This is a repository copy of Evidence of objective sleep impairment in non-epileptic attack
disorder: A naturalistic prospective controlled study using actigraphy and daily sleep
diaries over six nights..
White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/171249/
Version: Accepted Version
Article:
Mousa, S, Latchford, G orcid.org/0000-0003-1635-3022, Weighall, A et al. (5 more
authors) (2021) Evidence of objective sleep impairment in non-epileptic attack disorder: A
naturalistic prospective controlled study using actigraphy and daily sleep diaries over six
nights. Epilepsy and Behavior, 117. 107867. ISSN 1525-5050
https://doi.org/10.1016/j.yebeh.2021.107867

© 2021, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0
license http://creativecommons.org/licenses/by-nc-nd/4.0/.

Reuse
This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/
Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Evidence of objective sleep impairment in non-epileptic attack disorder: A naturalistic
prospective controlled study using actigraphy and daily sleep diaries over six nights.
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Highlights

•

This prospective daily actigraphy/sleep diary study observed objective impairments in
sleep in those with NEAD compared to normative controls.

•

Sleep in the NEAD group was characterised by disrupted and inefficient sleep.

•

Where poor sleep is reported, clinicians should carefully assess for factors that may
be impacting sleep
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Poor sleep is reported by many with non-epileptic attack disorder (NEAD) with correlations
evident between self-reported sleep quality and mood and functional impairment. However, it
is contended that self-reported sleep impairment in NEAD is a subjective phenomenon,
which represents a general tendency to over-report symptoms or mis-interpret bodily states in
those with NEAD. The present study was therefore designed to investigate the extent of
subjective and objective sleep impairments in those with NEAD. Over six nights we
prospectively recorded comparable nightly objective (actigraphy) and subjective (consensus
sleep diary) sleep parameters in a sample of 17 people with NEAD, and an age and gender
matched normative control group (N = 20). Participants recorded daily measures of attacks,
dissociation and mood. Alongside higher subjective sleep impairment, the NEAD group had
significantly worse objective sleep on several metrics compared to the normative controls,
characterised by disrupted sleep (frequent awakenings and wake after sleep onset, low
efficiency.) Exploratory analyses using mixed effects models showed that attacks were more
likely to occur on days preceded by longer, more restful sleep. This study, which had good
ecological validity, evidences the presence of objective sleep impairment in NEAD,
suggesting that in patient reports of problems with sleep should be given careful
consideration in clinical practice.
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People with Nonepileptic attack disorder (NEAD) are a large proportion of referrals to
neurology and neuropsychology services [1]. This condition is associated with significant
distress and low quality of life [2]. While there is growing consensus that NEAD emerges
from a heterogeneous number of risk and maintaining factors [3], there are few treatments
with empirical support. Available treatments usually focus on the mental health aspects of
NEAD: psychotherapies to address aberrant illness beliefs, trauma or psychological conflicts
and medications to regulate mood [4-7].

Poor sleep is commonly reported in NEAD and is associated with functional impairment and
mood disturbance [8-12]. Ostensibly, it follows that sleep interventions are worth
consideration in NEAD management. Indeed, trials in other mental and physical health
conditions show that mood and quality of life improve following cognitive behaviour therapy
for insomnia [13]. It is also possible that sleep could affect NEAD symptoms directly. In
other neuropsychiatric and physical health conditions, sleep correlates with symptom
severity, including dissociation [14] [15, 16], and many NEAD risk factors - such as
antecedent trauma, PTSD or mood disturbance – implicate sleep as a factor in the
development and severity of symptoms [17, 18].

However, there is much to understand about the nature of sleep in NEAD before we consider
how we might respond to reports of poor sleep in our patients. Most saliently, it is contended
that reports of sleep problems in NEAD need to be interpreted with caution, because they
simply reflect a general bias towards a mis-interpretation of somatic symptoms in those with
NEAD, leading to over-reporting [19]. The only study in this area examined the relationship
between self-reported sleep quality and objective sleep data (EEG and actigraphy) in a group
of people with NEAD and a group with epilepsy [10] and found that those with NEAD had
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significantly poorer scores on self-reported sleep parameters than those with epilepsy, but
little difference on objective measures. This mirrors findings in studies assessing emotion
perception in those with NEAD, where subjective reports of emotional experience differ from
autonomic correlates [20, 21]. This finding was taken as further indication that self-reported
sleep impairments in NEAD reflect a general deficit in interpreting bodily states, with sleep
impairment being “more somatic than physiologic in PNES subjects.”[10] p127. The
implication one might take from this is that specific sleep interventions have little to add to
commonly applied interventions (e.g. CBT, psychodynamic therapy) targeting the general
misinterpretation of bodily states. However, methodological issues in the Latreille study [10]
suggest that conclusion may be premature: First the comparator condition used in this
previous study, epilepsy, is itself characterised by objective sleep impairments [22], which
renders the lack of difference between groups difficult to interpret. Second, subjective and
objective data were not recorded using comparable parameters: subjective data was gathered
with retrospective trait-level questionnaires, objective sleep data were recorded prospectively
on a daily basis. Third, the study occurred in an inpatient hospital setting - a synthetic
environment where sleep may be atypical.

