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Glossary of terms 

CSF: cerebrospinal fluid; GiV: ventral gigantocellular reticular nucleus; EDS: excessive daytime 

sleepiness; EEG: electroencephalogram; EMG: electromyogram; iRBD: idiopathic/isolated RBD; 

hcrt-1: hypocretin 1; MSLT: multiple sleep latency test; NT1: Narcolepsy type 1; NT2: Narcolepsy 

type 2; N-RBD: RBD and narcolepsy; RBD: REM sleep behavior disorder; PD: Parkinson disease; 

PSG: polysomnography; RSWA: REM sleep without atonia; RAI: atonia index during REM sleep; 

SLD: subceruleus/sublaterodorsal nucleus; SOREMPs: Sleep onset in REM periods; SINBAR Sleep 

Innsbruck Barcelona group 

Summary 

Disrupted nighttime sleep is one of the pentad of symptoms defining Narcolepsy. REM sleep 

behavior disorder (RBD) largely contributes to night sleep disruption and narcolepsy is the most 

common cause of secondary RBD. However, RBD linked to narcolepsy (N-RBD) has been 

insufficiently characterized, leaving unsolved a number of issues. Indeed, it is still debated 

whether N-RBD is an intrinsic feature of narcolepsy, as indubitable for cataplexy, and therefore 

strictly linked to the cerebrospinal fluid hypocretin-1 (CSF hcrt-1) deficiency, or an associated 

feature, with a still unclear pathophysiology. The current review aims at rendering a 

comprehensive state–of-the-art of N-RBD, highlighting the open and unsettled topics. RBD 

reportedly affects 30-60% of patients with Narcolepsy type 1 (NT1), but it may be seen also in 

Narcolepsy type 2 (NT2). When compared to idiopathic/isolated RBD (iRBD), N-RBD has been 

reported to be characterized by less energetic and quieter episode, which however occur with the 

same probability in the first and the second part of the night and sometime even subcontinuously. 

N-RBD patients are generally younger than those with iRBD. N-RBD has been putatively linked to 

wake-sleep instability due to CSF hcrt-1 deficiency, but this latter by itself cannot explain 

completely the phenomenon as N-RBD has not been universally linked to low CSF hcrt-1 levels and 



 

it may be observed also in NT2. Therefore, other factors may probably play a role and further 

studies are needed to clarify this issue. In addition, therapeutic options have been poorly 

investigated. 
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Introduction 

Narcolepsy is a central hypersomnia, characterized by the pentad of excessive daytime sleepiness, 

cataplexy, hypnagogic or hypnopompic hallucinations, sleep paralysis, and disrupted nighttime 

sleep [1-3]. It is considered a chronic disorder, with a bimodal peak for age at onset, with a 

maximal rate of onset at 15 years and the second peak at 35 years [4], and with a mean global 

prevalence of approximately 30/100,000 [5,6]. 

The current classification [1] distinguishes Narcolepsy type 1 (NT1) and Narcolepsy type 2 (NT2). 

Both of them should present excessive daytime sleepiness, confirmed in electrophysiological sleep 

studies, while the cerebrospinal fluid hypocretin 1 level (CSF hcrt-1) of less than 110 pg/mL and 

the presence of cataplexy characterize only NT1. Therefore, NT1 is mandatorily linked to the loss 

of hypothalamic hcrt-1 neurons, while for NT2 the cause is less clear. Both genetic and 

environmental factors play a crucial role in the pathogenesis of narcolepsy. Almost all NT1 patients 

carry the HLA-DQB1*0602 haplotype and a link to polymorphisms in other non-HLA genes that 

may affect the immune regulatory function and to several infectious triggers, supporting an 

autoimmune pathogenesis [2], as upheld also in recent cutting-edge studies [7,8]. 



 

The clinical fingerprint of NT1 is cataplexy, which is strictly linked to CSF hcrt-1 deficiency [9,10]. 

Disrupted nocturnal sleep, however, is a very prominent feature and has been reported since the 

first descriptions of the disease [11-12], but then somehow overlooked for decades. In particular, 

REM sleep behavior disorder (RBD) has been reported within the symptoms of narcolepsy since 

one of the first observations of this parasomnia by Schenck and Mahowald [13], but then poorly 

characterized within the scenario of narcolepsy. 

RBD consists in repeated episodes of dream-enacting behavior, accompanied by loss of physiologic 

atonia during REM sleep [1]. RBD can be idiopathic/isolated (iRBD) or associated with other 

conditions linked to neurodegenerative, autoimmune or structural abnormalities [14]. It is now 

clear that, in at least 90% of patients, iRBD is a heralding symptom of impending 

neurodegeneration due to synucleinopathies [15-18]. The suspected mechanism underlying RBD is 

a lesion/dysfunction of the REM sleep atonia system, which is located in the pontomedullary 

brainstem [19]. The occurrence of RBD within narcolepsy (N-RBD) is a puzzling issue, whether or 

not it is an intrinsic feature, as evident for cataplexy, and therefore strictly linked to the hcrt-1 

deficiency, or an associated feature, with a still unclear pathophysiology. In this regard, indeed, 

the occurrence of RBD has been reported not only in NT1, but also in NT2 [20-22] and in secondary 

narcolepsy [23,24] and not all the patients with NT1 (i.e. with reduced or absent CSF hcrt-1) suffer 

from RBD. Indeed, RBD is reported to occur in NT1 with a frequency ranging between 7% and 63% 

in different cohorts [21, 25-28], mirroring the pitfalls in study designs among the different groups. 

Of note, RBD may sometimes be the heralding symptom of NT1, forerunning the occurrence of 

cataplexy, especially in younger patients [26, 29-32], and in these cases a correct differential 

diagnosis with iRBD is important, also considering the different prognosis. Moreover, RBD is 

extremely rare in otherwise healthy children, and its presence should steer the clinician to 

investigate a possible narcolepsy or a complex neurodevelopmental disorder [33,34]. 



