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s u m m a r y

Most people with idiopathic REM sleep behavior disorder (iRBD) have an underlying synucleinopathy,
mainly Parkinson's disease (PD) or dementia with Lewy bodies, with median conversion time of 4
e9 y from iRBD diagnosis and of 11e16 y from symptom onset. Subtle signs and imaging tests indicate
concomitant neurodegeneration in widespread brain areas. Risk factor studies suggest that iRBD patients
may have prior head injury, occupational farming, pesticide exposure, low education level and possibly
more frequent family history of dream-enactment behavior (but not of PD), plus unexpected risk factors
(smoking, ischemic heart disease and inhaled corticosteroid use). Unlike PD, caffeine and smoking
appear not to have a protective role. Prior depression and antidepressant use may be early neurode-
generative signs rather than exclusively causative factors. Age, hyposmia, impaired color vision,
abnormal dopaminergic imaging, mild cognitive impairment and possibly sleepiness, may identify pa-
tients at greater risk of more rapid conversion. The consensus is to generally disclose the neurodegen-
erative risk to patients (with the caveat that phenoconversion and its temporal course remain uncertain
in individuals without “soft neurodegenerative signs” and those under 50 y of age), to suggest a healthy
lifestyle and to take part in prospective cohort studies in anticipation of eventual neuroprotective trials.

© 2016 Elsevier Ltd. All rights reserved.
Introduction

REM sleep behavior disorder (RBD) is a parasomnia characterized
by violent behaviors during REM sleep, usually corresponding to
enacted nightmares and dreams, that may injure the patients and
their bed-partners or disturb sleep [1]. RBD is associated with
abnormally enhanced muscle tone during REM sleep. The diagnosis
requires a medical history (ideally including the bed-partner, as
some behaviors are unknown to the patient), a neurological exam-
ination and video polysomnography (including chin and limb elec-
tromyography) to document abnormal behaviors (gesturing with
eye closed, often kicking and boxing, vocalization, yelling or
speaking) and/or an excess of muscle activity during REM sleep [2].
u sommeil, Hôpital Piti�e-Sal-
dex 13, France. Fax: þ33 1 42
Polysomnogrammay also help exclude othermimicking disorders in
the differential diagnoses of RBD, including NREM parasomnias,
REM sleep-associated severe apnea, periodic leg movement disor-
ders, nocturnal confusions, seizures, non-pathological dream
enacting behaviors and dissociative disorders. The prevalence of
RBD is estimated to be 0.5e2% of the population aged 60 years or
older, with 1.15% having idiopathic RBD [3], and up to 6.8% of those
older than 70 years having probable RBD [4]. If not associated with
other obvious neurological or psychiatric diseases, it is named
“idiopathic RBD”. RBD can be also associated with neurodegenera-
tive (including Parkinson disease [PD], dementia with Lewy bodies
[DLB] and multiple system atrophy), auto-immune (narcolepsy,
Guillain-Barre syndrome, limbic encephalitis, Morvan syndrome) or
structural entities [5]. The suspectedmechanism of RBD is a lesion of
the REM sleep atonia system, which is located in the pontomedul-
lary brainstem [6]. The behavioral disorder is alleviated with treat-
ments such as melatonin or clonazepam. Mounting evidence
indicates that most patients with idiopathic RBD (iRBD) will
eventually develop a neurodegenerative disorder (mostly a
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Abbreviations

DAT dopamine transporter
DLB dementia with Lewy bodies
DTI diffusion tensor imaging
FMT [18F] fluoro-meta-tyrosine
[123I]-FP-CIT I123-2beta-carbomethoxy-3beta-(4-

iodophenyl)-N-(3-fluoropropyl) nortropane
iRBD idiopathic REM sleep behavior disorder
IRBDSG international RBD study group
MCI mild cognitive impairment
MDS movement disorder society
MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
MRI magnetic resonance imaging
PET positron emission tomography
PD Parkinson’s disease
RBD REM sleep behavior disorder
RR relative risk
SPECT single photon emission tomography
UPDRS united Parkinson’s disease rating scale
VBM voxel-based morphometry
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synucleinopathy). This latency period provides an exceptional time
window to observe how the symptoms develop and potentially
intervene to modify the course of neurodegeneration. In this review,
we will examine the clinical, neurophysiological and imaging
markers of neurodegeneration observed in iRBD patients. We will
compare the environmental and lifestyle factors that are protective
or detrimental in iRBD using case-control studies and compare them
with what is known in PD, in order to potentially suggest lifestyle
changes for reducing one's risk when affected by iRBD. Finally, we
will discuss ethical issues and various clinical attitudes and ap-
proaches raised by the deleterious outcome of iRBD.

Neurodegenerative signs in idiopathic RBD

The term idiopathic denotes a disease or condition the cause of
which is not known or that arises spontaneously. Ferini-Strambi
proposed to replace the term idiopathic with cryptogenic when
referring to RBD given its strong association with neuro-
degeneration. In fact, the pathological mechanism underlying RBD
in humans has not been fully elucidated yet. However, experi-
mental animal models suggest that a specific breakdown of the
brainstem network responsible for REM sleep atonia causes RBD
[6]. Moreover, a recent post-mortem neuropathological study
found neuronal loss and Lewy pathology (a-synuclein-containing
Lewy bodies and Lewy neurites) in the brainstem nuclei that
regulate REM sleep atonia in iRBD patients who developed a
neurodegenerative disease [7], a finding corroborated by in vivo
imaging evidence of neuronal damage in the dorsal pontine area
[8e10]. Nevertheless, a definite causality of RBD in humans remains
unknown, thus, the term idiopathic (or cryptogenetic) appears to be
still adequate for a patient with RBD without neurological signs.
However, several subtle symptoms and signs of neurodegeneration
can be found in iRBD patients, with concomitant alteration in
various systems and brain areas. Themain literature data are briefly
reported below and summarized in Table 1.

Dopaminergic system

Dopaminergic system integrity has been repeatedly evaluated in
RBD. Earliest studies with [11C] dihydrotetrabenazine positron
emission tomography (PET) [11] and N-((E)-3-iodopropen-2-yl)-2
beta-carbomethoxy-3 beta-(4-chlorophenyl) tropane single photon
emission tomography (SPECT) [12], as markers of dopamine intra-
cellular vesicular transporter or dopamine transporter (DAT)
availability, respectively, have shown decreased nigro-striatal
dopaminergic functioning in iRBD patients compared with
healthy subjects. Moreover, the integrity of postsynaptic D2 re-
ceptors, studied by [123I] iodobenzamide SPECT in iRBD patients,
showed no difference with controls [12]. Furthermore, a recent
high-fieldMRI study found a loss of dorsolateral nigral signal in two
thirds of iRBD subjects [13]. Taken together, these findings suggest
the presence of substantia nigra pathology in iRBD patients. Sub-
sequent studies have confirmed the presence of nigro-striatal
dopaminergic deafferentation in iRBD patients using other DAT
markers, such as iodine 123I radiolabeled 2beta-carbomethoxy-
3beta-(4-iodophenyl)-N-(3-fluoropropyl) nortropane ([123I]-FP-
CIT) SPECT [14e16] and [18F] fluoro-meta-tyrosine (FMT) PET [17].
Only a subset (30e50%) of RBD patients has defined presynaptic
dopamine denervation, consistent with the hypothesis that sub-
stantia nigra degeneration is relatively late in prodromal PD.
Moreover, a recent [123I]-FP-CIT-SPECT study showed that iRBD
patients exhibited more severe nigro-caudate dopaminergic deaf-
ferentation than PD patients without RBD but comparable to that in
PD patients with RBD [18]. This finding suggests that a specific
neurodegenerative anatomy underlies RBD in PD patients.

