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Abstract 

Nightmares are intense and disturbing dreams that can significantly affect the well-being of 

those who suffer from them frequently. This systematic review examines the 

neurophysiological characteristics of disturbed sleep in individuals with frequent nightmares 

through studies using electroencephalography (EEG) and event-related potentials (ERPs). A 

total of 10 empirical studies were included that aligned with the inclusion criteria, and they 

analyzed cortical activity patterns in nightmare sufferers compared to healthy control groups. 

All studies utilized polysomnography (PSG) to strengthen sleep measurements. The results 

consistently showed increased cortical activity, particularly beta and low gamma EEG 

frequency across rapid eye movement (REM) sleep and non-rapid eye movement (NREM) 

sleep. The studies showed a significantly reduced slow-wave sleep through delta waves in 

nightmare sufferers, suggesting mental alertness even during deep sleep. While ERP data 

were limited, the findings show increased emotional reactivity and disrupted neural 

regulation during sleep in nightmare sufferers. Future research should study the ERPs of 

nightmares sufferers that might give more insight into emotional markers.  

Keywords: nightmares, EEG, ERP, sleep disturbance, nightmare disorder 
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Neurophysiological Characteristics of Disturbed Sleep in Frequent 

Nightmare Sufferers: A Systematic Review of EEG and ERP Studies 

Nightmares are a common experience and may occur occasionally in most people's 

lives, but 2-8% of people experience them frequently once or more per week (Nielsen, 2017). 

Additionally, 35-45% report at least experiencing a nightmare once per month (Sandman et 

al., 2014).  Frequent nightmares are associated with high levels of anxiety, sleep disturbance, 

and overall psychological distress. They have been found significantly associated with a variety 

of psychosocial and lifestyle related factors. The strongest correlates were symptoms of 

insomnia and depression, which is characterized as exhaustion, fatigue, and high negative 

attitude towards oneself (Antunes-Alves & De Koninck, 2012; Sandman et al., 2015). Frequent 

nightmares have been found to increase the risk of suicide including repeated suicide attempt 

in those with previous suicidal ideation (Sjöström et al., 2009).  A large-scale study by 

Sandman et al. (2017) found that people who frequently experience nightmares had a higher 

risk of suicide, even when trauma-related factors, like war exposure, were taken into account. 

Interestingly, this pattern didn’t hold among war veterans, suggesting that the link between 

nightmares and suicide might differ depending on the population. These findings point to the 

importance of including nightmare frequency in suicide risk assessments.  

Although frequent nightmares have been associated with increased psychological 

distress and even suicide risk, they remain less researched in the general population. In 

general, little is known of the underlying mechanisms of frequent nightmares since there is no 

universal definition of the phenomena, including that there are more models that explain 

trauma related nightmares while fewer explain nightmares in people without trauma (Nielsen, 

2017; Sandman et al., 2015). Nielsen (2017) proposed the Stress Acceleration Hypothesis 

(SAH) of nightmares. The hypothesis proposes that early disruptions in brain development can 

lead to long term changes in how fear is processed and how dreams can be generated. The 

disruptions specifically happen in the emotion regulating brain regions such as the amygdala. 

The amygdala is the brain’s fear center and is responsible for detecting threats and generating 

emotional responses. According to the hypothesis, early experiences of stress in childhood can 
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disrupt the medial prefrontal cortex that regulates fear responses. Hence, stress experienced 

early in life creates impaired control over fear and emotional responses to life experiences later 

in life which leads to nightmares. Additionally, the Hypothalamic-Pituitary-Adrenal (HPA) 

axis, which regulates stress through cortisol release, is hypothesized to be disrupted from early-

life stress, resulting in a chronic dysregulation of this system. The dysregulation can result in 

heightened alertness during sleep and a persistent activation of fear and emotions during 

dreaming that is a key feature of nightmares (Nielsen, 2017).  

Nightmares and Nightmare Disorder 

Nightmares have been defined in various ways in research. Nightmares are vivid, 

disturbing dreams that often evoke intense emotions such as fear, anxiety, or terror. They 

typically occur during rapid eye movement (REM) sleep and frequently result in abrupt 

awakening (American Academy of Sleep Medicine [AASM], 2014; Nielsen & Zadra, 2000). In 

contrast, according to Sandman (2019) bad dreams are part of the normal dreaming spectrum 

and are characterized by similar disturbing and emotionally intense contents. But they differ 

in one key aspect: they do not awaken the sleeper. They generally do not lead to clinically 

significant distress. Many researchers argue that the awakening criterion is essential to 

distinguish nightmares from bad dreams, emphasizing that the presence or absence of 

awakening serves as a critical behavioral marker (Sandman, 2019, p. 232).  

A common condition in which nightmares occur frequently is called Nightmare 

Disorder (ND). According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-

5), an individual with repeated, extremely dysphoric, and well remembered dreams suffers 

from ND. After awakening, the individual is alert and the sleep disturbance causes significant 

distress. Other mental or medical disorders are independent of the occurring nightmares. The 

common contents of nightmares in ND focuses on the avoidance of immediate danger, and 

dream images that seem realistic and they induce anxiety and fear. In DSM-5 the occurrence 

and severity of nightmares are identified as mild (less than one episode per week), moderate 
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(one or more episodes per week), and severe (episodes nightly) (American Psychiatric 

Association, [APA] 2013, p. 404).  

To further understand the relevance of nightmares, it is important to consider the 

various forms they can have, such as idiopathic nightmares and those related to posttraumatic 

stress disorder (PTSD). Nielsen (2017) proposed that post-traumatic nightmares (PTNs) are 

related to a specific traumatic event such as war, assault, or disaster and are common in people 

with PTSD. Around 42-52% of PTSD sufferers report replicative dreams, such as replaying 

traumatic experiences. Unlike PTSD-related nightmares, which are typically tied to a clearly 

identifiable traumatic event, idiopathic nightmares occur without any known triggering event. 

They are not linked to a single, specific trauma and often emerge in the absence of any obvious 

or consciously remembered cause, sometimes reflecting emotional stressors or unresolved 

early-life experiences. The cause of idiopathic nightmares have been linked to personality traits 

with a higher likelihood of experiencing nightmares. Possible traits are: alexithymia (difficulty 

in identifying and describing emotions) and schizoid traits (social withdrawal and unusual 

thought patterns) have been linked to idiopathic nightmares. Even the absence of trauma, 

certain lifestyle and environmental factors can trigger idiopathic nightmares. Such triggers are 

irregular sleep schedules, sleep deprivation, alcohol, medications, and elevated stress levels. 

Importantly, these may be triggers and not the root cause of nightmares (Nielsen, 2017).  

