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Study Objectives: To replicate and expand upon past research by evaluating sleep and wake electroencephalographic spectral activity in samples of  frequent 
nightmare (NM) recallers and healthy controls.
Methods: Computation of  spectral activity for sleep (non-REM and REM) and wake electroencephalogram recordings from 18 frequent NM recallers and 15 
control participants.
Results: There was higher “slow-theta” (2–5 Hz) for NM recallers than for controls during wake, non-REM sleep and REM sleep. Differences were clearest for 
frontal and central derivations and for REM sleep cycles 2-4. There was also higher beta activity during NREM sleep for NM recallers. Findings partially replicate 
past research by demonstrating higher relative “slow-theta” (3-4Hz) for NM recallers than for controls.
Conclusions: Findings are consistent with a neurocognitive model of  nightmares that stipulates cross-state anomalies in emotion processing in NM-prone 
individuals.
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INTRODUCTION
Nightmares (NMs) are a common disturbance of REM sleep, 
with lifetime prevalences of clinically significant NMs (at least 
1/week) estimated to be from 1% to 8% of the population.1–3 
NMs are an important clinical concern, having been linked to 
poor sleep quality4 and shown to be comorbid with several sleep 
disorders, including insomnia.5 NMs are more prevalent in psy-
chiatric populations5 and have been linked to psychopathologies 
such as anxiety, depression, schizophrenia, borderline personal-
ity disorder, suicide, and posttraumatic stress disorder (PTSD) 
as well as numerous physical ailments.2,6–10 NMs are also an 
important risk factor for several of these illnesses, most nota-
bly suicide11 and PTSD.12 To illustrate, among Dutch service 
members, predeployment NMs—but not insomnia—predicted 
the appearance of PTSD symptoms 6 months postdeployment.12 
NMs have also been linked to greater severity of symptoms 
in different psychiatric populations.13,14 These associations 
between NMs and psychopathology are often independent from 
other sleep impairments (e.g.,8,12). Despite such findings, there 
is a paucity of research on the neurophysiological character-
istics of individuals who frequently recall nontraumatic NMs. 
Yet, such research may provide valuable information on the 
mechanisms of NM production and how such mechanisms con-
tribute to a variety of pathologies.

Quantitative electroencephalography (qEEG) has been used 
to document alterations in a variety of sleep disorders, includ-
ing narcolepsy,15 rapid eye movement (REM) sleep behavior 
disorder,16 insomnia,17 and somnambulism,18 but only a single 
study by Simor et al. has used qEEG to assess frequent NM 
recallers.19 This study found that NM recallers and matched 
controls differ in relative spectral power during REM sleep; 

NM recallers have: (1) elevated “high alpha” (10–14.5 Hz) 
and (2) elevated frontocentral “high delta” (3–4 Hz). The “high 
delta” difference is of particular interest because it corresponds 
to what others define as “slow-theta”, for example, 2.78–5.4220 
or 2.5–5.0 Hz.21 Slow-theta power, especially in the left tem-
poral region, is associated with the viewing of fearful stimuli22 
and with threat-induced anxiety.23 This contrasts with fast-theta 
power, which accompanies the viewing of social stimuli22 and 
spatial navigation tasks.23 Slow-theta power is thought to play a 
role in memory consolidation, a role supported by much animal 
work.24–26 Findings also suggest that there are functional simi-
larities between 1–4 Hz oscillations in humans and hippocam-
pal 4–10 Hz theta oscillations in rodents.27–30 Bódizs et al.30  
identified slow theta oscillations (1.5–3.0 Hz) in patients with 
epilepsy using both indwelling and surface EEG methods and 
found them to be highly characteristic of REM sleep. For REM 
sleep, in particular, power in the standard theta band has been 
linked to memory consolidation,31 but it remains unknown if 
this also holds true specifically for the slow-theta band.

Current models of PTSD—for which NMs are a hallmark 
symptom32,33—emphasize the role of REM sleep in fear mem-
ory consolidation and extinction (for review, see Pace-Schott 
et al.34). A new theory of NM pathogenesis stipulates that idio-
pathic NMs originate in early childhood adversity just as PTSD 
nightmares are triggered by traumatic experiences,35 while a 
neurocognitive model of NM production36 stipulates that both 
PTSD and idiopathic NMs result from dysfunction in a hip-
pocampal–amygdala–prefrontal neural circuit that controls 
fear memory formation and extinction. Thus, disturbances in 
theta power, an EEG oscillation associated with fear memory 
consolidation in the hippocampus, amygdala, and prefrontal 

Statement of Significance
This research offers new insights into nightmare pathology and REM-dependent emotion processing by comparing EEG spectra across REM, NREM, and 
wake states in frequent nightmare recallers and healthy controls. Results suggest that nightmare recallers have cross-state EEG alterations, a feature that 
also occurs in posttraumatic stress disorder, which is characterized by repetitive nightmares among other symptoms. The findings partially replicate and 
extend previous research and highlight the possible role of  the “slow theta” frequency band in nightmare pathology. Slow theta has been associated with 
fear memory processing in rodents during both wake and REM sleep. Future research could further clarify the altered role of  theta activity in the physiology 
of  idiopathic nightmares using other brain imaging methods.
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cortex,37,38 might be expected to characterize the EEG of fre-
quent NM recallers. This is the case for some cohorts of patients 
with PTSD. For example, Cowdin et al.39 found lower right pre-
frontal theta in REM sleep in participants with PTSD than in 
trauma-exposed participants without PTSD; further, they sug-
gest that this measure may serve as a biomarker of adaptive 
emotional memory processing after trauma. In light of the pro-
posed centrality of REM sleep-related fear memory processes 
in NM pathology, we attempted an independent replication and 
extension of the basic qEEG findings of Simor et al.19