Pathologic hyperechogenic substantia nigra transcranial sonog-
raphy has been repeatedly found in iRBD patients [19e21]. How-
ever, studies have found no correlation between the degree of
echogenity and both striatal FP-CIT on SPECT imaging and FMT
uptake on PET imaging. This could be explained by the different
pathological correlates of the two techniques. Transcranial sonog-
raphy hyperechogenity is thought to reflect increased substantia
nigra iron content, while DAT radionuclide neuroimaging assesses
nigro-striatal dopaminergic functioning. Unlike DAT imaging, sub-
stantia nigra echosignal does not change with disease progression,
and cannot be used to track progression of iRBD. Thus, substantia
nigra transcranial sonography could represent a ‘state’ (or risk)
marker, whereas DAT imaging is a disease severity marker.

Non-dopaminergic systems

Along with dopaminergic impairment, a complex interplay of
cholinergic, serotonergic, noradrenergic, and other neurochemical
systems is suspected to be involved in RBD pathogenesis [5]. An
impairment of the cholinergic projection systems in the pontine
tegmentum and basal forebrain complex, as evaluated by [11C]
methylpiperidynl propionate PET, has been found only in PD pa-
tients who have associated RBD [22]. However, a recent neuro-
pathological study found no difference in brainstem cholinergic
nuclei between Lewy body disease patients with or without RBD,
but this may be a floor effect because these nuclei are severely
affected [23]. However, the cholinergic nucleus basalis of Meynert,
dorsal motor nucleus of the vagus and colonic myenteric plexus are
severely affected in iRBD [7,24]. Thus, cholinergic deficits in iRBD
seem restricted to the cortex, basal forebrain, medulla oblongata
and myenteric plexus.

Serotonergic raphe complex neurons are degenerated in PD,
even in an early stage of the disease. Since both clinically overt RBD
and isolated polysomnographic REM sleep without atonia (without
dream enactment) are associated with the use of antidepressants,
especially serotonin reuptake inhibitors [25], the serotonergic
system could be suspected to play a role in RBD pathophysiology.
However, the serotonergic system does not appear to be func-
tionally altered in RBD, regardless of whether patients have PD [22]
or iRBD [26].



Table 1
Signs of neurodegeneration in patients with idiopathic RBD vs. controls.

Signs and symptoms Putatively altered structure Results of other tests/biomarkers

Extrapyramidal motricity
Subtle reduction of motor abilities

(motor tests, UPDRS) [10,47]
altered voice and face akinesia

Dopaminergic nigro-striatal system Reduced dopaminergic transmission in PET [11,17] and SPECT imaging [12,14
e16,18,21,98]; impaired nigro-cortical connectivity in fMRI [32]; abnormal white
matter in right substantia nigra using DTI MRI [8]; abnormal transcranial sonography of
substantia nigra [19e21]

Subtle posture and gait changes
[99]

Brainstem cholinergic system Reduced midbrain gray matter [9], but same number of cholinergic neurons in the
pedunculopontine nucleus in brains of DLB patients with and without RBD [23]

Cognition
Impaired cognitive tests [35,36];

mild cognitive impairment
[39,40]

Cortex, thalamus, temporal and
frontal lobes; cholinergic system

Reduced EEG activation in spectral analysis [28,42]; impaired brain glucose metabolism
in PET imaging [30,31]; reduced cortical thickness in corticometry [33]; microstructural
changes in the anterior thalamic radiation and temporal lobe [8]; reduced amount of
acetylcholinesterase in posterior cortex in PET imaging in PD with RBD [22]; increased
gray matter density and glucose utilization in hippocampus [9]

Sleep
Imperfect abolition of muscle tone

during REM sleep (the hallmark
of RBD)

Subcoeruleus nucleus in the pons Reduced gray matter in pons using VBM imaging [9], and white matter on DTI [8];
reduced signal in the coeruleus/subcoeruleus complex on neuromelanin MRI [10].
Severe neuronal loss and Lewy pathology in the coeruleus/subcoeruleus complex [7,23]

Excessive daytime sleepiness [65] Arousal systems Altered DTI in the fornix in MRI [8]; neuronal loss and Lewy pathology in the raphe
nucleus, hypothalamus, nucleus basalis of Meynert and coeruleus/subcoeruleus
complex [7]

Olfaction
Hyposmia [10,16,47,50] Olfactory bulb Abnormal white matter in olfactory regions on DTI [8]; severe Lewy pathology in the

olfactory bulb [7]
Color vision
Reduced color vision [16,47,50] Dopaminergic retinal neurons;

visual/associative cortex
Changes in right visual stream in DTI in MRI [8]

Autonomic function
Reduced heart rate variability

[43,44]
Orthostatic hypotension [10,47]

Dorsal motor nucleus vagal nerve
(cholinergic)

Severe neuronal loss and Lewy pathology in the dorsal motor nucleus vagal nerve [7]

Peripheral noradrenergic nerves Cardiac scintigraphic imaging [27]

Constipation [47,48] Enteric nervous system
(cholinergic)

Phosphorylated alpha-synuclein positive neuritis in some colonic biopsies [24]

Erectile dysfunction [47,48] Intermediolateral cell columns,
hypothalamus dopaminergic
output

Moderate neuron loss and Lewy pathology in the intermediolateral cell columns [7]
Reduced dopaminergic transmission from the substantia nigra

Urinary dysfunction [47,48] Substantia nigra and ventral
tegmentum area dopamine
neurons, dorsal vagal motor
nucleus, intermediolateral cell
columns

Moderate neuron loss and Lewy pathology in the intermediolateral cell columns [7]
Reduced dopaminergic transmission from the substantia nigra; severe neuronal loss and
Lewy pathology in the dorsal motor nucleus vagal nerve (cholinergic) [7]

Psychological changes
Depression [68]
Higher harm avoidance [47,48]
Higher anxiety levels [10]

Dopamine and serotonin systems,
amygdala, cortex

Intact serotonergic system in PET [22] and SPECT [26] imaging; neuronal loss and Lewy
pathology in the amygdala [7]

DLB: Dementia with Lewy bodies; DTI: diffusion tensor imaging; fMRI: functional magnetic resonance imaging; PET: positron emission tomography; RBD: rapid eye
movement sleep behavior; REM : rapid eye movement; SPECT: single-photon emission computed tomography; UPDRS: united Parkinson's disease rating scale; VBM: voxel-
based morphometry.
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Peripheral noradrenergic depletion by [123I]-meta-iodo-
benzylguanidine (MIBG) myocardial SPECT is often found in pa-
tients with Lewy body diseases such as PD and DLB, and it has been
related to alpha-synuclein aggregates accumulation in cardiac tis-
sue. Low MIBG uptake has been found in iRBD patients [27].

