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Rapid-eye-movement sleep behaviour disorder and 
neurodegenerative diseases
Jean-François Gagnon, Ronald B Postuma, Stéphanie Mazza, Julien Doyon, Jacques Montplaisir

Rapid-eye-movement (REM) sleep behaviour disorder (RBD) is characterised by loss of muscular atonia and prominent 
motor behaviours during REM sleep. RBD can cause sleep disruption and severe injuries for the patient or bed partner. 
The disorder is strongly associated with neurodegenerative diseases, such as multiple-system atrophy, Parkinson’s 
disease, dementia with Lewy bodies, and progressive supranuclear palsy. In many cases, the symptoms of RBD precede 
other symptoms of these neurodegenerative disorders by several years . Furthermore, several recent studies have shown 
that RBD is associated with abnormalities of electroencephalographic activity, cerebral blood fl ow, and cognitive, 
perceptual, and autonomic functions. RBD might be a stage in the development of neurodegenerative disorders and 
increased awareness of this could lead to substantial advances in knowledge of mechanisms, diagnosis, and treatment 
of neurodegenerative disorders. 

Clinical description 
Rapid-eye-movement (REM) sleep behaviour disorder 
(RBD) is classifi ed as a parasomnia—ie, a disorder in 
which undesirable physical events are predominant 
during sleep.1 RBD is characterised by abnormal and often 
violent behaviour when dreaming.2 Abnormal behaviour 
can be classifi ed as simple (laughing, talking, shouting, 
and excessive jerking of body and limbs) or complex 
(swearing, gesturing, reaching, grabbing, arm fl ailing, 
slapping, punching, kicking, sitting up, leaping from bed, 
crawling, and running).1 Patients with RBD have a high 
proportion of aggressive content in their dreams, despite 
normal levels of daytime aggressiveness.3 Violent 
behaviour can result in sleep disruption and severe 
injuries, including ecchymoses, lacerations, and fractures 
for the patient or bed partner.4 Sleep-related injury was the 
reason for medical consultation in more than 75% of 
patients.4,5 RBD generally aff ects adults aged 50 years or 
above. RBD is predominantly reported in men; in two 
large cohorts of patients with RBD, more than 85% were 
men.4,5 The diff erence in sex might have a biological basis: 
it could be related to the role of sex hormones in the 
mediation of aggressive behaviour, or RBD might be less 
aggressive in women than in men and therefore less likely 
to lead to medical consultation.6

Idiopathic versus secondary RBD 
RBD can present alone—without concomitant medical 
disorders—and this is known as “idiopathic”. RBD is 
commonly reported in patients with neurodegenerative 
disorders, especially Parkinson’s disease, multiple-system 
atrophy, and dementia with Lewy bodies, and there is 
growing evidence linking idiopathic RBD and early signs 
of these disorders. Therefore, RBD associated with these 
neurodegenerative disorders should be considered as part 
of the disease.

However, manifestations of RBD have been sporadically 
reported in a few cases of other neurological disorders 
such as Machado-Joseph disease,7,8 amyotrophic lateral 
sclerosis,9–11 epilepsy,12 multiple sclerosis,4,13 and Guillain-
Barré syndrome,14,15 as well as in neurodevelopmental 

disorders such as autism,16 Tourette’s syndrome,17 and 
group A xeroderma pigmentosum.18 RBD is also 
commonly reported in narcolepsy,5,19,20 although this 
association has never been systematically studied. Patients 
with narcolepsy and RBD have several similarities such as 
increased periodic leg movements in sleep21 and both 
disorders are associated with REM sleep dysregulation—
with loss of REM sleep muscle atonia in RBD and 
inappropriate occurrence of atonia during wakefulness 
(cataplexy) in narcolepsy. Brain mechanisms responsible 
for RBD in narcolepsy are still unknown. Narcolepsy in 
human beings is characterised by hypocretin cell loss in 
the hypothalamus,22 a region that has strong connections 
with brainstem structures implicated in REM sleep 
muscle atonia, especially the locus coeruleus. Decreased 
hypocretinergic input to these brainstem structures can 
contribute to RBD. In a recent study, fi ve cases of RBD 
were reported in people with voltage-gated potassium 
channel antibody-associated limbic encephalitis.23 
Resolution of RBD, concomitant to that of the limbic 
syndrome, has been reported after immunosuppressive 
treatment in three patients. The results of this study 
suggest a substantial contribution of the limbic system to 
the pathophysiology of RBD.

RBD can also occur during treatment with various 
psychotropic drugs (pharmacologically-induced RBD).24 
For example, increased muscular activity during REM 
sleep has been reported in healthy people given tricyclic 
antidepressants25 or serotonin-specifi c or norepinephrine 
reuptake inhibitors such as fl uoxetine, paroxetine, 
citalopram, sertraline, and venlafaxine.26 Antidepressants 
can also induce RBD manifestations in patients with 
parkinsonism,27 depression,28 or narcolepsy.19 These drugs 
increase serotoninergic or noradrenergic neuro-
transmission in the CNS and these neurotransmitters 
have an inhibitory eff ect on the REM sleep mechanism; 
however, the exact mechanism by which they suppress 
REM sleep atonia and ease dream enactment behaviour 
is unknown. Further studies are needed to clarify this 
issue, as well as the possibility that antidepressants might 
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ease symptoms in patients with RBD or those at risk of 
RBD, such as patients with Parkinson’s disease or 
narcolepsy.

RBD has been reported with noradrenergic antagonists 
(bisoprolol)29 and during withdrawal from alcohol.24 In this 
review, we focus on RBD associated with neurodegenerative 
disorders (synucleinopathies and tauopathies). 

Polysomnographic features
One of the defi ning features of REM sleep is the 
suppression of muscular activity (or atonia), a 
characteristic that is not reported during wakefulness or 
other sleep stages. RBD is characterised by the presence 
of chin or limb electromyographic activity during REM 
sleep (fi gure) with concomitant vigorous behavioural 
manifestations as seen on videotape recording. Subclinical 
RBD refers to muscle activity and mild limb failing or 
yelping during REM sleep (seen on polysomnography) 
without complaints of abnormal motor behaviours during 
sleep. Another feature of RBD is REM sleep without 
atonia, this is characterised by polysomnographic 
evidence of muscular activity during REM sleep without a 
clinical history of abnormal sleep behaviour or presence 
of abnormal behavioural manifestations during sleep 
laboratory verifi cation. The association between REM 
sleep without atonia and the development of RBD is 
unknown, and a longitudinal follow-up study of patients 
with REM sleep without atonia is needed.

Diagnostic criteria
REM sleep without atonia was fi rst reported in patients 
with neurodegenerative disorders.9,10,30–38 Early reports 
also described REM sleep without atonia and behavioural 
manifestations during REM sleep with the use of tricyclic 
antidepressants25,39–41 or during alcohol withdrawal.42–45 
RBD was recognised as a distinct clinical disorder by 
Schenck and colleagues in 1986.14 In 1990, RBD was 
incorporated into the International Classifi cation of 
Sleep Disorders,46 and in 1997 minimal diagnostic criteria 
for RBD47 included the presence of limb or body 
movements associated with dream mentation, and at 
least one of the following criteria: harmful or potentially 
harmful sleep behaviour; dreams that seem to be “acted 
out”; sleep behaviour that disrupts sleep continuity. 
Polysomnographic features of RBD were not necessary 
for diagnosis; however, polysomnographic recording has 
important advantages. Polysomnographic criteria of 
RBD are more sensitive than clinical criteria.48,49 In 
addition, other sleep disorders can mimic RBD, such as 
obstructive sleep apnoea,50 sleepwalking, or night terrors. 
Therefore, it is important to note, with audiovisual 
recording, that behavioural symptoms occur specifi cally 
during REM sleep, and that other polysomnographic 
abnormalities, such as sleep-disordered breathing or 
epileptic activity, are absent. Finally, polysomnography is 
the only way to detect subclinical RBD and REM sleep 
without atonia. Therefore, in the latest version of the 

