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Abstract Patients with idiopathic REM sleep behavior

disorder (iRBD) are at very high risk of developing neu-

rodegenerative synucleinopathies, which are disorders with

prominent autonomic dysfunction. Several studies have

documented autonomic dysfunction in iRBD, but large-

scale assessment of autonomic symptoms has never been

systematically performed. Patients with polysomnography-

confirmed iRBD (318 cases) and controls (137 healthy

volunteers and 181 sleep center controls with sleep diag-

noses other than RBD) were recruited from 13 neurological

centers in 10 countries from 2008 to 2011. A validated

scale to study the disorders of the autonomic nervous

system in Parkinson’s disease (PD) patients, the SCOPA-

AUT, was administered to all the patients and controls. The

SCOPA-AUT consists of 25 items assessing the following

domains: gastrointestinal, urinary, cardiovascular, thermo-

regulatory, pupillomotor, and sexual dysfunction. Our

results show that compared to control subjects with a

similar overall age and sex distribution, patients with iRBD

experience significantly more problems with gastrointesti-

nal, urinary, and cardiovascular functioning. The most

prominent differences in severity of autonomic symptoms

between our iRBD patients and controls emerged in the

gastrointestinal domain. Interestingly, it has been reported

that an altered gastrointestinal motility can predate the
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motor phase of PD. The cardiovascular domain SCOPA-

AUT score in our study in iRBD patients was intermediate

with respect to the scores reported in PD patients by other

authors. Our findings underline the importance of collect-

ing data on autonomic symptoms in iRBD. These data may

be used in prospective studies for evaluating the risk of

developing neurodegenerative disorders.

Keywords REM sleep behavior disorder � Autonomic

function � Parasomnia

Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD)

is a parasomnia characterized by loss of the normal atonia of

REM sleep, such that patients appear to act out dream

content [1]. In the past few years, some research showed

that patients with idiopathic RBD (iRBD) are at very high

risk of developing a neurodegenerative synucleinopathy,

such as Parkinson’s disease (PD), dementia with Lewy

bodies (DLB), or multiple system atrophy (MSA) [2–4].

This provides a rare opportunity to directly test potential

prodromal markers of disease and to assess the evolution of

prodromal symptoms and signs. Several studies have doc-

umented autonomic dysfunction in iRBD, with abnormal

cardiac beat-to-beat variability [5–7], metaiodobenzylgua-

nidine (MIBG) scintigraphy [8], and orthostatic blood

pressure changes, as well as symptoms of constipation,

urinary dysfunction, and erectile dysfunction [9, 10].

Interestingly, PD, DLB, and MSA are disorders with

prominent autonomic dysfunction. However, large-scale

assessment of autonomic symptoms has never been sys-

tematically performed.

Recently, a prospective study in 91 iRBD patients [11]

demonstrated that patients who develop PD and DLB from

iRBD have clear abnormalities of autonomic function years

before the diagnosis of disease. The estimated prodromal

interval was approximately 10–20 years on regression

analysis (and at least 5 years according to direct

observation), and progression was relatively slow during

prodromal periods. This study used only rudimentary

questionnaires for autonomic symptoms.

In 2004, Visser and colleagues [12] developed a new

validated scale to study the disorders of the autonomic ner-

vous system in PD patients: the Scale for Outcomes in

PD-Autonomic (SCOPA-AUT). The SCOPA-AUT consists

of 25 items assessing the following domains: gastrointestinal

(7), urinary (6), cardiovascular (3), thermoregulatory (4),

pupillomotor (1), and sexual dysfunction (2 items for men

and 2 items for women).

In the present study examining a large multicenter,

clinic-based cohort, we compared the SCOPA-AUT results

of iRBD patients with those of control subjects.

Methods

Patients with polysomnography-confirmed iRBD were

recruited from 13 international RBD study group centers

from 2008 to 2011. All cases met International Classifica-

tion of Sleep Disorders–2 criteria for RBD (i.e., enhanced

REM muscle tone on polysomnography with a history of

dream enactment or complex behaviors during REM sleep

on polysomnography) [13]. All cases had neurologic

examination to confirm the absence of dementia (as defined

as Mini-Mental State Examination \24 with functional

impairment due to cognitive decline) [14] and Parkinsonism

(according to UK Brain Bank criteria) [15]. Each center also

recruited controls, frequency-matched 1:1 on age (within

5 years) and sex (10 % tolerance outside perfect matching

was allowed). There were two groups of controls: sleep

center controls, i.e. patients referred to the sleep center for

other sleep problems (e.g., apnea, restless legs, insomnia,

and hypersomnia), and normal volunteers. All sleep center

controls had a polysomnogram documenting the absence of

RBD and REM-without atonia, as did 67 of the 129 vol-

unteer controls. All participants provided written informed

consent to participate, and the research ethics board of each

center gave approval for the study.