 

With this narrative review, we aimed at rendering a comprehensive state-of-the-art of N-RBD, 

paving the way for future studies helping in solving the current ambiguities and particularly 

highlighting aspects supporting or questioning RBD as an intrinsic feature of NT1.  

We will also compare N-RBD versus iRBD heralding synucleinopathies, in order to depict their 

clinical, neurophysiological, and biological borders and discuss the relevance of N-RBD as well as 

the role of hypocretin neurotransmission in RBD pathophysiology. 

 

Diagnosis and prevalence 

Because of the loss of physiological REM-related muscle atonia, patients with RBD act out their 

dreams, which are usually unpleasant in their content, with consequent and recurrent episodes of 

violent and energetic behaviors, emerging while sleeping [14,25]. According to the ICSD-3 [1], the 

diagnosis of RBD is based on the presence of four criteria, i.e.: (A) repeated episodes of sleep-

related vocalization and/or complex motor behaviors; (B) these behaviors are documented by 

polysomnography to occur during REM sleep or, based on clinical history of dream enactment, are 

presumed to occur during REM sleep; (C) polysomnography-demonstrated REM sleep without 

atonia (RSWA); and (D) the disturbance is not better explained by another sleep disorder, mental 

disorder, medication, or substance use. To some extent, even if the pattern of RBD has been 

reported to be milder, these criteria may be applied also to narcolepsy. However, there is still no 

consensus regarding the cut-off that should be used to diagnose RSWA [35-37]. This point is 

particularly tricky for N-RBD, as RSWA has been reported to be less affected than in iRBD 

consisting in phasic rather than in tonic muscle activation [38,39], with motor dyscontrol during 

REM sleep being intrinsic feature of NT1, independent of clinical RBD features on the other hand 

[39-40]. 



 

The prevalence of RBD is difficult to ascertain as it has been assessed with a variety of screening 

questionnaires that have provided different results in predicting the conversion to 

synucleinopathies [41], and rarely by adopting current criteria, i.e. including v-PSG for formulating 

the diagnosis [42]. Table 1 summarizes the most relevant studies on iRBD prevalence in the 

general population, detailing the methods used to establish the possible (screening 

questionnaires), probable (clinical assessment), or definite diagnosis when symptoms were 

confirmed by polysomnographic assessment. With these limits, the prevalence has been estimated 

by questionnaires to be between 2% and 5% in subjects above 50 or 60 years of age [42, 43-45], 

and up to 7-8% in older populations [46,47]. Conversely, when video-polysomnography (PSG) was 

used to confirm the clinical suspicion of RBD or to massively investigate otherwise healthy 

subjects, RBD prevalence definitely dropped down to 0.74-1.15% [42,43,48]. 

Narcolepsy seems to be the second most common cause of “secondary” RBD, accounting for 

about 10-15% of cases [14]. Clinical series of consecutive RBD patients indeed showed that 

narcolepsy accounts for up to 38% of secondary RBD in patients younger than 50 years, whereas 

synucleinopathies were more common in subjects aged above 50 years [30]. However, the 

prevalence has been reported in different studies with a large range-span, reflecting bias related 

to the different criteria used and inclusion of patients with NT1 and NT2 [23,49-52] or focus on 

NT1 only [32,53-54], and inclusion of patients taking anti-cataplectic drugs such as antidepressants 

that are another cause of RBD [26]. Even in the absence of clinical complaint of RBD, video-PSG 

may reveal an excessive increase in chin EMG tone or of EMG twitching during REM sleep 

associated with simple motor behavior [38,40,55]. The latter milder form of RBD can be easily 

overlooked, leading to an underestimation of the real prevalence. Overall, studies based on 

questionnaires/clinical interviews reported a prevalence of approximately 60-70% [21,27,52,54], 

which drops down to 2-50% in studies adopting video-PSG [21,25,28,32,39,51,54] (Table 1), also 



 

considering the clinical overlap with nightmares and hallucinations. Studies are convergent in 

showing a higher occurrence of RBD in NT1, with similar prevalence rates in children and adults 

(nearly 30% of the cohort) [32,56,57]. 

 

Phenomenological aspect 

The original descriptions of narcolepsy highlighted the occurrence of sleep disruption. 

Rechtschaffen et al. [11] noticed that narcoleptics have more body movements during their sleep 

and wake up more frequently through the night. Similarly, Montplaisir [12] by comparing 20 

narcoleptics (mean age 44.3 years) vs. 10 controls (mean age 43.6 years) confirmed that patients 

had more body movements during their sleep, which occurred preferentially during REM sleep. 

This abnormal motor control was originally ascribed to subcontinuous stage shifts and to what 

authors called “intermediate sleep”, to indicate the presence of REM characteristics in sleep 

stages other than REM sleep. Schenck et al. [13] reported for the first time RBD within the 

spectrum of symptoms of narcolepsy. Indeed, by using PSG data gathered over several years, they 

showed that 12% of 142 consecutive patients with narcolepsy had extensive motor dysregulation 

during REM sleep, and 7% met the criteria for RBD [13]. Therefore, since the original descriptions, 

it was clear that abnormal motor control during REM sleep ranges from subclinical to minor motor 

episodes to clear RBD [25]. However, only few studies have been published adopting v-PSG, 

aiming for the description of the phenomenological features of RBD in narcolepsy. The RBD 

pattern in NT1 patients has been reported to be calmer if compared to that of iRBD or of RBD 

within a neurodegenerative condition [40,55,58,59], even if a common pattern may be seen [60]. 