International Classifi cation of Sleep Disorders, 
polysomnographic recording is mandatory for diagnosis 
of RBD (panel 1).1

Prevalence of RBD 
Few studies have looked of the prevalence of RBD in the 
general population. In one study, computerised, deductive 
telephone interviews of a representative sample of the 
general population (including patients with neurological 
disorders) of more than 4900 individuals age 15–100 years 
were done and the estimated prevalence of RBD was 
0·5%.51 In another study52 in Hong Kong on a representative 
community sample of 1034 elderly people of age 70 years 
or above, everyone was interviewed with a screening 
question on the presence of sleep-related injuries and 
0·8% reported a history of sleep-related injury. Those with 
suspected sleep disorders had physical and psychiatric 
assessment and a sleep recording; four people were 
confi rmed to have RBD, giving an estimated prevalence of 
RBD of 0·38%. One of the four patients with RBD had 
Parkinson’s disease; two patients had been hospitalised 
previously for sleep-related injury but their sleep disorder 
had not been recognised. One conclusion of this study is 
that RBD in elderly people is under recognised.

Pathophysiology
Animal studies with electrophysiological, lesional, and 
neuropharmacological models have shown that the 
occurrence and maintenance of muscle atonia during 
REM sleep needs the interaction of several neuronal 
systems in the brainstem. These structures include the 
magnocellular, gigantocellular and paramedian nuclei, 
the locus coeruleus-subcoeruleus complex, the raphe 
nucleus, the pedunculopontine nucleus, and the 
nigrostriatal system.53–55 These brainstem structures show 

Figure: Polysomnogram (20 s) of a patient with RBD showing the presence of REM sleep without atonia
Eye leads show rapid movements and central and occipital leads show desynchronised electroencephalographic 
activity; both are features of REM sleep. Chin and leg electromyographic leads represent the excessive muscle 
activity that characterises RBD. 
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reciprocal anatomical connections with the basal ganglia 
and the limbic system, both of which may play a part in 
RBD pathology.23,24,55 Animal studies also show that the 
nature of motor activity reported during REM sleep is 
related to lesion placement.53

 In human beings, there is some evidence that diff erent 
mechanisms could be involved in REM sleep without 
atonia and excessive phasic muscular activity, because 
both of these anomalies can occur separately or can be 
dissociated pharmacologically. For example, clonazepam 
decreases phasic events without restoration of muscle 
atonia in patients with RBD. However, these observations 
were reported in only a few patients and need further 
validation.

Neural mechanisms for RBD in human beings have 
been studied with neuropathological and imaging analyses 
of patients with RBD, either associated with 
neurodegenerative disorders or not. Autopsies have been 
performed in 25 cases with RBD; pathological diagnoses 
included incidental Lewy bodies in one patient,56 idiopathic 
Parkinson’s disease with daytime hallucinations in one,57 
Lewy-body variant of Alzheimer’s disease in two,58,59 
multiple system atrophy in six,60,61 and dementia with Lewy 
bodies in 15.59,61–63 Studies, in which specifi c examinations 
of brainstem nuclei were done,56–60,62,63 revealed pathological 
abnormalities in all patients (such as neuronal loss, 
increased number of neurons, depigmentation, gliosis, or 
Lewy bodies) in the locus coeruleus–subcoeruleus complex 
and the substantia nigra. Abnormalities were less 
consistent or severe in the dorsal raphe nucleus, the dorsal 
vagus nucleus, the gigantocellular reticular nucleus, and 
the pedunculopontine nucleus.

In most patients with RBD, MRI studies have not 
revealed any abnormalities;5 however, ischaemic lesions in 
pontomesencephalic regions were reported in three 
patients.64 Three other reports have also suggested that 
tumour, ischaemic infarct, or surgery in the pontine 

region can induce RBD.65–67 However, using proton 
magnetic-resonance spectroscopy, no abnormalities have 
been reported with regard to several metabolic measures 
(N-acetylaspartate, creatine, choline, and myoinositol) in 
the brainstem of patients with RBD68 or Parkinson’s 
disease (with or without RBD).69

Single-photon emission CT of patients with RBD have 
shown a reduction in striatal dopamine transporters70 and 
PET showed a reduced density of striatal dopaminergic 
terminals.71 Eisensehr and colleagues72 reported a 
continuum of reduction in striatal dopamine transporters 
on single-photon emission CT in patients with subclinical 
RBD, clinical RBD, and Parkinson’s disease. Gilman and 
colleagues73 also studied the correlation between REM 
sleep muscle atonia and density of striatal dopaminergic 
and thalamic cholinergic terminals in patients with RBD 
associated with multiple-system atrophy. A signifi cant 
correlation was reported between REM sleep muscle atonia 
and striatal dopaminergic transmission, however thalamic 
cholinergic transmission was uncorrelated. However, 
whether dysfunction of the nigrostriatal dopaminergic 
system is the primary cause of RBD is unclear.

In summary, although many specifi cs are unknown, a 
dysfunction of one or several neuronal pathways in the 
brainstem (nigrostriatal dopaminergic neurons, 
noradrenergic or cholinergic neurons of the locus 
coeruleus or subcoeruleus complex, serotoninergic 
neurons of the raphe nucleus, cholinergic neurons of the 
pedunculopontine nucleus) probably causes the 
pathogenesis of RBD (panel 2).

Treatment 
There are no randomised, double-blind, placebo-controlled 
studies that have assessed the effi  cacy of any treatment for 
RBD. Clonazepam (0·5–2 mg before bedtime), has been 
reported as highly eff ective in two large cohorts of patients 
with RBD and it is well tolerated in most cases.4,5 This 
drug suppresses behavioural symptoms and reduces 
phasic REM muscle activity in patients with RBD but does 
not restore REM-sleep muscle atonia.74 Side-eff ects include 
daytime somnolence, cognitive impairment, and 
aggravation of obstructive sleep apnoeas. However, about 
10% of patients have no therapeutic response to 
clonazepam.4,5 Melatonin has also produced benefi cial 
eff ects in patients with RBD.75–77 The use of cholinesterase 
inhibitors (donepezil and rivastigmine) and dopaminergic 

Panel 1: Diagnostic criteria for RBD according to the 
International Classifi cation of Sleep Disorders1

● Presence of REM sleep without atonia: excessive amounts 
of sustained or intermittent elevation of submental 
electromyographic tone or excessive phasic submental or 
limb electromyographic twitching

● At least one of the following is present:
 1 History of sleep-related injurious, potentially injurious,  

 or disruptive behaviours 
 2 Abnormal REM-sleep behaviours documented 

 during polysomnographic monitoring
● Absence of electroencephalographic epileptiform activity 

during REM sleep, unless RBD can be clearly distinguished 
from any concurrent REM-related seizure disorder

● The sleep disturbance is not better explained by another 
sleep disorder, medical or neurological disorder, mental 
disorder, medication use, or substance use disorder

Panel 2: Brainstem structures with abnormalities in 
patients with RBD

● Substantia nigra (nigrostriatal pathway)56–60,62,63,70–73

● Locus coeruleus–subcoeruleus complex56-60,62,63 
● Pedunculopontine nucleus56,58,60,62

● Dorsal vagus nucleus56,59,63 
● Dorsal raphe nucleus56,63 
● Gigantocellular reticular nucleus56
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drugs for the treatment of RBD is still controversial. 
Although a few studies report benefi cial eff ects of 
cholinergic drugs,78–81  other studies fi nd no positive 
eff ects.75,81 One study of the dopaminergic agonist 
pramipexole found reduction in the frequency or intensity 
of sleep motor behaviour in patients with RBD and a 
reduction of simple behaviour during REM sleep in the 
laboratory,82 another study found no eff ect.83

In summary, except for clonazepam, most treatments 
have only been studied in small groups of patients and 
most studies have serious methodological restrictions, 
such as the absence of polysomnography to confi rm 
treatment effi  cacy75,78–81 or RBD diagnosis.79–81 For these 
reasons, clonazepam is the treatment of choice for RBD 
but melatonin is an alternative for patients with cognitive 
impairment, daytime somnolence, or obstructive sleep 
apnoeas.

