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REM sleep behaviour disorder

Abstract REM sleep behaviour disorder (RBD) is a para-
somnia characterised by nocturnal complex motor activity
associated with dream mentation. RBD, which affects
mainly older men, may be idiopathic or associated with
other neurological disorders. A strong association between
RBD and alpha-synucleinopathies has been recently
observed, with the parasomnia often heralding the clinical
onset of the neurodegenerative disease. The idiopathic
form accounts for up to 60% of the cases reported in the
three largest series of RBD patients. Follow-up studies in
small samples revealed that a proportion of RBD patients
will eventually develop Parkinson’s disease and/or a
dementia of Lewy bodies type in the years following the
RBD diagnosis. Recently, neurophysiological and neu-
ropsychological studies in idiopathic RBD have found evi-
dence of central nervous system dysfunction. An impair-
ment of cortical activity, specific neuropsychological
deficits, signs of autonomic dysfunction and olfactory
impairment have been observed in these patients, chal-
lenging the concept of idiopathic RBD. The detection of
early markers of neurodegenerative disorders in idiopathic
RBD, and the evaluation of their value by the combined
application in prospective studies may be crucial for
developing early intervention strategies.
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Introduction

REM sleep behaviour disorder (RBD) is a parasomnia char-
acterised by complex motor activity during REM sleep, usu-
ally associated with dream mentation [1]. Patients have elab-
orate nocturnal motor behaviours, such as screaming, punch-
ing and grasping, which are potentially harmful for them-
selves or their bed partner [1, 2]. In RBD patients polysomno-
graphic (PSG) recording reveals intermittent or complete loss
of REM sleep muscle atonia and excessive phasic elec-
tromyographic (EMG) activity during REM sleep [1].

RBD affects mainly men over the age of 50 years and the
prevalence remains largely unknown. A study performed
among 1034 individuals aged 70 years and more in the Hong
Kong area found self-injury during sleep in 8 patients, 4 of
whom received a PSG diagnosis of RBD yielding an esti-
mated prevalence of 0.04% [3].

RBD is frequently encountered in a category of neurode-
generative diseases called synucleinopathies, including
Parkinson’s disease (PD) [4, 5], dementia with Lewy bodies
(DLB) [6, 7] and multiple system atrophy (MSA) [8, 9].
Moreover, a number of neurological conditions with the
involvement of the brainstem may result in RBD. If no neu-
rological signs or central nervous system (CNS) lesions are
found, RBD is defined as “idiopathic”. This form accounts
for up to 60% of the observed cases in the largest published
series of RBD patients [2, 10, 11].

Pathogenesis of RBD

The pathogenesis of RBD is still unclear. Multiple neural sub-
strates, mainly located in the brainstem, contribute in REM
sleep atonia and may be potentially involved in the pathogene-
sis of RBD. These include the ventral mesopontine junction,
the laterodorsal and pedunculopontine tegmental nuclei (LTD-
PPN), the locus coeruleus (LC) and the peri-LC area in the
pons and the magnocellularis (NMC), gigantocellularis (NGC)
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and paramedianus (NPM) nuclei in the medial medulla [12].
An experimental animal model of RBD has been obtained in
cats after dorsal pontine lesion, and a variety of behavioural
manifestations have been found to be dependent on specific
sites of pontine lesions [13, 14]. Mesostriatal dopaminergic
neurons might be also implicated and brain imaging studies,
performed in idiopathic RBD patients using PET or SPECT,
showed a decreased striatal dopaminergic innervation [15] and
a reduced pre-synaptic striatal DA transporter binding [16],
similarly to what was observed in patients with early PD.

