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Although a growing body of research indicates that frequent nightmares are related to impaired sieep
regulation, the pathophysiology of nightmare disorder is far from being fully understood, We examined
the relative spectral power values for NREM and REM sleep separately in 19 individuals with nightmare
disorder and 21 healthy controls, based on polysomnographic recordings of the second nights’ laboratory
sleep. Nightmare subjects compared to controls exhibited increased relative high alpha (10-14.5Hz)
and fronto-central increases in high delta (3-4 Hz) power during REM sleep, and a trend of increased
fronto-central low alpha (7.75-9 Hz) power in NREM sleep. These differences were independent of the

Alpha oscillations
Power spectral analysis
REM parasgmnia

confounding effects of waking emotional distress. High REM alpha and low NREM alpha powers were
strongly related in nightmare but not in control subjects. The topographical distribution and spectral
components of REM alpha acrivity suggest that nightmare disordered subjects are characterized by wake-

like electroencephalographic features during REM sleep.

© 2013 Elsevier B.V, All rights reserved,

1. Introduction

Nightmares are intense and highly unpleasant mental experi-
ences that occur usually - but not exclusively - during late-night
Rapid Eye Movement (REM ) sleep and often provoke abrupt awak-
enings (ICSD-11, 2005). Nightmares affect approximately 4% of the
adult population on a weekly basis (Spoormaker, Schredl, & van den
Bout. 2006). Even though nightmares are often co-morbid with a
wide variety of mental complaints (Levin & Nielsen, 2007), research
indicates that frequent nightmares are more appropriate to be con-
ceptualized as a specific sleep disorder that are independent in
its origins from waking psychopathological symptoms (Coolidge,
Segal, Coolidge, Spinath, & Cottschling, 2010; Lancee, Spoormaker,
& van den, 2010; Spoormaker et al., 2006). Frequent nightmares
are related to impaired subjective sleep quality in different age-
groups and populations (Li et al., 2011: Li, Zhang, Li, & Wing, 2010;
Schredl, 2010), and negatively toned dreams are more frequent
among subjects with different sleep disorders (Schred!. 2009a,b;
Schredl, Schater, Weber, & Heuser, 1998)inwhom nightmares seem
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toincrease the severity of sleep complaints{Krakow, 20006: Schred]
2008a,b).

In consistence with questionnaire-based findings, early
polysomnographic studies reported altered sleep architecture
and sleep fragmentation in subjects with frequent nightmares
(Fisher, Byrne, Edwards, & Kahn, 1970; Newell, Padamadan, &
Drake, 1992). In addition, a recent study that also controiled for the
confounding effects of co-morbid waking symptoms of depression
and anxiety found decreased sleep efficiency, reduced slow wave
sleep (SWS) and increased nocturnal awakenings in a group of
young nightmare sufferers (Simor, Horvith. Gombos, Takics, &
Bodizs, 2012). Others found enhanced periodic leg movements
in nightmare sufferers with and without post-traumatic stress
disorder suggesting that increased arousal and accompanying
motor activation characterize the pathophysiology of nightmare
disorder (Germain & Nielsen, 2003). Enhanced arousal during sleep
was also evidenced by increased sympathetic (cardiac) activation
ina group of nightmare subjects after a REM deprivation procedure
(Nielsen et al.. 2010).

A more recent study found altered sleep microstructure in
nightmare sufferers during Non-REM {NREM) sleep (Simor, Bodizs,
Horvath, & Fern, 2013) revealed by the Cyclic Alternating Pattern
(CAP} analysis that quantifies and categorizes electroencephalo-
graphic (EEG) oscillations corresponding to recurrent activation
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events and transient states of unstable sleep depth (Terzano
et al, 1985). More specifically, nightmare subjects in comparison
to controls exhibited increased arousal responses comprised of
desynchronized, high or mixed frequency activities and a reduced
amount of synchronized, low frequency oscillations during spon-
taneous recurrent events of instability in NREM sleep and these
differences were independent of the effects of anxious and depres-
sive symptoms, indexed by psychometric tests. Desynchronized
arousal responses that are generated usually at posterior sites and
incorporate alpha (8-13 Hz) and beta (13-30 Hz) frequency bands
shift the cortex toward a more alert brain state, while the gener-
ally antero-posterior propagation of slow {0.25-2 Hz) synchronized
oscillations reflects the “effort” of the cortex to preserve sleep depth
by reinforcing the thalamic-basal forebrain gate against arousing
impulses (Marrino, Fern, Bruni, & Terzano, 201 2). Therefore, these
findings indicate that nightmare disorder is characterized by ineffi-
cient sleep regulation and increased arousal responses that reduce
the threshold for awakening,

