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Dream experience (DE) represents a fascinating condition linked to emotional processes

and the human inner world. Although the overlap between REM sleep and dreaming has

been overcome, several studies point out that emotional and perceptually vivid contents

are more frequent when reported upon awakenings from this sleep stage. Actually, it is

well-known that REM sleep plays a pivotal role in the processing of salient and emotional

waking-life experiences, strongly contributing to the emotional memory consolidation.

In this vein, we highlighted that, to some extent, neuroimaging studies showed that

the processes that regulate dreaming and emotional salience in sleep mentation share

similar neural substrates of those controlling emotions during wakefulness. Furthermore,

the research on EEG correlates of the presence/absence of DE and the results on

EEG pattern related to the incorporated memories converged to assign a crucial role

of REM theta oscillations in emotional re-processing. In particular, the theta activity is

involved in memory processes during REM sleep as well as during the waking state,

in line with the continuity hypothesis. Also, the gamma activity seems to be related to

emotional processes and dream recall as well as to lucid dreams. Interestingly, similar

EEG correlates of DE have been found in clinical samples when nightmares or dreams

occur. Research on clinical samples revealed that promoting the rehearsal of frightening

contents aimed to change them is a promising method to treat nightmares, and that lucid

dreams are associated with an attenuation of nightmares. In this view, DE can defuse

emotional traumatic memories when the emotional regulation and the fear extinction

mechanisms are compromised by traumatic and frightening events. Finally, dreams could

represent a sort of simulation of reality, providing the possibility to create a new scenario

with emotional mastery elements to cope with dysphoric items included in nightmares.

In addition, it could be hypothesized that the insertion of bizarre items besides traumatic

memories might be functional to “impoverish” the negative charge of the experiences.
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INTRODUCTION

Dreaming represents a fascinating experience linked to emotional processes so much so to be
considered as a key to “access” in the human inner world (e.g., Freud’s view; Freud, 1955). In the
last decades, dream experience (DE) has been studied under the scientific perspective, defining
dream recall as the retrieval of mental sleep elaboration with a different level of complexity and
fragmentation, reported after awakenings (Fagioli, 2002).
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For years, researchers considered Rapid Eye Movements
(REM) sleep the privileged stage to dream (Desseilles et al., 2011)
as long as different criteria to collect the reports were introduced
(Foulkes, 1962). Actually, DE could be categorized as dream-
like or thought-like on the basis of dream contents (Cavallero
et al., 1992), including in the first the mentation related to
higher emotionality and narrative contents and in the second, to
more fragmented elements (Cipolli et al., 2017). Several studies
confirmed that dreaming can occur both during REM andNREM
sleep (Foulkes, 1962; Rechtschaffen et al., 1963; Monroe et al.,
1965; Pivik and Foulkes, 1968; Taub, 1971; Cavallero et al., 1992;
Antrobus et al., 1995; Stickgold et al., 2001). In particular, the
DEs were obtained in up to 50% of cases upon awakening
from NREM sleep, especially from stage 2 (Foulkes, 1962; Pivik
and Foulkes, 1968; Nielsen, 2000) and REM sleep suppression
pharmacologically-induced did not affect dream recall (Landolt
et al., 2001; Oudiette et al., 2012).

Although the exclusive relation between REM sleep and
dream has been overcome (Scarpelli et al., 2015a), several studies
point out that emotional and perceptually vivid contents are
more frequent when reported upon awakenings from REM
sleep (Foulkes et al., 1988; Nielsen et al., 1991; Merritt et al.,
1994; Hobson et al., 2000; Kahn et al., 2002). More in general,
REM sleep plays a pivotal role in the processing of emotional
events and several studies showed that the consolidation of
emotional memories occurs in this sleep stage (e.g., Lara-
Carrasco et al., 2009; Nishida et al., 2009). In addition,
experimental deprivation of REM sleep has been demonstrated to
compromise the consolidation of emotional stimuli (Cartwright
et al., 1975; Wagner et al., 2001; Lara-Carrasco et al., 2009;
Spoormaker et al., 2014).

Dream contents including negative emotions (e.g., anxiety and
fear) are more frequent than positive ones (Foulkes et al., 1988;
Nielsen et al., 1991; Merritt et al., 1994; Fosse et al., 2001), and
they are often related to waking-life experiences (Stickgold et al.,
2001; Wamsley et al., 2010; Eichenlaub et al., 2017; Vallat et al.,
2017). In this regard, the existing empirical evidence highlighted
that the neural activation of emotional-limbic (Nir and Tononi,
2010) and reward systems (Perogamvros and Schwartz, 2012)
during REM-DE contributes to the offline reprocessing of
emotions and associative learning (Perogamvros et al., 2013).

Interestingly, clinical studies have also provided evidence
on the potential interaction among DE, sleep alterations and
affective disorders (Levin and Nielsen, 2007; Nielsen and Levin,
2007; Schredl, 2011). For instance, mood disturbances frequently
appear along with sleep modifications involving REM sleep
(Benca et al., 1992, 1997; Walker and van der Helm, 2009). More
directly, abundant dreams or nightmares are related to REM sleep
abnormalities and psychiatric disorders (Cartwright et al., 2003;
Modell et al., 2005; Agargun et al., 2007; Schredl et al., 2009;
Sjöström et al., 2009; Marinova et al., 2014; Nakajima et al., 2014).

Taking into account the impossibility to directly access to
the DE, most studies in the last decades were focused on the
retrieval of dream contents upon awakenings (Scarpelli et al.,
2015a). Specifically, several investigations using spontaneous
or provoked awakenings in the laboratory aimed to find the
electrophysiological (EEG) patterns related to dream recall,

considering it as a form of episodic-declarative memory
(Mangiaruga et al., 2018).

In keeping with some earlier reviews (e.g., Revonsuo, 2000;
Revonsuo et al., 2015), it could be hypothesized that DEmay play
a pivotal role in emotional encoding and regulation, nevertheless
the specific function and the neural bases of REM-DEs were
directly investigated by very few studies (De Gennaro et al., 2011;
Eichenlaub et al., 2018; Vallat et al., 2018a).

In light of the above, here we reviewed themain findings about
neural bases of dreaming and the link between EEG correlates
of DE and emotional processing, underlying that some evidence
on sleep disorders characterized by a peculiar DE, especially
occurring in REM sleep, may provide a better understanding on
the functional role of dreaming and its potential applications in
the clinical field.

METHODOLOGICAL NOTE

Studies were identified via PUBMED queries. Key search
terms included:

- “Dreaming” and “REM sleep” and “Neuroimaging” in
title/abstract (62 articles)

- “Dreaming” and “REM sleep” and “Emotional processing”
(22 articles);

- “Dreaming” and “EEG” in title/abstract (686 articles);
- “Dreaming” and “PTSD” in title/abstract (450 articles);
- “Dreaming” and “Emotional Memories” in title/abstract
(61 articles);

- “Dreaming” and “Narcolepsy” in title/abstract (128 articles);

We grouped the identified articles in the following categories:

1. Cognitive features, emotional aspects and EEG patterns of
mental activity during REM sleep;

2. Dreaming and emotional process: (a) role of REM sleep in
processing salient emotional waking life experiences; (b) EEG
patterns implicated in REM sleep and emotional dreams; (c)
associations among traumatic events and nightmares; (d) role
of lucid dreams;

3. Dreaming in narcolepsy.
We focused on the role of emotions in REM sleep,

excluding non-English articles. All the articles resulting from
using this method and related to our focus were included.
Following these criteria, we identified 88 publications which
were estimated to be of interest for further examination.

NEURAL BASES OF DREAMING AND

EMOTIONAL PROCESSING

A large body of evidence showed that the regions implicated
in emotional processes during wakefulness are also responsible
for the neurophysiological background of REM sleep that can
explain some qualitative features of DE (Maquet et al., 1996; Nir
and Tononi, 2010; De Gennaro et al., 2011, 2016; Eichenlaub
et al., 2014; Vallat et al., 2018a). In this section, we highlighted
the commonalities between the neural bases of REM-DE and
emotional processing.
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Earlier studies on anatomical correlates of dream alterations
by brain lesions studies confirmed the central role of specific
cortical and subcortical areas in DE. The main findings point
out that two specific cortical systems underlie dreaming. Firstly,
a posterior system involves the Temporo-Parieto-Occipital
Junction (TPJ) and lesions located in this region alter both
waking mental imagery and sleep (Solms, 1997, 2000). The
anterior system includes the ventromedial prefrontal cortex
(vmPFC) and the white matter surrounding the anterior horns
of the lateral ventricles and its damage seems related to dream
loss (Solms, 1997, 2000, 2011). It should be noted that many of
the afferent and efferent fibers of these two systems are connected
with the limbic system and the ventromesial frontal white matter
seems to take a part in the interplay between basal forebrain and
limbic structures (De Gennaro et al., 2012, 2016).

More recently, human neuroimaging studies have gained a
crucial role in dream research. Positron Emission Tomography
(PET) and functional Magnetic Resonance Imaging (fMRI) were
used especially in the measurement of functional changes in
the brain during REM sleep. It has been demonstrated that the
distribution of brain activity in REM sleep is not homogenous
(Maquet, 2000; Nir and Tononi, 2010). Brain imaging studies
found increased regional brain activity in the limbic and
paralimbic structures, pontine tegmentum, thalamus and basal
forebrain during REM sleep, as compared to wakefulness (Braun
et al., 1997, 1998; Nofzinger et al., 1997; Maquet, 2000) and
NREM sleep (Braun et al., 1997, 1998; Maquet et al., 2005). In
addition, one of the first neuroimaging studies collecting dream
report (Maquet et al., 1996) found a bilateral activation of the
amygdala in subjects reporting DE upon awakenings from REM
sleep, not providing any comparisons with non-recall conditions
or awakenings from NREM sleep.

Moreover, remarkable activation of motor and premotor
regions has been found in healthy subjects during REM sleep
(Braun et al., 1997; Maquet et al., 2000; De Carli et al., 2016),
albeit this sleep stage is characterized by muscular atonia thanks
to the inhibition of spinal motor neurons by the ponto-bulbar
reticular formation (Lai and Siegel, 1999). This seems in line with
the observation that individuals affected by REM sleep behavior
disorder (RBD) exhibit motor behaviors linked to their DE
(Oudiette et al., 2009). Other brain areas are hypoactive during
REM sleep compared to the waking state, such as the dorso-
lateral PFC (dlPFC), precuneus, orbitofrontal cortex (OFC) and
posterior cingulate gyrus (Maquet et al., 1996; Braun et al., 1997;
Nofzinger et al., 1997). This evidence could explain the altered
executive functions, time perception, and the lack of insight
during DE (Desseilles et al., 2011).

Although it is well-known that dreaming is not restricted
to REM sleep, some REM sleep features make it a privileged
background for DE, especially characterized by high vividness,
bizarreness and emotional load (Carr and Solomonova, 2018).
In this respect, it should be underlined that most of the regions
involved in emotional memory encoding and consolidation
(Phelps and LeDoux, 2005; Armony, 2013) are highly activated
during REM sleep. In particular, the higher activation of
amygdaloid complexes, hippocampal formation and anterior
cingulate cortex (ACC) in REM sleep than in wake and/or NREM

sleep may explain the emotional intensity of DE reported upon
REM sleep awakenings (Maquet et al., 1996; Braun et al., 1997;
Nofzinger et al., 1997; Desseilles et al., 2011; Corsi-Cabrera et al.,
2016). Some authors suggested that these structures may be
responsible for the reprocessing and consolidation of emotional
experiences during REM sleep (Hobson and Pace-Schott, 2002;
van der Helm et al., 2011; Deliens et al., 2014).

According to the idea that DE play a role in the emotional
processing, more recently awake fMRI measures revealed that
subjects experiencing frequent fear during DE have a higher
activation of mPFC and reduced activation in the insula,
amygdala and midcingulate cortex when faced with aversive
stimuli (Sterpenich et al., 2019). The results are consistent with
the view that mPFC should exert an inhibitory control on fear
expression by reducing amygdala activity (Phelps et al., 2004). A
large amount of dream reports were collected at home and the
presence of fear in DE has been considered as a trait-like factor of
the participants (Sterpenich et al., 2019).

These results are consistent with the continuity hypothesis,
namely the possibility that dreams and wakefulness shared
similar mechanisms (Schredl, 2003, 2009; Scarpelli et al., 2015a,b;
Mangiaruga et al., 2018; Sterpenich et al., 2019).

In fact, neuroimaging data in waking state have provided
strong support for a crucial role of the aforementioned regions
in emotional processing (Phan et al., 2004). It has been proposed
that in the waking brain subcortical regions such as amygdala,
nucleus accumbens, locus coeruleus, pulvinar, along with the
ACC and OFC are involved in conscious and unconscious
emotional processing (Morris et al., 1998; Vuilleumier et al., 2001;
Kirov et al., 2012). Specifically, the unconscious perception of
emotional stimuli has been related with the functional integrity of
subcortical areas that receive an executive cortical feedback from
the cortical network (e.g., dlPFC, OFC, and posterior cingulate
cortex) only during wakefulness (Tamietto and De Gelder, 2010).

It is well-known that amygdala plays a pivotal role in
emotional regulation. Several studies found that this structure
is responsible for detecting, generating, and maintaining fear-
related emotions (for a review see Phan et al., 2004). Moreover,
the amygdala is important in the coordination of adequate
responses to threat and danger and it has also been demonstrated
that is critical also for response to stimuli that predict positive
and negative future outcomes (Paton et al., 2006), allowing the
organism to learn more about a stimulus and organize adaptive
behavior (Maren, 2011). Specifically, the amygdala, thanks to the
connections with the hippocampus, thalamus, mPFC, and ACC,
is involved in control of the encoding and retrieval of affective
memories and the physical expression of emotions during the
waking state (Misane et al., 2005). Also, the hippocampus has
an established role in emotional memory encoding and retrieval.
Along with the amygdala, the hippocampal formation mediates
the processing and execution of fear memories (Phelps, 2004).

Structural brain imaging approaches offer the possibility
to focus on ultrastructural, anatomical measures and inter-
individual variability associated with DE. This perspective allows
researchers to overcome one of the intrinsic limitations of the
study of dreams, concerning the difficult to exactly define the
time-coupling between the sleep stages and the occurrence of
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DE. Neuroanatomical parameters provide a relatively stable
measure to account for some trait-like features of DE. In this
vein, the correlations between inter-individual differences in
quantitative/qualitative features of DE reported by subjects and
structural parameters of limbic areas were observed (De Gennaro
et al., 2011, 2016). Once again, the regions engaged in emotional
encoding and consolidation showed a strong relationship with
dream contents, consistently with the studies revealing that
the structural characteristics of hippocampus and amygdala are
associated with cognitive and emotional processing in waking
tasks (Maguire et al., 2000; Bohbot et al., 2007; Iaria et al.,
2008). Specifically, microstructural measures were related to
the emotional load, bizarreness and vividness of DE reported.
For what concerns emotional intensity, a relation was found
between lower structural integrity of the left amygdala and
decreased emotional load. Moreover, emotionality was linked to
a smaller volume of the left hippocampus and larger volume
of the right hippocampus. Also, dream contents characterized
by high bizarreness were associated with smaller left amygdala,
smaller right hippocampus and lower mean diffusivity of the
right amygdala.

These observations were partially replicated on patients with
Parkinson’s Disease (PD), pointing that PD patients did not
differ from healthy subjects with respect to sleep and dream
characteristics or the neuroanatomical measures and confirming
that vividness is related to the amygdalae and also the thickness
of the left mPFC. It should be noted that, along with amygdala,
mPFC plays a key role in the acquisition, consolidation and
retrieval of fear memory and, specifically, modulates fear learning
and extinction (Marek et al., 2013).

Moreover, this study on PD focused on the role of the
dopaminergic system in DE. It has been found that higher
dopamine agonist dosage was associated with qualitatively
impoverished DE, as indicated by reduced bizarreness and
emotional load levels (De Gennaro et al., 2016). It is worth
noting that one of the main regulator of mesolimbic-dopamine
network is the mPFC that makes direct and indirect connections
to the amygdala and hippocampus (Patton et al., 2013). In other
words, the recent findings on PD confirmed the evidence of an
essential interplay between the mPFC andmesolimbic-dopamine
system for dreaming, as previously showed by data from patients
who underwent prefrontal leukotomy that stopped dreaming
(Solms, 2011). In fact, in these patients, the ventromedial white
matter containing dopaminergic projections to the frontal lobe
were disconnected (Bradley et al., 1958). The importance of
mPFC in dream processes has been confirmed in another study
using PET (Eichenlaub et al., 2014). They revealed that subjects
who recall more frequently their DE (i.e., High Recallers—HR)
showed higher regional cerebral blood flow (rCBF) in the mPFC
during REM sleep and wakefulness than “Low Recallers” (LR)
along with higher rCBF in the TPJ during REM, NREM sleep
and wakefulness (Eichenlaub et al., 2014). The structural data
obtained by MRI from the same sample of Eichenlaub et al.
(2014) and from another research (Vallat et al., 2018b) were
analyzed, confirming the relationship between brain anatomical
structures and dream recall rate (Vallat et al., 2018a). Specifically,
the anatomical measures of the mPFC were significantly different

between HR and LR (i.e., increased mPFC white-matter density
in HR compared to LR was found). It should be underlined
that mPFC is engaged in mind representations and evaluation
(for a review, see Legrand and Ruby, 2009), that could have
a crucial role in the emotional processing. More in general,
it has been hypothesized that mPFC is related to cognitive
aspects of emotional processing, such as appraisal/identification
of emotion, attention to emotion, awareness and introspection
(Phan et al., 2004). Furthermore, it has been demonstrated the
involvement of this region in the social emotions processing
(Ruby and Decety, 2004). Recently, it has been demonstrated
that traumatic experiences and pathological memories are linked
to abnormal interactions between hippocampus and mPFC that
are responsible to reduced mnemonic ability and decreased
emotional control (Maren et al., 2013; Jin and Maren, 2015).