The SCOPA-AUT scale was administered to all the

patients and controls.

In addition, current use of drugs that may interfere with

autonomic function was assessed in all subjects, and the

following categories were defined for the analysis: (a) clo-

nazepam; (b) dopaminergic drugs; (c) antidepressant drugs;

(d) cardiovascular drugs.

Statistical analysis

The various domains on the SCOPA-AUT scale were

analyzed using the Mann–Whitney U test. Pearson’s cor-

relation coefficients were used to examine the correlation
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between SCOPA-AUT and age (in all subjects) and dura-

tion of RBD (in iRBD patients). To evaluate the associa-

tion between the various domains on the SCOPA-AUT

scale and iRBD, unadjusted odds ratios (ORs) were cal-

culated. Adjusted ORs were then obtained from logistic

regression, adjusting for age, sex, and use of drugs.

The proportions of subjects reporting a symptom (i.e.

score greater than zero) for each item were compared using

the Pearson Chi square test.

Poisson (P) regression, a special case of the generalized

linear model (GLM) framework, was applied for modelling

count data to evaluate drug effect on subscales and on total

scores of the SCOPA-AUT scale. Zero-inflated poisson

(ZIP) regression was used to model count data in those

subscales with an excess of zero counts.

Statistical analyses were performed using SPSS-18 for

Windows (SPSS, Chicago, IL, USA) and R statistical

software (version 2.15.3; www.r-project.org).

Results

Demographics

A total of 318 patients with iRBD (259 men, 59 women) who

had also completed SCOPA-AUT questionnaires were

recruited from 13 centers in 10 countries. The number of

controls was 318 (244 men, 74 women, p = 0.144). Controls

were slightly younger than the patients (67.3 ± 9.8 vs

66.2 ± 9.8 years, p = 0.048). The controls consisted of

healthy volunteers (137, 43.1 %) and sleep center controls

with sleep diagnoses other than RBD (181, 56.9 %). Ninety-

two controls (28.9 %) had sleep apnea syndrome (OSA).

Autonomic symptoms

RBD patients had substantially more autonomic symptoms

compared to control subjects as measured by the SCOPA-

AUT total score (p \ 0.0001) (Table 1). Differences

between iRBD patients and control subjects were most

noteworthy for gastrointestinal, urinary, and cardiovascular

symptoms. The smallest differences between patients and

control subjects were found for symptoms of the thermo-

regulatory and pupillomotor domain.

The association between gastrointestinal, urinary, and

cardiovascular symptoms and iRBD remained statistically

significant when adjusted for age, sex, and medication use

(Table 2).

Interestingly, when OSA subjects were excluded from

the control group, gastrointestinal (3.53 ± 2.84 vs

1.66 ± 1.97; p \ 0.0001) and urinary (4.79 ± 3.11 vs

3.67 ± 3.09; p \ 00001) symptom scores remained sig-

nificantly greater in iRBD compared to controls, but not the

cardiovascular domain score (0.68 ± 1.15 vs 0.52 ± 0.92).

In controls, age was positively correlated with scores in

the urinary domain (R = 0.164; p = 0.004), as well in the

sexual domain for men (R = 0.221; p = 0.003).

In iRBD patients, age showed a significant positive

correlation with the gastrointestinal domain (R = 0.239;

p = 0.0001), as well as with total scores of SCOPA-AUT

(R = 0.126; p = 0.031).

Concerning the duration of iRBD, a positive correlation

was found with gastrointestinal symptoms (R = 0.168;

p = 0.016).

Table 3 shows the proportion of subjects in the two

groups with a score greater than zero in each item. Sia-

lorrhea, constipation, lightheadedness standing up, and

erection problems in men were the commonest autonomic

symptoms in iRBD.

Concerning the current use of drugs that may interfere

with autonomic function, 39.7 % of iRBD and only 0.9 %

of controls were taking clonazepam (Table 4). The per-

centage of iRBD patients under dopaminergic treatment

was low, and very similar to that in control subjects. The

percentage of subjects taking antidepressant drugs was 17.3

in the iRBD group and 9.1 for controls. In particular, the

more frequently used antidepressant drugs were SSRIs

(11.9 % in the iRBD group and 3.8 % for controls).