Interestingly, although nightmare disorder is considered to be a
REM parasomnia (ICSD-H 2005}, anomaliesin sleep continuity have
been reported mainly during NREM sleep(Simoretal,, 2013,2012),
Nevertheless, it is feasible that the above studies based on the visual
scoring of sleep EEG could not capture the subtle alterations in
the structure of neural oscillations during REM sleep. Power spec-
tral analysis provides a fine-grained and sensitive examination of
the electrophysiological oscillations during sleep, which seems to
be an efficient tool to detect sleep alterations in different patho-
logical conditions (Armitage, 1995; De la Fuente, Tugendhaft, &
Mavroudakis, 1998; Feige, Scaal, Hornyak, Gann, & Riemann, 2007:
Krystal, Edinger, Wohlgemuth, & Marsh, 2002: Lindberg eral., 2003:
Muoritz et al., 2002: Philipsen et al., 2005: Poulin, stp, & Godbout,
2008). To the best of our knowledge, no previous studies have inves-
tigated the electrophysiological features of a whole night sleep in
nightmare disorder. Therefore, our aim was to describe the EEG
spectral profile of NREM and REM sleep in a group of nightmare
subjects in comparison with that of controls.

2, Materials and methods
2.1. Participants

Participants {all native Hungarians) were selected from a large pool of under-
graduate students from the Budapest University of Technology and Economics and
Semmelweis University, Nightmare (NMs) and control subjects (CTLs) were enrolled
after a stringent selection procedure described previously in detail (Simor ¢t al.,
2012). In brief, the enrollment was based on subjects' scores on three different
dreaming-related questionnaires: the Dreamn Quality Questionnaire (DQQ) (Badizs.
Simor, Csoka, Bérdi, & Kopp. 2005), the Hungarian version of the Van Dream Anxiety
Scale (VDAS-H) (Simor et al., 2004} and two seven-point Likert scales, one assessing
the frequency of awakening nightmares, and the other assessing the frequency of
bad dreams withour awakenings (0 - almost never: 1 - once or twice a year; 2 -
every 2-3 month; 3 - once in a month; 4 - twice amonth: 5 -oncea week; 6 - more
than once a week). NMs were selected on the basis of the International Classification
of Sleep Disorders, 2nd edition (2005) criteria and Levin and Nielsen's 12007 ) model
of disturbed dreaming, including disturbed dreamers without abrupt awakenings,
Subjects reporting one or more nightmares with awakening and/or bad dreams
without awakening per week in the retrospective questionnaires were assigned
to the NMs group, while individuals having less than two nightmares andjor bad
drearns during the previous year were ass igned as CTLs. Those subjects who reported
the onset of negative dream experiences in relation to a traumnatic eventor indicated
that the content of their dreams were related to a prior trauma (such as physi-
cal attack, accident, sudden death of a close relative, etc.) were excluded from the
study. 21 NMs and 23 CTLS took part in polysomnographic examination; however,
two NMs left the experiment after the first (baseline) night and two of the CTLs'
recordings were considered oo noisy for spectral analyses. Therefore, 19 NMs {10
males; Mype = 20,87 + 1.57)and 21 CTLs (11 male; Mage =21.57 + 1.47) were included
in the present study. There was no significant age difference between the two
groups (L{38) = 146; Z= - 1.48; p=0.138). NMs scored higher on the Negative Dream
Affect Scale of the DQQ (Myms =8.12: SDwms = 1.91 vs. Mo, =4.03: SDeqy, = 1.77;
{38)==7.25; p<0.0001) and on the VDAS-H {Mnms = 20.58; SDpps = 7.5 vs. Mems:
023+ 5Dy = 0.62; (18.22)=~11.73; p <0.0001: equal variances not assumed),

indicating at least moderately severe dream disturbances (Bédizs, Svestecri, &
Mésziros, 2008, Simor et al., 2009).

None of the subjects reported prior neurological, psychiatric or sleep disorders
or prior history of any chronic disease, The study protocol was approved by the
Ethical Committee of the Semmelweis University. The subjects received monetary
compensation for their participation in the sleep lzboratory investigations, Written
informed consent was obtained.

2.2. Procedure

Polysomnographic recordings were performed in the sieep research laboratory
of the Semmelweis University for two consecutive nights. (The first night served
as the adaptation night.) Subjects were not allowed to drink alcohol or take drugs
(except contraceptives) on the day and the previous day of the examination. They
were asked to avoid napping and consuming caffeine in the afternoon of the sleep
recordings. The timing of lights off was between 11.00PM and 1.00AM depending
on each participant's preferred bedrtime, Morning awakenings were scheduled after
9h of undisturbed sleep unless participants woke up earhier spontaneously. Five of
the NMs reported niegatively toned dreams in the laboratory.