There is also a dearth of research on waking-state brain activ-
ity among frequent NM recallers. Some theoretical models of 
NM production40 stipulate a cross-state continuity in the pathol-
ogy of NMs such that NM-centric disorders should show simi-
larly altered brain activity in both sleep and waking states. This 
seems to be the case in PTSD, for example, as waking state 
beta power is higher among patients with PTSD than among 
controls,41 and the REM beta–NREM beta power ratio is also 
higher among patients with PTSD than among controls.42 This 
continuity notion is also consistent with the finding that theta 
activity is a prominent feature of both wake and REM sleep.38 
We therefore assessed qEEG comparatively for samples of 
wake in addition to samples of REM and NREM sleep.

Objectives and Hypotheses
We used qEEG to characterize alterations in brain activity dur-
ing REM sleep, NREM sleep, and quiet wakefulness among 
NM recallers and age-matched controls to replicate and extend 
previous work. We predicted a replication of findings by Simor 
et al.19 of elevated REM sleep activity in 3.0–4.0 Hz and 10.0–
14.5 Hz bands among NM recallers as well as findings consist-
ent with the cross-state continuity notion, that is, theta power 
for frontal and central derivations will be elevated in all states 
for frequent NM recallers.

METHODS

Participants
Participants were recruited by word of mouth, advertisement in 
local university campuses, and through our laboratory’s website. 
They were aged 18–35 years and were fluent in English or French. 
Each underwent a telephone screening interview conducted by 
trained undergraduate and graduate students, assessing (1) fre-
quency and intensity of dream and NM recall (including a 1–9 
scale for NM distress); (2) presence of sleep disorders (e.g., sleep 
paralysis, night terrors, and narcolepsy); (3) usual sleep schedule 
and quality of sleep, including number of hours slept; (4) consump-
tion of alcohol, drugs, and caffeine; (5) recent (past 6 months) trau-
matic experiences, and (6) medical and psychiatric conditions.

NM participants were selected according to adapted 
International classification of sleep disorders—2nd edition cri-
teria for Nightmare Disorder;3 they reported recalling at least 
two NMs or bad dreams (dysphoric dreaming without awak-
ening) per week for a minimum of 6 months. Clinical sig-
nificance of the NMs and their impact on daily activity was 
obtained from questionnaires (see below) but was not used to 
include or exclude participants. Control participants reported 
fewer than one NM or bad dream per month and were matched 
for age. They were drawn from one of our previous studies in 

which they had undergone the same protocol as the participants 
with NMs.43 None of the participants reported any sleep disor-
der, medical or psychiatric condition (past or present), recent 
trauma, or medication use other than oral contraceptives.

Participants who answered “poor” or “very poor” to the 
sleep quality item of the telephone screening interview were 
not included in the study nor were those who reported sleeping 
fewer than 6 hours per night.

Participants reported no more than 10 consumptions of alco-
hol per week for women or 15 for men. Some reported using 
marijuana once per month or less but did not report taking other 
drugs. Their reported daily caffeine intake was equivalent to 3 
cups of coffee or less in all cases.

The study was approved by the Research Center’s ethics 
and scientific committees. All participants provided written 
informed consent after being given a complete description of 
the study protocol. Participants were compensated financially 
for the night spent in the laboratory, parking or public transit, 
and breakfast expenses.

The initial sample consisted of 18 controls and 18 participants 
with NMs. Three control participants scored >14 on the Beck’s 
Depression Inventory II (BDI-II) and were excluded from the 
sample. One additional participant in the NM group did not 
complete the BDI-II and State-Trait Anxiety Inventory (STAI-T) 
questionnaires but was nonetheless included for EEG analyses. 
One control participant and two participants with NMs had sleep 
that was too disturbed for polysomnograhy (PSG) interpretation 
and were excluded from sleep EEG analyses but included in 
wake EEG analyses. The final sample thus consisted of 15 CTL 
and 18 participants with NMs for wake EEG analyses and of 14 
CTL and 16 participants with NMs for sleep EEG analyses. The 
male–female ratio marginally differed between the groups (χ2 = 
3.49, p = .06). Participant characteristics are shown in Table 1.

MATERIALS
Participants Completed the Following Questionnaires:

State-Trait Anxiety Inventory
The STAI44,45 is a self-report questionnaire assessing state (20 
items) and trait (20 items) anxiety. For the state subscale, the 
participant responds according to his or her present state and 
for the trait subscale, according to how he or she usually feels. 
Response scales are from 1 (not at all) to 4 (a lot), resulting in 
scores between 20 and 80 for both state and trait estimates.

Beck Depression Inventory II
The BDI-II is a 21-item questionnaire with 0–3 response scales 
commonly used to assess depressive symptoms.46 It provides a 
total score between 0 and 63 and has four typical cutoff points: 
under 14 (not depressed), 14–19 (slightly depressed), 20–28 
(moderately depressed), and over 29 (severely depressed). 
Other cutoff values have been suggested: 0–12 (nondepressed), 
13–19 (dysphoric), and 20–63 (dysphoric depressed).47 A more 
conservative approach was chosen and participants who scored 
above 14 were excluded from the sample.