The present study primarily aimed to assess whether reported sleep disturbance in NEAD
reflects objective sleep impairment. To overcome the limitations of the previous study, we
measured sleep parameters prospectively over several days using comparable objective
(actigraphy) and subjective (daily sleep diary) methods in a group of people with NEAD and
an age and gender-matched normative control group without known neurological or sleep
conditions, and in naturalistic settings. In addition, to begin to explore the relationship
between sleep and attacks, we collected daily data on occurrence of attacks, dissociation and
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mood to investigate the possibility that NEAD symptoms were worsened by poor sleep the
night before.

Method
Design
A prospective six-night study of subjectively and objectively measured daily sleep variables,
next day functioning and attack experiences in a cohort of people with NEAD and a
normative control group.

Participants
NEAD sample
People diagnosed with NEAD were recruited from UK National Health Service (a free at the
point of access public health service) neurology, neuropsychology and psychotherapy clinics.
The diagnoses of epilepsy or NEAD was based on the interpretation of all available clinical
data (e.g. most recent clinical assessments, alongside knowledge of the patient history,
information from seizure witnesses, home video or video-EEG recordings when available) by
a fully trained neurologist at a specialist epilepsy service in a UK regional neuroscience
centre. While video-EEG confirmation was not available in all cases, the neurologists were
sufficiently certain of all diagnoses exclusively to recommend treatment for one disorder (i.e.
psychotherapy for NEAD, antiepileptic drug treatment for epilepsy). Patients in whom there
was any clinical suspicion of a mixed seizure disorder were excluded. Additional inclusion
criteria were: aged 18-70 years; under the clinical care of the recruitment centres; able to
wear an Actiwatch and complete daily questionnaires. Exclusion criteria were: comorbid
epilepsy; presence of a previously diagnosed sleep disorder (eg. obstructive sleep apnoea,
REM and NREM parasomnias); inability to speak and/or read English; reporting risk of self-
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harm or suicide; any physical or intellectual disability that would hinder their ability to give
consent or to participate.

Control sample
Control participants were recruited from the University of Leeds’s School of Psychology
pool of volunteers’ mailing list. The inclusion criteria for the control sample were: aged 1870 years; able to wear an Actiwatch and complete daily questionnaires. Exclusion criteria
were: diagnosis of a seizure or sleep disorder; inability to speak and/or read English;
reporting risk of self-harm or suicide; any physical or intellectual disability that would hinder
their ability to give consent or to participate. We aimed to match the control sample, at least
on gender and age, to the NEAD sample.

Materials
Participants gave baseline information on demographics and details of attacks frequency
(where appropriate), and completed a one-off battery of trait sleep and mood questionnaires,
collected via online questionnaires. Then, for six days, they completed daily sleep diaries
wore wrist-mounted Actiwatches and completed daily measures of mood, dissociation and
attack frequency.

Baseline Measures
Pittsburgh Sleep Quality Index (PSQI)
The PSQI [23] is a widely-used 19 item measure of self-reported sleep. It includes seven
domains; sleep latency (SL), total sleep time (TST), wakefulness after onset of sleep
(WASO), sleep efficacy (SE), sleep disturbances (awakenings) and day-time functioning.
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Dissociative Experience Scale-II (DES-II)
The DES-II [24] is a trait measure of dissociation. It contains 28 items regarding dissociative
experiences measured on a scale of 0 to 100% and contains three sub-scales: amnesia,
depersonalisation/derealisation and absorption.

Generalised Anxiety Disorder 7 (GAD7)
The GAD7 [25] is a 7-item questionnaire measuring the severity of anxiety. Scores range
from 0 – 21, where a total score within the range of 10-14 suggests moderate anxiety and a
score of 15 and above indicates severe anxiety.