In the morning - in order to measure subjective sleep quality - subjects were
asked to complete the Hungarian adaptation of the Groningen Sleep Quality Scale
(G5Q3) (S, [oreic:. Bodizs, & BArdos, 20049). The one-dimensional 14-item ques-
tionnaire measures the extent of subjective steep fragmentarion,

In order to control for the confounding effects of waking emotional distress on
sleep EEG the Hungarian versions of the Spielberger Trait Anxiety Inventory (STAI-T)
{Spiclberger, Gorsuch, & Lushenc, 1970} and the short Beck Depression Inventory
(BDt-H) (Rdzsa, Szddoczky, & Fiiredi, 2001) were assessed. The STAL-T is a widely
used self-report instrument that differentiates between the temporary condition
of state anxiety and the lengstanding quality of crait anxiety. We used the 20-item
Hungarian version of the STAI-T to assess general levels of anxiety (Sipo-
Spielberger, 1994),

The 9-item BDI-H is a one-dimensional scale assessing different symproms
of depression including social withdrawal, indecision, sleep disturbance, fangue,
intense worry about bodily symptoms, loss of work performance, pessimism. lack
of satisfaction and self aceusation (Rizsa ci al. 2001),

2.3. Pelysomnography

On both nights, subjects were fitted with 19 EEG electrodes {Fp1, Fp2. F3, F4,
Fz, F7, F8, (3, C4, Cz, P3, P4, Pz, T3, T4, T5, TG, O1, 02) according to the 10-20 elec-
trode placement system (Jasper. 1955 ) as well as with two EOG electrodes (bipolar
channel) monitoring vertical and horizontal eye-movements; EMG electrodes (bipo-
lar channels) for the chin and for the anterior tibialis muscles, two ECC electrodes
according to standard lead I; in addition to the thoracic and abdominal respiration
sensors. Gold-coated AgfAgCl EEG cup electrodes were fixed with EC2 Grass Elec-
trode Cream (Grass Technologies, USA) and referred to the mathematically-linked
mastoids. Impedances were kept below 8 kQ. Signals were collected, prefiltered
(0.33-1500Hz, 40 dBfdecade anti-aliasing hardware input filter), amplified and dig
itized with 4096 Hz/channel sampling rate (synchronous) with 12 bit resolution by
using the 32 channel EEG/palysystem { Brain-Quick BQ 1325, Micromed, italy}. A fur-
ther 40 dB{decade anti-aliasing digital filter was applied by digital signal processing
which low-pass filtered the data ar 450 Hz. Finally, the digitized and fltered EEC
was undersampled at 1024 Hz,

2.4. Spectral analyses

Sleep stages and conventional parameters of sleep macrostructure were scored
according to Rechtschaffen and Kales standardized eriteria (Rechischallen & Kales,
14954 by two experienced sleep researchers who were blind 1o the group mem-
bership of the participants. Overlapping (50%), artifact-free four-second-epochs of
all EEG derivations were Hanning-tapered and Fourier transformed by using the
FFT (Fast Fourier Transformation) algorithm in order to calculate the average power
spectral densities {1¢V2/0.25 Hz) for whole night NREM (stages 2-4}and REM sleep
periods. Since the absolute power values may be biased due to differences in the
thickness - and thus the conductivity - of the skull, leading to disproportienate
discrepancies between males and females (Caisier, Land, Buysse. Iupter, & Mank,
AL we applied the relative spectral power values. Relatjve spectral power val-
ues were obtained for each frequency bin (width: 0.25 Hz) by dividing the absolute
power of the given frequency bin with the total spectral power(the sum of the abso-
lute power of the whole range of analysis berween 0.75 Hz and 48.25 Hz). The relative
power values reflect the relative contribution of a given frequency range to the
total spectrum. Relative spectral power values were log-transformed by using a 10
base logarithm in order to normalize their distribution before performing statistical
analyses.

2.5. Statistical analyses
Statistical analyses were carried out with the Statistical Package for the Social

Sciences version 19.0 (SPSS, 1BM) and MATLAB (version 7.10.0.499, R2010a, The
MathWorks, Inc., Natick, MA). Group differences of mean scores regarding the
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Table 1
Diescriptive statistics and group comparisons of the psychometric variables.
NM CIL t-Test Mann-Whitney rest
Mean 5D Mean s5D t u z p
STAI-T 50.42 8.15 33.28 8.54 -6.475 <0.001
BDI-H 15.15 3.87 10.76 1.55 69.5 -3.545 <Q.001
GSQS 4,16 361 29 2.23 162.5 -1.016 0.32

" df=38.