Therapy with cardiovascular drugs was reported in 44.0 %

of iRBD patients and in 48.4 % of control subjects.

Use of antidepressants was associated with higher gas-

trointestinal domain scores in both the iRBD and control

groups (b = 0. 359; p \ 0.0001 and b = 0.394;

p = 0.0035, respectively), whereas higher urinary domain

scores (b = 0.206; p = 0.0039) and higher cardiovascular

domain scores (b = 0.567; p = 0.0064) appeared only in

the iRBD group.

Table 1 Demographics and SCOPA-AUT total and domain scores

iRBD Controls p value

N = 318 N = 318

Age 66.2 ± 9.8 67.3 ± 9.8 ns

Female 18.5 % 23.3 % ns

RBD (duration, years) 6.99 ± 4.12

SCOPA-AUT

Gastrointestinal (items 1–7) 3.53 ± 2.84 1.68 ± 1.93 \0.0001

Urinary (items 8–13) 4.79 ± 3.11 3.87 ± 3.18 \0.0001

Cardiovascular (items

14–16)

0.68 ± 1.15 0.48 ± 0.89 0.005

Thermoregulatory (items

17–18–20–21)

1.75 ± 1.88 1.61 ± 1.94 ns

Pupillomotor (item 19) 0.51 ± 0.72 0.49 ± 0.78 ns

Sexual men (items 22–23) 1.24 ± 1.59 1.08 ± 1.45 ns

Sexual women (items

24–25)

1.22 ± 1.97 1.50 ± 1.41 0.019

Total score 12.44 ± 6.99 8.90 ± 6.45 \0.0001
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Use of cardiovascular drugs was associated with higher

urinary domain scores for both patients and controls

(b = 0.120; p = 0.033 and b = 0.126; p = 0.046,

respectively), but were associated with higher total SCO-

PA-AUT scores only in the control group (b = 0.122;

p = 0.002).

Discussion

In this study we evaluated autonomic symptoms using a

reliable and valid instrument that includes items considered

relevant by patients and specialists [12]. Our results show

Table 2 SCOPA-AUT: ORs in different domains

Unadjusted OR

(95 % CI)

p value Adjusted OR

(95 % CI)a
p value Adjusted OR

(95 % CI)b
p value

Gastrointestinal (items 1–7) 1.41 (1.29–1.53) \0.0001 1.44 (1.31–1.57) \0.0001 1.38 (1.25–1.52) \0.0001

Urinary (items 8–13) 1.10 (1.04–1.16) 0.001 1.09 (1.03–1.15) 0.002 1.12 (1.05–1.19) \0.0001

Cardiovascular (items 14–16) 1.22 (1.03–1.44) 0.023 1.23 (1.04–1.46) 0.018 1.25 (1.04–1.51) 0.020

Thermoregulatory (items 17, 18, 20, 21) 1.04 (0.95–1.13) ns 1.06 (0.96–1.16) ns 1.08 (0.97–1.20) ns

Pupillomotor (item 19) 1.04 (0.93–1.30) ns 1.04 (0.93–1.30) ns 1.12 (0.86–1.44) ns

Sexual men (items 22–23) 1.07 (0.94–1.23) ns 1.04 (0.90–1.20) ns 1.07 (0.91–1.26) ns

Sexual women (items 24–25) 0.91 (0.72–1.16) ns 0.95 (0.74–1.22) ns 0.87 (0.62–1.21) ns

Total score 1.08 (1.05–1.11) \0.0001 1.09 (1.06–1.12) \0.0001 1.09 (1.06–1.12) \0.0001

a Adjusted for age and sex
b Adjusted for age, sex, and medication use

Table 3 SCOPA-AUT scores greater than zero

Item iRBD

(n = 318)

(%)

Controls

(n = 318)

(%)

