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1 | INTRODUCTION

Dreams have intrigued humanity for millennia, often seen as messages
from the divine or the subconscious. Ancient civilizations, such as the
Egyptians and the Greeks, sought meaning in dreams, viewing them as
significant omens. One of the first well known professional diviners
and dream interpreters lived in the second century AD. Artemidorus
Daldianus, or Ephesius, is known from his surviving five-volume Greek
work, the Oneirocritica or Oneirokritikon, in which he systematically
analysed knowledge and interpretation of dreams of his era (Artemi-
dorus, 2012). Subsequently, the scientific exploration of dreams had
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Dreaming, a common yet mysterious cognitive phenomenon, is an involuntary pro-
cess experienced by individuals during sleep. Although the fascination with dreams
dates back to ancient times and gained therapeutic significance through psychoanaly-
sis in the early twentieth century, its scientific investigation only gained momentum
with the discovery of rapid eye movement (REM) sleep in the 1950s. This review
synthesises current research on the neurobiological and psychological aspects of
dreaming, including factors influencing dream recall and content, neurophysiological

correlates, and experimental models, and discusses the implications for clinical

dreams, oneiric activities, REM, sleep, sleepdream mentation

to wait until the late nineteenth and early twentieth centuries, when
significant contributions were made by psychoanalysts such as Sig-
mund Freud and Carl Jung. Freud's “The Interpretation of Dreams”
(1900) suggested that dreams are expressions of repressed desires
(Figure 1), while Jung emphasised the influence of archetypes and the
collective unconscious (Freud & Brill, 1913; Jung and Ralph Ellison
Collection (Library of Congress), 1963).

The development of electroencephalography (EEG) in the 1950s
revolutionised the study of dreams by enabling the observation of
brain activity during sleep. Nathaniel Kleitman and Eugene Aserinsky's
discovery of rapid eye movement (REM) sleep, characterised by
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FIGURE 1

lllustration of a selected oneiric mentation “Forest
hide and seek” by Dr Alexander Nesbitt.

saccadic eye movements and desynchronised EEG activity, linked this
sleep stage with vivid dreaming (Aserinsky & Kleitman, 1953). Building
on Michel Jouvet's discovery of muscle atonia as a key feature of this
stage (Jouvet & Michel, 1959), REM sleep became known as “para-
doxical sleep” in the French-speaking literature, highlighting the acti-
vation of the cortex despite the body's functional paralysis (Sastre &
Jouvet, 1979). Subsequent research indicated that dreams could also
occur during non-REM (NREM) sleep, challenging the initial belief that
dreaming was exclusive to REM sleep (Nielsen, 2000). Compared with
REM sleep dreams, NREM sleep dreams are generally shorter, less
vivid, more conceptual, less bizarre, less emotional, more under voli-
tional control, and more related to current concerns (Antrobus, 1983;
Foulkes, 1962; Hobson et al., 2000). However, late-night NREM
awakenings can result in dream reports that are indistinguishable from
those during REM sleep (Nir & Tononi, 2010; Siclari et al., 2020).

One of the early theories about dreaming, the so called activa-
tion-synthesis hypothesis, initially proposed by Hobson and McCarley
(1977) posited that dreams arise from the brain's attempt to synthe-
sise random neural activity during sleep into a coherent narrative
(Hobson & McCarley, 1977). Moreover, the later, dream typology
approach, advocated categorisation of dreams into three main groups:
endogenous (arising from somatic needs), exogenous (induced by dis-
positional tendencies towards the exploration of the external world),
or relational dreams (related to predisposition towards relationships)
(van den Daele, 1992). Other influential theories (e.g., the continuity
[Schredl & Hofmann, 2003] and the neurocognitive theory [Domh-
off, 2018]) over the years have attempted to define dreaming as a
mere epiphenomenon of other possible functions of sleep (e.
g., memory consolidation), possibly without an independent function

(for a more in depth review on this topic please see Siclari

et al., 2020). Moreover, whilst dreaming may at times appear to reflect
intrinsic memory replay (especially of new learning experiences), it
remains uncertain whether dreaming plays a causal role in memory
consolidation (Picard-Deland et al., 2023).

