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Abstract

Exploding head syndrome is a sensory parasomnia characterized by the perception of loud noises
and/or a sense of explosion in the head that occurs when transitioning to or from sleep. Despite
receiving little attention from both researchers and clinicians, studies suggest approximately 10-
15% of individuals have episodes, with significant levels of fear occurring in a subset of cases.
Using two independent samples, we examine sleep and well-being variables associated with
exploding head syndrome. We focused on insomnia symptoms, life stress, anxiety and
depression symptoms, and sleep experiences such as sleep paralysis as potential factors
associated with exploding head syndrome. Study 1 consisted of 199 female undergraduate
students. We found a lifetime prevalence of 37.19%, with 6.54% experiencing at least one
episode a month. All variables were associated with exploding head syndrome in univariate
analyses, but only insomnia symptoms and sleep paralysis frequency were significantly
associated with exploding head syndrome in multiple logistic regression models. Study 2 was an
international sample of 1683 participants (age range 18-82, 53.00% female). Lifetime prevalence
was 29.59%, with monthly episodes occurring in 3.89% of participants. The same set of
variables were investigated as in Study 1, with dissociative experiences during wakefulness and a
larger range of sleep experiences also included. Study 2 replicated the results of Study 1. In
addition, dissociative experiences during wakefulness and other sleep experiences such as
nightmares were associated with exploding head syndrome in multiple logistic regression
models. These studies provide valuable first insights into variables associated with exploding

head syndrome.
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Clinical trial information: Study 1 constitutes a planned exploratory outcome of a pilot feasibility

study conducted to provide information useful for designing a clinical trial: Name: STOP-pilot
URL: https://clinicaltrials.gov/ct2/show/NCT03062891?term=NCT03062891&rank=1,

Registration: NCT03062891

Statement of significance

Exploding head syndrome, the perception of loud bangs at sleep-wake transitions, has received
little attention from researchers and is unknown to the majority of clinicians. In spite of this, it
has been found to be relatively common and can lead to significant levels of distress in some
cases. Here, two independent datasets were utilized to investigate whether insomnia symptoms,
well-being, and other sleep experiences are associated with exploding head syndrome. Insomnia
symptoms, dissociative experiences, and unusual sleep experiences such as sleep paralysis
predicted the presence of exploding head syndrome in multiple regression models. These results
provide some initial information about multiple factors that may contribute to exploding head

syndrome, which will be useful in designing future interventions.



Introduction

Exploding head syndrome (or episodic cranial sensory shock !) is an anomalous sleep experience
characterized by hearing loud noises (e.g. resembling an explosion or gunshot) in one’s head at
either wake-sleep or sleep-wake transitions 2. Using a clinical interview to establish diagnosis in
49 individuals, the most frequent associated symptoms are: increased heartrate (reported by 83%
of participants), fear (81%), and muscle jerks/twitches (68%) 3. Interestingly, approximately one
third of the sample reported visual phenomena such as flashing lights, whilst physical pain (9%)
and headaches were rarely reported (7%) 3. Whilst not typically associated with physical pain,
episodes can result in clinically significant levels of distress/impairment in some cases >*. As
such, exploding head syndrome is an important differential diagnostic consideration for
nocturnal headache disorders such as hypnic headaches, which involve recurrent headaches

occurring exclusively during sleep causing the patient to awaken 3.

The study of exploding head syndrome has received relatively little attention from both
researchers and clinicians ®. To our knowledge, only two studies to date have assessed the
prevalence of exploding head syndrome. One study with 180 participants found a lifetime
prevalence of 11% in healthy individuals; a second study of college students (N = 211) reported
an 18% lifetime prevalence rate, with 16.50% experiencing recurrent episodes (defined as more

than one lifetime episode) +°.

Despite its prevalence, very few individuals report exploding head syndrome episodes to

medical professionals, with one study finding just 11% of participants reported episodes to their



doctors 3. Furthermore, of those that reported seeking medical advice, none found that clinicians
were familiar with exploding head syndrome 3. This highlights the importance of further research
into this topic so that the phenomenon can be better characterized, allowing increased
recognition in the medical community — for example, to prevent misdiagnosis, or simply to

inform patients about the condition to reduce anxiety.

An important question concerns factors that are associated with experiencing exploding
head syndrome. To date, systematic studies have not been conducted on this topic and current
knowledge is based only on small-scale studies. While case studies suggest that variables such as
stress and psychopathology make episodes more likely, these conclusions rest on informal
patient interviews and have not been tested systematically '%-!2, Large scale investigations on this
topic are warranted in order to identify associations between experiencing exploding head
syndrome and other variables as a very first stage to establishing risk factors for exploding head

syndrome.

A growing body of evidence suggests that anomalous sleep experiences (a broad
construct subsuming a variety of nocturnal experiences involving altered states of consciousness
13) frequently co-occur. For example, exploding head syndrome is more common in individuals
reporting sleep paralysis (a period of inability to perform voluntary movements at sleep
onset/sleep offset), with the suggestion that exploding head syndrome may temporally precede
an episode of sleep paralysis *!3. Other work indicates that experiences, such as sleep paralysis,
hypnagogic/hypnopompic hallucinations (hallucinations that occur at sleep onset/sleep offset),

nightmares, and lucid dreaming (whereby the dreamer becomes aware that they are dreaming)



tend to co-occur 17 It is currently unknown whether exploding head syndrome co-occurs with

any of these other sleep experiences (except for sleep paralysis).

Individuals who are prone to anomalous waking experiences such as dissociation, which
involves depersonalization (feelings of disconnection from oneself) and derealization (feeling
disconnected from ongoing reality), are more likely to have anomalous experiences during sleep
1819 These associations are thought to reflect a common domain of unusual cognitive and
perceptual experiences that manifest across different states of consciousness 2°. It is also possible
that poor sleep quality in general, perhaps exacerbated by factors such as stress and anxiety, are
risk factors for unusual sleep experiences 2!. This is especially true for sleep paralysis, where
factors such as insomnia, stress, and anxiety have been consistently linked to increased
prevalence rates >2. Well-being variables such as stress and anxiety may be directly related to
exploding head syndrome. Alternatively, the relationship may be indirect in that experiencing a
period of heightened stress may lead to an increase in sleep problems, which may then lead to
exploding head syndrome. Such a mechanism has been proposed for other sleep experiences,
namely sleep paralysis 2°. However, exploding head syndrome has not yet been investigated in

this context, so it is unclear whether it shares similar predictors with other sleep experiences.

