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INTRODUCTION

Dreaming is a highly familiar, yet mysterious mode of cognitive functioning to which we involuntarily revert every night. Although dreaming has fascinated mankind since the early ages and was strongly promoted by the psychoanalytic field at the turn of the last century, its 2 rigorous scientific exploration is a rather recent development, dating back to the discovery of rapid eye movement (REM) sleep in the 1950ies. When this sleep stage was first described in humans, researchers quickly noticed that subjects awakened from REM sleep frequently reported dreams, in 74 % of cases, compared to only 17 % in Non REM (NREM) sleep. 1 Dreaming was thus equated to REM sleep, as this also seemed to be highly consistent with the electrophysiological hallmarks of this sleep stage: saccadic eye movements occurring under closed eyelids, as if the sleeper was observing an animated scene; 2 rapid, desynchronized electroencephalographic (EEG) activity reminiscent of wakefulness, and muscular atonia that prevents dream enactment. The observation that specific brainstem lesions could abolish muscle atonia during REM sleep and lead sleeping cats to chase imaginary preys raised the intriguing possibility that dreams are not only reserved to humans, but could instead be an universal phenomenon. In subsequent years, researchers made interesting, albeit seemingly contradictory observations: by using open-ended questions like 'What was going through your mind before I woke you up', they found that dreaming could not only occur in REM sleep, but also in NREM sleep, a sleep stage with a radically different global EEG signature and neuromodulatory profile. Indeed, while REM sleep is characterized by a small-amplitude, high-frequency EEG and by high cholinergic and absent noradrenergic modulation, in NREM sleep the EEG displays high-amplitude and low-frequency slow waves as well as spindles, and both cholinergic and noradrenergic transmission is reduced. This greatly challenged the equation 'REM sleep = dreaming' and emphasized the fact that dreaming as a subjective experience can be dissociated from sleep stages. At the same time, other lines of research clarified that sleep is not a global phenomenon, affecting all brain areas simultaneously, but instead that it occurs and is regulated locally. With the development of neuroimaging techniques with increased spatial resolution, including functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and high-density EEG, it has become possible to image such local changes in brain activity and relate them to characteristics of dreaming across sleep stages. On the clinical side, specific conditions including parasomnias (REM sleep behaviour disorder [RBD], NREM parasomnias) and lucid dreaming have provided unique opportunities to directly observe behaviours related to the dreaming process. Sleep medicine has greatly developed in the last decades, mostly by managing millions of patients with sleep apnea and insomnia, but the phenomenology and physiology of dreaming have been overlooked even though they bear relevance to sleep clinicians. Although we are still far from knowing the precise function of dreams (see Appendix #1 for current hypotheses, where the Freudian hypothesis that dreaming features repressed desires is challenged), progress in these different areas has allowed for a new science of dreaming to emerge and can provide clinicians valuable tools in diagnosing and treating patients. In the present article we review 1) how technical advances have allowed to relate dream features to specific patterns of brain activity, 2) how particular conditions, including neurological disorders and lucid dreaming, have contributed to elucidate the basis of oneiric experiences, and 3) how dreaming can have diagnostic relevance for sleep and neurological disorders. Aspects for which there was solid and consistent evidence converging from distinct line of research were preferentially chosen in the current review.

DREAMING IN HEALTHY ADULTS

It is generally agreed upon that dreaming refers to subjective experiences during sleep. 3 Because the nature of experiences during sleep varies from simple static fragmentary impressions to full-blown dynamic hallucinatory story-like experiences, the more inclusive definitions consider any subjective experience during sleep as dreams, whereas the more restrictive conceptualizations define dreams as 'multimodal, complex, dynamic world simulations' 4 or as 'immersive spatiotemporal hallucinations', 3 and simpler forms of conscious experiences as 'sleep mentation'.

Nightmares are vivid and well-remembered dysphoric dreams that usually include themes involving threats to survival, security, physical integrity or self-esteem and cause awakening. 5 In contrast, bad dreams also contain intense negative emotions but do not cause an awakening. 6 Importantly for clinical purposes (as outlined in the next sections), patients may use the word 'nightmares' indistinctively to refer to a variety of conditions, including not only nightmare disorder (in REM sleep) but also different parasomnias. Hence, clinicians first need to establish a correct diagnosis for the disorder expressed as 'nightmares', as causes and treatments differ considerably.

Factors that influence dream recall and content

In population surveys, people remember on average one dream per week at home, but the variance is large, ranging from no recall to recalling dreams every morning. 7 Dream recall frequency is affected by age, sex, personality, waking life experiences, sleep quality and attitude towards dreams. Among personality traits, openness to experience positively correlates with dream recall, and neuroticism with nightmare recall. Factors increasing dream recall includes interest in dream, keeping a dream journal, participating in a dream study, as well as increased number of nocturnal awakenings and poor sleep quality. 7 Dream recall peaks in early adulthood, and then declines from adulthood to old age. 8 Women typically have higher self-reported dream recall than men. 7 The prevalence of nightmares is also higher in women, and nightmares become slightly more prevalent with age. Stress and negative pre-sleep mood also correlate with increased dream recall frequency. 7 Similarly to recall, dream content is affected by trait and state factors. Women typically report less direct physical aggression and sexual content than men, but more dreams with verbal aggression. 8 Aggression decreases from adolescence to old age in dreams of both men and women, whereas friendly interactions decrease in women's dreams, and gradually increase with age in men's dreams. 8 Women have more positive emotions in their dreams in adolescence and old age and, comparably, more negative emotions during adulthood. 8 In contrast, negative emotions in men's dreams peak in adolescence and middle adulthood, while at their lowest in early adulthood and old age. 8 These developmental patterns may reflect changes in waking life experiences and challenges at different ages. 9 Emotional intensity of an event is one of the best predictors of incorporation, 10 and traumatic experiences typically manifest as posttraumatic nightmares which may persist for decades. 11 Few investigations have addressed genetic influences on dreaming. Twin studies have established that nightmares appear to have a strong additive genetic influence, accounting for about 45-51% of the phenotypic variance in childhood, and 37% in adulthood. 12 Also, the occurrence of nightmares in childhood, adolescence and adulthood correlates significantly, suggesting that disposition to nightmares is a persistent and stable trait. 12 Medications may modify dreaming (Table 1). Cholinergic and dopaminergic drugs accentuate dream vividness and lucid dreaming. Antidepressants decrease dream recall frequency, beta-blockers induce nightmares, and alpha-blockers alleviate post-traumatic nightmares.