Within narcolepsy, RBD seems to have a sporadic occurrence and not to be an everyday 

phenomenon [21,26,55,61], but this might be also due to the fact that the pattern is gentler and 

behaviors may be easily overlooked [59]. Patients were reported to have simple and quiet motor 



 

activity during REM sleep, which, differently from iRBD episodes (Figure 1), recurred both in first 

and the second half of the night (Figure 2) [40,55,59]. Even if a less violent pattern has been 

mainly reported [59], rare cases of violent RBD within narcolepsy have been also described [62] 

and these more violent episodes seem to occur more commonly in the latter part of the night 

recalling iRBD [55]. Of note, as in original descriptions [11,12], a recent study [59] reported that 

nocturnal motor activity/behaviors recurred throughout the whole night, in both NREM and REM 

sleep, and showed frequently an almost stereotyped pattern in the same subject [59]. This finding 

corroborates the hypothesis that N-RBB is a more complex phenomenon, likely linked to a motor 

and state of being instability more severe than that of iRBD. 

Therefore, N-RBD has been reported to be more similar to REM-related motor episodes (Figure 2) 

[38,40,55,59] and to be less complex and energetic if compared to frank florid RBD (Figure 1). The 

phenomenology of N-RBD has been reported to be particularly severe in children, especially close 

to the disease onset. Antelmi et al. [32], by reviewing v-PSG recordings of children affected with 

NT1 observed, within 2 years from disease onset, the presence of a severe motor dyscontrol 

during REM sleep in almost 30% of them. Of these patients, six had episodes of RBD, while seven 

reported even a more severe phenotype, with subcontinuous patterned-gesturing, recurring every 

time they entered into a dissociated REM sleep state, throughout the whole nocturnal and 

daytime sleep. NT1 children with RBD had not only a more severe motor control during REM sleep, 

but also a more severe motor control dysfunction during daytime in terms of cataplexy (ranging 

from “cataplectic facies” to a subcontinuous generalized hypotonic status), hence suggesting 

somehow a link to the acute loss of hypocretin neurons. Of note, presence of N-RBD in children 

correlates with a lower atonia index during REM sleep (RAI), and therefore with a more severe 

dyscontrol of muscle tone during REM sleep, but not with sleep instability, as measured with 

stage-shift transitions or with lower CSF hcrt-1 levels.  



 

 

Additional clinical aspects 

Demographic features do differ between iRBD and N-RBD and, indeed, the former occurs mainly in 

middle-aged men, while the latter affects children or young patients, without differences in sex 

distribution [1,14]. 

As far as additional symptoms/clinical aspects are concerned, patients with RBD associated with 

an idiopathic/neurodegenerative condition and those with N-RBD only share few overlapping 

features, but differ for several others. 

Sleep attacks indeed are within the core symptoms of narcolepsy [1]; however, excessive daytime 

sleepiness (EDS) of narcoleptic type, with SOREMPs, hallucinations, sleep paralysis and even 

cataplexy-like phenomena have been reported also in patients with a parkinsonian condition [63-

70]. EDS has been reported also within the symptoms of iRBD, however, it is likely that prominent 

EDS is a sign of an evolution of neurodegeneration, rather than an intrinsic feature of RBD 

[17,18,71]. 

Hypnagogic hallucinations are additional core symptoms of narcolepsy, brought by dissociated W-

REM state [72]. Hallucinations may occur also in neurodegenerative conditions, although they are 

clearly different from those of narcolepsy, either because they are not sleep-related but also 

because they differ in quality [73].  

Loss/reduction of olfaction as well is an important non-motor and prodromal symptom of PD, 

frequently seen in iRBD patients [17,18,59,71], but also reported in narcolepsy [59,73-75]. In iRBD, 

longitudinal studies showed that impaired olfaction and color vision are the most powerful 

predictors for conversion of iRBD into synucleinopathies [17,18]. In narcolepsy, reduction of 

olfaction has been hypothesized to be an intrinsic feature, not related to hcrt-1 level, because it 



 

has been reported in both patients with and without cataplexy [75,76], nor to the presence of RBD 

[75]. 

Autonomic symptoms as well have been reported within the corollaries of narcoleptic symptoms 

[59,76,77], even being of different type and not as severe as reported in iRBD and PD [59,71,78]. 

Cognitive functioning, executive function in particular, has been reported to be impaired in both 

narcoleptic patients and iRBD patients [3,17,18,59,71,79] however, in NT1 patients attentive and 

executive function abnormalities are more likely linked to sleepiness [79]. 

Finally, PD/AD have been inconsistently reported in association with narcolepsy [80-84]. 

See Table 2. 

 

Biomarkers of the disease 

The pathological hallmark of NT1 is loss/reduction of hcrt-1 in the cerebrospinal fluid (CSF) [1]. 

Therefore, all patients with NT1 should have CSF hcrt-1 <110 pg/mL and, clinically, cataplexy. CSF 

hcrt-1 levels have been reported to be lower, although not absent, also in PD patients [85-87]. CSF 

hcrt-1 reduction has been reported to be more prominent in PD patients with sleep symptoms 

versus those without. In one study, the hypocretin system in PD patients has been shown not to 

be selectively disrupted, with one study showing melanin concentrating hormone cell loss in the 

same patients with hcrt-1 loss [88]. It is likely that CSF hcrt-1 reduction in PD patients occurs 

secondary to collateral damage caused by a widespread neurodegenerative process involving also 

the hypothalamus [89-92], although also in this regard results are ambiguous [93,94]. To 

corroborate this finding, CSF hcrt-1 levels have been reported to be normal in iRBD patients [95]. 

Results are anyway confounding, and indeed in another cohort of PD patients, an increased 



 

ventricular CSF hcrt-1 level has been correlated with the co-occurrence of RBD [96] and also the 

association between CSF hcrt-1 levels and sleepiness in PD has been questioned [97]. 

Results regarding searching for neurodegenerative and markers in the CSF are also contradictory 

and confounding in both iRBD and NT1 patients and data are still too scarce to draw any 

conclusion on the predictive role of CSF biomarkers [98]. Overall, while there are some data 

supporting abnormalities in CSF neurodegenerative proteins in iRBD [98], this does not seem to be 

the case in NT1 patients [99]. 