Recent advancements in high-density EEG and neuroimaging
have enabled the identification of specific brain activity patterns asso-
ciated with various dream features. These studies have outlined simi-
lar brain activity patterns associated with REM and non-REM dreams
(Siclari et al., 2017), as well as localised dream content-specific activa-
tions resembling those observed in waking perception, for faces, the
spatial setting of the dream, speech, thoughts, fear, and movement
(Dresler et al., 2011; Perogamvros et al., 2017; Siclari et al., 2017,
Sterpenich et al., 2020). On the other hand, functional neuroimaging
studies have detected regional brain activity patterns typical of REM
sleep, such as reduced activity of parts of the prefrontal cortex, poten-
tially explaining the bizarre and illogical nature of dreams. Conversely,
increased activity in the limbic system, particularly the amygdala, has
been suggested to underlie the emotional intensity of dreams
(Schwartz & Maquet, 2002).

2 | NEUROBIOLOGICAL PERSPECTIVES

In dreams, (oneiric) imagery is thought to arise from activation of sen-
sory cortical representations during sleep, although the exact nature
of these mechanisms remains uncertain (llic et al.,, 2023). Regional
cerebral blood flow and glucose metabolism patterns are known to
differ between REM sleep and awake states (Schwartz &
Magquet, 2002). During REM sleep, there is increased activity and
blood flow in the limbic and paralimbic regions, including the amygda-
loid complexes, hippocampal formation, and anterior cingulate cortex
(Schwartz & Maquet, 2002). Additionally, REM sleep is characterised
by relative inactivity in the frontoparietal associative networks, which
may explain the diminished insight and control typical of dreams. The
activation of the posterior temporo-occipital cortices during REM
sleep aligns with the visual nature of dreams.

Interestingly, a significant minority of individuals do not report
any experiences upon awakening from REM sleep. Indeed, it has been
shown that dreaming can be dissociated from REM sleep through
pharmacological interventions, or in patients with specific brain
lesions (Oudiette et al., 2012; Solms, 2000). In addition, dreaming is
common in NREM sleep (Nielsen, 2000). The occurrence of dreaming
in two behavioural states with globally different EEG signatures has
challenged the understanding of the neural correlates of dreaming,
and several explanations for this paradox were initially put forward,
including that brain activity does not adequately reflect consciousness
(Cavallero et al., 1992), or that covert REM sleep in NREM sleep could
explain dreaming in this stage (Nielsen, 2000). Subsequent scientific
developments offered new approaches to study the neural correlates
of dreaming. Several lines of research indicated that sleep, instead of
affecting the brain homogenously, occurs and is regulated locally, as a
function of prior experience and plasticity (Nir et al., 2011; Vyazovskiy

et al., 2011), and that in a variety of physiological and pathological
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conditions, wake-like and sleep-like activity patterns can co-exist in
different brain regions (Siclari & Tononi, 2017). These findings opened
the possibility that the presence of dreaming in both REM and NREM
sleep could be linked to local variations in brain activity. Studies
attempting to relate EEG patterns to dreaming have obtained variable
results (Chellappa & Cajochen, 2013; Marzano et al., 2011; Williamson
et al., 1986; Wong et al., 2020), but comprised only a small number of
awakenings and lacked the spatial resolution to reveal localised
changes. In larger experiments comprising over 1000 awakenings to
assess dreaming were combined with high-density EEG recordings
with the aim of identifying localised changes in brain activity relating
to dreaming. These studies found that both REM and NREM sleep
dreams, as opposed to the absence of experience, were associated
with regional activations of posterior cortical regions (Siclari
et al., 2017). In addition, within this posterior hot-zone, localised high-
frequency power increases correlated with specific dream contents,
including faces, the spatial setting of the dream, speech, and perceiv-
ing movements. Regional correlates of dreaming offer a potential
explanation for why dream experiences can occur in two behavioural
states with globally different EEG signatures: dreaming may indeed be
possible as long as some areas remain locally activated, irrespective of
the brain activity in the rest of the cortex.