Nightmare Distress Questionnaire 
The Nightmare Distress Questionnaire (NDQ)48 is a 13-item 
questionnaire assessing waking distress associated with 



3SLEEP, Vol. XX, No. X, 2017 EEG of Frequent Nightmare Recallers—Marquis et al.

nightmares. The items have 0–4 response scales (from never 
to always); only items 1 to 11 were used here, yielding a maxi-
mum score of 0–44.

Pittsburgh Sleep Quality Index 
The Pittsburgh Sleep Quality Index (PSQI)49 is a 19-item ques-
tionnaire assessing sleep quality over the last month. Response 
scales are: not in the last month, less than once a week, once 
or twice a week, and more than 3 times a week. Individual 
responses are grouped in seven equally weighted components 
(0–3 for each component), yielding a total score between 0 

and 21. These components are subjective sleep quality, sleep 
latency, sleep duration, sleep efficacy, sleep disorders, med-
ication intake, and diurnal dysfunction. A global PSQI score 
>5 was proposed to best discriminate between good and poor 
sleepers, although more recent research suggests a >8 cutoff 
value depending on the study.50,51

Procedure
Before coming to the sleep laboratory, participants completed 
home sleep–dream logs using an interactive voicemail system 
(IVMS; described in43) for 1 week and for a second week after 

Table 1—Participant characteristics and sleep architecture.

Measure CTL group  NM group P t or χ2 df

M SD M SD

Age (years) 23.67 3.83 23.17 4.15 >.20

Sex (M:F)  7:8  3:15 .06a 3.49 3

Dreams (#/month)b 8.67 6.40 27.44 13.61 ≤.001 5.18 31

Bad dreams (#/month) 0.71 0.58 11.11 5.99 ≤.001 7.33 31

NM (#/month)b 0.09 0.19 5.32 6.40 ≤.001 6.69 31

STAI_T (raw score) 39.27 6.50 36.47 7.37 >.20

STAI_S (raw score) 30.20 5.21 32.71 9.07 >.20

BDI-II (raw score) 6.07 3.62 4.12 3.39 >.20

NDQ (raw score) 11.72 5.24

PSQI (raw score) 4.73 2.63 5.06 2.10 >.20

Dreams (#/week) c 3.14 1.83 2.90 1.51 >.20

Bad dreams (#/week) c 1.22 1.12 2.21 1.60 .051 2.03 31

NM (#/week) c 0.28 0.39 0.87 0.94 .031 2.26 31

Dysphoric dreams (#/week)c 1.50 1.16 2.92 1.69 .009 2.77 31

Total sleep time (min) 412.25 38.67 425.66 54.72 >.10

Sleep efficiency (%)b 92.68 5.10 91.15 8.65 >.10

WASO (min)b 32.93 24.49 41.31 39.68 >.10

Awakenings (#) 13.00 6.71 11.44 5.99 >.10

Sleep latency (min)b 11.64 6.99 14.97 13.24 >.10

Stage 1 (%) 8.45 3.75 7.22 3.11 >.10

Stage 2 (%) 45.55 7.19 43.19 5.53 >.10

Stage N3 (%) 26.47 9.20 28.91 4.56 >.10

REM sleep (%) 19.54 4.25 20.69 4.19 >.10

REM sleep efficiency (%) 89.15 9.41 89.82 6.07 >.10

REM sleep latency (min) 82.68 21.71 71.28 12.83 >.10

REM sleep periods (#) 4.36 1.01 4.56 0.63 >.10

BDI-II = Beck Depression Inventory II; REM = rapid eye movement; NM = nightmare; STAI = State-Trait Anxiety Inventory; PSQI = Pittsburgh Sleep Quality 
Index; NDQ = Nightmare Distress Questionnaire.
The p values are the result of  independent samples t-tests; except where indicated; values less than .06 are italicized.
aThe p value is the result of  a chi-square (χ2) test.
b Variables log-transformed (value+1) for statistical analysis.
c Prospective measures obtained from sleep-dream log.
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their laboratory stay. The IVMS permitted automated record-
ing of dream mentation and prompted participants to rate sleep 
(quality, #hours, napping, and #awakenings) and several fea-
tures of their dream content (recall clarity, emotion, lab incor-
porations) most on 1–9 Likert-type scales. A 2-week duration 
for the dream diary is common for studying NMs52–55 although 
it may underestimate participants’ true NM frequencies.

Participants underwent one whole night of undisturbed PSG 
(except for the final awakening) with no adaptation night. They 
arrived at the laboratory around 8:00 pm and filled out several 
additional questionnaires (not reported here), after which elec-
trodes were fitted by experienced PSG technicians. One hour 
before target bedtime (between 10 pm and midnight, depend-
ing on self-reported bedtimes in the sleep-dream log), par-
ticipants underwent a series of cognitive tasks including the 
Tower of Hanoi, Corsi Block Tapping, Rey-Osterrieth Complex 
Figure, and Mirror-Tracing (results not reported here). They 
then underwent a biocalibration procedure, during which wak-
ing-state EEG (2 min relaxed wakefulness with eyes closed) 
was recorded. Immediately before lights out, participants com-
pleted a modified version of the Differential Emotions Scale,56 
which assesses 12 basic emotions. After a minimum of 6.5 
hours of sleep and after 20 minutes of REM sleep, participants 
were awakened using a 500-Hz tone repeated up to 5 times as 
necessary. They were first asked to complete the sleep-dream 
log using the IVMS on a cordless phone. They then completed 
the Differential Emotions Scale for a second time. Another 
series of cognitive tasks was completed approximately half an 
hour after awakening (results not reported here).

