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EEG Frontal Alpha Asymmetry and Dream Affect: Alpha
Oscillations over the Right Frontal Cortex during REM Sleep
and Presleep Wakefulness Predict Anger in REM Sleep
Dreams
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Affective experiences are central not only to our waking life but also to rapid eye movement (REM) sleep dreams. Despite our increasing
understanding of the neural correlates of dreaming, we know little about the neural correlates of dream affect. Frontal alpha asymmetry
(FAA) is considered a marker of affective states and traits as well as affect regulation in the waking state. Here, we explored whether FAA
during REM sleep and during evening resting wakefulness is related to affective experiences in REM sleep dreams. EEG recordings were
obtained from 17 human participants (7 men) who spent 2 nights in the sleep laboratory. Participants were awakened 5 min after the onset
of every REM stage after which they provided a dream report and rated their dream affect. Two-minute preawakening EEG segments were
analyzed. Additionally, 8 min of evening presleep and morning postsleep EEG were recorded during resting wakefulness. Mean spectral
power in the alphaband (8 -13 Hz) and corresponding FAA were calculated over the frontal (F4-F3) sites. Results showed that FAA during
REM sleep, and during evening resting wakefulness, predicted ratings of dream anger. This suggests that individuals with greater alpha
power in the right frontal hemisphere may be less able to regulate (i.e., inhibit) strong affective states, such as anger, in dreams.
Additionally, FAA was positively correlated across wakefulness and REM sleep. Together, these findings imply that FAA may serve as a
neural correlate of affect regulation not only in the waking but also in the dreaming state.
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We experience emotions not only during wakefulness but also during dreaming. Despite our increasing understanding of the
neural correlates of dreaming, we know little about the neural correlates of dream emotions. Here we used electroencephalography
to explore how frontal alpha asymmetry (FAA)—the relative difference in alpha power between the right and left frontal cortical
areas that is associated with emotional processing and emotion regulation in wakefulness—is related to dream emotions. We
show that individuals with greater FAA (i.e., greater right-sided alpha power) during rapid eye movement sleep, and during
evening wakefulness, experience more anger in dreams. FAA may thus reflect the ability to regulate emotions not only in the
waking but also in the dreaming state. /

ignificance Statement

movement (REM) sleep dreaming (Hobson et al., 2000; Des-
seilles et al., 2011). While considerable effort has been devoted to
understanding the neural basis of dreaming (for review, see Ci-
polli et al., 2017), little is known about the neural processes un-
derlying dream affect.

Introduction
We experience affect (i.e., emotions and mood) not only during
wakefulness but also during sleep, especially during rapid eye
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Dreaming refers to the presence of subjective experiences dur-
ing sleep and is often understood as a simulation of waking life
(e.g., Foulkes, 1985; Nielsen, 2010; Hobson and Friston, 2012;
Windt, 2015; Revonsuo et al., 2016; Dombhoff, 2018). In fact, the
phenomenology and the underlying neural processes of dream
experiences are argued to overlap with those of waking experi-
ences (De Gennaro et al., 2012; Fox et al., 2013; Wamsley, 2013;
Dombhoff and Fox, 2015). Studies show that the neural correlates
of the specific contents of subjective experience, such as thinking,
perceiving, moving, and speaking, are similar in waking and
dreaming (Dresler et al., 2011; Horikawa et al., 2013; Perogamv-
ros et al., 2017; Siclari et al., 2017). Therefore, dream affect can
also be expected to share neural mechanisms with those of wak-
ing affect. Indeed, there is ample evidence for the involvement of
affective brain regions during REM sleep (Maquet et al., 1996;
Nofzinger etal., 1997; Braun et al., 1998). However, the measure-
ment of brain activity alone is not sufficient to understand the
conscious subjective experience an individual is having. If we
want to know what people are experiencing, we have to ask them
(Barrett, 2004). The study of dreaming is challenging because
people cannot report their dream experiences as they are happen-
ing but only as they are recalled upon awakening. Studies linking
the affective content of dream reports to structural brain differ-
ences have yielded inconclusive results (De Gennaro et al., 2011;
Blake et al., 2019). Surprisingly, hardly any studies have related
affective dream experiences—recalled and reported upon awak-
ening—to the neural processes of preawakening sleep (assumed
to occur at the time of having those experiences) (Nielsen and
Chénier, 1999; Daoust et al., 2008; Sterpenich et al., 2019). Thus,
it is unclear whether and to what extent the neural processes
underlying affective experiences are shared across wakefulness
and dreaming.

EEG frontal alpha asymmetry (FAA) is considered a marker of
affective states and traits as well as of affect regulation in the
waking state (for review, see Reznik and Allen, 2018). FAA refers
to the difference in alpha power (8 —13 Hz) between the right and
left hemisphere over the frontal cortical regions (typically be-
tween EEG electrodes F4-F3). Because alpha oscillations have
been suggested to reflect inhibition of cortical activity (Klimesch
etal., 2007; Jensen and Mazaheri, 2010; Klimesch, 2012) and due
to the contralateral inhibitory connections between the hemi-
spheres (Schutter and Harmon-Jones, 2013; Grimshaw and Car-
mel, 2014), higher FAA scores (i.e., relatively more alpha in the
right hemisphere) are assumed to reflect either reduced right or
enhanced left frontal activity. Originally, FAA was presumed to
reflect affective valence: positive affect related to greater relative
left, and negative affect to greater relative right, frontal activity
(e.g., Davidson et al., 1979; Tomarken et al., 1992). Many studies
have challenged this by showing that both trait and state anger are
associated with greater left (or reduced right) frontal activity
(Harmon-Jones and Gable, 2018). As a result, FAA is assumed to
reflect motivational direction: approach-related affective states
and traits (e.g., elation, anger) related to greater left, and
withdrawal-related affective states and traits (e.g., fear, anxiety)
to greater right, frontal activity (e.g., Davidson, 1998; Reznik and
Allen, 2018). However, due to inconsistent results regarding the
relationship between right frontal activity and withdrawal-
related affect, it was recently proposed that FAA reflects supervi-
sory control: greater right frontal activity is assumed to be related
to enhanced inhibitory control in general and of affective states in
particular (Gable et al.,, 2015, 2018). Indeed, it has been shown
that expressing anger is related to relatively greater left, whereas
controlling anger is related to relatively greater right, frontal ac-
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tivity (Hewig et al., 2004). The role of the right PFC in affect
regulation is further supported by lesion (e.g., Salas et al., 2016)
and neuroimaging (for review, see Ochsner et al., 2012) studies.