Pathophysiology of Nightmares  

Levin and Nielsen (2009) introduced a framework of distinguishing bad dreams from 

nightmares. The authors explain that nightmares are disturbing dreams that typically awaken 

the dreamer, while bad dreams are unpleasant dreams that do not lead to immediate 

awakening. The researchers argued that nightmares and bad dreams exist along a spectrum 

and can be better understood through shared underlying mechanisms rather than as entirely 

separate phenomena. The researchers then proposed the neurocognitive model to understand 

underlying processes of nightmares. The model demonstrates the link between emotional 

pressures that a person experiences in daily life (affect load), and the process of responding to 



7 
 

situations that can cause an increased emotional sensitivity and distress (affect distress). To 

explain how these emotional factors connect with brain function, the AMPHAC network was 

proposed. The brain areas included are the following: amygdala (responds to fear and stress), 

medial prefrontal cortex (helps calm down emotional responses like fear), hippocampus 

(stores memories especially emotional ones), and the anterior cingulate cortex (processes pain, 

sadness, emotional conflict). When these brain areas work together during REM sleep, the 

brain can process emotions effectively. This includes reducing the emotional intensity of 

difficult memories, a process sometimes referred to as fear extinction. However, when this 

system becomes overwhelmed or does not function properly, the emotional content may 

remain unprocessed or become more intense which leads to nightmares. According to the 

authors, normal dreaming is helpful for emotion processing since it allows the brain to deal 

with emotional memories. However, if a person has experienced high levels of stress (high 

affect load) or is naturally prone to emotional sensitivity (high affect distress), the emotional 

processing system may be dysregulated. Instead of reducing emotional tension, dreams can 

become more intense, threatening, and disturbing.  

When the AMPHAC network is experiencing high affect and distress load, it contributes 

to cortical hyperarousal. The brain remains in a high emotional state and alertness, which 

causes disrupted sleep. The initial high alertness during sleep prevents emotional recovery by 

the prefrontal cortex, which causes nightmares. In conclusion, the model proposes that 

individuals with heightened levels of affect load or distress, can have a disrupted emotional 

processing which causes the brain to remain in a state of high alertness even during sleep 

(hyperarousal) (Levin & Nielsen, 2009).  

While Levin and Nielsen’s neurocognitive model focuses on emotional regulation in 

REM sleep, other forms of sleep disturbances can occur during non-rapid eye movement 

(NREM) sleep. Recent research suggests that similar processes may be present in parasomnias 

arising from NREM sleep. According to Castelnovo et al. (2024) NREM parasomnias include 

sleepwalking, sleep terrors, and confusional arousals and are known as Disorders of Arousal 
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(DOA). They are characterized by wake-like brain activity during deep NREM sleep (stage N3) 

and involve complex behaviors, and autonomic activation such as increased heart rate and 

breathing rate. Castelnovo et al. (2024) indicate that a significant number of individuals report 

vivid, emotionally intense mental content during these episodes which challenges the 

traditional view that NREM dreams occur without any conscious experience. EEG findings 

have revealed that NREM parasomnias are associated with a distinct neurophysiological 

pattern characterized by a dissociation between different cortical regions. Rather than slow-

wave activity that is characterized as deep sleep, the brain during parasomnia episodes enters 

a hybrid state. The hybrid state refers to the simultaneous existence of sleep-like activity in 

areas like anterior and prefrontal cortex, and wake-like activity in parietal and occipital lobes 

that are persistent with perceptual consciousness and vivid dream experiences.  

 This suggests a dissociation between wake-like and sleep-like neural activity, reflecting 

instabilities in arousal systems similarly to those in REM-related disturbances. These 

individuals have a limited or no recall of the parasomnia episode upon awakening which 

complicates the understanding of the internal state during these events (Castelnovo et al., 

2024). Therefore, both REM and NREM parasomnias may represent broader dysfunctions in 

sleep-related emotional processing and arousal regulation in the brain. 

Sleep Physiology 

To better understand how nightmares emerge, it is essential to first understand the 

physiological structure and stages of sleep. Sleep is an important process in life, allowing the 

body to recover physically and mentally from the day. Sleep quality and quantity are both 

important factors in the effectiveness of sleep. Poor sleep can impact many bodily functions 

negatively. Cognitive functions are affected by limited sleep such as memory consolidation is 

in need of sleep to function properly (Baranwal et al., 2023). Sleep is initiated by suppressing 

the ascending arousal systems involved with wakefulness. Adenosine increases during this 

process leading up to the sleep activating inhibitory neurons of the ventrolateral preoptic area 

that triggers sleep. There are five stages of sleep: W (wakefulness), N1 (light and early sleep), 
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N2 (when the heart rate slows), N3 (slow-wave sleep, or SWS), which is deep sleep, and rapid 

eye movement (REM) sleep. Dreaming and nightmares occur during REM sleep, as well as 

muscle atonia (a temporary paralysis of muscles during dreams). This stage accounts for 

approximately 20–25% of the total time spent asleep. These processes make up the sleep 

architecture. Each sleep cycle lasts approximately 90 minutes, and each stage plays an 

important role in helping the body and mind to recover.   

Polysomnography (PSG) is a sleep study that observes the physiological functions as a 

subject sleep and is commonly used to aid in diagnosing sleep disorders (Rundo & Downey, 

2019). PSG utilizes EEG (electroencephalography), EOG (electrooculography), ECG 

(electrocardiography), electromyogram, respiratory effort, and arterial oxygen levels. PSG is 

considered an ideal measuring tool for sleep-related breathing issues such as narcolepsy, REM 

sleep behavior disorder and many others. PSG can be conducted at home or in a laboratory 

where it is conducted by a trained sleep technician. In different sleep stages certain EEG 

characteristics can be observed including: sleep spindles (brief bursts of rapid brain activity 

during sleep), delta waves (occur during deep sleep), vertex waves (occur during the transition 

between light to deep sleep), k-complexes (suppress external stimuli during sleep) and 

sawtooth waves (which are related to dreaming during REM sleep). Sleep spindles are key EEG 

events that occur during NREM sleep; deficits in these spindles are commonly observed in 

individuals with psychological disorders, sleep disorders and neurological disorders (Leong et 

al., 2022).  

There are four primary brain wave frequency bands: alpha, beta, delta, and theta. Beta 

waves (12–30 Hz) are present during wakefulness and are associated with active concentration 

and thinking (Kora et al., 2021). Alpha waves (8–12 Hz) occur during relaxed wakefulness, 

often when the individual is calm but still awake. Theta waves (4–8 Hz) emerge during periods 

of deep relaxation and during the autonomous repetition of tasks. Delta waves (0.5–4 Hz) are 

the slowest brain waves and are characteristic of deep sleep. In addition, gamma waves (30–

100 Hz) are associated with conscious alertness, focused attention, and intense mental activity; 
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they are particularly prevalent during REM sleep (Kora et al., 2021). When measuring brain 

wave frequencies in PSG, the standard is to place electrodes on the scalp according to the 

International 10–20 system, which designates specific electrode placements (Rundo & 

Downey, 2019). 