p value

1 Swallowing/choking 26 20.2 ns

2 Drooling 28.1 14.1 \0.0001

3 Dysphagia 19.5 15.5 ns

4 Early abdominal fullness 28.6 26.1 ns

5 Constipation 57.6 23.7 \0.0001

6 Straining for defecation 70.9 36.7 \0.0001

7 Fecal incontinance 8 5.3 ns

8 Urinary urgency 45.1 32.3 0.002

9 Urinary incontinence 29.3 19.6 0.008

10 Incomplete emptying 44.7 35.1 0.021

11 Weak stream of urine 57.2 39.2 \0.0001

12 Frequency 75.8 67.4 0.030

13 Nocturia 85.1 79 ns

14 Lightheaded standing up 32.5 21.4 0.003

15 Lightheaded standing for

some time

17.9 18.1 ns

16 Syncope 6 3.2 ns

17 Hyperhidrosis during the day 27.2 26 ns

18 Hyperhidrosis during the

night

33.8 31.9 ns

19 Oversensitive to bright light 40.3 35.3 ns

20 Cold intolerance 39.5 32.9 ns

21 Heat intolerance 29.1 27.2 ns

22 Erection problem—male 62.5 44.5 0.001

23 Ejaculation problem—male 39.4 33.5 ns

24 Vaginal lubrication—female 60 55 ns

25 Problem with orgasm—

female

56 57.9 ns

Table 4 Use of drugs that may interfere with autonomic function

iRBD (% of

subjects)

Controls (% of

subjects)

p value

Clonazepam 39.6 0.9 \0.0001

Dopaminergic drugs 9.1 9.7 ns

Antidepressant drugs 17.3 9.1 0.002

SSRI 11.9 3.8 0.001

SNRI 3.5 2.2 ns

NASSA 0.3 0.6 ns

Trazodone 1.9 2.8 ns

TCA 2.5 1.9 ns

Cardiovascular drugs 44.0 48.4 ns

Antiarrhythmics 3.5 3.1 ns

All_Antihypertensives 39.3 44.7 ns

Central blockers 0.6 1.3 ns

Beta-blockers 16.0 16.0 ns

Ca-antagonists 10.4 15.1 ns

ACE-blockers 15.7 12.9 ns

AT2-inhibitors 10.4 16.4 0.027

Alpha-blockers 2.5 0.9 ns

Diuretics 8.8 17.3 0.001

Nitroderivates 3.1 2.5 ns

SSRI selective serotonin reuptake inhibitors, SNRI serotonin–norepi-

nephrine reuptake inhibitors, NASSA noradrenergic and specific

serotonergic antidepressant, TCA tricyclic antidepressants
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that compared to a group of control subjects with a similar

overall age and sex distribution, patients with iRBD

experience significantly more problems with gastrointesti-

nal, urinary, and cardiovascular functioning.

It is well known that iRBD has been associated with

synucleinopathies such as PD, DLB, or MSA, often pre-

ceding the full clinical expression of these Parkinsonian

syndromes for years to decades [16, 17]. Moreover, syn-

ucleinopathies are frequently associated with neurovege-

tative impairment that often precedes motor symptoms. In

PD, manifestations of autonomic dysregulation are fre-

quently encountered including orthostatic hypotension,

reduced heart rate variability, and impairment of sudomo-

tor, gastrointestinal, and urinary functions [18]. In DLB,

recurrent syncopes represent supporting evidence for the

diagnosis and may precede the manifestations of cognitive

decline [19]. In MSA, autonomic failure may dominate the

clinical picture, as in the form previously identified as the

Shy–Drager syndrome [20].

In 1996, it was first reported [21] that patients with

iRBD not only have a reduced tonic and phasic heart rate

variability during sleep, but the majority of these patients

also have an impairment in one or more tests assessing

sympathetic or parasympathetic functions during wakeful-

ness compared to age and sex-matched healthy controls. In

agreement with these results, Fantini and colleagues [22]

found a reduced cardiac activation related to PLMS during

stage two sleep in patients with iRBD compared to age-

matched and sex-matched patients with restless leg syn-

drome (RLS).

More recently, Postuma and colleagues [23] found that a

systolic blood pressure drop was impaired in patients with

iRBD compared to controls. Studies with 123I-MIBG

scintigraphy, a marker of post-ganglionic cardiac sympa-

thetic denervation, have shown substantial and consistent

abnormalities in iRBD [24–26].

Frauscher and colleagues [27] showed that autonomic

dysfunction in iRBD was intermediate between controls

and patients with PD in blood pressure regulation during

an orthostatic standing test, and similar to PD in Val-

salva testing. This last finding corresponds well to results

of a cardiac 123I-MIBG scintigraphic study that dem-

onstrated even worse results in iRBD than in early PD

patients [28].

Another recent study evaluated the heart rate response to

arousal or to leg movements during sleep in PD patients

with and without RBD and patients with iRBD compared

with healthy controls [7]. The heart rate response associ-

ated with arousal or leg movement from all sleep stages

was analyzed from 10 heart beats before the onset of the

sleep event to 15 heart beats following onset of the sleep

event. The heart rate response to arousal was significantly

lower in both PD groups compared with the control group

and the iRBD group: the value in the iRBD group was

intermediate with respect to the control and PD groups.