The Patient Health Questionnaire 9 (PHQ 9)
The PHQ-9 [26] is a 9-item measure of depressive symptoms. Scores range from 0 – 27, and
10 and 15 and above represent the cut-offs for moderate and severe depression, respectively.

Prospective daily measures
Actigraphy
Sleep polysomnography is the gold standard way to measure objective sleep parameters, but
is difficult to use outside of hospital/laboratory settings. Actigraphy measures such as the
Actiwatch are often used as an alternative to enable research in naturalistic settings, where
ecological validity is important (Lee, 2016). The Actiwatch is a wrist-worn activity monitor
that measures levels of activity, wakefulness and sleep by continuously capturing the level of
movement and body position that indicate waking and sleep cycles. It is considered a valid
tool in the measurement of objective total sleep time and wakefulness after the onset of sleep
in clinical populations [27]. We used the ActiGraph wGT3X-BT Actiwatch. The data
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collected from the Actiwatch is analysed via ActiLife (version 6) software.

Consensus Sleep Diary (CSD)
The CSD [28] is a standardised daily dairy where participants record the time gone to bed,
onset of sleep, total sleep time, sleep disturbed, total time awake due to disturbances,
wakefulness after sleep and perceived quality of sleep. It also records naps during the day, the
number of caffeinated drinks and medication. We asked the participants to diarise their sleep
over six nights.

Daily measure of Dissociation & Mood
We could find no brief daily dissociation scales. We therefore developed a short measure
using relevant items from existing measures. We used four items from the 56-item State
Scale of Dissociation (SSD) [29]. The items are scored from “Not at all” to “Very much so”.
Based on clinical experience, we selected two depersonalisation and two derealisation items
with good face validity and altered the wording to measure the state of dissociation daily as
opposed to momentarily.
- "Today, things around me seemed unreal or dreamlike."
- "Things around me looked different today, from the way they usually do."
- "Today, my body has felt vague, indefinite, strange."
- “Today, my body seemed disconnected from my thoughts, my feelings, myself”

Daily measure of Mood
The international short-form measure for positive and negative affect (I-PANAS-SF) [30]
measures daily mood. It consists of 10 items, measuring across five negative affects (upset,
hostile, ashamed, nervous and afraid) and five positive affects (alert, inspired, determined,
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attentive and active). The I-PANAS-SF has been used as a daily measure of mood and
modified to ask, “indicate to what extent you felt this way during the day today”, on a 10point scale from “very little” to “very much”[31]. For continuity between the daily measures
in our study, the wording of the first point-scale to was changed to “not at all” and the last
point-scale to “very much so”.

Daily Attacks Record
Participants with NEAD were asked to note the number of attacks that they experienced on
each day of the study.

Procedure
NEAD sample
Potential participants were approached by clinicians in routine appointments. Those
interested were subsequently interviewed by the lead researcher in a pre-participation
meeting lasting from 30 to 60 minutes at their hospital. Inclusion/exclusion criteria were
checked, consent obtained, and information regarding use of the Actiwatch and
questionnaires given. Participants were asked to wear the Actiwatch continuously for a week
(six nights) and only to remove this temporarily when taking a shower. Participants were also
asked to complete the CSD upon waking and record number of attacks experienced that day
and complete the dissociation and the mood scales before going to bed. Participants were
encouraged to put reminders on their phone to complete their daily measures, or to keep their
folder next to their beds as a reminder. After this week, participants were asked to attend a
half hour post-participation meeting in which they returned the Actiwatch and the completed
diaries and questionnaires. Participants were thanked for their participation and reimbursed
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for their travel costs with a £25 shopping voucher. Ethical approval for this aspect of the
research was given by NHS Research Ethics Committee (IRAS project number: 239312).

Control sample
All control participants were recruited from the University of Leeds’s School of Psychology
pool of volunteers’ mailing list. A recruitment email was sent to the list, outlining the study
and how to volunteer. In an attempt to match the demographics of our prospective NEAD
population, in the first instance we sought out female participants over the age of 25, in line
with the findings that NEAD was more likely to be diagnosed from the 20s onwards (Ettinger
et al., 1999). To ensure that our sample would include a wide range of ages, including older
adults, we also recruited from the University of Leeds's older adults' panel for volunteer
research participants over the age of 60. The procedure was then the same as for those with
NEAD, with the exception that the control sample were not asked about attacks occurrence,
and all participation meetings occurred at the University. Additional Ethical approval for this
aspect of the study was given by The School of Psychology at the University of Leeds (PSC431).