The notion of an impairment of the striatal dopaminergic
system is also supported by data from a prospective study per-
formed on idiopathic RBD showing that 11 out of 29 (38%)
male patients developed a parkinsonian syndrome within 3.7
years from RBD onset [5]. The study has been recently updat-
ed, showing that 17 out of 26 (65.4%) idiopathic RBD
patients originally enrolled eventually developed a parkinson-
ian disorder (n=16) and/or a dementia without parkinsonism
(n=1) after an average interval of 13.3 years from RBD onset,
although in nine patients RBD was still idiopathic after a
mean of 20.3 years [17]. Another study found the eventual
emergence of a parkinsonian syndrome in 21% of 19 idio-
pathic RBD patients, after a mean interval of 11 years from
the RBD onset and a mean follow-up of 4.6 years [18], while
others reported the occurrence of neurological signs in 36%
of 20 idiopathic RBD patients longitudinally followed for a
period ranging from 6 months to 10 years [19].

Other retrospective data have been obtained from patients
with RBD and neurodegenerative disorders. One study
showed that, in 13 out of 25 (48%) patients with RBD and
PD, the RBD had preceded the onset of PD by a mean of 3
years [2]. Another study found that 44% of 35 patients affect-
ed by RBD and MSA developed RBD from 1 to 19 years
before the appearance of MSA [8]. In 77% of 31 patients with
RBD associated to DLB, the latter had heralded the onset of
the dementia by an average period of 9 years [7].

Based on these data, idiopathic RBD may represent, in a
certain number of cases, an early manifestation of an impend-
ing neurodegenerative disease. Recent studies have examined
various neurophysiological and neuropsychological functions
in idiopathic RBD, in order to detect early signs of CNS dys-
function associated to the REM sleep motor dyscontrol and
several abnormalities have been observed in such patients,
challenging the concept of “idiopathic” RBD. The recent
converging evidence on CNS dysfunction during both wake-
fulness and sleep in idiopathic RBD are reviewed.

Neurovegetative and olfactory functions in idiopathic RBD

Braak and colleagues have recently identified a stereo-
typed pattern of evolution in Lewy body disease (PD and
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DLB) [20]. Lewy body pathology begins in the anterior
olfactory nucleus and in the lower brainstem nuclei,
affecting olfactory and autonomic functions initially, and
progressing rostrally to ultimately affect the cerebral cor-
tex. It is known that synucleinopathies are frequently
associated with autonomic impairment, often preceding
motor symptoms. In PD, manifestations of autonomic
dysregulation are frequent, including orthostatic
hypotension, reduced heart-rate variability and impair-
ment in the sudomotor, gastrointestinal and urinary func-
tions [21, 22]. In DLB, recurrent syncopes represent a
supportive feature for the diagnosis and they may precede
the manifestations of cognitive decline [23]. In MSA,
autonomic failure may be the dominant finding in the
clinical picture [22].

A lack of autonomic activation during the nocturnal
dream-enacting motor behaviours has been occasionally
observed in RBD patients. However, Ferini-Strambi et al.
first reported that idiopathic RBD patients 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 wakefulness, compared
to age- and sex-matched healthy controls [24]. In agree-
ment with these results, Fantini et al. found a reduced car-
diac activation related to periodic limb movements
(PLMS) during stage 2 sleep in patients with idiopathic
RBD compared to age- and sex-matched patients affected
by restless legs syndrome (RLS) [25].

Olfactory dysfunction, which involves odour identifi-
cation, detection and differentiation, is a frequent feature
of PD and DLB, often preceding by several years the
motor and/or cognitive symptoms [26]. We recently per-
formed a preliminary study on the olfactory functions in
idiopathic RBD. Thirty-three PSG-confirmed idiopathic
RBD patients (28M, 5F; mean age: 70.9+7.2 years; mean
duration of symptoms: 6.0+2.9 years) and 8 patients with
RBD+PD (6M, 2F; mean age=70.7+7.8 years; mean
Hoen-Yahr score=1.7) and 16 controls (12M, 4F; mean
age: 70.7+6.3 years) underwent the Brief Smell
Identification Test (B-SIT), a smaller and cross-cultural
12-item version of the University of Pennsylvania Smell
Identification Test (UPSIT). This test has been developed
to assess the individual ability to perceive and name an
odorant. Participants were free of psychotropic medication
that may influence dopamine transporter binding and/or
olfactory function and none had a history of nasal surgery
(except septoplasty), significant head trauma, hepatitis,
endocrine disorders, allergies or abuse of drugs or alcohol.
A significantly lower score (p<0.0001) was found in both
patients with the idiopathic RBD (6.6+2.4) and patients
with RBD+PD (5.0+£2.0) compared to control subjects
(9.1+1.6) (Fig. 1).
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Fig. 1 Individual B-SIT scores in idiopathic RBD (n=33),
RBD+PD (n=8) and controls (n=16)