Moreover, it is worth noting that lesion, imaging and
stimulation data revealed that the TPJ is related to emotional
processing and especially to the “theory of mind,” empathy
and social cognition in the waking state (Saxe and Kanwisher,
2003; Young et al., 2010; Santiesteban et al., 2012; Van
Overwalle and Vandekerckhove, 2013; Jeurissen et al., 2014). In
particular, TPJ contributes to thementalizing and emotional state
inference/attribution (Donaldson et al., 2015; Ye et al., 2015;
Biervoye et al., 2016).

Taken together, these findings revealed that, to some extent,
the processes that regulate dreaming and emotional salience in
DE share similar neural substrates of those controlling emotions
during wakefulness. Moreover, in the light of the results by
Eichenlaub et al. (2014), one might speculate that the high
dream recaller may be particularly interested in their inner world
(Ioannides et al., 2009), given that salience seems to have a pivotal
role in dream recall, as evaluated in older individuals measuring
episodicmemory recall (for a review, seeMangiaruga et al., 2018).

ELECTROPHYSIOLOGICAL CORRELATES

OF EMOTIONAL MEMORIES DURING REM

SLEEP AND WAKEFULNESS

In keeping with the neuroimaging studies exhibiting the
relationship among REM sleep, dreaming and processing of
emotional experience (De Gennaro et al., 2011, 2016; Eichenlaub
et al., 2014; Vallat et al., 2018a), some investigations aimed
to identify the sleep EEG correlates of emotional memory
consolidation (Levin and Nielsen, 2007; Lara-Carrasco et al.,
2009; Nishida et al., 2009; Walker, 2009; Walker and van
der Helm, 2009; Spoormaker et al., 2014; Genzel et al., 2015;
Hutchinson and Rathore, 2015; Sopp et al., 2017, 2018). Although
recent investigations showed that SWS plays a complementary
role in this processing (Cairney et al., 2015; Payne et al., 2015;
Yordanova et al., 2017), compelling evidence indicates that the
potential EEG marker of emotional processes is the frontal theta
activity (5–7Hz) during REM sleep (Nishida et al., 2009; Prehn-
Kristensen et al., 2013; Cowdin et al., 2014; Durrant et al.,
2015; Seeley et al., 2016). For instance, Nishida et al. (2009)
using a nap protocol, demonstrated that the prefrontal theta
EEG activity during REM sleep was associated to a remarkable
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consolidation benefit for emotional memories rather than neutral
memories. Moreover, the extent of emotional consolidation
was significantly correlated with the proportion of REM sleep
(Nishida et al., 2009). Also, the emotional consolidation of
memory has been investigated in healthy and Attention-
Deficit Hyperactivity disorder (ADHD) children compared to
healthy adults (Prehn-Kristensen et al., 2013). Stimuli from the
International Affective Picture System (IAPS) were presented
before sleep and after morning awakening in order to test
the emotional memory. The authors found that children with
and without ADHD showed more slow oscillations (<1Hz)
during SWS and higher theta power during REM sleep. After
merging all healthy subjects (children and adults), a correlation
between emotional memory and prefrontal oscillations (i.e., theta
and slow oscillations) was found. Conversely, ADHD displayed
a negative correlation between performance and prefrontal
oscillations (Prehn-Kristensen et al., 2013). Interestingly, this
study confirmed the pivotal role of the theta band in
emotional consolidation, underlying also that this relation
is dysfunctional in the clinical group. Actually, this finding
seems relevant since ADHD children have a compromised
emotional regulation (Martel, 2009) and the marker during
sleep of this deficit could be represented by an abnormal
theta activity.

More recently, Sopp et al. (2017) showed that REM theta
power correlated with enhanced retention of location memory
for emotional images, consistent with the idea that REM theta
oscillations reflect the reactivation of emotional mnestic traces.

The role of the REM theta oscillations in emotional memories
was also replicated in a recent study that optogenetically silenced
the GABAergic neurons in the medial septum causing the
inhibition of memory-associated theta rhythm during REM
sleep (Boyce et al., 2016). It has been found that silencing
these neurons selectively during a REM critical window after
learning impaired the performance fear-conditioned contextual
memory and the novel object place recognition in the mice
(Boyce et al., 2016).

It is worth noting that taken together, these results are
in line with the waking EEG studies showing that the theta
rhythm substantially correlates with episodic and emotional
memory (Klimesch et al., 1996; Klimesch, 1999; Kirov et al.,
2009; Uribe et al., 2011). It has been hypothesized that the
theta rhythm is directly connected with some areas engaged
in memory processing and, in particular, it represents an
EEG marker of hippocampal activity (Klimesch, 1996; Cantero
et al., 2003; Rutishauser et al., 2010) modulating neuronal
changes in hippocampal formation and in neocortical structures
(Mitchell et al., 2008). Humans EEG studies confirmed that
the frontal theta EEG activity increases during memory tasks
(for a review, see Hsieh and Ranganath, 2014) both in the
encoding and retrieval stages of memory processing (Klimesch
et al., 1997, 2001; Klimesch, 1999; Mölle et al., 2002; Guderian
and Düzel, 2005; Addante et al., 2011; Gruber et al., 2013;
White et al., 2013). Interestingly, intracranial-EEG (iEEG) studies
highlighted that theta oscillations play a pivotal role also in
memory formation (Lega et al., 2012). In particular, a higher
hippocampal-cortical theta phase coupling was reported in

correspondence of optimal memory performance (Rutishauser
et al., 2010). Furthermore, iEEG recordings demonstrated that
theta oscillations modulate the interaction between PFC and the
medial temporal lobe, confirming that both these areas could be
involved in the recall processes (Anderson et al., 2010). More
directly, magnetoencephalography (MEG) investigations showed
a strong relation between theta activity and mPFC, suggesting
that this area could generate theta oscillations (Asada et al., 1999;
Ishii et al., 1999; Nishida et al., 2004).

Recently, it has been demonstrated that also the gamma
activity during REM sleep represents a potential marker of
emotional processing (van der Helm et al., 2011). For instance, an
EEG-fMRI study tested the role of REM sleep in the behavioral
and brain reactivity to recent waking emotional experiences
comparing a group underwent PSG to a waking-group (van der
Helm et al., 2011). The results revealed that: a) sleep decreases
amygdala reactivity in response to previously encountered
emotional experiences (presented by IAPS) as well as behavioral
(subjective rating); b) this attenuation of emotional reactivity
is related to mPFC connectivity and c) the reduced emotional
reactivity is related to attenuated frontal gamma activity during
REM sleep (van der Helm et al., 2011). In particular, the gamma
activity could represent a marker of the suppression of central
adrenergic neurotransmitters in REM sleep (also implicated in
arousal and stress) involved in the encoding of emotional salient
events along with activation in amygdala-hippocampal system
(Walker and van der Helm, 2009; van der Helm et al., 2011). It
has been proposed that the adrenergic reduction during REM
sleep is essential to emotional regulation because of its role in
defusing affective experiences and decreasing emotional intensity
(Walker and van der Helm, 2009; van der Helm et al., 2011).
For instance, the failure of this reduction during REM sleep has
been found in anxiety disturbances associated to the presence
of higher gamma activity, contributing to hyperarousal and
amygdala reactivity (Etkin and Wager, 2007; Spoormaker and
Montgomery, 2008; Walker and van der Helm, 2009). Quite
surprisingly, this study did not find any effect on the theta band
(van der Helm et al., 2011).

Also, Marshall et al. (2011) found that theta transcranial direct
current stimulation (theta-tDCS) applied during REM sleep
increases fast beta/gamma EEG oscillations. The theta-tDCS
condition was associated with worse mood (i.e., as measured
by Positive and Negative Affect Scale negative scores) on
the morning after awakening from sleep, compared to sham
(Marshall et al., 2011). In line with (van der Helm et al., 2011),
this finding points to an indirect link between higher gamma
during REM sleep and affective mental states. Moreover, the
widespread increase in gamma activity with theta-tDCS provided
evidence for the functional coupling between these two rhythms
(Marshall et al., 2011).

It should be noted that waking EEG recordings found that
theta and gamma oscillations can interact with each other (i.e.,
cross-frequency coupling) (Canolty et al., 2006; Cohen, 2008;
Kramer et al., 2008; Penny et al., 2008; Young and Eggermont,
2009; Tort et al., 2010; Onslow et al., 2011; for a review
see Lisman and Jensen, 2013). The theta/gamma coupling has
been shown to be functionally relevant for long-term memory
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processes (Tort et al., 2009) contributing to the recall of stored
information both in rats (Shirvalkar et al., 2010) and in humans
(Friese et al., 2013). However, these studies revealed that the
coupling occurs between the frontal theta and the posterior
gamma oscillations (Friese et al., 2013). Little has been known
on theta/gamma coupling in human emotional processing. A
waking MEG study on emotional expressions found that both
the theta and gamma activity occurring in overlapping areas of
amygdala, visual cortex and frontal cortex (Luo et al., 2014).
Interestingly, the frontal and visual cortical regions showed
differences in the temporal profile of activity of these bands:
the event-related synchronization peak appeared significantly
later in the theta than in the gamma band (Luo et al., 2014).
Bearing in mind these observations, it could be hypothesized
that the prefrontal gamma could have a different functional role,
concerning the reprocessing/depotentiation useful to decrease
the emotional salience of recent waking experiences instead of
a consolidation/retention of memory traces.

EEG PATTERN OF DREAM EXPERIENCES

Dreaming could reflect the reactivation and consolidation of
memories during sleep (Nielsen and Stenstrom, 2005; Wamsley
and Stickgold, 2011). It is well-known that after the first peak
in incorporation of waking memories into DE (1 day from
the events) called “day-residue effect,” there is a second peak
following the experience 6–7 days later, i.e., dream-lag effect
(Nielsen et al., 2004; Blagrove et al., 2011; Eichenlaub et al.,
2019). This delayed incorporation of daytime events has been
found to hold for REM sleep dreams but not NREM-DE
(Blagrove et al., 2011; van Rijn et al., 2015). Several findings
supported that the incorporation of waking-life memories into
dream contents represents this process of memory consolidation
that allow the integration of the new mnestic traces in the
older memories (Nielsen and Stenstrom, 2005). Although this
fascinating perspective has given arise several hypotheses on the
functional role of dreaming, very few studies have investigated
the EEG correlates of incorporation in REM-DE, while the most
of researches pointed to find the EEG pattern predicting the
presence/absence of dream recall.

Multi-electrode recordings and quantitative analysis of the
EEG signal showed that higher theta activity (5–8Hz) during
REM sleep is related to dream recall both in nocturnal sleep
and naps (Marzano et al., 2011; Scarpelli et al., 2015b). In
addition, the reduction of the temporo-parietal alpha (8–
11Hz) activity was found before dream recall (Esposito et al.,
2004; Marzano et al., 2011). Takeuchi et al. (2003) reported
that during NREM sleep onset periods the dream recallers
exhibited attenuated alpha and sigma power over the central
area (Takeuchi et al., 2003). Nevertheless, they also found higher
alpha and sigma activity localized in the central area during
REM sleep onset periods in relation to dream recall (Takeuchi
et al., 2003). Also, dream recall seems to be associated to
increased alpha activity in correspondence of the occipital area,
along with a lower frontal alpha power during REM sleep in
a multi-nap protocol (Chellappa et al., 2011). It should be

underlined that the alpha activity is one of the EEG bands
most influenced by interindividual differences (De Gennaro
et al., 2005) and this seems crucial when the experiment
included between-subjects measures (Takeuchi et al., 2003;
Esposito et al., 2004; Marzano et al., 2011). However, it
should be also noted that the alpha, as well as theta band,
play a pivotal role in the retrieval of the episodic mnestic
traces during wakefulness as previous mentioned (Klimesch,
1999; Mölle et al., 2002). In the light of above, it has been
hypothesized that the neural mechanisms responsible for dream
recall resemble those for the encoding and the retrieval of
episodic memories during wakefulness (De Gennaro et al., 2012;
Scarpelli et al., 2015a).

Once again, in line with the waking EEG studies, it has
been reported that also gamma activity has some implications
for the recall of DE (Siclari et al., 2017). In fact, Siclari et al.
(2017) revealed that the enhancement of rapid frequencies
(>25Hz) during REM and NREM sleep is related to DE when
compared with non-recall. In NREM sleep the high-frequency
power increased over the parieto-occipital region along with
a strong reduction of low-frequency power. Increased high-
frequency power related to DE was observed in frontal and
temporal areas during REM sleep. Also, it should be mentioned
that DEs including “perceiving dimension” correlated with the
high-frequency power over the parietal, occipital and temporal
areas, while those including thoughts were related to the frontal
regions (Siclari et al., 2017).

These patterns are also consistent with the indications
obtained by brain lesions and neuroimaging findings in the field
of dream research (Solms, 2000; Eichenlaub et al., 2014). It
should be noted that a study by transcranial alternating current
stimulation (tACS) revealed that the stimulation on the fronto-
temporal area in the gamma band during REM sleep is related to
lucid dreams (Voss et al., 2014). Albeit this study confirmed the
crucial role of the gamma activity for dreaming, it is worth noting
that the stimulated areas are different (i.e., fronto-temporal area
instead of posterior region).

Interestingly, a very recent combined high-density EEG/-
fMRI study identified the EEG activity underlining the DE
including fear vs. DE without fear (Sterpenich et al., 2019). The
results revealed that DE during REM sleep containing fear, as
compared with DE without fear, was associated with decreased
delta power over the insula and midcingulate cortex (Sterpenich
et al., 2019). The same pattern, along with increased gamma
power, was found in the right insula during NREM sleep in
the case of DE containing fear (Sterpenich et al., 2019). The
insula is involved in social-emotion experience and in visceral
state (Chang et al., 2013), contributing in the integration of
affective information (Shah et al., 2009; Sterpenich et al., 2019).
Not surprisingly, also the activation of midcingulate during REM
sleep is consistent with previous imaging data that found a critical
activation in sensory and motor cortices (De Carli et al., 2016),
since that it is a region involving the behavioral/motor responses
to danger (Pereira et al., 2010). This activation could reflect
an attempt to reactivate threatening situations with emotional
and motor reactions that people experienced during wakefulness
(Sterpenich et al., 2019).
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Some findings provided compelling evidence on the relation
between brain activity and dream contents (Dresler et al.,
2011; Horikawa et al., 2013; Siclari et al., 2017; Sterpenich
et al., 2019) by different approach (e.g., fMRI and machine
learning; EEG source modeling; combined fMRI and near-
infrared spectroscopy), while -to our knowledge- only few
studies were aimed to directly investigated the EEG correlates
of dreams containing day-residues, likely because of the
difficulty to study the so-called “incorporation.” Dream contents
from REM sleep showed a higher probability to include
incorporated waking-life experiences (Schredl, 2006; Malinowski
and Horton, 2014; Eichenlaub et al., 2018), especially when
related to salient emotional events (Voss and Klimke, 2018).
Specifically, Eichenlaub et al. (2018) tested the relationship
between the theta activity during REM and incorporation
of recent waking-life content in DE. They evaluated both
emotional intensity and valence of waking-life experiences,
assessing the relation with dream report collecting after REM
sleep and SWS (Eichenlaub et al., 2018). This study showed
that the frontal theta activity in both all and last REM sleep
segments correlated to the number of references to waking
experiences, identified by the participants into dream recall.
Moreover, the reported dream contents contained a high amount
of emotional events, irrespective of positive/negative valence
(Eichenlaub et al., 2018). No correlations were found for SWS,
confirming a strong link between REM sleep and emotional
memories. Albeit previous studies showed the pivotal role of
the frontal theta power for dream recall in healthy subjects
(Marzano et al., 2011; Scarpelli et al., 2015b), this study
reported for the first time a direct link between the theta
activity during REM sleep and the extent to which dream
content is related to recent experiences. In this vein, it could
be stated that dreaming reflects to some extent the emotional
memory processing.

