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Abstract Rapid eye movement sleep behavior disorder
(RBD) is one of the most common non-motor symptoms of
parkinsonism, and it may serve as a prodromal marker of
neurodegenerative disease. The mechanism underlying
RBD is unclear. Several prospective studies have reported
that specific non-motor symptoms predict a conversion risk
of developing a neurodegenerative disease, including
olfactory dysfunction, abnormal color vision, autonomic
dysfunction, excessive daytime sleepiness, depression, and
cognitive impairment. Parkinson’s disease (PD) with RBD
exhibits clinical heterogeneity with respect to motor and
non-motor symptoms compared with PD without RBD. In
this review, we describe the main clinical and pathogenic
features of RBD, focusing on its association with other
non-motor symptoms of parkinsonism.

Keywords Parkinson’s disease - Rapid eye movement
sleep behavior disorder - Risk factors - Parkinsonism
Introduction

Rapid eye movement sleep behavior disorder (RBD) is a

parasomnia characterized by the loss of normal muscle
atonia, which contributes to violent motor manifestations
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of undesirable dreams. RBD can be either idiopathic or
secondary to drugs or other diseases. Idiopathic RBD
(iRBD) has attracted increasing attention because patients
may eventually be diagnosed with parkinsonism, such as
Parkinson’s disease (PD), multiple system atrophy (MSA),
or dementia with Lewy bodies (DLB) [1]. The primary
goals of this review are to summarize the mechanism and
predictive factors underlying the conversation from RBD
to parkinsonism.

The prevalence of iRBD in otherwise asymptomatic
individuals has not yet been investigated, partly due to the
general ignorance of the public who incorrectly believe that
dream-related motor manifestations are normal. The
prevalence of probable RBD is 4.6%—7.7% in the elderly
Caucasian population (aged 60-97 years) as assessed by
the RBD Screening Questionnaire and the Innsbruck RBD
Inventory [2]. Another study reported that the prevalence
of polysomnographically-confirmed iRBD is 1.15% in the
elderly Korean population [3]. Approximately 50%—-90%
of patients with iRBD eventually develop parkinsonism
[1, 4], and RBD confirmed by polysomnography (PSG) has
greater predictive strength and specificity than other
prodromal markers (e.g., olfactory loss and constipation)
[5]. Therefore, RBD has been used as a characteristic
marker of premotor neurodegenerative disorders.

RBD is a common comorbidity with a-synuclein-related
diseases. It is associated with PD in 33%-46% of patients
[6, 7], with DLB in 75% [8], and with MSA in essentially
100% [9]. Many investigators have studied the clinical
characteristics of patients with PD and RBD; these patients
tend to have the akinetic/rigid-dominant subtype of PD
[10] and exhibit severe non-motor symptoms [11]. RBD
could be a potential marker of more severe disease
manifestations in PD. It may precede PD motor manifes-
tations or develop after PD onset, and the clinical
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manifestations of PD could vary depending on the timing
of RBD onset. Our previous work has suggested that a
shorter interval between RBD and PD onset may be
associated with worse cognition [12]. We conducted a
literature search in PubMed for all the relevant articles and
selected authoritative research and objective case-control
studies to summarize the conclusions. Future research
should pay more attention to the timing of RBD onset and
patient outcomes.

Diagnosis of RBD

The definitive diagnosis of RBD requires video-PSG to
confirm the loss of REM atonia, termed REM sleep without
atonia (RSWA). According to the International Classifica-
tion of Sleep Disorders, Third Edition [13], four diagnostic
criteria must be met to diagnose RBD. (1) The patient
displays repeated episodes of sleep-related vocalization
and/or complex motor behaviors (i.e., dream-enactment
behavior). (2) These behaviors are documented by PSG as
occurring during REM sleep [generally via electromyog-
raphy (EMG) of chin muscles], or are presumed to occur
during REM sleep based on the clinical history of dream
enactment. (3) PSG recordings demonstrate RSWA. (4)
The disturbance cannot be explained by another sleep or
mental disorder, or by drug or substance use. Currently,
there is no consensus on quantitative scoring rules and
EMG activity cut-off values for a diagnosis of RBD. The
diagnostic accuracy of RSWA obtained with both visual
and automatic methods was high [14]. The majority of
Chinese chin EMG activity results, including ours, showed
slightly lower EMG activity than those of European
patients [15].