Functions of dreaming

Importantly, theories on the function of sleep tell us very little about, and need to be distinguished from theories on the function of dreaming. They include dreaming as a guardian of sleep, as a desensitization of negative emotions (in combination with memory consolidation), as a simulator (of threat and social challenges), as a play, as a reprogramming of our genetic individuation, or as a mere epiphenomenon (Appendix #1). No consensus on these theories has been achieved yet, given it is empirically challenging to test whether and what type of consequence dreaming mind has on waking mind and behaviour.

Phenomenology and neurobiology of dreaming

Normal dreaming

Similar to waking mentation, dreams have a veridical "multisensory quality" and involve perceptual modalities in comparable proportions, with almost 100% of dreams having a visual quality, followed by auditory experiences, while gustatory and olfactive experiences occupy lower percentages of sensory experiences. 13 Posterior temporo-occipital cortices are also activated, in line with the visual nature of dreams.

Along the same lines, dreams are not entirely new or unfamiliar experiences, as they often deal with everyday objects and known places or people. Contrary to waking experiences, however, most dream contents do not bear any relation to the current environment because of the sensory and motor disconnection that is inherent to sleep. Instead, dreams are internally generated experiences and therefore, by definition, hallucinations. Dreams are also akin to a delusional state, because, with the rare exception of lucid dreaming, the dreamers typically take the dream experience for real, not realizing that they are in a bed, dreaming, and this despite the major contextual and temporal incongruencies that characterize some dreams. This altered reflective consciousness is a major hallmark of dreams, along with the lack of voluntary control over the dream plot. Other distinctive features include dream amnesia (most dreams are rapidly forgotten unless they are particularly striking or quickly recorded upon awakening), and the highly emotional and negatively toned nature of many dreams.

Differences between REM dreaming and waking cognition are at least partly reflected in regional patterns of cerebral blood flow and glucose metabolism. 14 Compared to the waking state, REM sleep is characterised by increased activity and blood flow in limbic and paralimbic areas (amygdaloid complexes, hippocampal formation, anterior cingulate cortex), which has been suggested to account for the emotional aspects of dreaming, and relative quiescence of fronto-parietal associative networks, which could contribute to the lack of insight and control that is typical of dreaming. Posterior temporo-occipital cortices are also activated, in line with the visual nature of dreams.

However, dreaming and REM sleep can clearly be dissociated, for instance by pharmacological manipulation [START_REF] Oudiette | Dreaming without REM sleep[END_REF] or in patients with brain lesions. [START_REF] Solms | Dreaming and REM sleep are controlled by different brain mechanisms[END_REF] In addition, in a consistent minority of REM awakenings subjects do not report any experience. More importantly, it is now well established that dreaming is also reported in at least 50 % of NREM sleep awakenings. [START_REF] Nielsen | A review of mentation in REM and NREM sleep: "covert" REM sleep as a possible reconciliation of two opposing models[END_REF] Overall, compared to REM sleep dreams, NREM sleep experiences are shorter, less dreamlike, less vivid, more conceptual, less bizarre, less emotional, under greater volitional control, and more related to current concerns. [START_REF] Nielsen | A review of mentation in REM and NREM sleep: "covert" REM sleep as a possible reconciliation of two opposing models[END_REF] However, late night NREM awakenings can yield dream reports that are in every respect indistinguishable from REM reports.

Several lines of research have provided insight into why dreaming and unconsciousness can occur in both REM and NREM sleep, two states with radically different global EEG signatures. EEG slow waves, the hallmarks of NREM sleep, are likely to underlie the fading of consciousness in sleep. Slow waves reflect periods of neuronal silence (off-periods) occurring in thalamo-cortical neurons, alternating with periods of neuronal firing (on-periods), each lasting a few hundred milliseconds. [START_REF] Steriade | Thalamocortical oscillations in the sleeping brain[END_REF] Off-periods have been shown to induce a breakdown in cortico-cortical communication, [START_REF] Massimini | Breakdown of cortical effective connectivity during sleep[END_REF] which on theoretical grounds is an important prerequisite for the generation of conscious experiences. [START_REF] Tononi | Consciousness as integrated information: a provisional manifesto[END_REF] Slow waves are not homogeneously distributed across the cortical surface, but are regulated and occur locally, as a function of learning and prior experience. [START_REF] Siclari | Local aspects of sleep and wakefulness[END_REF] This means that at times, some brain areas may display high-amplitude slow waves while other regions simultaneously display more 'wake-like' activity. While initially thought to be present only in NREM sleep, recent studies found local slow waves also in wakefulness [START_REF] Vyazovskiy | Local sleep in awake rats[END_REF] as well as in REM sleep. [START_REF] Bernardi | Regional delta waves In human rapid eye movement sleep[END_REF] Taken together, this work opened the possibility that dreaming may occur in both REM and NREM sleep, depending on the regional distribution of slow wave activity. Recent studies using EEG recordings with increased spatial resolution (high-density EEG), coupled with over 1000 serial awakenings to probe sleep related experiences, confirmed that slow wave activity is negatively associated with dreaming in both REM and NREM sleep, most consistently so in posterior brain regions. Within posterior brain regions, REM dream contents including faces, spatial setting, movement and perceived speech activated similar regions compared to perceptual waking contents. Another recent study was able to decode dream contents at sleep onset (light NREM sleep) based on fMRI activity in posterior brain areas. [START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF] Although these two experiments evaluating dream content comprised a high number of awakenings, relatively few subjects were included, so future studies should try and reproduce these results. Nevertheless, a predominant role of posterior cortical brain regions in dreaming is also suggested by reports of cessation of dreaming after lesions of the inferior parietal and occipital cortex. [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF][START_REF] Sharf | Dream phenomena induced by chronic levodopa therapy[END_REF] Activation of anterior areas in NREM sleep, on the other hand, and in particular micro-arousals or short awakenings, have been related to successful recall of dream content. [START_REF] Nielsen | Nightmares: a new neurocognitive model[END_REF] Subcortical regions also likely play a role in dreaming, as deep bifrontal lesions of the white matter are associated with a cessation of dreaming. [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF][START_REF] Sharf | Dream phenomena induced by chronic levodopa therapy[END_REF] Plus, patients with a 'blank mind' (no spontaneous thoughts) resulting from bilateral basal ganglia lesions have a lower rate of dream reports and qualitatively impoverished dreams. 51