The objective of this work was to perform the first systematic investigation of multiple
variables potentially associated with exploding head syndrome. Although cross-sectional data are
reported here, finding associations will constitute a first step to conducting future research to
establish risk factors for EHS and to facilitate the design of intervention methods to help those

who suffer most from this experience. We address this objective using two independent samples.



Study 1 employed a female-only sample of UK university students enrolled as part of a larger
study on sleep quality and insomnia symptoms 2. Study 2 used a large international sample from
a study of anomalous sleep experiences '4. We believe this latter study is the largest sample (to

date) used to investigate exploding head syndrome. We had the following specific aims:

1) To establish the prevalence of exploding head syndrome in our two samples, to compare with
previous estimates in the existing literature.

2) To investigate whether sleep and well-being variables are associated with exploding head
syndrome. Based on the previous literature on variables associated with other unusual sleep
experiences, insomnia symptoms, stress, and symptoms of anxiety and depression were included
in analyses. Study 2 also measured dissociative experiences. As a supplementary post-hoc
analysis, we conducted mediation analyses to test whether the association between well-being
variables (stress, anxiety, and depression) and exploding head syndrome were mediated by
insomnia symptoms. The rationale for this choice was based on the large body of evidence that
these well-being factors have been shown in longitudinal designs to be related to insomnia
symptoms .

3) To examine whether unusual sleep experiences are associated with exploding head syndrome.
We sought to replicate the finding that exploding head syndrome is associated with sleep
paralysis. Furthermore, in Study 2 (the only sample in which they were measured), we explored
whether experiences of other unusual sleep experiences (threatening hypnagogic/hypnopompic
hallucinations, nightmares, false awakenings, and lucid dreaming) were associated with the

presence of exploding head syndrome.



Study 1

Methods

Participants

A total of 199 participants took part in Study 1 (Mage = 20.02, SD =4.75, range = 18-50, 100%
female). Participants were recruited as part of a larger pilot study investigating predictors of
treatment outcome to cognitive behavioral therapy for insomnia in university students (the Sleep
Treatment Outcome Predictors (STOP) study, see elsewhere for more details and study protocol
23). Note that the results presented here are a planned exploratory outcome of the STOP study
(trial number: NCT03062891). Inclusion criteria were as follows: 1) female; 2) over 18 years of
age; and 3) enrolled in a psychology degree program (undergraduate or postgraduate) at one of
three UK universities. Only data from the baseline assessment of the STOP study were used, as
this was the only session that assessed exploding head syndrome. Data were collected via the
online survey platform Qualtrics (Qualtrics, Provo, UT). The study received ethical approval

from Goldsmiths, University of London Research Ethics and Integrity sub-committee.

Measures

Exploding head syndrome

Lifetime prevalence of exploding head syndrome was measured using a single item from the
Munich parasomnia screening (MUPS) °. Participants were asked “Have you ever noticed the
following behavior? When falling asleep or waking up, perceiving a loud bang, a sound similar
to a bang (e.g. door bang), or having the sensation of an “explosion in the head”. The item was
answered on a 5-point scale, ranging from never observed to several times a week. The

sensitivity and specificity of the item for detecting exploding head syndrome has been validated



against detailed clinical interview °. This item has been used in previous research to assess

prevalence of exploding head syndrome °.

Insomnia symptoms: Sleep condition indicator (SCI) 26

Participants consider a typical night in the last month and rate various aspects of their sleep
including onset (“How long does it take you to fall asleep?”); waking during sleep (“If you wake
up during the night...how long are you awake for in total?”); perceived sleep quality (“How
would you rate your sleep quality?”); the effect of poor sleep on various aspects of life (e.g. “To
what extent has poor sleep affected your mood, energy, or relationships?”); and the length of
time that sleep problems have been an issue (“How long have you had a problem with your
sleep?”). Higher scores are indicative of better sleep, and scores <= 16 indicate insomnia
disorder. The SCI is valid, reliable, and sensitive to change in insomnia severity %6. In the current

sample, the measure showed good internal reliability (a = .85).

Life stress: Perceived stress scale (PSS) 27

This 10-item scale was used to measure stress. Participants rated the extent to which they had felt
and thought in a certain way over the past month (e.g. “How often have you felt confident about
your ability to handle your personal problems”), on a 0-4 scale ranging from never to very often.
All items are summed to create an overall score with higher scores indicating a greater level of
perceived stress over the past month. A review of articles assessing the psychometric properties
of the PSS found the measure to be a reliable and valid measure of life stress 28, and showed

good internal reliability in this sample (o = .83).
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Anxiety symptoms: State trait anxiety index (STAI) ?°

The STAI assesses both state and trait levels of anxiety. Here, only trait anxiety was examined,
and was measured using 20 items (e.g. “I feel that difficulties are piling up so I cannot overcome
them”, “I worry too much over something that really doesn’t matter”). Participants rate each item
for how they generally feel on a 4-point scale from not at all to very much so. Scores are
summed to create a total score. Higher scores are indicative of greater trait anxiety. The STAI
has been shown to be a reliable and valid measure of anxiety symptoms 3*. The measure had

good reliability in this sample (o = .88).

Depressed mood: Mood and feelings questionnaire (MFQ) 3!

Depressed mood was measured using the 13-item MFQ. Participants rated the extent to which
they had felt or acted in a certain way during the past two weeks (e.g. “I felt miserable and
unhappy”, “I found it hard to think properly or concentrate’) on a 3-point scale (not true,
sometimes, true). All items are summed to create to a total score, with a higher score being
indicative of a more depressed mood over the last 2 weeks. It has been shown to be a reliable and

valid measure of depressed mood 2. In this sample, the reliability of the measure was good (0. =

91).

Sleep paralysis

Frequency of sleep paralysis was assessed with a single item: “Sometimes when falling asleep
or when waking from sleep, I experience a brief period during which I am unable to move, even
though I am awake and conscious of my surroundings” 33, answered on a 7-point scale ranging

from never observed to several times a week. This has been shown to be a reliable and valid
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measure of sleep paralysis frequency **, and self-report measures of sleep paralysis have been

found to yield similar prevalence rates to interview methods in healthy samples .