Cortical functioning

Impaired cortical activation, as evaluated by EEG during both
wakefulness and REM sleep, has been found in iRBD patients [28].
During wakefulness, iRBD patients showed increased low-
frequency power, decreased high-frequency power and reduced
dominant occipital frequency [28]. Moreover, resting EEG slowing
in iRBD patients occurs especially in those with mild cognitive
impairment (MCI). This is consistent with findings that slowing of
the resting EEG also relates to cognitive impairment in PD and that
slowing of the waking background, especially of the dominant oc-
cipital frequency is seen in DLB more so than in Alzheimer disease
[29]. Therefore, the EEG findings in iRBD may represent a sign of
cortical, Lewy body-linked neurodegeneration.
PD is associated with a specific brain metabolic pattern char-
acterized by hypometabolism in the lateral premotor and posterior
parietal cortical regions associated with relative increased pallido-
thalamic and pontine metabolism. This pattern has also been found
in iRBD patients by means of [18F]-fluoredeoxyglucose PET. More-
over, conversion to PD or DLB was predicted by the presence of the
PD-related metabolic pattern [30]. Recently, similar studies have
suggested the presence of a specific RBD-related brain metabolic
pattern [31], characterized by decreased activity in occipital and
superior temporal regions, with increased activity in pons, thal-
amus, medial frontal and sensorimotor areas, hippocampus,
supramarginal and inferior temporal gyri, and posterior cere-
bellum. This pattern partially overlaps the PD-related metabolic
pattern.

Available data about functional connectivity in iRBD are still
limited. An impaired nigrostriatal functional connectivity has been
found in iRBD patients by means of resting state blood oxygen
level-dependent functional magnetic resonance imaging [32].
Moreover, an altered nigrocortical connectivity between substantia
nigra and occipital regions was also found in iRBD patients [32].
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These findings are in agreement with both DAT and metabolic
imaging studies in iRBD.

Structural neuroimaging

Early MRI studies on iRBD patients using voxel-based
morphometry (VBM) and diffusion-tensor imaging (DTI) have
shown gray matter abnormalities, mostly in the pontomesence-
phalic brainstem [9], and microstructural white matter changes in
several cortical and subcortical regions, including the brainstem,
the substantia nigra and the olfactory regions [8]. Recently, sub-
stantial abnormalities in gray matter thickness in the frontal and
posterior cortical regions have been found in iRBD patients [33].
These findings are in agreement with the MRI findings in both PD
and DLB patients.

Interestingly, iRBD patients also showed altered neuro-
melanin MRI signal in the coeruleus/subcoeruleus complex [10].
The locus subcoeruleus is involved in the control of atonia during
REM sleep [6]. Signal intensities in the coeruleus/subcoeruleus
complex were decreased in iRBD patients [10], and also corre-
lated with the percentage of REM sleep without atonia in PD
patients with RBD [34]. This is particularly relevant because the
altered neuromelanin MRI signal in locus subcoeruleus could
represent not only a sign of neurodegeneration specific to RBD,
but, more intriguingly, perhaps a marker that can indicate the
underlying anatomical cause of REM sleep atonia loss and RBD in
humans.

Neuropsychological functioning

Several cross-sectional studies have found reduced cognitive
performance in patients with iRBD. The most affected cognitive
domains are attention/executive functions and verbal/non-verbal
memory [35], although studies additionally reported decreased
visuospatial/visuoperceptive abilities [36]. Visual short-term
memory deficits in iRBD mirror those in PD [37]. This cognitive
profile is in agreement with the profile found in DLB and PD de-
mentia, which typically exhibit prominent visuospatial and exec-
utive deficits [38] (although the cognitive profile of PD with mild
cognitive impairment is heterogeneous, including executive,
memory, and/or visuospatial impairment). Patients with IRBD may
possibly develop mild cognitive impairment, most commonly non-
amnestic mild cognitive impairment with impaired executive
functions and attention [39,40]. Among iRBD patients, those with
mild cognitive impairment have decreased cerebral blood flow in
posterior cortical regions [41] and more marked EEG slowing
[41,42] features common in PD with mild cognitive impairment, PD
dementia and DLB. Thus, the presence of cognitive impairment and
mild cognitive impairment in iRBD patients could represent an
early sign of neurodegeneration.
Table 2
Rate of conversion among patients with iRBD in longitudinal studies.

Authors Country N of subjects
(% men)

Age at IRBD diagno

Schenck et al., 2013 [60] USA 29 (100%) 64.4 ± 5.8 y

Iranzo A et al., 2014 [61] Spain 174 (78.2%) Median 69 y (Rang
Postuma et al., 2015 [63] Canada 89 (73%) 66.9 ± 9.3 y
Wing et al., 2012 [64] China Hong Kong 91 (82.4%) 65.5 ± 9.9 y
Youn et al., 2015 [36] Korea 84 (69%) 65.5 ± 6.7 y
Arnulf et al., 2015 [65] France 75 (82.7) 68.5 ± 6.8 y

RBD: rapid eye movement sleep behavior disorder; USA : United States of America.
a Time when 50% of the cohort has converted to parkinsonism or dementia.
Autonomic functioning

Autonomic dysfunction is frequent in synucleinopathies, often
preceding motor symptoms in PD. Cardiac autonomic dysfunction
has been found in iRBD patients during both sleep and wakefulness
[43e45]. A recent study suggested that the autonomic dysfunction
in iRBD is predominantly linked to adrenergic and cardiovagal
functioning, rather than sudomotor cholinergic dysfunction [46].
These findings are in agreement with previous MIBG-scintigraphy
studies showing cardiac sympathetic denervation in iRBD [27].
Whether the cholinergic system is also abnormal remains to be
elucidated.

Patients with iRBD have also constipation, erectile dysfunction
and urinary dysfunction symptoms [47,48]. Even if autonomic
dysfunction in iRBD patients are intermediate between controls
and PD patients, they appeared to be more linked to RBD than PD
[47], suggesting an RBD-linked specific phenotype.

Sensorial functions

Hyposmia is probably the most frequent PD non-motor symp-
tom, affecting up to 90% of PD patients. Moreover, according to the
movement disorder society (MDS) research criteria for prodromal
PD, it is the second most powerful clinical non-motor risk marker,
after the presence of RBD [49]. Olfactory functioning, as evaluated
by different modalities, has been found impaired in iRBD patients
[16,47,50]. In the general population, olfactory dysfunction alone
has a low specificity for predicting PD, but still likely represents an
important clinical sign of neurodegeneration in iRBD patients. Co-
lor vision is also altered in iRBD patients and is correlated with both
olfaction and cognitive impairment [47].

REM sleep without atonia

Polysomnographic REM sleep without atonia (RSWA) is the
neurophysiologic substrate of RBD and is requisite for its diagnosis,
exceptwhen REM sleep is not obtained during a PSG recording, or is
unavailable or too expensive (i.e., in resource poor practice settings,
or in large scale epidemiologic studies, for example) [1]. However,
in the authors' opinion, polysomnography is mandatory for iRBD
diagnosis. RSWA may be identified qualitatively by experienced
sleep specialists, or can be quantitatively defined by visual or
automated methods [2,51e53]. Visually identified epochs with
RSWA may be considered as excessive phasic/transient (shorter
bursts of muscle activity) or tonic (sustained background elevation),
as well as “any” (either phasic or tonic). Several quantitative
methods have been advanced and defined diagnostic cut-offs for
RBD. Currently, there is no universally accepted standard although
the best validated techniques have been the sleep Innsbruck Bar-
celona, Montreal, and automated REM atonia index [2,52,53]. The
sis Follow-up time Median conversion time from iRBD diagnosis to
parkinsonism/dementiaa