Although the relationship between FAA and affect in the wak-
ing state is well documented, to the best of our knowledge, only
one study has been published on the relationship between REM
sleep FAA and dream affect (Daoust et al., 2008). However, in this
study, all affective dream experiences (regardless of valence and
motivational direction) and participants (healthy and those with
autistic spectrum disorders) were pooled together, and only one
dream report per participant analyzed, which may explain the
null results obtained.

Therefore, our first aim was to investigate the relationship
between REM sleep FAA and dream affect. In our previous study
(Sikka et al., 2014), we found that in laboratory REM sleep
dreams participants rated interest and anger as the most fre-
quently and intensely experienced positive and negative affect,
respectively. We focused specifically on these discrete affective
states because they can be clearly categorized as high-approach
positive affect and high-approach negative affect, respectively.
Moreover, inclusion of these two affective states provides a con-
current test of the three theoretical accounts of the purported role
of FAA in affective processing. According to the affective valence
account (e.g., Tomarken et al., 1992; Harmon-Jones and Gable,
2018), interest should be positively, and anger negatively, associ-
ated with FAA. According to the motivational direction account
(e.g., Davidson, 1998; Harmon-Jones and Gable, 2018), both in-
terest and anger should be positively related to FAA. According to
the supervisory control proposition (Gable et al., 2015, 2018),
anger should be positively and more strongly related to FAA than
interest. Additionally, there is evidence that FAA predicts affec-
tive responding in the waking state (Coan and Allen, 2003) and is
stable across waking and REM sleep (Benca et al., 1999; Schmidt
etal., 2003), which indicates that FAA is not only a state- but also
a trait-like marker of affective processing. Therefore, our second
aim was to investigate whether waking FAA in the evening pre-
dicts affective experiences, specifically interest and anger, in REM
sleep dreams. As such, this study helps clarify not only the neural
correlates of affect during REM sleep dreaming, but also the
extent to which these neural substrates are continuous with
presleep wakefulness.

Materials and Methods

Participants. Data were collected within the framework of a larger study
(Sikka et al., 2014). Altogether, 159 persons volunteered for the study (via
advertisements posted in student mailing lists) and were prescreened
using a background questionnaire. Participants fulfilling the following
criteria were selected: healthy, not using medication, right-handed, na-
tive Finnish speakers, good sleep quality (score = 5 on the Pittsburgh
Sleep Quality Index; Buysse et al., 1989). Because the present study fo-
cused on the relationship between (REM sleep and evening waking) FAA
and affect experienced during REM sleep dreams (i.e., state affect), par-
ticipants were not screened for trait affect. The selected 53 participants
were asked to keep a 7 d home dream diary to measure spontaneous
dream recall frequency. Twenty-two individuals returned the diary.
Based on the number and word count of dream reports in the diary,
participants were divided into two dream recall groups: high and low
recallers. After having excluded 1 participant, high- and low-recall
groups did not differ in their waking memory abilities, as measured with
a range of memory tests (for details, see Sikka et al., 2014). However, all
participants turned out to be good recallers in the laboratory setting (for
results, see Sikka et al., 2014), and the two groups did not differ in any of
the affect ratings or other variables included in this study (p values >
0.05). Of the 21 participants who were invited, 19 accepted to sleep in the
sleep laboratory. Due to technical problems, the data of 2 participants
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Description of the experimental procedure. In the evening, participants’ waking state resting EEG was recorded for 8 min, after which they were asked to rate their current waking affect

(AR). Participants were then allowed to fall asleep. Every time REM sleep had lasted continuously for 5 min, and was in a phasic stage, a tone signal was used to awaken the participants. Upon
awakening, participants provided an oral dream report (DR) and rated their dream affect (AR). They were then allowed to continue their sleep. This procedure was repeated throughout the night until
the final morning awakening. Upon final awakening in the morning, participants’ waking state resting EEG was again recorded for 8 min, followed by participants’ ratings of their current waking
affect (AR). Two minutes of preawakening REM sleep EEG that preceded each dream report, as well as the 8 min EEG during the evening and morning wakefulness, were analyzed. FAA (F4 —F3) during

REM sleep and during evening wakefulness was used to predict dream affect ratings (AR).

were excluded. As a result, the final sample consisted of 17 participants (7
men, age 25.76 * 4.93 years).

