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INTRODUCTION
Around one-third of patients with Parkinson disease (PD), 

dementia with Lewy bodies, and multiple system atrophy 
suffer from excessive daytime sleepiness, with an incidence 
of 6% per year in PD and an increased risk of driving acci-
dents.1–5 The mechanism of sleepiness in these synucleinopa-
thies is multifactorial, including non-restorative sleep, sedative 
effects of treatment, and lesions in arousal systems.6 It is pos-
sible that sleepiness precedes PD onset, as sleepy adults in a 
longitudinal study were 3.3 times more likely than non-sleepy 
adults to develop PD later in life.7 In 4,894 elderly subjects, the 
subjects who felt sleepy during daytime had a 1.26 risk ratio 
of cognitive decline 8 years later.8 These results suggest that 
sleepiness may be partly related to neuronal loss in arousal 
systems and that this loss may precede the onset of parkin-
sonism or dementia.

In addition to sleepiness, most patients with PD, dementia 
with Lewy bodies and multiple system atrophy exhibit REM 
sleep behavior disorder (RBD),9 a disorder characterized by 
violent nightmare enactment. Notably, idiopathic RBD may 
precede the onset of these diseases,10 with a risk of 44% within 
5 years after RBD diagnosis and 82% within 10 years.11–13 

Objective: To determine whether patients with idiopathic and symptomatic RBD were sleepier than controls, and if sleepiness in idiopathic RBD 
predicted earlier conversion to Parkinson disease.
Methods: The Epworth Sleepiness Scale (ESS) and its determinants were compared at the time of a video-polysomnography for an RBD 
diagnosis in patients with idiopathic RBD, in patients with Parkinson disease, and in controls. Whether sleepiness at time of RBD diagnosis 
predicted an earlier conversion to neurodegenerative diseases was retrospectively analyzed in the followed-up patients.
Results: The 75 patients with idiopathic RBD were sleepier (ESS: 7.8 ± 4.6) at the time of RBD diagnosis than 74 age- and sex-matched controls 
(ESS: 5.0 ± 3.6, P < 0.0001). They reached the levels of 114 patients with Parkinson disease (ESS: 8.7 ± 4.8), whether they had (n = 78) or did not 
have (n = 36) concomitant RBD. The severity of sleepiness in idiopathic RBD correlated with younger age, but not with sleep measures. Among 
the 69 patients with idiopathic RBD who were followed up for a median 3 years (1–15 years), 16 (23.2%) developed parkinsonism (n = 6), dementia 
(n = 6), dementia plus parkinsonism (n = 2), and multiple system atrophy (n = 2). An ESS greater than 8 at time of RBD diagnosis predicted a 
shorter time to phenoconversion to parkinsonism and dementia, from RBD onset, and from RBD diagnosis (when adjusted for age and time 
between RBD onset and diagnosis).
Conclusions: Sleepiness is associated with idiopathic REM sleep behavior disorder and predicts more rapid conversion to parkinsonism and 
dementia, suggesting it is an early marker of neuronal loss in brainstem arousal systems.
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Patients with idiopathic RBD present non-motor symptoms 
and signs also found in PD and dementia with Lewy bodies, 
including a mild cognitive impairment, altered olfaction and 
color vision, and dysautonomia.9 However, whether they have 
higher levels of sleepiness than controls and whether sleepi-
ness predicts a more rapid conversion towards parkinsonism/
dementia has not been studied. We therefore examined the as-
sociation between sleepiness and RBD in patients with idio-
pathic RBD, controls, and patients with PD.