Considering the time, expense, and disruption to
patients’ lives required for PSG, several questionnaires
have been developed for the screening of RBD, such as the
REM Sleep Behavior Disorder Screening Questionnaire
[16], the RBD Questionnaire-Hong Kong (RBDQ-HK)
[17, 18], the Mayo Sleep Questionnaire [16], the REM
Sleep Behavior Disorder Single-Question Screen [19], and
the RBD Inventory Questionnaire (RBD-I) [20]. The
sensitivity and specificity of these questionnaires are
60%-90%. In East China, we found the overall scale of
RBDQ-HK was scored at 17 of 100 for a high-accuracy
screen of RBD [18].

Pathophysiology of RBD and Conversion to PD
The underlying pathogenesis of RBD is still not known.

Some animal and human studies have suggested that
dysfunction in brainstem structures can cause RBD

[21, 22]. Lesions in the pre-coeruleus and sub-laterodorsal
nucleus, magnocellular reticular nucleus, and/or peri-locus
coeruleus structures may reduce the inhibition of motor
neurons, leading to cranial and skeletal muscle activity.
There is a close relationship between RBD and a-synuclein
deposition (Fig. 1). Vilas et al. detected o-synuclein
aggregates in eight of nine iRBD patients [23]. Another
study showed that a-synuclein deposition is present in the
brain in 94% of participants who also have RBD with or
without neurodegenerative disease [24]. In PD patients,
Postuma et al. reported that possible RBD symptoms are
associated with a greater range and density of a-synuclein
deposition in the brain, while no significant differences in
a-synuclein deposition were observed in Alzheimer’s
disease pathology (amyloid or tau) or cerebral white-
matter rarefaction [25].

Risk of Neurodegenerative Disease

A longitudinal, prospective study of iRBD has determined
that the 5-year conversion risk of neurodegenerative disease
(we call this process conversion, and the converted patients
convertors) is 17.7%, the 10-year risk 40.6%, and the 12-year
risk 52.4% [1]. A rapidly developing area of research has
been the delineation in longitudinal studies of sensory,
motor, autonomic, imaging, gene, and biochemical biomark-
ers that may help predict whether iRBD will progress to a
diagnosable neurodegenerative disorder before disease onset
[4]. Risk factor profiles between convertors and non-
convertors have important commonalities and differences.
However, it is difficult to predict whether a patient with
iRBD will develop PD, DLB, or MSA. Some of the studies of
RBD and/or comorbid signs and symptoms are not conclu-
sive and further work is required. The study of RBD provides
a window into neurodegenerative synucleinopathies in their
prodromal stages, before parkinsonism or dementia becomes
fully manifest.

A mean duration of 10-12 years between RBD diagno-
sis and PD motor syndromes has been reported [26, 27].
One study claimed that up to 81% of elderly males with
newly-developed iRBD eventually develop a parkinsonian
syndrome [28]. Other studies have reported that 30%—80%
of PD patients have RBD symptoms, and RBD may
precede the development of PD motor syndromes by
3-13 years [6, 29, 30]. Many non-motor symptoms can
help to determine whether iRBD has a higher risk of
conversion to parkinsonism in individual patients; these
include advanced age (hazard ratio [HR] = 1.07), olfactory
loss (HR = 2.8), abnormal color vision (HR = 3.1), subtle
motor dysfunction (HR = 3.9), and non-use of antidepres-
sants (HR = 3.5). Some marker combinations can identify
>80% of patients with 5-year conversion rates [31, 32].
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Fig. 1 The mechanism underlying non-motor symptoms may be
reflected in the progression of a-synuclein deposition (Braak stage).
LC locus coeruleus, MCRF magnocellular reticular nucleus, NBM