EEG activity in idiopathic RBD

Fantini et al. [27] recently found higher theta power in the
frontal, temporal and occipital regions with a lower beta
power in the occipital region during wakefulness in idio-
pathic RBD patients, compared to age- and sex-matched
healthy controls (Fig. 2). Also, a lower dominant occipital
frequency (DOF) during wakefulness was found in idio-
pathic RBD patients. Indeed, the whole mean EEG power
spectrum recorded in the occipital region appeared to be
shifted toward slower frequencies, compared to controls,
although significant differences were noted for the
increase in theta and the decrease in beta2 bands only. Four
out of the fifteen idiopathic RBD patients presented a DOF
value in the theta range (below 8 Hz), a value considered
as pathological. During REM sleep, beta power in the
occipital region was lower in RBD patients compared to
controls, whereas no difference in any region was observed
in the amount of theta power. As only theta and beta2
bands showed significant differences, the ratio of the
power in theta over beta2 (TH/BE2) was calculated as an
index of cortical slowing that could differentiate RBD
patients from controls.

Therefore, the authors postulated that the slowing of
the EEG found in idiopathic RBD patients may be associ-
ated with subtle cognitive deficits and those patients show-
ing the highest values of TH/BE2 ratio may represent a
subgroup of subjects who are more likely to eventually
develop a degenerative disorder associated with dementia.
Alternatively, the distribution of the TH/BE2 ratio values

might reflect the severity of the neurodegenerative process
associated with RBD. However, no correlation was
observed between the values of the THE/BE2 ratio and
either the duration of the disease or its clinical severity.
Objective measures such as percentages of muscle atonia
or of phasic EMG activity during REM sleep also failed to
correlate with the EEG slowing. These results support the
notion of a heterogeneity of RBD, with some patients but
not all presenting a slowing of the EEG and being possibly
at higher risk for developing cognitive impairment and
eventually dementia.

This hypothesis is supported by electrophysiological
studies conducted in patients with cognitive impairment.
For example, a slowing of the EEG is commonly observed
in the early stages of dementia, such in Alzheimer’s dis-
ease and in patients with mild cognitive impairment.
Indeed, an increase of theta activity is believed to repre-
sent a sensitive index of early cognitive deterioration [28].
A slowing of the DOF is also frequently observed in neu-
rodegenerative conditions such as AD, PD and DLB
[29-31]. On the other hand, isolated decrease of beta
activity has also been found to be associated with early
signs of intellectual decline [32].

Moreover, similarities may be observed between the
topographical distribution of the EEG slowing in idio-
pathic RBD patients (predominant involvement of the
occipital region) and the pattern of the perfusional and
metabolic impairment observed in DLB and in PD
[33-35]. These observations are in agreement with the
notion of a common pathophysiological mechanism
between these conditions.
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Fig. 2 Absolute EEG power in the frontal, temporal and occipi-
tal regions in patient with RBD and control subjects

Neuropsychological assessment in idiopathic RBD

Cognitive functions are apparently preserved in idiopathic
RBD, as assessed by the standard clinical evaluation.
Neither patients nor their relatives usually report symp-
toms of cognitive decline, and Mini Mental State
Examination (MMSE) score has been reported as normal
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[27]. However, a recent study evaluated patients with idio-
pathic RBD (average duration of symptoms 5.7+5.3 years)
by an extensive neuropsychological assessment for a broad
range of cognitive functions [36]. The results of this study
showed, for the first time, that idiopathic RBD patients
have an impairment in both visuo-spatial constructional
performances and visuo-spatial learning compared to age-
and sex-matched controls, as assessed by Rey-Osterreith’s
Complex Figure Test and the Corsi Supraspan Learning
Test, respectively. Other authors reported an impairment in
visuo-spatial planning and a deficit in the recall of both a
visuo-constructive task and verbal material in two idio-
pathic RBD patients with slowing of the EEG [27].