Aim of the Present Thesis 

The aim of this thesis is to systematically review the neurophysiological characteristics 

of disturbed sleep in frequent nightmare sufferers compared to healthy individuals, with a 

specific focus on findings from electroencephalographic (EEG) and event-related potentials 

(ERPs). The focus on EEG in nightmare research bases itself on its ability to measure cortical 

activity in the brain in a non-invasive way by using electrodes on the scalp. This systematic 

review will focus on all relevant studies with EEG/ERP markers. Previous studies have shown 

that ERPs found in emotional processing are late positive potential (LPP), that measures 

reactions to emotional stimuli. Another marker is P300 that measures when something 

unexpected happens in a stimulus. The method is therefore an appropriate tool to explore 

sleep-related neurophysiological markers in individuals with frequent nightmares (Hajcak et 

al., 2010; Light et al., 2010). Given the aim, the review will explore the following research 

question: What neurophysiological characteristics of disturbed sleep, as measured by EEG and 

ERP, differentiate frequent nightmare sufferers from healthy sleepers? 

Methods 

Search Strategy  

The systematic search was conducted on the 8th of March 2025 in three databases: 

Web of Science, PubMed, and Medline EBSCO. The official search string used in PubMed and 

Medline was the following: (nightmare* AND (EEG OR electroencephalography OR ERP* OR 

“event-related potentials” OR polysomnogra* OR PSG)). In Web of Science the search string 

was: nightmare* AND (EEG OR electroencephalography OR ERP OR "event-related 

potential*" OR polysomnogra* OR PSG). Following filters were added in PubMed: English 



11 
 

and Humans. In Medline EBSCO English was the only filter, while in Web of Science the 

following filters were added: English, article, proceedings paper, and early access.  

Inclusion and Exclusion Criteria 

Articles were included if they were empirical peer reviewed articles written in the 

English language. There was no limitation on publication date.  The population included 

adults with frequent nightmares both with the nightmare disorder, as well as individuals with 

no official nightmare disorder diagnoses were included. The focus was on empirical studies 

that would contrast the nightmare group with the control group. The studies needed to 

include EEG or ERP measures with no requirement of specific ERP components. 

 Articles were excluded if they did not use EEG/ERPs, were not empirical study 

comparing the two groups (those with and without frequent nightmares), and investigated 

dream recall and dream content. Studies that investigated PTSD nightmares were excluded 

because these are related to a traumatic event, whereas the focus of this review was on non-

trauma-related nightmares. Animal studies were also excluded.  

Data Extraction  

            The following data was extracted from the articles: authors, year of publication, sample 

characteristics (number of participants and mean ages), study design nightmare frequency 

measures, EEG or ERP measures used, EEG/ERP outcomes, and principal findings.  

 

Results 

Search Results 

The database search resulted in a total of 631 articles. The articles were imported into 

Rayyan for efficient collaboration between the authors (Ouzzani et al., 2016). The screening 

process is presented in the PRISMA flow chart (see Figure 1) (Page et al., 2022).  
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 After the removal of duplicates 295 articles remained for screening. The screening 

based on titles and abstracts was completed by both authors independently with blind mode 

in Rayyan.  As a result of the first screening, 272 studies were excluded for the following 

reasons: articles (a) were not about frequent nightmare sufferers, (b) were not empirical 

articles, (c) included animals as a population, (d) did not use EEG/ERP measures, (d) and 

included participants younger than 18 years old. During the first seeing process the authors 

disagreed about the inclusion of 15 articles, which were resolved by discussing the articles. 

The second screening process was based on reading the full texts of all the included 23 

articles independently with blind mode. Articles were excluded if they: (a) investigated dream 

recall or dream content rather than neurophysiological sleep characteristics in frequent 

nightmare sufferers; (b) only investigated sleep (c) not comparing a nightmare group with a 

control group. There were 5 disagreements, but these were resolved after discussion, as a 

result of which 13 articles were excluded. Thus, 10 articles were included in this systematic 

review.  
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Figure 1. PRISMA Flow Diagram   

 
 

 

Methodology of Included Studies 

This systematic review included 10 studies that aligned with the inclusion criteria. The 

methodological details of all the studies are presented in Table 1. The sample sizes range from 

21 to 57 participants and the total number were 376 participants. All participants were adults 

with a mean age of 24.97 years old. Out of 10 articles, only 7 reported gender distribution 

with 75 males and 184 females (Blaskovich et al., 2019; Paul et al., 2015; Perogamvros et al., 

2019; Sayk et al., 2024; Simor et al., 2012, 2013a, 2013b).  
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Nightmare Disorder was assessed using the criteria from the International 

Classification of Sleep Disorders (American Academy of Sleep Medicine, 2005) (Simor et al., 

2012, 2013a, 2013b, 2014) and the Diagnostic and Statistical Manual of Mental Disorders 

(American Psychiatric Association, 2013) (Carr et al., 2016; Marquis et al., 2017; 

Perogamvros et al., 2019). The electrophysiological measures included PSG for sleep scoring 

and EEG (Blaskovich et al., 2019; Carr et al., 2016; Marquis et al., 2017; Paul et al., 2015; 

Perogamvros et al., 2019; Sayk et al., 2024; Simor et al., 2012, 2013a, 2013b, 2014). No 

studies used ERP recordings.  

Key Findings Across Studies 

In the article by Blaskovich et al. (2019), it was hypothesized that frequent nightmare 

sufferers have a hyperactive arousal system, which causes awakenings (arousals) during the 

sleep cycle. Arousals are defined as episodes that appear periodically with increased levels of 

wakefulness and interrupts sleep. Participants were divided into nightmare sufferers (n = 22) 

and control group (n = 23). All participants spent two nights in the sleep laboratory while 

being monitored by PSG. The amount of sleep was adjusted for the participants’ preferences, 

and awakenings happened after seven hours of sleep for each participant. Only data from the 

second night was analysed. Researchers investigated the number and length of arousals 

during ascending and descending sleep slopes. These were calculated by measuring 10 

minutes before REM phase begins (pre-REM) and 10 minutes after REM sleep (post-REM). 

Results showed that NM participants had significantly more arousals in the pre-REM phase 

compared to the control group. No significant differences were found between NM 

participants and control group in post-REM phase or in arousal lengths. There was no 

correlation between frequencies (beta 20–30 Hz, gamma 30–45 Hz, delta 0.5–4 Hz) and the 

number of arousals. Hence, an increased number of arousals suggest that NM sufferers have 

a hyperactive arousal system.  

Similarly, Sayk et al. (2024) aimed to study physiological correlates such as cortical 

hyperarousal that might occur during nightmares. Cortical hyperarousal refers to elevated 
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activity in cortical networks that can interrupt sleep. The study first examined differences in 

sleep architecture and spectral EEG activity between NM sufferers (n = 30) and control group 

(n = 27), based on whole-night PSG recordings. All participants spent four nights in the sleep 

laboratory. The first night was used for medication screening, and the second for baseline 

recordings. The NM group then received Imagery Rehearsal Therapy (IRT) over an 8-week 

period, after which the third and fourth nights of PSG recordings were completed. The 

analysis focused on comparing the NM and CTL groups, particularly before and after IRT. 