Lucid dreaming

Lucid dreaming is a non-pathological variant of normal REM dreaming, in which one is aware of dreaming while continuing to sleep. [START_REF] Mota-Rolim | Dream characteristics in a Brazilian sample: an online survey focusing on lucid dreaming[END_REF] Some lucid dreamers can even exert control over the ongoing dream scenario. Because eye movements are not affected by the muscle paralysis of REM sleep, lucid dreamers can 'communicate' with an external observer by using a predefined ocular code. [START_REF] Erlacher | Time for actions in lucid dreams: effects of task modality, length, and complexity[END_REF] Lucid dreaming is usually pleasurable and sought by many healthy people to increase positive experiences in dreams, but can be learned by patients with nightmare disorder to change nightmares into agreeable dreams. However, it is a challenging state to reach, and although 26 to 77% adults experience a lucid dream at least once, only highly trained persons are able to control the scenario and signal lucidity in a laboratory setting. [START_REF] Mota-Rolim | Dream characteristics in a Brazilian sample: an online survey focusing on lucid dreaming[END_REF] They are however fantastic insiders in the field of dream research as they allow major recent progress in understanding consciousness during REM sleep, [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF] time in dream [START_REF] Erlacher | Time for actions in lucid dreams: effects of task modality, length, and complexity[END_REF] and dream-body interaction. [START_REF] Dresler | Dreamed movement elicits activation in the sensorimotor cortex[END_REF][START_REF] Oudiette | REM sleep respiratory behaviours match mental content in narcoleptic lucid dreamers[END_REF][START_REF] Laberge | Smooth tracking of visual targets distinguishes lucid REM sleep dreaming and waking perception from imagination[END_REF] Compared to non-lucid REM sleep, lucid REM sleep is associated with increased frontolateral EEG power in the lower gamma band (usually activated during waking) [START_REF] Voss | Lucid dreaming: a state of consciousness with features of both waking and non-lucid dreaming[END_REF] or decreased delta frontocentral EEG power. [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF] Areas that are usually associated with insight and agency during wakefulness (bilateral precuneus, cuneus, parietal lobules, prefrontal and basal occipitotemporal cortices) have shown to be activated in a small sample of lucid compared to non-lucid REM sleep dreams (Figure 2B). [START_REF] Dresler | Neural correlates of dream lucidity obtained from contrasting lucid versus non-lucid REM sleep: a combined EEG/fMRI case study[END_REF] During wakefulness, participants with high (vs. low) lucid dream frequency have increased resting-state functional connectivity between the left anterior prefrontal cortex and the bilateral angular gyrus, bilateral middle temporal gyrus and right inferior frontal gyrus, [START_REF] Baird | Frequent lucid dreaming associated with increased functional connectivity between frontopolar cortex and temporoparietal association areas[END_REF] as well as increased signal in the frontopolar region during metacognitive thought-monitoring task, [START_REF] Filevich | Metacognitive mechanisms underlying lucid dreaming[END_REF] again areas associated with insight. In line with these findings, transcranial alternating current stimulation in the low gamma band (25-40 Hz) applied to the frontal lobe induces an increase self-reflective awareness in dreams in healthy controls. [START_REF] Voss | Induction of self awareness in dreams through frontal low current stimulation of gamma activity[END_REF] Recent studies have shown that tasks performed during lucid dreams involve similar brain networks, extend over comparable time periods and elicit the same eye movements and respiration patterns as during wakefulness. Dreamed hand clenches in lucid dreams, activate the contralateral sensorimotor cortex [START_REF] Dresler | Dreamed movement elicits activation in the sensorimotor cortex[END_REF] , although to a smaller extent (50%) compared to hand clenches during wakefulness, possibly as a consequence of the lack of sensory feedback during REM sleep. Another study showed that subjects instructed to hold their breath in their lucid dreams (e.g., by diving in a pool), produced a long central apnea during REM sleep naps, [START_REF] Oudiette | REM sleep respiratory behaviours match mental content in narcoleptic lucid dreamers[END_REF] suggesting that the cortical networks involved in voluntary respiratory movements are preserved during REM sleep and that breathing irregularities have a cortical/subcortical origin that reflects dream content. Yet another study showed that lucid dreamers are able to perform smooth pursuit eye movements when tracking their moving thumb in their dreams, [START_REF] Laberge | Smooth tracking of visual targets distinguishes lucid REM sleep dreaming and waking perception from imagination[END_REF] similar to eye movements performed during wakefulness, and different from saccadic tracking observed during visuomotor imagination. This suggests that the neural circuitry of smooth pursuit can be driven by a dreamed percept in the absence of retinal stimulation, and that specific voluntary shifts in the direction of experienced gaze within REM sleep dreams are accompanied by corresponding rotations of the physical eyes. [START_REF] Laberge | Smooth tracking of visual targets distinguishes lucid REM sleep dreaming and waking perception from imagination[END_REF] Finally, counting from 0 to 10 during REM sleep takes approximately the same time as during wake, while it takes around 25% longer to perform motor actions, [START_REF] Erlacher | Time for actions in lucid dreams: effects of task modality, length, and complexity[END_REF] possibly because of absent sensory feedback or slower cognitive processes during sleep.

Sleep talking

Sleep talking may also shed light on the how the brain dreams. [START_REF] Alfonsi | Sleep talking: A viable access to mental processes during sleep[END_REF] Sleep-speech is rare, brief and consists of a few words rather than extended remarks. [START_REF] Alfonsi | Sleep talking: A viable access to mental processes during sleep[END_REF] In healthy subjects, patients with NREM and REM parasomnia, half of sleep utterances are non-verbal, containing mostly mumbling, whispering, laughing, shouting, silent speech, moaning and rare cries. [START_REF] Arnulf | What does the sleeping brain say? Syntax and semantics of sleep talking in healthy subjects and in parasomnia patients[END_REF] Speech episodes contain on average 9 words, with men having longer utterances than women. [START_REF] Arnulf | What does the sleeping brain say? Syntax and semantics of sleep talking in healthy subjects and in parasomnia patients[END_REF] Sleep talking respects turn taking rules in conversation, with appropriate silence after question, as if listening to a response from their fictive talker. This means that the dreamers speak only those words that, in the dream, they experience as their own. This dialogic speech could draw on theory-of-mind capacities in dreams, requiring the representation of a voice and the sense and intention of a plausible and realistic interlocutor. Among understandable words, the most frequent was "No". Offensive language (mostly insults in REM sleep, and swearing in NREM sleep) was surprisingly frequent and outnumbered polite language. One may imagine that it parallels the confrontational mental concerns of dreamers, or that it reflects some degree of social disinhibition or intense emotion during sleep. There was a higher rate of profanities in men than in women during sleep talking.

DREAMS IN THE CONTEXT OF DISORDERS

Advances regarding abnormal dreaming in neurological and sleep disorders have been made by studying patients with Parkinson disease, narcolepsy and arousal disorders. A few studies have examined dream alterations in patients with sleep apnea and insomnia (Panel #2) and in patients with sensorial and motor defects (Panel #3).

