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Abstract: REM sleep behavior disorder (RBD) is a parasomnia in which the customary generalized
skeletal muscle atonia of REM sleep, “REM-atonia”, is compromised, allowing for the injurious acting-
out of dreams. RBD can be idiopathic/isolated (iRBD) or symptomatic of neurological disorders,
and can be triggered by most antidepressants. RBD mainly affects middle-aged and older adults,
and is strongly linked with alpha-synucleinopathies, mainly Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB). iRBD is now known to be the earliest and strongest predictor of future
PD/DLB, which has stimulated a major international clinical and basic science research effort to
enroll iRBD patients for upcoming neuroprotective/disease-modifying trials and to identify the
most promising interventions to test in these cohorts. This review will provide the latest pertinent
information on the rapidly expanding field of RBD. The methods included a PubMed literature
search that included PubCrawlers, which utilizes the NCBI (National Center for Biotechnology
Information) E-utils tools for publication retrieval, using the keywords “REM sleep behavior disorder”
and “RBD”. The results yielded the latest updates on iRBD as prodromal PD/DLB, with the most
promising biomarkers for phenoconversion provided, along with a presentation of three clinical
research consortiums that are systematically gathering patients in preparation for enrollment in
upcoming clinical trials: (i) The International RBD Study Group; (ii) The North American Prodromal
Synucleinopathy (NAPS and NAPS2) Consortium; and (iii) The FARPRESTO Italian multicenter
RBD research consortium. In addition, updates on the Parasomnia Overlap Disorder (RBD + NREM
parasomnia) and on narcolepsy-RBD are provided, along with new epidemiologic data, the latest
RBD management guidelines, and updates on animal models of RBD. Emerging areas of critical RBD
research are also highlighted. In conclusion, RBD is a notable example of clinical and translational
neuroscience research.

Keywords: REM sleep behavior disorder; RBD; alpha-synucleinopathy; Parkinson’s disease; demen-
tia with Lewy bodies; narcolepsy; parasomnia overlap disorder; sleepwalking; major depression;
antidepressant medication

1. Introduction

RBD is classified as a parasomnia, viz. a sleep-related behavioral, experiential, and
autonomic nervous system disorder, during REM sleep that features the essential objective
diagnostic finding of a loss of the customary mammalian atonia of REM sleep [1], due
to damage or dysfunction in two key brainstem centers (and their linked pathways) that
generate REM-atonia. These neuronal groups were identified by elegant basic studies
in rats by the Lyon group, and consist of the glutamate sublateral dorsal nucleus in the
pontine tegmentum and the GABAergic and glycinergic ventromedial medulla inhibitory
neurons [2,3]. This topic has been further discussed in a recent review of RBD [4].

The diagnostic criteria of RBD are as follows [1].
Criteria A–D must be met:

Clin. Transl. Neurosci. 2023, 7, 19. https://doi.org/10.3390/ctn7030019 https://www.mdpi.com/journal/ctn

https://doi.org/10.3390/ctn7030019
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ctn
https://www.mdpi.com
https://doi.org/10.3390/ctn7030019
https://www.mdpi.com/journal/ctn
https://www.mdpi.com/article/10.3390/ctn7030019?type=check_update&version=1


Clin. Transl. Neurosci. 2023, 7, 19 2 of 13

A. Repeated episodes of sleep-related vocalization or complex motor behaviors.
B. These behaviors are documented by video-polysomnography to occur during REM

sleep or, based on a clinical history of dream enactment, are presumed to occur during
REM sleep.

C. PSG recording demonstrates REM sleep without atonia (RWA).
D. The disturbance is not better explained by another current sleep disorder or men-

tal disorder.
A broad range of behaviors, including aggressive and violent behaviors, can emerge

with RBD, as documented during video-polysomnography and/or as reported by the
spouse. These behaviors often represent the enactment of unpleasant, action-filled, or vio-
lent dreams in which the individual is being confronted, attacked, or chased by unfamiliar
people, animals, or insects. Typically, the individual awakens quickly, becomes rapidly
alert (as is typical of REM sleep awakenings), and when questioned immediately at the
end of an episode will report a dream with a coherent story. The dream action corresponds
closely to the observed sleep behaviors, which is termed “isomorphism”. The eyes usually
remain closed during an RBD episode (as the dreamer attends to the dream environment),
in contrast to sleepwalking, a non-REM sleep parasomnia in which the eyes are open.