Experimental design and procedure. Participants spent 2 nights (sepa-
rated by a week) in the sleep laboratory. A summary of the experimental
procedure is displayed in Figure 1. In the evening, participants arrived in
the sleep laboratory 2 h before their usual bedtime. After instructing the
participants about the procedure of the study, EEG electrodes were at-
tached to the scalp, and the waking state resting (evening baseline) EEG
was recorded for eight 1 min periods, 4 min with eyes open (EO) and 4
min with eyes closed (EC) (order counterbalanced within and between
participants). Baseline recordings were obtained in between 10:30 P.M.
and 12:00 midnight while participants were lying in bed in the laboratory
bedroom. Instructions to participants were given via intercom from an
adjacent room. After the 8 min waking baseline EEG recording, partici-
pants rated their current waking affective state using the Finnish version
of the modified Differential Emotions Scale (fmDES; see Measures).

Participants were then allowed to fall asleep. Sleep stages were scored
visually (Rechtschaffen and Kales, 1968; Iber et al., 2007). Every time
REM sleep had lasted continuously for 5 min, and was in a phasic stage,
a tone signal was used to awaken the participants. Upon awakening,
participants provided an oral dream report according to the instructions
they had received in the evening: they were first asked to report the last
image they had in mind just before awakening, followed by a detailed
report of the whole dream. Next, participants rated their affective expe-
riences in the preceding dream by filling in the fmDES electronically
using a mouse and a computer screen above the bed. In case participants
reported no dream recall, fmDES was not filled in. Participants were then
allowed to continue their sleep. This procedure was repeated throughout
the night until the final morning awakening (scheduled between 5:30
AM. to 8:30 A.M. in agreement with the participant). Upon final awak-
ening, and after having reported and rated the last dream, participants
were asked to lie in bed but stay awake. Similar to the evening, waking
state resting (morning baseline) EEG was then recorded for 8 min, fol-
lowed by participants’ ratings of their current waking state affect using
the fmDES. Altogether, 126 awakenings (mean * SD, 7.41 * 3.02) and
115 (6.76 = 3.05) dream reports were obtained across the 2 nights. Dur-
ing the first night, 1 participant had only a single awakening that resulted
in no dream recall. Thus, data regarding REM sleep and dream affect
derived from 16 participants in the first night, and from 17 participants
in the second night.

Signed informed consent was obtained from all participants. The
study was performed in accordance with the Declaration of Helsinki and
was approved by the Ethical Board of the University of Turku, Finland.
Upon completion of the study, participants received 100 euros as com-
pensation for their time.

Measures. Participants rated their waking and dream affect using the
fmDES (Fredrickson, 2013). The scale consists of 20 items: 10 items for
positive affect and 10 items for negative affect (with each item containing
three adjectives). Each item was rated on a scale from 0 (“I did not

experience any of these feelings at all”) to 4 (“I experienced one or more
of these feelings extremely much”). The current study focused on interest
(as measured with the item Interested/Alert/Curious) and anger (as mea-
sured with the item Angry/Irritated/Annoyed). The other 18 items (see
Table 2) were included in the exploratory analyses. For each participant,
the mean dream affect rating was calculated across the different REM
sleep episodes (and related dreams) for each laboratory night and for
each item separately.

For exploratory analyses of externally rated dream anger, all oral
dream reports (N = 115) were transcribed and content analyzed by two
judges using the fmDES. The judges identified every time an affect was
expressed in the dream report or could be unambiguously inferred from
the behavior of the dream self. Then the judges categorized each occur-
rence of affect into 1 of the 20 fmDES categories. The interrater reliability
for the categorization of affect was strong (Cohen’s k = 0.84) (for more
details, see Sikka et al., 2014).

EEG recording, preprocessing, and analysis. A total of 24 single Ag/AgCI
electrodes (Fp1/2, AF3/4, AF7/8, F7/8, F3/4, Fz, T7/8, C3/4, Cz, P7/8,
P3/4, Pz, O1/2, Oz) were placed on the participants’ scalp according to
the standard 10-10 system. Four electrodes were used to record EOG
(two electrodes placed at the left and right outer canthi; one electrode
superior and another inferior to the right eye), and two electrodes were
used to record EMG (placed on the chin). All electrodes, except the
bipolar EOG and EMG electrodes, were referenced to the right mastoid.
The ground electrode was placed on the forehead. The EEG signal was
amplified (SynAmps model 5083), notch-filtered at 50 Hz, digitized at
500 Hz, and recorded with Neuroscan equipment and software. All im-
pedances were kept <5 k().

Two minutes of preawakening EEG that preceded a dream report were
extracted from each REM episode. These REM sleep EEG segments as
well as the evening and morning 8 min baseline EEG segments from the
2 laboratory nights were processed offline using MATLAB (The Math-
Works) and the EEGLAB toolbox version 14.1.1 (Delorme and Makeig,
2004).

EEG data were preprocessed according to the guidelines of Smith et al.
(2017) using custom-made scripts. First, the extracted EEG segments
were visually inspected and all nonbiological signals (except ocular and
myogenic artifacts) rejected. EEG data were bandpass filtered using 0.5
Hz and 45 Hz cutoff values (FIR filters using the pop_eegfiltnew func-
tion; Delorme and Makeig, 2004). EOG and EMG as well as bad channels
(marked by visual inspection) were removed. From the evening and
morning baseline EEG, 4 X 1 min EO and 4 X 1 min EC conditions were
extracted and processed separately. The continuous EEG signal was then
segmented into 2 s epochs with 50% overlap (Hamming window) and
noisy epochs removed. Data were rereferenced to an average reference
and baseline-corrected. Independent component analysis was computed
and a semiautomatic procedure was used to remove artifactual compo-
nents: the Multiple Artifact Rejection Algorithm (Winkler et al., 2011)
extension of EEGLAB was used to highlight artifactual components and
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Table 1. Descriptive statistics for FAA and affect ratings”
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Evening wakefulness