Data Analysis
The data collected from the Actiwatch was processed using the ActiLife software. Data from
this was extracted to a database containing all other collected data. Independent sample ttests with Bonferroni Corrections were run in SPSS to explore between group differences, the
p-values and Cohen’s d statistic are reported. A mixed effects logistic model was used to
assess associations between sleep variables and next day attack occurrence, and a mixed
linear effect model to assess whether sleep affected next day dissociation and negative mood.
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The random effect for participant identity was used since we have repeated measures over
multiple days. Models were fit using the lme4 package within R.

Results
Samples and baseline characteristics
Twenty-seven people with NEAD were approached by their neurologist, from which 17
consented and entered into the study. In total, 20 control participants were recruited, and all
completed the study- albeit an error in Actiwatch administration meant that objective sleep
parameter datasets could not be retrieved for 5 participants (Table 1). The groups were
matched on age (NEAD group, M = 38.6 [SD, 16.2]; Control group, M = 38.3 [SD, 11.9]) and
gender (NEAD group,76.5%; Control group, 75%), although those in the control group were
more frequently in full (NEAD group, 35.3%; Control group, 70%) and part-time (NEAD
group,5%; Control group, 11.8%) employment. On average, those in the NEAD group
(M=12.8, SD= 4.4) reported significantly poorer overall sleep than the control group (M= 4.5,
SD= 2.8); t (26.7) =6.8, p  0.001 and with a large effect size, d = .80 (Table 1). The NEAD
group also reported higher anxiety; t (21.5) = 5.4, p  0.001 with a large effect size, d = .76;
depression t (22.5) = 7.2, p  0.001, d = .84 and higher levels of dissociation than those in the
control group (M=23.9, SD=20.3); t (20.2) = 4.7, p  0.001, with a large effect size, d = .72.
(Table 1) The number of attacks experienced by the NEAD group ranged from 0 (less than 1
a month) to 150 attacks a month, with a median (IQR) of 8 (18.75) attacks per month (Table
1).
<Table 1>
Prospective examination of subjective and objective sleep parameters
Table 2 shows the means for subjective (sleep diary) and objective (actigraphy) sleep
parameters across the week for the NEAD (N = 17) and control (N = 15 for objective and
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N=20 for subjective data) populations. Overall the NEAD group reported subjectively worse
sleep than the control group, with small to moderate differences. After Bonferroni correction,
significant between group differences were only apparent in the subjective data for Sleep
quality (M= 2, SD=.90) (M=.65, SD=.59) t (33.2) = - 4.2, p  0.001, with a medium effect
size of d = .57.

Similarly, in the objective sleep data, worse sleep was apparent in the NEAD group on all
parameters, with small to medium differences. After Bonferroni correction, the NEAD group
scored significantly worse on several parameters: The NEAD group (M= 121.6, SD=60.6)
experienced significantly more Wakefulness After Sleep Onset (WASO) than the control
group (M= 61.4, SD=28.6); t (23.5) = 3.7, p  0.001 with a medium effect size, d = .60 and
experienced significantly poorer SE (M= 77.8, SD= 8.4) vs (M= 86.4, SD= 4.4); t (24.9) = 3.7, p  0.001 with a medium effect size, d = 60. The NEAD group (M= 21.2, SD=7.2) also
experienced significantly more awakenings during sleep when compared to the control group
(M= 11.8, SD=7.6); t (34.6) = 3.8, p  0.001, with a medium effect size, d = .55. As can be
seen in Figure 1, both groups tended greatly to underestimate the number of awakenings that
objectively occurred during sleep.
<Table 2.> <Figure 1. >

Relationships between daily measures of sleep, attack occurrence, dissociation and
mood
Throughout the week, the control group (M= 28, SD=9.3) on average experienced
significantly more Positive Affect (PA) than the NEAD group (M= 18, SD= 11); t (31.) = 2.9, p  0.01 and with a medium effect size of d = .46. Additionally, the NEAD group (M=
3.8, SD=1.5) reported significantly more dissociation than the control group (M=1.2, SD=
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.48); t (18.8) = 6.9, p  0.001 with a large effect size of d = .85. On average, the NEAD group
experienced attacks daily (M = 1.1, SD = 1.7).
<Table 3.> <Table 4.>