Additionally, spectral EEG power was analyzed during the 10-minute pre-REM and post-

REM periods to assess cortical activity during REM sleep transitions. Heart rate variability 

(HRV) was assessed in the last 5 minutes of REM sleep. The results of the second night in the 

laboratory, before IRT, the NM group showed a significantly higher beta (16.25–31 Hz) and 

low gamma (31.25–35 Hz) across all sleep stages. The results did not depend on whether a 

nightmare occurred during the night, but hyperarousal was present regardless of dream 

recall. After undergoing IRT the NM group showed a decrease in low gamma power during 

REM sleep compared to before the IRT intervention, while beta activity remained elevated 

compared to the controls. These findings show that NM sufferers experience persistent 

cortical hyperarousal even during nights without nightmares. The IRT intervention may help 

reduce hyperarousal in NM sufferers.  

In Simor et al. (2012), the researchers investigated sleep architecture, with a focus on 

sleep fragmentation and nocturnal awakenings, in NM sufferers (n = 17) compared to control 

participants (n = 23). PSG data were collected on the second night in the sleep laboratory, 

following an adaptation night. The study found several differences in sleep between the two 

groups. Specifically, NM sufferers exhibited significantly reduced sleep efficiency and 

increased wake after sleep onset (WASO), suggesting greater fragmentation of sleep. They 

also showed a higher proportion of time spent awake during the night and a decreased 

amount of slow-wave sleep (SWS). The NM group also spent significantly more sleep time in 

REM sleep. In contrast, no significant differences were observed between groups in terms of 

total sleep time or REM latency. When it came to nocturnal awakenings, NM sufferers 
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experienced a significantly higher number of awakenings than controls. This supports the 

idea that individuals with frequent nightmares are more likely to wake up during the night, 

potentially disrupting emotional processing during REM sleep. Additionally, findings suggest 

that frequent nightmares are associated with a generally more fragmented and less efficient 

sleep architecture, characterized by increased REM sleep and reduced SWS.  

The study by Simor et al. (2013), investigated NM sufferers (n = 17) and control 

participants (n = 23) underwent two nights of PSG recordings to examine arousals and 

awakenings during both REM and NREM sleep. To assess the stability of NREM sleep, 

researchers used cyclic alternating pattern (CAP) analysis, a method that identifies 

fluctuations in brain activity reflecting sleep instability. CAP is composed of repeating 

sequences of transient brain activations (Phase A) followed by more stable periods (Phase B). 

Phase A is further divided into three subtypes based on the level of arousal: A1, characterized 

by slow-wave activity and minimal arousal; A2, showing a mix of slow and fast waves with 

moderate arousal; and A3, dominated by fast alpha and beta waves, indicating high arousal 

levels close to wakefulness. The study found that NM sufferers had a significantly lower 

percentage of CAP A1, suggesting a reduced deep SWS even during NREM stages. They 

showed significantly higher proportions of A2 and A3, indicating more frequent moderate to 

high arousals and an overall more unstable sleep pattern. Interestingly, the frequency of 

REM sleep arousals did not differ significantly between groups. These findings suggest that 

individuals with frequent nightmares experience greater sleep fragmentation and reduced 

sleep quality, particularly during NREM sleep, which may contribute to the emotional 

intensity and recall of nightmares. 

In the study by Marquis et al. (2017), EEG data were collected from NM recallers (n = 

18) and control group (n =15). Recordings were collected during wakefulness, NREM, and 

REM sleep. Before the experiment, the participants completed home sleep and dream logs. 

Participants slept a whole night with undisturbed PSG consisting of 6 electrodes. The study 

only relied on EEG results and no self reports after the procedure. Results demonstrated a 
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higher 2-5 Hz slow-theta activity in frequent nightmare sufferers. The activity was 

particularly prevalent in the frontal and central brain regions compared to the control group. 

There was an increased beta activity (20-32 Hz) during NREM sleep in NM recallers. 

Differences between NM and CTL were not significant in the wakefulness state, while NM 

recallers still showed higher frequency ranging from 3-5.5 Hz theta power while awake.  

Furthermore, in the study by Simor et al. (2013b) the aim was to study EEG spectral 

power across different frequency bands during different sleep stages in individuals with 

nightmare disorder (n = 19) compared to controls (n = 21). Participants spent two nights in 

the laboratory with PSG and EEG. The NM group, as compared to controls, exhibited 

impaired sleep architecture: significantly lower sleep efficiency, higher wake after sleep onset 

(WASO), and lower SWS. Findings also showed increased low alpha power (7.75-9 Hz) in 

individuals in the NM group during NREM sleep. In REM sleep, they exhibited increased 

high alpha power (10-14.5 Hz) in posterior regions and occipital sites, and increased delta 

power (3-4 Hz) in fronto-central regions. The difference between the NM and CTL group 

during REM sleep was most pronounced in the left temporal-occipital area. The findings, 

especially the increase of high alpha, showed that NM sufferers exhibit wake-like features 

during REM sleep. It suggests that NM individuals have heightened alertness during sleep 

that may contribute to vivid and distressing nightmares.  

In the study by Perogamvros et al. (2019), participants with NM sufferers (n = 11) and 

control group (n = 11) underwent PSG recordings overnight. The aim was to measure 

heartbeat evoked potentials (HEPs) during wakefulness, NREM, and REM sleep to 

investigate the brain’s response to bodily signals, and level of emotional arousal such as fear 

and anxiety. To capture the timing of heartbeats, electrocardiography (ECG) is used with 

EEG simultaneously. By aligning EEG data with the R-peaks (the prominent spikes) in the 

ECG signal, researchers can extract the brain's response to each heartbeat. This process 

involves averaging the EEG signals time-locked to these R-peaks. The researchers found that 

NM sufferers showed significantly higher HEPs than controls during REM sleep, particularly 
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in right-frontal brain regions between 449–504 milliseconds after the heartbeat. No 

significant HEP differences were observed between the groups during wakefulness or NREM 

sleep. These results suggest that the brain of the NM sufferers is more reactive to their 

heartbeats during REM sleep, which means they are more likely to be emotionally aroused 

and have a heightened interoception during sleep. Interestingly, the groups did not differ 

significantly in sleep architecture (e.g., total sleep time, sleep efficiency, number of 

awakenings).  

Simor et al. (2014) investigated EEG and cardiac activity in NM sufferers (n = 19) and 

controls (n = 21). Participants spent two nights in the laboratory and underwent PSG and 

heart rate activity recordings. The first night was for adaptation and recordings occurred on 

the second night. The study focused on specific sleep periods—10 minutes of NREM sleep 

just before REM started (pre-REM) and 10 minutes just after REM ended (post-REM). The 

researchers measured heart rate variability (HRV), which reflects how the body’s stress and 

relaxation systems are working together. They looked at low frequency (LF) and high 

frequency (HF) activity to see how these systems were balanced. Results showed that the NM 

group had more alpha brainwave activity in the pre-REM period, especially in the 7–12.25 Hz 

range, and they also had signs of lower relaxation system activity (lower parasympathetic 

HRV) both before and after REM sleep. The higher alpha power during pre-REM sleep could 

suggest that NM sufferers experience more restlessness or heightened brain activity leading 

up to REM sleep. It can indicate more anxiousness and hyperarousal which could contribute 

to vivid and disturbing nightmares.  