Substantia nigra hyperechogenicity − a sonographic vulnerability marker for Parkinson's disease 

(PD) − has been reported in iRDB, while it has not been found in NT1, even if on CNS echography 

the brainstem raphe volume has been reported to be more reduced in narcoleptic subjects with 

RBD than in those without [100]. 

Even if several biochemical and histopathological differences do exist between the two conditions 

[59,99,101,102], ictal single-photon emission tomography studies exploring the RBD pathways in 

vivo showed similar bilateral activation in the premotor areas, interhemispheric cleft, 

periaqueductal area, dorsal and ventral pons and the anterior lobe of the cerebellum in patients 

with iRBD and in those with RBD due PD (PD-RBD) or N-RBD [103]. Therefore, it is reasonable to 

infer that even if the intrinsic cause of the phenomenon in the two conditions is different, it does 

act by activating/deactivating the same causal structures. 

See Table 2. 

 

Neuropathophysiology  



 

RSWA is the neurophysiological hallmark of RBD [1]. It is defined by the presence of sustained 

(tonic) loss of normal muscle atonia during REM sleep, and/or by intermittent (phasic) excessive 

electromyographic activity during REM sleep. 

The quantification of RSWA is mandatory in order to objectively confirm RBD diagnosis, according 

to the latest ICSD [1]. 

Several visual/manual [35-37,50,104] and automated methods are available allowing, with similar 

accuracy, a reliable quantification of RSWA in patients with RBD. These methods have been used 

also for the comparison of neurophysiological features of RBD in narcolepsy and in other 

conditions [104, 106-113]. All the above studies demonstrated that there is substantial agreement 

in determining RAI between the automatic scoring method, i.e the RAI, and the Montréal and 

SINBAR visual scoring methods [109,111]. 

Studies on muscle tone during REM sleep in narcolepsy agree on reporting that both RBD and 

narcoleptic patients have a lower percentage of RSWA than controls [38,104], but narcoleptic 

patients were found to have a higher percentage of REM atonia and of phasic EMG density when 

compared to iRBD [38]. 

The higher the RSWA, the higher the possibility of having motor behaviors [32,40,53]; RSWA has 

also been reported to be a very good diagnostic biomarker of NT1 at all ages pointing to the 

intrinsic motor dyscontrol during REM sleep in narcolepsy [22,32,38,53,106]. 

Computerized quantitative analysis of the chin EMG tone during all sleep stages using the RAI 

discolsed that during REM sleep RAI was reduced in both iRBD and NT1 with RBD patient groups; 

on the contrary, during NREM sleep, atonia index (AI) was increased in iRBD patients but remained 

low in patients with NT1 and RBD [114]. Similarly, the number of chin EMG activations, reflecting 

the phasic activity, was increased during REM sleep in iRBD patients but was decreased during 

NREM sleep (especially during slow-wave sleep), differently from N-RBD patients in whom EMG 



 

activations were always higher than controls. This study shows a clear different motor dyscontrol 

between the two conditions, with N-RBD patients presenting increased chin EMG tone and phasic 

activations in all sleep stages while iRBD patients seem to show only RSWA [113]. 

Several studies showed that hcrt-1 deficiency in NT1 is associated with nocturnal sleep state 

instability, a finding that has been shown in experimental models [114] and confirmed in adult 

patients by analyzing nocturnal sleep transitions at first as classified by the visual scoring of sleep 

stages [115,116], and subsequently by addressing quantitatively the polysomnographic signal 

[117]. This evidence indicates that REM sleep is a dissociated state in NT1, a finding consistent also 

with the high occurrence of RBD. However the only study addressing sleep transitions within the 

RBD spectrum in NT1 children failed in showing significant differences for a possible ceiling effect 

[32], suggesting the need for more in depth quantitative analyses to unravel the potential relation 

between levels of state instability and occurrence of RBD and that other factors over and above 

are probably implicated. 

 

Etiopathophysiology 

N-RBD has been reported in association with history of parasomnia [25], HLA-DQB1*0602 

positivity [26,57], CSF hcrt-1 levels [27], cataplexy [21] and RSWA [27,32,55]. However, although it 

is more common in NT1, RBD has been reported also in NT2 [20,21,22] and in secondary 

narcolepsy [23,24,119] and not all the studies reported a correlation of RBD within narcolepsy and 

CSF hcrt-1 levels.  

In iRBD and PD-RBD, several studies indicate that it is unlikely that RBD is due to a dysfunction of 

the dopaminergic nigrostriatal system and indeed RBD occurs in less than half of PD patients and 

the use of dopaminergic agents usually does not improve RBD. It is believed that RBD and RSWA 

are linked to a lesion of a sub-population of REM-on glutamatergic neurons of the locus 



 

subceruleus/sublaterodorsal nucleus (SLD) responsible of inducing muscle atonia via their 

descending projections to the premotor GABA/glycinergic neurons of the ventral gigantocellular 

reticular nucleus (GiV) [119]. Loss of this function in iRBD seems to be related to brainstem 

degeneration linked to underlying synucleinopathy [17,18,70] and positive synucleinopathy, 

detected by means of peripheral nervous system biopsy, has been consistently reported to be a 

strong biological fingerprint of iRBD [120-124], particularly positive skin biopsy has emerged as the 

biological fingerprint of iRBD [121,122], but it has been recently shown to be always negative in N-

RBD [59], supporting the hypothesis of a complete different pathophysiology between these two 

conditions. 

N-RBD has been putatively linked instead to the reduction/absence of CSF hcrt-1 [19,125], 

although it cannot be completely ruled out that the SLD-GiV atonia pathway is damaged in these 

patients. It has been hypothesized that hypocretin neurons excite the SLD-GiV pathway during 

REM sleep, in particular during the muscle twitches induced by a phasic glutamatergic excitation 

of the motoneurons. Indeed, even if hypocretin neurons fire mainly during active wakefulness, 

they display bursts of activity during the twitches of REM sleep [126]. Moreover, microinjectionsof 

hcrt-1 and 2, in the SLD region induces REM sleep with atonia/active sleep [127]. 