METHODS

Participants
The medical and sleep files of the patients who received a 

diagnosis of idiopathic RBD between 1998 and 2013 in our 
university hospital and those of patients with PD who were 
consecutively studied in two different sleep studies were col-
lected.14,15 Patients with PD met UK Brain Bank criteria for 
definite idiopathic PD16 and had no significant cognitive im-
pairment, with a score at Mini-mental state examination 
(MMSE) > 26.17 The RBD was defined using the International 
Classification of Sleep Disorders, Second Edition,18 modified 
to include the definition of muscle tone enhancement19 and 
normative criteria for REM sleep without atonia: (1) a history 
of dream enactment with injurious or potentially injurious 
movements, plus the presence of enhanced (≥ 3 times supe-
rior to its activity during NREM sleep) tonic chin muscle tone 
during > 50% of each epoch of REM sleep (REM sleep without 
atonia), with REM sleep without atonia representing > 18% 
of REM sleep time,20 or (2) the presence of abnormal com-
plex behaviors during REM sleep on video-polysomnography. 
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Idiopathic RBD was defined after a complete interview and 
neurological and cognitive examination by neurologists, by the 
absence of definite criteria for parkinsonism,16 for dementia 
(score on the MMSE > 26 or score on the Montreal Cognitive 
Assessment > 23) and for other neurodegenerative disorders. 
The control group was composed of 74 subjects without any 
neurological disease, including 46 healthy paid controls and 
28 hospital controls. The healthy controls were gathered from 
2 different studies.21,15They had been recruited by public an-
nouncement, and among the friends and families of patients 
and investigators. The hospital controls were gathered from 
another research program including subjects with a suspicion 
of pulmonary embolism, later disconfirmed. They were con-
sidered to be free of any neurological disease after clinical 
examination. There was no limit on sleepiness score to take 
part in these studies. For the present study, controls were se-
lected in these three lists to match with patients with idiopathic 
RBD for age and sex. All participants signed an agreement to 
take part in their proper study that allowed re-using their mea-
sures for further studies. The study was approved by the local 
ethics committee (Comité de Protection des Personnes Ile de 
France 06).

Investigations
The participants were interviewed (symptoms, drugs) and 

examined by sleep neurologists at time of polysomnography 
diagnosis. The onset of RBD symptoms was determined by pa-
tients and their spouse at time of RBD diagnosis. At the same 
time, they completed the Epworth Sleepiness Scale (ESS), a 
subjective scale evaluating within the preceding month the 
propensity (0: none; 1: mild; 2: moderate; 3: severe) to doze 
during 8 conditions of daily life, including reading, watching 
TV, as a passenger, in a meeting or a waiting room, sitting after 
lunch, lying after lunch, speaking, and sitting in a car stopped 
in traffic. The total score ranges from 0 to 24 and is considered 
abnormal when > 10.22,23 The scale has excellent clinimetric 
properties in PD.24 Patients with idiopathic RBD underwent 
an MMSE between 1998 and 2008, and a Montreal Cognitive 
Assessment between 2009 and 2013. Due to this change in 
method for assessing cognition, it was not possible to corre-
late sleepiness with cognitive scores. The cognitive tests were 
not valid in 7 patients (analphabetism, low education, or no 
fluent French). The drug regimen was collected, and the le-
vodopa and dopamine agonist daily doses were transformed 
into levodopa-equivalent doses following previously published 
methods.25

All participants underwent an attended video-polysomnog-
raphy including EEG, EOG, chin (levator menti) and legs (left 
and right tibialis anterior) EMG, nasal pressure, oro-pharyn-
geal sounds via a tracheal microphone, chest and abdominal 
efforts via belts, pulse oximetry, EKG, and synchronized video 
and audio monitoring. The sleep stages, arousals, periodic leg 
movements, respiratory events, and chin EMG activities (after 
excluding snoring artifacts) were scored according to interna-
tional criteria.19 Video recordings were carefully examined to 
detect any movement during REM sleep.26

The patients with idiopathic RBD were contacted by phone 
in 2013 or followed and examined every year to determine 
whether they had developed parkinsonism or dementia, and 

the year of diagnosis. In addition, we used the hospital soft-
ware tracking patient trajectories. The medical files were ob-
tained in the neurology department to clarify the diagnosis and 
time in the patients not followed up at the sleep center. The pa-
tients were diagnosed as affected by parkinsonism if they met 
the corresponding criteria of the UK brain bank, as demented 
if they had an MMSE < 26, or a score on the Montreal cogni-
tive assessment after educational adjustment < 22,27,28 and as 
suffering from multiple system atrophy.28 The date of last news 
was collected.