REM sleep (dreams)

Morning wakefulness

Mean SE 95% I Mean SE 95% Cl Mean SE 95% I
FAA —0.08 0.10 [—0.30,0.14] —0.13 0.07 [—0.28,0.01] —0.29 0.1 [—0.53, —0.04]
Anger 0.26 0.09 [0.15,0.41] 0.64 0.10 [0.46,0.83] 0.15 0.06 [0.06, 0.24]
Interest 1.26 0.19 [0.91,1.62] 1.61 0.15 [1.36,1.87] 0.88 0.17 [0.59, 1.18]

“Bias-corrected accelerated bootstrap Cls based on 5000 bootstrap samples. FAA scores (8 —13 Hz at F4 —F3) are in g.V/em 2 units. Anger and interest scores reflect the mean intensity on a 0 4rating scale.

those containing ocular and myogenic artifacts (confirmed by visual
inspection) were removed. Artifactual components were then subtracted
from the data. Previously removed channels were interpolated. Artifact-
free epochs were transformed into current source density estimates (V/
cm? units; 10 cm head radius; m = 4; A = 10 >, 50 iterations) using a
spherical spline surface Laplacian transformation (Perrin et al., 1989) in
the current source density toolbox (Kayser and Tenke, 2006a,b). Current
source density is recommended because it is independent of the reference
used, reduces volume conduction from distal sites, enhances spatial res-
olution of the EEG signal, and is also appropriate with low-density EEG
montages (Kayser and Tenke, 2015; Smith et al., 2017). Then, a fast
Fourier transform (using the MATLAB fft function) was applied to each
artifact-free epoch to obtain the mean spectral power in the alpha frequency
band (8-13 Hz) for each electrode. An average of 114.45 artifact-free REM
sleep epochs and 216.74 (EC = 216.00; EO = 217.47) artifact-free resting
wakefulness epochs were analyzed for each participant.

Statistical analyses. Statistical analyses were conducted with R (version
3.4.1, R Development Core Team 2017) and SPSS (version 20, IBM).
Alpha power spectra were averaged for each participant and for each
condition (evening baseline EO, evening baseline EC, morning baseline
EO, morning baseline EC, REM sleep) for the 2 laboratory nights sepa-
rately. Alpha power at each electrode was natural log-transformed to
normalize the data. FAA score was then calculated by subtracting log-
transformed alpha power of the left hemisphere electrode from that of
the homologous right hemisphere electrode (i.e., In[F4]-In[F3]). Positive
values reflect relatively more alpha power in the right hemisphere (i.e.,
lower right-sided or greater left-sided frontal activity). The main analyses
focused on the canonical pair of F4-F3 electrodes. However, to control
for the spatial specificity of the observed effects, FAA was also calculated
for all the other homologous pairs (i.e., In[Fp2]-In[Fpl], In[AF8]-
In[AF7], In[AF4]-In[AF3], In[F8]-In[F7], In[T8]-In[T7], In[C4]-In[C3],
In[P8]-In[P7], In[P4]-In[P3], In[O,]-In[O1]).

Differences in the obtained FAA scores between the resting wakeful-
ness EO and EC conditions and between the 2 laboratory nights were
analyzed using paired-samples ¢ test (in case of normal distribution) or
Wilcoxon signed-rank test (in case of non-normal distribution). The
Shapiro—Wilk test (Shapiro and Wilk, 1965) was used to test the normal-
ity assumption. Because the FAA scores of the baseline EO and EC con-
ditions did not differ from each other (p values > 0.05), these were
aggregated to form one evening (EOEC) and one morning (EOEC) base-
line score for each laboratory night. There were no significant differences
between the 2 nights in the evening baseline (paired-samples ¢, =
—0.264, p = 0.796, N = 17), morning baseline (paired-samples ., =
0.826, p = 0.421, N = 17) and REM sleep FAA scores (paired-samples
tas = 0.870,p = 0.398, N = 16). There were also no differences between
the 2 nights in the ratings of dream anger (paired-samples ¢ ,5, = 1.404,
p =0.181, N = 16) and dream interest (paired-samples ,5, = 0.193,p =
0.850, N = 16), or in the ratings of evening anger (Wilcoxon Z = —0.632,
exact p = 0.766, N = 17), evening interest (Wilcoxon Z = —0.676, exact
p = 0.640, N = 17), morning anger (Wilcoxon Z = —1.342, p = 0.375,
N = 17), and morning interest (Wilcoxon Z = —0.061, p = 1.000, N =
17). Therefore, the FAA and dream affect scores from the 2 nights were
pooled together. Also, there were no differences between males and fe-
males in anger or interest ratings or in FAA scores in any of the conditions
(using independent-samples ¢ tests or Mann—Whitney U tests; p values >
0.05). As such, the analyses and results reported below are based on the
pooled (average of 2 nights) scores, including both genders.

To ease reading, the specific methods used for statistical analyses are
reported below in conjunction with respective results. Parametric tests

(ANOVA, paired-samples ¢ test, simple and multiple linear regression,
correlation and partial correlation) were used when the scores followed a
normal distribution; whereas for non-normal distribution of scores,
nonparametric tests (Wilcoxon signed-rank test, Spearman rank corre-
lation, and nonparametric partial correlation) were used. In all the anal-
yses, we considered p values <0.05 as statistically significant. For
regression analyses we report unstandardized coefficients (B), confi-
dence intervals for unstandardized coefficients, and standard errors for
unstandardized coefficients. Where appropriate, we report effect sizes in
the form of r values (r = Z/A/N; Wilcoxon signed-rank test), Cohen’s d
(paired-samples t test), or partial n squared (np% ANOVA). All statistical
tests were two-tailed and for nonparametric tests exact tests were con-
ducted. The number of participants in all the analyses reported below was
17.