In the study by Paul, Schredl, & Alpers (2015), 17 frequent NM sufferers and 17 

healthy controls (HC) slept three consecutive nights with PSG recordings at home. The aim 

was to assess the sleep quality of frequent nightmare sufferers with subjective and objective 

measures. The participants completed a questionnaire prior to sleep, and dream reports were 

written after each awakening. Across the analyzed nights (nights 2 and 3), there were no 

statistically significant differences between NMs and HCs in the percentage of total sleep 
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time spent REM or NREM sleep. Other key macrostructural metrics such as total sleep time, 

sleep onset latency, sleep efficiency, and number of awakenings were also comparable 

between the two groups. These findings suggest that nightmare frequency does not 

significantly alter the architecture of sleep at the macrostructural level. The study also 

examined REM latency (the time from sleep onset to the first REM period) and REM density 

(the frequency of eye movements during REM sleep). Both measures reflect aspects of dream 

activity and REM regulation. Results showed that REM latency and REM density were not 

significantly different between NMs and HCs across the analyzed nights. This indicates that 

the timing and intensity of REM sleep remain stable, even in individuals experiencing 

chronic nightmares. In conclusion, frequent NM sufferers do not show major differences in 

their actual sleep structure compared to healthy individuals.  

In contrast to the other studies, Carr et al. (2016) the aim was to determine whether 

the presence of persistent nightmares (NMs) is associated with either a restriction or a 

broadening of access to emotional semantic networks investigating the emotional processing. 

The NM group consisted of 14 participants and the control group (CTL) had 10 participants. 

REM sleep was investigated with PSG recordings to determine these patterns. A total of 6 

EEG electrodes were used. The EEG results suggest no significant difference between NM 

and CTL in minutes, since both groups spent the same amount of time in the NREM sleep 

stage. The researchers focused on associating the sleep patterns with the performance of the 

AB (associational breadth) task. The task consists of emotional cues, and the focus was how 

participants can generate associations after periods of REM sleep. The results suggest that 

NM sufferers generally had a lower REM sleep efficiency than controls. Further, it suggests 

that NM sufferers have lower REM sleep efficiency than controls, which could indicate that 

REM sleep plays a crucial role in processing emotional experiences. Since REM sleep is 

associated with the consolidation of emotional memories, a lower REM sleep efficiency might 

mean that individuals with NMs have difficulty processing emotions properly.  

Table 1. Methodology of Included Studies 



20 
 

Reference  

 

Sample Characteristics   Study 

Design 

Nightmare Frequency 

Assessment  

Electrophysiologi

cal Measure  

Setting 

 

Balskovich 

et al. 

(2020)  

NM 

 (n = 22, age = 22.9 ± 64% F, 

36% M) 

  

CTL 

(n = 23 age= 21.8 ± 74% F, 

26% M)  

 

Between-

subjects 

design 

NM>2-3 NMs/ month 

NM reported >1 bad 

dream/week 

NM group reported no 

other disorders 

(mental or physical) 

CTL <2-3 NMs/year 

PSG 

EEG ( 17 scalp) 

electrodes  

No sampling rate 

or filter reported 

 

 

 

Sleep 

laborator

y 

2 nights  

Marquis et 

al. (2017)  

NM 

 (n = 18, age= 23.2 ± 83% F, 

17% M)  

CTL 

(n = 15, age= 23.7 ± 53% F, 

47% M)  

Case 

control 

design 

NM >2 NMs/ month 

for at least 6 months 

(adapted from ICSD 

criterion for nightmare 

disorder) 

NM group was 

assessed according to 

the Beck’s Depression 

Inventory II (BDI-II ) 

excluded if the score 

was >14 

CTL >1NMs/week 

CTL & NM reported no 

previous mental or 

physical disorders 

EEG (6 

electrodes) 0.6-32 

Hz (total spectral 

power) 

0.3–100 Hz 

(filtering) (-6 dB 

filters) 

256 Hz (sampling 

rate) 

PSG 

At home 

and sleep 

in the 

laborator

y 

14 nights 

at home 

1 night in 

laborator

y 

Sayk et al. 

(2024) 

NM  

(n = 30 age = 36 ± 75% F, 

25% M)  

Between 

subject’s 

design 

NM  >1 NM/week 

CTL group reported no 

psychiatric disorders, 

EEG (6 

electrodes)  

Sleep 

laborator

y 
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CTL  

(n = 27 age = 36.3 ± 75% F, 

25% M)  

Age SD 

14.28 

which was an 

exclusion criteria 

256 Hz (sampling 

rate) 

0.2-35 Hz (band-

pass filter) 

 

 

 

 

 

4 nights 

Simor et 

al. (2012)  

NM 

(n = 17, age =20.7 (1.7) ± 41% 

F, 59% M)  

CTL 

(n = 23 age= 21.4 (1.6) ± 52% 

F, 48% M)  

 

Comparat

ive case 

control 

design 

NM >1 NM/week 

assessed via a 7-point 

Likert scale (0= 

”almost never”, 6= 

”more than once a 

week”) 

CTL <2 NMs/year 

 

19 EEG electrodes 

0.33–1,500 Hz 

(pre-filtering 

range), 1,024 Hz. 

(under sampling 

rate) 

PSG ,  4,096 

Hz/channel 

(sampling rate), 

 

 

Sleep 

laborator

y 

two 

nights 

Perogamvr

os et al. 

(2019)   

ND (n = 11, age = 34 (9.2) ± 

73% F, 27% M) 

CTL (n = 1, age =33 (9.3) ± 

73% F, 27% M) 

 

Comparat

ive case 

control 

design 

NM ≥1 NM/week 

NM were assessed 

according to 

International 

Classification of Sleep 

Disorders (ICSD-3) for 

nightmare disorder by 

a sleep specialist 

HEP (300 - 700 

ms) 

EEG (20 

electrodes) 512 Hz 

(sampling rate), 1-

40 Hz (filter), 256 

(down sampling 

rate) 

Sleep 

laborator

y 

1 night  
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NM exclusion criteria 

was based on the 

presence of comorbid 

neuropsychiatric 

disorders (e.g. anxiety, 

depression) 

PSG 

Simor et 

al. (2014)  

ND  

(n = 19, age= 20.9 (1.6) ± 47% 

F, 53% M) 

CTL (n = 21, age= 21.6 (1.5) ± 

48 % F, 52% M) 

Between-

subjects 

design 

NM ≥1 NM/ week 

NM was assessed via a 

7-point Likert scale 

(0= ”almost never”, 6= 

”more than once a 

week”) 

CTL <2 NMs/year 

EEG (19 

electrodes) , 1-48 

Hz (absolute 

spectral power) 

PSG , 1024 

Hz/channel 

(sampling rates) 

(HRV), 0.04-

0.15Hz (Low 

Frequency HRV), 

0.15- 0.4 Hz 

(High Frequency 

HRV),  

Sleep 

laborator

y 

2 nights  

Simor et 

al. (2013a)  

NM  

(n = 17, age= 20.9 (1.6) ± 41% 

F, 59% M) 

 

CTL  

(n = 23, age =21.6 (1.5) ± 52% 

F, 48% M) 

 