RBD was formally described in humans by our group in 1986 and named in 1987 [5–7],
21 years after Jouvet and Delorme in Lyon reported on the first experimental animal model
of RBD induced by pontine tegmental lesions in cats [8]. Subsequently, various aspects
of RBD in humans were identified in the United States, Japan, and Europe from 1966 to
1985, as reviewed in [7]. RBD can present as an idiopathic/isolated condition (iRBD) or as
a symptomatic condition. The first textbook on RBD, published in 2018, comprehensively
covers the range of RBD-related conditions [9]. This current update on RBD will primarily
focus on its strong association with the α-synucleinopathies, particularly Parkinson’s
disease (PD) and dementia with Lewy bodies (DLB). This is the predominant field of
clinical and basic research in RBD.

Schematic diagram depicting how on the left side, the pons, the site for generating
REM sleep, simultaneously sends ascending activating signals (in red) to the motor cortex,
and descending inhibitory signals (in blue) to the spinal cord alpha-motoneurons via the
medulla, to result in REM-atonia, with brief, benign twitches in REM sleep. The right side
depicts the range of clinical insults (including presumed neurodevelopmental priming in
some cases) that can cause REM without atonia, increased twitching in REM sleep, and
RBD, with disinhibition of the REM-atonia pathway indicated by the red color replacing
the blue color on the left side.

2. Historical Perspectives on RBD, PD, and DLB

Case VI from the original text written by James Parkinson in his Essay On the Shaking
Palsy from 1817 contains this excerpt: ““His attendants observed, that of late the trembling
would sometimes begin in his sleep, and increase until it awakened him: when he always
was in a state of agitation and alarm. . .when exhausted nature seizures a small portion
of sleep, the motion becomes so violent as not only to shake the bed- hangings, but even
the floor and sashes of the room. . .” Therefore, James Parkinson, in his description of the
original cases of the disease that bears his name, also identified RBD in a patient with PD.
RBD was formally identified 169 years later [5]. Also, RBD was first described in world
literature in 1605 by Cervantes in Don Quixote, chapter 35 “Adventure with the Wine Skins”,
in which there was a fight with a giant during dream enactment while Don Quixote was
actually stabbing filled wine skins. There is evidence indicating that Don Quixote had DLB,
with visual hallucinations, associated with his RBD [10].
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3. RBD and Its Strong Association with Alpha-Synuclein Neurodegeneration

iRBD is now known to be the earliest and strongest predictor of future PD and
DLB [11–14] due to the early α-synuclein damage to the REM-atonia generators [2,3], fol-
lowing the proposed Braak rostral–caudal staging for α-synucleinopathy progression [15].
As such, RBD can be viewed as the earliest “sentinel node” indicating the presence of an
α-synucleinopathy, a clinical sign of synuclein attack on the REM-atonia-generating nuclei
and pathways in the brainstem [2,3], and not just a “prodrome” [16].

In fact, the Movement Disorders Society, in a consensus statement, concluded that
iRBD (proven by video-polysomnography) has the highest likelihood ratio (LR) for PD
phenoconversion (LR = 130), and also has the highest predictive value (>10×) for PD heno-
conversion, compared to any other clinical marker (e.g., LR = 4 for olfaction; LR = 10
for abnormal motor exam), and a predictive value > 3× higher than any biomarker
(e.g., dopaminergic Positron Emission Tomography/Single-Photon Emission Computed
Tomography, LR = 40) [14].