Statistical analysis

Due to the non-normal distribution of exploding head syndrome prevalence (see Figure 1), the
variable was dichotomized into exploding head syndrome absent (n = 125, 62.81%) and present
(n =74, 37.19%). Participants who had experienced at least one episode in their lives were
categorized as exploding head syndrome present. As such, all results reflect predictors of lifetime
exploding head syndrome. Independent samples t-tests were used to investigate sleep and well-
being variables associated with exploding head syndrome. Then, multiple logistic regression was
used to test which well-being variables were independently associated with exploding head
syndrome. Two regression models were run. Model 1 predicted exploding head syndrome from
insomnia symptoms, life stress, and anxiety and depression symptoms. The effect of age was

controlled for in Model 2.

Bootstrapped mediated regression models (with 5000 repetitions) were performed to test
whether the relationships between well-being variables (stress, anxiety and depression
symptoms) and exploding head syndrome were mediated by insomnia symptoms. Bootstrapping
was used due to the increase in statistical power and does not assume normally distributed data
3. A total of three mediated regression models were run (one for each well-being variable: life
stress, anxiety and depression), with age entered as a co-variate in each model. Note that
mediation analyses were performed post-hoc. Furthermore, as the data are cross-sectional,

findings should be considered preliminary and interpreted with caution.
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To examine the association between exploding head syndrome and sleep paralysis, we
conducted t-tests followed up with logistic regression models predicting the presence of
exploding head syndrome from sleep paralysis frequency. In Model 1, exploding head syndrome
presence was predicted from sleep paralysis frequency. Model 2 controlled for the effect of age.
This analysis allowed us to examine whether the odds of experiencing exploding head syndrome

increase as the frequency of sleep paralysis episodes increase.

Well-being variables and anomalous sleep experiences (sleep paralysis) were analyzed in
separate regression models as they constituted independent hypotheses. We kept to this format
for Study 1, despite the lower number of predictor variables (though also lower sample size), to
be consistent and allow easier comparisons with Study 2. However, for full transparency and
completeness, we also performed an ad hoc separate regression model containing all predictors

(Table S1).

It is possible that experiencing exploding head syndrome less than once per year would
differ in terms of its predictors compared to experiencing more frequent episodes. In order to
examine this, analyses were also run on a reduced dataset excluding individuals who reported
experiencing exploding head syndrome less than once a year. Therefore, these additional
analyses only examined those reporting more frequent episodes — at least once/several times a

year (Tables S2-S5).

Results
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Frequency of exploding head syndrome and other descriptives

In the sample, 37.29% of individuals reported at least one lifetime episode of exploding head
syndrome. The distribution of prevalence rates is displayed in Figure 1. Descriptive statistics for
all variables are shown in Table 1. Independent samples t-tests showed all variables except age
and depressed mood to be significantly related to exploding head syndrome in the expected

direction.

Regression models predicting exploding head syndrome from insomnia symptoms, stress,

anxiety symptoms, and depression symptoms

The results of the regression models are displayed in Table 2. After controlling for the effect of
age (see model 2 in Table 2), insomnia symptoms were the only independent predictor of
exploding head syndrome, OR (CI) = 0.65 (0.44 — 0.94), p = .020. Stress, anxiety symptoms, and
depression symptoms were not significantly associated with exploding head syndrome in the
multiple logistic regression model. The same pattern of results was obtained with the “Less than

once a year” category of the exploding head syndrome variable removed (see Table S3).

Supplementary mediation analyses

Bootstrapped mediation models revealed a significant indirect effect of well-being variables on
exploding head syndrome, with insomnia symptoms as the mediator: life stress (indirect effect,
OR =1.12,95% CI = 1.02 — 1.23), anxiety (indirect effect, OR = 1.11, 95% CI = 1.01-1.22), and
depression (indirect effect, OR = 1.15, 95% CI = 1.04 — 1.27). In all three cases the direct effect
was not significant. Full model results are shown in Table 3. Note the mediation analysis was

post-hoc, performed after the primary multiple logistic regression analysis.
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Exploding head syndrome and sleep paralysis

Using logistic regression, and after controlling for the effect of age (see model 2 in Table 2),
frequency of sleep paralysis significantly predicted exploding head syndrome, OR (CI) = 1.79
(1.32-2.45), p < .001. For this analysis, the same pattern of results was obtained with the “Less

than once a year” category of the exploding head syndrome variable removed) (see Table S3).

When all possible predictors were assessed in the same model (insomnia symptoms,
stress, anxiety symptoms, depression symptoms, and sleep paralysis), a similar pattern of results
was obtained. Of note, in this model, insomnia symptoms showed only a non-significant trend
association with exploding head syndrome, though the co-efficient size remained highly similar

(OR (CI) =0.69 (0.47 — 1.02), p = .065). See Table S1 for full model information.

Study 2

Note that data on the sleep paralysis and lucid dreaming items from this study have been
previously published elsewhere 4. All the analyses presented here are novel, and the data on

exploding head syndrome has not been reported before.

Methods

Participants

In total, 1928 participants took part (Mage = 34.17, SD = 13.62, range = 18-82 years, 53%
female). Participants were invited to take part in an online survey through advertisements on a

university mailing list (i.e. aimed at students and staff at a university interested in taking part in
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research), and on lucid dreaming and sleep paralysis websites and forums (see
Acknowledgements). The study was described as an investigation of people’s experiences of
wakefulness and sleep. Only those who answered the item on exploding head syndrome were
included in the analyses (n = 1673). The study received ethical approval from the University of

Sheffield Department of Psychology Ethics Committee.

Measures
The following measures used in Study 1 were used in Study 2: SCI (a = .86), PSS (a = .90),
STAI (o = .94), and MFQ (a = .90), and all showed good internal reliability in the current study.

The same item was used to measure sleep paralysis.

Dissociative experiences: Dissociative experiences scale I (DES-II) 37

Participants rated the percentage of time occupied by dissociative experiences over the past
month (e.g. “Finding yourself in a place and having no idea how you got there”) using 100-point
sliding scales. For each item, a score of 0 would indicate that experience happens to you 0% of
the time, with 100% indicating that experience happens 100% of the time. Scores for each item
were summed to create an overall score with possible values from 0-2800; higher scores indicate

greater dissociative experiences (o = .93).