PSG
A 6-electrode EEG montage (F3, F4, C3, C4, O1, and O2) 
referenced to A1, including A2 for re-referencing off-line to 
A1+A2, was fitted according to the 10–20 placement system.57 
Participants were also fitted with four EOG electrodes (verti-
cal and horizontal eye movements), three ECG electrodes, and 
4 bipolar EMG electrode pairs, including the chin (submenta-
lis). Gold-plated silver EEG cup electrodes were affixed with 
EC2 Grass Electrode Cream (Grass Technologies, Middleton, 
Wisconsin) and referred off-line to both ears. Impedances were 
kept below 5kΩ. For one control participant, A1 was used as a 
reference instead of A1+A2 because A2 was excessively noisy. 
Spectral power values for this participant were higher than 
those of the rest of the sample, but deleting this participant did 
not change the results in any way.

EEG signals were acquired using Model 12 or 15 Grass 
Neurodata Acquisition Systems and acquisition software 
Harmonie v6.2b.58 EEG signals were filtered (−6 dB filters) 
at 0.3 and 100 Hz and sampled at 256 Hz. Sleep stages were 
scored according to standard criteria59 by an experienced PSG 
technician blind to group membership. Standard sleep variables 
were calculated off-line using in-house software.

Spectral Analyses
Nonoverlapping, artifact-free 5-second epochs from all EEG 
derivations were Cosine-tapered and Fourier transformed using 
the Fast Fourier Transformation (FFT) algorithm to calculate 
average power spectral densities (µV2/0.20 Hz). For sleep 
EEG, spectral power densities were averaged separately for 

whole-night NREM (stages 1–3) and REM sleep. For wake 
EEG, artifact-free, 5-second epochs were selected manually 
from the biocalibration. For two participants in each group, 
biocalibration signals were unusable, and epochs were instead 
selected manually after the lights-out period. All selected 
epochs’ spectral densities were averaged to produce absolute 
spectral activity for each 0.2 Hz bin between 0.6 and 32 Hz.

Relative spectral activity for “high alpha” (10–14.6 Hz) 
and “high delta/slow-theta” (3–4 Hz) was obtained by divid-
ing activity in these frequency bands by total spectral power 
(0.6–32 Hz), in order to directly replicate the findings of Simor 
et al.19

Home Sleep-Dream Log Analyses
Dream recall was scored as successful when recall clarity was 
≥1 (0 indicated no dream recall). A bad dream was scored as 1 
when the negative emotion was ≥5; 0 otherwise. A nightmare 
was scored as 1 when negative emotion was ≥5 and the dream 
caused an awakening. The dysphoric dream measure summed 
the two previous categories. Results were computed to obtain 
weekly prospective frequencies for dreams, bad dreams, NMs, 
and dysphoric dreams (see Table 1).

Statistical Analyses

Demographics and PSG
Distributions of all measures were examined manually for nor-
mality and log-transformed as needed. Relevant demographic 
measures, screening interview responses, questionnaire scores, 
and PSG measures were compared between groups using inde-
pendent samples t tests.

Quantitative EEG
Spectral density scores were log-transformed (power+1) before 
statistical analysis. Groups were compared using independent 
samples t tests for each 0.2 Hz bin, each electrode (F3, F4, 
C3, C4, O1, O2), and each of three states (REM sleep, NREM 
sleep, and wake). Spectral density scores were obtained for the 
whole night as well as for the first four sleep cycles separately.

The same methods were used to assess group differences in 
relative (as opposed to absolute) EEG activity for REM 3.0–4.0 
Hz and 10–14.6 Hz bands in our attempted replication of Simor 
et al.19

RESULTS

Demographics and PSG
Means, standard deviations, and statistical tests for demograph-
ics, questionnaires, home sleep-dream logs, and PSG meas-
ures are reported in Table 1. Groups differed on retrospectively 
estimated recall of dreams, bad dreams, and NMs (all p< .001) 
and prospectively estimated recall of bad dreams, NMs, and 
dysphoric dreams (all p < .051) but not on psychopathology or 
sleep architecture measures (all p > .10).

Full-Spectrum Power
A marginally unbalanced sex ratio may have impacted our 
results; some past research has shown that women have higher 
EEG spectral power than men.60,61 To test whether our NM 
group had higher full-spectrum power because it contained 
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more women than the CTL group, we performed independ-
ent samples t tests between groups for all-night full-spectrum 
(0.6–32 Hz) activity in wake, REM sleep, and NREM sleep. 
Across all electrode sites, NM recallers at best had marginally 
more total activity in both REM and NREM sleep (all p < .10) 
but not in wake.

Waking Theta (Absolute Power)
As shown in Figure 1 (left column), group differences in a nar-
row slow-theta band were observed for C3, C4, F3, and F4, 
with NM recallers showing higher spectral power values in all 
cases. The difference was clearest for F3 especially between 3.8 
and 5.0 Hz (p < .05) and F4 between 4.0 and 5.0 Hz (p < .05). 
For C3, the same difference was seen between 2.6 and 4.6 Hz 
(p < .10) and, for C4, between 4.2 and 4.4 Hz and 4.8 and 5.0 
Hz (p < .05). For O1 and O2, the theta difference was not visible 
at all (not shown).