The mediotegmental pontine area might be important for the pathophysiology of both narcolepsy 

and RBD, as pointed also by case reports of secondary subtypes of narcolepsy and RBD [128]. The 

pontine inhibitory area, which has been implicated in the pathogenesis of cataplexy, is in close 

proximity to the locus coeruleus [129], indicating that the degeneration of the hypocretin cell 

projections to these pontine area may be involved in the comorbidity of RBD and cataplexy in 

narcolepsy patients [129].  

However, several controversial issues do exist, as hypocretin neurons are known to inhibit REM 

sleep and increase, rather than decrease, muscle tone [130] and therefore their role in 



 

determining RBD appear controversial. Besides, not all the patients affected with NT1 present 

RBD, raising doubts on the intrinsic link between RBD and CSF hcrt-1 deficiency. Still, no lesion has 

been observed in patients with narcolepsy in the brainstem structures responsible for muscle 

atonia. Thus, the occurrence of RBD in patients with narcolepsy is challenging to explain, and no 

consensus is available for the mechanisms involved. 

Alternatively, hypocretin cell loss may induce RBD by promoting dissociation of states and, indeed, 

along with the well-known wake-promoting role, hcrt-1 neuropeptides would also suppress REM 

sleep [131]. Therefore, CSF hcrt-1 reduction would facilitate the occurrence of REM sleep at any 

time of day in an opportunistic way, promoting the onset of dissociated states of being.  

Overall, on the one side, iRBD and N-RBD share a few overlapping features, either from the clinical 

(i.e. hyposmia, autonomic, cognitive and neuropsychiatric symptoms, EDS, PLMs) [2,73,74,90 

92,132] and biological (i.e. reduction of CSF-hrct levels) [91,95] points of view. Moreover, ictal 

single-photon emission tomography studies exploring the RBD pathways in vivo showed similar 

activation in the bilateral premotor areas, interhemispheric cleft, periaqueductal area, dorsal and 

ventral pons and the anterior lobe of the cerebellum in patients with iRBD and in those with PD-

RBD or N-RBD [103]. 

On the other side, however, a body of evidence supports a completely different etiopathogenesis 

of their underlying diseases [14,98,101,102]. 

The link with CSF hrtc-1 deficiency, as suggested by Luppi et al. [125], is somehow also supported 

by clinical observations. Indeed, video-PSG studies reported that patients affected with RBD, i.e. 

RSWA, are more likely to suffer also from cataplexy, i.e. loss of tone when awake [21,32]. 

Therefore, N-RBD can be seen as the nocturnal face of sleep-wake instability and REM 

dissociation, which characterizes this disease. 



 

As introduced above, however, 70–90% of patients with narcolepsy without cataplexy may also 

present RBD with normal CSF hcrt-1 [20,21] and RBD within NT2 may be considered also as a 

marker of a possible progression toward the full-blown picture of NT1 [29]. Indeed, in these 

patients, the mechanisms underlying symptoms such as sleep attacks, hypnagogic hallucinations 

or RBD are unknown. However, a normal CSF hcrt-1 level in narcolepsy does not necessarily mean 

that the hypocretin system is spared and partial hypocretin neuron loss has been shown in a 

postmortem patient with NT2 [133]. In patients with secondary narcolepsy, the role of CSF hcrt-1 

levels seem instead marginal [23,24], highlighting the possible involvement of alternative 

neurotransmitter pathways. 

Overall, clinical and neurophysiological findings, i.e. a milder phenotype with phasic rather than 

tonic loss of muscle atonia during REM sleep in N-RBD versus iRBD, suggest that the underlying 

mechanisms are completely different.  

 

RBD and dream content 

The phenomenology of enacted dreams seems to be different in iRBD and N-RBD, but still 

insufficiently studied. This is an intriguing issue, perfectly matching with the different 

neurophysiological substrates of these two conditions. Indeed, while in iRBD patterns of EMG of 

wakefulness emerge during REM sleep, in N-RBD also individual features of NREM, REM sleep and 

wakefulness appear in a mixed, dissociated fashion [32,71,134]. According to this concept, also 

dream mentation might be different. 

It is common clinical experience and a general belief that iRBD patients frequently report dreams 

in which they are attacked by animals or unfamiliar people that they would fight back in self-

defense or try to run away from. In iRBD, It has been also reported that fear and anger are the 

most common associated emotions, with a striking prevalence of aggression themes and less of 



 

appetitive behaviors [135-137]; however, subsequent studies did not support this notion 

[138,139], even if the study by D’Agostino et al  [138] had the limitation that 12 patients (i.e. 75% 

of the cohort) were taking clonazepam, that might affect the dream process and recall, as pointed 

in the comment letter to this article [140]. 

Regarding narcoleptic patients, Fosse et al. [141] reported that they had intensified REM-dream 

emotion. Dream mentation is also reported to be different between SOREMPs during daytime and 

SOREMPs and REM during the night. Indeed, total recall counts along with visual vividness, 

reflective consciousness, improbabilities and discontinuities are more frequent during daytime 

SOREMPs, while in controls all these variables, but reflective consciousness, are more numerous 

after late night REM sleep versus early night REM sleep. In addition, emotions were found to be 

more prevalent in SOREMPs than in REM [141-143], with positive and negative emotions equally 

present [143,144]. For nighttime REM, narcoleptic patients were found to have a higher level of 

joy/elation and anxiety/fear than heathy controls [141,142], but not of terror, as frequently 

reported in iRBD. Fosse et al. [141,143] suggested that dream mentation in narcolepsy might 

reflect an unstable REM process, with intermittingly elevated aminergic brain modulation that 

may lead to more activation of the prefrontal cortical areas. 