A multivariate linear mixed model with the whole sample showed no significant impact of
sleep metrics on next day mood or dissociation (Table 3). However, NEAD diagnosis
generally led to a higher negative mood score (c=3.18, CI=[-1.1, 7.8], p=0.19). Here also, a
strong negative mood the preceding day led to better mood the following day – likely
observed because of regression to the mean. A high dissociation score predicted an increased
dissociation score in the subsequent day. Focusing in the NEAD sample alone (Table 4),
using a mixed effects logistic regression model (Table 4.), increased hours of sleep (OR=2.78
per hour of sleep, CI=[1.2, 10.6], p<0.05) and decreased number of awakenings (OR=0.8 per
awakening, CI=[0.6, 0.9], p<0.05) correlated with an increased the likelihood of an attack the
following day. Given this surprising result, we ran a post-hoc model, to test the opposite
direction of relationship - whether attacks adversely affected sleep. The correlations between
seizures and a later shortening of sleep time (approximately 14 minutes, CI=[-0.9, 0.42],
p=0.48), and between seizures and a later number of awakenings (-2.0 awakenings, CI=[-7,
3], p=0.44) were non-significant. Sleep in the preceding night showed no clear associations
with dissociation or mood.

Discussion
The results suggest that reported sleep impairment in NEAD is often objective in nature, as
opposed to simply reflecting a general tendency to misinterpret bodily state or to over report
somatic symptoms. Here, data from objective tests of sleep show those with NEAD
experienced significantly poorer sleep efficiency, more awakenings and more time awake
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after sleep onset, with only sleep latency showing evidence of subjective overestimation in
those with NEAD. Indeed, as in our control group, it was notable that those with NEAD
tended greatly to underestimate the actual number of awakenings they had during sleep. The
observed pattern of sleep impairment is commensurate with findings from actigraphy studies
in fibromyalgia, which have also found restless sleep in this sample compared to ‘healthy
controls’ [32, 33].

Our pattern of results suggests that NEAD-specific subjective misinterpretations of bodily
states that have been observed in several studies of emotion perception [20, 21], may not
generalise to a misinterpretation of sleep. These findings differ from those from the previous
study [10] that concluded that reported sleep impairments in NEAD are subjective in nature.
This may be because of the differences in methodology used. The previous study compared
hospital samples of those with NEAD to those with epilepsy, and retrospective trait measures
of subjective sleep with direct state measures of objective sleep [22]. In contrast, in the
present study we compared those with NEAD to an age and gender matched sample from the
general population. Further, prospective daily monitoring of comparable objective and
subjective sleep metrics was undertaken, and the study took place in participant’s homes over
several days, improving ecological validity.

The present study was designed to explore whether reported sleep disturbance in NEAD is
better considered objective or subjective and not the possible reasons for any observed sleep
impairment. The sleep impairment in our NEAD sample could have been caused by many
factors. First, sleep disorders may be part of the NEAD symptom constellation. The pattern of
sleep impairment in our sample was characterised by disrupted and inefficient sleep, which
coheres with an earlier EEG sleep study that found 27% of participants with NEAD showed
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probable periodic limb movement disorder NEAD [11]. Second, poor sleep in NEAD could
represent the impact of mood disturbance. Our NEAD sample did report higher levels of
depression and anxiety, and other sleep-affecting mental health conditions like PTSD are
more prevalent in NEAD [34]. However, one should be cautious about concluding that
mental health conditions have primacy in their relationship with sleep. It is well-documented
that mental health and sleep have a bi-directional relationship, where sleep can propagate
problematic mood [35] and sleep interventions improve mental health symptoms in physical
and mental health conditions [13, 36]. In common with clinical cohort studies [37], our
sample were less frequently in employment than our control sample, and an inconsistent
sleep or activity pattern could also affect sleep. Also, physical health comorbidities such as
chronic pain and asthma can affect sleep and may be more prevalent in NEAD [38].
Medications for physical or mental health co-morbidities may also help explain differences.

The clinical implications of the present study are that clinicians should look beyond the idea
that reports of poor sleep in their patients represents another manifestation of a
misinterpretation of bodily state. Where poor sleep is reported, clinicians may want to
carefully assess for whether any of the aforementioned factors may be contributing to sleep
impairments in any given case. While there have been no studies of sleep treatments for
NEAD, sleep management may be helpful: we know that better sleep in this sample is
associated with improved well-being, and there is trial evidence supporting sleep
interventions as a means to improving functioning, distress and even symptoms in other
neurological [39, 40] and neuropsychiatric [36] conditions.