RBD and neurodegenerative disorders
RBD in synucleinopathies
RBD is associated with neurological disorders in 38–75% 
of cases.4,5,11 It is particularly common in neurodegenerative 
disorders characterised by intraneuronal deposition of 
α-synuclein (synucleinopathies),84 such as Parkinson’s 
disease, multiple-system atrophy, and dementia with Lewy 
bodies.

RBD in Parkinson’s disease 
In the late 1960s, abnormal muscular activity during REM 
sleep was reported in patients with Parkinson’s disease.30,33,34 
15–34% of patients with Parkinson’s disease have clinical 
symptoms of RBD.85,86 RBD diagnosed by polysomnography 
has been reported in 33% of patients (11/33) with 
Parkinson’s disease.48 In four cases, the patient or bed 
partner did not report abnormal motor behaviour during 
sleep; these cases are, therefore subclinical RBD. REM 
sleep without atonia and no behavioural manifestations 
was reported in another eight patients (24%). Therefore, 
REM sleep without atonia occurred in 58% of patients 
with Parkinson’s disease. RBD has also been reported in 
patients with juvenile parkinsonism.87,88  The association 
between the fi rst occurrence of RBD symptoms and those 
of Parkinson’s disease is variable; RBD symptoms can 
appear fi rst, simultaneously, or after motor manifestations 
of Parkinson’s disease.5 The presence of RBD in patients 
with Parkinson’s disease is not related to the severity of 
the disease, the use of dopaminergic drugs, or the 
occurrence of dementia.5,48,89 However, RBD might be 
associated with an increased risk of hallucinations.90

RBD in multiple-system atrophy 
In the 1970s, REM sleep without atonia was reported in 
patients with multiple-system atrophy9 and, since then, 
several studies have confi rmed a strong association 
between these two disorders.5,89,91–93 RBD was detected 
with polysom nography in all patients with multiple-
system atrophy.94 Why RBD is more common in multiple-

system atrophy than in Parkinson’s disease is unclear. 
The distribution of neurodegeneration in multiple-
system atrophy is usually more widespread than in 
Parkinson’s disease, and commonly includes severe 
atrophy of pontine structures that might be involved in 
REM-sleep muscle atonia. One study95 with six patients 
with pure autonomic failure—a form of synucleinopathy 
with clinical presentation similar to that of multiple-
system atrophy—did not fi nd RBD. However, a more 
recent study with three cases of pure autonomic failure 
revealed RBD in all patients,96 further supporting the 
view that RBD is associated with every type of 
synucleinopathy.

RBD in dementia with Lewy bodies 
Although no study has systematically assessed the 
frequency of RBD in patients with dementia with Lewy 
bodies, a strong association between these two disorders 
has been reported.5,59,61,84,97 On the basis of these 
observations, RBD is now a suggestive criterion for 
dementia with Lewy bodies.98 For cases in which there is a 
diagnostic dilemma, sleep-laboratory investigation is 
highly recommended to confi rm the presence of RBD in 
patients with dementia with Lewy bodies.

RBD in parkinsonism with parkin mutations
There have been cases of RBD in patients with 
parkinsonism associated with parkin gene mutations,87 a 
disorder originally thought to be devoid of α-synuclein 
degeneration. However, a recent study99 reported the 
presence of Lewy bodies in a large kindred with parkin 
mutations, reinforcing the association between RBD and 
synucleinopathies.  

RBD in tauopathies
Neurodegenerative disorders called tauopathies, such as 
progressive supranuclear palsy, Alzheimer’s disease (also 
classifi ed as an amyloidopathy), corticobasal degeneration, 
Pick’s disease, and pallidopontonigral degeneration, are 
characterised by intracellular inclusions of the protein tau 
in the aff ected neurons. Until recently, RBD had been 
considered to be rare in tauopathies.84 However, recent 
studies fi nd RBD or REM sleep without atonia in a 
substantial number of patients with tauopathies and 
therefore the question of specifi city of the RBD-
synucleinopathy association arises.

RBD in progressive supranuclear palsy 
Abnormal muscle activity during REM sleep in patients 
with progressive supranuclear palsy was fi rst reported in 
the 1970s9,35 and, since then, several other cases have been 
described.5,11,36,100,101 A recent study showed the presence of 
REM sleep without atonia in four (27%) of 15 patients with 
probable progressive supranuclear palsy.102 Two of these 
patients had complex motor behaviours suggestive of 
RBD, but post-mortem histopathology was not available 
in either of the cases.
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RBD in Alzheimer’s disease 
One patient with autopsy-confi rmed Alzheimer’s disease 
met the polysomnographic criteria and RBD was 
reported,103 but subsequent post-mortem analyses showed 
it to be the Lewy-body variant of Alzheimer’s disease.58 In 
a recent study of 14 patients with Alzheimer’s disease, 
there was one polysomnography-confi rmed case of RBD 
and four cases of REM sleep without atonia.104 However, 
autopsy was not done on any of these patients and so the 
Lewy-body variant cannot be ruled out.

RBD in corticobasal degeneration and Pick’s disease
REM sleep without atonia was reported in four patients 
with probable corticobasal degeneration.105–107 After a 
follow-up of 1 year, complex motor behaviour during 
REM sleep consistent with RBD developed in one of 
these patients.107 However, no large-scale study has 
estimated the prevalence of RBD in corticobasal 
degeneration. To our knowledge, no cases of RBD have 
been reported in patients with Pick’s disease.

RBD in pallidopontonigral degeneration
Recently, 11 members of the pallidopontonigral 
degeneration kindred, irrespective of sleep-related 
complaint, were studied in the sleep laboratory and four 
had subsequent neuropathological examination.108 None 
of these individuals had polysomnographic or behavioural 
symptoms of RBD even though autopsies in three 
aff ected individuals revealed marked nigral degeneration 
and mild degenerative changes in the locus coeruleus 
and pontine nuclei.

There are large amounts of evidence that RBD is a 
common feature of synucleinopathies (table), especially in 
Parkinson’s disease, multiple system atrophy, and 
dementia with Lewy bodies. Clinical or polysomnographic 
manifestations of RBD are rare in other neurodegenerative 
disorders, such as tauopathies, and there are no published 
cases of RBD associated with a tauopathy without Lewy 

bodies found at autopsy. Overall, these observations 
suggest that RBD is most probably associated with 
synucleinopathy degeneration. However, synucleino-
pathies commonly aff ect lower brainstem structures and 
therefore are more likely to produce RBD.

RBD as an early stage in the development of 
neurodegenerative disorders 
RBD commonly precedes, by several years, the fi rst 
symptoms of neurodegenerative disorders.5,59,86,92,109 Olson 
and colleagues5 reported that RBD symptoms preceded 
those of Parkinson’s disease in 13 (52%) of 25 patients by 
a median of 3 years (range 1–30 years). Schenck and 
colleagues109 found that a parkinsonian syndrome 
developed in 11 (38%) of 29 patients initially diagnosed 
with RBD after 5 years of follow-up. 7 years later, results 
showed that 19 (65%) patients of the same cohort had 
developed a parkinsonian syndrome.110 

A potential explanation for these results comes from 
studies of pathological progression of Parkinson’s disease. 
Braak and colleagues111 have described six stages of the 
pathological process in Parkinson’s disease. During stages 
one and two, at a time in which motor symptoms are 
absent, Lewy bodies and Lewy neurites are found in the 
dorsal motor nucleus of the vagal nerve, the olfactory bulb 
or anterior olfactory nucleus, the lower raphe nuclei, the 
gigantocellular reticular nucleus, and the 
coeruleus–subcoeruleus complex. Several of these regions 
can probably be implicated in the pathophysiology of RBD.