Statistical Analysis
Measures were compared between all groups using ANOVAs, 

followed by Tukey-Kramer pair-wise comparisons when sig-
nificant for quantitative variables and using logistic models 
for qualitative ones. The determinants of sleepiness (ESS) 
in the idiopathic RBD group were determined by Spearman 
rank correlation coefficient tests for continuous variables and 
Wilcoxon tests for qualitative ones. The median times of con-
version from RBD onset or RBD diagnosis to parkinsonism/
dementia were calculated using a Kaplan-Meier survival curve. 
These conversion times were examined for clinical and sleep 
covariates using Cox proportional hazard model with a univar-
iate analysis, unadjusted and adjusted for age for time between 
RBD onset and parkinsonism/dementia, and unadjusted and 
adjusted for age and time between RBD onset and diagnosis 
for time from RBD diagnosis to parkinsonism/dementia. The 
time-to-event functions were compared with log rank tests be-
tween subgroups. The statistical analysis was performed using 
the SAS V9 statistical package (SAS Institute, Cary, NC).

RESULTS
The 75 patients had idiopathic RBD for a mean of 6 ± 5.2 

years (range: 0–30) at the time of RBD diagnosis and ESS mea-
surement and were predominantly male. They all had complex 
behaviors during REM sleep. As expected by age- and sex-
matching, there was no difference for age and sex between 
patients with idiopathic RBD and controls, but the latter were 
more frequently male and older than patients with PD (Table 1). 
Patients with PD and no RBD were younger than patients with 
PD plus RBD.

Sleepiness Severity and Nighttime Sleep
The ESS score was higher in the idiopathic RBD, than in 

the control group but not higher than in the PD groups (ESS: 
8.7 ± 4.8) and not different in the PD with RBD and PD without 
RBD subgroups (Figure 1). Fifteen (20%) patients with idio-
pathic RBD (and 15% of patients with PD) vs. 5 controls (5%, 
P = 0.02) had an ESS score > 10, a threshold considered as 
abnormal. There were no differences for any sleep measures 
between idiopathic RBD and control groups, except for a lower 
percentage of N3 sleep and a higher percentage of REM sleep 
without atonia in the patients with idiopathic RBD (Table 1, 
Figure S1, supplemental material). The patients with idiopathic 
RBD had sleep measures similar to those of patients with PD 
and with and without RBD. Within the PD group, the patients 
with RBD had a higher percentage of REM sleep without atonia 
than the patients without RBD; there were no other differences. 
Within the idiopathic RBD group, none of the demographic 
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(including sex) or sleep measures had any impact on daytime 
sleepiness except age (Table 2), as the ESS mildly decreased 
with age (r = −0.26, P = 0.03). In the PD group, none of the 
demographic, clinical (including the levodopa-equivalent daily 
dose), or sleep measures had any impact on daytime sleepiness, 
except that the level of sleepiness was higher when the patients 
were treated with a dopamine agonist (ESS: 9.8 ± 4.8) than 
when they were not (ESS: 6.1 ± 4.2, P = 0.01).

Evolution toward Parkinsonism and Dementia
There was valid information in 2013 on the medical status 

of 69 of the 75 patients with idiopathic RBD (Figure 2). The 
69 patients (56 men, 13 women) had been followed up for a 
median 3 y (range 1–15 y). Among the 69 patients followed 
up, 36 were examined in person by IA and SLS, 9 by another 
neurologist in the same hospital (files found in the neurological 
department), and 24 answered by phone that they were in good 
shape and had no motor or memory problems. From 1998 to 
2013, 16 (15 men and 1 woman, 23.2%) patients had converted 
toward a disease, including parkinsonism (n = 6 men, 37.5% of 
the converted group, converted after a mean 9 years from RBD 
onset and 3 years from RBD diagnosis), dementia (n = 6, 5 men 
and 1 woman, 37.5%, converted after a mean 11 years from 
RBD onset and 2 years from RBD diagnosis), parkinsonism 
plus dementia (n = 2 men, 12.5%, converted after a mean 21 