Another report found that RBD episodes can occur repeatedly during SOREMPs and can be 

accompanied by dissociated REM-dreaming phenomena such as volitional control and awareness 

of dreaming, flying and out of body experiences. [144,145]. The enacted behaviors recorded 

during daytime SOREMPs were nonviolent (i.e., task oriented or reminiscent of lively interactions 

with other persons), similar to those of RBD episodes observed in the first part of the night in NT1 

patients [55]. Overall, N-RBD is reported to be gentler and with a pattern more similar to that of 

“status dissociatus” [32,72] and less violent or energetic than that reported in iRBD. The 

different dream mentation might therefore be under the influence of the different 



 

neurophysiological substrates of the two entities and for instance of their different 

physiopathology.  

Concerning iRBD, it must be considered that negative emotions, misfortune, and threatening 

events are over-represented in dreams also in the general population, compared to positive 

emotions and peaceful activities [146-148]. Additionally, vivid dreams with physical aggression and 

animal-related content are often reported by patients with synucleinopathies and, particularly, in 

those with frontal dysfunction [149]. Therefore, the content of dream in iRBD or PD-RBD might be 

also related to a cortical involvement and it may be hypothesized that chronic RBD, as a part of a 

widespread neurodegenerative process, might lead to a release of ontogenetically early dream 

patterns. 

Further studies are therefore mandatory to this regard because they might provide insights into 

the pathophysiology of these two different conditions. 

 

Treatment 

Very few data are available on the impact of pharmacological or even behavioral treatments on N-

RBD.  

Antidepressants used to treat cataplexy could possibly be a factor in worsening or inducing RBD 

 [25,26]. This aspect is of clinical interest given the current knowledge that RBD may be a side 

effect of antidepressant treatment, as well as of beta blockers, of anticholinesterase inhibitors, 

and of selegiline also in the general population [1,150]. Therefore, when RBD is a prominent and 

disabling symptom within NT1 (up to 35% of patients according to Schenck et al. [25]), the clinician 

should at first consider the possibility to modify drug treatment, in order to reduce the burden of 

RBD symptoms, by using alternative compounds for cataplexy/EDS. 



 

The pharmacological treatment of iRBD, beside the recommendation to minimize the risk of 

injuries and the reported (not evidence-based) efficacy of non-pharmacological approaches (e.g. 

hypnotherapy, use of complex systems connected to a pressurized bed alarm) is mainly based on 

the use of clonazepam and melatonin [14]. While the mechanisms of action of the above drugs in 

iRBD are still debated [151,152], there are no studies at all testing their efficacy in N-RBD, thus 

calling for future research focused on this peculiar clinical population [153]. Indeed, a single study 

reported the use of melatonin in drug-resistant RBD patients associated with comorbid 

neurological conditions (2 with narcolepsy) and stated the possibility of a safe mid-term (i.e. one 

year) treatment without further detailing the clinical results in different neurological comorbidities 

[154] 

Some anecdotal data may support the use of sodium oxybate for N-RBD. In a small uncontrolled 

case series of adult NT1 patients evaluated on consecutive nights (without and with low doses of 

sodium oxybate), two out of 16 patients showed complex episodes at the first nocturnal recording 

but not under treatment [155], without however disclosing a significant impact of the treatment 

on objective muscle tone measures. Indeed, registration trials and post-authorization studies on 

sodium oxybate considered EDS and cataplexy as primary outcomes, and only few data on the 

impact on sleep paralysis were reported but not on RBD symptomatology. However, sodium 

oxybate appeared to be useful for the clinical management of RBD in a single NT1 case [156], and 

induced a reduction of muscle activities during REM sleep in a large polysomnographic study that 

however did not include any information on RBD symptoms or motor episodes [157]. Some case 

reports also pointed at the potential efficacy of sodium oxybate on drug-resistant iRBD [158,159] 

and the evidence of an intrinsic link between RBD occurrence up to a status dissociatus condition 

and cataplexy severity in NT1 children [32]. Future studies may address the impact of sodium 

oxybate on 24-hour motor impairment in NT1 (cataplexy and RBD). 



 

 

Conclusion 

Narcolepsy is the second most common cause of secondary RBD; indeed up to 60% of narcoleptic 

patients suffer from RBD [21,25,28,32,39,51,54], versus 1% of the general population [42-48], and 

RBD may be the heralding symptom of the narcoleptic pentad, especially in children, forerunning 

the appearance of cataplexy and the development of the full-blown NT1 phenotype. 

However, not all patients with CSF hcrt-1 deficiency suffer from RBD and RBD can be seen also in 

NT2 patients or in secondary narcolepsy. To further corroborate this, N-RBD correlates with 

abnormal motor control during sleep [53,59] and particularly with increased muscle tone during 

REM sleep [32,53,106], but its correlation with CSF hcrt-1 levels still needs to be solved [27,32]. 

Even if iRBD and N-RBD share definitely some overlapping features, it appears that from both the 

clinical and neurophysiological standpoints they do have different features. Indeed, motor 

behaviors during REM sleep in narcoleptic patients are gentler, simpler and calmer, if compared to 

those seen in iRBD patients. Moreover, contrary to iRBD patients, narcoleptic patients may have 

abnormal movements also during NREM sleep [26,32]. Also neurophysiological studies 

corroborate this observation, showing a different motor dyscontrol between the two conditions, 

with N-RBD patients presenting increased chin EMG tone and phasic activations in all sleep stages 

and dissociated EEG features, while iRBD patients seem to show only RSWA. 

Therefore, it can be speculated that N-RBD might be the nocturnal face of abnormal motor 

dyscontrol across the 24 hour, as a mirror of cataplexy during daytime but, differently from 

cataplexy, it does not seem to correlate directly with CSF hcrt-1 levels.  



 

Studies are thus mandatory in order to elucidate the role of the hypocretin system in N-RBD, the 

possible involvement of additional factors and the pathogenesis of RBD within secondary 

narcolepsy with normal CSF hcrt-1. 

Studies dealing with the treatment of N-RBD are completely lacking and are thus encouraged.  

It is also unknown if the presence of RBD within narcolepsy might be linked to a different 

prognosis or to a discrete subtype of narcolepsy. 