This perspective was also strengthened by a recent study
investigating the activations of facial mimetic musculature
during REM sleep as electrophysiological marker of emotional
dreams (Rivera-García et al., 2018). The presence of specific
facial expression during this stage can be interpreted as a
Dream Enacting Behaviors (DEBs), namely the behavioral
enactment of the emotional, verbal or motor components
of complex dreams (Nielsen et al., 2009; Nir and Tononi,
2010). A growing body of literature suggests that DEBs are
more frequent during nightmares or high emotionally intense
dreams, providing a background to study the relation between
DE and emotional processing (Nielsen et al., 2009; Rivera-
García et al., 2018). Rivera-García et al. (2018) analyzed the
facial EMG signals along with the standard PSG measures,
finding that the activation of corrugator and zygomaticus
facial muscles during REM sleep occurs when the incidence of
emotional DE is higher (Rivera-García et al., 2018). Besides,
this study -examining a wider range of emotions- confirmed
that the peak rates in healthy population corresponded
to the high negative emotional contents (Rivera-García
et al., 2018). This evidence makes the analysis of DEBs a
promising approach to study the emotional components
of dreaming.

INSIGHTS FROM SLEEP DISORDERS

Until now, we have discussed recent studies highlighting that
REM sleep and some electrophysiological features REM-related
may play a critical role in the emotional processes.

It should be emphasized that this evidence may afford insights
for the translational research since that some dream and/or REM
abnormalities represent the core symptoms of psychiatric and
sleep disorders (Benca et al., 1992, 1997; Harvey, 2008; Walker
and van der Helm, 2009).

The relation among emotions, dreams and sleep disorders
appear of special relevance in the context of Post-Traumatic
Sleep Disorder (PTSD; Murkar and De Koninck, 2018). PTSD
is characterized by hyperreactivity to emotional stimuli and
an inability to extinguish traumatic memories (American
Psychiatric Association, 2013) and sleep disturbances and
recurrent nightmares are recognized as the hallmark of PTSD
(Levin et al., 2010; Germain, 2013).

Taking this into account, the interaction of REM-depend
learning and PTSD deserves interest (Breslau et al., 2004;
Habukawa et al., 2007; Germain et al., 2008; Spoormaker and
Montgomery, 2008; Yetkin et al., 2010; Germain, 2013; Pace-
Schott et al., 2015). Specifically, PTSD patients report dreams
with vivid images and negative emotions associated with the
traumatic events (Germain, 2013). It should be considered that
the percentage of REM sleep obtained following fear extinction
was demonstrated to predict a decrease in autonomic arousal
based on skin conductance (Spoormaker et al., 2010) and the
disruption of REM sleep impaired extinction (Spoormaker et al.,
2012). In this respect, it has been posited that REM sleep
may amplify the altered function of the amygdala in PTSD
patients, increasing dysphoric dreams (Germain et al., 2008).
Moreover, also the idiopathic nightmares originating in early
childhood results from dysfunctional hippocampal-amygdala-
prefrontal circuit that controls fears memory formation and
extinction (Nielsen and Levin, 2007; Marquis et al., 2017). In this
view, the so-called “day-residue” and “dream-lag effect” (Nielsen
and Stenstrom, 2005) seem relevant for the understanding of
sleep-dependent memory consolidation and emotional balance
in PTSD (Cipolli et al., 2017). Accordingly to the hypothesis
that this phenomenon is an index of the memory consolidation
(Nielsen and Stenstrom, 2005), in the context of PTSD, we argue
that this process can fail for the emotional memories related
to the traumatic events. In fact, dream-lag incorporation occurs
more frequently in association to interpersonal problem-solving
and are most evident among individuals who report that their
DE affects thoughts and feelings during the waking state (Nielsen
and Powell, 1992; Kuiken, 2009). Interestingly, Powell et al.
(1993) observed that events characterized by high emotional load
appear into dream recall for the first 3 days following the event
and then again after a delay of from 6 to 7 days. Moreover,
(Domhoff, 1996) evidenced that stress-related dream contents
may recur over periods of time lasting from days to years. Hence,
dreams can represent a reactivation of waking-life experiences
with the function of re-processed the conflictual events and their
negative emotional tone (Walker and van der Helm, 2009). On
the one hand, it can be speculated that REM sleep can provide
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the electrophysiological background to allow the fade of the
negative emotional charge of autobiographical memories faster
than a positive one (Ritchie and Skowronski, 2008). On the other
hand, when REM abnormalities occur this functional emotional
process fails. In this view, it has been recently demonstrated that
negative waking-life experiences incorporated into dreams were
characterized by less emotional intensity when reported as dream
report (Vallat et al., 2017), accordingly to the idea that dreams
foster the emotional regulation reducing the emotional tone of
waking-life memories.

Interestingly, a recent study investigated EEG activity in
frequent nightmares recallers and controls, observing that higher
slow theta (2–5Hz) activity over frontal and central areas
characterized the nightmares group especially during REM sleep
compared to controls (Marquis et al., 2017). The results support
the idea that REM frontal theta activity also modulates abnormal
dreams (i.e., nightmares) in keeping with the evidence that
the prefrontal theta activity is related with negatively balanced
dreaming during REM sleep (Hebert et al., 2015). Partly, this
appears also consistent with the results on EEG correlates of
dream recall in healthy subjects (Marzano et al., 2011; Scarpelli
et al., 2015b; Eichenlaub et al., 2018). In addition, the prefrontal
theta rhythm seems to be related to emotional coping strategy in
trauma-exposed subjects that had never developed PTSD, since
that these resilient individuals showed higher theta than clinical
sample (Cowdin et al., 2014). It is worth noting that DE were
not collected in the latter study, not allowing to disentangle if the
adaptive role of theta activity is related only to REM sleep per se
or to some kind of mental sleep activity.

Along with PTSD, also narcolepsy is characterized by a
peculiar DE (Schredl, 1998). The study of DE and its relation
with emotional processes in narcoleptic patients can deserve
attention since that: a) The cataplexy -one of themain narcoleptic
symptoms- is generally triggered by intense emotions (De
Zambotti et al., 2014); b) The impairment of the limbic system
has been repeatedly found in narcoleptic patients (e.g., Mignot
et al., 2002; Joo et al., 2005; Hong et al., 2006; Schwartz et al.,
2008; Meletti et al., 2015). Narcoleptic patients often report an
abundant production of vivid, bizarre and frightening dreams
(Schredl, 2008) with a remarkable amount of aggressive themes
(Bourguignon, 1976). Investigations on narcoleptic subjects
showed higher negatively toned and bizarre dreams along with
more terrifying contents than insomnia patients (Mangiaruga
et al., 2018). Some authors stated that narcolepsy emphasized
the emotional items of their REM dreams as results of the
compromised neurobiological system underling the cognitive-
emotional functions (Lee et al., 1993). Specifically, it has been
found that DE included more anxiety/fear and more bizarre and
vivid contents (Fosse, 2000; Fosse et al., 2002).

Also, nightmares seem to occur with a certain frequency in
this population (Schredl, 1998; Schredl et al., 2012; Pisko et al.,
2014), likely because of daytime stress due to the impairments
caused by narcolepsy (Rak et al., 2015). It has been found that
the percentage of nightmares in the narcoleptic group was 33%
(Pisko et al., 2014), while the prevalence of nightmares in general
population was around 5% (Li et al., 2010; Sandman et al.,
2013). Conversely, Meaidi et al. (2016) found no differences in

emotional dream contents and in the frequency of nightmares
between narcoleptic and healthy subjects. This study showed
a greater amount of lucid dreams in narcoleptic than controls
(Meaidi et al., 2016). Albeit conflicting results are reported on
this issue (Vogel, 1976; Wamsley et al., 2014), according to
recent studies (Rak et al., 2015; Meaidi et al., 2016) it could be
hypothesized that the increase in lucid dreaming in narcoleptic
patients compared to controls can explain the low incidence of
nightmares in this clinical group. Namely, lucid dreams may be
considered as a sort of coping strategies to deal with the negative
emotional contents of DE. In fact, narcoleptic patients who had
experience with lucid dreaming felt that dream lucidity provides
relief during nightmares (Rak et al., 2015). In other words, dream
lucidity led dreamers to affect oneiric contents, also altering their
emotional negative charge (Dresler et al., 2011, 2014).

In line with this evidence, some studies suggested that lucid
dreams could be useful as intervention for nightmare disorders
(Zadra and Pihl, 1997; Spoormaker et al., 2003; Spoormaker and
Van den Bout, 2006). Bearing in mind that the methods to induce
lucid dreaming often including the promotion of cortical arousal
(Stumbrys et al., 2012; Voss et al., 2014), it may be hypothesized
that some sleep narcoleptic features such as fragmented sleep, a
short sleep latency and sleep onset REM periods, could facilitate
lucid dreams (Rak et al., 2015). In fact, the application of the
wake-up-back-to-bed technique (i.e., subjects are awakened in
the early morning hours and go back to sleep after a period
of wakefulness; LaBerge et al., 1994; Stumbrys et al., 2012) has
proved to be effective in inducing lucid dreaming in healthy
individuals (Erlacher, 2010). It should be noted, the notion that
higher cortical desynchronization and fragmented sleep promote
dreams is not new in healthy subjects (Koulack and Goodenough,
1976; Scarpelli et al., 2017; Siclari et al., 2017) as well as in
nightmare sufferers (Simor et al., 2013) and in narcoleptic
patients (Dodet et al., 2015; D’Atri et al., 2019). Specifically, in
narcoleptics the successful dream recall upon awakenings was
related to higher cortical arousal over parietal regions compared
to unsuccessful dream recall, consistently with the findings on
healthy individuals (Siclari et al., 2017).

Interestingly, the idea that the awareness of our own dream
contents and the possibility of altering them may be beneficial
for nightmare sufferers has been proposed by earlier studies
(Kellner et al., 1992; Neidhardt et al., 1992; Krakow et al.,
2001). Specifically, over 20 years ago the so-called “Imagery
rehearsal treatment (IRT)” was introduced (Kellner et al., 1992).
IRT is a cognitive-behavioral technique that effectively reduces
chronic nightmares within 6–12 weeks of treatment (Marks,
1978; Kellner et al., 1992; Neidhardt et al., 1992; Krakow
et al., 1995, 2001, 2002; Forbes et al., 2001; Germain et al.,
2004). This method consists of the imaginal rehearsal of a new
dream that erased distressing contents, altering the original
scenario of nightmare (Kellner et al., 1992). The nightmare
sufferers learn to manage the original scenes, creating a less
frightened ending and becoming able to include in the new
dreams mastery elements, such as the emotional items aimed to
change the overall dream affect or emotional reactions to specific
dream characters, events or settings (Germain et al., 2004).
However, to our knowledge no studies on neurophysiological
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correlates of this emotional/traumatic memories re-processing
are available.

CONCLUDING REMARKS

Here, we outlined that dreaming during REM sleep may have a
pivotal role in the emotional regulation and emotional memory
consolidation, accordingly with some previous works (e.g.,
Cartwright et al., 1998; Desseilles et al., 2011). The current
literature does not provide a homogeneous framework on the
link between dreaming, emotional processes and neurobiological
correlates, albeit remarkable insights from neuroimaging,
electrophysiological data and clinical sample led to some final
considerations on the functional role of DE that both in healthy
and clinical sample serves to affect the inner well-being.

Firstly, we highlighted that emotional regulation and
dreaming share similar neurobiological bases suggesting that
the amygdala, hippocampus and mPFC operate in a sort of
continuum between wakefulness and REM sleep (De Gennaro
et al., 2011, 2016; Eichenlaub et al., 2014; Vallat et al., 2018a;
Sterpenich et al., 2019).

DE could be considered as a reactivation of waking-life
memories and during REM sleep this “re-play” concerns
especially highly emotional contents (Cipolli et al., 2017).
However, dreaming is a product of an “internal and virtual
fabrication” and not always the memory sources are easily
identified during wakefulness, so considering DE only as the
replay of past experiences may seem reductive (Kirov, 2013;
Hobson et al., 2014). Specifically, Hobson et al. (2014) introduced
the notion that dreaming plays a pivotal role in enhancing the
possibility to create a “virtual world” during sleep that helps
to generate more efficient predictions during waking. Hence,
dreams not only can contribute to the consolidation of memories
with a great emotional load, but it can also represent amechanism
to simulate the real world as a sort of problem-solving based on
emotional coping strategies, according to Revonsuo (2000) and
Revonsuo et al. (2015).

The studies on dysphoric dreams seem to provide support
in favor of this view. In fact, promoting the rehearsal of
frightening contents to change them is a promising method to
treat nightmares (Kellner et al., 1992). In other words, dreams
can defuse emotional traumatic memories when the emotional
regulation and the fear extinction mechanism are compromised
by traumatic and frightening events, such as in the case of
PTSD (Germain et al., 2004), providing the possibility to create
a new scenario enriched with mastery elements (Germain et al.,
2004). It should be noted that a previous work suggested that
the inclusion of bizarre items in the DE may provide a de-
contextualization of experiences to promote a better assimilation
of salient emotional contents in the existing memories (Horton
and Malinowski, 2015). However, it could be hypothesized that
the insert of bizarre items beside to traumatic memories might be
functional to “impoverish” the negative charge of the experiences.

More recently, from a neurophysiological perspective it has
been proposed that the desynchronized neuronal activity in REM
sleep, along with the pattern of brain activation (Maquet, 2000)

allows the generation of new associative cell assemblies in highly
activated regions such as the hippocampus (Voss and Klimke,
2018). In particular, this model assumes that the bizarreness
and vividness dream contents mirror this involuntary associative
activity involving the formation of new cell assemblies due to the
down-regulated activity in the frontal lobes during REM sleep
(Voss and Klimke, 2018).

Beyond these hypotheses, we underlined that the research on
EEG correlates of the presence/absence of DE (Marzano et al.,
2011; Scarpelli et al., 2015b) and the results on EEG pattern
related to the incorporated memories (Eichenlaub et al., 2018)
converged to assign a crucial role of REM theta oscillations in
this emotional re-processing. In particular, the theta activity is
involved inmemory processes during REM sleep as well as during
waking state (Klimesch et al., 1996; Marzano et al., 2011) in line
with the continuity hypothesis (Schredl, 2003, 2009; Scarpelli
et al., 2015a,b; Mangiaruga et al., 2018). Also, both posterior and
frontal gamma activity seems to be related to emotional processes
and dream recall and -interestingly- this band is related to lucid
dreams (Voss et al., 2014; Dodet et al., 2015), that are associated
with an attenuation of nightmares (Rak et al., 2015). Moreover,
the frontal gamma activity seems to have a role in decreasing the
amygdala reactivity (van der Helm et al., 2011).

Interestingly, similar EEG correlates of DE have been found in
clinical samples when nightmares or dreams occur. Once again,
the theta activity (Marquis et al., 2017) and the EEG characterized
by high cortical activation (Simor et al., 2013; D’Atri et al., 2019)
appear to be crucial in the production and retrieval of DE.

Bearing in mind all of these considerations, some limitations
should be mentioned on the hypothesis that REM-DE plays a
key role in emotional processing. Firstly, we have highlighted
that very little evidence so far is available on a memory function
of REM-dreaming per se and for this reason it could be
challenging to distinguish the role of REM sleep from those of
REM-DE in emotional processing. Actually, the role of REM
sleep in the mood regulation is somehow controversial since
several studies found that this stage has a depressant effect
(Palagini et al., 2013). For instance, awakenings from REM sleep
are associated to higher scores in the Hamilton Rating Scale
for Depression (McNamara et al., 2010), and the increase in
REM density (Riemann et al., 1994; Wurts and Edgar, 2000)
with higher EEG fast-frequencies (Riemann et al., 1994) have
been recognized as the main neurophysiological correlates of
depression during sleep. On the one hand, sleep deprivation has
been showed beneficial in patients with major depression (Gillin
et al., 2001). On the other hand, sleep loss is also related to
a compromised consolidation of negative emotional memories
(Sterpenich et al., 2007), and this beneficial effect on the mood
is linked with emotional lability and inappropriate emotional
reactivity in healthy adults under sleep deprivation (Horne, 1988;
Dahl, 1996; Gujar et al., 2011). Although disentangling the issue
is out of our purpose, undoubtedly, REM sleep alterations are
responsible of emotional imbalance and themaintenance of REM
sleep promotes adaptive emotional responses during waking life
(Walker and van der Helm, 2009). In this view, dreams during
REM sleep may help emotional regulation, especially when
negative affects are inserted in DE, helping a sort of “exposure”
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and desensitization as in the case of the fear extinction (Levin
and Nielsen, 2007; Pace-Schott et al., 2012; Menz et al., 2013).