Isolated REM sleep behaviour disorder

Middle-aged patients referred for violent enacted dreams may present enacted dreams and nightmares, resulting in isolated (previously named 'idiopathic') REM sleep behaviour disorder (RBD). Normal REM sleep is associated with loss of postural muscle tone (or atonia) through an active mechanism in the pons and medulla which inhibits movement (Figure 1 3). When this mechanism is damaged, patients display movements, facial expressions, vocalisations and behaviours during REM sleep. 5 Patients who are awakened immediately after a behavioural episode frequently report dream content congruent with the overt behaviour prior to awakening. Violent movements, such as kicking, boxing, and jumping out of the bed, may cause injuries to the patients or their bed sharers. 5 Most affected patients eventually develop parkinsonism or dementia, quasi-exclusively in form of a synucleinopathy (Parkinson's disease, dementia with Lewy bodies and multiple systemic atrophy), and half of them do so within a median 8 years. [START_REF] Postuma | Risk and predictors of dementia and parkinsonism in idiopathic REM sleep behaviour disorder: a multicentre study[END_REF] These patients often present numerous mild non-motor symptoms (e.g., hyposmia, constipation) as well as mildly abnormal test results (e.g., reduced speed during rapid hand movements, decreased dopamine transmission in brain functional imaging) that place them between normal subjects and patients with Parkinson's disease in terms of severity. [START_REF] Arnaldi | Idiopathic REM sleep behavior disorder and neurodegenerative risk: To tell or not to tell to the patient? How to minimize the risk?[END_REF][START_REF] Knudsen | In-vivo staging of pathology in REM sleep behaviour disorder: a multimodality imaging case-control study[END_REF] The condition is associated with neuronal loss in the subcoeruleus nucleus in the pons. [START_REF] Ehrminger | The coeruleus/subcoeruleus complex in idiopathic rapid eye movement sleep behaviour disorder[END_REF] A single screening question: "Have you ever been told, or suspected yourself, that you seem to "act out your dreams" while asleep (for example, punching, flailing your arms in the air, making running movements, etc)?" [START_REF] Postuma | A single-question screen for rapid eye movement sleep behavior disorder: a multicenter validation study[END_REF] is sensitive and specific for distinguishing patients with RBD from healthy controls and patients with obstructive sleep apnea, [START_REF] Postuma | A single-question screen for rapid eye movement sleep behavior disorder: a multicenter validation study[END_REF] but not from patients with sleepwalking or sleep terrors. [START_REF] Haridi | Is there a common motor dysregulation in sleepwalking and REM sleep behaviour disorder?[END_REF] Isolated RBD and RBD plus mild symptoms as prodromal forms of neurodegenerative disorders represent a unique opportunity to develop early neuroprotective trials.

Overall, 93 % patients with RBD report enacted dreams [START_REF] Schenck | REM sleep behavior disorder: clinical, developmental, and neuroscience perspectives 16 years after its formal identification in SLEEP[END_REF] which contain more aggression and animals than dreams of control subjects, in sharp contrast with a placid personality of these patients during wakefulness. [START_REF] Fantini | Aggressive dream content without daytime aggressiveness in REM sleep behavior disorder[END_REF] Patients often report being attacked or chased by a person or animal (dogs, snakes, lions, bulls and horses), arguing or falling off a cliff, defending themselves or their loved ones, during a brief, single visual scene. [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF][START_REF] Fernández-Arcos | The clinical phenotype of idiopathic rapid eye movement sleep behavior disorder at presentation: a study in 203 consecutive patients[END_REF][START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF] Non-violent elaborate behaviours, although less frequently reported, occur in patients with Parkinson's disease, with narcolepsy, and with isolated RBD. [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF][START_REF] Fernández-Arcos | The clinical phenotype of idiopathic rapid eye movement sleep behavior disorder at presentation: a study in 203 consecutive patients[END_REF][START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF] Non-violent behaviours comprise sports (mostly soccer), eating and smoking, picking apples, dancing, singing, teaching, gesturing thumbs up, kissing, giving a lecture, selling textiles, applauding, sorting buttons, masturbating, urinating, bicycling, greeting, flying, and inspecting the army. [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF][START_REF] Fernández-Arcos | The clinical phenotype of idiopathic rapid eye movement sleep behavior disorder at presentation: a study in 203 consecutive patients[END_REF][START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF] Most behaviours are learned behaviours in accordance with the cultural and social context of the patients (Video#1 and #2). The dream-action isomorphism in RBD has allowed several advances in dream research (Appendix #2).

Parkinson's disease and dementia with Lewy bodies

Patients with Parkinson's disease suffer from many sleep problems, including insomnia, excessive daytime sleepiness, enacted nightmares. Although they have normal dream recall frequency and report length than healthy controls, their dreams are qualitatively different. [START_REF] De Gennaro | Dopaminergic system and dream recall: An MRI study in Parkinson's disease patients[END_REF] One third of patients report 'vivid' dreams and a high frequency of nightmares, especially when dopaminergic therapy is introduced. [START_REF] De Gennaro | Dopaminergic system and dream recall: An MRI study in Parkinson's disease patients[END_REF][START_REF] Sharf | Dream phenomena induced by chronic levodopa therapy[END_REF] Lower emotional load and bizarreness in patients' dreams (compared to controls) is associated with amygdala and mesial prefrontal cortex thickness, [START_REF] De Gennaro | Dopaminergic system and dream recall: An MRI study in Parkinson's disease patients[END_REF] two key structures implicated in current models of dreaming and emotion regulation during sleep. [START_REF] Nielsen | Nightmares: a new neurocognitive model[END_REF] However, the most remarkable change is the presence of RBD in up to 60% of patients. In early Parkinson's disease stages, RBD is a major determinant for later development of hallucinations, psychosis, and dementia. [START_REF] Goetz | Hallucinations and sleep disorders in PD: ten-year prospective longitudinal study[END_REF][START_REF] Anang | Predictors of dementia in Parkinson disease: A prospective cohort study[END_REF] Notably, parkinsonism disappears during RBD-associated complex behaviours. [START_REF] Cock | Restoration of normal motor control in Parkinson's disease during REM sleep[END_REF] Dementia with Lewy bodies represents the second most common form of neurodegenerative dementia after Alzheimer disease. These patients have numerous sleep abnormalities, as cortical degeneration may challenge the recognition of sleep figures. They may develop confusion and visual hallucinations in darkness and upon daytime and night-time arousals, hallucinatory-like behaviours, and clear RBD in 50-80% of them, although they often do not remember of the dream content associated with their sleep behaviour. [START_REF] Fernandez-Arcos | Clinical and videopolysomnographic analysis of rapid eye movement sleep behavior disorder and other sleep disturbances in dementia with Lewy bodies[END_REF] RBD as a core symptom helps clinicians to distinguish dementia with Lewy bodies from Alzheimer disease (in which RBD is absent).