The hypothesis that RBD is an early manifestation of a 
neurodegenerative disorder has been supported by 
studies showing neurobiological defi cits in patients with 
RBD without concomitant medical disorders similar to 
those found in multiple-system atrophy, dementia with 
Lewy bodies and, particularly, Parkinson’s disease.

Electroencephalographic abnormalities
Slow waking electroencephalographic activity can indicate 
risk of cognitive impairment.112 Slow waking electro-
encephalographic activity in patients with RBD is 
characterised by high theta power in frontal, temporal, and 
occipital brain areas.113 Similar electroencephalographic 
changes have been reported in patients with Parkinson’s 
disease114,115 and dementia with Lewy bodies.116,117 One study118 
reported that in patients with Parkinson’s disease without 
evidence of dementia, only those with a concomitant RBD 
have slowing of waking electro encephalographic activity 
(high theta power in frontal, temporal, parietal, and 
occipital brain regions). Another study119 also reported slow 
electroencephalographic activity during slow-wave sleep 
(higher delta power) in RBD. The functional implication of 
these fi ndings will need to be further elucidated.

Cerebral-blood-fl ow impairments
As mentioned previously, neuroimaging studies with 
single-photon emission CT and PET have showed 
nigrostriatal dopaminergic dysfunction in RBD.70–72 Single-

Prevalence of RBD and REM sleep without atonia

Synucleinopathies

Parkinson’s disease 15–34%48,85,86 

58% have REM sleep without atonia48

Multiple-system atrophy Nearly all cases92,94

Pure autonomic failure Some cases96

Dementia with Lewy bodies Very common5,59,61,84,97

Parkinsonism with parkin mutations Several cases87

Tauopathies

Progressive supranuclear palsy Few cases5,11,102 
Several have REM sleep without atonia9,35,36,100–102

Alzheimer’s disease Rare104 
Few cases have REM sleep without atonia104

Corticobasal degeneration Few have REM sleep without atonia105–107 
One developed RBD107

Pick’s disease None

Pallidopontonigral degeneration None108

Table: The frequency of RBD in neurodegenerative disorders
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photon emission PET has shown reductions of cerebral 
blood fl ow in the frontal cortex and pons of patients with 
RBD.120 These patterns of cerebral blood fl ow abnormalities 
are relatively similar to those in patients with Parkinson’s 
disease.121,122

Cognitive defi cits
Dysfunction of verbal and non-verbal learning and 
visuospatial constructional abilities has been reported in 
patients with RBD.113,123 Neuropsychological studies of 
patients with Parkinson’s disease, multiple system 
atrophy, and dementia with Lewy bodies also reveal a 
cognitive profi le characterised by visuospatial 
constructional abnormalities, verbal and non-verbal 
learning impairments that predominantly aff ect the 
recognition process and executive dysfunctions.124–126 
Defi cits in executive function have been noted only in 
patients with Parkinson’s disease associated with RBD.127 
However, this latter study had major methodological 
restrictions, such as the absence of a healthy control 
group for comparison and no polysomnography to 
confi rm diagnosis of RBD.

Perceptual abnormalities
Recent studies have revealed abnormalities in olfactory 
identifi cation and discrimination and decreased colour-
vision discrimination in patients with RBD.20,128,129 

Olfactory and colour discrimination impairment are 
highly correlated with subclinical motor abnormalities 
detected in RBD; this suggests that both disorders have 
the same underlying disease process.129 Similar olfactory 
dysfunction and abnormalities in colour vision have been 
previously described in patients with Parkinson disease, 
multiple system atrophy, and dementia with Lewy 
bodies.130–136 Olfactory dysfunction is an important risk 
factor for late development of Parkinson disease.133 The 
presence of these perceptual abnormalities in patients 
with RBD in the absence of clinical manifestations of 
parkinsonism further supports the hypothesis that RBD 
represents an early stage of a neurodegenerative 
process.

Autonomic dysfunction
Autonomic dysfunction is common in dementia with 
Lewy bodies, Parkinson’s disease, and widely present in 
multiple-system atrophy.137,138 In many cases, autonomic 
symptoms can precede the development of parkinsonism 
in these disorders. Autonomic dysfunction has also been 
reported during wakefulness in up to 64% of patients 
with RBD.139 Moreover, this study reported a reduction of 
tonic and phasic heart-rate variability during sleep. 
Reduced cardiac and electroencephalographic activation 
associated with periodic leg movements during sleep has 
also been reported in RBD.140 These results suggest a 
dysfunction of the autonomic system and of cortical 
reactivity to internal stimuli in RBD similar to those 
found in synucleinopathies.

Conclusions
Until recently, RBD had been thought to be a mere sleep 
disorder. However, fi ndings reviewed here strongly 
support the hypothesis that RBD, except for 
pharmacologically induced forms, might be a pathological 
stage in the development of neurodegenerative disorders. 
Another important observation is that not all patients with 
RBD have early markers of neurodegenerative disorders. 
A longitudinal study of a large cohort of patients with RBD 
should identify which marker or combination of markers 
predict progression toward a neurodegenerative disorder. 
These fi ndings might have signifi cant clinical implications. 
For example, the development of neuroprotective therapy 
for neurodegenerative disorders is hampered by the fact 
that the neurodegenerative process is already well-
established by the time a patient develops motor 
symptoms. Identifi cation of patients before motor 
symptoms develop will increase the potential benefi ts of 
neuroprotective therapy. In addition, a systematic and 
regular neurological follow-up of patients with RBD is 
important to promptly identify and treat the symptoms of 
neurodegenerative disorders as they appear.
Contributors
J-FG designed and developed the framework of the review, did the 
literature search, and wrote the fi rst draft. RBP, SM, JD, and JM made 
additions to the review and all authors approved the fi nal version.

Confl icts of interest
We have no confl icts of interest.

Acknowledgments
The authors thank Dominique Petit and Tore Nielsen for critically 
reviewing the paper and the Canadian Institutes of Health Research 
(operating grant to JM and postdoctoral studentship to JFG) for fi nancial 
support. JM holds a Canadian Government Chair on Sleep Disorders.

References
1  American Academy of Sleep Medicine. The international 

classifi cation of sleep disorders: diagnostic and coding manual, 
2nd edn. Westchester: American Academy of Sleep Medicine, 
2005.

2 Nielsen TA. Disturbed dreaming in medical conditions. In: 
Kryger MH, Roth T, Dement WC, eds. Principles and practice of 
sleep medicine, 4th edn. Philadelphia: Elsevier Saunders, 2005: 
936–45.

3 Fantini ML, Corona A, Clerici S, Ferini-Strambi L. Aggressive dream 
content without daytime aggressiveness in REM sleep behavior 
disorder. Neurology 2005; 65: 1010–15.

4 Schenck CH, Hurwitz TD, Mahowald MW. REM sleep behaviour 
disorder: an update on a series of 96 patients and a review of the 
world literature. J Sleep Res 1993; 2: 224–31.

Search strategy and selection criteria

References for this review were identifi ed by searches of the 
PubMed database from the 1960 to February 2006, using the 
terms “REM sleep behavior disorder”, “RBD”, “REM sleep 
without atonia”, “RSWA”, “sleep in neurodegenerative 
disorders”, and “sleep in neurological disorders”. Additional 
references (abstracts) and book chapters that were cited in 
relevant articles were also used. Most papers used in this 
review were published in English, although non-English 
articles with English abstracts were included when relevant.