Anomalous sleep experiences

Threatening hypnagogic/hypnopompic hallucinations were measured with the item “How often
do you experience auditory or visual illusions that accompany falling asleep or waking up in a

distressing or threatening manner (e.g. hearing sounds or voices, or seeing people or things that
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are not in the room?)”. Nightmares were measured using the item “How often do you experience
frightening dreams or nightmares?”. Both items are scored on a 1-5 scale ranging from never
observed to several times a week, taken from the MUPS °. False awakenings were measured with
the item “How often do you experience erroneously believing that you have woken up, only to
discover subsequently that the apparent awakenings were part of a dream?”. This item was
adapted from the Waterloo unusual sleep experiences questionnaire 3, and is measured on the

same 1-5 scale as the MUPS ? items.

Lucid dreaming was measured by the item “Some people experience the phenomenon of
lucid dreaming. During a lucid dream, one is — while dreaming — aware of the fact that one is
dreaming. It is possible to deliberately wake up or to control the dream action or to observe
passively the course of the dream with this awareness. How frequently do you experience lucid
dreams?”. This item is scored on an 8-point scale ranging from never to several times a week,

and has been used previously to measure the frequency of lucid dreaming 38,

Statistical analysis

The same statistical methods as Study 1 were used. The exploding head syndrome variable was
dichotomized, n = 1178 (70.41%) were exploding head syndrome absent, and n =495 (29.59%)

were exploding head syndrome present.

For sleep, well-being (insomnia symptoms, stress, depression and anxiety symptoms),

and dissociation variables, independent samples t-tests were performed (to test for differences in

sex between exploding head syndrome and exploding head absent, chi-square was used),
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followed by multiple logistic regression. Two logistic regression models were performed. Model
1 predicted exploding head syndrome from insomnia symptoms, stress, anxiety symptoms,
depression symptoms, and dissociative experiences. Model two was adjusted for the effects of

age and sex.

As in Study 1, three bootstrapped mediated regression models were run to examine the
mediating effect of insomnia symptoms on the relationship between well-being variables (stress,
anxiety and depression symptoms) and exploding head syndrome. Age and sex were added as

co-variates.

To examine associations between exploding head syndrome and other anomalous sleep
experiences, independent samples t-tests and logistic regressions were performed. Multiple
logistic regression was used to determine which sleep experiences were independently associated
with the presence of exploding head syndrome. Model 1 predicted exploding head syndrome
from each of the other sleep experiences (sleep paralysis, threatening hypnagogic/hypnopompic
hallucinations, nightmares, false awakenings, and lucid dreaming), whilst Model 2 controlled for

the effects of age and sex.

Associations between exploding head syndrome and well-being variables, and
associations between exploding head syndrome and anomalous sleep experiences were run in
separate regression models. As for Study 1, we conducted an additional ad hoc separate
regression model containing all predictors. We also re-ran the analysis excluding those who only

ever reported one lifetime episode of exploding head syndrome.

18



Results

Frequency of exploding head syndrome and other descriptives

In the sample, 29.59% of individuals reported at least one lifetime episode of exploding head
syndrome. The distribution of prevalence rates is displayed in Figure 1. Descriptive statistics for
all variables from Study 2 are shown in Table 4. Independent samples t-tests showed all
variables apart from age to be significantly related to exploding head syndrome. Chi-square

showed sex was not significantly related to exploding head syndrome.

Regression models predicting exploding head syndrome from insomnia symptoms, stress,

anxiety symptoms, depression symptoms, and dissociative experiences

The results of the regression models are displayed in Table 5. Insomnia symptoms (OR (CI) =
0.73 (0.63 — 0.85), p <.001), and dissociative experiences (OR (CI) = 1.24 (1.08 — 1.43), p <
.001) were both independently associated with exploding head syndrome. Age, sex, stress,
anxiety symptoms, and depression symptoms were not significantly associated with exploding
head syndrome in a multiple logistic regression model (all ps > .05). The same pattern of results
was obtained with the “Less than once a year” category of the exploding head syndrome variable

removed. See Table S5.

Supplementary mediation analyses

Bootstrapped mediation models revealed that insomnia symptoms mediated the relationship
between life stress and exploding head syndrome (indirect effect, OR = 1.08, 95% CI = 1.05 —

1.12), anxiety symptoms and exploding head syndrome (indirect effect, OR = 1.09, 95% CI =
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1.05 — 1.13), and depression symptoms and exploding head syndrome (indirect effect, OR =
1.08,95% CI = 1.04 — 1.12). In all three cases, the direct effect was not significant. Full model

results are shown in Table 3. As in Study 1, mediation analyses were performed post-hoc.

Regression models predicting exploding head syndrome from other anomalous sleep experiences

After controlling for age and sex (see Model 2 in Table 5), multiple logistic regression revealed
all anomalous sleep experiences were significantly associated with exploding head syndrome:
sleep paralysis, OR (CI) = 1.15 (1.02 — 1.30), p = .020; threatening hypnagogic/hypnopompic
hallucinations, OR (CI) = 1.55 (1.37 — 1.75), p < .001; nightmares, OR (CI) = 1.15 (1.01 — 1.31),
p = .03; false awakenings, OR (CI) = 1.18 (1.04 — 1.33), p = .01; lucid dreaming, OR (CI) = 1.14
(1.01 - 1.29), p = .03. When the “Less than once a year” category of the exploding head
syndrome variable was removed, false awakenings no longer independently predicted exploding

head syndrome. See Table SS.

When all possible predictors were included in the same model, broadly similar results
were obtained. Dissociative experiences showed only a nonsignificant trend (OR (CI) = 1.15
(0.99 — 1.33), p = .060), and false awakenings (OR (CI) = 1.09 (0.94 — 1.27), p = .26) and lucid
dreaming (OR (CI) = 1.11 (0.96 — 1.29), p = .15) were not significant predictors in this model.

See Table S1 for full model information.

Discussion

We examined the prevalence of exploding head syndrome and associations with insomnia

symptoms and sleep experiences, well-being measures (stress, anxiety symptoms, depression
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symptoms), and dissociation. We believe this work to be the first systematic investigation of
multiple variables associated with this experience. Lifetime prevalence of exploding head
syndrome was 37.19% and 29.59% in our two samples respectively. In both samples symptoms
of insomnia was associated with the experience exploding head syndrome in a multiple predictor
model. Our second sample found dissociative experiences during wakefulness to also be
independently associated in a multiple predictor model. Both samples showed a significant
association between the presence of exploding head syndrome and sleep paralysis, replicating
previous findings #. In Study 2, we extend this by showing that other potentially distressing sleep
experiences (threatening hypnagogic/hypnopompic hallucinations and nightmares) are also

associated with the presence of exploding head syndrome.