years from RBD onset and 1 year from RBD diagnosis), and 
multiple system atrophy (n = 2 men, 12.5%, converted after 
a mean 13 years from RBD onset and 3 years from RBD di-
agnosis); 53 patients remained disease-free at the time of last 
news. The median time from RBD onset to parkinsonism/de-
mentia was 16 years (mean 19.5 y). In univariate analysis with 
Cox proportional hazard models, no clinical (age, sex, body 
mass index) and sleep measures (including total sleep time, 
sleep efficiency, sleep onset and REM sleep onset latencies, N1, 
N2, N3, and REM sleep percentages, but also the percentage of 
REM sleep without atonia, as well as arousal index, periodic 
leg movement index, and apnea-hypopnea index) except ESS 
were associated with a shorter time from RBD onset or RBD 
diagnosis to parkinsonism and dementia. These hazard func-
tions remained nonsignificant when adjusted for age (for con-
version time from RBD onset) and on age and time between 
RBD onset and diagnosis (for conversion time from RBD di-
agnosis, Tables S1–S4, supplemental material). In contrast, the 
Cox proportional hazard models indicated that an ESS > 8 (the 
median of the group) at time of RBD diagnosis predicted a 
shorter neurodegenerative conversion from RBD onset (unad-
justed hazard ratio [HR]: 3.530; CI [1.163, 10.715], P = 0.026; 
adjusted HR: 4.232 [1.308–13.689], P = 0.016, Figure 3), and 
from RBD diagnosis, but this last one only after adjustment on 
age and particularly on time between RBD onset and diagnosis 

Table 1—Clinical and sleep characteristics of patients with idiopathic REM sleep behavior disorder, controls, and patients with Parkinson disease with 
and without REM sleep behavior disorder.

Controls

A

Idiopathic
RBD

B

PD without 
RBD

C

PD with 
RBD

D

P for ANOVA
or Logistic 

Model
P for

Post Hoc Tests
N 74 75 36 78
Age, y 66.6 ± 6.1 68.5 ± 6.8 56.8 ± 10.5 62.8 ± 6.8  < 0.0001 A > C***; A > D*; B > C***; 

B > D***; C < D***
Sex, % men 82.4 82.7 66.7 71.8 0.11
Body mass index, kg/m2 26.2 ± 4.8 25.6 ± 3.4 24.8 ± 3.1 24.7 ± 3.3 0.10
Epworth sleepiness score, 0–24 5.0 ± 3.6 7.8 ± 4.6 7.8 ± 4.7 9.1 ± 4.7  < 0.0001 A < B***; A < C**; A < D***
Sedative drugs, % 22.2 14.9 15.0 26.7 0.48
Dopamine agonists, % 0 0 63.2 70.4 0.61
Levodopa equivalent dose, mg/d 0 0 545 ± 336 618 ± 321 0.38
Sleep efficiency, % 79.0 ± 10.8 75.6 ± 11.6 75.8 ± 16.1 73.0 ± 15.4 0.05 A > D*
Latency to, min

Sleep onset 30 ± 24 46 ± 63 43 ± 56 33 ± 34 0.15
REM sleep onset 109 ± 65 138 ± 98 147 ± 105 137 ± 92 0.10

Total sleep time, min 380 ± 78 396 ± 86 352 ± 92 367 ± 91 0.05
Stage N1, % 10.5 ± 13.9 7.9 ± 5.1 5.7 ± 3.3 6.2 ± 5.3 0.007 A > C*; A > D*
Stage N2, % 51.7 ± 11.4 51.9 ± 9.4 55.8 ± 13.2 55.5 ± 12.1 0.002 A < C*; A < D*
Stage N3, % 24.6 ± 11.4 21.3 ± 10.2 19.8 ± 9.2 18.9 ± 9.9  < 0.001 A > B*; A > C*; A > D**
REM sleep, % 17.4 ± 7.1 18.1 ± 7.0 18.8 ± 9.4 19.4 ± 8.9 0.74

REM sleep without atonia, % 1.7 ± 5.2 53.0 ± 32 3.9 ± 8.9 35.5 ± 30.1  < 0.001 A < B***; A < D***; B > C***; 
B > D***