Timeline of Non-motor Symptoms During
the Development and Conversion to Parkinsonism

RBD plays an important role in the conversion to parkin-
sonism. The probability of conversion increases with the
development time. RBD combined with different non-motor
symptoms can be used to predict parkinsonism. The most
prominent and common symptoms for the conversion of
RBD to PD are olfactory dysfunction and constipation. Sleep
disorders and depression may appear before the onset of
motor symptoms, and the cognitive impairment often
appears last. Orthostatic hypotension, urinary urgency, and
sexual dysfunction are the most common characteristic
symptoms for conversion of RBD to MSA (Fig. 2). We can
rely on these prodromal symptoms to identify parkinsonism.

Relationships Between RBD and Other Symptoms
Olfactory Dysfunction

Olfactory dysfunction is frequently reported in iRBD
patients tested by reliable methods such as the University
of Pennsylvania Smell Identification Test, the Brief Smell
Identification Test, or Sniffin’ Sticks, and positive results
indicate a possible premotor phase of PD. Olfactory
dysfunction in iRBD patients manifests as impairment in
odor threshold, including discrimination, and impaired
identification [33]. Approximately 97% of iRBD patients
have a pathologically increased olfactory threshold, 63%
have an impaired odor discrimination score, and 63% have
a decreased identification score [34]. Assessment of
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nucleus basalis of Meynert, OB olfactory bulb, PPN pedunculopon-
tine nucleus, RN raphe nucleus, SLD sub-laterodorsal nucleus, SN
substantia nigra, VN vagus nerve.

olfactory function, particularly odor identification, may
help predict an early transition to parkinsonism in patients
with iRBD over a relatively short time period, with a high
diagnostic accuracy of 82.4% and a 7.3-fold risk [35].
Although olfactory testing can predict neurodegenera-
tive disease in many patients, it is not perfect because some
patients with parkinsonism have normal olfaction at
diagnosis. The olfactory system has relatively direct
connections to the hippocampus, thalamus, and frontal
cortex, which are implicated in memory and emotion.
Brain imaging studies using single-photon emission com-
puted tomography have reported that patients with RBD
have reduced perfusion in the frontal, temporal, and
parietal cortical regions compared with controls [36].
Therefore, the mesolimbic pathway is important in the
pathogenesis of RBD, and is thought to be key to the
pathogenesis of olfactory dysfunction and RBD.
Numerous studies have reported that olfactory dysfunc-
tion occurs in 80%—-96% of PD patients, and it usually
develops several years before the onset of motor syn-
dromes. The degree of impairment appears to be indepen-
dent of disease duration or severity [37], and is
accompanied by olfactory bulb atrophy [38]. Olfactory
dysfunction should be considered a significant marker for
both iRBD and PD, suggesting the early involvement of
olfactory structures in neurodegenerative diseases [39].

Color Vision
Abnormal color vision discrimination has been described

in iRBD. Five-year parkinsonism-free survival with normal
color vision is 70.3%, while it is 26.0% with impaired
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Fig. 2 Timeline of non-motor symptoms during the development of
Parkinsonism. RBD has an important role in this conversion when
combined with other non-motor symptoms. Prominent manifestations
for Parkinsonism and neurodegenerative diseases are shown in

vision [39]. Similar to olfaction, color vision changes with
aging [39]. Combined abnormalities of olfaction and color
vision are present up to 5 years before the diagnosis of
neurodegenerative disease, with no substantial worsening
closer to onset [40]. In a 10-year prospective study,
Postuma et al. showed that iRBD patients with abnormal
color vision have a 3.1-times higher risk of developing
synucleinopathy than those without [31]. Color vision
impairment may provide better prediction of dementia. The
mechanisms underlying color vision loss in the pathogen-
esis of neurodegenerative diseases may be the degeneration
of dopaminergic retinal neurons [41] or abnormalities in
the visual/association cortex [42]. Currently, these mech-
anisms are not clearly understood.