" The p values correspond to the test that was carried out {independent sample t-test or Mann-Whitney test).

psychometric tests were compared with independent samples {-tests. If the psycho-
metric parameters were not normally distributed, non-parametric (Mann-Whitney)
tests were applied, Group comparisons of sleep architecture variables and relative
spectral power values in each electrode and frequency bin were performed using
multiple univariate analysis of covariance {ANCOVA). Relative spectral power values
served as dependent variables, group membership was a fixed factor, and in order
to control for the confounding effects of waking symptoms of anxiety and depres-
sive stares, STAI-T and BDI-H scores were used as covariates in the model. The sleep
architecture variables that were not normally distributed were transformed to a
natural logarithmic scale for statistical analysis. The level of significance was set at
P <0.05. Multiple comparisons inflate Type 1 error; however, statistical cotrections
i{such as the Benferroni or the Sidik correction) are too conservative for EEG data
because they assume that the individuat tests are independent from each other,
which is not the case for EEG relative spectrat power values. In order to address the
1ssue of multiple comparisons we used the procedure of descriprive data analysis,
delineating so called Riiger's areas (Abt 1947: Dufiy ¢t al., 1941). The procedure
15 designed to handle data with strongly intercorrelated neighboring data points,
Rilger's areasare defined as sets of conventionally significant {p < 0.05) results which
are accepted or rejected as significant as a whole, instead of individual results of sta-
tistical tests. We took the results of our statistical tests as 3 two-dimensional matrix
[with electrodes being one dimension, and frequency bins the other) and defined
Riiger's areas along the dimension of frequency bins. A Rilger's area started when
there was a significant result on any electrode in that frequency bin, continued into
higher frequencies, and ended wherever there were no significant results on any
elecrrode,

After defining these areas of significance, the number of significant results within
the area was calculated, and it was investigated whether at least halfafthese results
were significant at least at 142 of the conventional p=0.05 significance level (that
is, whether they were below 0.025) and at least one-third of them were significant
at least at 1/3 of the conventional p =0.05 significance [evel (that is, whether they
were below 0.0167). if both of these conditions were fulfilled, the area as a whoie
was considered significant. With this method, a single significant statistical test
with p<0.0167 theoretically counts as a significant Riger's area. However, we did
not consider single-bin results as an area, This conservative method addresses the
issue of multiple comparisons since the probability that all these requirements will
be fuifilled by chance is low,

3. Results
3.1. Psychometric tests and sleep macrostructure
The sleep macrostructure of an overlapping sample has already

been reported in details elsewhere (Simor et al., 2012). However,
as the sample of the present study was slightly different due to the

exclusion of recordings that were too noisy for spectral analysis
and due to the broadening of the sample, we briefly describe the
results, To analyze the group differences in terms of psychomet-
ric variables independent sample ¢-tests and Mann-Whitney tests
(if the assumption of normality was viclated) were conducted. To
investigate the group main effect on sleep architecture, analysis
of covariance was performed with STAL-T and BDI-H as covari-
ates. Table 1 summarizes the descriptive statistics and the group
comparisons of the psychometric variables, where NMs scored sig-
nificantly higher both on the anxiety (STAI-T) and the depression
{BDI-H) scales.In Talle 2, the group differences regarding the sleep
architecture can be observed. Even though ne difference was found
in subjective sleep quality of the two groups (GSQS), the objec-
tive sleep variables indicated impaired sleep architecture in NMs
who had lower sleep efficiency and longer wake after sleep onset
(WASO). Further, NMs were characterized by longer percentage of
51 sleep and lower proportion of SWS relative to the total sleep
time.

3.2. Relative spectral power of NREM and REM sleep EEG

To analyze group differences in the EEG relative spectrum, anal-
ysis of covariance was carried out with relative power spectral
density at the frequency bins as dependent variables and STAI-T
and BDI-H as covariates. The differences between the relative spec-
tra of NMs and CTLs can be observed in Fig. 1, where the data
of the central midline {Cz) derivation are shown. l'iz. 2A shows
the proportion of the adjusted means of the twao groups by elec-
trode and by frequency band. Fiz. 2B shows the p-values [only
p<0.15 are displayed) corresponding to the group main effects of
the ANCOVA model. Significant Riiger's areas surviving the statjs-
tical correction by descriptive data analysis are indicated in the
figure.

Clear differences can be observed both in NREM and REM
sleep. Regarding NREM sleep, NMs showed significantly lower
1-1.25 Hz activity in various recording sites (F8, C3, Cz, T4, P3, Pz,
01, 02), whereas they had a higher 4-4.75Hz activity on the Cz
and the Pz electrodes compared to CTLs. Furthermore, increased

Table 2
Descriprive statistics and group comparisons of the sleep architecture variables.
NM CTL ANCOVA
Mean SD" Mean spt f P
Sleep efficiency (%) 9031 8.26 94.84 4.88 7.164 o.0n
Sleep latency (min)? 24.79 2433 1273 9.35 2.586 0.117
WASO {min)’ 30.75 27.81 17.86 25.81 10,704 0.002
Stage 1% 391 2.88 265 1.65 4.198 0.048
Stage 2% 219 4,67 54.27 6.02 0,492 0.438
SWSs% 15.85 4,55 18,34 4.67 5.355 0.027
REM % 28.34 44 2501 463 0.437 0.513
REM latency (min) 79.54 36.07 84.83 40.95 0.571 0.455

? These variables were transformed to a natural logarithmic scale for the statistical comparisons.

b Raw mean values and standard deviations are displayed,
© STAI-T and BDI-H controlled; df=3,37.
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CTLs

Group difference (NMs - CTLs)

Fig. 3. Topographic distribution of REM high alpha activity. The topographic distribution of the REM sleep EEG 10-14.5 Hz activity in NMs and CTLs, as well as the difference

between the two groups. Means of the raw relative power spectrum are displayed.

fronto-central (Fz, F4, C3, Cz, C4) 7.75-9Hz activity was found in
NMs. After the correction for multiple comparisons the differences
in 1-1.25Hz, 4-4.75 Hz frequency range were no more significant.
Differences regarding the 7.75-9 Hz (low alpha range) showed
a trend {one-quarter instead of one-half of the bins (20) were
significant at the p<0,025 level) (see Fig. 2B on the left).