Arousal/h 17.6 ± 10.0 19.3 ± 10.1 15.7 ± 9.4 13.9 ± 8.8 0.005 B > D**
Apnea-hypopnea/h 14.8 ± 16.6 12.9 ± 14.7 6.9 ± 8.7 8.0 ± 10.8 0.05
PLM/h 5.9 ± 14 3.4 ± 4.1 3.9 ± 8.0 8.0 ± 16.6 0.07

Values presented as mean ± standard deviation. P indicates the group difference, while the last column indicates pair-wise differences with a *P < 0.05, 
**P < 0.01, ***P < 0.001 in Tukey-Kramer post hoc tests. RBD, REM sleep behavior disorder; PD, Parkinson disease; PLM, periodic leg movements.
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(unadjusted HR: 1.395 [0.517–3.761], 
P = 0.51; adjusted HR: 3.616 [1.061–
12.330], P = 0.04). The ESS as a contin-
uous variable shortened the conversion 
risk (adjusted HR: 1.119 [1.001–1.250], 
P = 0.048) from RBD diagnosis to neuro-
degenerative disease. An ESS score > 10 
at time of RBD diagnosis was not associ-
ated with a higher risk of developing par-
kinsonism or dementia.

DISCUSSION
The 75 patients with idiopathic RBD 

were sleepier at time of RBD diagnosis 
than age- and sex-matched controls. They 
reached the values observed in patients 
with PD. The severity of sleepiness corre-
lated only with younger age, but not with 
use of sedative drugs or sleep measures. 
An ESS greater than 8 at time of RBD 
diagnosis (but no other sleep measures) 
predicted a shorter time from RBD onset 
and RBD diagnosis to parkinsonism/
dementia (but this last one only after ad-
justment on age and particularly on time 
between RBD onset and diagnosis).

The patients with idiopathic RBD 
scored nearly 3 points higher on the ESS than the controls, 
highlighting the importance of the difference. In addition, 
20% of them exceeded the usually abnormal threshold of 11 or 
greater on the ESS, suggesting a clinical impact of sleepiness 
in a subsample of patients with idiopathic RBD. Note, however, 
that the majority of patients with idiopathic RBD were not ab-
normally sleepy. Sleepiness in PD can cause driving accidents, 
with a higher risk when ESS is 7 or higher.1 In the PD group 
here, the patients taking a dopamine agonist were sleepier 
than those treated with levodopa alone, as already shown in 
several previous reports.29–31 One may note that patients with 
idiopathic RBD, despite not taking a dopamine agonist, had 
levels of sleepiness similar to those of patients with PD treated 
with levodopa and dopamine agonists. As the mean level of 
sleepiness was similar in idiopathic RBD and in patients with 
PD whether they had RBD or not, this suggests that sleepiness 
is a marker of PD rather than of RBD. Notably, sleepiness was 
higher in patients with than without probable RBD and early 
PD in a recent large series.32 Patients with early PD plus RBD 
probably share several common features with patients with id-
iopathic RBD.

The causes of sleepiness in individuals are various and 
may include non-restorative night-time sleep (when it is short-
ened or fragmented by arousals and respiratory events), use 
of sedative drugs, and lesions in arousal systems. In patients 
with idiopathic RBD, the sleep structure was similar to that 
of matched controls, except for lower percentage of N3 sleep 
(which was also observed in the PD groups and did not corre-
late with sleepiness) and higher chin muscle tone during REM 
sleep (which is one of the markers of RBD). Enacted dreams 
did not reduce REM sleep time or increase sleep fragmenta-
tion. Plus, none of the sleep measures correlated with the ESS. 

Figure 1—Sleepiness in idiopathic REM sleep behavior disorder (RBD), controls, and Parkinson 
disease. The triangles correspond to the score of each patient at the Epworth Sleepiness Scale 
(mean: red horizontal line, median: red cross).

Table 2—Determinants of daytime sleepiness (evaluated by the score 
on the Epworth sleepiness scale) in patients with idiopathic REM sleep 
behavior disorder.