Due to technological obstacles, most studies of dreams have his-
torically treated the diverse neurophysiological elements of REM
sleep and NREM sleep as a singular entity. However, studies assessing
specific neurophysiological elements with respect to dreaming in
NREM sleep have revealed that dreams are likely to be reported
immediately after K-complexes (Siclari et al., 2018), when spindles are
fast (Nielsen et al., 2017; Siclari et al., 2018), and when delta waves
are small, especially over posterior cortical regions. Dream content on
the other hand is particularly likely to be recalled when microarousals
precede the awakening (Siclari et al., 2018).

Regarding REM sleep, to date it is not clear which of the two main
REM microstructures - phasic or tonic - is essential for the dreaming
experience (Poole & Rosenzweig, 2020). Moreover, as phasic and
tonic REM periods differ qualitatively in terms of alertness, cortical
activity, and information processing, it is unclear whether dreams dif-
fer across its various periods or whether some neural signatures con-
tribute to non-REM dreaming (Poole & Rosenzweig, 2020; Simor
et al., 2020). From a clinical perspective, REM microstructure alter-
ations vary across neurological and psychiatric disorders, but their
impact on dream mentation and recall similarly remains unknown
(Wasserman et al., 2022). Future research should consistently differ-
entiate these sleep microstates and their pathological phenotypes,
including associated dream characteristics.

Finally, to date, the essential neural units of oneiric mentation
have similarly not been fully delineated. Nonetheless, the findings of
several studies appear to implicate the posterior brain regions as
essential in this process (Horikawa et al., 2013; Siclari et al., 2017;
Siclari et al., 2020). Moreover, in keeping, dream cessation has been
recorded following lesions in the inferior parietal and occipital cortex
(Solms, 2000).

Conversely, the activation of anterior regions during NREM sleep
and micro-arousals has been linked to successful dream recall (Gnoni

Research

et al., 2020; Siclari et al., 2017; Siclari et al., 2018). Furthermore, it has
been suggested that subcortical regions may also contribute to the
dreaming process (Hasegawa et al., 2020). For instance, individuals
with bilateral basal ganglia lesions are known to exhibit a reduced fre-
quency of dream reports and diminished dream quality (Leu-Seme-
nescu et al., 2013). More recently, the role for the hippocampus in
dream generation has also regained interest (Spano et al., 2020). Find-
ings from several studies suggest that the hippocampal formation may
be involved in dream formation by integrating memories and con-
structing novel imagined scenarios (Kumar et al., 2020; Tsunematsu
et al., 2020). These processes may also involve simulating potential
future events, thereby contributing to the generation of dreams.

3 | FUNCTIONS OF DREAMING

Along with the neurobiological underpinnings, the very function of
dreams is still vehemently debated. Theories on the function
of dreaming are diverse and include hypotheses such as dreams acting
as a guardian of sleep, aiding in emotional desensitisation, and serving
as simulations of threats and social challenges. However, empirical
testing of these theories remains challenging.

Some theories propose that dreams facilitate emotional regula-
tion and memory consolidation (Goldstein & Walker, 2014). The
threat simulation theory by Revonsuo (2001) suggests that dreams
provide a virtual environment for rehearsing responses to threatening
situations (Revonsuo, 2001). Other perspectives, such as the continu-
ity hypothesis (Schredl & Hofmann, 2003) or predictive coding (2024,
Hobson et al., 2014), argue that dreams reflect waking-life concerns
and experiences, serving as a cognitive rehearsal space (Parrino &
Rosenzweig, 2024). Still other theories are based on recent insights

into intracellular neuronal physiology (Aru et al., 2020).

