CI= 1.12; 3.27).

The group with pRBD also had a greater incidence for a MMSE≤ 24 during follow-up (19% 

compared to 13% in without pRBD). The hazard ratio for progression to this cognitive event 

for those with pRBD was twice that of those without (HR= 2.04, 95% CI= 1.13; 3.69); 

models stratified by motor phenotypes yielded similar size, but less precise estimates (Figure 

2), that were not formally statistically significant for the non-PIGD phenotype stratum.

Using the alternative definition, prevalence of pRBD increased from 21 to 25%, and results 

remained similar (Table S4). Finally, accounting for bias due to loss to follow-up using 

IPCW, effect estimates were also similar to the ones obtained without (using conventional 

naïve CI’s).

Discussion

In this large community-based Parkinson’s disease study that followed new onset patients, 

RBD features in adult life were associated with faster cognitive decline, while there was 

only a trend observed towards a potentially faster motor symptoms progression among those 

with pRBD. Progression of motor dysfunction associated with pRBD was only faster among 
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those who exhibited a PIGD motor subtype at baseline, while associations of pRBD and 

cognitive decline did not differ between subtypes. The average motor progression rate during 

follow-up in our cohort (1.9 points/year in UPDRS-III, Table S2) was similar to what has 

been reported (2.2 points/year) by a UK population-based study [17] of 132 patients with 

incident PD, followed for a similar average period (five years from PD diagnosis).

Prevalence of pRBD in our cohort is in the lower range of all estimates used in a recent 

meta-analysis (19 to 69%) [18] based on studies that recruited participants in select clinical 

settings rather than from communities. The higher prevalence of pRBD in our second 

(PEG2) compared to first patient enrolment wave (PEG1) might reflect the higher proportion 

of male participants enrolled in PEG2 (68% vs. 57%). Apart from being a chance finding, 

this may also reflect increased RBD awareness in more recent years, or other study 

participants’ characteristics that differed at baseline.

Only one previous longitudinal population-based study [4] has examined pRBD in PD, 

reporting on 231 Norwegian patients. Although that cohort had a much longer disease 

duration at baseline (on average 8.6 years for patients without pRBD and 11.1 for those with 

pRBD), compared with our population, its baseline prevalence of pRBD (15%) was equal to 

our first enrolment wave. Characteristics of participants with pRBD were also similar (i.e., 

more males, higher LED, longer PD duration, and similar frequency of dyskinesia). That 

study also found less tremor and lower overall UPDRS-III scores in participants with pRBD, 

but did not evaluate motor subtypes or UPDRS subscores, and it might also have been 

affected by selection for milder PD cases, due to the long average disease duration at 

baseline.

A faster progression of motor symptoms in PD with RBD has been noted previously in four 

smaller studies selecting participants from tertiary clinics [3,10,19,20]. In Canada, 36 PD 

patients underwent sleep laboratory evaluation [21]; those with RBD had less tremor, but 

disease severity or other motor manifestations were not different over time. A longitudinal 

French study followed 100 PD patients from a University Hospital for two years [20], and 

reported slightly higher UPDRS-III scores and on-medication axial subscores in pRBD 

affected patients at baseline and follow-up. In 61 newly diagnosed PD patients from a 

Neurology clinic in Portugal [19] followed for two years, pRBD was associated with PIGD 

subtype at baseline, and with worse motor symptoms over time. In our study, pRBD was not 

associated with UPDRS-III scores or motor subtypes at baseline, but our cohort had a much 

shorter PD duration. Thus, while pRBD may not be an indicator of worse motor symptoms 

early in the disease, among those with a PIGD subtype it may be a predictor of much faster 

motor decline, as suggested a decade ago [21].