Between-

subjects 

design 

NM ≥1 NM/week, 

using: the Dream 

Quality Questionnaire 

(DQQ), the Van Dream 

Anxiety Scale (VDAS-

H), and a 7-point 

Likert scale (0=” 

almost never”, 6= 

”more than once a 

week”) 

CTL <2 NM/year 

 

EEG, 19 

electrodes  0.33-

1,500 Hz (input 

filter),  

PSG, 4,096 

Hz/channel, 450 

Hz (filter)  

 

 

Sleep 

laborator

y 

2 nights  
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Simor et 

al. (2013b) 

ND  

(n  = 19, age=20.7 (1.7) ± 47% 

F, 53% M) 

 

CTL 

(n = 21, age = 21.4 (1.6) ± 48% 

F, 52% M) 

 

 

Case-

control 

design 

NM >1 NM with 

awakening/week or >1 

bad dreams without 

awakening/week 

The NM frequency was 

assessed using the 

Dream Quality 

Questionnaire, the 

Hungarian version of 

the Van Dream 

Anxiety Scale, and two 

seven-point Likert 

scales (0= ”almost 

never”, 6= ”more than 

once a week”) 

CTL <2 NMs or bad 

dreams/year 

 

EEG, 19 

electrodes 

0.33–1500 Hz( 

pre filtering) 40 

dB/ decade anti 

aliasing filter 

450 Hz (low pass 

filtering) 

4096 Hz/ channel 

(sampling rate) 

1024 Hz 

(undersampling 

rate) 

PSG 

 

Sleep 

laborator

y 

2 nights 

Paul et al. 

(2015)  

NM  

(n = 17, age =25.2 (3.7) ± 94% 

F, 6% M) 

CTL 

(n = 17, age =24.3 (4.7) ± 94% 

F, 6% M) 

 

Case-

control 

design 

NM >1 NM/week 

associated with 

significant distress 

NM group met the 

criteria for nightmare 

disorder according to 

the DSM  

EEG, 14  

electrodes 

500 Hz  (sampling 

rate) (sample 

rate) 

Band-pass 

filtering 

(according to the 

(AASM) 

PSG  

Home 

3 nights  
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Note. NM = Nightmare sufferers; ND= Nightmare disorder; CTL = Control group; HEP = Heartbeat 

Evoked Potential; SD = Standard Deviation; F = Female; M = Male; AASM = American Academy of 

Sleep Manual 

 

Table 2.  

Results of Included Studies  

Referen
ce 

Measured Outcomes  Key Findings  

Balskovic

h et al. 

(2020)  

Number of arousals (disturbed 
awakenings in sleep cycle) pre- (10 
minutes before) and post- REM sleep 
(10 after REM sleep)  
 

 

NM participants had more arousals in pre-
REM sleep compared to CTL.  
 
Neither beta (20–30 Hz), gamma (30–45 Hz), 
nor delta (0.5–4 Hz) power had a significant 
correlation with the number of arousals  
 

Marquis 

et al. 

(2017)  

EEG power: Slow-theta activity (2-5 Hz) 
during REM sleep, NREM sleep, and 
wakefulness.  
Beta activity in NREM sleep.  
 
Slow theta (2-5 Hz) for association with 
emotional and memory processing.  

Increased Slow-Theta activity (2-5 Hz) in REM 
sleep, NREM sleep, and wakefulness in NM 
recallers compared to controls, particularly 
sleep cycle 2-4 in REM sleep in the frontal and 
central brain regions. 
 
Increased Beta activity during NREM sleep 

Carr et al. 

(2016) 

NM  

(n = 14, age =23.3 (3.4) ± 71% 

F, 29% M) 

)  

CTL (n = 13, age =23.3 (3.4) ± 

71% F, 29% M)  

Between-

subjects 

design 

NM >2 NMs/week 

with recall within 6 

months 

CTL <1 NM/month for 

the past 5 years 

Previously reported 

sleep disorders, 

interfering 

medications, 

addictions and mental 

or physical disorders 

were excluded 

 

EEG , 17 

electrodes 

0.30 Hz (low-pass 

cutoff), 100 Hz 

(high-pass cutoff) 

PSG 

 

Sleep 

laborator

y 

∼2 h 

sleep 
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Beta activity measured for cortical 
arousal or disturbed sleep.  
 

stages in NM recallers compared to controls.  

Sayk et 

al. 

(2024) 

Spectral power for each EEG frequency 
bands (delta, 1.25-4Hz; theta, 4.25-8Hz; 
alpha, 8.25-13 Hz; beta, 16.25-31 Hz; 
sigma, 13.25-16 Hz; low gamma, 31.25-
35 Hz) 
  
 
Heart rate variability (HRV) during the 
last 5 minutes of REM sleep.  
 
The NM group underwent EEG 
measures before and after imagery 
rehearsal therapy (IRT) intervention to 
see if therapy has an effect on 
nightmares. 

NM participants had a higher activity in beta 
frequency (16.25-31 Hz) in both NREM and 
REM sleep. Similar results in low gamma 
bands (31.25-35 Hz).  
 
HRV showed no specific results in NM or 
controls.  
IRT was associated with lower gamma power 
in REM sleep in NM participants after the 
intervention compared to before the 
intervention.  

Simor et 

al. (2012)  

Sleep efficiency and wakefulness that 
disturbed sleep patterns measured with 
EEG frequencies alpha (8-12 Hz), beta 
(13-30 Hz), delta (0.5-4 Hz), theta (4-8 
Hz)  
 
Slow wave sleep (SWS) was measured 
and known as deep sleep or stage N3. 

NM participants showed a reduced SWS and 
spent more time in REM sleep.  
Increased eye movement during REM sleep in 
NM participants (increased theta activity). The 
NM group showed unstable sleep transitions 
with frequent awakenings. 
 
NM group had an increased alpha and beta 
activity and is a sign of increased cortical 
activity 

Perogamv

ros et al. 

(2019)   

Heartbeat-evoked potentials (HEPs) 
during wakefulness, NREM, and REM 
sleep.  

A significant increase in HEP amplitude was 
observed in nightmare disorder (ND) patients 
during REM sleep. In NREM sleep stages 
there was no significant HEP amplitude 
observed between ND and controls.  

Simor et 

al. (2014)  

EEG frequency bands alpha (8-13 Hz) 
and beta (13-30 Hz) assessed to measure 
cortical activity during sleep transitions 
from pre- REM (10 minutes before REM 
stage) to post-REM (10 minutes after 
REM stage)  
 
Heart Rate Variability (HRV) to 
measure pre-REM (10 minutes before 
REM sleep) and post REM (10 minutes 
after REM sleep)  
 
Muscle atonia index (AI) to measure low 
motor activity during sleep 

NM participants showed significantly higher 
alpha power during 10 minutes before REM 
sleep onset (pre-REM) than controls.  
 
NM participants exhibited significantly lower 
high-frequency (HF) power during the pre-
REM period compared to control (CTL) 
participants. 
 
HF power is a marker of parasympathetic 
(vagal) nervous system activity, which typically 
increases before REM sleep as part of the 
body’s preparation for this stage. 
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Simor et 

al. 