We found that patients with RBD (idiopathic or
secondary to PD) display a significant reduction in retinal
nerve fiber layer (RNFL) thickness compared with groups
without RBD. The RNFL thickness may be associated with
an increased probability of comorbid RBD in PD [43].

Autonomic Dysfunction

Autonomic dysfunction is another potential preclinical
marker that commonly arises in early neurodegenerative
disease and iRBD [44, 45]. The pattern of autonomic
dysfunction in iRBD is similar to that reported in PD and
MSA, such as abnormal cardiac activation [46], constipation,
erectile dysfunction, and orthostatic blood-pressure changes.

Cardiac Activation

Heart rate variability (HRV) during wakefulness is signif-
icantly reduced in patients with iRBD, suggesting func-
tional abnormalities in both the sympathetic and
parasympathetic systems [47]. HRV also decreases in
PD, suggesting that both iRBD and PD have the same
pathological mechanisms [48, 49].

different colors according to the onset of non-motor symptoms.
EDS excessive daytime sleepiness, MCI mild cognitive impairment,
MSA multiple system atrophy, PD Parkinson’s disease, PDD PD with
dementia, RBD rapid eye movement sleep behavior disorder.

Constipation

Many studies have shown that iRBD patients have
constipation more frequently than controls. The prevalence
of constipation increases slowly over time during prodro-
mal PD, and may start 15 years before the diagnosis of PD
[44, 50]. Several studies have reported that constipation
occurs early during the development of PD in half of
patients [51, 52]. These combined results indicate that
constipation in both iRBD and PD have a common early
pathophysiological origin, which is probably located in the
enteric nervous system and the dorsal motor nucleus of the
vagus in the medulla [53, 54].

Orthostatic Hypotension

RBD patients have greater systolic blood pressure changes
during orthostasis than controls [55]. One logistic regres-
sion analysis indicated that at least 5 years before conver-
sion, there are differences in the change of orthostatic
blood pressure between controls and iRBD patients,
detected as decreased systolic pressure [50]. Patients with
early or mild PD also have an increased prevalence of
systolic pressure decline, suggesting that orthostatic
hypotension may be closely associated with the occurrence
of RBD [44, 56]. Other studies have reported that
orthostatic hypotension is a significant risk factor for the
development of progressive disability and mortality in PD
and MSA [57, 58].

Autonomic dysfunction may be the earliest prodromal
marker in patients with parkinsonism, and essentially all
patients with onset of iRBD have autonomic dysfunction
[31]. The mechanism may be mediated by lesions of
autonomic centers in the brainstem before characteristic
changes in the substantia nigra pars compacta (SNc) occur
[59]. Notably, a different study reported no differences in
autonomic dysfunction between iRBD patients who did not
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develop parkinsonism and dementia- and age-matched
controls [50]. Further studies with larger cohorts are
required to determine whether autonomic dysfunction is
associated with RBD, and whether autonomic dysfunction
combined with RBD is a good way to predict prodromal
PD.

Excessive Daytime Sleepiness (EDS)

EDS is defined as the inability to remain awake and alert
during the major waking episodes of the day, with sleep
occurring unintentionally or at inappropriate times almost
daily for at least 3 months [13]. In a retrospective study, EDS
was closely associated with iRBD in patients <50 years old
[60]. A different study reported that patients with iRBD score
~ 3 points higher on the Epworth Sleepiness Scale (ESS)
than controls. An ESS score >8 should be considered a red
flag for earlier conversion to parkinsonism in patients with
iRBD, especially if the patients are old and the RBD
symptoms have persisted for a long time. ESS is associated
with a shorter time from RBD onset or RBD diagnosis to
parkinsonism. A longitudinal study reported that sleepy
adults were 3.3 times more likely than non-sleepy adults to
develop PD later in life; therefore, sleepiness may be an
independent preclinical marker for PD [61, 62]. These results
support the proposal that EDS can be used as a marker to
predict PD in iRBD [63].