Measures P
Sex 0.37

Sleepiness score in 60 men 8 [4–10]
Sleepiness score in 13 women 5 [3–8]

Age, y R = −0.26 0.03
Body mass index, kg/m2 R = 0.15 0.20
Disease course, y R = 0.02 0.86
Sedative drugs 0.47

Sleepiness score, 11 users 6 [3–10] 
Sleepiness score, 61 non-users 8 [4–10]

Latency to
Sleep onset, min R = −0.18 0.13
REM sleep, min R = −0.13 0.25

Sleep efficiency, % R = 0.05 0.65
Total sleep time, min R = 0.14 0.24

Stage N1, % R = 0.06 0.63
Stage N2, % R = 0.01 0.94
Stage N3, % R = −0.05 0.70
Stage REM, % R = 0.11 0.34

REM sleep without atonia, % R = −0.12 0.32
Sleep fragmentation

Arousal/h R = 0.03 0.83
Periodic leg movement/h R = −0.05 0.64
Apnea-hypopnea/h R = 0.04 0.74

Values presented as Spearman correlation coefficient (R) or median 
[Q1–Q3]. P is for univariate analysis.
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The use of sedative drugs was rare in all groups, and unrelated 
to sleepiness severity, suggesting that these drugs did not con-
tribute to the ESS difference with controls. All in all, higher 
sleepiness in idiopathic RBD was unrelated to nocturnal sleep, 
sex, obesity, and use of sedative drugs. The inverse link be-
tween sleepiness and age (the older patients having the lower 
ESS value) should be viewed with caution, as the correlation 
coefficient is low.

One may imagine that idiopathic RBD is associated with 
concomitant lesions in arousal systems, as observed in PD. As 
patients with idiopathic RBD eventually develop PD, dementia 
with Lewy bodies and multiple system atrophy,33,34 one may 
compare the lesions in arousal systems known in these dis-
eases. Neuronal loss has been found in arousal systems in the 
brainstem (locus coeruleus, raphe, periaqueductal gray matter, 
pedunculopontine nucleus) and in the hypothalamus (hypo-
cretin-1/orexin-A neurons) in PD brains.35 In 3 patients with 
idiopathic RBD who developed dementia with Lewy bodies 
and PD, marked neuronal loss and α-synuclein deposits were 
found in several arousal systems, including the coeruleus/
subcoeruleus complex, the raphe nucleus, the pedunculopon-
tine nucleus, and the hypothalamus.34 Of interest, the raphe 
and the coeruleus/subcoeruleus complex are affected early 
by α-synuclein deposits in preclinical PD stages.36 These data 
suggest that patients with idiopathic RBD have concomitant 
lesions in the pontine structures responsible for atonia during 
REM sleep and in those containing arousal systems. Alterna-
tively, idiopathic RBD may signal a systemic loss of cholinergic 
neurons in the subcoeruleus com-
plex (causing REM sleep without 
atonia), in the pedunculopontine 
nucleus (causing sleepiness), and 
in the cortex (causing cognitive 
impairment, not measured here). It 
has recently been shown that RBD 
in PD was associated with relative 
neocortical, limbic cortical, and 
thalamic cholinergic denervation 
but not with differential serotonin-
ergic or nigrostriatal dopaminergic 
denervation.37

Eventually, patients with a higher 
ESS at time of RBD diagnosis 
were more likely to develop par-
kinsonism/dementia earlier in our 
cohort. As a consequence, an ESS 
greater than 8 should be viewed as 
a red flag for earlier conversion to 
parkinsonism/dementia in patients 
with idiopathic RBD, especially if 
the patients are old and have RBD 
symptoms for a long time. This 
result reinforces the findings that 
excessive sleepiness in elderly sub-
jects leads more frequently to the 
development of PD or dementia in 
several longitudinal cohorts.7,8

This study has several limita-
tions. It was based on a retrospective 

examination of medical files and was not constructed as a lon-
gitudinal, controlled study with yearly endpoints. A similar 

Figure 2—Flow chart of conversion towards parkinsonism and dementia 
in the patients with idiopathic RBD.