430 http://neurology.thelancet.com   Vol 5   May 2006

Review

5 Olson EJ, Boeve BF, Silber MH. Rapid eye movement sleep 
behaviour disorder: demographic, clinical and laboratory fi ndings in 
93 cases. Brain 2000; 123: 331–39.

6 Schenck CH, Mahowald MW. REM sleep behavior disorder: clinical, 
developmental, and neuroscience perspectives 16 years after its 
formal identifi cation in sleep. Sleep 2002; 25: 120–38.

7 Friedman JH. Presumed rapid eye movement behavior disorder in 
Machado-Joseph disease (spinocerebellar ataxia type 3). Mov Disord 
2002; 17: 1350–53.

8 Iranzo A, Munoz E, Santamaria J, Vilaseca I, Mila M, Tolosa E. REM 
sleep behavior disorder and vocal cord paralysis in Machado-Joseph 
disease. Mov Disord 2003; 18: 1179–83.

9 Laff ont F, Autret A, Minz M, Beillevaire T, Gilbert A, Cathala HP. 
[Polygraphic study of nocturnal sleep in three degenerative diseases: 
ALS, oligo-ponto-cerebellar atrophy, and progresssive supranuclear 
palsy]. Waking Sleeping 1979; 3: 17–30 (in French).

10 Minz M, Autret A, Laff ont F, Beillevaire T, Cathala HP, Castaigne P. 
A study on sleep in amyotrophic lateral sclerosis. Biomedicine 1979; 
30: 40–46. 

11 Sforza E, Krieger J, Petiau C. REM sleep behavior disorder: clinical 
and physiopathological fi ndings. Sleep Med Rev 1997; 1: 57–69

12 Manni R, Terzaghi M. REM behavior disorder associated with 
epileptic seizures. Neurology 2005; 64: 883–84.

13 Plazzi G, Montagna P. Remitting REM sleep behavior disorder as the 
initial sign of multiple sclerosis. Sleep Med 2002; 3: 437–39.

14 Schenck CH, Bundlie SR, Ettinger MG, Mahowald MW. Chronic 
behavioral disorders of human REM sleep: a new category of 
parasomnia. Sleep 1986; 9: 293–308.

15 Cochen V, Arnulf I, Demeret S, et al. Vivid dreams, hallucinations, 
psychosis and REM sleep in Guillain-Barre syndrome. Brain 2005; 
128: 2535–45.

16 Thirumalai SS, Shubin RA, Robinson R. Rapid eye movement sleep 
behavior disorder in children with autism. J Child Neurol 2002; 
17: 173–78.

17 Trajanovic NN, Voloh I, Shapiro CM, Sandor P. REM sleep behaviour 
disorder in a child with Tourette‘s syndrome. Can J Neurol Sci 2004; 
31: 572–75. 

18 Kohyama J, Shimohira M, Kondo S, et al. Motor disturbance during 
REM sleep in group A xeroderma pigmentosum. Acta Neurol Scand 
1995; 92: 91–95.

19 Schenck CH, Mahowald MW. Motor dyscontrol in narcolepsy: rapid-
eye-movement (REM) sleep without atonia and REM sleep behavior 
disorder. Ann Neurol 1992; 32: 3–10.

20 Stiasny-Kolster K, Doerr Y, Möller JC, et al. Combination of 
‘idiopathic’ REM sleep behaviour disorder and olfactory 
dysfunction as possible indicator for alpha-synucleinopathy 
demonstrated by dopamine transporter FP-CIT-SPECT. Brain 2005; 
128: 126–37.

21 Montplaisir J, Michaud M, Denesle R, Gosselin A. Periodic leg 
movements are not more prevalent in insomnia or hypersomnia but 
are specifi cally associated with sleep disorders involving a 
dopaminergic impairment. Sleep Med 2000; 1: 163–67.

22 Thannickal TC, Moore RY, Nienhuis R, et al. Reduced number of 
hypocretin neurons in human narcolepsy. Neuron 2000; 
27: 469–74.

23 Iranzo A, Graus F, Clover L, et al. Rapid eye movement sleep 
behavior disorder and potassium channel antibody-associated limbic 
encephalitis. Ann Neurol 2006; 59: 178–81.

24 Mahowald MW, Schenck CH. REM sleep parasomnias. In: 
Kryger MH, Roth T, Dement WC, eds. Principles and practice of 
sleep medicine, 4th edn. Philadelphia: Elsevier Saunders, 2005: 
897–916.

25 Passouant P, Cadilhac J, Ribstein M. [Sleep privation with eye 
movements using antidepressive agents]. Rev Neurol (Paris) 1972; 
127: 173–92 (in French).

26 Winkelman JW, James L. Serotonergic antidepressants are associated 
with REM sleep without atonia. Sleep 2004; 27: 317–21.

27 Onofrj M, Luciano AL, Thomas A, Iacono D, D’Andreamatteo G. 
Mirtazapine induces REM sleep behavior disorder (RBD) in 
parkinsonism. Neurology 2003; 60: 113–15.

28 Schenck CH, Mahowald MW, Kim SW, O’Connor KA, Hurwitz TD. 
Prominent eye movements during NREM sleep and REM sleep 
behavior disorder associated with fl uoxetine treatment of depression 
and obsessive-compulsive disorder. Sleep 1992; 15: 226–35.

29 Iranzo A, Santamaria J. Bisoprolol-induced rapid eye movement 
sleep behavior disorder. Am J Med 1999; 107: 390–92.

30 April RS. Observations on parkinsonian tremor in all-night sleep. 
Neurology 1966; 16: 720–24.

31 Askenasy JJ. Sleep patterns in extrapyramidal disorders. Int J Neurol 
1981; 15: 62–76. 

32 Mouret J. Diff erences in sleep in patients with Parkinson’s disease. 
Electroencephalogr Clin Neurophysiol 1975; 38: 653–57.

33 Stern M, Roff warg H, Duvoisin R. The parkinsonian tremor in sleep. 
J Nerv Ment Dis 1968; 147: 202–10. 

34 Traczynska-Kubin D, Atzef E, Petre-Quadens O. [Sleep in 
parkinsonism]. Acta Neurol Psychiatr Belg 1969; 69: 727–33 (in 
French).

35 Laff ont F, Autret A, Minz M, et al. [Polygraphic sleep recordings in 9 
cases of Steele-Richardson’s disease]. Rev Neurol (Paris) 1979; 
135: 127–42 (in French).

36 Shimizu T, Sugita Y, Iijima S, Teshima Y, Hishikawa Y. Sleep study in 
patients with spinocerebellar degeneration and related diseases. In: 
Koella WP, ed. Sleep. Basel: S Karger, 1981: 435–437.

37 Quera Salva MA, Guilleminault C. Olivopontocerebellar 
degeneration, abnormal sleep, and REM sleep without atonia. 
Neurology 1986; 36: 576–77.

38 Coccagna G, Martinelli P, Zucconi M, Cirignotta F, Ambrosetto G. 
Sleep-related respiratory and haemodynamic changes in Shy-Drager 
syndrome: a case report. J Neurol 1985; 232: 310–13.

39 Bental E, Lavie P, Sharf B. Severe hypermotility during sleep in 
treatment of cataplexy with clomipramine. Isr J Med Sci 1979; 
15: 607–09.

40 Besset A. Eff ect of antidepressants on human sleep. Adv Biosci 1978; 
21: 141–48.

41 Guilleminault C, Raynal D, Takahashi S, Carskadon M, Dement W. 
Evaluation of short-term and long-term treatment of the narcolepsy 
syndrome with clomipramine hydrochloride. Acta Neurol Scand 1976; 
54: 71–87.