4 | CLINICAL ASPECTS

Because of the sensorimotor disconnection that is inherent to sleep,
dreams are generally inaccessible to an outside observer, unless one
wakes up the sleeper and interviews them about their oneiric
experiences. In some clinical conditions, however, the sleep-related
sensorimotor disconnection breaks down partially or entirely, and
dream-related behaviours become directly visible to an outside
observer, allowing for precious insights into the dream process. Such
conditions include parasomnias, characterised by abnormal behaviours
during sleep. Rapid eye movement behaviour disorder (RBD), for
instance, is characterised by complex, goal-directed behaviours that
occur during REM sleep, with subsequent dream reports often reflect-
ing the behaviours that were displayed during sleep (Schenck, 2024).
Research on RBD has offered significant understanding of speech pat-
terns in dreams and the connection between gaze direction and dream
imagery (Arnulf, 2010, 2011; Maranci et al., 2022). On the other hand,
the diagnosis of RBD has clinical relevance as it frequently constitutes
the first sign of neurodegenerative disorders (mainly alpha-synucleino-
pathies). Arousal disorders, which comprise sleepwalking, sleep terrors,
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and confusional arousals, result from incomplete awakenings out of
NREM sleep that are associated with behaviours of variable complexity
(Castelnovo et al., 2018). Recent research suggests that the degree of
consciousness associated with NREM sleep parasomnia episodes is
variable, ranging from largely automatic behaviours without awareness,
to vivid dream-like conscious experiences that are associated with sim-
ilar brain activity patterns as “ordinary dreams” (Baldini et al., 2019;
Cataldi et al., 2024; Gnoni et al., 2022; Oudiette et al., 2009;
Siclari, 2024; See et al., 2024; Wassermann et al., 2022; Longe et al.,
2022). NREM parasomnias therefore represent a valuable model to
study sleep-related conscious experiences. Because patients also vari-
ably perceive their environment, this condition could provide an inter-
esting insight into the mechanisms underlying sleep-related sensory
disconnection from the environment (Siclari, 2024). Other dream-
related conditions that can provide insight into the dreaming process
include nightmares, especially those recurring in the context of post-
traumatic stress disorder that involve identical or similar contents,
revolving around the traumatic event, and epic dreaming (Schenck &
Mahowald, 1995; Zadra and Donderi, 2000), a condition in which
dreams are experienced as excessive and tiring.

More recently, speech graph analysis (SGA) of dreams has shown
promise as an objective and language-invariant diagnostic tool that
can aid neuropsychiatric diagnosis (See et al, 2024). The notion
that dreaming mentation may reflect distinct physiological processes
is not new, and whilst recent waking activities (episodic replay) are
rarely accounted for in dream reports (around 1%), studies have dem-
onstrated that retrieval of declarative memories may be enhanced fol-
lowing REM sleep (also See et al., 2024). It has also been suggested
that the likelihood of dream reports being closely linked to recent
events will differ depending on the changes in sleep architecture,
which are common in sleep or neuropsychiatric disorders (See
et al., 2024). Perhaps in keeping, the findings of several exploratory
studies suggest that patients may not only differ on what is recalled in
their dreams but also, perhaps more strikingly, on how dreams are
recalled (See et al., 2024; Mota et al., 2014; Bertola et al., 2014).

5 | FACTORSINFLUENCING DREAM
RECALL AND CONTENT

Dream recall varies widely among individuals and is influenced by fac-
tors such as age, sex, personality, and waking life experiences
(reviewed in Siclari et al., 2020). Depending on their predisposition to
recall dreams, people can be divided into high and low dream
recallers.

Studies have shown that openness to experience and neuroticism
are positively correlated with dream and nightmare recall, respectively
(Schredl, 2019). Stress, poor sleep quality, and interest in dreams also
increase recall frequency. Developmental patterns indicate that dream
recall peaks in early adulthood and declines with age (Schredl and
Reinhard, 2008). Dream content is similarly influenced by personality
traits and mental state factors. Traditionally, women have been noted
to report less physical aggression and more verbal aggression in
dreams compared with men (Paolino, 1964; Raheel et al., 2023; Siclari

et al., 2020), whilst emotional content has been noted to vary accord-
ingly across different life stages (Lortie-Lussier et al., 2019). Con-
versely, in such circumstances where traumatic experiences result in
post-traumatic nightmares, these may persist for decades (Nielsen &
Levin, 2007).

High dream recallers typically present stronger reactivity to devi-
ant and novel stimuli during the night, suggesting higher proneness
towards bottom-up attentional reactions compared with lower dream
recallers (Eichenlaub et al., 2014; Ruby et al., 2022). Furthermore, an
enhanced functional connectivity within the default mode network
and other brain regions involved in the memory processing has also
been documented among high dream recallers in the first moments
after awakening (Vallat et al., 2020). Hence, the capability to recall
dreams probably relies on multiple phenomena, largely linked to sleep
structure/instability and to the dynamic organisation of brain func-

tional connectivity.