Notably, the prevalence rates obtained in our samples were nearly double those reported
in previous studies. Using the same measure as the one used here, Fulda and colleagues reported
a prevalence rate of 11% °. Using a different measure (clinical interview), a second study
reported a lifetime prevalence of 18% *. This suggests that exploding head syndrome is perhaps
more prevalent than previously thought or that our study possibly over-estimated the prevalence
— perhaps reflecting a self-selection bias in our study for example. For instance, although Study
2 represents a far larger and more international sample than previous studies, some participants
were recruited from sleep paralysis and lucid dreaming discussion forums, a feature of the study
that could have resulted in higher proportions of participants with anomalous sleep experiences
compared to the population more generally. The difference in prevalence found in our studies as
compared to others may also reflect other differences between the samples such as the entirely

female sample used in Study 1, given previous evidence that exploding head syndrome may be
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more prevalent in females '*°. However, we should note that our second study found no sex
differences in the experience of exploding head syndrome. Given that our studies were only the
third and fourth investigations into lifetime prevalence of exploding head syndrome ever
conducted, more studies are needed to firmly establish prevalence rates. However, our results
suggest exploding head syndrome may be more common than other unusual sleep experiences

such as sleep paralysis and night terrors %.

In multiple logistic regression models, insomnia symptoms, dissociative experiences, and
a range of anomalous sleep experiences were significantly independently associated with
exploding head syndrome. Interestingly, a large body of research now suggests an intricate
relationship between sleep disruption, dissociation, and anomalous sleep experiences '°.
Specifically, multiple studies have found robust correlations between waking life dissociation
and sleep experiences such as hypnagogic/hypnopompic hallucinations '°. Furthermore, sleep
disruption (assessed either through sleep deprivation or subjective report) has been shown to lead
to increased levels of dissociative experiences during wakefulness “°#2. The work reported here
suggests that exploding head syndrome is related to a wide variety of other sleep experiences,

meaning it should be assessed more regularly in studies of anomalous sleep experiences.

Despite univariate t-tests suggesting a significant relationship between exploding head
syndrome and measures of stress, anxiety symptoms, and depression symptoms, none of these
variables were significantly associated in multiple logistic regression models. It is possible that
these variables are related indirectly, and our post-hoc mediation analyses raises the possibility

that insomnia symptoms mediate the relationship. However, this finding should be considered
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preliminary and treated with caution. Future studies employing longitudinal designs are needed
to confirm this possibility. These kinds of designs are needed to fully understand the mechanisms
and time course of exploding head syndrome and will facilitate more targeted interventions (e.g.,

treatment of insomnia, improving well-being).

Limitations of the study should be considered. First, the study was cross-sectional in
design meaning that the direction of observed relationships cannot be inferred. For example, do
insomnia symptoms increase the risk of exploding head syndrome, or does exploding head
syndrome lead to insomnia symptoms by making sleep initiation harder (as exploding head
syndrome occurs at sleep-wake transitions), or is there another explanation for these associations

(such as a shared genetic risk leading to vulnerability to both)?

Second, only the presence of exploding head syndrome, as measured by a single item,
was used. Whilst this item has been well validated against detailed clinical interviews °, future
studies should seek to employ a more detailed assessment of exploding head syndrome that
includes associated features and distress levels 3. Although our method was practically useful,
facilitated larger sample sizes, and has been validated against detailed clinical interview °, it
would be important to replicate our findings with samples where exploding head syndrome has

been confirmed via detailed interview.

Third, in Study 2, the threatening hypnagogic/hypnopompic hallucinations item shared

some overlap with the exploding head syndrome item, in that they both asked about auditory

hallucinations at sleep onset/sleep onset periods. Whilst the threatening
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hypnagogic/hypnopompic hallucinations item also asked about visual experiences, it is possible
that this overlap could in part explain the associations found between these two items.

With these limitations in mind, this report represents the largest published sample to date
in the study of exploding head syndrome (though we note that our group has now collected an
even larger dataset since the submission of this manuscript). Using two independent samples, we
found that: 1) approximately one third of individuals experienced at least one episode in their
lifetime, 2) insomnia symptoms, and dissociative experiences during wakefulness independently
predict the presence of exploding head syndrome, 3) insomnia symptoms mediated the
relationship between well-being and exploding head syndrome, and 4) exploding head syndrome
is associated with a variety of other anomalous sleep experiences. We hope that more work on
exploding head syndrome will be conducted in the future, especially in the context of other

anomalous sleep experiences, leading to a greater understanding of this fascinating experience.

Acknowledgments

We thank the web administrators of LD4All.con, World of Lucid Dreaming, and The Sleep

Paralysis Project for allowing us to recruit participants for Study 2 through their websites.

Funding

Study 1 represents independent research funded by the National Institute for Health Research
(NIHR) Biomedical Research Centre (BRC) at South London and Maudsley NHS Foundation
Trust and King’s College London. The views expressed are those of the authors and not

necessarily those of the NHS, the NIHR or the Department of Health. The funder had no role in

24



the study design; collection, management, analysis and interpretation of data; writing of this

publication; or in the decision to submit any future reports for publication.

Authorship responsibilities

AMG designed study 1. DD, SD, and IB collected the data for Study 1. DD analyzed the data for
study 1. DD and GLP designed study 2, collected the data, and analyzed the data. DD led the

writing of the manuscript, and GLP and AMG contributed to the writing process.

Disclosure statement

Financial disclosure: None
Non-financial disclosure: AMG has provided guidance and educational content for a freely

available educational website (www.babysleep.com) focused on infant sleep. This website is

partially supported by Johnson and Johnson, but they do not have any influence over content and
do not advertise on it. She has written a book Nodding Off (Bloomsbury Sigma, June, 2018) and
has a contract for a second book Sleepy Pebble (Nobrow). She occasionally contributes to BBC
Focus magazine and other magazines and newspapers. She is occasionally sent sample products
related to sleep (e.g. blue blocking glasses). She has provided a talk on sleep for business. None

of the other authors have any disclosures to declare.