Longitudinal studies on iRBD have found that over 90% of patients will eventually
phenoconvert to an overt α-synucleinopathy [13,17]. In a meta-analysis examining the
conversion from iRBD to future PD and DLB, the conversion rates were 33%, 82%, and
97% of cases at 5 year, 10.5 year, and 14 year follow-ups, respectively [13]. Therefore, it
is not a matter of “if” but “when” patients with iRBD will phenoconvert. There have
been two published postmortem studies on iRBD patients, and both showed Lewy body
disease with α-synuclein deposits in the brainstem [18,19]. The first case involved an
86-year-old man with a 22-year history of iRBD, video-polysomnography-confirmed, with-
out any clinical evidence of parkinsonism during serial neurologic examinations. He
died of pneumonia. Postmortem histopathology revealed Lewy body disease in the locus
coeruleus and substantia nigra [18]. The second case involved a 72-year-old man with a
15-year history of iRBD, video-polysomnography-confirmed, who also died of pneumo-
nia [19]. Postmortem histopathology detected α-synuclein pathology in the ventromedial
medulla inhibitory neurons in the medullary reticular formation—the exact site for gener-
ating REM-atonia identified in rats by the Lyon group [3]. Recently, α-synuclein has been
detected in another area of the Central Nervous System (CNS) in iRBD patients, viz. the
cerebrospinal fluid [20–22].

Furthermore, studies of the peripheral nervous system in iRBD patients have detected
α-synuclein deposits (by antemortem histopathology, i.e., biopsy) in the following five
regions studied [23,24]: (i) gut (enteric)—colon and stool; (ii) skin; (iii) submandibular
gland; (iv) labial salivary gland; and (v) parotid gland.

Therefore, a bona fide case of “idiopathic” RBD still awaits postmortem histopathologic
confirmation—which would not be expected. This is a prime reason for why the term
“isolated RBD” has been proposed [25], and increasingly utilized and accepted in the
medical literature, as it anticipates the eventual transition to overt synucleinopathy. This is
an important reconceptualization, as emphasized by the authors [25].

The genetic underpinnings of iRBD represent another notable area of current re-
search in relation to α-synucleinopathies. A recent genome-wide association study by the
IRBDSG aimed to identify genetic risk loci associated with RBD across the genome [26].
A meta-analysis was performed for 2843 cases and 139,636 controls comprising a case–
control GWAS of 1,061 iRBD cases and 8,386 controls, and also a case–control GWAS from
“23andMe, Inc.” using PD patients with probable RBD (PD + pRBD) and controls without
PD or RBD (N cases = 1782, N controls = 131,250). Five RBD risk loci were identified,
including INPP5F and SCARB2, along with replications of known RBD associations near
SNCA9, TMEM1750, and two GBA variants. These genetic findings suggest that RBD-
associated synucleinopathy may only have a partially overlapping genetic background with
PD and DLB, and are in line with clinical research indicating that RBD-PD is a distinct—and
more malignant—variant of PD. The prodromal presence of iRBD is a marker of future
increased global morbidity in PD with greater motor, cognitive, autonomic, and psychiatric
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dysfunction, and greater disease burden (to self and caretaker), compared to PD without
RBD [27].

A group of experts in Lewy body disease and iRBD as prodromal PD has just published
a comprehensive literature review that “demonstrates numerous cellular and molecular
neuropathological changes occurring prior to the appearance of Lewy Bodies in dopamine
neurons” [28]. This review offered to provide a pertinent overview of early pathological
events in PD that could assist in the development of novel disease-modifying strategies
and interventions. In a related development, attention has been called to the circadian
rhythm perspective in α-synucleinopathies and disease modification [29].

4. RBD Clinical Research Cohorts

Multi-center iRBD patient cohorts are being gathered in preparation for testing promis-
ing neuroprotective/disease-modifying agents to slow down or halt the progression from
iRBD to overt PD/DLB. To that end, the International RBD Study Group (IRBDSG) was
formed in 2007, comprised of clinical and basic scientists, with yearly research symposia,
collaborative projects, and peer-reviewed publications. For example, there was a recent
report on the biomarkers of phenoconversion, ranked in descending order of strength for
predicting phenoconversion, with the extent of RWA being the strongest predictor [30] as
listed in Table 1. Another recent publication by the IRBDSG reported on the progression of
clinical biomarkers in prodromal PD and DLB [31]. An important practical aspect of this
study was the calculation of sample size requirements for demonstrating a slowing of the
progression of neurodegenerative measures under different anticipated neuroprotective
treatment effects. A total of 1,160 iRBD patients were followed for more than a mean of
3 years. Of all the clinical variables that were assessed, motor variables progressed the
fastest and required the lowest sample sizes, i.e., 151–560 per group at 50% drug efficacy
and 2-year trial duration. In contrast, cognitive, olfactory, and autonomic variables showed
more modest progression and higher variability, resulting in larger sample sizes. Moreover,
the most efficient design was a time-to-event analysis that used combined milestones of
motor and cognitive decline, with an estimated sample size of 117 per group at the same
50% drug efficacy and 2-year trial duration. Also, although phenoconverters from iRBD
showed overall greater conversion than non-converters across the multiple domains tested,
the only robust difference in progression between PD and DLB phenoconverters was in
cognitive testing. As the authors concluded, “these findings provide optimized clinical
endpoints and sample size estimates to inform future neuroprotective trials.” In this con-
text, the challenges in the study of patients at risk for PD need to be considered [32]. A
group from the IRBDSG has just published a focused summary of the clinical and research
implications of iRBD [33].