Furthermore, albeit the dream reports from NREM sleep
are often “thought-like” (Hobson et al., 2000), some traces of
emotions reflecting the individual’s concerns can be observed also
during the SWS, as in the case of pavor nocturnus or night terrors
(Gottesmann, 2010; Kirov et al., 2012; Castelnovo et al., 2016).
NREM as well as REM sleep is involved in the memory replay
(Diekelmann and Born, 2010; Oudiette and Paller, 2013), since
that both slow oscillations and sleep spindle have been reported
in association withmemory consolidation (especially declarative)
and synaptic plasticity processes (Diekelmann and Born, 2010).

Hence, we do not wish to exclude that also DE during NREM
sleep can be “dream-like” and emotional. We emphasize that
dream data revealed that affective items are generally higher
in REM than in NREM-DE (Hobson et al., 2000) and that the
specific physiological background of REM sleep -in continuity
with the waking state- may provide a permissive condition for
emotional information to be reorganized.

Furthermore, there are important between-subjects and
within-subjects variability (Scarpelli et al., 2015a) in recalling
dreams. Although the state- and trait-like factors affect the
presence/absence of DE, we underlined that the successful
DE with high emotional load is observed in the most of
cases when clinical samples are analyzed. Along this vein, the
DE features may provide some information on the disease
process, as in the case of PTSD. Also, taking into account that
specific microstructural features have been related to DE, further
examination of the EEG pattern in healthy and clinical sample
of dreaming may follow two steps: (a) protocols collecting DE in
healthy subjects with EEG at high spatial (i.e., high-density EEG)
resolution should be carried out in order to replicate the previous
findings on the relationship among specific oscillations (gamma;
beta; theta; delta) and the dreaming features (e.g., Scarpelli et al.,
2015b; Siclari et al., 2017). Within-subjects design, a control
of homeostatic and circadian factors as well as technique to
better distinguish rhythmic from EEG background signal (e.g.,
Better Oscillation method; Kaplan et al., 2001) should be used;
(b) Studies on EEG correlates of DE in sleep disorders where
dreaming is related to the symptoms should be carried out. Also,
longitudinal data could be collected to observe the potential
changes in the EEG pattern and dream contents.

In particular, the findings discussed point out that both the
theta and gamma EEG activities are essential for dreaming
and emotional processes. From a translational perspective, it
could be interesting to investigate how these frequency bands
modulate emotional and traumatic memories incorporated in
dreaming. In fact, it could be useful to implement new methods
to change the dream content in something of neutral, not
disturbing or positive for patients who suffer from nightmares.
For example, the tACS techniques allow eliciting lucid dreams
through a frontal gamma activity stimulation (Voss et al., 2014).
In this perspective, considering lucid dreams as a sort of coping
strategies to deal with the negative emotional contents of DE,
it could be promising as intervention for nightmare disorder
(Zadra and Pihl, 1997; Spoormaker et al., 2003; Spoormaker and
Van den Bout, 2006).

Finally, considering that dreaming is an irregular
phenomenon and not always observable, it should be considered
that a new frontier to investigate more directly the relationship
between dreaming and emotions is represented by the DEB
(Rivera-García et al., 2018) that can be a viable access to dreams,
overcoming the intrinsic difficulty to study this phenomenon
(Arnulf, 2012; Alfonsi et al., 2019). More in general, the
parasomnias as RBD may be considered a privileged model
to study both REM abnormalities and sleep mentation with
high emotional load since that these manifestations are often
characterized by aggressiveness and negative emotions.

AUTHOR CONTRIBUTIONS

LD and SS made substantial contributions to the conception
and design of the work. LD, SS, CB, AD, and MG contributed
by drafting the work and revising it critically for important
intellectual content, responsible for the final approval of the
version to be published, and agreed to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

ACKNOWLEDGMENTS

This work was supported by a grant to SS from BIAL Foundation
(grant 2016/2017 No. 32/16).

REFERENCES

Addante, R. J., Watrous, A. J., Yonelinas, A. P., Ekstrom, A. D., and Ranganath,
C. (2011). Prestimulus theta activity predicts correct source memory
retrieval. Proc. Natl. Acad. Sci. U.S.A. 108, 10702–10707. doi: 10.1073/pnas.
1014528108

Agargun, M. Y., Besiroglu, L., Cilli, A. S., Gulec, M., Aydin, A., Inci, R.,
et al. (2007). Nightmares, suicide attempts, and melancholic features in
patients with unipolar major depression. J. Affect. Disord. 98, 267–270.
doi: 10.1016/j.jad.2006.08.005

Alfonsi, V., D’Atri, A., Scarpelli, S., Mangiaruga, A., and De Gennaro, L. (2019).
Sleep talking: a viable access to mental processes during sleep. Sleep Med. Rev.

44, 12–22. doi: 10.1016/j.smrv.2018.12.001

American Psychiatric Association (2013). Diagnostic and Statistical Manual of

Mental Disorders DMS V. Washington, DC: American Psychiatric Association.
doi: 10.1176/appi.books.9780890425596.744053

Anderson, K. L., Rajagovindan, R., Ghacibeh, G. A., Meador, K. J., and Ding,
M. (2010). Theta oscillations mediate interaction between prefrontal cortex
and medial temporal lobe in human memory. Cerebral Cortex. 20, 1604–1612.
doi: 10.1093/cercor/bhp223

Antrobus, J., Kondo, T., Reinsel, R., and Fein, G. (1995). Dreaming in the late
morning: Summation of REM and diurnal cortical activation. Consc. Cogn.
4, 275–299.

Armony, J. L. (2013). Current emotion research in behavioral neuroscience: the
role(s) of the amygdala. Emot. Rev. 7, 280–293. doi: 10.1177/1754073912
457208

Frontiers in Psychology | www.frontiersin.org 10 March 2019 | Volume 10 | Article 459

https://doi.org/10.1073/pnas.1014528108
https://doi.org/10.1016/j.jad.2006.08.005
https://doi.org/10.1016/j.smrv.2018.12.001
https://doi.org/10.1176/appi.books.9780890425596.744053
https://doi.org/10.1093/cercor/bhp223
https://doi.org/10.1177/1754073912457208
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

Arnulf, I. (2012). REM sleep behavior disorder: motor manifestations and
pathophysiology.Move. Disord. 27, 677–689. doi: 10.1002/mds.24957

Asada, H., Fukuda, Y., Tsunoda, S., Yamaguchi, M., and Tonoike, M. (1999).
Frontal midline theta rhythms reflect alternative activation of prefrontal
cortex and anterior cingulate cortex in humans. Neurosci. Lett. 274, 29–32.
doi: 10.1016/S0304-3940(99)00679-5

Benca, R. M., Obermeyer, W. H., Thisted, R. A., and Gillin, J. C. (1992). Sleep
and psychiatric disorders: a meta-analysis. Arch. Gen. Psychiatry 49, 651–668.
doi: 10.1001/archpsyc.1992.01820080059010

Benca, R. M., Okawa, M., Uchiyama, M., Ozaki, S., Nakajima, T., Shibui,
K., et al. (1997). Sleep and mood disorders. Sleep Med. Rev. 1, 45–56.
doi: 10.1016/S1087-0792(97)90005-8

Biervoye, A., Dricot, L., Ivanoiu, A., and Samson, D. (2016). Impaired spontaneous
belief inference following acquired damage to the left posterior temporoparietal
junction. Soc. Cogn. Affect. Neurosci. 11, 1513–1520. doi: 10.1093/scan/nsw076

Blagrove, M., Henley-Einion, J., Barnett, A., Edwards, D., and Seage, C. H. (2011).
A replication of the 5–7 day dream-lag effect with comparison of dreams to
future events as control for baseline matching. Conscious. Cogn.. 20, 384–391.
doi: 10.1016/j.concog.2010.07.006

Bohbot, V. D., Lerch, J., Thorndycraft, B., Iaria, G., and Zijdenbos, A. P.
(2007). Gray matter differences correlate with spontaneous strategies
in a human virtual navigation task. J. Neurosci. 27, 10078–10083.
doi: 10.1523/JNEUROSCI.1763-07.2007

Bourguignon, A. (1976). “Narcolepsy and psychoanalysis,” in Narcolepsy,

proceedings of the First International Symposium, eds. C. Guillerminault,
W. C. Dement WC, and P. Passouant (New York, NY: Spectrum
Publications), 257–61.

Boyce, R., Glasgow, S. D., and Williams, S. (2016). Casual evidence for the role
of REM sleep theta rhythm in contexual memory consolidaiton. Science 352,
812–816. doi: 10.1126/science.aad5252

Bradley, K. C., Dax, E. C., andWalsh, K. W. (1958). Modified leucotomy: report of
100 cases.Med. J. Aust.. 45, 133–138.

Braun, A. R., Balkin, T. J., Wesensten, N. J., Carson, R. E., Varga, M.,
Baldwin, P., et al. (1997). Regional cerebral blood flow throughout the sleep-
wake cycle: an H2O-15 positron emission tomography study. Brain 120,
1173–1197. doi: 10.1093/brain/120.7.1173

Braun, A. R., Balkin, T. J., Wesensten, N. J., Gwadry, F., Carson, R. E., Varga,
M., et al. (1998). Dissociated pattern of activity in visual cortices and their
projections during human rapid eye movement sleep. Science 279, 91–95.
doi: 10.1126/science.279.5347.91

Breslau, N., Roth, T., Burduvali, E., Kapke, A., Schultz, L., and
Roehrs, T. (2004). Sleep in lifetime posttraumatic stress disordera
community-based polysomnographic study. Arch. Gen. Psychiatry 61,
508–516. doi: 10.1001/archpsyc.61.5.508

Cairney, S. A., Durrant, S. J., Power, R., and Lewis, P. A. (2015). Complementary
roles of slow-wave sleep and rapid eye movement sleep in emotional memory
consolidation. Cerebral Cortex. 25, 1565–1575. doi: 10.1093/cercor/bht349

Canolty, R. T., Edwards, E., Dalal, S. S., Soltani, M., Nagarajan, S. S., Kirsch, H. E.,
et al. (2006). High gamma power is phase-locked to theta oscillations in human
neocortex. Science 313, 1626–1628. doi: 10.1126/science.1128115

Cantero, J. L., Atienza, M., Stickgold, R., Kahana, M. J., Madsen, J.
R., and Kocsis, B. (2003). Sleep-dependent θ oscillations in the
human hippocampus and neocortex. J Neurosci. 23, 10897–10903.
doi: 10.1523/JNEUROSCI.23-34-10897.2003

Carr, M., and Solomonova, E. (2018). “Dream recall and content in different
stages of sleep and time-of-night effect,” in Dreams: Biology, Psychology and

Culture, eds K. Valli, R. Hoss, and R. Gongloff (Santa Barbara, CA; Denver,
CO: Greenwood Publishing Group), 167–172.

Cartwright, R., Baehr, E., Kirkby, J., Pandi-Perumal, S. R., and Kabat, J. (2003).
REM sleep reduction, mood regulation and remission in untreated depression.
Psychiatry Res. 121, 159–167. doi: 10.1016/S0165-1781(03)00236-1

Cartwright, R., Lloyd, S., Butters, L., Weiner, L., McCarthy, L., and Hancock,
J. (1975). The effects of REM time on what is recalled. Psychophysiology 12,
561–568. doi: 10.1111/j.1469-8986.1975.tb00047.x

Cartwright, R., Luten, A., Young, M., Mercer, P., and Bears, M. (1998). Role of
REM sleep and dream affect in overnight mood regulation: A study of normal
volunteers. Psychiatry Res. 81, 1–8. doi: 10.1016/S0165-1781(98)00089-4

Castelnovo, A., Riedner, B. A., Smith, R. F., Tononi, G., Boly, M., and Benca, R. M.
(2016). Scalp and source power topography in sleepwalking and sleep terrors: a
high-density EEG study. Sleep 39, 1815–1825. doi: 10.5665/sleep.6162

Cavallero, C., Cicogna, P., Natale, V., Occhionero, M., and Zito, A. (1992). Slow
wave sleep dreaming. Sleep 15, 562–566. doi: 10.1093/sleep/15.6.562

Chang, L. J., Yarkoni, T., Khaw, M. W., and Sanfey, A. G. (2013). Decoding the
role of the insula in human cognition: functional parcellation and large-scale
reverse inference. Cereb. Cortex 23, 739–749. doi: 10.1093/cercor/bhs065

Chellappa, S. L., Frey, S., Knoblauch, V., and Cajochen, C. (2011). Cortical
activation patterns herald successful dream recall after NREM and REM sleep.
Biol. Psychol. 87, 251–256. doi: 10.1016/j.biopsycho.2011.03.004

Cipolli, C., Ferrara, M., De Gennaro, L., and Plazzi, G. (2017). Beyond the
neuropsychology of dreaming: insights into the neural basis of dreaming with
new techniques of sleep recording and analysis. Sleep Med. Rev. 35, 8–20.
doi: 10.1016/j.smrv.2016.07.005

Cohen, M. X. (2008). Assessing transient cross-frequency coupling in EEG data. J.
Neurosci. Methods 168, 494–499. doi: 10.1016/j.jneumeth.2007.10.012

Corsi-Cabrera, M., Velasco, F., Río-Portilla, Y., Armony, J. L., Trejo-Martínez, D.,
Guevara, M. A., et al. (2016), Human amygdala activation during rapid eye
movements of rapid eye movement sleep: an intracranial study. J. Sleep Res.

25, 576–582. doi: 10.1111/jsr.12415
Cowdin, N., Kobayashi, I., and Mellman, T. A. (2014). Theta frequency activity

during rapid eye movement (REM) sleep is greater in people with resilience
versus PTSD. Exp. Brain Res. 232, 1479–1485. doi: 10.1007/s00221-014-3857-5

Dahl, R. E. (1996). The regulation of sleep and arousal: development and
psychopathology. Dev. Psychopathol. 8, 3–27. doi: 10.1017/S0954579400006945

D’Atri, A., Scarpelli, S., Schiappa, C., Pizza, F., Vandi, S., Ferrara, M., et al. (2019).
Cortical activation during sleep predicts dream experience in narcolepsy. Ann.
Clin. Transl. Neurol. doi: 10.1002/acn3.718

De Carli, F., Proserpio, P., Morrone, E., Sartori, I., Ferrara, M., Gibbs, S. A., et al.
(2016). Activation of the motor cortex during phasic rapid eye movement sleep.
Ann. Neurol.. 79, 326–330. doi: 10.1002/ana.24556

De Gennaro, L., Cipolli, C., Cherubini, A., Assogna, F., Cacciari, C., Marzano, C.,
et al. (2011). Amygdala and hippocampus volumetry and diffusivity in relation
to dreaming. Hum. Brain Mapp. 32, 1458–1470. doi: 10.1002/hbm. 21120

De Gennaro, L., Ferrara, M., Vecchio, F., Curcio, G., and Bertini, M. (2005). An
electroencephalographic fingerprint of human sleep. NeuroImage 26, 114–122.
doi: 10.1016/j.neuroimage.2005.01.020

De Gennaro, L., Lanteri, O., Piras, F., Scarpelli, S., Assogna, F., Ferrara, M., et al.
(2016). Dopaminergic system and dream recall: an MRI study in Parkinson’s
disease patients. Hum. Brain Mapp. 37, 1136–1147. doi: 10.1002/hbm.23095

De Gennaro, L., Marzano, C., Cipolli, C., and Ferrara, M. (2012). How we
remember the stuff that dreams are made of: neurobiological approaches
to the brain mechanisms of dream recall. Behav. Brain Res. 226, 592–596.
doi: 10.1016/j.bbr. 2011.10.017

De Zambotti, M., Pizza, F., Covassin, N., Vandim, S., Cellini, N., Stegagno, L.,
et al. (2014). Facing emotions in narcolepsy with cataplexy: haemodynamic and
behavioural responses during emotional stimulation. J. Sleep Res. 23, 432–440.
doi: 10.1111/jsr.12133

Deliens, G., Gilson, M., and Peigneux, P. (2014). Sleep and the processing of
emotions. P. Exp. Brain Res. 232:1403. doi: 10.1007/s00221-014-3832-1

Desseilles, M., Dang-Vu, T. T., Sterpenich, V., and Schwartz, S. (2011). Cognitive
and emotional processes during dreaming: A neuroimaging view. Conscious.
Cogn. 20, 998–1008. doi: 10.1016/j.concog.2010.10.005

Diekelmann, S., and Born, J. (2010). The memory function of sleep. Nat. Rev.
Neurosci. 11, 114–26. doi: 10.1038/nrn2762

Dodet, P., Chavez, M., Leu-Semenescu, S., Golmard, J. L., and Arnulf, I. (2015).
Lucid dreaming in narcolepsy. Sleep 38, 487–497. doi: 10.5665/sleep.4516

Domhoff, G. W. (1996). Finding Meaning in Dreams: A Quantitative Approach.
New York, NY: Plenum.