The similarity between the type of cognitive deficits
found in idiopathic RBD and those observed in patients
with DLB [37] and PD, with or without dementia [38, 39],
is remarkable, and argues in favour of a common pathophys-
iological mechanism between these conditions. In early
stages of PD, subtle abnormalities in verbal fluency, execu-
tive functions and visuospatial abilities have been variously
reported [40, 41], although some authors have argued that
the poor performance of PD patients in spatial tasks may
result from attentive deficit rather than visuospatial impair-
ment [42]. Cognitive deficits associated with DLB seem to
be more homogeneous than those found in PD, affecting par-
ticularly perceptual functions, namely visual constructional
and visuo-spatial abilities [37, 43]. A comparative study of
neuropsychological performance in Lewy body disease
(LBD) and AD found greater memory impairment in the AD
group, but greater visuo-constructional skills deficits in the
LBD group without AD [44]. A recent study showed that
dementia with RBD is neuropsychologically indistinguish-
able from early probable DLB. Both groups showed signifi-
cantly worse visuo-perceptual organisation, sequencing and
letter fluency but significantly better confrontation naming
and verbal memory when compared with definite AD
patients of a similar early stage [45].

As RBD often heralds a LBD, either PD or DLB, by
several years, it may be hypothesised that the neuropsy-
chological deficits observed in idiopathic RBD represent
an early manifestation of one of these neurodegenerative
diseases.

Dreams and daytime temperament in RBD

Patients with RBD typically report vivid, unpleasant and
action-filled dreams that are generally congruent with the
observed behaviours, although no study has systematically
assessed dream characteristics in RBD. Regardless of the
aetiology, it is commonly assumed that the lack of motor
inhibition during REM sleep in these patients allows the
enactment of the oneiric imagery. Patients with RBD usu-
ally report dreams in which they are attacked by animals or
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unfamiliar people and they would either fight back in self-
defence or attempt to flee [46, 47]. It has also been
observed that the violence and aggressiveness displayed
during nocturnal behaviours is in contrast with the often
placid and mild-mannered daytime temperament [46, 48].

Recently, we systematically assessed dream character-
istics and daytime aggressiveness in RBD and controls.
Thirty-nine RBD patients (18 idiopathic, 11 symptomatic:
7 PD, 3 MSA, 1 LBD) and 63 sex/age-matched controls
were asked to recall their most recent dreams and to fill in
the Aggression Questionnaire (AQ). Only 32 (82%) RBD
patients (mean age=68.5+7.6 years) and 30 (47.6%) con-
trols (mean age=69.1+5.9 years) were able to remember
their dreams and a total of 83 and 60 dreams were collect-
ed in the two groups, respectively.

Subjects were asked to recall one or more recent
dreams. First, a trained interviewer collected a verbatim
description of these dreams. Then a semi-structured inter-
view was performed in order to more precisely assess spe-
cific elements of the dream such as characters, social inter-
actions, activities, success and failures, misfortune and
good fortune, emotions, settings, objects and descriptive
elements, as described in the Hall and Van De Castle
method [49]. The Hall and Van De Castle is the most com-
prehensive and widely used empirical system for dream
content analysis [S0]. Dreams are coded according to sev-
eral nominal categories and percentage and ratios related
to 28 indicators are obtained.

RBD patients showed a higher percentage of “dream
with at least one aggression” than controls (63 vs. 16%,
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p<0.00001), a higher aggression/friendliness interactions
ratio (90 vs. 55%; p<0.01) and a greater frequency of ani-
mals characters (18 vs. 4%; p=0.001). In contrast to con-
trols, none of RBD patients had “dreams with at least one
element of sexuality” (0 vs. 11%, p<0.0001) (Table 1). No
correlation was observed between any indicator of dream
aggressiveness and either age, duration or frequency of
RBD symptoms.