5.1 | Influencing dreams through sensory
stimulation

Dreams typically exhibit multisensory qualities, with visual experi-
ences being almost universal (llic et al., 2023; Siclari et al., 2020).
Despite often incorporating everyday objects and familiar people,
dreams are internally generated and are akin to hallucinations (Hob-
son, 2009). Regional patterns of brain activity during REM and NREM
sleep, such as increased limbic activity and reduced frontoparietal
associative networks, could contribute to the emotional and percep-

tual characteristics of dreams (Nir & Tononi, 2010).

5.2 | Lucid dreaming

Lucid dreams (LD) have been described as enigmatic dream states
commonly arising from REM sleep (Dodet et al., 2015; La Berge
et al., 1981), in which subjects are aware of their dreaming, and during
which some may even direct and control their dream mentations
(Mota-Rolim et al., 2013). Lucid dreamers can vividly summon specific
people, places, or objects at will. Scientifically, lucid dreaming allows
researchers to gather real-time reports from individuals while they are
asleep, through pre-established eye movements, facial muscle
twitches, or respiration patterns. Studies involving lucid dreamers
have provided valuable insights into eye movement generation, envi-
ronmental disconnection, and time perception in dreams (Erlacher
et al,, 2014; Konkoly et al., 2021; LaBerge, Baird, & Zimbardo, 2018;
Turker et al., 2023). It is estimated that up to 26%-77% of healthy
people may have experienced a lucid dream at least once in their life,
with a higher frequency when longer sleep duration is possible, lead-
ing to an increase in the REM-sleep representation that is usually
higher in the last part of the night (Mota-Rolim et al., 2013). Lucid
dreaming has also been reported during lighter stages of NREM sleep
(Baird, Mota-Rolim, & Dresler, 2019). Meditation and mindfulness
techniques, especially in long-term practitioners, have all been associ-
ated with lucid dreaming skill and meta-cognition (Baird, Mota-
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Rolim, & Dresler, 2019; Baird, Riedner, et al., 2019). Altered functional
connectivity of the anterior prefrontal and temporo-parietal cortices,
and involving cholinergic signalling, has been demonstrated in fre-
quent lucid dreamers (Baird, Mota-Rolim, & Dresler, 2019). Similarly,
subjects with a higher frequency of lucid dreams had a stronger acti-
vation in the brain areas involved in self-reflective awareness, during
both resting wakefulness and sleep in the neuroimaging studies (Siclari
et al., 2020).

5.3 | Dreams in blind people

Dream content and, more specifically, the presence of visual imagery
in the dreams of congenitally blind individuals has also long courted
controversy, and it remains a highly debated topic (Bértolo
et al., 2003; Heller et al., 1996; llic et al., 2023; Kang et al., 2023).
However, several recent studies suggest that visuo-spatial imagery,
although rare, can occur during dreaming in congenitally blind individ-
uals (Bértolo et al., 2003). Interestingly, some late-blind individuals
report visual dream imagery, including colours, of people and objects
only after becoming blind (llic et al., 2023). Nonetheless, it has been
argued that individuals born blind or those who lost their sight before
the age of three will completely lack visual imagery in their dreams
(Meaidi et al., 2014). It is generally accepted that non-visual sensory
imagery - auditory, haptic, proprioceptive, somesthetic, olfactory, gus-
tatory, as well as pain and temperature sensations may be more prev-
alent in the dreams of congenitally blind individuals (Heller
et al., 1996; Hurovitz et al., 1999).

Overall, there appears a negative correlation between the dura-
tion of blindness and the presence of visual impressions in dreams,
including their duration, clarity, and colour content (Meaidi
et al., 2014). Congenitally blind individuals often exhibit significantly
reduced or absent REM during sleep (Christensen et al., 2019),
although they retain other EEG features of phasic REM sleep micro-
structure. Phasic REM sleep, characterised by bursts of eye move-
ments associated with ponto-geniculo-occipital waves, contractions
of middle ear muscles, myoclonic twitches, sawtooth waves, and irreg-
ularities in cardio-respiratory activity (Simor et al., 2020), may play a
unique role in dreaming and emotional regulation. It is suggested that
phasic REM sleep may involve the reactivation of vivid visuo-spatial,
emotionally relevant mental images, or the reprocessing of emotional
memories (Simor et al., 2020). In congenitally blind individuals, differ-
ent neurocircuitry might be activated during phasic REM sleep com-
pared with sighted individuals, possibly utilising auditory or haptic
reference points instead of visual ones. However, it remains unclear
whether this results in a different functional role for this fundamental

physiological process.