NREM parasomnias

Paralleling the reported incidence of dreaming in REM and NREM sleep, it was initially assumed that NREM parasomnias (also called disorders of arousals and including mostly sleepwalking and sleep terrors) are not associated with dreaming. However, recent studies indicate that most patients with NREM parasomnias (71-77%) can recall at least one dreamlike mentation associated with parasomnia episode over a lifetime (Video clip #3 and #4). [START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF][START_REF] Oudiette | Dreamlike mentations during sleepwalking and sleep terrors in adults[END_REF][START_REF] Zadra | Somnambulism: clinical aspects and pathophysiological hypotheses[END_REF] NREM parasomnia experiences are qualitatively and quantitatively different from REM sleep experiences, including dreams associated with RBD, and characteristics of dream experiences can help distinguish NREM parasomnia from RBD (Table 2). Dreamlike experiences in NREM parasomnia are typically short, comprising a single visual scene, and are associated with negative emotions including apprehension, fear or terror. The content frequently involves misfortunes and disasters with imminent death, in which the patient has to escape from a shut location (a narrow room, an elevator, a labyrinth, a grave, moving walls, seeing the ceiling collapse, being buried) or a danger (trains, cars, fires, snakes). [START_REF] Oudiette | Nonviolent elaborate behaviors may also occur in REM sleep behavior disorder[END_REF][START_REF] Oudiette | Dreamlike mentations during sleepwalking and sleep terrors in adults[END_REF][START_REF] Zadra | Somnambulism: clinical aspects and pathophysiological hypotheses[END_REF] Clinicians should be aware that contrary to common assumptions, reports of patients with NREM parasomnia and observations in the sleep laboratory evidence dream-behaviour isomorphism, i.e., dreams may also be enacted in NREM parasomnia, and not only in RBD. Care should also be taken not to equate sleep terrors with nightmares, as patients sometimes use the term "nightmares" or "awake nightmares" to refer to their parasomnia episodes.

Narcolepsy

Narcolepsy is caused by hypocretin deficiency which leads to destabilization of sleep-wake cycles, excessive daytime sleepiness (culminating into sleep attacks), cataplexy and sleeponset REM periods. 5 Patients with narcolepsy report higher dream recall than healthy controls, [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF][START_REF] Rak | Increased lucid dreaming frequency in narcolepsy[END_REF] although in REM awakenings in sleep laboratory their dream recall frequency is similar to controls. [START_REF] Cipolli | Story-like organization of REM-dreams in patients with narcolepsy-cataplexy[END_REF] Yet, dreams of narcolepsy patients have been reported to be more vivid, clear and bright, and to contain more emotions overall, as well as more negative and intense emotions. [START_REF] Fosse | Emotional experience during rapid-eye-movement sleep in narcolepsy[END_REF] Nightmares and recurrent dreams are more prevalent in narcolepsy patients than in controls, with 33-70% of patients reporting frequent nightmares. [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF][START_REF] Rak | Increased lucid dreaming frequency in narcolepsy[END_REF] Sleep paralysis is significantly more common in patients with narcolepsy (59%) than in healthy controls (15%). [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF] Hypnagogic (51%) and hypnopompic hallucinations (28%), often related to sleep paralysis, are also often experienced by the patients. [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF] The hallucinations can cause dream-reality confusion, i.e., be so realistic that the patient acts accordingly, for example, calls the police about an intruder. [START_REF] Wamsley | Delusional confusion of dreaming and reality in narcolepsy[END_REF] In recent studies, 77-78% of patients with narcolepsy have been found to report lucid dreaming, with an average of 7 lucid dreams per month (vs. 0.3-0.7 in controls). [START_REF] Dodet | Lucid dreaming in narcolepsy[END_REF][START_REF] Rak | Increased lucid dreaming frequency in narcolepsy[END_REF] Narcolepsy patients' ability to dream lucidly is possibly linked to the frequent entry into REM sleep directly from wakefulness, which may allow maintaining a higher level of consciousness than when REM sleep occurs after a long period of NREM sleep. Patients mostly used their lucid dreaming ability to take control over the dream scenario in case of nightmares. Patients with narcolepsy are excellent participants in future studies on lucid dreaming, as they are natural frequent lucid dreamers, and can rapidly enter REM sleep during several consecutive daytime naps, even in noisy environments (e.g., in an MRI). [START_REF] Oudiette | REM sleep respiratory behaviours match mental content in narcoleptic lucid dreamers[END_REF] Lucid dreaming is correlated with creativity. Of interest, patients with narcolepsy are more creative than controls. [START_REF] Lacaux | Increased creative thinking in narcolepsy[END_REF] They may incubate original ideas during sleep and dreams.

Conclusions and future directions

Recent advances in the development neuroimaging techniques have allowed researchers to relate these phenomenological dream features to well-known patterns of brain activation, to identify EEG markers of dreaming and dream recall, and even to predict dreaming and dream content in real time. Importantly, these studies convincingly show that dream reports can be trusted as a research tool, and that they do not represent confabulations or unreliable indications as oftentimes suggested in the past. These studies have also shown that some brain areas are consistently and locally activated during dreams, irrespective of sleep stage. Research on dreams has been enriched by studies on lucid dreaming and neurological disorders with more fluid boundaries between wakefulness and sleep, which enable online access to the dreaming process. Both parasomnias associated with dream-enacting (comprising not only RBD, but also sleepwalking, sleep terrors and sleep talking), and lucid dreaming, constitute models to access motor, cognitive, sensory and emotional processes during dreaming. In this aspect, patients are valuable for dream science, and dream science is valuable for patients. Similarities and differences between brain areas activated during wake and during sleep when doing the same (executed vs. dreamed) action suggest that the same neural networks underlie experiences and behaviours in both states of consciousness (except possibly for the basal ganglia during dreamed movements, as found in PD with RBD). In the future, these models should be developed for dream research purposes, including two-way communication between the sleeper and the experimenter during lucid REM sleep, targeted memory reactivation during sleep, and new techniques such as the development of classifiers on EEG and EOG signals, functional brain imaging as well as high density EEG and intracranial recordings during sleep. Knowing more precisely how we dream should progressively bring us closer to finding out why we sleep and why we dream, and to improving treatments of disturbed dreaming. In addition, understanding how the brain generates perceptions and beliefs by itself, without the influence of external inputs during sleep, may offer insight into hallucinations and delusions frequently encountered in neuropsychiatric disorders.