Another study evaluating rate of motor symptom progression in PD in relation to RBD, 

recruited 113 participants from two movement disorders clinics in Canada, and followed 76 

for an average of 4.5 years, performing exams in sleep laboratories both times [10]. Using 

cluster analysis, investigators identified three PD clinical subtypes; the one dominated by 

slowly progressing motor symptoms had the lowest prevalence of RBD (19%); another 

cluster featured a high (60%) pRBD prevalence and orthostatic hypotension at baseline, with 

intermediate motor progression. The third cluster exhibited the highest RBD prevalence 
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(93%) combined with mild cognitive impairment in neuropsychiatric evaluations, orthostatic 

hypotension, axial motor subtype and the fastest motor progression. The clustering together 

of RBD features, faster motor progression, preponderance of axial (PIGD) subtypes, and/or 

cognitive progression, corroborate our findings. However, our results suggest that while 

presence of pRBD is associated with accelerated cognitive decline in all patients, its impact 

on motor progression seems to be restricted to PD with PIGD motor features.

In accordance with some other previous studies [10,19,22], we found pRBD patients had 

generally worse non-motor symptoms at follow-up, with higher scores in UPDRS-I and in 

autonomic dysfunction symptoms items, especially higher frequencies of orthostatic 

hypotension symptoms and hallucinations. Implications of RBD for depressive symptoms in 

PD have not yet been investigated, but antidepressants may cause RBD-like symptoms. In 

our cohort, GDS scores did not differ significantly between groups at both times, but the 

pRBD group reported more depression diagnoses and antidepressant medication use. When 

we adjusted models for these factors, however, estimates remained unchanged.

Our findings that pRBD accelerates time to reach MMSE≤ 24 corroborate those of several 

previous studies that found increased risk of dementia or cognitive decline with RBD [3,23–

25]. We report this finding for the first time in a cohort of PD patients sampled from an 

identifiable source population. In this cohort, we also obtained a similar annual rate 

difference (Table S2: Adjusted MD, with vs. without pRBD) of MMSE points decline as that 

reported from a multi-site international cohort of 423 PD patients [26], where pRBD patients 

declined on average 0.3 points in MOCA scores more per year than no-pRBD.

No experimental models of RBD in PD are available thus far [27], but the neurodegenerative 

nature of RBD is established. In RBD, the brain stem circuitry of the subcoeruleus nucleus 

and the ventromedial medulla, which promote normal motor activity suppression during 

REM sleep, are damaged [2,7]. While multiple neurotransmitter systems innervate these 

structures, cholinergic neurons play a central role. These are essential for maintenance of 

cognition, as is REM sleep in general, linking RBD with cognitive impairment and 

dementia. Additionally, damage to brain stem structures with diverse innervation, 

manifesting clinically as PIGD symptoms may link PIGD and RBD (since axial symptoms 

result mainly from non-dopaminergic impairment). In our cohort, pRBD was not associated 

with motor subtype at baseline, but pRBD was an important marker for faster clinical motor 

progression in those with PIGD symptoms at baseline. Future studies expanding our 

understanding of this phenomenon are needed.

Using questionnaires to screen for RBD provides less specificity and sensitivity than 

objectively confirming a lack of atonia in polysomnography exams [28]. While 

questionnaires may introduce bias due to measurement error, they are the only feasible way 

to assess RBD in large populations. Longer 13-question screening questionnaires than ours, 

such as the RBD Screening Questionnaire (RBDSQ) and RBD-Hong Kong (RBD-HK) are 

available, but 94% sensitivity and 87% specificity were reached for a single question, that 

asks about ‘acting out your dreams while asleep’ [28]. Our pRBD definition aimed to 

increase specificity, but in sensitivity analyses with an alternative definition, results for 
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motor and cognitive progression were similar. Furthermore, even unspecific motor behaviors 

or vocalizations during REM sleep have been found to be early indicators of PD [29].