Results

Anger and interest across wakefulness and REM sleep dreams

Anger was experienced in 41% of dreams, interest in 88% of
dreams. Participants experienced more anger in dreams than
during the evening (Wilcoxon Z = —2.354, exact p = 0.016, r =
0.40) or morning (Wilcoxon Z = —3.125, exact p = 0.001, r =
0.54) wakefulness, whereas the evening and morning anger rat-
ings did not differ (Wilcoxon Z = —1.134, exact p = 0.500, r =
0.19) (Table 1; Fig. 2A). Anger ratings across the three conditions
were not correlated (p values > 0.05).

Participants experienced more interest during dreaming
(Wilcoxon Z = —2.897, exact p = 0.002, r = 0.49) and during the
evening wakefulness (Wilcoxon Z = —2.360, exact p = 0.022,r =
0.41), compared with morning wakefulness. There were no dif-
ferences in the ratings of interest between the evening wakeful-
ness and dreams (paired-samples ¢,y = —1.534, p = 0.145,d =
0.38). Ratings of interest were correlated between the evening and
morning wakefulness (r, = 0.732, p = 0.001) but not between
dream and wakefulness conditions ( p values > 0.05).

Thus, participants experienced more intense affective states
during dreaming than during presleep or postsleep resting
wakefulness.

FAA across wakefulness and REM sleep

A one-way repeated-measures ANOVA (within-subject factor:
condition) showed that the mean FAA score differed between the
three conditions (F, 5,, = 3.371, p = 0.047, np> = 0.174). Post
hoc least significance difference tests revealed that, whereas the
morning FAA score was significantly more negative than the eve-
ning FAA score (p = 0.025), REM sleep FAA score did not differ
from the evening (p = 0.507) or morning (p = 0.102) FAA scores
(Table 1). FAA scores were positively correlated across all the
conditions, between evening and REM sleep (r = 0.701, p =
0.002), REM sleep and morning (r = 0.637, p = 0.006), and
evening and morning (r = 0.720, p = 0.001), indicating a strong
association of FAA scores across the behavioral states.

Relationship between dream anger, dream interest, and REM
sleep FAA

To investigate the relationship between REM sleep FAA and
dream affect, separate linear regression analyses were performed
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power. D, Relationship between dream anger and FAA during evening resting wakefulness. Gray area represents 95% CI. E, Partial correlation coefficients between dream anger and log-transformed
alpha power over the F4 electrode in 1 Hz bins. Blue-colored bins marked with an asterisk represent statistically significant correlations after the Benjamini-Hochberg False Discovery Rate correction

(adjusted p value = 0.0045). T/A, theta/alpha.

in which ratings of dream anger and dream interest were re-
gressed on the FAA score. Results showed that REM sleep FAA
was a significant predictor of anger in dreams (R* = 0.435, B =
0.993, 95% CI [0.370, 1.616], SE = 0.292, t = 3.398, p = 0.004)
(Fig. 2B).

To assess the spatial specificity of the observed effect, a multi-
ple linear regression analysis was conducted in which the whole-
head alpha power (average of all electrodes) was entered together
with the natural log-transformed alpha power of F3 and F4
electrodes (as suggested in Allen et al., 2004). This controls for

the overall alpha power in predicting anger in dreams. Results
showed that the overall model was significant (R* = 0.604,
F, 13) = = 6.606, p = 0.006). However, only the right frontal
region (F4) was a significant predictor of dream anger (B =
0.960, 95% CI [0.391, 1.529], SE = 0.263, t = 3.646, p =
0.003). The left frontal region (F3) (B = —0.551, 95% CI
[—1.332,0.229], SE = 0.361, t = —1.526, p = 0.151) and the
average whole-head alpha power (B = —284.744, 95% CI
[—1739.107,1169.619], SE = 673.201,t = —0.423, p = 0.679)
were not significant. This indicates that the relationship be-
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tween REM sleep FAA and dream anger was driven by higher
alpha power in the right frontal region.

To control for the cerebral specificity of the observed relation-
ship, we repeated the analyses using the removed independent
component analysis components reflecting ocular and myogenic
artifacts. Results showed that there were no significant relation-
ships (R* = 0.002, B = 0.048, 95% CI [—0.571, 0.667], SE =
0.290, t = 0.166, p = 0.871) between ratings of dream anger and
FAA calculated using these artifactual components. This provides
support to the cerebral (rather than ocular or myogenic) origin of
the findings.

To explore whether the relationship between asymmetric cor-
tical activity during REM sleep and dream anger was specific to
the mid-frontal region, we performed exploratory correlation
analyses for dream anger and all the different hemispheric asym-
metry scores (e.g., In[F8]-In[F7]). None of the other hemispheric
asymmetry scores was significantly related to dream anger (p
values >0.05). Partial correlations between dream anger and log-
transformed alpha power over individual electrode sites, while
controlling for the average whole-head alpha power, showed that,
in addition to the significant correlation between dream anger
and alpha power over the right frontal electrode F4 (r = 0.691;
p = 0.003), the only other significant correlation occurred be-
tween dream anger and alpha power over the right temporal
electrode T8 (r = —0.528, p = 0.035) (Fig. 2C).