Donaldson, P. H., Rinehart, N. J., and Enticott, P. G. (2015). Noninvasive
stimulation of the temporoparietal junction: a systematic review. Neurosci.
Biobehav. Rev. 55, 547–572. doi: 10.1016/j.neubiorev.2015.05.017

Dresler, M., Eibl, L., Fischer, C. F., Spoormaker, V. I., Steiger, A., Czisch,
M., et al. (2014). Volitional components of consciousness vary across
wakefulness, dreaming and lucid dreaming. Front. Psychol. 4:987.
doi: 10.3389/fpsyg.2013.00987

Frontiers in Psychology | www.frontiersin.org 11 March 2019 | Volume 10 | Article 459

https://doi.org/10.1002/mds.24957
https://doi.org/10.1016/S0304-3940(99)00679-5
https://doi.org/10.1001/archpsyc.1992.01820080059010
https://doi.org/10.1016/S1087-0792(97)90005-8
https://doi.org/10.1093/scan/nsw076
https://doi.org/10.1016/j.concog.2010.07.006
https://doi.org/10.1523/JNEUROSCI.1763-07.2007
https://doi.org/10.1126/science.aad5252
https://doi.org/10.1093/brain/120.7.1173
https://doi.org/10.1126/science.279.5347.91
https://doi.org/10.1001/archpsyc.61.5.508
https://doi.org/10.1093/cercor/bht349
https://doi.org/10.1126/science.1128115
https://doi.org/10.1523/JNEUROSCI.23-34-10897.2003
https://doi.org/10.1016/S0165-1781(03)00236-1
https://doi.org/10.1111/j.1469-8986.1975.tb00047.x
https://doi.org/10.1016/S0165-1781(98)00089-4
https://doi.org/10.5665/sleep.6162
https://doi.org/10.1093/sleep/15.6.562
https://doi.org/10.1093/cercor/bhs065
https://doi.org/10.1016/j.biopsycho.2011.03.004
https://doi.org/10.1016/j.smrv.2016.07.005
https://doi.org/10.1016/j.jneumeth.2007.10.012
https://doi.org/10.1111/jsr.12415
https://doi.org/10.1007/s00221-014-3857-5
https://doi.org/10.1017/S0954579400006945
https://doi.org/10.1002/acn3.718
https://doi.org/10.1002/ana.24556
https://doi.org/10.1002/hbm.~21120
https://doi.org/10.1016/j.neuroimage.2005.01.020
https://doi.org/10.1002/hbm.23095
https://doi.org/10.1016/j.bbr.~2011.10.017
https://doi.org/10.1111/jsr.12133
https://doi.org/10.1007/s00221-014-3832-1
https://doi.org/10.1016/j.concog.2010.10.005
https://doi.org/10.1038/nrn2762
https://doi.org/10.5665/sleep.4516
https://doi.org/10.1016/j.neubiorev.2015.05.017
https://doi.org/10.3389/fpsyg.2013.00987
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

Dresler, M., Koch, S., Wehrle, R., Spoormaker, V. I., Holsboer, F., Steiger, A., et al.
(2011). Dreamed movement elicits activation in the sensorimotor cortex. Curr.
Biol. 21, 1833–1837. doi: 10.1016/j.cub.2011.09.029

Durrant, S. J., Cairney, S. A., McDermott, C., and Lewis, P. A. (2015). Schema-
conformant memories are preferentially consolidated during REM sleep.
Neurobiol. Learn. Mem. 122, 41–50. doi: 10.1016/j.nlm.2015.02.011.

Eichenlaub, J. B., Cash, S. S., and Blagrove, M. (2017). “Daily life experiences in
dreams and sleep-dependent memory consolidation” in Cognitive Neuroscience
of Memory Consolidation, ed. N. Axmacher, B. Rasch (Switzerland: Springer
Cham), 161–172.

Eichenlaub, J. B., Nicolas, A., Daltrozzo, J., Redout,é, J., Costes, N., and Ruby,
P. (2014). Resting brain activity varies with dream recall frequency between
subjects. Neuropsychopharmacology 39, 1594–1602. doi: 10.1038/npp.2014.6

Eichenlaub, J. B., van Rijn, E., Gaskell, M. G., Lewis, P. A., Maby, E., Malinowski,
J. E., et al. (2018). Incorporation of recent waking-life experiences in dreams
correlates with frontal theta activity in REM sleep. Soc. Cogn. Affect. Neurosci.
13, 637–647. doi: 10.1093/scan/nsy041

Eichenlaub, J. B., van Rijn, E., Phelan, M., Ryder, L., Gaskell, M. G., Lewis, P. A.,
et al. (2019). The nature of delayed dream incorporation (‘dream-lag effect’):
Personally significant events persist, but not major daily activities or concerns.
J. Sleep Res. 28:e12697. doi: 10.1111/jsr.12697

Erlacher, D. (2010). “Lucid dreaming. A neural simulation of the real world,” in
Psychiatric Research Trends: Dreams and Geriatric Psychiatry, ed D. M. Montez
(New York, NY: Nova Science Publishers, Inc.), 151–169.

Esposito, M. J., Nielsen, T. A., and Paquette, T. (2004). Reduced alpha power
associated with the recall of mentation from Stage 2 and Stage REM sleep.
Psychophysiology 41, 288–297. doi: 10.1111/j.1469-8986.00143.x

Etkin, A., and Wager, T. D. (2007). Functional neuroimaging of anxiety:
a metaanalysis of emotional processing in PTSD, social anxiety
disorder, and specific phobia. Am J Psychiatry 164, 1476–1488.
doi: 10.1176/appi.ajp.2007.07030504

Fagioli, I. (2002). Mental activity during sleep. Sleep Med. Rev. 6, 307–320
doi: 10.1053/smrv.2001.0214

Forbes, D., Creamer, M., and Biddle, D. (2001). The validity of the PTSD checklist
as a measure of symptomatic change in combat-related PTSD. Behav. Res. Ther.
39, 977–986. doi: 10.1016/S0005-7967(00)00084-X

Fosse, R. (2000). REM mentation in narcoleptics and normals: an
empirical test of two neurocognitive theories. Conscious. Cogn. 9,
488–509. doi: 10.1006/ccog.2000.0466

Fosse, R., Stickgold, R., and Hobson, J. A. (2001). Brain-mind states:
reciprocal variation in thoughts and hallucinations. Psychol. Sci. 12, 30–36.
doi: 10.1111/1467-9280.00306

Fosse, R., Stickgold, R., and Hobson, J. A. (2002). Emotional experience
during rapid-eye-movement sleep in narcolepsy. Sleep 25, 724–732.
doi: 10.1093/sleep/25.7.724

Foulkes, D. (1962). Dream reports from different stages of sleep. J. Abnorm. Soc.

Psycholy 65, 14–25. doi: 10.1037/h0040431
Foulkes, D., Sullivan, B., Kerr, N. H., and Brown, L. (1988). Appropriateness

of dream feelings to dreamed situations. Cogn. Emot. 2, 29–39.
doi: 10.1080/02699938808415227

Freud, S. (1955). The Interpretation of Dreams (J. Strachey, Trans.).New York, NY:
Basic Books.

Friese, U., Köster, M., Hassler, U., Martens, U., Trujillo-Barreto, N., and
Gruber, T. (2013). Successful memory encoding is associated with increased
cross-frequency coupling between frontal theta and posterior gamma
oscillations in human scalp-recorded EEG. NeuroImage 66, 642–647.
doi: 10.1016/j.neuroimage.2012.11.002

Genzel, L., Spoormaker, V. I., Konrad, B. N., and Dresler, M. (2015).
The role of rapid eye movement sleep for amygdala-related memory
processing. Neurobiol. Learn. Mem. 122, 110–121. doi: 10.1016/j.nlm.2015.
01.008

Germain, A. (2013). Sleep disturbances as the hallmark of PTSD: where are we
now? Am. J. Psychiatry 170, 372–382. doi: 10.1176/appi.ajp.2012.12040432

Germain, A., Buysse, D. J., and Nofzinger, E. (2008). Sleep-specific
mechanisms underlying posttraumatic stress disorder: Integrative
review and neurobiological hypotheses. Sleep Med. Rev. 12, 185–195.
doi: 10.1016/j.smrv.2007.09.003

Germain, A., Buysse, D. J., Shear, M. K., Fayyad, R., and Austin, C. (2004). Clinical
correlates of poor sleep quality in posttraumatic stress disorder. J. Trauma.

Stress 17, 477–484. doi: 10.1007/s10960-004-5796-6
Gillin, J. C., Buchsbaum, M., Wu, J., Clark, C., and Bunney Jr, W. (2001).

Sleep deprivation as a model experimental antidepressant treatment: findings
from functional brain imaging. Depress. Anxiety 14, 37–49. doi: 10.1002/
da.1045

Gottesmann, C. (2010). To what extent do neurobiological sleep-waking
processes support psychoanalysis? Int.Rev.Neurobiol. 92, 233–290).
doi: 10.1016/S0074-7742(10)92012-6

Gruber, M. J., Gelman, B. D., and Ranganath, C. (2013). States of curiosity
modulate hippocampus-dependent learning via the dopaminergic circuit.
Neuron 84, 486–496. doi: 10.1016/j.neuron.2014.08.060

Guderian, S., and Düzel, E. (2005). Induced theta oscillations mediate large-
scale synchrony with mediotemporal areas during recollection in humans.
Hippocampus 15, 901–912. doi: 10.1002/hipo.20125

Gujar, N., Yoo, S. S., Hu, P., and Walker, M. P. (2011). Sleep deprivation
amplifies reactivity of brain reward networks, biasing the appraisal
of positive emotional experiences. J. Neurosci. 31, 4466–4474.
doi: 10.1523/JNEUROSCI.3220-10.2011

Habukawa, M., Uchimura, N., Maeda, M., Kotorii, N., and Maeda, H. (2007).
Sleep findings in young adult patients with posttraumatic stress disorder. Biol.
Psychiatry 62, 1179–1182. doi: 10.1016/j.biopsych.2007.01.007

Harvey, A. G. (2008). Sleep and circadian rhythms in bipolar disorder: seeking
synchrony, harmony, and regulation. Am. J. Psychiatric 165, 820–829.
doi: 10.1176/appi.ajp.2008.08010098

Hebert, M., Dale, A. L., Brunst-Taiana, C., Campbell, K., and De Koninck, J.
(2015). “Spectral EEG correlates of REM sleep dream positive and negative
mood: a promising novel approach,” in 29th Annual Meeting of the Associated

Professional Sleep Societies (Seattle, WA).
Hobson, J. A., Hong, C. C. H., and Friston, K. J. (2014). Virtual reality and

consciousness inference in dreaming. Frontiers in Psychology. 5, 1133.
Hobson, J. A., and Pace-Schott, E. F. (2002). The cognitive neuroscience of

sleep: neuronal system, consciousness and learning. Nat. Rev. Neurosci. 3,
679–693. doi: 10.1038/nrn915

Hobson, J. A., Pace-Schott, E. F., and Stickgold, R. (2000). Dreaming and the
brain: toward a cognitive neuroscience of conscious states. Behav. Brain Sci.
23, 793–842. doi: 10.1017/S0140525X00003976

Hong, S. B., Tae, W. S., and Joo, E. Y. (2006). Cerebral perfusion
changes during cataplexy in narcolepsy patients. Neurology 66,
1747–1749. doi: 10.1212/01.wnl.0000218205.72668.ab

Horikawa, T., Tamaki, M., Miyawaki, Y., and Kamitani, Y. (2013).
Neural decoding of visual imagery during sleep. Science 340, 639–642.
doi: 10.1126/science.1234330

Horne, J. (1988). Why We Sleep: The Functions of Sleep in humans and Other

Mammals. New York, NY: Oxford medical publications.
Horton, C. L., and Malinowski, J. E. (2015). Autobiographical memory

and hyperassociativity in the dreaming brain: Implications for memory
consolidation in sleep. Front. Psychol. 6:874. doi: 10.3389/fpsyg.2015.00874

Hsieh, L. T., and Ranganath, C. (2014). Frontal midline theta oscillations
during working memory maintenance and episodic encoding and retrieval.
Neuroimage 85, 721–729. doi: 10.1016/j.neuroimage.2013.08.003

Hutchinson, I. C., and Rathore, S. (2015). The role of REM sleep theta activity in
emotional memory. Front. Psychol. 6:1439. doi: 10.3389/fpsyg.2015.01439

Iaria, G., Committeri, G., Pastorelli, C., Pizzamiglio, L., Watkins, K. E., and
Carota, A. (2008). Neural activity of the anterior insula in emotional processing
depends on the individuals’ emotional susceptibility. Hum. Brain Mapp. 29,
363–373. doi: 10.1002/hbm.20393

Ioannides, A. A., Kostopoulos, G. K., Liu, L., and Fenwick, P. B. C. (2009). MEG
identifies dorsal medial brain activations during sleep.Neuroimage 44, 455–468.
doi: 10.1016/j.neuroimage.2008.09.030.

Ishii, R., Shinosaki, K., Ukai, S., Inouye, T., Ishihara, T., Yoshimine, T., et al. (1999).
Medial prefrontal cortex generates frontal midline theta rhythm. Neuroreport
10, 675–679. doi: 10.1097/00001756-199903170-00003

Jeurissen, D., Sack, A. T., Roebroeck, A., Russ, B. E., and Pascual-Leone, A. (2014).
TMS affects moral judgment, showing the role of DLPFC and TPJ in cognitive
and emotional processing. Front. Neurosci. 8:18. doi: 10.3389/fnins.2014.00018

Frontiers in Psychology | www.frontiersin.org 12 March 2019 | Volume 10 | Article 459

https://doi.org/10.1016/j.cub.2011.09.029
https://doi.org/10.1016/j.nlm.2015.02.011.
https://doi.org/10.1038/npp.2014.6
https://doi.org/10.1093/scan/nsy041
https://doi.org/10.1111/jsr.12697
https://doi.org/10.1111/j.1469-8986.00143.x
https://doi.org/10.1176/appi.ajp.2007.07030504
https://doi.org/10.1053/smrv.2001.0214
https://doi.org/10.1016/S0005-7967(00)00084-X
https://doi.org/10.1006/ccog.2000.0466
https://doi.org/10.1111/1467-9280.00306
https://doi.org/10.1093/sleep/25.7.724
https://doi.org/10.1037/h0040431
https://doi.org/10.1080/02699938808415227
https://doi.org/10.1016/j.neuroimage.2012.11.002
https://doi.org/10.1016/j.nlm.2015.01.008
https://doi.org/10.1176/appi.ajp.2012.12040432
https://doi.org/10.1016/j.smrv.2007.09.003
https://doi.org/10.1007/s10960-004-5796-6
https://doi.org/10.1002/da.1045
https://doi.org/10.1016/S0074-7742(10)92012-6
https://doi.org/10.1016/j.neuron.2014.08.060
https://doi.org/10.1002/hipo.20125
https://doi.org/10.1523/JNEUROSCI.3220-10.2011
https://doi.org/10.1016/j.biopsych.2007.01.007
https://doi.org/10.1176/appi.ajp.2008.08010098
https://doi.org/10.1038/nrn915
https://doi.org/10.1017/S0140525X00003976
https://doi.org/10.1212/01.wnl.0000218205.72668.ab
https://doi.org/10.1126/science.1234330
https://doi.org/10.3389/fpsyg.2015.00874
https://doi.org/10.1016/j.neuroimage.2013.08.003
https://doi.org/10.3389/fpsyg.2015.01439
https://doi.org/10.1002/hbm.20393
https://doi.org/10.1016/j.neuroimage.2008.09.030.
https://doi.org/10.1097/00001756-199903170-00003
https://doi.org/10.3389/fnins.2014.00018
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

Jin, J., and Maren, S. (2015). Prefrontal-hippocampal interactions in memory and
emotion. Front. Syst. Neurosci. 9:170. doi: 10.3389/fnsys.2015.00170

Joo, E., Hong, S. B., Tae, W. S., Kim, J. H., Han, S. J., Cho, Y. W., et al. (2005).
Cerebral perfusion abnormality in narcolepsy with cataplexy. Neuroimage 28,
410–416. doi: 10.1016/j.neuroimage.2005.06.019

Kahn, D., Combs, A., and Krippner, S. (2002). Dreaming as a function of chaos-
like stochastic processes in the self-organizing brain. Nonlinear Dyn Psychol.

Life Sci. 6, 311–322. doi: 10.1023/A:1019758527338
Kaplan, A., Röschke, J., Darkhovsky, B., and Fell, J. (2001). Macrostructural EEG

characterization based on nonparametric change point segmentation:
application to sleep analysis. J. Neurosci. Methods 106, 81–90.
doi: 10.1016/S0165-0270(01)00331-4

Kellner, R., Neidhardt, J., Krakow, B., and Pathak, D. (1992). Changes in chronic
nightmares after one session of desensitization or rehearsal instructions. Am. J.