Regarding REM sleep, NMs were characterized by a significantly
higher 10-14.5 Hz EEG activity almost all over the scalp (F3, Fz, F4,
F8,C3,Cz,C4,T4,T5,P3,Pz, P4, T6, 01, 02)in comparison with CTLs,
inaddition to a fronto-central {F4, Cz)increase in the 3-4 Hz activity
range. Differences in both frequency ranges remained significant
after correction for multiple comparisons.

To investigate further the topographic distribution of the
10-14.5 Hz activity in REM sleep that traditionally belongs to the
high alpha range (Cantero, Atienza, & Salas, 2002), in Figz. 5 we
plotted the relative power spectral density of this range for NMs
and CTLs, as well as the difference between the two groups. The
10-14.5 Hz high alpha activity was prominent at the posteriorsites,
peaking at the occipital {01, 02) derivations. According to Fig. 3, it
is clear that the most significant differences between the groups
emerged at the left temporo-occipital area,

To sum up, a slight increase in fronto-central high delta as
well as a prominent and expanded high alpha increase were
found in the REM sleep of NMs along with a tendency of more

concentrated NREM alterations regarding the low alpha frequency
components.

3.3. Relationship berween NREM low and REM high alpha EEG in
NMs and CTLs

In order to examine if the tendency-like increase in EEG low
alpha activity in the NREM phase of sleep and the significant
increase in high alpha EEG activity in REM sleep that were observed
in NMs were related to each other, we performed a post hoc
correlation analysis within the two groups separately. Relative
spectral power values were averaged over the derivations and Pear-
son product-moment correlations were computed between NREM
7.75-9Hz and REM 10-14.5Hz activity. In the NMs group, a sig-
nificant and strong correlation {r{19)=0.78; p=0.0001) emerged,
whereas in CTLs no significant correlation was found (H{21)1=0.22;
p=0.36) between the low alpha frequency range of NREM and the
high alpha frequency range of REM sleep.

in order to examine the relationship between NREM low/REM
high alpha power with subjective sleep quality we performed
Pearson product-moment correlations between these spectral
measures and subjective sleep quality indexed by the GSQS scores.
The spectral measures did not show significant correlations with
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Table 3

Group and Gender effects on averaged relative spectral power values for different frequency domains,
Frequency domain (relative spectral power) ANCOVA»

Group F(p) Gender F(p) Croup x Gender F{p)

NREM sleep
Delta 2.69 (ns) 4.55 (0.04) 1.60 (ns)
Theta 2.15(ns) 8.58 (0.006) 0.01 (ns)
Alpha 3.45(0.07) 8.5G (0.006) 732 (0.01)
Sigma 0.84 (ns) 0.74 {ns) .31 (ns)
Bera 1.69 (ns) .19 (ns) 0.30 {ns)
Camma 0.001 {ns) 1.07 (ns) 0.22 {ns)
REM sleep
Delta 3.01 {ns) 2.87 (ns) .16 (ns)
Theta 0.59 (ns) 1.82 (ns) 167 (ns)
Low alpha .14 (ns) 0.95 (ns) 0.02 (ns)
High alpha 9.45 (0.004) 5.74(0.02) 1.06 (ns)
Beta 0.03 (ns) 0.46 {ns) 0.85 (ns)
Gamma 0.63 (ns) 1.92 (ns) 1.22 (ns}

aControlled for STAI-T and BDI-H; df'=5,34: ns - not significant; Bonferroni corrected level of significance: p<0.0042.

the subjective sleep quality neither across nor within the two
groups.

3.4. Temporal dynamics in NREM and REM relative spectral
power

In order to examine the temporal dynamics of altered NREM
and REM sleep in NMs, we calculated the relative spectral power
for the first three NREM/REM cycles separately. After the control
for multiple comparisens significant differences emerged in the
first and the second NREM period. NMs showed reduced power
in the 1-1.25Hz frequency range in several recording sites (F7,
€3, Cz, T5, P3, 01, 02) in the first, and increased power in the
low alpha band, between 7.25Hz and 9.25Hz in the second NREM
period in fronto-central derivations (Fp1, Fp2, F7, F3, Fz, F4, C3,
Cz, C4). Regarding REM sleep significant group differences were
found only in the high alpha range in all the REM periods. Never-
theless, the significant frequency ranges showed slight variations
among the first three REM cycles (8.75-13.75Hz. 9-16Hz and
10-14.25Hz in the first, second and third REM period, respec
tively).