We conducted additional exploratory analyses to investigate
whether the relationship between right-sided frontal activity and
dream anger was specific to alpha band only. For this, we repeated
the partial correlation analyses between dream anger and log-
transformed alpha power over the F4 electrode site in 1 Hz fre-
quency bins from 1 to 45 Hz, while controlling for the average
whole-head alpha power. Results showed that, after controlling
for multiple comparisons using the Benjamini-Hochberg false
discovery rate (g < 0.05; Benjamini and Hochberg, 1995), only
the frequency bins 7-8 Hz (r = 0.708, p = 0.002), 8—9 Hz (r =
0.721,p = 0.002),9-10 Hz (r = 0.712, p = 0.002), and 10-11 Hz
(r=10.672, p = 0.004) over F4 were significantly correlated with
dream anger (Fig. 2E). No significant correlations occurred be-
tween similar analyses involving F3 (p values > 0.05). Thus, the
relationship between dream anger and right-sided cortical activ-
ity was specific to lower alpha band (7-11 Hz) only.

Furthermore, we explored whether the results only apply to
self-ratings of dream anger (i.e., participants’ own ratings of an-
ger experienced in the preceding dream) or also to the so-called
external ratings of dream anger (i.e., anger identified in the par-
ticipants’ dream reports by external judges). Although Spearman
correlation analyses showed no significant relationships between
FAA and externally rated dream anger (p values >0.05), non-
parametric partial correlation analyses between dream anger and
log-transformed alpha power over individual electrode sites
(while controlling for the average whole-head alpha power) re-
vealed that anger expressed in dream reports was significantly
related to alpha power over F4 (r = 0.535, p = 0.033), but not F3
(r=10.385, p = 0.141). This provides evidence that the relation-
ship between right-sided frontal alpha and dream anger was not
dependent on the particular method used for rating dream affect.

REM sleep FAA did not predict ratings of dream interest (r =
0.444, R* = 0.198, B = 0.995, SE = 0.518, 95% CI [—0.109,
2.099], t = 1.922, p = 0.074).

We also performed exploratory analyses to investigate
whether any of the other dream affect ratings was related to REM
sleep FAA. Spearman correlation analysis showed that the only
other item related to REM sleep FAA was Hate/Distrust/Suspi-
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Table 2. Spearman correlation coefficients between REM sleep FAA and dream
affect”

Discrete dream affect REM sleep FAA
PAT Amused/Fun-loving/Giggly —0.006
PA2 Awe/Wonder/Amazement —0.235
PA3 Grateful/Appreciative/Thankful —0.165
PA4 Hopeful/Optimistic/Encouraged 0.020
PAS5 Inspired/Uplifted/Elevated 0.131
PAG6 Interested/Alert/Curious 0.405
PA7 Joyful/Glad/Happy 0.218
PA8 Love/Closeness/Trust —0.031
PA9 Proud/Confident/Self-assured 0.050
PA10 Serene/Content/Peaceful 0.106
NAT Angry/Irritated/Annoyed 0.638**
NA2 Ashamed/Humiliated/Disgraced 0.080
NA3 Contemptuous/Scornful/Disdainful 0.114

NA4 Disgust/Distaste/Revulsion 0.431

NA5 Embarrassed/Self-conscious/Blushing 0.276
NAG6 Guilty/Repentant/Blameworthy 0.255
NA7 Hate/Distrust/Suspicion 0.572*%
NA8 Sad/Downhearted/Unhappy —0.020
NA9 Scared/Fearful/Afraid 0.116
NA10 Stressed/Nervous/Overwhelmed —0.198

“NA, Negative affect item; PA, positive affect item.
*p = 0.016; **p = 0.006.

cion (r, = 0.572, p = 0.016; Table 2). As this item was strongly
related to the item Angry/Annoyed/Frustrated (r, = 0.648, p =
0.005), it provides further support for the specific relationship
between FAA and anger in dreams. Originally, this item was not
included in the analyses because of the adjectives distrust/suspi-
cion, which do not make it a pure anger and high-approach neg-
ative affect item.

Relationship between dream anger, dream interest, and
waking state FAA

To investigate the relationship between evening FAA and dream
affect, ratings of dream anger and interest were regressed on the
evening FAA score. Results showed that evening FAA score was a
significant predictor of dream anger (R*> = 0.411, B = 0.644, 95%
CI[0.220, 1.068], SE = 0.199, t = 3.236, p = 0.006) (Fig. 2D) but
not of dream interest (R> = 0.016, B = 0.189, 95% CI [—0.626,
1.004], SE = 0.382, t = 0.495, p = 0.628).

Because evening FAA and REM sleep FAA both predicted
anger in dreams, while also being strongly correlated with each
other, we performed two sets of partial correlation analyses to
further explore the relationship between FAA and dream anger.
When controlling for evening FAA, the relationship between
REM sleep FAA and dream anger was no longer significant (r =
0.384, p = 0.142). The same was true for the relationship between
evening FAA and dream anger (r = 0.334, p = 0.206), when
controlling for REM FAA. This shows that the relationship be-
tween dream anger and FAA in one condition was fully ac-
counted for by FAA in the other condition; that is, evening and
REM sleep FAA overlapped.

Ratings of dream anger (R> = 0.208, B = 0.508, 95% CI
[—0.037, 1.053], SE = 0.256, t = 1.986, p = 0.066) and dream
interest (R* = 0.047, B = 0.162, 95% CI [—0.241, 0.564], SE =
0.189, t = 0.856, p = 0.406) did not predict morning FAA.