16 y Not reported, but 82% converted after a median
14.2 ± 6.2 y since RBD onset

e: 50e85) Median 4 y seven years
5.4 ± 2.9 y 5.5 years
5.6 ± 3.3 y nine years
4.1 ± 2.1 Between six and seven years
Median 3 y six years
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American Academy of Sleep Medicine (AASM) visual method de-
rives from the Montreal method, but uses an alternative approach
to score 30 s epochs positive or negative according to whether five
or more 3-s mini epochs contain abnormal phasic muscle activity
bursts [54]. Enhanced chin muscle tonic/phasic tone seems the
easiest way of detecting RBD, whereas upper limbs phasic muscle
tone (not available in all sleep laboratories) seems more specific. In
addition to underlying clinical RBD when dream enactment is
present, RSWA may also be present as an isolated or incidental
finding during polysomnography, and enhanced phasic (but not
enhanced tonic) RSWA is present in 25% of the general population
without symptoms or signs of dream enactment [55]. As an isolated
finding RSWA appears to be most frequent in older men and those
receiving antidepressant medications [25]. There are several lines
of evidence suggesting that RSWA is a candidate biomarker for
underlying neurodegeneration: first, in a recent study, 10 of 14
(71.4%) patients with isolated RSWA had neurodegenerative bio-
markers [56]. Second, RSWA is associated with signs of more severe
neurodegenerative impairments including gait freezing and
cognitive impairment; and finally, RSWA is progressive over time in
idiopathic RBD [57]. Isolated RSWA has prognostic significance, as a
recent study from the Innsbruck group demonstrated that 7% of
those with initially isolated RSWA later evolved to clinically overt
RBD [56]. To date, relative to clinical and neuroimaging methods,
the exploration of quantitative RSWA as a biomarker has received
less attention, probably given the time consuming and tedious
nature of visual scoring, the “gold standard” for RSWA determina-
tion. However, given evolving automated RSWA scoring methods
and cross-validation of automated to visual methods, there is po-
tential for expanded application of RSWAmethods that may further
clarify its value as a biomarker for underlying synucleinopathy.

Markers of neurodegeneration

Several clinical, neuroimaging and neurophysiological signs of
neurodegeneration have been found in iRBD patients, suggesting an
incipient synucleinopathy. Among all the clinical and neurophysi-
ological methodologies evaluated, quantitative RSWA is the only
validateddiagnostic technique and appears to be themost attractive
marker for disease progression. The only imaging method thus far
specifically related to REMatonia loss andRBDpathogenesis per se is
neuromelaninMRI signal intensity loss in the coeruleus/subcoeruleus
complex. The recent findings of a-synuclein deposits in gastroin-
testinal tract and in submandibular glands has raised a considerable
enthusiasm [24,58], as this is the first histological proof that these
iRBD patients have a synucleinopathy. However, to translate candi-
date biomarker data toward informing phenoconversion risk prog-
nostic stratification in clinical practice and determining appropriate
candidates for participation in possible neuroprotective treatment
trials, rigorous validation of proposed biomarkers todetermine their
maturity and independent value needs to be done in large multi-
center prospective cohort studies (i.e., incidental Lewy body disease
has a prevalence of 15% in the general population).

In the oncology field, a formal structure to guide the develop-
ment of biomarkers has been proposed [59], with five stages that
each biomarker needs to pass through before it can be considered a
valid and useful tool in clinical practice. These stages include phase
1 (preclinical, exploratory, with promising directions identified),
phase 2 (clinical assay and validation, when clinical assay detects
established disease), phase 3 (retrospective, longitudinal, when
Fig. 1. Risk factors in idiopathic RBD (iRBD) vs. controls. Odd ratios (x axis, logarithmic scale)
study group [66e68]. Mean odd ratios (squares) and 95% confidence intervals (horizontal lin
squares) and protective (green squares) towards iRBD.
biomarkers detect disease early before it becomes clinical; a
“screen positive” rule is defined), phase 4 (prospective screening,
when extent and characteristics of disease are detected by test and
the false referral rates are identified), phase 5 (disease control,
when the impact of screening on reducing the burden of disease on
the population is quantified). The stages are designed in a manner
that earlier phases are aimed to define which and how biomarkers
are to be used. Subsequently, the later phases are aimed to confirm
the maturity of the biomarkers in terms of diagnosis, prognosis and
drug efficacy monitoring. The same framework is now being
adapted to Alzheimer disease, to be used in patients with mild
cognitive impairment as a recognized prodromal Alzheimer disease
stage. In order to fully achieve all the five stages, extensive longi-
tudinal, prospective and multicentric studies are needed, prior to
disease-control studies when disease-modifying therapies would
be available. However, an effort in evaluating the maturity of the
existing biomarkers to be used in iRBD patients should be
encouraged. Therefore, some key questions remain: what is the risk
of neurodegeneration in RBD, and how can the markers help us
stratify the risk?

Quantify the neurodegenerative risk in iRBD

Several prospective studies have been conducted in iRBD pa-
tients to evaluate the risk of developing aneurodegenerative disease
(Table 2). Schenck et al. initially reported that 38% of iRBD patients
developed a parkinsonism syndrome after a mean 3.7 years since
RBDonset [60]. Subsequent follow-upof this cohort found that81.9%
eventually developed a neurodegenerative disorder, including PD,
DLB and multiple system atrophy, with a mean interval from RBD
symptom onset of 14.2 ± 6.2 y [60]. This has been confirmed in
several other international cohort studies based at sleep centers,
with the estimated-risk ranging from 17 to 33.1% at 5 y, 40.6e75.7%
at 10 y, 52.4% at 12 y and 90.9% at 14 y [61,62]. The conversion
diagnosiswas almost equally divided into PD andDLB, with patients
more rarely converting to multiple system atrophy. In these centers
(Table 2), themedian conversion time (i.e., 50% of the cohort having
converted in the Kaplan Meier analysis) ranges from 5 to 9 y, with
relatively similar values among groups (the latency from RBD
symptomonset has ranged from11 to 16 y) [36,61,63e65]. Although
measuring conversion from RBD onset rather than from RBD diag-
nosis may be of more interest, since RBD diagnosis is dependent on
awareness of the disease by population and physicians and avail-
ability of expert sleep centers. However, RBD symptom onset is a
“softer” measure subject to recall bias and possible confusion with
NREM parasomnias and other nocturnal events.

Assessing risk factors for iRBD

The international RBD study group (IRBDSG) studied the risk
factors for iRBD using a common standardized questionnaire in
more than 300 patients with iRBD matched to controls from the
same centers (Fig.1) [66e68]. These datamostly rely onmulticentric
studies. However, a relatively limited sample (n ¼ 350) of patients
has been used and some results have not yet been replicated.