42 Greenberg R, Pearlman C. Delirium tremens and dreaming. 
Am J Psychiatry 1967; 124: 133–42.

43 Gross MM, Goodenough D, Tobin M, et al. Sleep disturbances and 
hallucinations in the acute alcoholic psychoses. J Nerv Ment Dis 1966; 
142: 493–514.

44 Hishikawa Y, Sugita Y, Teshima Y, Iijima S, Tanaka K, Tachibana M. 
Sleep disorders in alcoholic patients with delirium tremens and 
transient withdrawal hallucinations, reevaluation of the REM 
rebound and intrusion theory. In: Karacan I, ed. 
Psychophysiological aspects of sleep: proceedings of the third 
International Congress of Sleep Research. Park Ridge, NJ: Noyes 
Medical Publishers, 1981: 109–122.

45 Tachibana M, Tanaka K, Hishikawa Y, Kaneko Z. A sleep study of 
acute psychotic states due to alcohol and meprobamate addiction. 
Adv Sleep Res 1975; 2: 177–205.

46 American Sleep Disorders Association. The international 
classifi cation of sleep disorders: diagnostic and coding manual. 
Rochester: American Sleep Disorders Association, 1990.

47 American Sleep Disorders Association. The international 
classifi cation of sleep disorders, revised: diagnostic and coding 
manual. Rochester: American Sleep Disorders Association, 1997.

48 Gagnon JF, Bédard MA, Fantini ML, et al. REM sleep behavior 
disorder and REM sleep without atonia in Parkinson’s disease. 
Neurology 2002; 59: 585–89.

49 Eisensehr I, v Lindeiner H, Jager M, Noachtar S. REM sleep behavior 
disorder in sleep-disordered patients with versus without Parkinson‘s 
disease: is there a need for polysomnography? J Neurol Sci 2001; 
186: 7–11.  

50 Iranzo A, Santamaria J. Severe obstructive sleep apnea/hypopnea 
mimicking REM sleep behavior disorder. Sleep 2005; 28: 203–06.

51 Ohayon MM, Caulet M, Priest RG. Violent behavior during sleep. 
J Clin Psychiatry 1997; 58: 369–76.

52 Chiu HF, Wing YK, Lam LC, et al. Sleep-related injury in the elderly: 
an epidemiological study in Hong Kong. Sleep 2000; 23: 513–17.

53 Hendricks JC, Morrison AR, Mann GL. Diff erent behaviors during 
paradoxical sleep without atonia depend on pontine lesion site. 
Brain Res 1982; 239: 81–105.

54 Jouvet M, Delorme F. Locus coeruleus et sommeil paradoxal. 
C R Soc Biol 1965; 159: 895–99.



http://neurology.thelancet.com   Vol 5   May 2006 431

Review

55 Takakusaki K, Saitoh K, Harada H, Okumura T, Sakamoto T. 
Evidence for a role of basal ganglia in the regulation of rapid eye 
movement sleep by electrical and chemical stimulation for the 
pedunculopontine tegmental nucleus and the substantia nigra pars 
reticulata in decerebrate cats. Neuroscience 2004; 124: 207–20. 

56 Uchiyama M, Isse K, Tanaka K, et al. Incidental Lewy body disease in a 
patient with REM sleep behavior disorder. Neurology 1995; 45: 709–12.

57 Arnulf I, Bonnet AM, Damier P, et al. Hallucinations, REM sleep, and 
Parkinson’s disease: a medical hypothesis. Neurology 2000; 55: 281–8.

58 Schenck CH, Mahowald MW, Anderson ML, Silber MH, Boeve BF, 
Parisi JE. Lewy body variant of Alzheimer’s disease (AD) identifi ed by 
postmortem ubiquitin staining in a previously reported case of AD 
associated with REM sleep behavior disorder. Biol Psychiatry 1997; 
42: 527–8.

59 Boeve BF, Silber MH, Ferman TJ, et al. REM sleep behavior disorder 
and degenerative dementia: an association likely refl ecting Lewy 
body disease. Neurology 1998; 51: 363–70.

60 Benarroch EE, Schmeichel AM. Depletion of cholinergic 
mesopontine neurons in multiple system atrophy: a substrate for 
REM behavior disorder? Neurology 2002; 58 (suppl 3): A345.

61 Boeve BF, Silber MH, Parisi JE, et al. Synucleinopathy pathology and 
REM sleep behavior disorder plus dementia or parkinsonism. 
Neurology 2003; 61: 40–45.

62 de Brito-Marques PR, de Mello RV, Montenegro L. Nightmares 
without atonia as an early symptom of diff use Lewy bodies disease. 
Arq Neuropsiquiatr 2003; 61: 936–41.

63 Turner RS, D’Amato CJ, Chervin RD, Blaivas M. The pathology of 
REM sleep behavior disorder with comorbid Lewy body dementia. 
Neurology 2000; 55: 1730–32.

64 Culebras A, Moore JT. Magnetic resonance fi ndings in REM sleep 
behavior disorder. Neurology 1989; 39: 1519–23.

65 Kimura K, Tachibana N, Kohyama J, Otsuka Y, Fukazawa S, Waki R. 
A discrete pontine ischemic lesion could cause REM sleep behavior 
disorder. Neurology 2000; 55: 894–95.

66  Provini F, Vetrugno R, Pastorelli F, et al. Status dissociatus after 
surgery for tegmental ponto-mesencephalic cavernoma: a state-
dependent disorder of motor control during sleep. Mov Disord 2004; 
19: 719–23.

67 Zambelis T, Paparrigopoulos T, Soldatos CR. REM sleep behaviour 
disorder associated with a neurinoma of the left pontocerebellar 
angle. J Neurol Neurosurg Psychiatry 2002; 72: 821–22.

68 Iranzo A, Santamaria J, Pujol J, Moreno A, Deus J, Tolosa E. 
Brainstem proton magnetic resonance spectroscopy in idopathic 
REM sleep behavior disorder. Sleep 2002; 25: 867–70.

69 Hanoglu L, Ozer F, Meral H, Dincer A. Brainstem (1)H-MR 
spectroscopy in patients with Parkinson’s disease with REM sleep 
behavior disorder and IPD patients without dream enactment 
behavior. Clin Neurol Neurosurg 2006; 108: 129–34. 

70 Eisensehr I, Linke R, Noachtar S, Schwarz J, Gildehaus FJ, Tatsch K. 
Reduced striatal dopamine transporters in idiopathic rapid eye 
movement sleep behaviour disorder: comparison with Parkinson’s 
disease and controls. Brain 2000; 123: 1155–60.

71 Albin RL, Koeppe RA, Chervin RD, et al. Decreased striatal 
dopaminergic innervation in REM sleep behavior disorder. Neurology 
2000; 55: 1410–12.

72 Eisensehr I, Linke R, Tatsch K, et al. Increased muscle activity 
during rapid eye movement sleep correlates with decrease of 
striatal presynaptic dopamine transporters. IPT and IBZM SPECT 
imaging in subclinical and clinically manifest idiopathic REM 
sleep behavior disorder, Parkinson’s disease, and controls. Sleep 
2003; 26: 507–12.

73 Gilman S, Koeppe RA, Chervin RD, et al. REM sleep behavior 
disorder is related to striatal monoaminergic defi cit in MSA. 
Neurology 2003; 61: 29–34.

74 Lapierre O, Montplaisir J. Polysomnographic features of REM sleep 
behavior disorder: development of a scoring method. Neurology 1992; 
42: 1371–74.

75 Boeve BF, Silber MH, Ferman TJ. Melatonin for treatment of REM 
sleep behavior disorder in neurologic disorders: results in 14 patients. 
Sleep Med 2003; 4: 281–84.