Relationship between waking FAA and waking affect

Evening and morning waking baseline FAA scores were not cor-
related with waking affect (p values >0.05), probably due to the
low level of affect experienced in these states.
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Discussion

We investigated whether affective dream experiences, specifically
anger and interest, are related to FAA—hemispheric differences
in alpha-band oscillations between the right and left frontal cor-
tical regions. Results showed that FAA during REM sleep pre-
dicted ratings of dream anger: participants with greater relative
alpha power in the right (F4), compared with the left (F3), frontal
region experienced more anger in dreams. Because alpha power is
taken to reflect reduced activity in underlying areas (Klimesch et
al., 2007; Jensen and Mazaheri, 2010; Klimesch, 2012), and be-
cause the relationship was found to be specifically driven by the
right hemisphere, the results suggest that anger is related to re-
duced activity in the right frontal region. This is further sup-
ported by the findings that the only other dream affect rating
significantly correlated with REM sleep FAA was an item closely
related to dream anger—Hate/Distrust/Suspicion. Additionally,
we found that FAA recorded during evening resting wakefulness
predicted anger in dreams. These findings are in line with several
studies conducted on FAA and anger in the waking state (e.g.,
Harmon-Jones and Sigelman, 2001; Jensen-Campbell et al., 2007;
for review, see Harmon-Jones and Gable, 2018).

Moreover, these results were specific to frontal regions only
(F4-F3). Although in the present study the exact anatomical
source for FAA remains unclear, previous studies conducted in
the waking state have shown that FAA originates from the dorso-
lateral PFC (Ellis et al., 2017) and from the lateral and medial
frontal gyri (Gable et al., 2015; Neal and Gable, 2016). This sug-
gests that dream anger is most likely related to reduced activity in
the right lateral PFC (IPFC). REM sleep is typically associated
with the deactivation of IPFC (Maquet et al., 1996; Braun et al.,
1998); and given the importance of IPFC in functions related to
cognitive control, this helps explain enhanced anger in dreams.
However, deactivation of IPFC is not an all-or-none phenome-
non, and there is also evidence for sustained (Vijayan et al., 2017)
and even increased activation of IPFC in REM sleep, compared
with wakefulness (Nofzinger et al., 1997; Wehrle et al., 2007). In
line with these findings, our study demonstrates that there are
individual differences in the asymmetric activity of IPFC during
REM sleep, and this is differentially related to dream anger.

The finding that dream anger (a high-approach negative af-
fect), but not dream interest (a high-approach positive affect),
was related to FAA corroborates the theory that FAA reflects
supervisory control (Gable et al., 2015, 2018), rather than affec-
tive valence or motivational direction. As such, individuals with
reduced right PFC activity (as indicated by more alpha power)
may be less able to regulate (i.e., inhibit) strong affective states,
such as anger, not only during wakefulness but also during
dreaming. Because the regulation of negative affect is more re-
source consuming than the regulation of positive affect (Ochsner
etal.,2004), individuals with reduced right PFC activity may have
problems specifically with regulating negative affective states.
This is supported by studies showing that the downregulation
(i.e., control) of negative affect, compared with positive affect,
uniquely involves right-lateralized PFC regions (Kim and Ha-
mann, 2007).

It is important to note that the right PFC is involved not only
in the regulation of negative affect, but also in inhibitory control
in general (Bariand Robbins, 2013; Aron et al., 2014; Depue et al.,
2016). Numerous studies conducted in the waking state have
demonstrated an association between greater FAA (i.e., relatively
less right frontal activity) and states and traits related to disinhi-
bition, such as aggression (Harmon-Jones and Allen, 1998;
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Harmon-Jones and Sigelman, 2001), impulsivity (Gable et al.,
2015; Neal and Gable, 2017), sensation seeking (Santesso et al.,
2008), (positive and negative) urgency (Neal and Gable, 2016),
response inhibition (Ellis et al., 2017), and risk-taking behavior
(Gianottietal., 2009). Moreover, studies using transcranial direct
current stimulation and repetitive transcranial magnetic stimu-
lation have shown that inhibition of the right, or stimulation of
the left, IPFC leads to disinhibition (for review, see Kelley et al.,
2017). Therefore, it may well be that enhanced anger in dreams
reflects a more general aspect of disinhibition. At the same time,
it may also be the case that other affective states in dreams (e.g.,
fear) are also related to FAA; but because of a very low incidence
of these in the current dream sample, their statistical assessment
was not robust.

The finding that FAA was strongly correlated across wakeful-
ness and REM sleep is in line with previous studies that have
demonstrated the stability of FAA in wakefulness (Coan and Al-
len, 2003), and across wakefulness and different sleep stages
(Benca et al., 1999; Schmidt et al., 2003). This result, together
with the finding that presleep waking FAA predicted dream an-
ger, indicates that FAA has trait-like properties. This is further
supported by the overlap between the evening FAA and REM
sleep FAA in their association with dream anger. Indeed, based on
research in the waking state, it has been suggested that, whereas
~40% of the variation in FAA reflects state-like influences,
~60% reflects trait-like influences (Hagemann et al., 2002). This
may also be one possible explanation as to why we did not observe
any relationships between waking resting FAA and waking affect
ratings. It has been argued that trait-like individual differences in
FAA may be most apparent in a situation that elicits affective
states (Coan et al., 2006). Because in the current study partici-
pants’ ratings of waking affect were low, individual differences in
FAA may have been reflected most clearly during states high in
affectivity (i.e., during dreaming). Therefore, future studies
should measure waking FAA during states of high affectivity (e.g.,
after experimental induction of affective states) and then com-
pare the FAA-affect relationship obtained during wakefulness to
that obtained during dreaming. The trait-like nature of FAA sug-
gests that it may reflect a trait-like predisposition to experience
certain affective states, such as anger, not only during wakeful-
ness but also during dreaming. To directly test this proposition,
future research should include repeated measurements of FAA
and affective experiences across different wakefulness periods
and sleep stages (including non-REM sleep), and explore how
trait affect (e.g., trait anger) or trait affect regulation measures
relate to FAA and affect experienced across those states. This will
help clarify whether FAA can be considered as a marker of state-
or trait-like affective processing across different states of con-
sciousness (see also Scarpelli et al., 2015a,b).