Psychiatry 149, 659–663. doi: 10.1176/ajp.149.5.659
Kirov, R. (2013). REM sleep and dreaming functions beyond reductionism. Behav.

Brain Sci. 36, 621–622. doi: 10.1017/S0140525X13001362
Kirov, R., Brand, S., Kolev, V., and Yordanova, J. (2012). The sleeping

brain and the neural basis of emotions. Behav. Brain Sci. 35, 155–156.
doi: 10.1017/S0140525X11001531

Kirov, R., Weiss, C., Siebner, H. R., Born, J., and Marshall, L. (2009). Slow
oscillation electrical brain stimulation during waking promotes EEG theta
activity and memory encoding. Proc. Natl. Acad. Sci. USA. 106, 15460–15465.
doi: 10.1073/pnas.0904438106

Klimesch, W. (1996). Memory processes, brain oscillations
and EEG synchronization. Int. J. Psychophysiol. 24, 61–100.
doi: 10.1016/S0167-8760(96)00057-8

Klimesch, W. (1999). EEG alpha and theta oscillations reflect cognitive and
memory performance: a review and analysis. Brain Res. Rev. 29, 169–195.
doi: 10.1016/S0165-0173(98)00056-3

Klimesch, W., Doppelmayr, M., Russegger, H., and Pachinger, T. (1996). Theta
band power in the human scalp EEG and the encoding of new information.
Neuroreport 7, 1235–1240. doi: 10.1097/00001756-199605170-00002

Klimesch, W., Doppelmayr, M., Schimke, H., and Ripper, B. (1997).
Theta synchronization and alpha desynchronization in a memory task.
Psychophysiology 34, 169–176. doi: 10.1111/j.1469-8986.1997.tb02128.x

Klimesch, W., Doppelmayr, M., Yonelinas, A., Kroll, N. E. A., Lazzara, M.,
Röhm, D., et al. (2001). Theta synchronization during episodic retrieval:
neural correlates of conscious awareness. Cogn. Brain Res. 12, 33–38.
doi: 10.1016/S0926-6410(01)00024-6

Koulack, D., and Goodenough, D. R. (1976). Dream recall and dream
recall failure: an arousal-retrieval model. Psychol. Bull. 83, 975–984.
doi: 10.1037/0033-2909.83.5.975

Krakow, B., Kellner, R., Pathak, D., and Lambert, L. (1995). Imagery
rehearsal treatment for chronic nightmares. Behav. Res. Ther. 33, 837–843.
doi: 10.1016/0005-7967(95)00009-M

Krakow, B., Sandoval, D., Schrader, R., Keuhne, B., Mcbride, L., Yau,
C. L., et al. (2001). Treatment of chronic nightmares in adjudicated
adolescent girls in a residential facility. J. Adolesc. Health 29, 94–100.
doi: 10.1016/S1054-139X(00)00195-6

Krakow, B., Schrader, R., Tandberg, D., Hollifield, M., Koss, M. P., Yau, C. L., et al.
(2002). Nightmare frequency in sexual assault survivors with PTSD. J. Anxiety
Disord. 16, 175–190. doi: 10.1016/S0887-6185(02)00093-2

Kramer, M. A., Tort, A. B. L., and Kopell, N. J. (2008). Sharp edge artifacts
and spurious coupling in EEG frequency comodulation measures. J. Neurosci.
Methods 170, 352–357. doi: 10.1016/j.jneumeth.2008.01.020

Kuiken, D. (2009). “Theories of dream function,” in The Neuroscience of Sleep, eds
R. Stickgold and M. Walker (New York, NY: Elsevier Inc., Academic Press),
295–301.

LaBerge, S., Phillips, L., and Levitan, L. (1994). An hour of wakefulness before
morning naps makes lucidity more likely. NightLight 6, 1–5.

Lai, Y. Y., and Siegel, J. M. (1999). “Muscle Atonia in REM Sleep” in Rapid Eye

Movement Sleep, eds. B. N. Mallick and S. Inoue (London: Narosa), 69–90.
Landolt, H. P., Raimo, E. B., Schnierow, B. J., Kelsoe, J. R., Rapaport,

M. H., and Gillin, J. C. (2001). Sleep and sleep electroencephalogram
in depressed patients treated with phenelzine. Arch. Gen. Psychiatry 58,
268–276. doi: 10.1001/archpsyc.58.3.268

Lara-Carrasco, J., Nielsen, T. A., Solomonova, E., Levrier, K., and Popova, A.
(2009). Overnight emotional adaptation to negative stimuli is altered by REM
sleep deprivation and is correlated with intervening dream emotions. J. Sleep
Res. 18,178–187. doi: 10.1111/j.1365-2869.2008.00709.x

Lee, J. H., Bliwise, D. L., Lebret-Bories, E., Guilleminault, C., and Dement, W. C.
(1993). Dream disturbed sleep in insomnia and narcolepsy. J. Nerv. Ment. Dis.
181, 320–324.

Lega, B. C., Jacobs, J., and Kahana, M. (2012). Human hippocampal theta
oscillations and the formation of episodic memories. Hippocampus 22,
748–761. doi: 10.1002/hipo.20937

Legrand, D., and Ruby, P. (2009). What is self-specific? Theoretical investigation
and critical review of neuroimaging results. Psychol. Rev. 116, 252–282.
doi: 10.1037/a0014172

Levin, R., Fireman, G., and Nielsen, T. (2010). Disturbed dreaming and emotion
dysregulation. Sleep Med. Clin. 5, 229–239. doi: 10.1016/j.jsmc.2010.01.006

Levin, R., and Nielsen, T. A. (2007). Disturbed dreaming, posttraumatic stress
disorder, and affect distress: a review and neurocognitive model. Pych Bull. 133,
482–528. doi: 10.1037/0033-2909.133.3.482

Li, S. X., Zhang, B., Li, A. M., and Wing, Y. K. (2010). Prevalence and correlates
of frequent nightmares: a community-based 2-phase study. Sleep 33, 774–780.
doi: 10.1093/sleep/33.6.774

Lisman, J. E., and Jensen, O. (2013). The theta-gamma neural code. Neuron 77,
1002–1016. doi: 10.1016/j.neuron.2013.03.007

Luo, Q., Cheng, X., Holroyd, T., Xu, D., Carver, F., and Blair, R. J. (2014). Theta
band activity in response to emotional expressions and its relationship with
gamma band activity as revealed by MEG and advanced beamformer source
imaging. Front. Hum. Neurosci. 7: 940. doi: 10.3389/fnhum.2013.00940

Maguire, E. A., Mummery, C. J., and Büchel, C. (2000).
Patterns of hippocampal-cortical interaction dissociate
temporal lobe memory subsystems. Hippocampus 10, 475–482.
doi: 10.1002/1098-1063(2000)10:4<475::AID-HIPO14>3.0.CO;2-X

Malinowski, J. E., and Horton, C. L. (2014). Evidence for the preferential
incorporation of emotional waking-life experiences into dreams. Dreaming 24,
18–31. doi: 10.1037/a0036017

Mangiaruga, A., Scarpelli, S., Bartolacci, C., and De Gennaro, L. (2018).
Spotlight on dream recall: the ages of dreams. Nat. Sci. Sleep 10, 1–12.
doi: 10.2147/NSS.S135762

Maquet, P. (2000). Functional neuroimaging of normal human
sleep by positron emission tomography. J. Sleep Res. 9, 207–232.
doi: 10.1046/j.1365-2869.2000.00214.x

Maquet, P., Laureys, S., Peigneux, P., Fuchs, S., Petiau, C., Phillips, C., et al. (2000).
Experience-dependent changes in changes in cerebral activation during human
REM sleep. Nat. Neurosci. 3, 831–836. doi: 10.1038/77744

Maquet, P., Péters, J. M., Aerts, J., Delfiore, G., Degueldre, C., Luxen, A., et al.
(1996). Functional neuroanatomy of human rapid eye movement sleep and
dreaming. Nature 383, 163–166. doi: 10.1038/383163a0

Maquet, P., Ruby, P., Maudoux, A., Albouy, G., Sterpenich, V., Dang-Vu, T., et al.
(2005). Human cognition during REM sleep and the activity profile within
frontal and parietal cortices: a reappraisal of functional neuroimaging data.
Prog. Brain Res. 150, 219–595. doi: 10.1016/S0079-6123(05)50016-5

Marek, R., Strobel, C., Bredy, T. W., and Sah, P. (2013). The amygdala and
medial prefrontal cortex: partners in the fear circuit. J. Physiol. 509, 2381–2391.
doi: 10.1113/jphysiol.2012.248575

Maren, S. (2011). Seeking a spotless mind: extinction, deconsolidation, and erasure
of fear memory. Neuron 70, 830–845. doi: 10.1016/j.neuron.2011.04.023

Maren, S., Phan, K. L., and Liberzon, I. (2013). The contextual brain: implications
for fear conditioning, extinction and psychopathology. Nat. Rev. Neurosci. 14,
417–428. doi: 10.1038/nrn3492

Marinova, P., Koychev, I., Laleva, L., Kancheva, L., Tsvetkov, M., Bilyukov, R.,
et al. (2014). Nightmares and suicide: predicting risk in depression. Psychiatria
Danubina. 26, 159–164.

Marks, I. (1978). Rehearsal relief of a nightmare. Br. J. Psychiatry 133, 461–465.
Marquis, L. P., Paquette, T., Blanchette-Carrière, C., Dumel, G., and Nielsen,

T. (2017). REM sleep theta changes in frequent nightmare recallers. Sleep
40:zsx110. doi: 10.1093/sleep/zsx110

Marshall, L., Kirov, R., Brade, J., Mölle, M., and Born, J. (2011).
Transcranial electrical currents to probe EEG brain rhythms and

Frontiers in Psychology | www.frontiersin.org 13 March 2019 | Volume 10 | Article 459

https://doi.org/10.3389/fnsys.2015.00170
https://doi.org/10.1016/j.neuroimage.2005.06.019
https://doi.org/10.1023/A:1019758527338
https://doi.org/10.1016/S0165-0270(01)00331-4
https://doi.org/10.1176/ajp.149.5.659
https://doi.org/10.1017/S0140525X13001362
https://doi.org/10.1017/S0140525X11001531
https://doi.org/10.1073/pnas.0904438106
https://doi.org/10.1016/S0167-8760(96)00057-8
https://doi.org/10.1016/S0165-0173(98)00056-3
https://doi.org/10.1097/00001756-199605170-00002
https://doi.org/10.1111/j.1469-8986.1997.tb02128.x
https://doi.org/10.1016/S0926-6410(01)00024-6
https://doi.org/10.1037/0033-2909.83.5.975
https://doi.org/10.1016/0005-7967(95)00009-M
https://doi.org/10.1016/S1054-139X(00)00195-6
https://doi.org/10.1016/S0887-6185(02)00093-2
https://doi.org/10.1016/j.jneumeth.2008.01.020
https://doi.org/10.1001/archpsyc.58.3.268
https://doi.org/10.1111/j.1365-2869.2008.00709.x
https://doi.org/10.1002/hipo.20937
https://doi.org/10.1037/a0014172
https://doi.org/10.1016/j.jsmc.2010.01.006
https://doi.org/10.1037/0033-2909.133.3.482
https://doi.org/10.1093/sleep/33.6.774
https://doi.org/10.1016/j.neuron.2013.03.007
https://doi.org/10.3389/fnhum.2013.00940
https://doi.org/10.1002/1098-1063(2000)10:4$<$475::AID-HIPO14$>$3.0.CO
https://doi.org/10.1037/a0036017
https://doi.org/10.2147/NSS.S135762
https://doi.org/10.1046/j.1365-2869.2000.00214.x
https://doi.org/10.1038/77744
https://doi.org/10.1038/383163a0
https://doi.org/10.1016/S0079-6123(05)50016-5
https://doi.org/10.1113/jphysiol.2012.248575
https://doi.org/10.1016/j.neuron.2011.04.023
https://doi.org/10.1038/nrn3492
https://doi.org/10.1093/sleep/zsx110
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

memory consolidation during sleep in humans. PLoS ONE. 6:e16905.
doi: 10.1371/journal.pone.0016905

Martel, M. M. (2009). Research review: A new perspective on attention-
deficit/hyperactivity disorder: emotion dysregulation and trait models. J. Child
Psychol. Psychiatry 50, 1042–1051. doi: 10.1111/j.1469-7610.2009.02105.x

Marzano, C., Ferrara, M., Mauro, F., Moroni, F., Gorgoni, M., Tempesta, D.,
et al. (2011). Recalling and forgetting dreams: theta and alpha oscillations
during sleep predict subsequent dream recall. J. Neurosci. 31, 6674–6683.
doi: 10.1523/JNEUROSCI.0412-11.2011

McNamara, P., Johnson, P., McLaren, D., Harris, E., Beauharnais, C., and
Auerbach, S. (2010). REM and NREM sleep mentation. Int. Rev. Neurobiol. 92,
69–86. doi: 10.1016/S0074-7742(10)92004-7

Meaidi, A., Pourhadi, N., Ptito, M., Kupers, R., and Jennum, P. (2016). Dreams in
narcoleptic patients with and without cataplexy. J. Sleep Res. 25, 5–376

Meletti, S., Vaudano, A. E., Pizza, F., Ruggieri, A., Vandi, S., Teggi, A., et al. (2015).
The brain correlates of laugh and cataplexy in childhood narcolepsy. J. Neurosci.
35, 11583–11594. doi: 10.1523/JNEUROSCI.0840-15.2015

Menz, M. M., Rihm, J. S., Salari, N., Born, J., Kalisch, R., Pape, H. C., et al.
(2013). The role of sleep and sleep deprivation in consolidating fear memories.
Neuroimage 75, 87–96. doi: 10.1016/j.neuroimage.2013.03.001

Merritt, J. M., Stickgold, R., Pace-Schott, E., Williams, J., and Hobson, J. A. (1994).
Emotion Profiles in the Dreams ofMen andWomen.Conscious. Cogn. 3, 46–60.
doi: 10.1006/ccog.1994.1004

Mignot, E., Lammers, G. J., Ripley, B., Okun, M., Nevsimalova, S., Overeem, S.,
et al. (2002). The role of cerebrospinal fluid hypocretin measurement in the
diagnosis of narcolepsy and other hypersomnias. Arch. Neurol. 59, 1553–1562.
doi: 10.1001/archneur.59.10.1553

Misane, I., Tovote, P., Meyer, M., Spiess, J., Ögren, S. O., and Stiedl, O.
(2005). Time-dependent involvement of the dorsal hippocampus in trace fear
conditioning in mice. Hippocampus 15, 418–426. doi: 10.1002/hipo.20067

Mitchell, D. J., McNaughton, N., Flanagan, D., and Kirk, I. J. (2008). Frontal
med-line theta from the perspective of hippocampal theta. Prog. Neurobiol. 86,
156–185. doi: 10.1016/j.pneurobio.2008.09.005

Modell, S., Ising, M., Holsboer, F., and Lauer, C. J. (2005). The Munich
vulnerability study on affective disorders: Premorbid polysomnographic
profile of affected high-risk probands. Biol. Psychiatry 58, 694–699.
doi: 10.1016/j.biopsych.2005.05.004

Mölle, M., Marshall, L., Gais, S., and Born, J. (2002). Grouping of spindle activity
during slow oscillations in human non-rapid eye movement sleep. J. Neurosci.
22, 10941–10947. doi: 10.1523/JNEUROSCI.22-24-10941.2002

Monroe, L. J., Rechtschaffen, A., Foulkes, D., and Jensen, J. (1965). Discriminability
of REM and NREM reports. J. Personal. Soc. Psychol. 2, 456–460.
doi: 10.1037/h0022218

Morris, J. S., Öhman, A., and Dolan, R. J. (1998). Conscious and unconscious
emotional learning in the human amygdala. Nature 393, 467–470.

Murkar, A. L. A., and De Koninck, J. (2018). Consolidative mechanisms of
emotional processing in REM sleep and PTSD. Sleep Med. Rev. 41, 173–184.
doi: 10.1016/j.smrv.2018.03.001

Nakajima, S., Mamo, D., Uchida, H., Suzuki, T., Rajji, T., Caravaggio, F., et al.
(2014). The optimal dopamine D2 receptor occupancy by antipsychotics in
patients with late-life schizophrenia: A [11C]-Raclopride PET study. Biol.
Psychiatry 75:105S.