Finally, along with a gentler and milder motor pattern, also the anguished and nightmarish quality 

of dreams of iRBD seems to lack in N-RBD [59]. This is an intriguing issue still to be solved. For 

instance, REM sleep dissociation and, in particular N-RBD, offers a unique opportunity to study 

dream content, its meaning and its emotional correlates, but it can also offer a key to catch 

important pathophysiological issues.  

Practice points 

- Narcolepsy is the second most common cause of secondary RBD 

- In children the presence of RBD should raise the suspicion of an underlying narcolepsy 

- Clinical, neurophysiological and biological markers do differ between iRBB and NRBD 

- The neurophysiology of NRBD is still a vexing issue, but sleep-wake instability linked to 

hcrt-1 loss likely play a core role 

- Pharmacological approaches aiming at improving NRBD are still to be investigated 

Research agenda 

- To elucidate the ultimate role of the hypocretin system in the pathogenesis of N-RBD 

- To better evaluate the prevalence of N-RBD in primary and secondary forms 



 

- To evaluate the degree of motor dyscontrol during nighttime before and after medications 

for narcolepsy 

- To study the prognosis of N-RBD, in regard to both narcolepsy and RBD 

- To investigate the significance of RBD in NT2, also as a potential clinical marker for 

conversion in NT1 

- To understand which is/are the generator/s of N-RBD 

- To compare dream mentation in iRBD and N-RBD 

Figure 1: 

Hypnogram and RBD episodes (vertical bars) in a patient with iRBD. 

S1-S2-S3-S4: stage 1, 2, 3 and 4 of NREM sleep; R: REM sleep; W: wakefulness. 

Figure 2 

Hypnogram and RBD episodes (vertical bars) in a patient with NT1. 

S1-S2-S3-S4: stage 1, 2, 3 and 4 of NREM sleep; R: REM sleep; W: wakefulness. 

Table 1: 

IH: Idiopathic hypersomnia; NT1: Narcolepsy type 1; NT2: Narcolepsy type 2; iRBD: Isolated / 

Idiopathic RBD; pRBD: possible RBD; RBD: Rem sleep behavior disorder;; RBDSQ: RBD Screening 

questionnaire; RBDSQ-J: Japanese version of RBDSQ; RBD-I: Innsbruck RBD inventory; RSWA: REM 

sleep without atonia.vPSG: video polysomnography;  

Table 2  



 

CSF: cerebro-spinal fluid;EDS: excessive daytime sleepiness; F: females; yo: years old;M: males; 

MIBG: meta-iodobenzylguanidine; p-α-syn: phosphorylated.alpha-synuclein; RSWA: REM sleep 

without atonia; SN: substanzia nigra SPECT: single-photon emission computed tomography .;  
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Table 2: 

 iRBD RBD-NT1 

DEMOGRAPHIC AND CLINICAL-POLYSOMNOGRAPHIC FEATURES 

GENDER M>F M=F 

AGE AT ONSET  50 yo 7-40 yo 

HYPOSMIA ++ + 

CONSTIPATION ++ - 

AUTONOMIC DYSFUNCTION ++ + 

DEPRESSION ++ + 

COGNITIVE DYSFUNCTION ++ +/-  

EDS + +++ 

SLEEP ATTACKS/HALLUCINATIONS + +++ 

TIME OF OCCURRENCE OF THE 

EPISODES 

2nd half of the night 1
st

 and 2
nd

 half of the night 

FREQUENCY OF THE EPISODES Variable Variable; even subcontinuous 

VIOLENT PATTERN OF RBD 

EPISODES 

+ +/- 

RBD FEATURES Complex motor behavior 

Verbalization, Laughter 

Episodic violent/active 

Calmer 

Discrete motor activity 

Verbalization, not violent 

RSWA (%) > < 

REM DENSITY < > 

INSTRUMENTAL FINDINGS 

CARDIAC MIBG Abormal  Normal 

SN HYPERECHOGENICITY ++ +/- 

ICTAL BRAIN SPECT Same pattern Same pattern 

BIOCHEMICAL AND HISTOPHATOLOGICAL MARKERS 

LOSS OF HYPOCRETINERGIC CELLS +/- +++ 

LOSS OF DOPAMINERGIC CELLS +++ +/- 

CSH HYPOCRETIN LEVELS Normal (↓ in PD and LBD) < 110 pg/mL 

CSF- AMYLOID AND Β-AMYLOID ↓ ?* ↓ ? *  

CSF- TAU AND P-TAU ↓/=  ?* ↓/=  ?* 

UBIQUINATED NEURONAL 

INCLUSIONS  

+++ - 

CENTRAL P-Α-SYN DEPOSITS  +++ ? 

PERIPHERAL P-Α-SYN DEPOSITS +++ ? 

 



iRBD Year Author-Journal Population Studied Subjects Overall Approach Results 

  2012 

Boot et al, Ann 

Neurol [46] 

Population 

study (70-89 

yo) 727 

Questionnaire completed 

by the usual sleeping 

partner 53 pRBD (7,3%) 

  2013 

Kang et al, 

Sleep [43] 

Population 

study (> 60 yo) 

348 out of 696 invited to 

vPSG study 

Clinical examination + 

vPSG chin analysis + 

telefone confirmation of 

dream enactment 

behavior by bed partners 

7 RBD + 18 Subclinical RBD (Overall=7.18%; RBD=2,01%; 

iRBD=1,15%; subclinical RBD=4,95%) 

  2015 

Mahlknecht et 

al, Mov Dis  

[47] 

Bruneck Study 

Cohort (60-97 

yo) 456 out of 488 Questionnaire assessment pRBD prevalence of 4,6% (RBDSQ) and of 7,7% (RDB-I) 

  2016 

Wong et al, 

Neurology [44] 

Kailuan Cohort 

Study (> 24 yo) 

12784 out of 12990 

subjects Questionnaire assessment pRBD prevalence of 5,9% in males, of 4,1% in women 

  2017 

Ma et al, Sleep 

Med [45] 