References

1. Goadsby PJ, Sharpless BA. Exploding head syndrome, snapping of the brain or episodic
cranial sensory shock? J Neurol Neurosurg Psychiatry. 2016;87(11):1259-1260.

2. American Academy of Sleep Medicine. International Classificaiton of Sleep Disorders.
3rd ed. Darien, IL: Americian Academy of Sleep Medicine; 2014.
3. Sharpless BA. Characteristic symptoms and associated features of exploding head

syndrome in undergraduates. Cephalalgia. 2018;38(3):595-599.

25



o

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sharpless BA. Exploding head syndrome is common in college students. J Sleep Res.
2015;24(4):447-449.

Ganguly G, Mridha B, Khan A, Rison RA. Exploding head syndrome: A case report. Case
Rep Neurol. 2013;5(1):14-17.

Goadsby PJ. Unique Migraine Subtypes, Rare Headache Disorders, and Other
Disturbances. Continuum (N Y). 2015;21(4):1032-1040.

Olesen J. The International Classification of Headache Disorders, 3rd edition. Cephalagia.
2013;33(9):629-808.

Sharpless BA. Exploding head syndrome. Sleep Med Rev. 2014;18(6):489-493.

Fulda S, Hornyak M, Miiller K, Cerny L, Beitinger PA, Wetter TC. Development and
validation of the Munich Parasomnia Screening (MUPS): A questionnaire for parasomnias
and nocturnal behaviors. Somnologie. 2008;12(1):56-65.

Mitchell SW. On some disorders of sleep. Virginia Med Mon. 1879;2:769-781.

Pearce JM. Clinical features of the exploding head syndrome. J Neurol Neurosurg
Psychiatry. 1989;52:907-910.

Sachs C, Svanborg E. The exploding head syndrome: Polysomnographic recordings and
therapeutic suggestions. Sleep. 1991;14(3):263-266.

Evans RW. Exploding head syndrome followed by sleep paralysis: A rare migraine aura.
Headache. 2006;46(4):682-683.

Denis D, Poerio GL. Terror and bliss? Commonalities and distinctions between sleep
paralysis, lucid dreaming, and their associations with waking life experiences. J Sleep Res.
2017;26(1):38-47.

Fassler O, Knox J, Lynn SJ. The lowa Sleep Experiences Survey: Hypnotizability,
absorption, and dissociation. Pers Individ Dif. 2006;41(4):675-684.

Knox J, Lynn SJ. Sleep experiences, dissociation, imaginal experiences, and schizotypy:
The role of context. Conscious Cogn. 2014;23(1):22-31.

Watson D, Stasik SM, Ellickson-Larew S, Stanton K. Explicating the psychopathological
correlates of anomalous sleep experiences. Psychol Conscious Theory, Res Pract.
2015;2(1):57-78.

Koffel E, Watson D. Unusual Sleep Experiences, Dissociation, and Schizotypy: Evidence
for a Common Domain. Clin Psychol Rev. 2009;29(6):548-559.

van der Kloet D, Merckelbach H, Giesbrecht T, Lynn SJ. Fragmented Sleep, Fragmented
Mind: The Role of Sleep in Dissociative Symptoms. Perspect Psychol Sci. 2012;7(2):159-
175.

Watson D. Dissociations of the night: Individual differences in sleep-related experiences
and their relation to dissociation and schizotypy. J Abnorm Psychol. 2001;110(4):526-535.
Soffer-Dudek N. Arousal in Nocturnal Consciousness: How Dream- and Sleep-
Experiences May Inform Us of Poor Sleep Quality, Stress, and Psychopathology. Front
Psychol. 2017;8:733.

Denis D, French CC, Gregory AM. A systematic review of variables associated with sleep
paralysis. Sleep Med Rev. 2018;38:141-157.

Denis D. The relationship between sleep paralysis and sleep quality: Current insights. Nat
Sci Sleep. (in press).

Denis D, Eley TC, Rijsdijk F, et al. Sleep Treatment Outcome Predictors (STOP) pilot
study: A protocol for a randomised controlled trial examining predictors of change of
insomnia symptoms and associated traits following cognitive behavioural therapy for

26



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

insomnia in an unselected sample. BMJ Open. 2017;7:e017177.

Alvaro PK, Roberts RM, Harris JK. A Systematic Review Assessing Bidirectionality
between Sleep Disturbances, Anxiety, and Depression. Sleep. 2013;36(7):1059-1068.
Espie CA, Kyle SD, Hames P, Gardani M, Fleming L, Cape J. The Sleep Condition
Indicator: a clinical screening tool to evaluate insomnia disorder. BMJ Open.
2014;4(3):e004183.

Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived Stress. J Health Soc
Behav. 1983;24(4):385-396.

Lee EH. Review of the psychometric evidence of the perceived stress scale. Asian Nurs
Res (Korean Soc Nurs Sci). 2012;6(4):121-127.

Spielberger C., Gorsuch R., Lushene R, Vagg P., Jacobs G. Manual for the State-Trait
Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press; 1983.

Spielberger CD. State-Trait Anxiety Inventory: Bibliography. 2nd ed. Calo Alto, CA:
Consulting Psychologists Press; 1989.

Angold A, Costello E., Messer S., Pickles A, Winder F, Silver D. Development of a short
questionnaire for use in epidemiological studies of depression in children and adolescents.
Int J Methods Psychiatr Res. 1995;5(4):237-249.

Burleson Daviss W, Birmaher B, Melhem NA, Axelson DA, Michaels SM, Brent DA.
Criterion validity of the Mood and Feelings Questionnaire for depressive episodes in
clinic and non-clinic subjects. J Child Psychol Psychiatry Allied Discip. 2006;47(9):927-
934.

Cheyne JA, Newby-Clark IR, Rueffer SD. Relations among hypnagogic and hypnopompic
experiences associated with sleep paralysis. J Sleep Res. 1999;8:313-317.

Cheyne JA. Waterloo unusual sleep experiences questionnaire-VIlla.

Sharpless BA, Barber JP. Lifetime prevalence rates of sleep paralysis: a systematic
review. Sleep Med Rev. 2011;15(5):311-315.

Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis.
Guilford Press; 2013.

Carlson EB, Putnam FW. An update on the dissociative experiences scale. Dissociation.
1993;6(1):16-27.

Schredl M, Erlacher D. Lucid dreaming frequency and personality. Pers Individ Dif.
2004;37:1463-1473.