Family risk and genetics

Patients with iRBD were more likely to report a family history of
dream-enactment behavior, even without reported family history
were obtained via a case-control large, multicentric study led by the international RBD
es) indicate that is a given factor is significantly deleterious (red squares), neutral (black



Fig. 2. Sour-sop fruit (between bananas and tomatoes). Sour-sop is a tropical fruit
(included in several tropical fruit juices) containing an annonacin, which has been
strongly associated with the development of Guadeloupean parkinsonism, including
premorbid RBD.
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of PD or dementia (unlike PD) [67]. A multiplex iRBD family was
recently identified [69]. The 4-times higher association of possible
RBD in the same family (even if determined by proxy in iRBD pa-
tients [67]) prompted the IRBDSG to collect DNA and perform
genome-wide analysis in iRBD patients and patients with PD plus
RBD. A C9orf72 mutation (known in familial amyotrophic lateral
sclerosis and fronto-temporal dementia) was found in 2/344 pa-
tients with iRBD [70]; this appears to be a highermutation rate than
in controls, but definitive evaluation is not possible. In a similar
study, nine genetic loci associated with PD were tested in iRBD vs.
controls: two of them, SCARB2 (odd ratio: 0.67) et MAPT (odd ratio:
0.47) were important in iRBD [71]. Of potentially more significance,
mutations in the GBA gene (encoding for the enzyme glucocere-
brosidase) were more frequent in iRBD (10%) than both PD (4.6%)
and control (1.3%) groups [72]. Taken together, these results suggest
that the phenotype of iRBD (i.e., the sequence starting with iRBD
and converting towards PD or DLB) may have genetic susceptibility,
even if definite familial aggregation for RBD is still a matter of
debate. Alternatively, it may be that RBDmarks a subtype of disease
regardless of when it appears; for example, studies have found that
RBD is a strong risk factor for dementia and autonomic dysfunction
in PD [73].

Toxic exposure, occupation and lifestyle

Like PD, RBD was associated with prior head injury, farming as
occupation and pesticide exposure. Like DLB, RBD was associated
with low education level (Fig. 1) [66]. There was also a positive
association between RBD and comorbid depression, antidepres-
sant use, ischemic heart disease as well as corticoid use (mostly
inhaled steroids) [68]. In contrast, nothing was found protective,
except for a borderline inverse correlation with hypertension.
Depression and constipation may be early signs of neuro-
degeneration rather than potentially causative risk factors. Anti-
depressant may both treat prodromal depression and trigger early
RBD via their direct enhancing effect on REM muscle tone and
dreaming activity. Of note, iRBD patients unlike PD and DLB had no
reduction in caffeine use and had an increased likelihood of
smoking [66]. There were no protective or deleterious effects of
hypercholesterolemia, use of statins and anticoagulant/antiplatelet
drugs, rural living and drinking well water, drinking tea, alcohol,
using vitamins, being obese, or having diabetes or thyroid prob-
lems. Many risk factors (high consumption of dairy products,
saturated and animal fat) and protective factors (exercise, high
urate levels, Mediterranean diet) in PD have not yet been tested in
iRBD. However, there is indirect evidence that high urate levels
may associate with lower risk, as in 24 patients with iRBD, higher
levels of plasma urate were associated with a longer duration of
RBD without converting to PD [74].

Of interest, RBD is extremely frequent (up to 80% of patients
affected) in Guadeloupean parkinsonism, and precedes parkin-
sonism is one third of the patients [75]. Guadeloupean parkin-
sonism is an atypical, levodopa-resistant form of parkinsonism,
related to consumption of sour-sop, a tropical fruit containing
annonacin (Fig. 2). Annonacin is a poison to mitochondrial respi-
ration and induces animal parkinsonism. The fruit sour-sop is
commonly eaten in tropical areas (the tree is part of many gardens),
its juice is drunken alone or mixed inmulti-fruit tropical juices, and
leaves are part of herbal teas used in local pharmacopeia, some-
times to calm children. The animal model of annonacin-induced
parkinsonism appears to be equivalent to human consumption of
one fruit a day over one year. As a consequence, in patients with
iRBD coming from tropical areas around the world, it seems
important to inquire for sour-sop consumption and recommend
stopping it [75].
Quantifying risk factors for neurodegeneration in iRBD

Some concomitant signs seem to identify patients at higher risk
of more rapid conversion. In the Canadian prospective cohort, the
risk of developing parkinsonism/dementia was higher when pa-
tients had reduced olfaction or color vision at the time of iRBD
diagnosis [76]. In the same cohort, patients with RBD associated
with use of antidepressants were somehow protected from rapid
conversion to parkinsonism/dementia, although they had
concomitant subtle signs of neurodegeneration, suggesting that
antidepressants may have triggered earlier presentation of RBD
status [77]. In a French retrospective study, patients with Epworth
sleepiness scale scores greater than or equal to eight at the time of
iRBD diagnosis converted more rapidly than those with scores
lower than eight, when time of conversion was measured from
iRBD onset [65]. This study needs to be replicated in a prospective
design. Moreover, both neuropsychological testing [78] and DAT
imaging [14] have shown worsening over time in iRBD patients,
possibly suggesting a link to short-term conversion. Indeed, 6/8
convertors had abnormal DAT scans [14].

As a second step in the IRBDSG multicenter study, the risk fac-
tors for neurodegeneration present at study entry were re-
evaluated after a minimum of three years in the iRBD patients
who had completed the initial epidemiological questionnaire. Pa-
tients with iRBD had a risk to develop defined neurodegenerative
disease (PD, DLB or multiple system atrophy) of 25% at 3 y and of
41% after 5 y [63]. Patients who converted were older, had a lower
likelihood of pesticide exposure, were more likely to report family
history of dementia and showed increased motor and autonomic
symptoms [63]. Based upon this study, there was no clear evidence
that changing habits or lifestyle affected outcome. However, the
study only assessed a limited set of factors; of note, the effect of
regular exercise has not been studied. Note that older agewas a risk
factor for more rapid conversion in the large common series, but
not in a smaller series.

In 2012, a systematic review and meta-analysis showed that, in
the general population, the strongest risk factors associated with
later PD diagnosis were a family history of PD or tremor, a history of
constipation, and lack of smoking history [79].

Recently, theMDS proposed research criteria for the diagnosis of
prodromal PD [49]. These criteria are based on baseline pre-test
probability of prodromal disease delineated based upon age,
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combined with the presence/absence of specific risk markers. The
baseline probability is defined according to the estimated age-
adjusted prevalence of prodromal PD, given no diagnostic testing
information. Then, the final probability is computed by adding the
likelihood ratios (LRs) of those risk markers that have obtained
prospective evidence documenting ability to predict clinical PD
[49] diagnostic test are computed for those risk factors that have
direct prospective evidence as being true risk factors or prodromal
markers for PD, andwhich were considered sufficiently powerful to
contribute meaningfully to probability estimation [49]. PSG-proven
RBD was the single marker with the highest LR (LR ¼ 130), more
than ten times higher than any other clinical marker (even the
highest rated biomarker, dopaminergic imaging, had a lower LR, of
40). A final estimated probability of prodromal PD can be computed
by combining the baseline probability and the LRs in individual
subjects.

These LR estimates can also be used to estimate the probability
of an individual RBD patient having prodromal PD, as illustrated in
Fig. 3. The MDS proposed a probability cut-off of 80% to define
prodromal PD. It is intriguing to note that, starting from an age of 75
years, iRBD patients have a baseline probability already beyond the
80% cut-off, even without knowing any other results of testing.
Obviously, all relevant information should be collected in an indi-
vidual patient, to determine the personalized probability. For
example, if an iRBD patient has no sub-threshold parkinsonism
(defined as UPDRS > three excluding action tremor or MDS-
UPDRS > six excluding postural and action tremor), the age-
dependent probability substantially decreases, remaining under
the 80% cut-off for each 5-y interval (Fig. 3) (although documen-
tation of other abnormalities can push probability again above
threshold). On the other hand, if an iRBD patient has clear dopa-
minergic impairment (<2SDs below normal) on PET and/or SPECT
Fig. 3. Estimated prodromal PD risk in iRBD patients, according to 5 years age intervals. The r
using for examples when subtle parkinsonism is absent (green curve) and when there is a
subtle parkinsonism: 27% (95% CI 25e28) from ages 50 to 54; 41% (95% CI 40e43) from ages
69; 70% (95% CI 69e71) from ages 70 to 74; 77% (95% CI 76e78) from ages 75 to 79; and 79%
(95% CI 90e98) from ages 50 to 54; 98% (95% CI 94e99) from ages 55 to 59; 98% (95% CI 96e
from ages 70 to 74; 99% (95% CI 98e100) from ages 75 to 79; and 100% (95% CI 98e100) a
disease; RBD: Rapid eye movement sleep behavior disorder.
imaging, the estimated probability dramatically increases to well
over 90% (Fig. 3).