76 Kunz D, Bes F. Melatonin as a therapy in REM sleep behavior 
disorder patients: an open-labeled pilot study on the possible 
infl uence of melatonin on REM-sleep regulation. Mov Disord 1999; 
14: 507–11.

77 Takeuchi N, Uchimura N, Hashizume Y, et al. Melatonin therapy for 
REM sleep behavior disorder. Psychiatry Clin Neurosci 2001; 
55: 267–69.

78 Ringman JM, Simmons JH. Treatment of REM sleep behavior 
disorder with donepezil: a report of three cases. Neurology 2000; 
55: 870–71.

79 Grace JB, Walker MP, McKeith IG. A comparison of sleep profi les in 
patients with dementia with lewy bodies and Alzheimer’s disease. 
Int J Geriatr Psychiatry 2000; 15: 1028–33.

80 Maclean LE, Collins CC, Byrne EJ. Dementia with Lewy bodies 
treated with rivastigmine: eff ects on cognition, neuropsychiatric 
symptoms, and sleep. Int Psychogeriatr 2001; 13: 277–88.

81 Massironi G, Galluzzi S, Frisoni GB. Drug treatment of REM sleep 
behavior disorders in dementia with Lewy bodies. Int Psychogeriatr 
2003; 15: 377–83.

82 Fantini ML, Gagnon JF, Filipini D, Montplaisir J. The eff ects of 
pramipexole in REM sleep behavior disorder. Neurology 2003; 
61: 1418–20.

83 Iranzo A, Kumru H, Santamaria J, Tolosa E, Valldeoriola F, Marti M. 
Lack of eff ect of pramipexole on REM sleep behavior disorder (RBD) 
in subjects with Parkinson’s disease. Sleep 2005; 28: A260.

84 Boeve BF, Silber MH, Ferman TJ, Lucas JA, Parisi JE. Association 
of REM sleep behavior disorder and neurodegenerative disease 
may refl ect an underlying synucleinopathy. Mov Disord 2001; 
16: 622–30.

85 Comella CL, Nardine TM, Diederich NJ, Stebbins GT. Sleep-related 
violence, injury, and REM sleep behavior disorder in Parkinson’s 
disease. Neurology 1998; 51: 526–29.

86 Scaglione C, Vignatelli L, Plazzi G, et al. REM sleep behaviour 
disorder in Parkinson’s disease: a questionnaire-based study. 
Neurol Sci 2005; 25: 316–21.

87 Kumru H, Santamaria J, Tolosa E, et al. Rapid eye movement sleep 
behavior disorder in parkinsonism with parkin mutations. 
Ann Neurol 2004; 56: 599–603.

88 Rye DB, Johnston LH, Watts RL, Bliwise DL. Juvenile Parkinson’s 
disease with REM sleep behavior disorder, sleepiness, and daytime 
REM onset. Neurology 1999; 53: 1868–70.  

89 Wetter TC, Collado-Seidel V, Pollmächer T, Yassouridis A, 
Trenkwalder C. Sleep and periodic leg movement patterns in drug-
free patients with Parkinson’s disease and multiple system atrophy. 
Sleep 2000; 23: 361–67.

90 Pacchetti C, Manni R, Zangaglia R, et al. Relationship between 
hallucinations, delusions, and rapid eye movement sleep behavior 
disorder in Parkinson’s disease. Mov Disord 2005; 20: 1439–48.

91 Iranzo A, Santamaria J, Rye DB, et al. Characteristics of idiopathic 
REM sleep behavior disorder and that associated with MSA and PD. 
Neurology 2005; 65: 247–52.

92 Plazzi G, Corsini R, Provini F, et al. REM sleep behavior disorders in 
multiple system atrophy. Neurology 1997; 48: 1094–97.

93 Tachibana N, Kimura K, Kitajima K, Shinde A, Kimura J, 
Shibasaki H. REM sleep motor dysfunction in multiple system 
atrophy: with special emphasis on sleep talk as its early clinical 
manifestation. J Neurol Neurosurg Psychiatry 1997; 63: 678–81.

94 Vetrugno R, Provini F, Cortelli P, et al. Sleep disorders in multiple 
system atrophy: a correlative video-polysomnographic study. 
Sleep Med 2004; 5: 21–30.

95 Plazzi G, Cortelli P, Montagna P, et al. REM sleep behaviour disorder 
diff erentiates pure autonomic failure from multiple system atrophy 
with autonomic failure. J Neurol Neurosurg Psychiatry 1998; 64: 683–85.

96 Weyer A, Minnerop M, Abele M, Klockgether T. REM sleep 
behavioral disorder in pure autonomic failure (PAF). Neurology 
2006; 66: 608–09.   

97 Ferman TJ, Boeve BF, Smith GE, et al. REM sleep behavior disorder 
and dementia: cognitive diff erences when compared with AD. 
Neurology 1999; 52: 951–57.

98 McKeith IG, Dickson DW, Lowe J, et al. Diagnosis and management 
of dementia with Lewy bodies: third report of the DLB Consortium. 
Neurology 2005; 65: 1863–72.

99 Pramstaller PP, Schlossmacher MG, Jacques TS, et al. Lewy body 
Parkinson’s disease in a large pedigree with 77 Parkin mutation 
carriers. Ann Neurol 2005; 58: 411–22.

100 Laff ont F, Leger JM, Penicaud A, et al. [Sleep abnormalities and 
evoked potentials (VEP-BAER-SEP) in progressive supranuclear 
palsy]. Neurophysiol Clin 1988; 18: 255–69 (in French).



432 http://neurology.thelancet.com   Vol 5   May 2006

Review

101 Pareja JA, Caminero AB, Masa JF, Dobato JL. A fi rst case of 
progressive supranuclear palsy and pre-clinical REM sleep behavior 
disorder presenting as inhibition of speech during wakefulness and 
somniloquy with phasic muscle twitching during REM sleep. 
Neurologia 1996; 11: 304–06.

102 Arnulf I, Merino-Andreu M, Bloch F, et al. REM sleep behavior 
disorder and REM sleep without atonia in patients with progressive 
supranuclear palsy. Sleep 2005; 28: 349–54.

103 Schenck CH, Garcia-Rill E, Skinner RD, Anderson ML, 
Mahowald MW. A case of REM sleep behavior disorder with autopsy-
confi rmed Alzheimer‘s disease: postmortem brain stem 
histochemical analyses. Biol Psychiatry 1996; 40: 422–25.

104 Gagnon JF, Petit D, Fantini ML, et al. REM sleep behavior disorder in 
probable Alzheimer’s disease. Sleep 2005; 28: A257.

105 Gatto EM, Uribe Roca C, Martinez O. Subclinical REM sleep 
behavior disorder (RBD) in two patients with corticobasal 
degeneration (CBD). Mov Disord 2005; 20 (suppl 10): S107.

106 Kimura K, Tachibana N, Aso T, Kimura J, Shibasaki H. Subclinical 
REM sleep behavior disorder in a patient with corticobasal 
degeneration. Sleep 1997; 20: 891–94.

107 Wetter TC, Brunner H, Collado-Seidel V, Trenkwalder C, 
Winkelmann J. Sleep and periodic limb movements in corticobasal 
degeneration. Sleep Med 2002; 3: 33–36.

108 Boeve BF, Lin SC, Strongosky A, Dickson DW, Wszolek ZK. 
Absence of rapid eye movement sleep behavior disorder in 11 
members of the pallidopontonigral degeneration kindred. 
Arch Neurol 2006; 63: 268–72.

109 Schenck CH, Bundlie SR, Mahowald MW. Delayed emergence of a 
parkinsonian disorder in 38% of 29 older men initially diagnosed 
with idiopathic rapid eye movement sleep behaviour disorder. 
Neurology 1996; 46: 388–93.