As with these previous studies, the SCOPA-AUT car-

diovascular domain score in our studyof iRBD patients

(0.74 ± 1.22 vs 0.49 ± 0.90 of controls) was intermediate

with respect to the scores reported in PD patients by Visser

and colleagues [12] (1.2 ± 1.3 in PD vs 0.3 ± 0.6 in

controls). This is consistent with the concept that iRBD can

be a manifestation of synuclein-associated neurodegener-

ative disorders like PD. A recent study [29] found that PD

patients with clinical RBD have more severe orthostatic

hypotension than PD patients without RBD, supporting

previous findings [30].

The most prominent differences in severity of auto-

nomic symptoms between our iRBD patients and control

subjects emerged in the gastrointestinal domain. Interest-

ingly, it has been reported that an altered gastrointestinal

motility can predate the motor phase of PD [31]. Neuro-

pathological studies report Lewy-body-pathology in the

dorsal motor nucleus of the vagal nerve (DMNV) prior to

PD-related motor symptoms, and the DMNV modifies

gastrointestinal motility by interacting with the enteric

nervous system where Lewy body pathology has been

described in PD [32, 33]. Interestingly, within established

PD, it has been reported that constipation was more pre-

valent in PD patients with RBD than in those without [34].

Some authors recently investigated PD patients, iRBD

patients, and controls that underwent standardized testing

for gastric emptying with the (13)C-octanoate breath test

[35]. Gastric emptying was significantly delayed in drug-

naı̈ve and in treated PD patients, but normal in patients

with iRBD. The authors concluded that this finding might

be explained by the fact that neurodegenerative changes in

structures modulating gastric motility are not severe

enough to cause a functional deficit that can be detected by

the (13)C-octanoate breath test. On the other hand, in our

iRBD patients the duration of the disorder showed a

positive correlation with gastrointestinal symptoms.

Another recent study measured fasting and postprandial

ghrelin serum concentrations in PD patients, iRBD

patients, and controls [36]. Ghrelin, an orexigenic peptide,

has multiple functions, which include promoting gastroin-

testinal motility. The delayed gastric emptying in PD could

be related to disturbed excretion of ghrelin. Controls

showed a decrease of mean fasting ghrelin serum concen-

trations in the early postprandial phase, followed by a

recuperation starting 60 min after the test meal and a

maximum at 300 min. This recuperation was less pro-

nounced in PD and iRBD, and post hoc testing showed a

difference between controls and PD patients (p = 0.002)

and between controls and iRBD patients (p = 0.037).

In conclusion, this first large-scale assessment of auto-

nomic symptoms in iRBD showed that iRBD patients
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experience significant problems with gastrointestinal, uri-

nary, and cardiovascular functioning. This may determine

decrements in health status. Moreover, our findings

underline the importance of collecting prospective data to

evaluate the possible association between autonomic

symptoms in iRBD and the risk of developing neurode-

generative disorders, especially PD. Additionally, these

findings suggest important potential treatment opportuni-

ties. For example, 58 % of iRBD patients reported con-

stipation; constipation is readily treatable, and can result in

a substantial impairment in quality of life, so vigilance for

gastrointestinal autonomic problems in patients with iRBD

is warranted. Similarly, one-third of patients with iRBD

reported a symptom consistent with orthostatic hypoten-

sion, which is potentially treatable with medications such

as fludrocortisone, domperidone, or physostigmine. This

also implies a need for periodic reassessment of indications

for antihypertensive medications in RBD patients, as they

may no longer be needed once a patient has developed

iRBD.
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Lladó A, Gaig C, Santamaria J (2013) Neurodegenerative disease

status and post-mortem pathology in idiopathic rapid-eye-move-

ment sleep behaviour disorder: an observational cohort study.