Although the criteria were designed for PD, many of the LRs in
the MDS study [49] may also apply to DLB. In fact, most RBD pa-
tients who develop DLB also meet the MDS-PD criteria. Moreover,
the risk factors for conversion to PD or DLB are very similar in iRBD
patients, suggesting a unique condition from an epidemiological
standpoint [63]. Thus, the obtained LRs should cover the most
frequent neurodegenerative diseases following iRBD. Therefore, in
the present review, we chose to use the MDS LRs because they have
been obtained from a systematic literature review aimed at
developing international criteria that, although they have been
proposed for research purpose, should represent the most widely
accepted data in the scientific community.

Once a diagnosis of prodromal PD has been made in an iRBD
patient, one still does not know when a patient will convert to
defined neurodegeneration. Further stratification of markers can
help define this as well. For example, in one cohort, the presence of
defined mild motor dysfunction implied a 3-y conversion rate up to
62.5% (compared to less than 15% with normal exam), and olfactory
loss was associated with a 44% conversion rate [63]. It would be of
considerable interest to see if this can be refined further with other
biomarkers.
Is it possible to minimize the risk?

The cause of synucleinopathies is as yet incompletely under-
stood. PD and other synucleinopathies arise from an interaction
between genetic and environmental factors. Mendelian pattern of
inheritance accounts for less than 10% of cases, while in the
remaining cases genetic susceptibility and environmental factors
that mediate mitochondrial or autosomal-lysomal autophagy
isks are calculated using Berg et al., 2015 as a general baseline probability (black curve),
dopaminergic functional impairment in DAT scan (red curve). Estimated risks without
55 to 59; 53% (95% CI 52e55) from ages 60 to 64; 65% (95% CI 64e67) from ages 65 to
(95% CI 78e80) age 80 and over. Estimated risks with dopaminergic impairment: 95%
99) from ages 60 to 64; 99% (95% CI 97e100) from ages 65 to 69; 99% (95% CI 97e100)
ge 80 and over. CI: confidence interval, DAT : dopamine transporter; PD: Parkinson's
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system dysfunction, inflammation, endoplasmic reticulum stress,
or even prion-like infectionmight interact to cause the disease [80].
Since iRBD represents a heralding symptom of impending neuro-
degeneration, it offers a precious window during which risk mod-
ifiers and neuroprotective drugs might have room to delay or avert
phenoconversion to overt PD, DLB, or multiple system atrophy. In
this view, to recognize possible environmental modifiers is pivotal.

Since the groundbreaking observations of young individuals
who developed an acute parkinsonian syndrome after the exposure
to the neurotoxin MPTP, an extensive literature on toxicants and PD
has developed [81]. However, given the relative rare exposure,
defined toxicants account only for a small percentage of cases.

Could diet decrease the risk of PD-related
neurodegeneration?

So far, although there has been some evidence for a role of diet
in animal models relatively little relationship has been found be-
tween dietary factors and PD [82]. Here, we will rely mainly on
epidemiological studies in PD cohorts to examine whether dietary
advice could minimize the risk of neurodegeneration in iRBD
(Fig. 4). However, it must be emphasized that even if literature data
might suggest the role of environmental modifiers in neuro-
degeneration, most results come from retrospective and cross-
Fig. 4. Dietary risk factors for PD, including eating habits and lifestyle having been associat
prospective studies. PD : Parkinson's disease; OD and OR: odd ratio.
sectional studies, therefore being accordingly limited in validity
and possible applicability by information bias or reverse causation
[83]. Moreover, correlation does not equal causation, and it may be
that unmeasured factors associated with a certain diet are con-
founding the observed relationship. It is also important to note that
some factors identified as risk factors for synucleinopathies may
not modify conversion from iRBD to PD (e.g., smoking and drinking
coffee or alcohol). Hence, relationship between disease's risk fac-
tors and progression from prodromal stages to full-blown disease
may bemore complex, and time to exposure, endophenotypic traits
or additional modifiers might have a role.

With resulting caution, it is important to examinewhether there
are modifiable risk factors that can be the basis for targeted advice
to RBD patients. Apart from age and positive family history which
are non-modifiable risk factors, ideally other detrimental or pro-
tective factors might somehow be modified. Among modifiers, we
can distinguish those coming from nutrition (Fig. 4) and those
coming from life habits. Modifiers might be then further distin-
guished as having a protective or a detrimental role.

Coffee intake is associated with decreased PD risk, with a rela-
tive risk (RR) of 0.7 on average. The effect is dose-dependent, and is
stronger for men than women [79,82,83]. Another source of
caffeine is tea, and cohort studies report an inverse and dose-
dependent relationship among tea beverages and risk of PD
ed with higher (red) or lower (green) risk of neurodegeneration in case-controlled and
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[82,84]. The Mediterranean diet has been recently reported to be
associated with reduced odds for PD after adjustment for all
covariates (OR: 0.86; 95% Confidence Interval -CI, 0.77e0.97) [85].
Mediterranean diet is rich in fruits and vegetables. Epidemiological
studies have reported that foods rich in phytochemicals (fruits,
vegetables, fish) are associated with low risk of PD [82,84]. Fruits
and vegetables are also rich in vitamins, which are sources of an-
tioxidants. Recent data suggest that intake of nicotine-containing
vegetables from edible solanaceae (tomatoes, potatoes, peppers)
might be associated with a reduced risk of PD in humans [86]. It is
possible that the association of “healthy foods”, rather than a single
nutrient might explain the positive correlation, as when a single
nutrient is taken alone, positive correlation is usually less consis-
tent. Epidemiological studies on the neuroprotective role of vita-
mins in PD are contradictory and when associated, show modest
effects [82,83]. In vitro and in vivo studies suggest a potential
protective role of polyunsaturated fatty acids, corroborated by
three large cohort studies reporting lower polyunsaturated fatty
acid intake in PD patients than in healthy controls [82,83]. How-
ever, prospective studies are warranted prior to drawing firm
conclusions.