Like most longitudinal studies, we lost patients during follow-up due to death or disabilities, 

but we used Cox models to account for censoring, in addition to IPCW to account for 

potential selection bias due to such censoring, resulting in estimates mostly unchanged. It is 

not clear whether the rate of progression of motor and cognitive symptoms in PD is indeed 

linear [30] as assumed in most epidemiological studies of progression. Thus, to avoid this 

assumption, our main results are obtained from Cox models, which only assume that 

differences in hazard rates are multiplicative.

Ours is a large population-based study with movement disorder specialist confirmed PD 

diagnoses and motor assessments. We present evidence that pRBD features may be an early 

clinical marker of faster cognitive decline and progression of motor symptoms in PD, the 

latter particularly for patients with marked PIGD symptoms early in the disease. RBD-

features may be a simple and useful screening for treatment trials and in clinical practice to 

identify those at risk for faster progression, who may benefit from pharmacological (changes 

in drug schemes) and non-pharmacological (including physical activity and prevention of 

falls) interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• This is one of the largest population-based cohort studies in Parkinson’s 

disease (PD).

• Of 776 patients screened for RBD at baseline, 477 were followed on average 

3 years later.

• Probable REM Sleep Behavior Disorder (pRBD) prevalence at baseline was 

21%.

• PD patients with pRBD progressed almost twice as fast as those without to a 

MMSE score≤ 24.

• In those with PIGD motor subtype, pRBD was associated an 80% faster 

progression to a UPDRS-III≥ 35.
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Figure 1. 
Flowchart of Parkinson’s Environment and Genes (PEG) Study, first and second cohorts: 

baseline and follow-ups
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Figure 2. 
Hazard rate ratios (HR) estimated for PD clinical progression events and pRBD.
1Total corresponds to those without the events (UPDRS-III ≥ 35 and MMSE ≤ 24) at 

baseline.
2Percentages refer to the total participants in each group (with and without pRBD).
3Adjusted for age at diagnosis, sex, PD duration at baseline, race (minority yes/no), pack-

years of smoking, baseline cohort, and years of education for MMSE.
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Table 1.

Baseline distribution of PD patients’ characteristics: overall and by pRBD status.

 Characteristics
Total

1 With pRBD Without pRBD p-value: 
With vs. 
WithoutN or Mean (% or SD) N or Mean (% or SD) N or Mean (% or SD)

Study-related factors

Total number 776 (100) 160 (21) 616 (79)

Study wave, PEG1 310 (40) 45 (15) 265 (85) 0.001
3

       PEG2 466 (60) 115 (25) 351 (75)

Total with follow-up 477 (61) 90 (56) 387 (63)

Average time, baseline to first follow-

up, years
2 3.4 (1.6) 3.4 (1.5) 3.4 (1.6)

         Min – Max 0.7 – 15.1 0.9 – 7.1 0.7 – 15.1

Demographics

Age at interview, years 70.5 (10.2) 70.0 (9.6) 70.6 (10.4) 0.50
4

         Min – Max 34 – 92 37 – 92 34 – 92

Sex, females 283 (37) 38 (23) 245 (40) 0.0001
5

Ethnicity, White 588 (76) 123 (76) 467 (76) 0.69
5

       Latino 134 (17) 30 (19) 105 (17)

       Other 54 (7) 9 (6) 45 (7)

Years of education 13.7 (4.5) 14.3 (3.7) 13.6 (4.7) 0.08
4

PD Clinical factors

Age at PD diagnosis, years 67.4 (10.7) 66.4 (9.8) 67.7 (9.8) 0.04
6

         Min – Max 23 – 89 35 – 88 23 – 89

PD duration, years 3 (2.5) 3.5 (3.1) 3 (2.5) 0.04
6

         Min - Max 0 – 16 0 – 16 0 – 15

Motor subtype, Tremor Dominant 199 (26) 38 (24) 164 (27) 0.20
7

          PIGD 471 (61) 97 (60) 376 (61)

          Indeterminate 106 (14) 27 (17) 79 (13)