Overall, our findings show that anger in REM sleep dreams
shares the same neural correlates as those observed in wakeful-
ness and that these neural substrates are continuous with presleep
wakefulness. Together with other neural studies of dream content
(Dresler et al., 2011; Horikawa et al., 2013; Perogamvros et al.,
2017; Siclari et al., 2017), the converging evidence suggests highly
overlapping neurobiological mechanisms of conscious subjective
experience in the two major global states of consciousness—wak-
ing and dreaming—regardless of the lack of responsiveness in the
latter (see also De Gennaro etal., 2012; Fox et al., 2013; Wamsley,
2013; Dombhoff and Fox, 2015). As such, these findings provide
support for theories according to which dreaming is a realistic
simulation of waking life (e.g., Foulkes, 1985; Nielsen, 2010;
Hobson and Friston, 2012; Windt, 2015; Revonsuo et al., 20165
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Dombhoft, 2018). However, based on the present study, it is not
possible to say whether the particular neural activation accompa-
nying dream anger supports a certain function, such as to expe-
rience threatening situations or negative affective states to better
deal with them in waking life (e.g., Revonsuo, 2000; Nielsen and
Levin, 2007; Cartwright, 2010; Perogamvros and Schwartz,
2012), to consolidate specific types of memories (Wamsley and
Stickgold, 2011), or whether it simply reflects the individual’s
waking life experiences (Dombhoff, 1996, 2017; Schredl, 2003).

Future studies could probe the causal nature of the observed
interaction by using various brain stimulation techniques, such
as transcranial direct current stimulation or repetitive transcra-
nial magnetic stimulation. It would be interesting to explore
whether the activation (vs inhibition) of the right IPFC during
REM sleep and presleep wakefulness would lead to reduced (vs
increased) anger in dreams. This may have clinical implications
because anger is frequently experienced during nightmares and
frequent nightmares are associated with several different mental
(e.g., anxiety, depression) and sleep (e.g., insomnia) disorders
(Levin and Nielsen, 2007; Nielsen and Levin, 2007; Skancke et al.,
2014). Moreover, the treatment of nightmares has been shown
to improve symptoms of post-traumatic stress disorder
(Spoormaker and Montgomery, 2008). Therefore, finding
ways to modulate negative affective experiences may lead to
novel interventions.

Regarding possible limitations of the present study, it could be
argued that, because dream affect ratings were performed in the
waking state (i.e., upon awakening from the dream), these do not
reflect affective experiences in dreams but during the time the
reports were given. Perhaps individuals with higher FAA scores
(i.e., more alpha power in the right frontal area) did not actually
experience more anger in dreams but were simply predisposed to
rate their dreams in a more negative manner. If so, such a bias
should also apply to ratings of waking affect. However, given that
the ratings of affect (especially anger) were much lower during
evening and morning wakefulness and the fact that the ratings of
dream affect did not correlate with those given in the waking
state, this explanation seems unlikely. Moreover, additional anal-
yses demonstrated that right-sided frontal alpha power was
related not only to self-ratings of dream anger (i.e., how partici-
pants themselves rated the anger they experienced in the preced-
ing dream) but also to external ratings of dream anger (i.e., anger
expressed by participants in corresponding dream reports as
identified by external raters). This is especially important in light
of recent studies showing that the method used to rate dream
affect (i.e., self-ratings vs external ratings) can yield different re-
sults regarding dream affectivity (Schredl and Doll, 1998; Sikka et
al., 2014, 2017). Thus, our results are not dependent on the par-
ticular dream affect rating method which provides further cre-
dence for our findings.

Another limitation is that, while dream affect ratings were
preceded by a narrative report of dream experiences, no such
tasks preceded waking affect ratings. It is possible that the act of
reflecting on or reporting experiences before rating them may
have influenced the ratings. Thus, future studies should also in-
clude narrative (i.e., mind-wandering) reports in the waking
state.

Additionally, because the current study was performed in the
laboratory environment, the findings may have been influenced
by the experimental setting and procedure. For example, it has
been shown that home dream reports contain more negative af-
fect, especially fear, than laboratory dream reports (Foulkes,
1979; Sikka et al., 2018). As such, it would be important to repli-
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cate the study in a more naturalistic home environment. Further-
more, given the selection criteria and the number of participants,
it is important to replicate this study in larger and more diverse
samples, and to control for possible individual differences in the
ability to identify and describe affective states (e.g., alexithymia).

In conclusion, this is the first study on the relationship be-
tween discrete affective states in dreams and FAA. Results show
that FAA during REM sleep as well as during evening wakefulness
predicts anger in dreams. These findings imply that affective ex-
periences may rely on the same neural processes across wakeful-
ness and REM sleep despite the different neurophysiological
bases of these states. Specifically, the results suggest that FAA may
serve as a neural correlate of affect regulation (i.e., inhibitory
control of affective processing) not only in the waking but also in
the dreaming state.
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