Molecular studies suggest also a potential beneficial effect of
resveratrol or quercetin (contained in red wine) against inflam-
mation and neurodegeneration, but data on the neuroprotective
role of alcohol are inconsistent. In fact, in most studies the associ-
ation disappeared after adjusting for smoking [83,87]. A recent
meta-analysis reported a decreased risk (RR 0.59, 95% CI 0.39e0.90)
only for beer drinkers, with no effect of wine and liquor [87]. Fla-
vonoids (tea, berry fruits, apples, red wine, and orange/orange
juice) ideally represent potential neuroprotective nutrients, but
studies on humans are lacking [82]. Neuroprotective benefits of
genistein (soy) and nutrients contained in cruciferous vegetables
have been reported in vitro and in animal studies, but not yet tested
in epidemiological studies and clinical trials [82].
Nutrients that might increase the risk of neurodegeneration
in PD

Epidemiological studies have found a potential link between
dairy products and increasing PD risk. Recently, Jiang et al. [87],
conducted a meta-analysis of prospective cohort studies on dairy
foods intake and PD risk. An increased risk of PD was found for
highest versus lowest level of dairy foods intake (RR 1.40, 95% CI:
1.20e1.63) especially milk, but not cheese, yogurt and butter. The
effect seems dose-dependent and higher in men, while results are
contrasted in women. Studies on total and animal fat intake are so
far inconsistent, while studies assessing the effect of byproducts of
preparation are lacking, except for a single study reporting blood
levels of harmane to be significantly elevated (OR: 2.31, 95% CI:
1.46e3.67) in PD patients when compared to healthy controls.
Studies on carbohydrates have shown conflicting results with both
positive or negative associations with PD risk [83].

Overall, low calorie intake (1600e2000 kcal) beginning at
approximately 20 years of age might have protective effect against
neurodegeneration in general [88]. Note however that obesity was
not associated with PD or iRBD risk [68].

Literature dealing with exposure to metals and neurotoxicity is
extensive [81]. However, even if experimental data suggest that
many metals may have a pathogenetic role in promoting neuro-
degeneration, epidemiological data have provided little support
[81]. Rural living, well-water drinking and farming are instead
well-known risk factors for PD [81], as well as pesticides,
including rotenone, paraquat, organochlorine pesticides and di-
thiocarbamates [81].
Lifestyle habits

Apart from nutrition, there are other lifestyle habits that might
modify the risk of neurodegeneration. Particularly, an inverse as-
sociation between premorbid cigarette smoking and PD has been
suggested [79,89]. Metanalyses suggest that the overall RR for
smokers to develop PD, compared to non-smokers, is around 0.6
[79,83]. The association is dose-dependent and stronger in current
versus former smokers. Duration of smoking rather than smoke
intensity seems to be key, and the protective effect of smoking was
significantly modified by time-since-cessation with a diminishing
protective effect after cessation of smoking [89]. Moreover, nicotine-
containing vegetables (tomatoes, potatoes, peppers) have been
associated with a reduced risk of PD in humans [86]. Trials using
nicotine as an add-on treatment in PD found no effect, suggesting
that the relationship is not due to symptomatic effects [90]. Recently,
it has been proposed that the apparent “neuroprotective” effect of
smoking observed in epidemiologic studies might be due to reverse
causation in prodromal PD stages. In this study, patients with PD
were able to quit smokingmore easily than controls [91]. Itmayeven
be that lifelong differences in dopaminergic reward mechanisms
could affect both the addictive/reward potential of smoking and risk
of PD. Therefore, the relationship between nicotine and PD risk is
still uncertain, and so far there is no evidence to recommend nico-
tine patches. To further complicate this issue, a recent multicenter
study in iRBD patients reported that neither smoking nor coffee or
alcohol drinking correlated with the risk of degeneration [63]. Plus,
in a separate population, PD patients with RBD had higher smoking
than non-RBD [92]. This might suggest that caffeine and smoking
may only be associated with certain subtypes of PD.

A potential protective role for exercise has been suggested by a
recent epidemiological study and meta-analysis of five prospective
studies, which showed a pooled hazard ratio of 0.66 (95% CI
0.57e0.78) for highest versus lowest physical activity level [93]. Of
course, it is impossible to rule out that prodromal PD-related fa-
tigue or apathy could underlie this effect. However, randomized
controlled trials of exercise also document beneficial effects.
Moreover, exercise is associated with broad health benefits, so
recommendations for exercise may have additional benefits.

Because PD is more common in men than in women, one might
suggest that female hormones could be potential risk modifiers, but
so far large prospective cohorts studies have provided little support
[83]. There are some studies suggesting a potential benefit of use of
non-steroidal anti-inflammatory medications [83]. However, this
needs to be interpreted with caution; a similar relationship was
clearly documented for Alzheimer disease, but large trials were
negative. Two studies have suggested that calcium channel
blockers may protect against PD (a third found no effect); this is
currently being tested in a randomized trial in PD. However, neither
non-steroid anti-inflammatory drugs nor calcium channel blockers
were associated with iRBD or the transition from RBD to PD. High
urate levels were recently reported to have a protective role against
PD progression [94], which is also being tested in randomized trials.
If any of these trials will turn out to be positive, it may become
reasonable to use these agents in prodromal stages as well.

Final recommendations

Overall, a “healthy lifestyle”with regular and moderate physical
exercise, moderate caloric intake and a Mediterranean pattern of
diet seems to be advisable. A well-balanced diet pattern would
ideally be rich in vegetables (solanaceae and cruciferous vegetables
are well recommended), potentially coming from organic farming
(in order to avoid exposure to toxicants), with a moderate intake of
carbohydrates and of fat. Among fat, it should be recommended to



Table 3
Prognostic counseling regarding phenoconversion risk in idiopathic RBD: “watchful
waiting” vs. “full disclosure”.

Pro Con

The “watchful waiting” approach to disclosure
Spare patients of anxiety associated

with an impeding
neurodegenerative condition

Prevents patients from proactively
making future life decisions

Prepare physicians to diagnose the
neurodegenerative disease at an
early stage

Patients may be unaware of novel
therapy that slows or prevents the
development of synucleinopathies

Full disclosure to patients with iRBD (þ>40% of cases)
May inform future life planning Unsolicited diagnosis for non-

actionable condition
Can counsel about dream-enacting

behavior related injury, benefitting
patients and bed partners

Possible violation of patient
autonomy
Possible anxiogenic consequences
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lower the intake of saturated fat (particularly of processed, fried or
broiled meat) and to increase that of food rich in polyunsaturated
fatty acids (fish and vegetable oils). Consistent data seem to have
been also produced regarding a possible role of caffeine, although
given the absence of effect in RBD, and potential confounding, this
should not be recommended broadly (although patients do not
need to avoid caffeine). The fact that pesticide exposure did not
increase risk of PD within idiopathic RBD impairs the ability to
provide clear evidence-based advice. However, given that pesti-
cides are well-established risk factors for PD, it seems prudent to
counsel avoidance.

Further epidemiological studies with a longitudinal approach
and taking into account the interaction between the genetic make-
up (polymorphisms, studies on twins) and different environmental
modifiers are needed. It should be also better clarified whether or
not acting on environmental risk factors might have a potential
benefit once the neurodegenerative process has already began (i.e.,
in the prodromal stage).