3.5. Gender differences

We examined the influence of gender as well as the
Group x Gender interactions on relative spectral power data. In
order to reduce the number of parameters, we averaged rela-
tive spectral power values over scalp derivations and summed
up frequency bins to generate six frequency band windows for
NREM and REM sleep separately. Frequency domains included
delta(0.75-4 Hz), theta(4.25-7.5 Hz), alpha(7.75-10.75 Hz), sigma
(11~-15Hz), beta (15.25-31Hz) and gamma (31.25-48.25 Hz) for
NREM, and delta (0.75-4Hz), theta (4.25-7.5Hz), low alpha
(7.75-9.75Hz), high alpha (10-15Hz), beta {15.25-31Hz) and
gamma (31.25-48.25 Hz) relative spectral power values for REM
sleep. Multiple univariate ANCOVAs were performed with the
above frequency bands for NREM and REM sleep as dependent,
Group and Gender as independent and STAI-T and BDI-H scores
as covariate variables in the modeis. To address the issue of
multiple comparisons, we corrected the w-level with the num-
ber of frequency bands (Bonferroni correction). This way, after
the correction for multiple comparisons the error rate was set to
p=0.05/#measures, or 0,05/12 =0.0042.

Detailed results are presented in Tahle 3. Regarding NREM
sleep the effect of Gender was significant for the theta and alpha
and deita frequency bands. Females exhibited higher values in the

theta (Estimated Marginal Mean (EMM )emates: 0.47; SE: 0.02 vs.
EMMmates: 0.39: SE: 0.02) and alpha (EMMgeqaies: 0.15: SE: 0.01
vs. EMMpaes: 0.11; SE: 0.01) and slightly lower values in delta
{EMMfepmales: 5.45; SE: 0.04 vs. EMMpaies: 5.6; SE: 0.05) power in
comparison with male subjects, In coherence with the bin-wise
analysis, the effect of Group showed a trend in the alpha range,
and 2 significant effect emerged for the interaction of Group and
Gender, the latter due to increased alpha power in female NMs
(Raw Mean: 0.18; SD: 0.08) in contrast to male NMs (Raw Mean:
0.08; SD: 0.03). Nevertheless, none of these differences survived
the Bonferroni correction for multiple comparisons.

in REM sleep the effect of Group (EMMppms: 9.45; SE: 0.03 vs.
EMMcr1s: 0.29; SE: 0.03) and Gender {EMMiemaes: 0.42; SE: 0.02
vs. EMMpaes: 0.33; SD: 0.03) were significant for the high alpha
frequency band, but only the effect of Group survived the correction
for multiple comparisons. The interaction of Group and Gender was
not significant for any of the examined frequency domains.

4. Discussion

To the best of our knowledge, the present study is the first
to describe alterations in EEG spectral power in nightmare dis-
order. The most prominent finding is that subjects with frequent
nightmares exhibited increased relative spectral power in the tugh
alpharange (10-14.5 Hz) compared to healthy controls during REM
sleep. In addition, increased REM high delta (3-4 Hz) activity and
a tendency of increased NREM low alpha (7.75-9 Hz} activity were
observed in NMs in contrast to CTLs, Separate analyses of the first
three NREM/REM cycles revealed time dependent effects for the
low alpha power in NREM sleep, showing significantly increased
power in NMs only in the second NREM period. In contrast, high
alpha power was increased in all the first three REM periods in
NMs. Since these differences were statistically independent of the
confounding effects of waking emotional distress indicative of
subclinical psychopathological states, altered sleep microstructure
seems to be an inherent feature of the neurophysiology of night-
mare disorder.

We suggest that increased high alpha power in the REM periods
of NMs is a wake-like feature during REM sleep which might
contribute to the pathophysiology of nightrnare disorder. Alpha
oscillations during REM sleep might reflect relatively short periods
of sleep instability (micro-arousals) that facilitate the connec-
tion between the sleeping brain and the external environment
(Cantero. Arienza, & Salas. 2000; Halisz, 1998: Halasz, Terzano,
Parrino, & Bodizs, 2004). Alpha oscillations were shown to be
modulated differently in the different states of alertness (Cantero
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et al.. 2002): while higher alpha compenents are dominant during
wakefulness, REM sleep is characterized by the preponderance of
slower(7.5-10.5 Hz) alpha oscillations in healthy subjects (Cantero,
Atienza, Gomez, & Salas, 1999), Moreover, there are clear dif-
ferences in the topographical distribution of the aipha activity
between wakefulness and REM sleep. Posterior dominance of alpha
power is characteristic of relaxed wakefulness, whereas in REM the
distribution seems to be more homogeneous (Cantero et al., 1999,
2002). Therefore, the increased high alpha activity peaking at pos-
terior locations in the REM periods of NMs may reflect a “hybrid
state” with the occurrence of wake-type alpha oscillations during
REM sleep,