Neidhardt, E. J., Krakow, B., Kellner, R., and Pathak, D. (1992). The beneficial
effects of one treatment session and recording of nightmares on chronic
nightmare sufferers. Sleep 15, 470–473. doi: 10.1093/sleep/15.5.470

Nielsen, T., and Levin, R. (2007). Nightmares: a new neurocognitive model. Sleep
Med. Rev. 11, 295–310. doi: 10.1016/j.smrv.2007.03.004

Nielsen, T., Svob, C., and Kuiken, D. (2009). Dream-enacting behaviors in a normal
population. Sleep 32, 1629–1636. doi: 10.1093/sleep/32.12.1629

Nielsen, T. A. (2000). A review of mentation in REM and NREM sleep:“covert”
REM sleep as a possible reconciliation of two opposing models. Behav. Brain
Sci. 23, 851–866. doi: 10.1017/S0140525X0000399X

Nielsen, T. A., Deslauriers, D., and Baylor, G. W. (1991). Emotions in dream and
waking event reports. Dreaming 1:287. doi: 10.1037/h0094340

Nielsen, T. A., Kuiken, D., Alain, G., Stenstrom, P., and Powell, R. A.
(2004). Immediate and delayed incorporations of events into dreams: further
replication and implications for dream function. J. Sleep Res. 13, 327–336.
doi: 10.1111/j.1365-2869.2004.00421.x

Nielsen, T. A., and Powell, R. A. (1992). The day-residue and dream-lag effects:
a literature review and limited replication of two temporal effects in dream
formation. Dreaming 2:67. doi: 10.1037/h0094348

Nielsen, T. A., and Stenstrom, P. (2005). What are the memory sources of
dreaming? Nature 437:1286. doi: 10.1038/nature04288

Nir, Y., and Tononi, G. (2010). Dreaming and the brain: from phenomenology to
neurophysiology. Trends Cogn. Sci. 14, 88–100. doi: 10.1016/j.tics.2009.12.001

Nishida, M., Hirai, N., Miwakeichi, F., Maehara, T., Kawai, K., Shimizu, H.,
et al. (2004). Theta oscillation in the human anterior cingulate cortex during
all-night sleep: an electrocorticographic study. Neurosci. Res. 50, 331–341.
doi: 10.1016/j.neures.2004.08.004

Nishida, M., Pearsall, J., Buckner, R. L., and Walker, M. P. (2009). REM sleep,
prefrontal theta, and the consolidation of human emotional memory. Cereb.
Cortex. 19, 1158–1166. doi: 10.1093/cercor/bhn155

Nofzinger, E. A., Mintun, M. A., Wiseman, M., Kupfer, D. J., and Moore, R. Y.
(1997). Forebrain activation in REM sleep: an FDG PET study. Brain Res. 770,
192–201. doi: 10.1016/S0006-8993(97)00807-X

Onslow, A. C. E., Bogacz, R., and Jones, M. W. (2011). Quantifying phase-
amplitude coupling in neuronal network oscillations. Prog. Biophys. Mol. Biol.

105, 49–57. doi: 10.1016/j.pbiomolbio.2010.09.007
Oudiette, D., De Cock, V. C., Lavault, S., Leu, S., Vidailhet, M., and Arnulf, I.

(2009). Nonviolent elaborate behaviors may also occur in REM sleep behavior
disorder. Neurology. 72, 551–557. doi: 10.1212/01.wnl.0000341936.78678.3a

Oudiette, D., Dealberto, M. J., Uguccioni, G., Golmard, J. L., Merino-Andreu, M.,
Tafti, M.,., et al. (2012). Dreaming without REM sleep. Conscious. Cogn. 21,
1129–1140. doi: 10.1002/mds.24044

Oudiette, D., and Paller, K. A. (2013). Upgrading the sleeping brain
with targeted memory reactivation. Trends Cogn. Sci. 17, 142–149.
doi: 10.1016/j.tics.2013.01.006

Pace-Schott, E. F., Germain, A., and Milad, M. R. (2015). Sleep and REM sleep
disturbance in the pathophysiology of PTSD: The role of extinction memory.
Biol. Mood Anxiety Disord. 5:3. doi: 10.1186/s13587-015-0018-9

Pace-Schott, E. F., Verga, P. W., Bennett, T. S., and Spencer, R. M. (2012).
Sleep promotes consolidation and generalization of extinction learning in
simulated exposure therapy for spider fear. J. Psychiatr. Res. 46, 1036–1044.
doi: 10.1016/j.jpsychires.2012.04.015

Palagini, L., Baglioni, C., Ciapparelli, A., Gemignani, A., and Riemann, D. (2013).
REM sleep dysregulation in depression: state of the art. Sleep Med. Rev. 17,
377–390. doi: 10.1016/j.smrv.2012.11.001

Paton, J. J., Belova, M. A., Morrison, S. E., and Salzman, C. D. (2006). The primate
amygdala represents the positive and negative value of visual stimuli during
learning. Nature 439, 865–870. doi: 10.1038/nature04490

Patton, M. H., Bizup, B. T., and Grace, A. A. (2013). The infralimbic
cortex bidirectionally modulates mesolimbic dopamine neuron
activity via distinct neural pathways. J. Neurosci. 33, 16865–16873,
doi: 10.1523/JNEUROSCI.2449-13.2013

Payne, J. D., Kensinger, E. A.,Wamsley, E. J., Nathan Spreng, R., Alger, S. E., Gibler,
K., et al. (2015). Napping and the selective consolidation of negative aspects of
scenes. Emotion 15, 176–186. doi: 10.1037/a0038683

Penny, W. D., Duzel, E., Miller, K. J., and Ojemann, J. G. (2008).
Testing for nested oscillation. J. Neurosci. Methods 174, 50–61.
doi: 10.1016/j.jneumeth.2008.06.035

Pereira, M. G., de Oliveira, L., Erthal, F. S., Joffily, M., Mocaiber, I. F., Volchan, E.,
et al. (2010). Emotion affects action: midcingulate cortex as a pivotal node of
interaction between negative emotion and motor signals. Cogn. Affect. Behav.
Neurosci. 10, 94–106. doi: 10.3758/CABN.10.1.94

Perogamvros, L., Dang-Vu, T. T., Desseilles, M., and Schwartz, S. (2013).
Sleep and dreaming are for important matters. Front. Psychol. 4:474.
doi: 10.3389/fpsyg.2013.00474

Perogamvros, L., and Schwartz, S. (2012). The roles of the reward system
in sleep and dreaming. Neurosci. Biobehav. Rev. 36, 1934–1951.
doi: 10.1016/j.neubiorev.2012.05.010

Phan, K. L., Wager, T. D., Taylor, S. F., and Liberzon, I. (2004). Functional
neuroimaging studies of human emotions. CNS Spectr. 9, 258–266.
doi: 10.1017/S1092852900009196

Phelps, E. A. (2004). Human emotion and memory: interactions of the
amygdala and hippocampal complex. Curr. Opin. Neurobiol. 14, 198–202.
doi: 10.1016/j.conb.2004.03.015

Frontiers in Psychology | www.frontiersin.org 14 March 2019 | Volume 10 | Article 459

https://doi.org/10.1371/journal.pone.0016905
https://doi.org/10.1111/j.1469-7610.2009.02105.x
https://doi.org/10.1523/JNEUROSCI.0412-11.2011
https://doi.org/10.1016/S0074-7742(10)92004-7
https://doi.org/10.1523/JNEUROSCI.0840-15.2015
https://doi.org/10.1016/j.neuroimage.2013.03.001
https://doi.org/10.1006/ccog.1994.1004
https://doi.org/10.1001/archneur.59.10.1553
https://doi.org/10.1002/hipo.20067
https://doi.org/10.1016/j.pneurobio.2008.09.005
https://doi.org/10.1016/j.biopsych.2005.05.004
https://doi.org/10.1523/JNEUROSCI.22-24-10941.2002
https://doi.org/10.1037/h0022218
https://doi.org/10.1016/j.smrv.2018.03.001
https://doi.org/10.1093/sleep/15.5.470
https://doi.org/10.1016/j.smrv.2007.03.004
https://doi.org/10.1093/sleep/32.12.1629
https://doi.org/10.1017/S0140525X0000399X
https://doi.org/10.1037/h0094340
https://doi.org/10.1111/j.1365-2869.2004.00421.x
https://doi.org/10.1037/h0094348
https://doi.org/10.1038/nature04288
https://doi.org/10.1016/j.tics.2009.12.001
https://doi.org/10.1016/j.neures.2004.08.004
https://doi.org/10.1093/cercor/bhn155
https://doi.org/10.1016/S0006-8993(97)00807-X
https://doi.org/10.1016/j.pbiomolbio.2010.09.007
https://doi.org/10.1212/01.wnl.0000341936.78678.3a
https://doi.org/10.1002/mds.24044
https://doi.org/10.1016/j.tics.2013.01.006
https://doi.org/10.1186/s13587-015-0018-9
https://doi.org/10.1016/j.jpsychires.2012.04.015
https://doi.org/10.1016/j.smrv.2012.11.001
https://doi.org/10.1038/nature04490
https://doi.org/10.1523/JNEUROSCI.2449-13.2013
https://doi.org/10.1037/a0038683
https://doi.org/10.1016/j.jneumeth.2008.06.035
https://doi.org/10.3758/CABN.10.1.94
https://doi.org/10.3389/fpsyg.2013.00474
https://doi.org/10.1016/j.neubiorev.2012.05.010
https://doi.org/10.1017/S1092852900009196
https://doi.org/10.1016/j.conb.2004.03.015
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

Phelps, E. A., Delgado, M. R., Nearing, K. I., and LeDoux, J. E. (2004). Extinction
learning in humans: role of the amygdala and vmPFC. Neuron 43, 897–905.
doi: 10.1016/j.neuron.2004.08.042

Phelps, E. A., and LeDoux, J. E. (2005). Contributions of the amygdala to emotion
processing: from animal models to human behavior. Neuron 48, 175–187.
doi: 10.1016/j.neuron.2005.09.025

Pisko, J., Pastorek, L., Buskova, J., Sonka, K., and Nevsimalova, S. (2014).
Nightmares in narcolepsy: under investigated symptom? Sleep Med. 15,
967–972. doi: 10.1016/j.sleep.2014.03.006

Pivik, T., and Foulkes, D. (1968). NREM mentation: relation to personality,
orientation time, and time of night. J. Consul. Clin. Psychol. 32, 144–151.
doi: 10.1037/h0025489

Powell, R. A., Nielsen, T. A., and Cheung, J. (1993). Temporal variations in dream
incorporation after a stressful film. Sleep Res. 22:139.

Prehn-Kristensen, A., Munz, M., Molzow, I., Wilhelm, I., Wiesner, C.
D., and Baving, L. (2013). Sleep promotes consolidation of emotional
memory in healthy children but not in children with attention-deficit
hyperactivity disorder. PLoS ONE 8:e65098. doi: 10.1371/journal.pone.
0065098

Rak, M., Beitinger, P., Steiger, A., Schredl, M., and Dresler, M. (2015).
Increased lucid dreaming frequency in narcolepsy. Sleep 38, 787–792.
doi: 10.5665/sleep.4676

Rechtschaffen, A., Verdone, P., and Wheaton, J. V. (1963). Reports of
mental activity during sleep. Can. Psychiatr. Assoc. J. 8, 409–414.
doi: 10.1177/070674376300800612

Revonsuo, A. (2000). The reinterpretation of dreams: An evolutionary
hypothesis of the function of dreaming. Behav. Brain Scie. 23, 877–901.
doi: 10.1017/S0140525X00004015

Revonsuo, A., Tuominen, J., and Valli, K. (2015). “The Avatars in the Machine -
Dreaming as a Simulation of Social Reality,” in Open MIND, eds. T. Metzinger
and J. M. Windt (Frankfurt am Main: MIND Group).

Riemann, D., Hohagen, F., Bahro, M., and Berger, M. (1994). Sleep in depression:
the influence of age, gender and diagnostic subtype on baseline sleep and the
cholinergic REM induction test with RS 86. Eur. Arch. Psychiatry Clin. Neurosci.
243, 279–290. doi: 10.1007/BF02191586

Ritchie, T. D., and Skowronski, J. J. (2008). Perceived change in the affect associated
with dreams: the fading affect bias and its moderators. Dreaming 18, 27–43.
doi: 10.1037/1053-0797.18.1.27

Rivera-García, A. P., López Ruiz, I. E., Ramírez-Salado, I., González Olvera, J.,
Guerrero, F. A., and Jiménez-Anguiano, A. (2018). Emotional facial expressions
during REM sleep dreams. J. Sleep Res. 28:e12716. doi: 10.1111/jsr.12716

Ruby, P., and Decety, J. (2004). How would You feel versus how do you think She
would feel? A neuroimaging study of perspective-taking with social emotions.
J. Cogn. Neurosci. 16, 988–999. doi: 10.1162/0898929041502661

Rutishauser, U., Ross, I. B., Mamelak, A. N., and Schuman, E. M. (2010). Human
memory strength is predicted by theta-frequency phase-locking of single
neurons. Nature 464, 903–907. doi: 10.1038/nature08860

Sandman, N., Valli, K., Kronholm, E., Ollila, H. M., Revonsuo, A., Laatikainen,
T., et al. (2013). Nightmares: prevalence among the Finnish general adult
population and war veterans during 1972–2007. Sleep 36, 1041–1050.
doi: 10.5665/sleep.2806

Santiesteban, I., White, S., Cook, J., Gilbert, S. J., Heyes, C., and Bird, G. (2012).
Training social cognition: from imitation to theory of mind. Cognition 122,
228–235. doi: 10.1016/j.cub.2012.10.018

Saxe, R., and Kanwisher, N. (2003). People thinking about thinking people: the
role of the temporo-parietal junction in “theory of mind”. Neuroimage 19,
1835–1842. doi: 10.1016/S1053-8119(03)00230-1

Scarpelli, S., D’Atri, A., Gorgoni, M., Ferrara, M., and De Gennaro, L. (2015a).
EEG oscillations during sleep and dream recall: state- or trait-like individual
differences? Front. Psychol. 6:605. doi: 10.3389/fpsyg.2015.00605

Scarpelli, S., D’Atri, A., Mangiaruga, A., Marzano, C., Gorgoni, M., Schiappa,
C., et al. (2017). Predicting dream recall: EEG activation during NREM
sleep or shared mechanisms with wakefulness? Brain Topogr. 30, 629–638.
doi: 10.1007/s10548-017-0563-1

Scarpelli, S., Marzano, C., D’Atri, A., Gorgoni, M., Ferrara, M., and De Gennaro, L.
(2015b). State-or trait-like individual differences in dream recall: preliminary
findings from a within-subjects study of multiple nap REM sleep awakenings.
Front. Psychol. 6:928. doi: 10.3389/fpsyg.2015.00928

Schredl, M. (1998). Dream content in patients with narcolepsy: preliminary
findings. Dreaming 8, 103–107. doi: 10.1023/B:DREM.0000005900.63728.a7

Schredl, M. (2003). Continuity between waking and dreaming: a proposal for a
mathematical model. Sleep Hypnos. 5, 26–39.

Schredl, M. (2006). Factors affecting the continuity between waking and dreaming:
Emotional intensity and emotional tone of the waking-life event. Sleep Hypnos.
8, 1–5.

Schredl, M. (2008). Laboratory references in dreams: Methodological problem
and/or evidence for the continuity hypothesis of dreaming? Int. J. Dream Res.

1. doi: 10.11588/heidok.00008425
Schredl, M. (2009). Dreams in patients with sleep disorders. Sleep Med. Rev. 13,

215–221. doi: 10.1016/j.smrv.2008.06.002
Schredl, M. (2011). Dream research in schizophrenia: methodological

issues and a dimensional approach. Conscious. Cogn. 20, 1036–1041.
doi: 10.1016/j.concog.2010.05.004

Schredl, M., Berger, M., and Riemann, D. (2009). The effect of trimipramine on
dream recall and dream emotions in depressive outpatients. Psychiatry Res. 167,
279–286. doi: 10.1016/j.psychres.2008.03.002

Schredl, M., Binder, R., Feldmann, S., Göder, R., Hoppe, J., Schmitt, J., et al. (2012).
Dreaming in patients with sleep disorders: a multicenter study. Somnologie 16,
32–42. doi: 10.1007/s11818-012-0552-2

Schwartz, S., Ponz, A., Poryazova, R., Werth, E., Boesiger, P., Khatami, R.,
et al. (2008). Abnormal activity in hypothalamus and amygdala during
humour processing in human narcolepsy with cataplexy. Brain 131, 514–522.
doi: 10.1093/brain/awm292

Seeley, W. W., Allman, J. M., Carlin, D. A., Crawford, R. K., Macedo,
M. N., Greicius, M. D., et al. (2016). Divergent social functioning in
behavioral variant frontotemporal dementia and alzheimer disease: reciprocal
networks and neuronal evolution. Alzheimer Dis. Assoc. Disord. 21, S50–S57.
doi: 10.1097/WAD.0b013e31815c0f14

Shah, S. G., Klumpp, H., Angstadt, M., Nathan, P. J., and Phan, K. L. (2009).
Amygdala and insula response to emotional images in patients with generalized
social anxiety disorder. J. Psychiatry Neurosci. 34, 296–302.