5.

A list of the key 15 or so references to be included. Please note that our reviews strive to be the most up to date in the field, so we ask that the references be from the last 5 years 15. R. Hoss, K. Valli, and R. Gongloff. Dreams: Understanding biology, psychology, and culture. Volume 1. 2019, ABC Clio: Santa Barbara: Greenwood.

"Search strategy and selection criteria"

We searched references using PubMed using the terms "Dream", "Dreaming", "Nightmare" "Lucid dreaming" "Sleep mentation" crossed with "Parkinson's disease"; "Dementia with Lewy Bodies"; "Alzheimer disease"; "Narcolepsy"; "REM sleep behaviour disorder"; "Sleepwalking"; "Night Terror"; "Sleep paralysis", "Sleep talking"; "Paraplegia", "Phantom limb", "Insomnia", "Sleep apnea", "Brain lesion" as well as the reference lists of retrieved articles. We then selected the most relevant references, with a specific attention to the most recent studies (within the last 5 years) although some older studies were kept in for their importance, studies with large samples (otherwise specified), control groups and reduced bias.

PANEL #1: GLOSSARY OF TERMS RELATED TO DREAMING

Bad dream: A vivid and disturbing dream involving intense negative emotions, most often anxiety and fear, which does not cause an awakening. Also called "dysphoric dream".

Cataplexy: A sudden and transient episode of muscle weakness ranging from mild weakness to complete loss of skeletal muscle tone and postural collapse, with fully preserved conscious awareness. Typically triggered by positive emotions and pathognomonic of narcolepsy type 1.

Dreaming: Broadly defined, any subjective experience during sleep, or more restrictively defined, subjective experience during sleep that shows complex multisensory content with temporal progression and narrative structure.

Dream enactment:

The conception of that observable behaviours during sleep replicate the hallucinatory-like actions carried out in the dream, i.e., dream enactment is based on dreamaction isomorphism.

Lucid dream: A dream during which the dreamer realises that s/he is dreaming while remaining asleep.

Nightmare: A vivid and well-remembered dysphoric dream that usually involves anxiety or fear, includes a theme involving threat to survival, security, physical integrity or self-esteem, and causes an awakening. May be idiopathic or posttraumatic, i.e., induced by traumatic events. Re-experiencing the trauma or elements of it is a hallmark of posttraumatic nightmares.

Parasomnia: A sleep disorder characterised by abnormal or unusual non-stereotyped movements, behaviours, emotions, perceptions, and dreams during sleep or at the transition between wake and sleep. It includes NREM sleep (also called disorders of arousal, including confusional arousals, sleepwalking, sleep terrors, sleep-related eating disorder, sexsomnia) and REM sleep (REM sleep behaviour disorder [RBD], recurrent isolated sleep paralysis, nightmare disorder, sleep-related hallucinations) parasomnias.

Recurrent dream: a dream which is experienced repeatedly over a period of time and contains the same or highly similar content in each iteration. If the content is identical in every iteration, the term 'repetitive dream' may be used.

Sleep mentation: Static, fragmentary, and typically unimodal sensory experience during sleep that does not involve narrative structure or temporal progress.

Sleep paralysis:

A condition during waking up or falling asleep when a person is awake and aware of one's physical environment but unable to move or speak. It occurs when REM sleep atonia extends to wakefulness.

Sleep-related hallucination:

Any perceptual experience that occurs in the absence of its external physical counterpart at the transition from wakefulness to sleep (hypnagogic hallucination) or the transition from sleep to awake (hypnopompic hallucination).

White dream:

A strong conviction of having had a dream or sleep mentation experience before an awakening, but without explicit recall of any specific content

PANEL #2: DREAMS IN PATIENTS WITH SLEEP APNEA AND WITH INSOMNIA

One would imagine that the frequent respiratory occlusions which occur in patients with obstructive sleep apnea (OSA) would somehow find their way into the dream content.

Although there are anecdotal reports of OSA patients drowning or choking in their dreams, studies that have systematically assessed this aspect suggest otherwise. [START_REF] Carrasco | Changes in dreaming induced by CPAP in severe obstructive sleep apnea syndrome patients[END_REF][START_REF] Pauli | Dream Content in Patients With Sleep Apnea: A Prospective Sleep Laboratory Study[END_REF] Dreams of patients with sleep apnea do not appear to contain elements related to respiratory features, regardless of whether dream reports are collected in the morning after a night in the sleep laboratory, [START_REF] Pauli | Dream Content in Patients With Sleep Apnea: A Prospective Sleep Laboratory Study[END_REF] through serial awakenings in REM sleep, or immediately after observing an apnea in the recording. [START_REF] Carrasco | Changes in dreaming induced by CPAP in severe obstructive sleep apnea syndrome patients[END_REF] This fits well with the clinical observation that choking sensations and dreams involving respiratory distress are only exceptionally reported by OSA patients, despite the large number of such patients.

Studies investigating nightmare frequency in OSA patients have provided contradictory results. [START_REF] Pauli | Dream Content in Patients With Sleep Apnea: A Prospective Sleep Laboratory Study[END_REF][START_REF] Pagel | The nightmares of sleep apnea: nightmare frequency declines with increasing apnea hypopnea index[END_REF][START_REF] Schredl | Nightmares and oxygen desaturations: is sleep apnea related to heightened nightmare frequency?[END_REF] However, among OSA patients, those with a higher apnea-hypopnea index specifically in REM sleep tend to have more nightmares, [START_REF] Bahammam | Clinical and polysomnographic characteristics and response to continuous positive airway pressure therapy in obstructive sleep apnea patients with nightmares[END_REF] and patients suffering from both nightmares and sleep apnea experience a reduction in nightmares after starting positive airway pressure therapy. [START_REF] Bahammam | Clinical and polysomnographic characteristics and response to continuous positive airway pressure therapy in obstructive sleep apnea patients with nightmares[END_REF] Notably, the dramatic REM sleep rebound observed when starting positive airway pressure therapy in patients with severe OSA is not associated with increased dreaming, and the ventilator is not featured in patients dreams. [START_REF] Carrasco | Changes in dreaming induced by CPAP in severe obstructive sleep apnea syndrome patients[END_REF] Studies assessing dream recall have reported inconsistent results, including higher, lower [START_REF] Schredl | Nightmares and oxygen desaturations: is sleep apnea related to heightened nightmare frequency?[END_REF] or similar [START_REF] Carrasco | Changes in dreaming induced by CPAP in severe obstructive sleep apnea syndrome patients[END_REF] dream recall in OSA patients with respect to controls. In addition, individual dreams of OSA patients appear to have a more anxiety-filled, violent, unpleasant and realistic content than those of controls. 62