In addition to the increased high alpha activity in REM sleep,
the alpha activity in NREM sleep was also higher in NMs, but
at lower frequencies (7.75-9 Hz), which may indicate increased
alertness during NREM. A growing body of research suggests
that alpha activity reflects an *“internal” preparatory state that
facilitates alertness and readiness for sensorimotor and cognitive
processing (Linkenkaer-Hansen, Nikulin, Palva, lmoniemi, & Palva,
2004; Palva, Linkenkaer-Hansen, Naatinen, & Palva, 2005: Palva
& Palva, 2007; Sadaghiani et al.. 2010: Schiirmann & Bagar, 2001),
A recent study by McKinney and colleagues {McKinney, Dang-Vu,
Buxton. Solet, & Ellenbogen, 2011) extended this concept to the
sleeping state by showing that the continuous variation of alpha
Power is a sensitive marker of sleep fragility and environmental
awareness during NREM sleep. In light of these findings, we sug-
gest that the slightly enhanced alpha power in NMs sleep reflects
disturbed sleep regulation and increased alertness toward envi-
ronmental stimuli during NREM sleep, especially in the frst part
(second sleep cycle) of the night. Furthermore, we showed that
the increase in different alpha compenents during NREM and REM
sleep were related, but only within the NMs group, suggesting
that enhanced alpha power is a peculiar characteristic of the sleep
pathophysiology of nightmare disorder; however, its frequency
range seems to be modulated in a sleep state-dependent man-
ner.

In addition to group differences, gender also had an effect on
spectral power measures, In coherence with previous findings on
gender differences {Carrier et al.,, 2001), females exhibited higher
values in NREM theta and alpha power, Nevertheless, a trend of
Group and Gender interaction emerged for increased NREM alpha
power. Fermnales were shown to report more nightmares and bad
dreams in both the general and clinical population, which might
be related to trait-like differences in emotional reactivity (Levin &
Nielsen, 2007). Although in our principal analyses we treated male
and female NMs as a whole group, our findings revealed gender
differences especially in NREM sleep spectral power. This suggests
that proneness to nightmarish experiences may stem from different
pathophysiclogical background in men and women.

Wake-like features in neural oscillations might have impor-
tant consequences on mental experiences during sieep. Enhanced
processing of the environment, including external (e.g. noisej as
well as internal (e.g. proprioceptive) information may lead to
inspmniac complaints - like in sleep-state misperception (Riemann
et al, 2010), but perhaps also to the intensification of dream
experiences. We propose that the appearance of wake-type alpha
oscillations during sleep - especially during the activated cortical
state of REM sleep ~ might promote the intensification of sensorial,
emotional and cognitive processes shaping the oneiric experience
and result in perceptually vivid, realistic and emotionally abserbing
dream images. Moreover, transient states of wake-like functioning
may strengthen the memory traces for these dream experiences.
It is worth noting that high, but not low alpha EEG oscillations
involving the thalamo-cortical feed-back loops were hypothesized
to reflect search and retrieval in semantic long-term memory dur-
ing wakefulness (Klimesch, 1999), Thus, the significantly increased

REM sleep high alpha EEG activity in NMs could reflect a perma-
nentREM sleep-related intensification of cognitive activity possibly
resulting in frequent nightmare experiences. These assumptions
are in line with earlier studies showing the association between
alpha activity in REM sleep and vivid dream experiences {Robert,
Harry, Tyson, Melodie, & Daniel, 1982; Tyson, Ogilvie, & Hune,
1984). Furthermore, nightmares seem to belong to a wide domain
of unusual dream experiences like sleep paralysis, vivid dreaming,
lucid dreaming or terrifying hypnagogic hallucinations, which usu-
ally occur during sleep-wake transitions {Nieksen & Zadra, 2011 ).
Nevertheless, the question how the valence of these vivid dream
experiences in NMs shifts toward the negative domain remains
unanswered.

Our findings showing increased low NREM alphafhigh REM
alpha power in NMs might indicate that altered relative spectral
power in NMs resembles sleep patterns found in insomnia: how-
ever, in case of insomniac subjects, conclusive findings emerged
only during NREM sleep, showing decreased delta, and increased
alpha, beta and sigma power (Krystal et al., 2002 Spiegelhalder
et al, 201 2), while there has been no convincing evidence on REM
sleep alterations (Riemann et al.. 2010). Moreover, in our sample
neither NREM low alpha power, nor REM high alpha power cor-
related with subjective sleep quality scores, These results make
unlikely that increased low NREM and high REM alpha power in
NMs are related to concomitant symptoms of insomnia. Never-
theless, since nightmares and insomniac symptoms were reported
to be associated in several studies (Li er al., 2011, 2010; Schredl,
2009a.b) proneness to insomniac complaints or subclinical insom-
niac symptoms might also play a role in shaping NMs' sleep.