(2013a) 

Measured detailed fluctuations in brain 
activity (microstructure) with Cyclic 
Alternating Pattern (CAP) as a marker of 
arousal (i.e., brief shift toward wake like 
brain activity) in NREM sleep.  
 
CAP A1 - slow waves, low arousal 
CAP A2 - mixed slow and fast waves, 
moderate arousal 
CAP A3 - mostly fast alpha/beta activity, 
high arousal (closest to waking brain 
state)  

The NM group had lower A1 but had more A2 
and A3 activity during NREM sleep, so multiple 
small awakenings. While controls had high A1 
and low activity of A2 and A3 →  little to no 
awakenings during NREM sleep. 

Simor et 

al. 

(2013b) 

Measured EEG spectral power in 
different frequency bands (Delta: 0.5-4 
Hz, theta: 4-8 Hz, alpha: 10-14.5 Hz, 
beta: 15-30 Hz) during NREM and REM 
sleep stages 
 

The ND group had an increased low alpha 
power (7.75–9 Hz), during NREM sleep in the 
frontal region compared to controls.  
 
The ND group showed increased high alpha 
(10–14.5 Hz) and delta power (3–4 Hz) 
compared to controls. Posterior regions 
showed the strongest high alpha during REM 
sleep for ND individuals. 

Paul, 

Schredl & 

Alpers 

(2015) 

EEG measured sleep onset latency 
(SOL), wake after sleep onset (WASO), 
sleep efficiency, and time in each sleep 
stage (REM and NREM sleep) 

There was no significant difference between 
NM sufferers and controls in sleep efficiency, 
SOL, and WASO. 
 
Additionally, there was no significant 
difference in REM sleep density, duration or 
latency in both groups. Similarly, no 
significant difference was found in time spent 
in NREM sleep.  

Carr et 

al. (2016) 

Sleep architecture was measured using 
PSG  

The NM group exhibited sustained emotional 
priming effects after REM sleep, particularly 
for both positive and negative emotional cue 
words. This effect persisted even one week 
later, suggesting prolonged REM sleep-
dependent emotional processing in NM 
individuals. 

Note. REM = rapid eye movement; NREM = non-rapid eye movement; ND = Nightmare Disorder; NM 

= nightmare participants  

Discussion 

The aim of this thesis was to systematically review the neurophysiological 

characteristics of disturbed sleep associated with frequent NM sufferers, with a specific focus 

on EEG and ERP. A total of 10 empirical studies were included in the review.  

Increased Cortical Activity in Nightmare Sufferers 
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The majority of reviewed studies suggest that frequent NM sufferers exhibit signs of 

increased brain activity during sleep, which is referred to as cortical hyperarousal. The 

pattern is most commonly reflected in increased beta and low gamma bands. Sayk et al. 

(2023) found an increase in beta frequencies (16.25-31 Hz) and low gamma (31.25-35 Hz) 

during REM and NREM sleep in NM sufferers. The researchers measured 10-minute 

intervals before and after REM onset phases, which showed that cortical activity persisted in 

the transition into NREM sleep. The researchers claim that hyperarousal in the brain is a 

long-term trait rather than a temporary state. Hyperarousal is not a temporary state tied to 

individual nightmares occasionally, but it is rather a long-term pattern that indicates 

heightened arousal. The frequent NM sufferers have an overall over-activation even while 

awake, which affects stress and anxiety levels in the waking life. Similarly in the studies by 

Simor et al. (2012, 2014), the NM participants had an increased alpha and beta activity but 

also significantly reduced slow wave sleep (SWS). The NREM sleep stage is characterized by 

SWS and deep sleep where it would be difficult to awaken an individual. Even in such a state 

do NM sufferers have increased cortical activity and frequent awakenings. Not only is the 

brain more alert but bodily systems such as heart rate regulation and muscle relaxation are 

disrupted. It was demonstrated that the parasympathetic nervous system that is responsible 

for resting, was reduced while the sympathetic (fight or flight) was more active during NREM 

sleep (Simor et al., 2014). The CAP findings show reduced A1 (slow wave sleep) and increased 

A2/A3 (medium to high alpha and beta waves) which clearly shows an imbalance between 

sleep contributing and wake (arousal) mechanisms in individuals with nightmare disorder 

(Simor et al., 2013a, 2013b).  

Marquis et al. (2017) also observed increased slow-theta (2-5 Hz) and beta activity 

particularly in frontal brain regions. The slow theta activity was prominent during REM 

sleep, NREM sleep, and wakefulness in frequent NM sufferers. This shows that alterations 

such as increased brain activity are not only present during sleep, but alterations are 

persistent across all conscious states. Slow-theta brain waves are linked to learning, 

forgetting, and remembering fear-related memories, using areas of the brain like the 
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hippocampus, amygdala, and prefrontal cortex. People who often remember nightmares 

show more of this theta activity, which might mean their brains process fear related 

memories differently during sleep causing nightmares. Other key findings showed that high 

alpha oscillations had a prominent increase during REM sleep among NM sufferers, which 

are normally dominant in wake states (Marquis et al., 2017).  

 The effects that frequent nightmare sufferers may experience can be linked to the 

REM efficiency according to Carr et al. (2016). REM sleep promotes emotional memory 

consolidation as well as lessens the emotional impact of nightmares in the daytime.  

Nightmare sufferers have an abnormal and impaired emotional cognition in the waking state 

compared to the control group. This emotional hyperreactivity is affected by the persistent 

nightmares, increasing activity in the nervous system causing waking anxiety, depression and 

other mood related difficulties (Perogamvros et al., 2019). Previous research showed that 

frequent nightmare sufferers report more fear and anxiety in their regular dreams. 

Individuals with frequently occurring nightmares experience higher levels of emotional 

intensity and significant levels of stress in the morning after a nightmare. The NM sufferers 

generally have worsened moods including heightened stress before going to bed (Antunes-

Alves & De Koninck., 2012). 

Theoretical and Empirical Implications 

To answer the research question of this systematic review, which asks what 

neurophysiological characteristics of disturbed sleep differentiate NM sufferers from healthy 

sleepers, the findings suggest evidence of hyperarousal in NM sufferers. The 10 review 

studies offer strong evidence for one key aspect of Levin and Nielsen’s (2009) neurocognitive 

model: frequent NM sufferers experience alterations and hyperarousal during different sleep 

stages. Across studies, findings such as increased beta and low gamma activity (Sayk et al., 

2024; Simor et al., 2012, 2013b) and reduced SWS (Simor et al., 2012, 2013a) indicate that 

individuals with frequent nightmares maintain a heightened state of cortical activation even 

during deep sleep stages. These findings are consistent with the model’s prediction that 
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hyperarousal disrupts normal emotional processing since NM sufferers have difficulties 

relaxing during sleep. However, evidence for the second feature of the neurocognitive model 

that suggests impaired emotional regulation is more limited. To better understand and test 

the emotion dysregulation feature of the model, future research should utilize ERP 

techniques, specifically targeting emotional processes. The late positive potential (LPP) is a 

possible technique since it is sensitive to emotional reactivity. The LPP amplitudes could 

reveal how nightmare sufferers show heightened or impaired processing of emotional stimuli 

during wakefulness, the effect on sleep and cortical activity. In addition, other neuroimaging 

techniques (e.g., fMRI) that examine subcortical structures like the AMPHAC network 

proposed by Levin and Nielsen (2009). While the model offers a comprehensive framework 

for understanding the neurocognitive mechanisms of nightmares several limitations exist. 