Dreaming in patients with insomnia

A large questionnaire study evaluating dream recall frequency has shown that subjects with insomnia have higher dream recall rates than healthy controls, and that this is related to the increased number of spontaneous nocturnal awakenings. [START_REF] Schredl | Dreaming and insomnia: dream recall and dream content of patients with insomnia[END_REF] In-laboratory studies evaluating dream recall after induced awakenings, on the other hand, did not find differences in rates of dreaming between insomnia patients and healthy controls, neither in REM sleep [START_REF] Perusse | REM dream activity of insomnia sufferers: a systematic comparison with good sleepers[END_REF][START_REF] Feige | Insomnia-perchance a dream? Results from a NREM/REM sleep awakening study in good sleepers and patients with insomnia[END_REF] nor in NREM sleep. [START_REF] Feige | Insomnia-perchance a dream? Results from a NREM/REM sleep awakening study in good sleepers and patients with insomnia[END_REF] One study found even lower dream recall in insomnia patients in NREM sleep. [START_REF] Ermann | Spontaneous awakening and dreams of patients with psychophysiologic sleep disorders[END_REF] In-laboratory studies also indicate that insomniacs have more thought-like and abstract mentation in both REM and NREM sleep. [START_REF] Ermann | Spontaneous awakening and dreams of patients with psychophysiologic sleep disorders[END_REF] This thought-like mentation in insomnia sufferers correlated with the total number of arousals, and specifically with arousals in REM sleep, as well as with hyperarousal and subjective insomnia severity. Finally, more negative emotions have been reported in dreams of insomnia sufferers obtained by awakening subjects at sleep onset, 9 in REM [START_REF] Perusse | REM dream activity of insomnia sufferers: a systematic comparison with good sleepers[END_REF][START_REF] Feige | Insomnia-perchance a dream? Results from a NREM/REM sleep awakening study in good sleepers and patients with insomnia[END_REF] and NREM sleep, [START_REF] Feige | Insomnia-perchance a dream? Results from a NREM/REM sleep awakening study in good sleepers and patients with insomnia[END_REF] and by evaluating dream reports obtained in the morning. 67

PANEL #3 -PARAPLEGIA, DEAFNESS, BLINDNESS AND PHANTOM LIMBS: THE BODY OF OUR DREAMS

Dreams of people with disabilities challenge the view that they are mere echoes of our waking experiences. Studies based on dream diaries have shown that unexpectedly, subjects who were paraplegic since birth walked in their dreams. [START_REF] Saurat | Walking dreams in congenital and acquired paraplegia[END_REF][START_REF] Voss | Waking and dreaming: related but structurally independent. Dream reports of congenitally paraplegic and deaf-mute persons[END_REF] They also ran, danced, swam, bicycled, skied, gardened and played basketball in 38% of their dreams (similar proportion to non-disabled controls). Further, even subjects who had been paraplegic for 2-65 years still walked in their dreams. These results suggest that a cerebral walking program, which possibly develops via mirror neurons (activated when observing others perform an action), is reactivated during sleep. Such an interpretation is consistent with a recent study showing that dreaming of performing movements principally elicits activation in regions involved in the perception of biological motion. [START_REF] Siclari | The neural correlates of dreaming[END_REF] Along the same lines, most dreams of deaf-mute participants do not contain the sensory limitations. [START_REF] Voss | Waking and dreaming: related but structurally independent. Dream reports of congenitally paraplegic and deaf-mute persons[END_REF] Many such patients speak in their dreams, while others can hear and understand spoken language. The dream narratives reveal no sign of awareness of a handicap. Subjects with late onset (> 2.5 years) blindness still report visual images in dreams (this content decreases as time from onset increases), although vision is less frequent in their dreams than tactile or auditory contents. [START_REF] Meaidi | The sensory construction of dreams and nightmare frequency in congenitally blind and late blind individuals[END_REF] As many as 21% of subjects with congenital blindness may report some visual impressions in dreams when they have still light perception. [START_REF] Meaidi | The sensory construction of dreams and nightmare frequency in congenitally blind and late blind individuals[END_REF] Congenitally completely blind subjects also report mental images in dreams, but, when drawn, they resemble spatial representations of objects touched with the hand. [START_REF] Bertolo | Visual dream content, graphical representation and EEG alpha activity in congenitally blind subjects[END_REF] Similarly, amputees generally continue to dream of themselves as physically unharmed, even years after the amputation and even when the physical handicap is congenital. [START_REF] Bekrater-Bodmann | Post-amputation pain is associated with the recall of an impaired body representation in dreams-results from a nation-wide survey on limb amputees[END_REF] An RBD patient with a right arm amputation was seen to move his right stump while he dreamed of pouring champagne with this hand. [START_REF] Vetrugno | Disappearance of "phantom limb" and amputated arm usage during dreaming in REM sleep behaviour disorder[END_REF] In addition, pain in the phantom limb disappeared during the dream, [START_REF] Vetrugno | Disappearance of "phantom limb" and amputated arm usage during dreaming in REM sleep behaviour disorder[END_REF] suggesting that the unpleasant ''phantom'' experiences during wakefulness (resulting from a discrepancy between a pre-existing body scheme and the actual sensory information about the missing limb), are substituted with the intact body image which accessed as if by default during dreaming. [START_REF] Dimsdale | Cognitive effects of beta blockers[END_REF] ↓ NA (β) ↓ melatonine 14,[START_REF] Oudiette | Dreaming without REM sleep[END_REF] Nightmares [START_REF] Solms | Dreaming and REM sleep are controlled by different brain mechanisms[END_REF][START_REF] Nielsen | A review of mentation in REM and NREM sleep: "covert" REM sleep as a possible reconciliation of two opposing models[END_REF][START_REF] Steriade | Thalamocortical oscillations in the sleeping brain[END_REF][START_REF] Massimini | Breakdown of cortical effective connectivity during sleep[END_REF] Disturbing dreams [START_REF] Tononi | Consciousness as integrated information: a provisional manifesto[END_REF][START_REF] Siclari | Local aspects of sleep and wakefulness[END_REF] Vivid dreams [START_REF] Vyazovskiy | Local sleep in awake rats[END_REF] 

Prazosin

↓ NA (α-1) ↓ Post-traumatic nightmares in acute [START_REF] Raskind | A trial of prazosin for combat trauma PTSD with nightmares in active-duty soldiers returned from Iraq and Afghanistan[END_REF] but not in chronic PTSD 