What to communicate to a patient and how: ethical and
psychological issues

Whether practitioners should communicate a neurodegenera-
tive risk and/or a prodromal disease diagnosis to a patient raises
several ethical issues, and thus far, systematic study or perspective
of prognostic counseling in idiopathic RBD has been limited [95,96].
A general disclosure duty is that health care professionals must give
patients sufficient information to enable them to make decisions
that are adequately informed. To disclose a diagnosis of a prodro-
mal disease could have significant influence in patient decision-
making for the future (i.e., motivation to pursue healthy living
habits, retirement and financial planning, checking items off one's
“bucket list”, …). Moreover, early diagnosis of disease should
facilitate an actionable clinical course for prompt treatment and
interventions that meaningfully alter the course or outcomes of
disease. However, given the lack of neuroprotective therapy for
synucleinopathies, the benefit of prompt diagnosis and counseling
is currently relatively modest in iRBD patients. Furthermore, being
aware of the risk of developing a neurodegenerative disease is
potentially harmful from a psychological point of view. Patient
harms from anxiety and depression could be induced by prognostic
counseling and could negatively influence patients' social life. The
prognostic counseling problem is even more complicated if we
consider that usually iRBD patients seek medical attention for a
disorder that may be judged as ‘benign’ by the patient, especially
when the RBD is mild or a secondary discovery during sleep eval-
uation for another primary problem (ie, RBD is discovered during
history taking and polysomnography as a secondary complaint in a
patient presenting with sleep apnea or insomnia). In fact, iRBD
patients often have limited insight into their problem and may be
entirely unaware of their dream enactment behaviors.

Whether a practitioner should disclose prognostic information
regarding phenoconversion risk to an idiopathic RBD patient, or
perhaps even more problematically, to the patient with isolated
REM sleep without atonia, remains unclear, and there may be
relative advantages or disadvantages to full disclosure vs. watchful
waiting without disclosure with any individual patient. Table 3
outlines some of the relative advantages and disadvantages that
enter decision-making. It has also to be noted that the presence of
RBD in PD patients likely identifies a more aggressive phenotype,
including the increased risk of developing dementia. Whether the
presence of this malignant prognosis in PD should be disclosed is
unclear; learning about the likelihood of neurodegeneration can
already cause substantial distress, and there still remains variability
in PD prognosis even among those with associated RBD.
The prognostic counseling problem may be amenable to the
“four principles plus scope” approach which is aimed at providing a
simple, accessible, and culturally neutral approach to thinking
about ethical issues in health care [97]. This approach is based on
four common, basicmoral commitments (i.e., respect for autonomy,
beneficence, non-maleficence and justice) plus concern for their
scope of application.

The respect for autonomy principle follows the idea that if we
have autonomy we can make our own decisions on the basis of
deliberation. The principle of respect for autonomywould generally
favor disclosure of the prognostic risk for phenoconversion, since
patients as autonomous agents have the right to full knowledge
about their diagnoses, and to withhold information would instead
be a relative act of paternalism.

Another important aspect of the respect for autonomy is that
physicians should not deceive patients, also known as the principle
of truth telling. Patients have access to considerable information
through the internet, making it easy for a patient to learn about
neurodegenerative risk when a RBD diagnosis has been made. If a
patient should discover the risk independently without previous
disclosure by their physician, trust in the physician could be
compromised, threatening the doctorepatient relationship.
Another problematic aspect of autonomy is that there is no easy
way for a patient to communicate a desire not to know prognostic
information. Occasionally individuals may prefer to delegate de-
cisions (and the providing of information) to their offspring, spouse,
or another family member or caregiver; the clinician needs to be
appropriately sensitive toward patients who express this prefer-
ence, and should consider asking patients whether they want to be
told prognostic information, and the extent of information that
they would value hearing or not hearing. In this respect, it is
particularly important for the practitioner to determine to what
extent higher risk prognostic situations may apply to an individual
at-risk patient.

The beneficence/non-maleficence principles should be aimed at
producing net benefit over harm. This is probably the most difficult
issue. Given the absence of neuroprotective therapy, physicians can
only suggest the limited benefit of the modifiers able to minimize
the risk over a concrete risk of psychological consequences after
prognostic counseling. On the other hand, if a patient is aware of
potential non-motor and motor symptoms, they may present more
readily for symptomatic treatment, thereby improving quality of life.

Thus, the physician appears to be in a stalemate between the
duty of informing patients about their medical condition and the
duty of not harming them. The fourthmoral principle, that is justice,
could help with this potential impasse. Justice should represent the
moral obligation to act on the basis of fair adjudication between
competing claims, and in particular from a utilitarian perspective,



Research agenda

1) To test the benefit of physical exercise in preventing PD,

DLB, and MSA in iRBD

2) To test the benefit of cognitive rehabilitation and practice

of visual memory and attention exercises in preventing

MCI and DLB in iRBD

3) To test whether IRBD patients have a high consumption

of dairy products, saturated and animal fat, and a lower

use of the Mediterranean diet and of non steroid drugs,

as in PD

4) To test whether urate increase (via drugs) would

lengthen the time from iRBD to parkinsonism/dementia

5) To test melatonin neuroprotective effects in iRBD

6) To determine whether, when, and how to deliver prog-

nostic phenoconversion risk information to iRBD pa-

tients (using large longitudinal studies), and determine

patient and provider preferences and practices for these

challenging conversations
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would emphasize that the action which produces the “most good”
(or best outcome) for themost individuals in an individual situation
would be the right course of action. Thus, a possible solution in the
setting of RBD prognostic counseling could be to communicate
prognostic risk for phenoconversion in broad terms but avoid
providing a specific risk rate or range, and to emphasize uncertainty
about precise risk for specific individual patients. Weighing
competing interests of potential benefits of full disclosure vs. harms
of frightening information that could lead to anxiety or depression,
it may be best to discuss the general issue of RBD association with
synucleinopathy while emphasizing that individuals may or may
not ever develop overt cognitive, motor, or autonomic impairments
during their lifetime. To be sure, how best to communicate prog-
nostic information, and when, remains highly uncertain.

Finally, we do feel that general disclosure of prognostic risk is
usually appropriate but must be balanced appropriately by existing
uncertainties, especially with regard to specific individual patients.
We propose a few possible practical points of communicating
prognostic risk to RBD patients. First, the quantification of the risk
in individual patients may be useful for clinicians and researchers
but does not always need to be shared in detail with the subject;
the practitioner should invite the patient to comment onwhat they
want to be told, in what level of detail, and at what time point.
Second, the communication should be tailored according to the
individual patient, taking into account the level of anxiety, per-
sonality of the patient, the degree of established relationship be-
tween the physician and patient, as well as the patient's level of
education/sophistication, socio-cultural-ethnic background, age,
and co-morbidities. Third, the patient should always be reassured
that the physician will be there for them, to provide all available
care as needed. Hope for future neuroprotective therapy could also
be expressed. Providing encouraging analogies could also be
considered. There are certainly not all too rare exceptions to the
“average” and “majority” statistics. Most clinicians followed 90
years old patients for more than 15 years who were “still idio-
pathic”, perhaps defying all odds.
Practice points

1) Patients with iRBD have several, subtle motor and non-

motor signs of neurodegeneration

2) They have a >80% risk of eventually developing PD, DLB

or multiple system atrophy

3) Polysomnography-proven iRBD is the highest risk factor

(likelihood ratio ¼ 130) for synucleinopathies to date

4) The conversion to parkinsonism/dementia is more rapid

when iRBD patients have concomitant hyposmia, motor

dysfunction, and probably a positive DAT scan

5) Patients with iRBD more frequently report a positive

family history of dream-enactment behavior

6) Patients with iRBD more frequently report previous

exposure to occupational pesticides, smoking history,

rural living, ischemic heart disease, and head injury

7) Sleep specialists should consider generally disclosing

phenoconversion risk to iRBD patients, and may

consider to use concomitant signs and tests (when

available) to better quantify this risk

8) No protective approach is yet available, but epidemi-

ology studies can provide evidence for some cautious

recommendations for Mediterranean diet, regular mod-

erate exercise, and avoidance of sour-sop tropical fruits
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