Shirvalkar, P. R., Rapp, P. R., and Shapiro, M. L. (2010). Bidirectional
changes to hippocampal theta-gamma comodulation predict memory for
recent spatial episodes. Proc. Natl. Acad. Sci. USA. 107, 7054–7059.
doi: 10.1073/pnas.0911184107

Siclari, F., Baird, B., Perogamvros, L., Bernardi, G., LaRocque, J. J., Riedner,
B., et al. (2017). The neural correlate s of dreaming. Nat. Neurosci. 20,
872–878. doi: 10.1038/nn.4545

Simor, P., Bódizs, R., Horváth, K., and Ferri, R. (2013). Disturbed dreaming and
the instability of sleep: altered nonrapid eye movement sleep microstructure
in individuals with frequent nightmares as revealed by the cyclic alternating
pattern. Sleep 36, 413–419. doi: 10.5665/sleep.2462

Sjöström, N., Hetta, J., andWaern, M. (2009). Persistent nightmares are associated
with repeat suicide attempt. A prospective study. Psychiatry Res. 170, 208–221.
doi: 10.1016/j.psychres.2008.09.006

Solms, M. (1997). The Neuropsychology of Dreams: A Clinico-anatomical Study.
Hillsdale, NJ: Erlbaum.

Solms, M. (2000). Dreaming and REM sleep are controlled by different brain
mechanisms. Behav. Brain Sci. 2, 843–850. doi: 10.1017/S0140525X00003988

Solms, M. (2011). Neurobiology and the neurological basis of dreaming.
Handb. Clin. Neurol. 98, 519–544. doi: 10.1016/B978-0-444-52006-7.
00034-4

Sopp, M. R., Michael, T., and Mecklinger, A. (2018). Effects of early morning nap
sleep on associative memory for neutral and emotional stimuli. Brain Res. 1698,
29–42. doi: 10.1016/j.brainres.2018.06.020

Sopp, M. R., Michael, T., Wee,ß, H. G., and Mecklinger, A. (2017). Remembering
specific features of emotional events across time: the role of REM sleep and
prefrontal theta oscillations. Cogn. Affect. Behav. Neurosci. 17, 1186–1209.
doi: 10.3758/s13415-017-0542-8

Spoormaker, V. I., Gleiser, P. M., and Czisch, M. (2012). Frontoparietal
connectivity and hierarchical structure of the brain’s functional network during
sleep. Front. Neurol. 3:80. doi: 10.3389/fneur.2012.00080

Spoormaker, V. I., Gvozdanovic, G. A., Sämann, P. G., and Czisch, M. (2014).
Ventromedial prefrontal cortex activity and rapid eye movement sleep are
associated with subsequent fear expression in human subjects. Exp. Brain Res.

232, 1547–1554. doi: 10.1007/s00221-014-3831-2

Frontiers in Psychology | www.frontiersin.org 15 March 2019 | Volume 10 | Article 459

https://doi.org/10.1016/j.neuron.2004.08.042
https://doi.org/10.1016/j.neuron.2005.09.025
https://doi.org/10.1016/j.sleep.2014.03.006
https://doi.org/10.1037/h0025489
https://doi.org/10.1371/journal.pone.0065098
https://doi.org/10.5665/sleep.4676
https://doi.org/10.1177/070674376300800612
https://doi.org/10.1017/S0140525X00004015
https://doi.org/10.1007/BF02191586
https://doi.org/10.1037/1053-0797.18.1.27
https://doi.org/10.1111/jsr.12716
https://doi.org/10.1162/0898929041502661
https://doi.org/10.1038/nature08860
https://doi.org/10.5665/sleep.2806
https://doi.org/10.1016/j.cub.2012.10.018
https://doi.org/10.1016/S1053-8119(03)00230-1
https://doi.org/10.3389/fpsyg.2015.00605
https://doi.org/10.1007/s10548-017-0563-1
https://doi.org/10.3389/fpsyg.2015.00928
https://doi.org/10.1023/B:DREM.0000005900.63728.a7
https://doi.org/10.11588/heidok.00008425
https://doi.org/10.1016/j.smrv.2008.06.002
https://doi.org/10.1016/j.concog.2010.05.004
https://doi.org/10.1016/j.psychres.2008.03.002
https://doi.org/10.1007/s11818-012-0552-2
https://doi.org/10.1093/brain/awm292
https://doi.org/10.1097/WAD.0b013e31815c0f14
https://doi.org/10.1073/pnas.0911184107
https://doi.org/10.1038/nn.4545
https://doi.org/10.5665/sleep.2462
https://doi.org/10.1016/j.psychres.2008.09.006
https://doi.org/10.1017/S0140525X00003988
https://doi.org/10.1016/B978-0-444-52006-7.00034-4
https://doi.org/10.1016/j.brainres.2018.06.020
https://doi.org/10.3758/s13415-017-0542-8
https://doi.org/10.3389/fneur.2012.00080
https://doi.org/10.1007/s00221-014-3831-2
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Scarpelli et al. Dreaming and Emotional Processes

Spoormaker, V. I., and Montgomery, P. (2008). Disturbed sleep in post-traumatic
stress disorder: secondary symptom or core feature? Sleep Med. Rev. 12,
169–184. doi: 10.1016/j.jpurol.2010.08.002

Spoormaker, V. I., Schroter, M. S., Gleiser, P. M., Andrade, K. C., Dresler, M.,
Wehrle, R., et al. (2010). Development of a large-scale functional brain network
during human non-rapid eye movement sleep. J. Neurosci. 30, 11379–11387.
doi: 10.1523/JNEUROSCI.2015-10.2010

Spoormaker, V. I., and Van den Bout, J. (2006). Lucid dreaming treatment
for nightmares: a pilot study. Psychother. Psychosom. 75, 389–394.
doi: 10.1159/000095446

Spoormaker, V. I., Van den Bout, J., and Meijer, E. J. G. (2003). Lucid
dreaming treatment for nightmares: a series of cases. Dreaming 13, 181–186.
doi: 10.1023/A:1025325529560

Sterpenich, V., Albouy, G., Boly,M., Vandewalle, G., Darsaud, A., Balteau, E.,., et al.
(2007). Sleep-related hippocampo-cortical interplay during emotional memory
recollection. PLoS Biol. 5:e282. doi: 10.1371/journal.pbio.0050282

Sterpenich, V., Perogamvros, L., Tononi, G., and Schwartz, S. (2019). Fear in
dreams and in wakefulness: Evidence for day/night affective homeostasis.
bioRxiv:534099. doi: 10.1101/534099

Stickgold, R., Hobson, J. A., Fosse, R., and Fosse, M. (2001). Sleep,
learning, and dreams: off-line memory reprocessing. Science 294, 1052–1057.
doi: 10.1126/science.1063530

Stumbrys, T., Erlacher, D., Schädlich, M., and Schredl, M. (2012). Induction of
lucid dreams: a systematic review of evidence. Conscious. Cogn. 21, 1456–1475.
doi: 10.1016/j.concog.2012.07.003

Takeuchi, T., Ogilvie, R. D., Murphy, T. I., and Ferrelli, A. V. (2003).
EEG activities during elicited sleep onset REM and NREM periods reflect
different mechanisms of dream generation. Clin. Neurophysiol. 114, 210–220.
doi: 10.1016/S1388-2457(02)00385-1

Tamietto, M., and De Gelder, B. (2010). Neural bases of the non-conscious
perception of emotional signals. Nat. Rev. Neurosci. 11, 697–709.
doi: 10.1038/nrn2889

Taub, J. M. (1971). The sleep-wakefulness cycle in Mexican adults. J. Cross Cult.
Psychol. 2, 353–364. doi: 10.1177/002202217100200405

Tort, A. B. L., Komorowski, R., Eichenbaum, H., and Kopell, N. (2010).
Measuring phase-amplitude coupling between neuronal oscillations of different
frequencies. J. Neurophysiol. 104, 1195–1210. doi: 10.1152/jn.00106.2010

Tort, A. B. L., Komorowski, R. W., Manns, J. R., Kopell, N. J., and
Eichenbaum, H. (2009). Theta-gamma coupling increases during the learning
of item-context associations. Proc. Natl. Acad. Sci. USA. 106, 20942–22094.
doi: 10.1073/pnas.0911331106

Uribe, C. E., Garcia, A., and Tomaz, C. (2011). Electroencephalographic brain
dynamics of memory encoding in emotionally arousing context. Front. Behav.
Neurosci. 5:35. doi: 10.3389/fnbeh.2011.00035

Vallat, R., Chatard, B., Blagrove, M., and Ruby, P. (2017). Characteristics of the
memory sources of dreams: a new version of the content-matching paradigm
to take mundane and remote memories into account. PLoS ONE. 12:e0185262.
doi: 10.1371/journal.pone.0185262

Vallat, R., Eichenlaub, J. B., Nicolas, A., and Ruby, P. (2018a). Dream recall
frequency is associated with medial prefrontal cortex white-matter density.
Front. Psychol. 9:1856. doi: 10.3389/fpsyg.2018.01856

Vallat, R., Eskinazi, M., Nicolas, A., and Ruby, P. (2018b). Sleep and dream habits
in a sample of French college students who report no sleep disorders. J. Sleep
Res. 27:e12659. doi: 10.1111/jsr.12659

van der Helm, E., Yao, J., Dutt, S., Rao, V., Saletin, J. M., andWalker, M. P., (2011).
REM sleep depotentiates amygdala activity to previous emotional experiences.
Curr. Biol. 21, 2029–2032. doi: 10.1016/j.cub.2011.10.052

Van Overwalle, F., and Vandekerckhove, M. (2013). Implicit and explicit social
mentalizing: dual processes driven by a shared neural network. Front. Hum.

Neurosci. 7:560. doi: 10.3389/fnhum.2013.00560
van Rijn, E., Eichenlaub, J. B., Lewis, P. A., Walker, M. P., Gaskell,

M. G., Malinowski, J. E., et al. (2015). The dream-lag effect: selective
processing of personally significant events during rapid eye movement sleep,
but not during slow wave sleep. Neurobiol. Learn. Mem. 122, 98–109.
doi: 10.1016/j.nlm.2015.01.009

Vogel, G. W. (1976). Mentation reported from naps of narcoleptics. Adv. Sleep Res.
3, 161–168.

Voss, U., Holzmann, R., Hobson, A., Paulus, W., Koppehele-Gossel, J., Klimke,
A., et al. (2014). Induction of self-awareness in dreams through frontal
low current stimulation of gamma activity. Nat. Neurosci. 17, 810–812.
doi: 10.1038/nn.3719

Voss, U., and Klimke, A. (2018). Dreaming during REM sleep: autobiographically
meaningful or a simple reflection of a Hebb’ian-based memory consolidation
process? Arch. Ital. Biol.. 156, 99–111. doi: 10.12871/00039829201832

Vuilleumier, P., Armony, J. L., Driver, J., andDolan, R. J. (2001). Effects of attention
and emotion on face processing in the human brain: an event-related fMRI
study. Neuron 30, 829–841. doi: 10.1016/j.tics.2005.10.011

Wagner, U., Gais, S., and Born, J. (2001). Emotional memory formation is
enhanced across sleep intervals with high amounts of rapid eye movement
sleep. Learn. Memory 8, 112–119. doi: 10.1101/lm.36801

Walker, M. P. (2009). The role of sleep in cognition and emotion. Ann. N. Y. Acad.
Sci. 1156, 168–197. doi: 10.1111/j.1749-6632.2009.04416.x

Walker, M. P., and van der Helm, E. (2009). Overnight Therapy? The
role of sleep in emotional brain processing. Psychol. Bull. 135, 731–748.
doi: 10.1037/a0016570

Wamsley, E. J., Donjacour, C. E., Scammell, T. E., Lammers, G. J., and Stickgold,
R. (2014). Delusional confusion of dreaming and reality in narcolepsy. Sleep 37,
419–422. doi: 10.5665/sleep.3428

Wamsley, E. J., and Stickgold, R. (2011). Memory, sleep, and
dreaming: experiencing consolidation. Sleep Med. Clin. 6, 97–108.
doi: 10.1016/j.jsmc.2010.12.008

Wamsley, E. J., Tucker, M., Payne, J. D., Benavides, J. A., and Stickgold, R. (2010).
Dreaming of a learning task is associated with enhanced sleep-dependent
memory consolidation. Curr. Biol. 20, 850–855. doi: 10.1016/j.cub.2010.03.027

White, T. P., Jansen, M., Doege, K., Mullinger, K. J., Park, S. B., Liddle, E.
B., et al. (2013). Theta power during encoding predicts subsequent-memory
performance and default mode network deactivation. Hum. Brain Mapp. 34,
2929–2943. doi: 10.1002/hbm.22114

Wurts, S. W., and Edgar, D. M. (2000). Circadian and homeostatic
control of rapid eye movement (REM) sleep: promotion of REM
tendency by the suprachiasmatic nucleus. J. Neurosci. 20, 4300–4310.
doi: 10.1523/JNEUROSCI.20-11-04300.2000

Ye, H., Chen, S., Huang, D., Zheng, H., Jia, Y., and Luo, J. (2015). Modulation
of neural activity in the temporoparietal junction with transcranial direct
current stimulation changes the role of beliefs in moral judgment. Front. Hum.

Neurosci. 9:659. doi: 10.3389/fnhum.2015.00659
Yetkin, S., Aydin, H., and Özgen, F. (2010). Polysomnography in patients

with post-traumatic stress disorder. Psychiatry Clin. Neurosci. 64, 309–317.
doi: 10.1111/j.1440-1819.2010.02084.x

Yordanova, Y. N., Duffau, H., and Herbet, G. (2017). Neural pathways
subserving face-based mentalizing. Brain Struct. Funct. 222, 3087–3105.
doi: 10.1007/s00429-017-1388-0

Young, C. K., and Eggermont, J. J. (2009). Coupling of mesoscopic
brain oscillations: recent advances in analytical and theoretical
perspectives. Progr. Neurobiol. 89, 61–78. doi: 10.1016/j.pneurobio.
2009.06.002

Young, L., Dodell-Feder, D., and Saxe, R. (2010). What gets the
attention of the temporo-parietal junction? An fMRI investigation
of attention and theory of mind. Neuropsychologia 48, 2658–2664.
doi: 10.1016/j.neuropsychologia.2010.05.012

Zadra, A. L., and Pihl, R. O. (1997). Lucid dreaming as a treatment for recurrent
nightmares. Psychother Psychosom. 66, 50–55. doi: 10.1159/000289106

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Scarpelli, Bartolacci, D’Atri, Gorgoni and De Gennaro. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Psychology | www.frontiersin.org 16 March 2019 | Volume 10 | Article 459

https://doi.org/10.1016/j.jpurol.2010.08.002
https://doi.org/10.1523/JNEUROSCI.2015-10.2010
https://doi.org/10.1159/000095446
https://doi.org/10.1023/A:1025325529560
https://doi.org/10.1371/journal.pbio.0050282
https://doi.org/10.1101/534099
https://doi.org/10.1126/science.1063530
https://doi.org/10.1016/j.concog.2012.07.003
https://doi.org/10.1016/S1388-2457(02)00385-1
https://doi.org/10.1038/nrn2889
https://doi.org/10.1177/002202217100200405
https://doi.org/10.1152/jn.00106.2010
https://doi.org/10.1073/pnas.0911331106
https://doi.org/10.3389/fnbeh.2011.00035
https://doi.org/10.1371/journal.pone.0185262
https://doi.org/10.3389/fpsyg.2018.01856
https://doi.org/10.1111/jsr.12659
https://doi.org/10.1016/j.cub.2011.10.052
https://doi.org/10.3389/fnhum.2013.00560
https://doi.org/10.1016/j.nlm.2015.01.009
https://doi.org/10.1038/nn.3719
https://doi.org/10.12871/00039829201832
https://doi.org/10.1016/j.tics.2005.10.011
https://doi.org/10.1101/lm.36801
https://doi.org/10.1111/j.1749-6632.2009.04416.x
https://doi.org/10.1037/a0016570
https://doi.org/10.5665/sleep.3428
https://doi.org/10.1016/j.jsmc.2010.12.008
https://doi.org/10.1016/j.cub.2010.03.027
https://doi.org/10.1002/hbm.22114
https://doi.org/10.1523/JNEUROSCI.20-11-04300.2000
https://doi.org/10.3389/fnhum.2015.00659
https://doi.org/10.1111/j.1440-1819.2010.02084.x
https://doi.org/10.1007/s00429-017-1388-0
https://doi.org/10.1016/j.pneurobio.2009.06.002
https://doi.org/10.1016/j.neuropsychologia.2010.05.012
https://doi.org/10.1159/000289106
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	The Functional Role of Dreaming in Emotional Processes
	Introduction
	Methodological Note
	Neural Bases of Dreaming and Emotional Processing
	Electrophysiological Correlates of Emotional Memories During REM Sleep and Wakefulness
	EEG Pattern of Dream Experiences
	Insights From Sleep Disorders
	Concluding Remarks
	Author Contributions
	Acknowledgments
	References