TABLE 1 . INFLUENCE OF COMMON DRUGS ON DREAM RECALL FREQUENCY AND CONTENT Type of drug Effect on CNS Type of altered dreaming Anti-allergic and anti-inflammatory drugs

 1 

	Cyproheptadine 78	↓ 5HT	↓ Post-traumatic nightmares
	Montelukast (leukotriene receptor	Not elucidated	Nightmares
	antagonist)		
	Antidepressants 79		
	Tricyclics (ex. imipramine, tripramine)	↑ 5HT ↓ ACh ↑ DA ↑ NA	↓ Dream recall frequency Positive dream emotions
		(muscarinic)	
	Selective serotonin reuptake	↓ H ↑ 5HT	↑ Dream recall frequency
	inhibitors		Nightmares
			REM sleep behaviour disorder
	Serotonin and norepinephrine	↑ 5HT (5-HT2,	Nightmares
	reuptake inhibitor (mirtazapine)	↓ H ↑ ACh ↑ DA ↑ NA (α2) 5HT3)	REM sleep behaviour disorder
	Antihypertensives		
	Beta-blockers, especially		
	lipophilic ones passing the blood		
	brain barrier (propranolol,		
	labetolol, metoprolol)		

82 Anti-infectious agents

  Only changes in dreams related to natural sleep were considered. Excluded were effects associated to anaesthetics or recreational drugs, related to medication overdose or to withdrawal from medication. 5HT: serotonergic, H: histaminergic, NA: noradrenergic, ACh: cholinergic and DA: dopaminergic transmission.

		↑ DA	
	Hypnotics		
	Nonbenzodiazepine receptor	↑ GABA	Nightmares and dreamlike
	agonists (zolpidem, zaleplon,		Hallucinations
	zopiclone) 88		Dream/sleep-related behaviours
			(automatism-amnesia syndrome)
	Clonazepam 89	↑ GABA	Reduces bad dreams and behaviours in
			patients with REM sleep behaviour
			disorder
	Melatonin 89	Acts on	Reduces bad dreams and behaviours in
		melatonin	patients with REM sleep behaviour
		receptors	disorder
	Nabilone 90	Acts on	↓ Post-traumatic nightmares
		cannabinoid	
		receptors	
	Memory enhancing drugs		
	Cholinesterase inhibitors (galantamine, donezepil) 91	↑ ACh	Nightmares ↑ Lucid dreams, dream recall, sensory
			vividness and complexity of
			dreams (healthy subjects)
	Efavirenz 83	Not elucidated	Abnormal/unusual dreams
		↑ 5HT (5-HT2)	Bad dreams
			Vivid dreams
	Mefloquine 84	↓ 5HT ↓ GABA	Vivid dreams ↑ Dreaming
		Blocks gap	Abnormal dreams
		junctions	
	Dopaminergic drugs		
	Pramipexole 85 Levodopa 49	↑ DA ↑ DA	Vivid dreams Vivid dreams
			Nightmares
	Drugs used for smoking cessation	
	Varenicline 86,87	↑ ACh (partial agonist of	Abnormal dreams ↑ Dream recall
		nicotinic	Dream/sleep-related behaviours
		α4β2 receptors)	
	Nicotine patches 87	↑ ACh (nicotinic) Abnormal dreams

TABLE 2 . MAIN DIFFERENCES BETWEEN THE TWO MAJOR NREM AND REM PARASOMNIA Parasomnia Sleepwalking and sleep terrors REM sleep behaviour disorder

 2 

	General and electrophysiological characteristics	
	Typical age of onset	Childhood or young adulthood	Middle to old age
	Sleep stage	NREM sleep (mostly N3)	REM sleep
	(occurrence)		
	Time of night	Predominantly first third of	Predominantly second half of
	(occurrence)	night	night
	Electrophysiological	Hypersynchronous delta activity	Increased phasic muscle
	hallmarks of	Simultaneous sleep and wake-	activity
	episodes	like EEG activity in different	Partial or complete loss of
		brain areas	muscle atonia
		Adrenergic activity	
	Behavioural characteristics	
	Eyes	Mostly open	Mostly closed
	Ambulation	Frequent	Exceptional
	Interactions with	Frequent (visual exploration,	Less frequent
	environment	manipulation of objects)	
	Movements	Similar to waking	Jerky 53
		movements	No tremor or bradykinesia
		Exceptional motor strength	in patients with
		in some	Parkinson's disease 53
	Verbalizations 36	More whispering and	More mumbles and silent
		perseverations	speech
		More often swearing	More often insults
		More often interrogative tone	More often imperative tone
	Smiling/laughing 92	Rare (8%)	Frequent (52%)
	Subjective experiences -associated dreams	

: REM sleep behaviour disorder, a model of enacted dreams

  . A: Patients with isolated RBD (right panel) have (compared to healthy controls, left panel) decreased signal in the subcoeruleus/coeruleus complex in the posterior part of the pons (horizontal plane, neuromelanin sensitive MRI, the arrow indicates the complex), whereas the subcoeruleus complex is responsible for atonia during REM sleep. Reproduced from[START_REF] Ehrminger | The coeruleus/subcoeruleus complex in idiopathic rapid eye movement sleep behaviour disorder[END_REF] ; B: the imperfect muscle atonia during REM sleep in isolated RBD is visible as a tonic and phasic increased muscle activity on the various electromyography (EMG) signal of the polysomnography; normal REM sleep (left panel, EEG: electroencephalography; EOG: electrooculography, with eye movements and chin EMG which is flat, i.e., atonic/paralysed); abnormal REM sleep (right panel, same EEG and EMG as normal REM sleep, but chin EMG is abnormally high); C: at the same time as this polysomnography signal, the normal sleeper is quiet and relaxed, while dreaming of scoring a goal (left panel), whereas the patient with RBD dreaming of scoring a goal has legs and arm movements of playing football (but in the lying position, not standing up).

Content [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF] Usually short visual scenes involving threat, misfortune or aggression [START_REF] Oudiette | Dreamlike mentations during sleepwalking and sleep terrors in adults[END_REF] Tends to flee from aggression and danger [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF] More complex dream scenarios often involving threat or aggression Upon aggression tends to fight back [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF] 

Emotions

Frequently fear, apprehension More variable

Setting of dream [START_REF] Uguccioni | Fight or flight? Dream content during sleepwalking/sleep terrors vs rapid eye movement sleep behavior disorder[END_REF] Often corresponds to the bedroom setting

Most often in a place different from the bedroom

Sensory experiences

Sometimes no reaction to pain Hallucinatory pain possible Can incorporate the environmental sensations in the dream scenario