Figure 3—The rate of conversion from idiopathic RBD to parkinsonism/dementia onset is influenced 
by initial sleepiness. Survival curve of patients with idiopathic RBD, as the time from the onset RBD of 
symptoms to the onset of parkinsonism or dementia, in patients scoring ≥ 8 (in red) or < 8 (in blue) on the 
Epworth Sleepiness Scale at the time of RBD diagnosis. Censored measures are represented as circles.
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design was however successfully used in previous studies 
that also tracked patient trajectories in neurological depart-
ments,38,39 and is statistically founded.40 Only 8% of the sample 
was, however, lost to follow-up here. Depression, which can 
contribute to subjective sleepiness and may precede PD onset, 
was not measured here. Dementia may alter the quality of 
scoring the ESS, but patients with idiopathic RBD were not 
demented at time of completing the ESS. Mild cognitive im-
pairment may impact on ESS, but this aspect could not be 
studied in our cohort. In absence of present cognitive tests in 
the 24 patients contacted by phone who declared no specific 
motor or cognitive complaint, we may miss some mild cog-
nitive impairment that would indicate a higher risk of future 
Lewy body dementia. Eventually, the conversion from RBD 
onset is only measured in patients referred for idiopathic RBD, 
not in patients with PD who later reported that RBD symptoms 
preceded parkinsonism. Consequently, the rate of conversion 
towards parkinsonism/dementia is here an underestimate. The 
study design did not allow us to follow up on the ESS as a 
marker across time. The ESS is a subjective measure of sleepi-
ness, whereas objective measures such as multiple sleep latency 
tests and maintenance of wakefulness tests would complete the 
measure of the whole sleepiness spectrum, and do not corre-
late well with the ESS.41 Notably, some patients with PD under-
score their level of sleepiness on the ESS, while they fall asleep 
rapidly during the multiple sleep latency tests.42 The ESS had 
however excellent psychomotor properties in PD24 and is how-
ever recommended to evaluate sleepiness in PD.43 It is widely 
used, cheap, and valid, with results that are easily transposable 
in clinical practice. As the measure of ESS at time of polysom-
nography is a routine procedure in most sleep units, it would be 
interesting to check this association in the longitudinal cohorts 
of idiopathic RBD performed in other countries.

We found that sleepiness was more severe in patients with 
idiopathic RBD than in controls and that an ESS greater than 
8 at the time of RBD diagnosis predicted a more rapid devel-
opment of parkinsonism/dementia. These results suggest that 
sleepiness is an early marker of neuronal loss and α-synuclein 
deposits in brainstem arousal systems during the preclinical 
PD, dementia, and multiple system atrophy stages.

ABBREVIATIONS
EEG, electroencephalography
EOG, electro-oculography
EMG, electromyography
ESS, Epworth Sleepiness Scale
MMSE, Mini-Mental State Examination
PD, Parkinson disease
PLM, periodic leg movements
RBD, REM sleep behavior disorder 
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SUPPLEMENTAL MATERIAL

Figure S1—REM sleep without atonia in idiopathic RBD, controls, and PD patients 
with and without RBD. The dots correspond to the percentage of enhanced chin 
tonic activity during REM sleep in each patient (mean: red horizontal line, median: 
red cross)

Table S1—Hazard ratio for clinical and sleep factors measured at RBD diagnosis, as 
predictors of conversion time from RBD symptom onset (unadjusted model).

Measures Hazard Ratio
95% Confidence 

Interval P Value
Clinical measures

Age, y 1.020 0.938–1.109 0.65
Body mass index, kg/m2 0.976 0.797–1.195 0.82
Epworth sleepiness score, 0–24 1.093 0.983–1.215 0.10
Epworth sleepiness score > 8 3.530* 1.163–10.715 0.026

Sleep measures
REM sleep onset latency, min 1.001 0.995–1.007 0.71
Sleep efficiency, % 0.974 0.930–1.020 0.26
Total sleep time, min 0.999 0.993–1.004 0.62

Stage N1, % 0.980 0.858–1.119 0.77
Stage N2, % 0.968 0.908–1.033 0.33
Stage N3, % 1.040 0.973–1.112 0.24
Stage REM, % 1.007 0.922–1.100 0.87

REM sleep without atonia, % 1.003 0.986–1.019 0.77
Sleep fragmentation

Arousal/h 0.998 0.956–1.042 0.94
Periodic leg movement/h 0.966 0.862–1.083 0.55
Apnea-hypopnea/h 0.998 0.974–1.023 0.86

*P < 0.05.
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Table S3—Hazard ratio for clinical and sleep measures at RBD diagnosis as predictors of 
conversion time from RBD diagnosis (unadjusted model).