Another research consortium was formed with National Institutes of Health funding,
viz. the North American Prodromal Synucleinopathy Consortium (NAPS) in 2018 and
NAPS2 in 2021 (5 yr Udall grant), which includes nine centers, including our group at the
University of Minnesota. The NIH-funded study is entitled “Neuroprotective treatment
trial planning in RBD (isolated RBD as prodromal synucleinopathy).” The goal is to prepare
for clinical trials of the neuroprotective treatments currently in development. A registry of
iRBD patients (300+) is being established; quantitative biological and functional measures
of synucleinopathy burden are being developed; and a formal process to evaluate candidate
neuroprotective agents is being established. Functional assessments span the cognitive,
neuropsychiatric, motor, sensory, autonomic, and sleep domains. Fluid biomarkers are
being collected, and serial quantitative RWA assessments are performed to help determine
the optimal predictor or cluster of predictors of imminent phenoconversion, preferably in
the 1-3+ year range. The baseline characteristics of the NAPS cohort have recently been
published [34]. Additionally, the multi-center FARPRESTO consortium in Italy will be
studying the predictive risk factors for phenoconversion in iRBD, along with identifying
RBD phenotypes, and the impact of RBD on quality of life and sleep [35].
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Table 1. Biomarker Candidates in Isolated RBD.

1. Neurophysiology

REM-without-atonia *,
EEG

Evoked Potentials
Transcranial Magnetic Stimulation

Other biomarkers

2. Motor Function

Gait
Speech

Alternate tap test
Eye movements

Other biomarkers

3. Cognition: Mild cognitive impairment: intermediate stage before dementia

4. Hyposmia Present in two-thirds of isolated RBD patients

5.Color vision discrimination

6. Autonomic function: Mild/moderate impairment in isolated RBD

7. Biofluids: Serum, plasma
Cerebrospinal fluid

8. Tissue Biopsy: Phosphorylated-alpha-synuclein (pSyn) deposits: peripheral
autonomic nerves, enteric mucosa, salivary glands

9. Nigro-striatal dopaminergic impairment: Nigro-striatal dopaminergic impairment: consistently found by PET
and SPECT imaging

10. Genetic Markers Partial overlap of iRBD with PD/DLB genetic markers GBA variants
robustly present. **

11. Other: Complex (Combination) Biomarkers

Adapted (with modification) from reference [30]. In decreasing order of strength for predicting phenoconversion
to overt parkinsonism. * The strongest identified biomarker for predicting phenoconversion. ** The GBA gene
encodes for the lysosomal enzyme glucocerebrosidase (GCase). Mutations in the GBA gene, as found in GBA
variants, may lead to loss of GCase activity and lysosomal dysfunction, which may impair α-synuclein degradation
and promote α-synuclein accumulation and spreading.

Other prognostic biomarkers for iRBD phenoconversion include DAT (dopamine
transporter) binding and RWA [36]; Montreal Cognitive Assessment abnormality combined
with reduced Metaiodobenzylguanidine scintigraphy [37]; Fluorodeoxyglucose-Positron
Emission Tomography findings combined with learning vector quantization that allows
for the classification of neurodegenerative diseases and the trajectory of iRBD [38]; brain
metabolism related to mild cognitive impairment and phenoconversion risk [39]; and
severity of RWA being correlated with measures of cognitive impairment and depressive
symptoms in iRBD [40]—the same group of investigators also found that RWA corre-
lates with abnormal vestibular-evoked myogenic potentials (another brainstem marker) in
iRBD [41].