110 Schenck CH, Bundlie SR, Mahowald MW. REM behavior disorder 
(RBD): delayed emergence of parkinsonism and/or dementia in 
65% of older men initially diagnosed with idiopathic RBD, and an 
analysis of the minimum & maximum tonic and/or phasic 
electromyographic abnormalities found during REM sleep. Sleep 
2003; 26: A316. 

111 Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN, Braak E. 
Staging of brain pathology related to sporadic Parkinson’s disease. 
Neurobiol Aging 2003; 24: 197–211.

112 Williamson PC, Merskey H, Morrisson S, et al. Quantitative 
electroencephalographic correlates of cognitive decline in normal 
elderly subjects. Arch Neurol 1990; 47: 1185–88.

113 Fantini ML, Gagnon JF, Petit D, et al. Slowing of 
electroencephalogram in rapid eye movement sleep behavior 
disorder. Ann Neurol 2003; 53: 774–80.

114 Neufeld MY, Inzelberg R, Korczyn AD. EEG in demented and non-
demented parkinsonian patients. Acta Neurol Scand 1988; 78: 1–5.

115 Soikkeli R, Partanen J, Soininen H, Pääkkönen A, Riekkinen P Sr. 
Slowing of EEG in Parkinson’s disease. Electroencephalogr Clin 
Neurophysiol 1991; 79: 159–65.

116 Barber PA, Varma AR, Lloyd JJ, Haworth B, Snowden JS, Neary D. 
The electroencephalogram in dementia with Lewy bodies. 
Acta Neurol Scand 2000; 101: 53–56. 

117 Briel RC, McKeith IG, Barker WA, et al. EEG fi ndings in dementia 
with Lewy bodies and Alzheimer’s disease. 
J Neurol Neurosurg Psychiatry 1999; 66: 401–03.

118 Gagnon JF, Fantini ML, Bédard MA, et al. Association between 
waking EEG slowing and REM sleep behavior disorder in PD 
without dementia. Neurology 2004; 62: 401–6.

119 Massicotte-Marquez J, Carrier J, Décary A, et al. Slow-wave sleep and 
delta power in rapid eye movement sleep behavior disorder. 
Ann Neurol 2005; 57: 277–82. 

120 Shirakawa S, Takeuchi N, Uchimura N, et al. Study of image fi ndings 
in rapid eye movement sleep behavioural disorder. 
Psychiatry Clin Neurosci 2002; 56: 291–92.

121 Imon Y, Matsuda H, Ogawa M, Kogure D, Sunohara N. SPECT 
image analysis using statistical parametric mapping in patients with 
Parkinson’s disease. J Nucl Med 1999; 40: 1583–89.

122 Firbank MJ, Molloy S, McKeith IG, Burn DJ, O’Brien JT. 
Longitudinal change in 99mTcHMPAO cerebral perfusion SPECT in 
Parkinson’s disease over one year. J Neurol Neurosurg Psychiatry 2005; 
76: 1448–51.

123 Ferini-Strambi L, Di Gioia MR, Castronovo V, Oldani A, Zucconi M, 
Cappa SF. Neuropsychological assessment in idiopathic REM sleep 
behavior disorder (RBD): does the idiopathic form of RBD really 
exist? Neurology 2004; 62: 41–45.

124 Emre M. Dementia associated with Parkinson’s disease. 
Lancet Neurol 2003; 2: 229–37.

125 McKeith IG, Mintzer J, Aarsland D, et al. Dementia with Lewy 
bodies. Lancet Neurol 2004; 3: 19–28.

126 Robbins TW, James M, Lange KW, Owen AM, Quinn NP, 
Marsden CD. Cognitive performance in multiple system atrophy. 
Brain 1992; 115: 271–91.

127 Sinforiani E, Zangaglia R, Manni R, et al. REM sleep behavior 
disorder, hallucinations, and cognitive impairment in Parkinson’s 
disease. Mov Disord 2005; published online Oct 14. DOI:10.1002/
mds.20719. 

128 Fantini ML, Ferini-Strambi L, Montplaisir J. Idiopathic REM sleep 
behavior disorder: toward a better nosologic defi nition. Neurology 
2005; 64: 780–86.

129 Postuma RB, Lang AE, Massicotte-Marquez J, Montplaisir J. 
Potential early markers of Parkinson’s disease in idiopathic REM 
sleep behavior disorder. Neurology 2006; 66: 845–51.

130 Abele M, Riet A, Hummel T, Klockgether T, Wullner U. Olfactory 
dysfunction in cerebellar ataxia and multiple system atrophy. J Neurol 
2003; 250: 1453–55.

131 Katzenschlager R, Lees AJ. Olfaction and Parkinson‘s syndromes: its 
role in diff erential diagnosis. Curr Opin Neurol 2004; 17: 417–23.

132 McShane RH, Nagy Z, Esiri MM, et al. Anosmia in dementia is 
associated with Lewy bodies rather than Alzheimer’s pathology. 
J Neurol Neurosurg Psychiatry 2001; 70: 739–43.

133 Ponsen MM, Stoff ers D, Booij J, van Eck-Smit BL, Wolters ECh, 
Berendse HW. Idiopathic hyposmia as a preclinical sign of 
Parkinson’s disease. Ann Neurol 2004 ; 56: 173–81.

134 Büttner T, Kuhn W, Muller T, Patzold T, Heidbrink K, Przuntek H. 
Distorted color discrimination in ‘de novo’ parkinsonian patients. 
Neurology 1995; 45: 386–87.

135 Diederich NJ, Raman R, Leurgans S, Goetz CG. Progressive 
worsening of spatial and chromatic processing defi cits in Parkinson 
disease. Arch Neurol 2002; 59: 1249–52.

136 Mosimann UP, Mather G, Wesnes KA, O’Brien JT, Burn DJ, 
McKeith IG. Visual perception in Parkinson disease dementia and 
dementia with Lewy bodies. Neurology 2004; 63: 2091–96.

137 Chaudhuri KR. Autonomic dysfunction in movement disorders. 
Curr Opin Neurol 2001; 14: 505–11.

138 Thaisetthawatkul P, Boeve BF, Benarroch EE, et al. Autonomic 
dysfunction in dementia with Lewy bodies. Neurology 2004; 
62: 1804–09.

139 Ferini-Strambi L, Oldani A, Zucconi M, Smirne S. Cardiac 
autonomic activity during wakefulness and sleep in REM sleep 
behavior disorder. Sleep 1996; 19: 367–69.

140 Fantini ML, Michaud M, Gosselin N, Lavigne G, Montplaisir J. 
Periodic leg movements in REM sleep behavior disorder and related 
autonomic and EEG activation. Neurology 2002; 59: 1889–94.


	Rapid-eye-movement sleep behaviour disorder and neurodegenerative diseases
	Clinical description
	Idiopathic versus secondary RBD
	Polysomnographic features
	Diagnostic criteria
	Prevalence of RBD

	Pathophysiology
	Treatment
	RBD and neurodegenerative disorders
	RBD in synucleinopathies
	RBD in Parkinson’s disease
	RBD in multiple-system atrophy
	RBD in dementia with Lewy bodies
	RBD in parkinsonism with parkin mutations

	RBD in tauopathies
	RBD in progressive supranuclear palsy
	RBD in Alzheimer’s disease
	RBD in corticobasal degeneration and Pick’s disease

	RBD in pallidopontonigral degeneration
	RBD as an early stage in the development of neurodegenerative disorders
	Electroencephalographic abnormalities
	Cerebral-blood-flow impairments
	Cognitive deficits
	Perceptual abnormalities
	Autonomic dysfunction

	Conclusions
	Acknowledgments
	References