EDS is a frequent complaint in patients with PD, DLB,
and MSA, and affects up to one-third of these patients [64].
The incidence of EDS increases by 6% per year in patients
with PD [8, 64-66]. The mechanism mediating EDS in
neurodegenerative synucleinopathy is multifactorial, and
includes non-restorative sleep, sedative effects of treat-
ment, and lesions in arousal systems [61].

Depression

Depression is common in iRBD, and the use of antide-
pressants leads to the development of secondary RBD in
some patients [67, 68]. If antidepressants independently
result in RBD, this cannot be used to predict the onset of
neurodegenerative disorders. If depression is associated
with iRBD, it can be used as a marker of neurodegener-
ation in iRBD. A recent study performed transcranial
sonography and used hyperechogenicity of the brainstem
raphe and SN to predict depression in iRBD, with a
sensitivity of 23.1% and a specificity of 97.1%. This result
suggested that dysfunction of the serotonergic dorsal raphe
may be involved in the pathophysiology of depression in
iRBD [69].

Several studies have indicated that a depressive episode
occurs on average 10.1 years before PD diagnosis, and
~35% of PD patients have clinically significant symptoms

@ Springer

of depression [70, 71]. The underlying mechanism may be
that depression in PD patients arises from multiple
neurotransmitter dysfunctions, including dopamine (SNc),
serotonin (raphe nuclei), and noradrenaline (locus coer-
uleus). This implies the involvement of both the raphe
nuclei and locus coeruleus at Braak stage 2. These
combined results support the hypothesis that depression
can be used in a similar way to iRBD as a prodromal
symptom of PD [72].

Cognitive Impairment

Approximately 50% of patients with iRBD present mild
cognitive impairment. Investigators have explored this in
iRBD patients using a range of complicated neuropsycho-
logical tests; however, there is no consensus on the
domains impaired. Predominant deficits have been reported
in visuospatial function [73, 74], memory [75], attention
[74, 75], and executive functions [76], while language is
less affected. A longitudinal study identified cognitive
deterioration in patients with iRBD, primarily involving
visuospatial abilities, nonverbal logic, attention, and exec-
utive functions, suggesting the development of an under-
lying degenerative process [77]. Patients with iRBD who
perform poorly in cognitive assessment tests are more
likely to develop DLB and PD dementia [31].

Many studies have reported that the prevalence of
cognitive impairment is significantly higher in PD patients
with RBD than in those without it [75]. The pedunculo-
pontine nucleus plays an important role in the mechanism
mediating RBD, and it provides the majority of the
cholinergic input to the thalamus and nucleus basalis of
Meynert [78]. In most studies, PD patients with RBD
perform poorly in attention/executive and visuospatial
tasks [79-81]. We found that poor cognition is associated
with shorter intervals between the onset of RBD and the
subsequent PD onset, but the mechanism underlying this
process remains to be elucidated [11].

Imaging Results
Radiotracer Imaging

The most commonly used imaging method is the dopamine
transporter (DAT) scan, which measures the density of
presynaptic DATs. RBD patients with normal presynaptic
uptake might not convert. Rupprecht er al. performed
transcranial sonography (TCS) and '**I-2B-carbomethoxy-
3B-(4-iodophenyl)-N-(3-fluoropropyl)-nortropane (‘**I-FP-
CIT) single-photon emission computed tomography in
patients with PD, and reported that severe motor dysfunc-
tion and RBD are associated with neuroimaging
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abnormalities, whereas olfactory dysfunction is not [82]. In
a longitudinal study, Iranzo et al. reported that 3 of 20
patients who developed PD had the lowest '*’I-FP-CIT
uptake at baseline, and mean reductions at 3 years of
32.81% in the left putamen, 30.40% in the right putamen,
26.51% in the left caudate nucleus, and 23.75% in the right
caudate nucleus [83].