Frese A, Summ O, Evers S. Exploding head syndrome: Six new cases and review of the
literature. Cephalalgia. 2014;34(10):823-827.

Poerio GL, Kellett S, Totterdell P. Tracking Potentiating States of Dissociation: An
Intensive Clinical Case Study of Sleep, Daydreaming, Mood, and
Depersonalization/Derealization. Front Psychol. 2016;7:1231.

Van Heugten-Van Der Kloet D, Giesbrecht T, Merckelbach H. Sleep loss increases
dissociation and affects memory for emotional stimuli. J Behav Ther Exp Psychiatry.
2015;47:9-17.

Van Heugten-van der Kloet D, Merckelbach H, Giesbrecht T, Broers N. Night-time
experiences and daytime dissociation: A path analysis modeling study. Psychiatry Res.
2014;216(2):236-241.

27



Table 1. Descriptive statistics for variables included in Study 1

Variable Thig;egzcal Overall EHS present ~ EHS absent ~ Sig
Mean SD Mean SD Mean SD p

Exploding head syndrome 1-5 1.64 098 - - - - -

(EHS)

Age 18—-50+ 2020 4.75 20.64 565 1994 4.13

Sleep problems (SCI) 0-32 19.60 699 1748 7.35 20.85 649  **

Life stress (PSS) 5-50 20.09 622 2133 5.63 1936 645 *

Trait anxiety (STAI) 20 - 80 49.13 10.28 51.59 10.27 47.69 10.05 **

Depressed mood (MFQ) 0-26 9.41 6.35 1042 6.37 882 6.28

Sleep paralysis 1-7 1.98 135 247 151 1.69 1.15  ***

Note. SD = standard deviation, sig = independent samples t-tests between exploding head
syndrome present and exploding head syndrome absent significance level, * = p < .05, ** =p <
.01, *** = p <001, + = actual range, not theoretical.

EHS = Exploding Head Syndrome. A higher score indicates more frequent episodes.

SCI = Sleep condition indicator. A higher score indicates better sleep.

PSS = Perceived stress scale. A higher score indicates higher levels of life stress.

STAI = State trait anxiety index (trait). A higher score indicates higher levels of trait anxiety.
MFQ = Mood and feelings questionnaire. A higher score indicates higher levels of depressed
mood.

Sleep paralysis. A higher score indicates more frequent episodes of sleep paralysis.
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Table 2. Predictors of exploding head syndrome in Study 1

Independent variable [predicting Model information
exploding head syndrome]
Model 1 Model 2
Insomnia symptoms and well-being v (df=4)=13.17, p < .05 y>(df =5)=13.88, p < .05
OR (95% CI) OR (95% CI)
Age - 0.99 (0.93 - 1.07)
Insomnia symptoms 0.65(0.45-0.94) * 0.65(0.44-0.94) *
Life stress 1.20 (0.71 - 2.03) 1.20 (0.71 - 2.03)
Anxiety symptoms 1.33 (0.77 - 2.30) 1.39 (0.80-2.41)
Depression symptoms 0.73 (0.44 — 1.22) 0.71 (0.42 - 1.20)
Anomalous sleep experiences v (df=1)=15.72, p < .01 y?(df =2)=16.02, p < .01
OR (95% CI) OR (95% CI)
Age 1.02 (0.96 — 1.09)

Sleep paralysis 1.82 (1.33 —2.47) 1.79 (1.32 — 2.45) ***

Note. OR = Odds ratio, CI = Confidence intervals, *** = p < .001, * =p <.05
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Table 3. Mediated regression analyses in Study 1 and Study 2

Model information

Study 1

Study 2

DV: Exploding head syndrome
MV: Insomnia symptoms

Life stress

EHS on life stress

Life stress
Age
Sex

Insomnia symptoms on life stress

Life stress

Age
Sex

EHS on insomnia symptoms and life stress

Insomnia symptoms
Life stress

Age

Sex

Indirect effect

Anxiety symptoms

EHS on anxiety symptoms

Anxiety symptoms
Age
Sex

Insomnia symptoms on anxiety symptoms

v (df=2)=5.19,p=
.07

OR (95% CI)

1.40 (1.04 - 1.89) *
1.02 (0.95 -1.08)

F(2,191)=36.02, p <
001

B (95% CI)

20.48 (-0.60 — -0.35)

ek

-0.05 (-0.08 — 0.02) ***

2 (df=3)=12.02, p <
01

OR (95% CI)

0.66 (0.46 — 0.93) *
1.20 (0.84 — 1.69)

0.99 (0.93 - 1.07)

1.12 (1.02 - 1.23)

2 (df=2)=7.44,p <
05

OR (95% CI)

1.51 (1.11 = 2.04) **
1.01 (0.94 — 1.08)

F(2,191)=42.86,p <
.001
B (95% CI)

30

2 (df =3)=9.86, p <
05

OR (95% CI)

1.20 (1.07 — 1.36) **
1.00 (0.99 — 1.01)
0.98 (0.82 — 1.17)

F (3, 1395) = 104.86,
p <.001

B (95% CI)

-0.44 (-0.48 — -0.39)
fokok

-0.01 (-0.02 — 0.01)
0.07 (-0.01 = 0.15)

2 (df =4)=34.33,p <
001

OR (95% CI)

0.73 (0.64 — 0.82) ***
1.05 (0.92 — 1.20)

1.03 (0.99 — 1.05)

1.01 (0.84 — 1.21)

1.08 (1.05 - 1.12)

2 (df =3)=10.93, p <
05

OR (95% CI)

1.22 (1.08 — 1.37) **
1.01 (0.99 — 1.03)
0.95 (0.79 — 1.14)

F (3, 1385) = 135.21,
p <.001
B (95% CI)



Anxiety symptoms
Age

Sex

EHS on insomnia symptoms and anxiety

symptoms

Insomnia symptoms
Anxiety symptoms
Age

Sex

Indirect effect

Depression symptoms

EHS on depression symptoms

Depression symptoms
Age
Sex

Insomnia symptoms on depression
symptoms

Depression symptoms
Age
Sex

EHS on insomnia symptoms and
depression symptoms

Insomnia symptoms
Depression symptoms
Age

Sex

Indirect effect

-0.51 (-0.63 — -0.39)

kekok

-0.05 (-0.07 —-0.02) **

2 (df=3)=12.07, p <
01

OR (95% CI)