Lancet Neurol 12:443–453

5. Valappil RA, Black JE, Broderick MJ, Carrillo O, Frenette E,

Sullivan SS, Goldman SM, Tanner CM, Langston JW (2010)

Exploring the electrocardiogram as a potential tool to screen for

premotor Parkinson’s disease. Mov Disord 25:2296–2303

6. Postuma RB, Lanfranchi PA, Blais H, Gagnon JF, Montplaisir JY

(2010) Cardiac autonomic dysfunction in idiopathic REM sleep

behavior disorder. Mov Disord 25:2304–2310

7. Sorensen GL, Kempfner J, Zoetmulder M, Sorensen HB, Jennum

P (2012) Attenuated heart rate response in REM sleep behavior

disorder and Parkinson’s disease. Mov Disord 27:888–894

8. Miyamoto T, Miyamoto M, Suzuki K, Nishibayashi M, Iwanami

M, Hirata K (2008) 123I-MIBG cardiac scintigraphy provides

clues to the underlying neurodegenerative disorder in idiopathic

REM sleep behavior disorder. Sleep 31:717–723

9. Postuma RB, Gagnon JF, Vendette M, Montplaisir JY (2009)

Markers of neurodegeneration in idiopathic REM sleep behavior

disorder and Parkinson’s disease. Brain 132:2298–2307

10. Postuma RB, Lang AE, Massicotte-Marquez J, Montplaisir J

(2006) Potential early markers of Parkinson’s disease in idio-

pathic REM sleep behavior disorder. Neurology 66:845–851

11. Postuma RB, Gagnon JF, Pelletier A, Montplaisir J (2013) Pro-

dromal autonomic symptoms and signs in Parkinson’s disease

and dementia with Lewy bodies. Mov Disord 28:597–604

12. Visser M, Marinus J, Stiggelbout AM, Van Hilten JJ (2004)

Assessment of autonomic dysfunction in Parkinson’s disease: the

SCOPA-AUT. Mov Disord 19:1306–1312

13. American Academy of Sleep Disorders (2005) International

Classification of Sleep Disorders–2. American Academy of Sleep

Disorders, Westchester

14. Folstein MF, Folstein SE, McHugh PR (1975) ‘‘Mini-mental

state’’: a practical method for grading the cognitive state of

patients for the clinician. J Psychiatr Res 12:189–198

15. Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of

clinical diagnosis of idiopathic Parkinson’s disease: a clinico-

pathological study of 100 cases. J Neurol Neurosurg Psychiatry

55:181–184

J Neurol (2014) 261:1112–1118 1117

123



16. Boeve BF (2010) REM sleep behavior disorder: updated review

of the core features, the REM sleep behavior disorder-neurode-

generative disease association, evolving concepts, controversies,

and future directions. Ann N Y Acad Sci 1184:15–54

17. Claassen DO, Josephs KA, Ahlskog JE, Silber MH, Tippmann-

Peikert M, Boeve BF (2010) REM sleep behavior disorder pre-

ceding other aspects of synucleinopathies by up to half a century.

Neurology 75:494–499

18. Jain S (2011) Multi-organ autonomic dysfunction in Parkinson’s

disease. Parkinsonism Relat Disord 17:77–83

19. Idiaquez J, Roman GC (2011) Autonomic dysfunction in neuro-

degenerative dementias. J Neurol Sci 305:22–27

20. Wenning GK, Stefanova N (2009) Recent developments in

multiple system atrophy. J Neurol 256:1791–1808

21. Ferini-Strambi L, Oldani A, Zucconi M, Smirne S (1996) Cardiac

autonomic activity during wakefulness and sleep in REM sleep

behavior disorder. Sleep 19:367–369

22. Fantini ML, Michaud M, Gosselin N, Lavigne G, Montplaisir J

(2002) Periodic leg movements in REM sleep behavior disorder

and related autonomic and EEG activation. Neurology

59:1889–1894

23. Postuma RB, Gagnon JF, Vendette M, Montplaisir JY (2009)

Markers of neurodegeneration in idiopathic rapid eye movement

sleep behaviour disorder and Parkinson’s disease. Brain

132:3298–3307

24. Jennum P, Mayer G, Ju YE, Postuma R (2013) Morbidities in

rapid eye movement sleep behavior disorders. Sleep Med

14:782–787

25. Labate A, Salsone M, Novellino F, Morelli M, Sturniolo M,

Gambardella A, Quattrone A (2011) Combined use of cardiac

m-i123-iodobenzylguanidine scintigraphy and (1)(2)(3)I-fp-cit

single photon emission computed tomography in older adults

with rapid eye movement sleep behavior disorder. J Am Geriatr

Soc 59:928–929

26. Miyamoto T, Miyamoto M, Inoue Y, Usui Y, Suzuki K, Hirata K

(2006) Reduced cardiac 123I-MIBG scintigraphy in idiopathic

REM sleep behavior disorder. Neurology 67:2236–2238

27. Frauscher B, Nomura T, Duerr S, Ehrmann L, Gschliesser V,

Wenning GK, Wolf E, Inoue Y, Högl B, Poewe W (2012)
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