6 | GENETICINFLUENCES AND
MEDICATION EFFECTS

To date we still know very little about the genetic predisposition to
dreaming mentation.

Research

On the other hand, twin studies have shown that genetic factors
significantly influence the prevalence of nightmare dreams, account-
ing for a considerable portion of the variance in both childhood and
adulthood (Coolidge et al., 2010). Nightmares are sporadic phenom-
ena, affecting around 5% of the population, with a higher prevalence
among women and during childhood (Gauchat et al., 2014; Hublin
et al.,, 1999). Alcohol consumption has been shown to play a signifi-
cant role in the dream and nightmare content (Steinig et al., 2011),
with dreaming mentation about alcohol being potentially linked to the
emergence of craving, making it possible to detect and prevent alco-
holic relapse (Steinig et al., 2011). A recently published study that
explored the genetic underpinning of nightmares has documented an
overall single nucleotide polymorphism-based heritability of 5% (Ollila
et al., 2024). Furthermore, it has been shown that the genetics of
nightmare disorder is significantly correlated with the genetic profile
of psychiatric traits, including anxiety, depression, and post-traumatic
stress disorder (Ollila et al., 2024).

latrogenic effects, and especially a variety of medications, can
also affect dreaming; for instance, cholinergic and dopaminergic drugs
are known to enhance dream vividness and lucidity, while antidepres-
sants have been shown to impact dream recall (Pagel & Helfter, 2003).
Moreover, beta-blockers, especially pindolol and metoprolol, and mol-
ecules with higher affinity for 5-HT1A receptors, are associated with
a higher risk for nightmare occurrence. Moreover, cholinergic and
dopaminergic drugs have been shown to modulate lucid dreaming
occurrence (La Berge, 2004); more specifically acetylcholinesterase
inhibitors, such as galantamine (a positive allosteric modulator of nico-
tinic ACh receptors), have been shown to increase the recurrence of
lucid dreaming, and the quality of self-reflection and visual vividness
during dreaming mentation (LaBerge, Lamarca, & Baird, 2018). Simi-
larly, an increased availability of dopamine in the ventral striatum,
either achieved through meditation, or through the iatrogenic effects
of drugs such as L-dopa and pramipexole, has been associated with
intense dream mentation and LD experiences (Pinter et al., 1999;
Sharf et al, 1978). Finally, limited data from Ayurvedic medicine
appear to suggest a possible role also for numerous nootropic sus-
tances (e.g., Papaverum somniferum, Withamnia somnifera, Artemisia
vulgaris) in the influence of heightened oneiric activity (for a more in
depth review see Oldoni et al., 2024).

7 | CONCLUSION

Dream research has made significant strides. In the past 125 years we
have witnessed the birth of psychoanalysis, the discovery of REM
sleep, the progression from phenomenological studies of dreams to
neurophysiological explorations of REM sleep. Advances in neuroim-
aging and an increased understanding of local brain activity during
sleep have elucidated regional brain activity patterns underlying
dreaming and some dream contents. The complexity of meta-cogni-
tion and self-awareness, as largely explored by meditators, can get us
closer to the understanding of the link between consciousness and
dreaming. Sleep disorders including parasomnias and conditions such
as lucid dreaming have allowed for a direct “visualisation” of dream
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related-behaviours and real-time dream-reports. Despite this pro-
gress, many aspects of dreams remain mysterious and many questions
still unanswered. How are dream contents generated? How does
dreaming relate to other sleep-related functions and processes? And
finally, but most importantly, a question that has generated many
hypotheses but no definite answers: why do we dream at all? Contin-
ued interdisciplinary research will be crucial for further unravelling the
complexities of dreaming, its functions and implications for clinical

practice.
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