5. Depression, RBD, Synucleinopathy

A novel RBD research area involves the prevalence and correlates of RBD in psychi-
atric outpatients with major depressive disorder (MDD) [42]. The first study, conducted
by the Hong Kong group, screened for RBD, and the prevalence of vPSG-verified RBD
was 9% in a predominantly middle-aged MDD population, with associated olfactory and
color vision deficits serving as α-synucleinopathy biomarkers. Therefore, patients with
RBD and MDD may represent an MDD subtype with an underlying α-synuclein neu-
rodegenerative disorder. This insight was reinforced in a just-accepted study by the same
Hong Kong group entitled “Familial α-synucleinopathy spectrum features in patients with
psychiatric REM sleep behavior disorder” [43]. In this case–control family study, a familial
coaggregation of α-synucleinopathy spectrum features was found in the patients with
vPSG-documented psy-RBD (mainly MDD), but not in the psychiatric or healthy controls,
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suggesting an underlying α-synucleinopathy in psy-RBD as a neurodegeneration-related
subtype of psychiatric disorder. Significant findings in familial first-degree relatives (FDRs)
included possible/provisional RBD, definite RBD (vPSG-confirmed), increased phasic
RWA, depression, clinical diagnosis of PD/dementia risk, prodromal PD, as compared
with healthy control FDRs. When compared with psy control FDRs, psy-RBD-FDRs had a
higher risk for definite RBD, RWA, diagnosis of PD/dementia, and risk of prodromal PD.
In contrast, psychiatric controls only presented with a familial aggregation of depression.
These results emphasize the need to systematically search for RBD in the middle-aged and
older MDD population. Also, RBD in MDD calls attention to a subgroup of MDD patients
with vulnerability to future neurodegeneration. These patients should be identified for
enrollment in future neuroprotective studies, as a new category of “precision psychiatry.”

6. RBD in PD, DLB, and MSA

Besides iRBD being recognized as prodromal synucleinopathy (at least in middle-aged
and older adults), RBD has a strong presence in patients already diagnosed with PD, DLB,
and Multiple System Atrophy (MSA). For PD, the largest clinical and vPSG series to date
studied an unselected cohort of 457 sleep-disturbed patients with PD. RBD was confirmed
in 46% of these PD patients [44]. Significant findings included no preferred PD subtype for
RBD, no gender preference, and RBD was associated with older age. Also, PD patients with
RBD, compared to PD patients without RBD, had significantly longer disease duration,
higher Hoehn and Yahr stages, more falls, more fluctuations, more psychiatric comorbidity,
a higher dose of levodopa, and more periodic leg movements during sleep. For DLB, in
the latest diagnostic criteria established by the DLB Consortium in 2017 [45], RBD is the
first of the four core features listed for clinically probable DLB due to its presence in 75%
of published DLB case series, as reviewed in [45]. Finally, RBD has been documented by
vPSG to be present in 90% of patients with MSA [46]. Prognostic counseling and ethical
issues regarding RBD as prodromal parkinsonism have been addressed in several recent
publications, with expert input from medical ethicists [47–52].

7. Parasomnia Overlap Disorder and Its Comorbidity with PD

When RBD emerges together with an NREM parasomnia, it is designated as the
“Parasomnia Overlap Disorder” (POD) that was formally described and named by our
center in 1997 with a series of 33 cases of RBD combined with a disorder of NREM arousal
(confusional arousals, sleepwalking, and sleep terrors) that emerged either idiopathically
(iPOD) or symptomatically with neurological and other disorders [53]. The mean age at
presentation was 34 + (SD) 14 yrs, and the mean age of parasomnia onset was 15 + 16 yrs
(range 1–66); 70% were males. Although POD is classified as a subtype of RBD in the
ICSD-3 [1], diagnostic criteria for both RBD and a NREM parasomnia must be met in order
to diagnose POD [1].