Measures Hazard Ratio
95% Confidence 

Interval P Value
Clinical measures

Age, y 1.048 0.975–1.125 0.20
Body mass index, kg/m2 0.854 0.709–1.028 0.09
Epworth sleepiness score, 0–24 1.059 0.956–1.175 0.27
Epworth sleepiness score > 8 1.395 0.517–3.761 0.51

Sleep measures
REM sleep onset latency, min 1.000 0.995–1.004 0.85
Sleep efficiency, % 0.980 0.946–1.016 0.28
Total sleep time, min 1.000 0.994–1.005 0.96

Stage N1, % 0.977 0.880–1.086 0.67
Stage N2, % 0.985 0.934–1.039 0.58
Stage N3, % 1.025 0.978–1.074 0.31
Stage REM, % 0.989 0.922–1.061 0.76

REM sleep without atonia, % 1.007 0.992–1.023 0.36
Sleep fragmentation

Arousal/h 0.997 0.953–1.044 0.91
Periodic leg movement/h 1.014 0.902–1.139 0.82
Apnea-hypopnea/h 1.011 0.985–1.038 0.42

Table S2—Hazard ratio for clinical and sleep factors measured at time of RBD diagnosis, as 
predictors of conversion time from RBD symptom onset (model adjusted for age).

Measures Hazard Ratio
95% Confidence 

Interval P Value
Clinical measures

Body mass index, kg/m2 0.982 0.803–1.200 0.86
Epworth sleepiness score, 0–24 1.114* 1.000–1.241 0.05
Epworth sleepiness score > 8 4.232* 1.308–13.689 0.016

Sleep measures
REM sleep onset latency, min 1.001 0.995–1.007 0.83
Sleep efficiency, % 0.972 0.923–1.024 0.29
Total sleep time, min 0.999 0.993–1.005 0.73

Stage N1, % 0.985 0.861–1.126 0.83
Stage N2, % 0.963 0.903–1.026 0.24
Stage N3, % 1.038 0.970–1.111 0.28
Stage REM, % 1.029 0.927–1.142 0.59

REM sleep without atonia, % 1.001 0.983–1.018 0.94
Sleep fragmentation

Arousal/h 0.995 0.952–1.040 0.82
Periodic leg movement/h 0.961 0.854–1.083 0.52
Apnea-hypopnea/h 0.994 0.966–1.022 0.67

*P < 0.05.
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Table S4—Hazard ratio for clinical and sleep measures at RBD diagnosis as predictors of 
conversion time from RBD diagnosis (model adjusted for age and for time between RBD 
onset and RBD diagnosis).

Measures Hazard Ratio
95% Confidence 

Interval P Value
Clinical measures

Body mass index, kg/m2 0.858 0.691–1.065 0.17
Epworth sleepiness score, 0–24 1.119* 1.001–1.250 0.048
Epworth sleepiness score > 8 3.616* 1.061–12.330 0.04

Sleep measures
Total sleep period 1.003 0.997–1.010 0.28
REM sleep onset latency, min 0.998 0.992–1.004 0.48
Sleep efficiency, % 0.984 0.943–1.028 0.48
Total sleep time, min 1.000 0.995–1.006 0.91

Stage N1, % 0.998 0.907–1.098 0.97
Stage N2, % 0.976 0.924–1.030 0.36
Stage N3, % 1.014 0.960–1.070 0.62
Stage REM, % 1.027 0.949–1.112 0.50

REM sleep without atonia, % 1.003 0.986–1.021 0.72
Sleep fragmentation

Arousal/h 0.997 0.954–1.043 0.91
Periodic leg movement/h 1.006 0.899–1.126 0.92
Apnea-hypopnea/h 1.004 0.973–1.036 0.80

*P < 0.05.