REM Sleep Theta (Absolute Power)
The narrow theta difference seen in wake was more apparent in 
REM sleep and more widespread. For F3, NM recallers showed 
higher spectral power between 3.0 and 4.4 Hz (p < .10). For F4, 
the difference was primarily between 3.0 and 4.4 Hz (p < .05). 
For C3, the difference was seen especially between 2.0 and 4.4 
Hz (p < .05). For C4, the difference was between 2.8 and 4.6 Hz 
(p < .05). For O1, the difference was apparent between 3.2 and 
3.6 Hz and 3.8 and 4 Hz (p < .10) and, for O2, between 2.4–2.6 
Hz, 2.8–3.0 Hz, 3.2–3.6 Hz, and 3.8–4.2 Hz (p < .10).

REM Sleep Theta and Alpha (Relative Power)
Relative REM 3.0–4.0 Hz activity was higher in NM recall-
ers for F3 (t

28
 = 2.20, p = .037), F4 (t

28
 = 2.59, p = .015), C3 

(t
28

 = 1.91, p = .067), and C4 (t
28

 = 2.07, p = .048) but not for 
O1 or O2.

For relative REM 10.0–14.6 Hz activity, a trend opposite 
to that for absolute activity was seen, that is, lower power for 
NM recallers in O1 (t

28
 = 1.822, p = .079; all other p > .10).

NREM Sleep Theta (Absolute Power)
The theta difference favoring NM recallers in REM sleep and 
to a lesser extent in wake appeared also to some degree in 
NREM. For F3, differences were especially apparent between 
1.2 and 3.0 Hz and 3.4 and 4.8 Hz (p < .05). For F4, differences 
occurred especially between 2.8 and 5.2 Hz (p < .05). For C3, 
differences appeared between 0.8 and 1.6 Hz and 4.2 and 7.4 
Hz (p < .05) and for C4, between 3.4 and 5.8 Hz (p < .05). For 
O1, differences were not seen while for O2, there were marginal 
differences between 0.8 and 2 Hz (p < .10).

Differences favoring NM recallers were also seen in and 
around the high beta band (26.0–32.0 Hz). Although not as 
consistent as for the theta difference, the high beta pattern was 
observed for C3 (22.6–32.0 Hz; p < .05), C4 (23.2–25.0 Hz and 
26.4–32.0 Hz; p < .05) and to a lesser extent (all p < .10) F3 
(23.6–24.2 Hz), F4 (20.6–24.8 Hz), and O1 (27.2–32.0).

Finally, there was a similar pattern of group differences (p 
< .05) in the high alpha band (12.0–15.0 Hz) in F4 (13.8–15.4 
Hz), C3 (14.2–16.4 Hz), C4 (14.2–15.8 Hz), O1 (12.6–13.2 Hz) 
and, at p < .10, O2 (12.6–13 Hz).

REM Sleep Cycle-by-Cycle Comparisons
The theta difference in REM sleep favoring NM recallers was 
present when the sleep cycles were examined separately. Very 
few differences were observed for the first sleep cycle, probably 
due to its short duration, but were very apparent for cycles 2, 
3, and 4, especially in frontal and central electrode derivations. 
REM sleep spectral plots for cycles 2–4 in derivations F4 and 
C4 are shown in Figure 2.

Cycle 2
For F4, differences occurred especially between 2.0–5.0 and 
5.4–8.0 Hz (p < .05). For C4, differences were apparent mainly 
between 2.0 and 7.0 Hz (p < .05).

Some differences were also found for higher frequencies. 
For F4, differences were apparent between 15.4 and 16.6 Hz 
(p < .05) and for C4, between 15.2–15.8, 16.0–16.8, 17.0–17.8, 
18.4–20, 21.6–22.6, and 23.2–25.2 Hz (p < .05).

Cycle 3
The theta difference favoring NM recallers was observed for 
F4 between 2.4–4.6, 5.6–6.0, and 8.8–9.2 Hz (p < .05) and for 
C4 between 2.0–4.0, 5.8–6.4, and 6.8–7.2 Hz (p < .05). There 
were also several differences in nonconsecutive bins ranging 
from 15.4 to 23.4 Hz (p < .10). Finally, there were differences 
between 29.6 and 32.0 Hz, especially between 31.2 and 32.0 
Hz (p < .05).

Cycle 4
The same theta difference was found for F4 between 2.4 and 6 
Hz (p < .05) and for several nonconsecutive bins between 7.6 
and 10.0 Hz (p < .10). For C4, differences were found between 
1.4–6.4 Hz (p < .05) and 6.4–8.2 Hz (p < .10).

DISCUSSION
Results largely support our hypotheses concerning theta power. 
There was higher absolute power for NM recallers in a spectral 
band corresponding to slow theta (2.0–5.0 Hz) which was, as 
expected from a cross-state continuity assumption, evident for 
all three sleep–wake states but was especially clear for REM 
sleep. In addition, the REM sleep results were observed in 
cycles 2–4, suggesting that the difference is relatively consist-
ent and possibly independent from ultradian influences. That 
the difference also appeared in NREM sleep was not expected 
but consistent with the possibility that theta anomalies are even 
more generalized for frequent NM recallers than the literature 
leads us to expect.38 However, in NREM sleep, there was also 
evidence of abnormally high activity in a broader theta band 
that includes fast theta (up to 7.4 Hz).