The neural mechanism of increased alpha power during sleep
is far from being fully understood; however, research suggests
that alpha activity is related to an alertness network comprising
the dorsal anterior cingulate cortex, anteriar insula, and thalamus
relaying sensory stimuli to cortical processing (Sadaghiani et al.,
2010). Furthermore, these fluctuations between sleep and wakeful
states might be modulated by ascending monoaminergic pathways
that increase the responsiveness of cortical and thalamic neurons
to sensory information (Steriade, McCormick, & Sejnowski, 1993).
The effect of different monoaminergic neurotransmitters on sleep
EEG and dream intensity awaits further investigations: however,
clinical research showed that an a-1 adrenergic antagonist agent
{prazosin) reduced nightmares in patients with post-traumatic
stress disorder (Dierls, Jordan, & Sheehan, 2007 Peskind, Bonme
Holt, & Raskind, 2003; Raskind et al., 2007, 2003: Tayhur & Raskingd
2002), while selective serctonin and norepinephrine reuptake
inhibitors seem to increase the vividness and nightmarish quality
of dreaming (Tribl, Wetter, & Schredl, 2012),

NMs also exhibited increased power in 3-4 Hz high delta activ-
ity during REM sleep. Increased power in the high delta range
during REM sleep is not easy to interpret; however, it is possi-
ble that it is related to an increased homeostatic sleep pressure
(Marzano, Ferrara, Curcio, & Gennaro, 201 0}, the demand of the cor-
tex to exhibit the thalamo-cortically generated “bursting mode" of
hyperpolarization and rebound sequences (Steriade & Llinas, 1988)
that could not be completely expressed due to inefficient sleep
regulation and reduced slow wave sleep {Simor et al.. 2012). An
alternative view of the increased REM sleep 3-4 Hz activity in NMs
might be related to the findings of Cermain and Nielsen (20011,
who reported a strong relationship between sleep onset hypna-
gogic imagery and EEG delta power, Given the similarities between
sleep onset and REM sleep (Bédizs, Sverteczki, et 4l., 2008), as well
as our major finding showing the intrusion of alpha-wave associ-
ated wakefulness-like processes into the course of REM sleep this
hypothesis seems to be viable, We should note however, that incre-
ments in delta power were only evident at two recording sites (F4,
Cz), therefore this finding should be treated carefully.
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In contrast to our previous results showing impaired sleep reg-
ulation by decreased slow wave sleep (Simor et al, 2012} and
reduced number of delta bursts {(CAP A1) during arousal events
(Simor et al, 2013), relative spectral power analysis did not reveal
significant decrease in slow oscillatory activity surviving the cor-
rection for muliiple comparisens. However, the quantitative EEG
analysis is based on artifact free epochs (since movement rejated
artifacts are excluded from the analyses), while sleep staging and
CAP analysis include these periods as well. Therefore it js possible
that decreased slow oscillatory activity in NMs is principally appar-
ent during transient events of arousal and is less evident during
the “restored” background activity that spectral power measures
analyze, Furthermore, due to the moderate presence of sweating
artifacts in some of our subjects our analysis was restricted to the
frequency range above 0.75Hz, thus our study does not provide
informationabout the slow oscillatory activity under this frequency
bin which might be altered in NMs, Nevertheless, decreases in
NREM slow delta (1-1.25Hz) and increases in NREM low theta
(4-4.75Hz) - although were non-significant after the statistical
correction - might similarly reflect impaired sleep regulation in
NMs,

Regarding the limitations of our study we should note, that since
we did not wake up our subjects during the night in order to collect
dream reports, we cannot make direct inferences about the asso-
ciation between sleep EEG oscillations and nightmare formation.
Hence, the direct relationship between sleep-wake transitions and
mental experiences needs to be investigated further. Since night-
mares do not occur every night and reports of nightmares are scarce
inthe sleep laboratory environment, assessments with more nights
or ambulatory (home) recordings would provide a more efficient
way to examine the neurophysiological background of nightmar-
ish experiences, Examining a relatively homogeneous sample may
reduce the influence of different confounding factors, even though
we should be careful with generalizing our data to other age groups
and populations. Further studies with larger sample sizes involy-
ing older subjects might help to resolve these limitations. Although
we statistically controlled the effects of waking psychopatholo-
gical symptoms on sleep EEG patterns, more research is warranted
in order to examine the influence of more severe, co-morbid
psychopathological symptoms on spectral power measures. More-
over, the influence of anxious or other pathological mood states
should be investigated in further studies comparing nightmare and
non-nightmare subsamples with high and low waking emotional
distress,

In spite of these shortcomings, our study reports novel data
regarding the pathophysiology of nightmare disorder and pro-
vides testable hypotheses for further investigations examining the
relationship between neural oscillations and mental experiences
during sleep.
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