Although the neurocognitive model by Levin and Nielsen (2009) integrates findings 

from cognitive neuroscience and affective processing, it may overlook other brain regions 

that play important roles in dreaming but are not included in the AMPHAC network. 

Additionally, the emphasis on fear extinction as the primary function of nightmares and 

dreaming may overlook other theories, such as those focusing on memory consolidation, 

threat simulation or mood regulation (Levin & Nielsen, 2009; McGaugh, 2004; Revonsuo, 

2000). The model remains speculative, particularly the fear-extinction function of REM sleep 

since it has not been empirically studied. Therefore, there is a need for empirical research to 

confirm the theoretical model. 

The present findings that show consistent alertness across sleep stages explain why 

NM sufferers report daytime difficulties with emotion regulation. Especially when deep sleep 

such as NREM sleep is constantly disrupted it can lead to anxiety, depression, and mental 

and physical fatigue in day-to-day life. This supports prior research connecting nightmares 

with psychiatric symptoms and suicidality (Sandman et al., 2017; Sjöström et al., 2009). They 

may also help support the SAH proposed by Nielsen (2017), as introduced earlier. According 

to this hypothesis, early experiences of stress can disrupt the normal development of brain 
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areas that regulate emotions, like the amygdala and the medial prefrontal cortex. This 

disruption may cause long-term problems with controlling emotional responses, including 

during sleep. The increased brain activity during REM and NREM sleep seen in nightmare 

sufferers could reflect this kind of early emotional dysregulation. In particular, the difficulty 

in calming down emotional and stress responses during sleep fits well with the idea that 

nightmares are a long-term effect of early life stress.  

The recent review by Castelnovo et al. (2024) offers insight into the complexity of 

sleep disruptions by examining conscious experiences during NREM parasomnias. While 

nightmares have traditionally been considered a REM sleep phenomenon, research 

demonstrate that parasomnias arising from deep NREM sleep can also involve vivid, 

emotionally intense mental content. EEG studies revealed a hybrid brain state during these 

episodes, characterized by persistent slow-wave activity in anterior regions alongside wake-

like activation in posterior cortical areas. This dissociation reflects the cortical instability 

observed in frequent NM sufferers, suggesting that emotionally dysregulated experiences 

during sleep are not exclusive to REM stages. Instead, both REM and NREM disturbances 

may share underlying mechanisms of disrupted arousal regulation and emotional processing 

(Castelnovo et al., 2024). These findings may reflect a broader dysfunction in the neural 

systems responsible for transitions between sleep and wake states in frequent NM sufferers. 

Strengths and Limitations  

The strengths of the studies included in this systematic review are that the studies 

utilize both EEG and full-night PSG recordings, which provided comprehensive sleep 

measurements (Paul et al., 2015; Simor et al., 2012, 2013a, 2013b), offering insights into how 

frequent nightmare sufferers actually sleep. Simor and colleagues (2013), for example, looked 

at small changes in sleep patterns during the night which helped reveal signs of disrupted 

sleep in nightmare sufferers. Carr et al. (2016) added to this by using memory and emotion 

tasks to show how nightmares may affect emotional responses during dreaming. 

Additionally, the results of the majority of the studies are consistent and similar to each other 
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while strengthening existing theories such as the neurocognitive model by Levin and Nielsen 

(2009) despite the method variations.  

The primary limitation of this review is the lack of distinction between frequent 

nightmares associated with psychiatric conditions and idiopathic nightmares. This limited 

the ability to draw clear conclusions about how different underlying causes may affect neural 

functioning in this review. Additionally, the unclear distinction between the clinical aspects of 

frequent nightmares and the idiopathic aspects complicated the screening process and 

contributed to uncertainty in applying the inclusion and exclusion criteria. Strengths and 

limitations can be discussed concerning home-based or laboratory. Laboratory-based PSG 

studies, such as those by Simor et al. (2012, 2013a, 2013b), allow for precise monitoring of 

sleep stages, arousals, and cortical activity. The control by the researchers helps in detecting 

subtle alterations in brain activity related to nightmares. However, the laboratory 

environment may itself interfere with natural sleep patterns due to factors like first-night 

effects, unfamiliar surroundings, or increased participant anxiety. Additionally, nightmares 

are episodic and do not occur every night, making it difficult to generalize about findings 

based on a few nights. In contrast, home-based PSG studies, such as Paul et al. (2015), offer 

better validity because participants sleep in their natural environments, potentially leading to 

more representative data on nightmare occurrences and sleep architecture.  

Home-based recordings can better capture typical sleep behaviors and reduce sleep 

disturbances that may not reflect participants' everyday sleep. In Sayk et al. (2024), the 

effects of IRT were investigated in NM sufferers, but a comparison group was not included. 

The NM sufferers in the study benefited from IRT but it would be relevant to compare with 

an additional control group with nightmares. Overall, the studies involved a sample size of 20 

or more participants with a mean of 24.97 years old. The 7 out of 10 studies that reported 

gender distribution consisted of 75 males and 184 females.  Therefore, there is a need for 

more diverse samples in future research, including having multiple nights and perhaps trying 

to capture recordings during nightmares that may not appear every night. Although ERP 
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studies were part of the review aim, none of the included studies used ERP paradigms. The 

absence of ERP highlights a gap in current research. A limitation found in the methods of the 

included articles is a lack of clear definition of nightmare frequency for the NM groups. 

Certain studies included subjects with >1 nightmare/week, while others had a cutoff of >2 

nightmares/week, some subjects were diagnosed with nightmare disorder prior to 

participation (Paul et al., 2015) while other subjects were not. The absence of a consistent 

inclusion criteria can put to question the general validity of the findings across studies. All 

included studies between 1-8 questionnaires to determine which participants were in the NM 

group. The large number of questionnaires furthers the difficulty of finding a clear guideline 

for inclusion criteria when selecting participants for the NM group.  

Conclusion 

This systematic review examined the neurophysiological characteristics of disturbed 

sleep in frequent NM sufferers. The findings from the included studies consistently 

demonstrate that NM sufferers show heightened cortical arousal and disrupted sleep 

architecture across multiple sleep stages, particularly reflected in increased beta and gamma 

activity and reduced slow-wave sleep. These findings have important clinical implications. 

Recognizing neurophysiological sleep disturbances in frequent NM sufferers can guide 

interventions to improve both sleep quality and emotional regulation. This area of research 

would benefit from longitudinal studies including ERP markers to identify subcortical brain 

areas related to emotional dysregulation through other brain imaging techniques. 

Furthermore, integrating more accurate and consistent questionnaires to assess nightmare 

frequency and clear cut off point values in NM sufferers is necessary for future research.  
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