The expected localization of slow-theta activity to a lim-
bic-prefrontal circuit was supported by evidence that the power 
difference arose in C3, C4, F3, and F4—but not in O1 and 
O2—for REM and NREM sleep and in F3 and F4 for wake. 
Overall, the findings suggest that NM recallers produce more 
theta activity in a limbic-prefrontal circuit in all sleep–wake 
stages but especially in REM sleep.

There is considerable evidence that slow-theta rhythms are 
implicated in the acquisition, extinction, and retrieval of fear 
memories and that these oscillations are prominent in both 
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Figure 1—Group differences in all-night electroencephalogram (EEG) power for C3, C4 (upper panels) and F3, F4 (lower panels) for Wake 
(left column), rapid eye movement (REM) sleep (middle column), and non-REM (NREM) sleep (right column). Horizontal axis is spectral 
frequency for 0–32 Hz by 0.2 Hz bins. Vertical axis is log-transformed spectral activity for each bin. P values (p < .05 and p < .10) for inde-
pendent samples t-tests on each bin appear in red and gray, respectively. Elevated slow theta (2–5 Hz), especially in C3 during REM sleep, 
distinguishes the Nightmare group.
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Figure 2—Group differences in rapid eye movement (REM) sleep electroencephalogram (EEG) power for C4 (left column) and F4 (right 
column) for Cycle 2 (first row), Cycle 3 (middle row), and Cycle 4 (bottom row). Horizontal axis is spectral frequency for 0–32 Hz by 0.2 Hz 
bins. Vertical axis is log-transformed spectral activity for each bin. P values (p < .05 and p < .10) for independent samples t-tests on each bin 
appear in red and grey respectively. Elevated slow theta (2–5 Hz) distinguishes the Nightmare group through all REM cycles but is especially 
distinctive in REM cycle 4.
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wake and REM sleep in humans and rodents (reviewed in38). 
These oscillations arise from brain regions we previously 
hypothesized to contribute to NM formation, that is, hippocam-
pus, amygdala, medial prefrontal cortex (mPFC), and anterior 
cingulate cortex (ACC; Nielsen & Levin36) among others. Thus, 
one study using source location analyses during fear condition-
ing found ACC-localized theta power to be associated with the 
amplitude of responses to conditioned but not to unconditioned 
stimuli.62 Other studies have found increased coherence of theta 
oscillations between amygdala and hippocampus during fear 
memory retrieval63 and increased coupling of theta in amygdala, 
hippocampus, and mPFC during fear memory retrieval.64 While 
such findings were made in the waking state, similar theta 
coherence patterns are observed during REM sleep.65 Thus, our 
results could reflect some alterations in the treatment of fear 
memories during REM sleep as proposed by the neurocognitive 
model of nightmares.40 With our participants, such alterations 
might have been exacerbated by the extensive presleep neu-
rocognitive testing or by the emotional challenges of sleeping 
overnight in an unfamiliar laboratory. However, our results can-
not be taken to support the more precise fear memory treatment 
mechanisms proposed by the model. These mechanisms should 
be studied separately and with other research methods.

Our finding of elevated REM slow-theta power in NM recall-
ers is also coherent with a theoretical model of emotion pro-
cessing during sleep66 which stipulates that emotional memory 
loses its affective tone, in part, through its neural reactivation 
during REM sleep. Theta oscillations in a network comprised of 
(frontal) cortex, hippocampus, and amygdala are hypothesized 
by Walker and van der Helm to underlie this neural reactiva-
tion and downregulation. To illustrate, the same group37 found 
that the extent of consolidation of negative emotional memories 
following a 90-min nap was positively correlated with relative 
right (vs. left) frontal theta during REM sleep, the correlation 
being maximal (r = .88, p < .001) at 5.75 Hz. We speculate that 
NM recallers may have been stimulated to activate emotional 
memory networks—possibly in response to the pre-sleep neu-
rocognitive testing or the emotional challenge of sleeping in the 
laboratory—to a greater extent than were control participants.

This possible alteration of memory processing during REM 
sleep in participants with NM could be related to other REM-
dependent functions, such as associative memory processing.67 
NMs have often been conceptualized as a pathological phe-
nomenon, triggered by stress and adversity (i.e., as a diathe-
sis-stress phenomenon). However, some recent results fit less 
well into this kind of conceptualization, suggesting instead that 
NM recallers may also show more creativity, for example, by 
demonstrating enhanced associative processes for both posi-
tive and negative stimuli.68 Therefore, the proposed enhanced 
memory processing by patients with NM could have simultane-
ously adaptive and maladaptive features. While the associative 
function of REM sleep has been demonstrated,67–69 its EEG cor-
relates remain unclear. However, theta and/or high-frequency 
bands such as gamma might be involved.70

For NREM sleep, our results indicated increased power 
for NM recallers in a broad band of activity ranging mainly 
between 1–8 Hz and 20–32 Hz (beta). Group differences were 
most prominent for central derivations and only marginally 
present for frontal derivations. Heightened beta activity during 

NREM sleep has been regarded as indicating hyperarousal.17 
As such, our results converge with other accounts of autonomic 
arousal in NM recallers during NREM sleep.71 NM participants 
also displayed trends for enhanced activity in the high alpha 
band, which could indicate decreased sleep depth and lower 
threshold for awakening.72