The AQ is a validated test developed to assess aggres-
sion, which consists of 29 items [51] and a validated
Italian version is available [52]. The subjects rate each
item on a five-point scale to indicate the degree to which
the item is characteristic of themselves. The two groups
did not differ in total AQ scores (Table 2), except for a
lower score on “Physical Aggressiveness” in RBD com-
pared to control subjects (16.8+6.7 vs. 20.8+8.8;
p=0.03).

A lower prevalence of Male characters characterised
dreams of symptomatic RBD compared to idiopathic
RBD, despite a similar gender distribution of dreamers in
the two groups. The increased percentage of male charac-
ters in dreams is usually associated to more threatening
and aggressive dream content [53]. If this is true, the
observed male under-representation may reflect a milder
aggressive content in symptomatic RBD, and this would be
concordant with the observation that intensity of RBD
manifestation often decreases as the neurodegenerative
disease progresses [46].

This is the first study quantitatively assessing the
dream characteristics in RBD. An increased occurrence of

Table 1 Dream characteristics in patients with RBD (n=32) and in control subjects (n=30) according to the Hall and Van De Castle method

Dreams with at least one RBD, % Controls, % h p RBD, n Controls, n
Aggression 63 16 1.01 0.00000* 86 60
Friendliness 8 16 -0.25 0.14 86 60
Sexuality 0 11 -0.68 0.00005* 86 60
Misfortune 16 16 0.02 0.91 86 60
Good fortune 0 1 -0.21 0.21 86 60
Success 4 11 -0.29 0.08 86 60
Failure 2 11 -0.36 0.03 86 60
Striving 6 22 -0.48 0.004* 86 60

RBD, n, total number of elements occurring in the category for the RBD group; Controls, n, total number of elements occurring in the cat-

egory for the control group

Table 2 Aggression Questionnaire (AQ) scores in patients with RBD and control subjects

RBD patients (n=26) Control subjects (n=29) )4
Physical aggression 16.8+6.7 20.8+8.8 0.03*
Verbal aggression 15.8+4.2 14.7+4.3 0.17
Anger 17.8+6.6 17.5%5.9 0.44
Hostility 20.5+4.8 22.0+6.3 0.16
AQ total score 70.9+16.0 75.0£21.0 0.14
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both aggression themes and animals is reported also in
children’s dreams, and their frequency decreases with age.
Thus, one may hypothesise that a neurodegenerative
process often underlying chronic RBD would lead to a
release of archaic dream patterns. Alternatively, the elevat-
ed aggressiveness of dream content and the excessive
EMG activity during REM sleep in RBD might be related
to the hyperactivity of a common neuronal generator. The
increased ability to recall dreams in RBD may be related
to the peculiar dream content or it may reflect differences
in memory processes.

Conclusions

Some studies indicate that idiopathic RBD, a condition
previously considered as a pure parasomnia, may be asso-
ciated with a number of neurological abnormalities. These
observations support the notion of RBD as an early mani-
festation of a more pervasive neurodegenerative process
and challenge the concept of idiopathic RBD.

However, it should be noted that the neurophysiologi-
cal and neuropsychological abnormalities reported in RBD
affect a variable proportion of idiopathic RBD patients, but
not the totality. Long-term follow-up studies revealed that
a proportion of idiopathic RBD patients never develop
other neurological illnesses, even several decades after the
diagnosis of RBD. Idiopathic RBD seems to be charac-
terised by heterogeneous clinical phenotypes, but data are
still insufficient to identify specific subgroups of patients
with possible implication in prognosis and/or treatment.

Further studies assessing reciprocal relationship
between neurophysiologic parameters (EEG, autonomic,
olfactory) and/or neuropsychological functions in these
patients would help to identify specific phenotypes. With
the improved life expectancy and the subsequent growth
of the elderly population, the prevalence of neurodegener-
ative diseases has significantly increased, with high social
costs. Therefore, it would be crucial to detect early mark-
ers of neurodegeneration and to identify those subjects
presenting with a higher risk of developing a neurodegen-
erative illness, in order to develop early intervention
strategies. This may be critical to stop or slow down the
impending neurodegenerative process and functional
deterioration.
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