Since 1997, the literature on POD has grown to more than 150 published cases [54,55],
and now includes appetitive NREM sleep parasomnias (sexsomnia and sleep-related eating
disorder [1]) and Rhythmic Movement Disorder [1]. Additional types and CNS locations
of symptomatic cases have been identified. Also, the mid- to late-life onset of SW is now
known to be associated with PD, as described below, and when there is also coexisting
RBD, then POD is present in PD. In this context, a series of three studies by the Bassetti
group in Bern will be described. The first was a retrospective study that found de novo
sleepwalking in 3.6% (6/165) of consecutive patients with PD [56]. Four of these six
patients with sleepwalking and PD also had video-polysomnography-confirmed RBD, and
thus POD. The second was a prospective questionnaire study of sleepwalking in PD that
found that 9% (36/417) of PD patients reported sleepwalking—including 5% (22/417) with
adult-onset sleepwalking [57]. Moreover, 72% of these 36 patients also had presumed
RBD, and thus presumed POD. The third study [58] performed video-polysomnography
in 30 PD patients from the previous questionnaire study: N=10 (PD + sleepwalking),
N = 10 (PD + presumed RBD), and N=10 (PD + no parasomnia history). Of the 10 PD
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patients with sleepwalking, 8/10 also had RBD, and thus POD. Therefore, PD carries an
increased risk for generalized motor dyscontrol across NREM and REM sleep manifesting
as POD. Finally, an epidemiologic cross-sectional study of 25,694 men from the Health
Professionals Follow-up Study, a population-based cohort of male health professionals in
the United States, searched for probable sleepwalking (prob-Sleepwalking) and probable
RBD (pRBD) using the Mayo Sleep Questionnaire [59]. Significant findings were that 0.9%
had prob-Sleepwalking, 10.6% had pRBD, and 1.0% had PD. After adjusting for potential
confounders, prob-Sleepwalking, pRBD, and combined prob-Sleepwalking/pRBD had
higher odds of PD, with an Odds Ratio (OR) of 4.80 for prob-Sleepwalking; 6.36 for pRBD;
and 8.44 for combined prob-Sleepwalking/pRBD.

8. Antidepressant-Induced RBD: A Neurodegenerative Signal?

Most antidepressants, especially Serotonin-Specific Reuptake Inhibitors and Serotonin-
Norepinephrine Reuptake Inhibitors, and also mirtazapine, tricyclic antidepressants, and
monoamine oxidase inhibitors, can trigger RWA/RBD [60–67]—but not bupropion, a
dopaminergic/noradrenergic agonist. Therefore, unless otherwise contraindicated, bupro-
pion should be the treatment of choice for an RBD patient with clinical depression. In a
provocative study entitled “Antidepressants and REM sleep behavior disorder: isolated
side effect or neurodegenerative signal?” [68], 100 iRBD patients and 45 matched controls
were studied; 27/100 iRBD patients were taking antidepressants and when they were
compared to the controls for the presence of neurodegenerative biomarkers, significant
abnormalities were found in 12/14 of these biomarkers, such as olfaction, color vision,
Unified Parkinson’s Disease Rating Scale II/III score, alternate tap test, systolic blood
pressure drop, mild cognitive impairment, constipation, etc. Presumably, antidepressant
use in these depressed patients already predisposed to RBD and parkinsonism (as indicated
by the robust presence of neurodegeneration markers) accelerated the emergence of RBD.
This calls to mind the pertinent study on RBD-Major Depressive Disorder by the Hong
Kong group described above [42].

9. RBD and Narcolepsy

RBD is present in up to 60% of Narcolepsy type 1 (hypocretin-deficient) patients,
and represents a distinct phenotype of RBD, with gender parity, earlier age of onset than
with iRBD, lower frequency of RBD episodes, less-complex movements during REM sleep,
less-aggressive and -violent RBD behaviors, and a more even distribution of RBD episodes
across all REM epochs compared to iRBD [69]. However, a full understanding of the RBD-
Narcolepsy phenotype is still lacking, as some patients have normal cerebrospinal fluid
hypocretin levels, and also RBD may be found in Narcolepsy type 2 (without cataplexy)
patients [69]. There is no evidence to date that patients with RBD-Narcolepsy are at
increased risk for future neurodegeneration. A biomarker study comparing 17 Narcolepsy
type 1-RBD patients and 30 iRBD patients found that 87% of iRBD patients had positive
skin biopsies for phosphorylated α-synuclein deposits, whereas 0% of Narcolepsy type
1-RBD patients had positive skin biopsies [70]. Therefore, clinicians managing patients
with RBD-Narcolepsy can be confident about the lack of identified risk for these patients to
develop future neurodegeneration.