Elevated 25–32 Hz NREM activity in NM recallers could, to 
some extent, reflect increased gamma band activity. Although 
gamma is typically considered to range between 30 and 100 Hz, 
some authors argue that its lower limit is 25 Hz.73 Like theta, 
gamma is implicated in memory consolidation.73–75 In rodents, 
hippocampal gamma is modulated by and phase locked to theta 
activity,76,77 and these mechanisms are involved in long-term 
potentiation.78 There is not enough evidence to propose a role 
for theta–gamma interactions in NM production at the moment, 
but gamma could be involved in the ability to recall dreams.79

One of our study’s long-term objectives is to evaluate how the 
altered EEG power in NM recallers contributes to the presence 
of NMs in other psychopathologies. Clinically significant NMs 
are prevalent in psychiatric populations with various psycho-
pathologies compared to the general population.80 Alterations 
in EEG have been found in such populations, including altera-
tions in the theta frequency band. Alterations in theta coherence 
have been found in depression81–83 and are related to positive 
symptoms in patients with psychosis.84 Furthermore, altera-
tions in theta power have been shown in panic disorder,85 and 
theta power is correlated with a measure of trait dissociation.86 
To summarize, theta alterations seem to be involved in vari-
ous psychopathologies for which NM prevalence is also high. 
Other EEG analyses (coherence, asymmetry patterns, etc.) in 
frequent NM recallers could offer further insight into brain 
mechanisms underlying NM production in a variety of psychi-
atric populations.

For the wake EEG, we found fewer differences between 
groups. NM recallers displayed higher power in several 0.2 Hz 
frequency bins, ranging from 3 to 5.5 Hz, on frontal and cen-
tral derivations. While our methods and the size of our sample 
warrant a cautious interpretation of these results, they are com-
patible with our hypothesis of altered wake theta power over a 
limbic-prefrontal circuit. Group differences in wake EEG are 
also consistent with our cross-state continuity assumption.40 
It is nevertheless possible that differences in spectral activity 
are more evident during REM sleep than during wakefulness; 
REM sleep has at times been described as a “challenge” state,87 
given its features of heightened autonomic arousal and high lev-
els of brain activity. In comparison, our wake EEG sample was 
obtained during relaxed wakefulness, surely a less challenging 
state. Additionally, there may have been some emotional arousal 
during REM sleep related to dream mentation, while relaxed 
wakefulness was likely an emotionally neutral state.

Our results partially replicate those of a previous study19 in 
revealing higher REM 3.0–4.0 Hz relative power in NM recall-
ers compared to controls. This result converges with other 
accounts of enhanced theta activity, which were described ear-
lier. However, results do not replicate Simor et al.’s19 finding of 
elevated relative REM “high alpha” in this population. If any-
thing, there was a tendency in the direction opposite to what 
was expected. However, we did find trends for enhanced abso-
lute “high alpha” in NREM sleep.
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The enhanced relative REM 10–14.5 Hz activity, obtained in 
a previous study19 but not in the present one, was interpreted as 
indicating intensified oneiric processes. Despite the appeal of 
this explanation, it could also be argued that less alpha activity 
is related to intensified oneiric processes. Indeed, two of the 
effects of REM sleep deprivation are decreased alpha during 
recovery nights88,89 and intensification of dream-like quality of 
mentation.90 Decrease in REM alpha power has also been related 
to successful dream recall,91,92 although this result was not rep-
licated in all studies93–95 and may also be region specific.92 The 
possible role of alpha activity in NM formation remains unclear 
and, as our results suggest, may not be the only mechanism con-
tributing to it.

LIMITATIONS
It could be argued that our results in EEG absolute activity 
are due to differences in gender ratio between groups and that 
relative power measures would be more valid. Indeed, some 
studies show higher power densities across a wide frequency 
range in women than in men,60,61 and these results have been 
attributed to differences in skull thickness. Some other work 
highlights the complexity of this phenomenon and challenges 
previous assumptions about gender differences in the EEG.96 
Nevertheless, we reanalyzed our main results with a balanced 
gender ratio (by only keeping three males in the control group 
and three males in the NM group). For the wake EEG, the results 
were basically the same but with fewer 0.2-Hz bins reaching 
either the p < .10 or p < .05 levels. In NREM sleep, the group 
effect was reduced to statistical trends for derivations F3, F4, 
and C4 but remained approximately intact for C3. Results for O1 
and O2 remained similar. Despite the loss of statistical power, 
higher theta power was still observable in NM recallers in REM 
sleep on derivations F4, C3, and, to a lesser extent, C4. A few 
differences were observable at p < .10 for F3 and no group dif-
ferences were observed for O1 and O2. The differences in high 
frequencies were still observable on C3 and C4. Thus, our key 
results remain intact after controlling for gender.

Our NM recallers may not be entirely representative of sam-
ples studied in previous research. For example, NM recallers 
scored no different than controls on the BDI-II. While we might 
also expect group differences in trait anxiety, there were none. 
These results are at odds with studies showing associations 
between NM frequency, NM distress, and psychopathology7,9,53 
and may, in part, be due to our sampling method. The fact that 
we included participants based on NM frequency rather than 
NM distress (or a combination of both) combined with the fact 
that there is a closer association between NM distress and psy-
chopathology than there is between NM frequency and psycho-
pathology9,53 could have resulted in a NM sample with rather low 
NM distress and hence reduced psychopathology. Simor et al.19  
seem to have used a more selective sampling procedure that 
resulted in their cohort leaning more toward the “high distress” 
type of idiopathic NM recaller.39 Nevertheless, the reduced 
psychopathology of our NM recaller sample also increases our 
confidence that the results are not simply due to differences in 
trait anxiety, depression, or sleep disturbances.