0.69 (0.48 — 0.98) *
1.26 (0.89 — 1.80)

0.99 (0.92 — 1.06)

1.11(1.01 = 1.22)

P (df=2)=4.12,p=
12

OR (95% CI)

1.30 (0.97 - 1.73) +
1.03 (0.97 - 1.10)

F(2,193)=45.86, p <
001

B (95% CI)

20.52 (-0.64 — -0.41)

kekok

-0.05 (-0.07 — -0.02)

kekok

2 (df=3)=11.10, p <
05

OR (95% CI)

0.61 (0.43 — 0.88) **
1.00 (0.71 — 1.42)

1.01 (0.95 — 1.08)

1.15 (1.04 — 1.27)

-0.49 (-0.54 — -0.44)

kokok

-0.05 (-0.08 —-0.02)

kek

0.11 (0.02 - 0.18) **

2 (df =3)=9.86, p <
05

OR (95% CI)

0.72 (0.63 — 0.82) ***
1.03 (0.90 — 1.18)
1.04 (0.99 — 1.06)
0.98 (0.82 - 1.19)

1.09 (1.05 - 1.13)

2 (df =3)=13.76, p <
01

OR (95% CI)

1.25 (111 = 1.40) #**
1.01 (0.99 — 1.02)
0.98 (0.81 - 1.17)

F (3,1390) = 119.84,
p <.001

B (95% CI)

~0.46 (-0.51 — -0.41)

kokok

-0.04 (-0.08 — -0.01)

ek

0.09 (0.01 — 0.16) *

2 (df=4)=35.23,p <
001

OR (95% CI)

0.74 (0.65 — 0.84) ***
1.08 (0.95 — 1.24)

1.00 (0.99 — 1.01)

1.01 (0.84 — 1.21)

1.08 (1.04 — 1.12)

Note. EHS = Exploding head syndrome OR = Odds ratio, CI = Confidence interval *** = p <
.001, ** =p < .01, *=p <.05, + = p <.10. For all indirect effects, bootstrapped confidence

intervals are displayed
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Table 4. Descriptive statistics for variables included in Study 2

Theoretical

range Overall EHS present EHS absent Sig
Variable Mean SD Mean SD Mean SD p
Exploding head syndrome 1-35 1.45 0.83 - - - - -
Age 18-82+ 3417 13.62 3527 1332 3475 14.05
Sex! 60.46 64.24 60.78
Sleep problems (SCI) 0-32 19.68 7.89 17.74  8.10 2046  7.72 oAk
Life stress (PSS) 5-50 1720  7.57 18.13  7.75 16.80 7.46 *x
Trait anxiety (STAI) 20-280 43.69 1226 45.15 1238 43.07 12.17  **
Depressed mood (MFQ) 0-26 5.63 4.60 6.24 4.82 5.36 4.47 *x

Dissociative experiences 0-2800 459.33 418.70 533.75 473.59 426.80 388.90 H**
(DES)

Sleep paralysis 1-7 2.74 1.63 3.14 1.72 2.52 1.57 HokE
Threatening 1-5 2.03 1.29 2.59 1.40 1.80 1.17 oAk
hypnagogic/hypnopompic

hallucinations

Nightmares 1-5 2.94 1.23 3.21 1.19 2.82 1.23 oAk
False awakenings 1-5 2.46 1.23 2.79 1.26 2.32 1.19 otk
Lucid dreaming 0-8 3.75 2.11 4.17 2.19 3.60 2.20 koHk

Note. SD = standard deviation, sig = independent samples t-tests between exploding head
syndrome present and exploding head syndrome absent significance level, ** = p < .01, *** =p
<.001, £ = actual range, not theoretical.

! Values for sex represent percentage female

EHS = Exploding head syndrome. A higher score indicates more frequent episodes.

SCI = Sleep condition indicator. A higher score indicates better sleep.

PSS = Perceived stress scale. A higher score indicates higher levels of life stress.

STAI = State trait anxiety index (trait). A higher score indicates higher levels of trait anxiety.
MFQ = Mood and feelings questionnaire. A higher score indicates higher levels of depressed
mood.

DES = Dissociative experiences scale. A higher score indicates higher levels of dissociative
experiences.

Sleep paralysis, threatening hypnagogic/hypnopompic hallucinations, nightmares, false
awakenings, and lucid dreaming. A higher score indicates more frequent episodes of the
experience.
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Table 5. Predictors of exploding head syndrome in Study 2

Independent variable [predicting exploding head
syndrome]

Model information

Insomnia symptoms and well-being

Age

Sex

Insomnia symptoms
Life stress

Anxiety symptoms
Depression symptoms
Dissociative experiences

Anomalous sleep experiences

Age

Sex

Sleep paralysis

Threatening hypnagogic/hypnopompic hallucinations
Nightmares

False awakenings

Lucid dreaming

Model 1
w2 (df = 5) = 38.51, p < .001

OR (95% CI)

0.72 (0.62 — 0.83) ***
1.04 (0.82 — 1.31)
0.95 (0.74 — 1.22)
0.95 (0.77 - 1.22)
1.23 (1.08 — 1.41) **

v (df = 5) = 148.98, p < .001

OR (95% CI)

1.15 (1.02 — 1.29) *
1.59 (1.41 — 1.79) #**
1.12 (0.99 — 1.27)
1.15 (1.01 = 1.30) *
1.14 (1.01 — 1.29) *

Model 2
2 (df =7) = 40.01, p < .001

OR (95% CI)

1.01 (0.99 — 1.02)
0.93 (0.75 - 1.17)
0.73 (0.63 — 0.85) ***
1.01 (0.80 — 1.29)
0.98 (0.77 — 1.26)
0.97 (0.78 — 1.21)
1.24 (1.09 — 1.42) **

2 (df =7) = 145.34, p < .001
OR (95% CI)

1.01 (0.99 — 1.02)
1.02 (0.80 — 1.30)
1.15 (1.03 — 1.30) *
1.55 (1.37 — 1.75) #**
1.15 (1.01 = 1.31) *
1.18 (1.04 — 1.33) *
1.14 (1.01 — 1.29) *

Note. OR = Odds ratio, CI = 95% confidence intervals, *** = p <.001, **=p < .01, * =p <.05
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Figure 1. Histograms showing the distribution of exploding head syndrome frequency in the two samples
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