PD Treatment-related factors

PD medication, any 692 (89) 151 (93) 544 (88) 0.12
7

LED, mg 404 (336) 459 (349) 388 (332) 0.06
7

Dyskinesia (n=424) 78 (19) 20 (19) 58 (18) 0.98
7

Medical factors (self-reported)

High Blood Pressure 418 (54) 83 (51) 337 (54) 0.60
7

Diabetes, type 2 150 (19) 35 (22) 116 (19) 0.50
7

Cancer, any 213 (28) 40 (25) 175 (28) 0.50
7

Stroke 74 (10) 15 (9) 60 (10) 0.80
7
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 Characteristics
Total

1 With pRBD Without pRBD p-value: 
With vs. 
WithoutN or Mean (% or SD) N or Mean (% or SD) N or Mean (% or SD)

Heart attack 73 (9) 20 (12) 53 (9) 0.30
7

Traumatic Brain Injury 85 (11) 20 (12) 66 (11) 0.70
7

Anxiety 194 (25) 57 (35) 138 (22) 0.003
7

Depression 233 (30) 62 (38) 172 (28) 0.01
7

Anxiety medication use, any 141 (18) 37 (23) 104 (17) 0.03
7

Depression medication use, any 219 (28) 58 (36) 162 (26) 0.017

Lifestyle factors

Smoker, never 429 (55) 84 (52) 346 (56) 0.60
7

    Quit 320 (41) 73 (45) 249 (40)

    Current 26 (3) 5 (3) 22 (4)

Smoking, pack-years 9 (19) 9.1 (17) 9.1 (17) 0.99
6

Physical activity levels, current

    Very low 493 (65) 108 (67) 388 (64) 0.20
7

    Low 146 (19) 27 (17) 119 (20)

    Moderate 75 (10) 19 (12) 57 (9)

    High 48 (6) 7 (4) 41 (7)

BMI (n=557) 27.5 (5.4) 27.6 (5.5) 27.6 (5.5) 0.82
6

 underweight (<18.5) 174 (31) 37 (31) 137 (31) 0.50
7

 normal (18.5–24) 17 (3) 3 (3) 14 (3)

 overweight (25–29) 205 (37) 44 (38) 161 (37)

 obese (>29) 161 (29) 32 (28) 129 (29)

Average sleep duration current, hours 7.6 (1.8) 7.8 (1.9) 7.5 (1.8) 0.05
6

Lifetime coffee consumption

  Low 179 (26) 28 (19) 152 (28) 0.09
7

  Medium 367 (53) 87 (59) 283 (51)

  High 150 (22) 33 (22) 117 (21)

Alcohol use, never (n= 578) 66 (13) 7 (11) 59 (14) 0.30
7

Alcohol use, high lifetime consumption 
(n= 539) 279 (57) 58 (65) 223 (56) 0.40

7

1
Total with RBD screening at baseline interview.

2
Average follow-up time in years from baseline to first follow-up point. The total average follow-up time for all 776 subjects, i.e. from baseline to 

last follow-up, was 4.8(1.6) (note: only the PEG 1 cohort had more than 1 follow-up exam).

3
p-values obtained from chi-square, testing equality of pRBD prevalence in PEG 1 vs. PEG 2.

4
p-values obtained from t-tests, testing equality of characteristic comparing patients with vs. without pRBD.

5
p-values obtained from chi-square, testing equality of characteristic comparing patients with vs. without pRBD.

6
p-value obtained from linear regression of characteristic on pRBD status, adjusted for sex and age at baseline interview.
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7
p-value obtained from logistic regression of characteristic on pRBD status, adjusted for sex and age at baseline interview. Ordinal logistic 

regression was used for characteristics with more than two categories (motor subtype, physical activity, BMI, coffee consumption).
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Table 2:

Baseline and follow-up motor and non-motor outcomes by baseline pRBD status.