As pointed out by one reviewer, it is unclear whether our NM 
group suffers at a clinically significant level. However, our par-
ticipants were not clinical patients and did not seek treatment 

for their NMs. Our participants also had a higher retrospective 
dream recall frequency than did the control group, in addition to 
recalling more NMs. As we indicate in the Discussion section, it 
is possible that our NM recallers possess both adaptive and mal-
adaptive features that differentiate them from the control group. 
Such a possibility would be consistent with Hartmann’s work 
on personality boundaries, in which he describes individuals 
with thin boundaries as more sensitive, creative, and prone to 
recall both dreams and NMs; he did not regard thin boundaries 
as pathological per se.97 In a recent study from our lab, sleep 
spindle density was found to be associated with both dream 
recall and bad dream recall, but not with NM recall, suggesting 
that bad dreams may have some adaptive or memory function as 
indexed by spindles.98 Future conceptualizations of nightmares 
should account for research results which suggest that idio-
pathic bad dreams and nightmares are not simply pathological 
phenomena.99

It should be noted that this study did not include an adap-
tation night, while Simor et al.19 analyzed recordings from 
the second laboratory night. Some authors call for systematic 
two-night polysomnographic assessments.100 The absence of 
an adaptation night in the present study may have exaggerated 
group differences, since NM recallers have an enhanced first-
night effect101 and we cannot entirely discard its possible impact 
on our results. While in-depth discussion of sleep architecture 
results is beyond the scope of the present report, it is worth 
mentioning that our results are independent of changes in sleep 
macrostructure and self-reported sleep problems (PSQI scores), 
which was not the case in a previous study.19,102

The present study was designed to be descriptive and explor-
atory and suffers from low statistical power. The fact that we 
used 0.2 Hz frequency bands rather than a set of predefined fre-
quency bands led to a considerable number of statistical tests. 
But it also provides more precision about the location of group 
differences, circumventing limitations in the traditional EEG 
band definitions. It is important to add that not all of our results 
would have survived a conservative correction for multiple 
comparisons. Thus, interpretation of our results should be made 
with caution and a consideration for weaknesses in the study 
design. Nevertheless, our results offer meaningful insights into 
NM pathology and justify further attempts to replicate and 
expand them.

FUTURE STUDIES
This study used power spectral analysis to document sleep 
alterations in frequent NM recallers, but other EEG dynamics 
(coherence, asymmetry patterns, etc.) could also be useful in 
assessing NM pathology. In light of literature illustrating the 
importance of theta coherence between key brain regions in fear 
memory extinction, it would be informative to use high-density 
EEG recordings to more precisely localize the source of theta 
activity.

Future studies could also investigate the effects of REM 
sleep deprivation on frequent NM recallers. While NM recall-
ers appear to react differently from control participants to 
REM deprivation,103,104 no study has yet investigated depriva-
tion-induced changes in spectral activity. A study of the effects 
of REM deprivation in normal participants found diminished 
power in the alpha band on recovery nights.88,89 If alpha activity 
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(or other markers such as REM density88 or REM latency103) 
reliably index REM sleep pressure, it is possible that REM 
deprivation could affect NM and controls’ spectral activities 
differentially. Another possibility would be to investigate EEG 
activity in NM-prone individuals during phases of high-REM 
propensity using a morning nap paradigm.68

CONCLUSION
This study examined EEG spectral activity in frequent NM 
recallers and controls during wakefulness and sleep. We found 
higher “slow-theta” EEG activity in the NM group primarily for 
frontal and central electrodes. These alterations were observ-
able during wakefulness, NREM, and REM sleep but more 
distinctive for REM sleep. The findings are consistent both 
with a neurocognitive model of nightmares40 which stipulates 
that idiopathic NMs result from alterations in a hippocampal–
amygdala–prefrontal neural circuit controlling fear memory 
formation and extinction, and with animal studies of fear con-
ditioning during wakefulness and REM sleep.63,65,105 The results 
also support a model that emphasizes the role of REM sleep 
theta in emotion processing.64 Secondarily, we found that fre-
quent NM recallers display elevated NREM beta and possibly 
gamma power. Finally, the results partially replicate a previous 
investigation of EEG activity in NM recallers.19 Reasons for 
the nonreplication of some aspects of the prior study include 
methodological differences, especially differences in sampling 
methods and the severity of NM pathology of our participants.

Further investigation is needed to fully understand brain 
mechanisms underlying NM production and especially how 
such mechanisms are present in a variety of psychiatric popula-
tions. Future studies could use other EEG measures (coherence 
analyses), more sophisticated tools (high-density EEG with 
enables source localization), or experimental procedures (REM 
deprivation, nap paradigms) to uncover these mechanisms. 
Dream reports could also be used to link subjective experiences 
(clarity of dream recall, negative emotions, distress) to EEG 
activity, especially to theta power or coherence. This could pro-
vide much needed insight into the possible emotion-processing 
functions of REM sleep.
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