Furthermore, a vPSG study, with quantitated RWA, explored the psychobehavioral
profile of Narcolepsy type 1 patients with and without RBD compared with healthy con-
trols [71]. The one significant difference found between patients with Narcolepsy type
1 with and without RBD was impaired objective attention in patients with Narcolepsy
type 1-RBD. Also, in patients with Narcolepsy type 1-RBD, RWA was positively correlated
with depression.

10. Treatment of RBD and RBD Differential Diagnosis

The American Academy of Sleep Medicine recently published updated clinical practice
guidelines for the management of RBD [72]. First, a safe sleeping environment must be
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maintained to prevent potentially injurious nocturnal behaviors. Next, recommended
pharmacotherapy for adults with iRBD or with secondary RBD due to a medical condition
includes, as recommended treatments, clonazepam, melatonin (immediate-release), and
pramipexole (for iRBD). The American Academy of Sleep Medicine stated that “these
are “conditional” recommendations and that the clinician should use his/her “clinical
knowledge and experience, and to strongly consider the patient’s values and preferences,
to determine the best course of action”.

The differential diagnosis of RBD (with dream-enacting behaviors) primarily includes
NREM parasomnias, Obstructive Sleep Apnea Pseudo-RBD, Sleep-Related Periodic Limb
Movement Disorder pseudo-RBD, and nocturnal seizures. Further discussion on this impor-
tant topic is beyond the scope of this review, but has been comprehensively addressed [7,73].
Obstructive Sleep Apnea-Pseudo RBD, along with Obstructive Sleep Apnea comorbidity
with RBD and treatment outcomes [74], is currently considered to be “a hot topic” [75].

11. Recent Epidemiologic Data

Two community-based polysomnographic studies, conducted in Switzerland and
Japan, found prevalence rates for iRBD of 1.06% and 1.23%, respectively, in middle-aged
and older adults [76,77]. Furthermore, the Swiss study found an equal gender ratio [76],
in contrast to sleep-clinic-based studies that found male predominance. Therefore, the
literature on RBD being a male-predominant disorder has reflected a sleep clinic gender bias
for middle-aged and older males who had more aggressive and injurious RBD behaviors
that prompted clinical referral, as demonstrated in two large series [78,79].

Epidemiologic studies of RBD from four additional countries deserve mention. A
community-based Korean study of 348 subjects > 60 years old who underwent video-
polysomnography and clinical assessments found a prevalence estimate of 2.01% for total
RBD and a prevalence estimate of 1.34% for iRBD [80]. A community-based primary care
Spanish study of patients > 60 years old who were screened for RBD and who then un-
derwent video-polysomnography found an estimated prevalence of 0.74% for iRBD [81].
Another community-based study of elderly subjects in Arizona, USA, utilizing RBD screen-
ing surveys, without video-polysomnography, found an estimated prevalence of 1.7% for
probable RBD [82]. And a population-based study of patients attending primary care
clinics in Catania, Italy, involving screening instruments followed by clinical interviews
and video-polysomnography, found an estimated prevalence of 3.48% for probable RBD
and an estimated prevalence of 1.18% for definite RBD [83].

12. Concluding Remarks

A number of RBD topics that were not covered in this review due to space limitations
have recently been reported and reviewed [9,75,84]. Some of these topics include RBD
in children, adolescents, and adults under 50 years old; acute RBD; stress disorders and
RBD; gut microbiome dysbiosis in RBD [85]; abnormal activation of motor cortical network
during phasic REM sleep in iRBD [86]; NREM sleep EEG oscillations in iRBD [87]; altered
resting-state thalamo-occipital functional connectivity in iRBD [88]; quantitative actigraphic
assessment of treatment response in RBD [89]; digital biomarkers in RBD [90–92]; machine
learning research in RBD [93,94]; and animal models of RBD [95–98]. In conclusion, RBD
is situated at an important and ever-expanding crossroads of clinical (sleep) medicine,
neurology, and neuroscience.
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