Magnetic Resonance Imaging (MRI)

The results from conventional structural MRI analysis of
RBD have been highly inconclusive. Voxel-based mor-
phometry (VBM) has detected some distinguishing char-
acteristics in iRBD patients. Scherfler et al. reported
increased grey-matter density in the hippocampi and
parahippocampal gyri of patients with iRBD [84]. In
contrast, another VBM study reported that grey matter is
reduced in the left parahippocampal gyrus of iRBD patients
[85]. Recent studies have performed resting-state func-
tional MRI (rs-fMRI) analysis in patients with iRBD.
Rolinski et al. performed rs-fMRI and DAT to compare the
basal ganglia dysfunction in patients with iRBD and PD;
rs-fMRI identified minor differences, while DAT identified
major differences in the basal ganglia [86].

Transcranial Sonography (TCS)

Hyperechogenicity of the SN is detected in most patients
with PD. Therefore, several studies have investigated
whether TCS can identify convertors with iRBD. Iranzo
et al. reported that the sensitivity of baseline SN
hyperechogenicity for the development of a synucleinopa-
thy is 42.1%, with specificity of 67.7%, positive predic-
tive value of 44.4%, and negative predictive value of
65.6%. The low positive predictive value and the high
negative predictive value indicate that TCS alone may not
be a useful method of identifying the risk of synucle-
inopathy in iRBD [32]. Iranzo et al. also reported that a
combination of DAT and TCS provides 100% sensitivity
and 55% specificity to predict iRBD conversion to
synucleinopathy after 2.5 years [87]. In conclusion, mul-
tiple approaches and longitudinal studies are indispens-
able to explore conversion.

Genes Involved in PD and RBD

Patients with RBD share genetic profiles similar to those
with PD. The combination of genetic analysis with other
diagnostic methods may facilitate the identification of

individuals susceptible to PD. The associations between
genes and RBD are not clear. Recently, two studies have
reported strong associations between glucocerebrosidase
(GBA) mutations and RBD; patients with GBA mutations
have a higher incidence of RBD, although this association
has not been tested in patients with iRBD [88, 89]. Single-
nucleotide polymorphisms in the SCARB2 and MAPT
regions, which were previously associated with a reduced
risk for PD, have also been associated with a reduced risk
for RBD [90]. Most cross-sectional studies indicate that
carriers of leucine-rich repeat kinase 2 (LRRK2) mutations
exhibit subtle non-motor symptoms, including RBD
[91, 92]. A few studies have shown that the incidence of
RBD in patients with LRRK2 mutations is higher, espe-
cially with the mutations G2019S and G2385R [93-95].
Patients with synuclein (SNCA) mutations also have a
higher incidence of RBD [96, 97].

These studies suggest that RBD is associated with
several genetic markers for PD. A future longitudinal study
is needed to determine whether RBD diagnosis combined
with the analysis of selected genes can be used as a
preclinical marker for phenoconversion to PD.

Conclusions

Increasing evidence indicates that iRBD may be associ-
ated with some non-motor symptoms of patients with
parkinsonism, including olfactory dysfunction, color
vision impairment, cognitive abnormalities, depression,
and EDS. RBD provides a therapeutic window for the
development of disease-modifying therapies. However, it
is difficult to predict disease progression because conver-
sion of RBD to PD often takes decades and has low
sensitivity. The conversion risk increases when RBD is
combined with non-motor symptoms, including those
from aberrant imaging results and gene analyses. On the
contrary, if RBD patients suffer from fewer non-motor
symptoms or have normal presynaptic uptake on DAT,
they might not convert. In conclusion, clinicians should
pay more attention to longitudinal follow-up and meta-
analysis studies on RBD and other non-motor symptoms
to preclude the development of a neurodegenerative
disease.
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