Population 

study (> 50 yo) 

3635 out of 3970 of 

Wuliqiao Cohort Questionanire assessment 98 pRBD (2,70%; 3,28% in males, 2,41% in women) 

  2017 

Pujol et al, 

Sleep Med [42] 

Primary Care 

Centers (> 60 

yo) 539 

Stage 1: Screening 

Questionnaire; Stage 2: 

Neurological Assessment + 

vPSG 28 pRBD (5,2%); 4 iRBD at step 2 (0,74%) 

  2018 

Haba-Rubio et 

al, Sleep [48] 

Hypnolaus 

Cohort Study 1997 

Questionnaire + Chin EMG 

analysis from PSG 368 pRBD (18.4%), 21 definite RBD (1,06%) 

NT1 1993 

Mayer et al, J 

Sleep Res [26] 

Consecutive 

Series of 87 

Narcolepsy 

patients 

14 patients with history 

of dream-related motor 

behaviours vs 13 age/sex 

paired subjects Clinical Assessment + vPSG 

Narcolepsy patients with dream-related motor behavior 

history = 16%; association between RBD and use of 

antidepressants 

  2005 

Nightingale et 

al, Sleep Med 

[21] 

Random 

Selection of 

Known 

Narcolepsy 

Patients with 

available 

contact details 

55 out of 68 recruited 

patients 

Questionnaire Screening + 

Interview + vPSG 

Possible RBD in 39 out of 55 patients (71%) at 

questionnaire, 20 (36%) with probable RBD symptoms at 

telephone interview 

  2008 

Ferri et al, 

Sleep [39] 

Narcolepsy 

Center Case 34 NT1 adults  Clinical Assessment + vPSG 17 out of 34 NT1 (50%) with clinical/PSG criteria for RBD 



Series (34 NT1, 

35 controls, 18-

75 yo) 

  2007 

Mattarozzi et 

al, Sleep Med 

[54] 

Narcolepsy 

Center Case 

Series 44 NT1 adult patients   

Questionnaire + Clinical 

assessment + vPSG 

27 out of 44 (61%) reported RBD symptoms, 19 out of 44 

(43%) had RBD at vPSG; RBD occurrence was not related 

to cataplexy frequency or gender, but more frequent in 

patients with longer disease course 

  2010 

Knudsen et al, 

Brain 2010 [27] 

Adult 

Narcolepsy 

Center Case 

Series (63 

patients) 

48 NT1 patients (37±2 

yo), 15 NT2 patients 

(29±3 yo) Clinical Assessment + vPSG 

RBD symptoms in 40 out of 63 (63.4%) patients, 

associated with cataplexy (71% vs 40%) or hypocretin 

deficiency (72% vs 41%), the latter remaining significant 

predictor at multivariate analyses suggesting that RBD and 

cataplexy are the intrinsic features of hypocretin 

deficiency. 

  2013 

Del Rosso, J 

Clin Sleep Med 

[49] 

Retrospective 

vPSG review (8 

narcolepsy, 8 

IH) 

Adults with narcolepsy (4 

NT1, 4 NT2; 27,5 yo) and 

IH (n=8, mean age 33 y) Clinical Assessment + vPSG 

None of the patients showed abnormal REM behaviors at 

PSG 

  2013 

Frauscher et al, 

J Clin Sleep 

Med [50] 

Sleep Center 

Consecutive 

Series of 100 

adults with 

narcolepsy 

100 narcolepsy patients 

(87 NT1, 13 NT2) aged 

16-78 yo (median 39) Clinical Assessment + vPSG 

24% with RBD, none with primary RBD complaint at 

clinical evaluation 

  2013 

Luca et al, J 

Sleep Res [28] 

European 

Narcolepsy 

Network 

Database 

1099 NT1 patients, with 

available data on RBD 

comomrbidity in 295 

patients Clinical Assessment + vPSG 

Clinically suspected or vPSG confirmed RBD in 46% of men 

and 54% of women with NT1 

  2013 

Nevsimalova et 

al, J Neurol [57] 

Adult 

Narcolepsy 

Center Case 

Series (148 

patients) 

Consecutive Narcolepsy 

Patients (age 41±20, 

range 7-85): 109 NT1, 39 

NT2 Clinical Assessment + vPSG 

Association between RBD and NT1 (37%) vs NT2 (15%), 

not correlated to patients' age 

  2015 

Sakai-Sakuma, 

Plos One [51] 

Consecutive 

Series of 

Patients with 

CNS 

Adult Cohort of 

consecutive patients 

with 158 NT1 (28±11 yo), 

295 NT2 (26±9 yo), and 

RBD diagnosed on vPSG 

findings 

Higher RWA and occurrence of PSG diagnosable RBD in 

NT1 (2%) vs NT2 (0.3%) and IH (0%) 



Hypersomnia 395 IH (29±9 yo) 

  2015 

Suzuki et al, 

Plos One [52] 

576 

consecutive 

outpatients 

with sleep 

disorders 

68 narcolepsy and 35 IH 

patients vs 61 controls Questionnaire Assessment 

Positive RBDSQ-J in 60% of narcolepsy patients, 14% of IH 

and 11% of controls 

  2017 

Antelmi et al, 

Brain [72] 

Narcolepsy 

Center Case 

Series (40 NT1) 

40 NT1 children (12±3 

yo) and 22 Controls  Clinical Assessment + vPSG 32.5% of NT1 with Complex Behaviors in REM (RBD) 

  2018 

Bin-Hasan, J 

Clin Sleep Med 

[22] 

Pediatric Sleep 

Center Cohort 

(17 Narcolepsy) 

Children aged 6-18: 11 

NT1, 6 NT2, 12 IH, and 

11 with subjective EDS Clinical Assessment + vPSG 

2 out of 11 NT1 (18%), and 2 out of 6 NT2 (33%); RWA 

proposed as good biomarker to identify narcolepsy (both 

type 1 and 2) 

 