With pRBD Without pRBD

Adjusted p-value
2

N or Mean
1

(% or 95% CI
1
) N or Mean

1
(% or 95% CI

1
)

Baseline

PD duration, years 3.5 (3.1) 3.0 (2.5)

Motor (n=776)

UPDRS-III, total 22.7 (19.8, 25.6) 23.1 (20.5, 25.7) 0.90

     Tremor 2.8 (2.1, 3.4) 3.0 (2.4,3.6) 0.23

     Rigidity 4.9 (4.2, 5.5) 4.9 (4.3, 5.5) 0.90

     Bradykinesia 1.3 (1.0, 1.5) 1.2 (1.0, 1.4) 0.25

     Axial 5.3 (4.4, 6.2) 5.2 (4.4, 6.1) 0.80

     PIGD 1.1 (0.7, 1.5) 1.2 (0.8, 1.5) 0.96

HY≥ 3, yes 25 (16) 99 (16) 0.92

Non-motor (n=775)

MMSE 26.9 (26.2, 27.6) 27.2 (26.6, 27.9) 0.04

GDS 3.4 (2.5, 4.2) 3.2 (2.4, 4.0) 0.57

First follow-up

PD duration, years 6.3 (3.0) 6.1 (2.7)

Motor (n=463)

UPDRS-III, total 23.4 (18.6, 28.2) 22.6 (18.2, 27.0) 0.49

     Tremor 2.3 (1.1, 3.4) 3.0 (2.0, 4.1) 0.03

     Rigidity 5.2 (4.2, 6.3) 5.1 (4.1, 6.0) 0.53

     Bradykinesia 1.6 (1.2, 2.0) 1.4 (1.1, 1.8) 0.04

     Axial 5.7 (4.1, 7.3) 5.2 (3.8, 6.7) 0.19

     PIGD 1.1 (0.4, 1.8) 1.1 (0.5, 1.8) 0.73

HY≥ 3, yes 22 (27) 94 (26) 0.50

Non-motor (n=477)

MMSE 27.1 (26.0, 28.2) 27.7 (26.7, 28.7) 0.02

GDS 3.6 (2.3, 4.9) 3.3 (2.2, 4.5) 0.44

UPDRS-I
3 9.3 (6.9, 11.7) 7.2 (5.0, 7.2) 0.005

UPDRS-II
4 10.1 (6.9, 13.3) 8.6 (5.6, 11.5) 0.11

Autonomic symptoms score
5 3.9 (2.6, 5.2) 3.2 (2.0, 4.4) 0.06

Orthostatic hypotension symptoms, yes
6 53 (60) 213 (54) 0.24

Hallucinations, yes 21 (24) 43 (12) 0.001

UPDRS patient questionnaire 16.4 (11.9, 20.8) 14.1 (10.0, 18.2) 0.11

1
Means and CI’s adjusted for sex and PD duration at baseline or at first follow-up. Numbers and percentages (for HY, orthostatic hypotension 

symptoms and hallucinations) are crude.

2
p-values obtained from linear (continuous) or logistic (binary) regressions of outcome on pRBD status, adjusted for: age at diagnosis, sex, PD 

duration at baseline or first follow-up, race, baseline wave (PEG1/2), and years of education for MMSE. For outcomes at first follow-up, baseline 
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value was also included (except for UPDRS-I and II, because not available at baseline). Estimates and 95% CI’s are shown in online supplement, 
Table S3.

3
UPDRS-I items: cognitive impairment, hallucinations, depressed mood, anxious mood, apathy, features of dopamine dysregulation syndrome, 

sleep problems, daytime sleepiness, pain, urinary problems, constipation, lightheadedness, fatigue.

4
UPDRS-II items: speech, saliva/drooling, chewing/swallowing, eating tasks, dressing, hygiene, handwriting, hobbies, turning in bed, tremor, 

getting off car/chair/bed, walking/balance, freezing.

5
Autonomic symptoms items: urinary problems, constipation, lightheadedness, saliva/drooling, chewing/swallowing.

6
Answer yes to item: lightheadedness.
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