In additional exploratory analysis we assessed prospective associations between objective
sleep parameters and attack occurrence or dissociation on the following day. A study with a
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similar design with comparable conditions (chronic fatigue syndrome) found no relationship
between actigraphy parameters and symptom severity [41]. However, our results showed a
surprising pattern: attacks were more likely to happen following nights characterised by
longer, less disrupted sleep. One possible explanation for this involves ‘sleep pressure’. Poor
sleep for several nights increases a homeostatic drive for sleep (‘sleep pressure’), which leads
to a night of excessive sleep. Here, a night of excessive sleep following a period of poor sleep
may help mood recover, but cognitive functioning remains poor on subsequent days [42-44].
It is perhaps at this stage that a person is most vulnerable to attacks. Our post-hoc model
suggested that this was unlikely to be explained by the opposite direction of relationship –
that attacks cause poor sleep. Given that the present study was underpowered for these
analyses, and this pattern of results was unexpected, this explanation should appropriately be
considered speculative. Further studies with larger sample sizes are recommended to formally
test these associations. To this end, the present study serves as proof of principle that a
proportion of people with NEAD can engage well with these types of daily diary sleep
studies, which come with high participant burden.

Limitations
The primary analyses were powered for moderate-to-large differences between groups;
however, the exploratory analyses were underpowered and results of these should be
interpreted with caution. We acknowledge that EEG monitoring of sleep in experimental
conditions such as hospital wards yields more accurate metrics of objective sleep than
actigraphy [27]. However, this is obtained at a cost of ecological validity - it is likely that
hospital settings make it difficult to capture ‘normal sleep’. In terms of our measures, due to
difficulties finding a validated and practicable (i.e. brief) measure of daily dissociation, we
developed a daily measure of dissociation for the present study. The psychometric properties
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of this measure are unknown. Our NEAD sample was matched in demographics to our
control sample. Our study was not designed to assess for or to imply a cause for sleep
impairment in NEAD, only to assess the extent to which they are objective. Thus we didn’t
specifically aim to include or exclude those with several co-morbidities that might affect
sleep (e.g. mental health, physical health etc). In addition, presence of a sleep disorder was
ascertained on the basis of general neurological assessment and the clinician’s knowledge of
the patient. A specialist sleep assessment was not undertaken in order to exclude participants.
Finally, not all NEAD diagnoses were made based on video-EEG recording of typical events.
This is a limitation, as we cannot entirely rule-out the possibility that some individuals
without NEAD were included. However, this limitation may enhance the generalisability of
our findings to clinical practice, at least in the UK: even in specialist services, such as the
recruiting site for this study, 40% of diagnoses of NEAD are made without video-EEG [4].

Conclusion
Data collected from objective sleep monitoring (via actigraphy) in conditions with ecological
validity (own homes, own bed) suggests that subjective reports of sleep impairment in NEAD
reflect objective sleep impairments. In comparison to an age and gender matched control
group, those with NEAD experience inefficient sleep characterised by wakefulness after
sleep onset and frequent awakenings. There are many possible reasons for sleep impairments
in NEAD, and future research should examine these for prevalence and impact on sleep. In
the meantime, since the presence of poor sleep may not simply represent somatic
misinterpretation, clinicians may want to carefully assess reports of poor sleep by their
patients. Prospective longitudinal exploratory analyses of sleep as a predictor of next day
attack occurrence showed that attacks occurred more often on days following longer, less
disturbed sleep; this warrants further investigation in larger studies.

18

Conflicts of Interest: Authors declare that they hold no conflicts of interest that affect
the content of this article

Ethics statement: The study was approved by the appropriate ethics committee, in line
with the Declaration of Helsinki.

[1]
Stone J. Functional symptoms in neurology THE BARE ESSENTIALS. Practical
neurology 2009;9: 179-189.
[2]
Szaflarski JP, Hughes C, Szaflarski M, Ficker DM, Cahill WT, Li M, Privitera MD.
Quality of life in psychogenic nonepileptic seizures. Epilepsia 2003;44: 236-42.
[3]
Brown RJ, Reuber M. Psychological and psychiatric aspects of psychogenic nonepileptic seizures (PNES): A systematic review. Clin Psychol Rev 2016;45: 157-82.
[4]
Mayor R, Smith PE, Reuber M. Management of patients with nonepileptic attack
disorder in the United Kingdom: A survey of health care professionals. Epilepsy & Behavior
2011;21: 402-406.
[5]
Martlew J, Pulman J, Marson AG. Psychological and behavioural treatments for
adults with non‐epileptic attack disorder. Cochrane Database of Systematic Reviews 2014.
[6]
Bodde NMG, Brooks JL, Baker GA, Boon PAJM, Hendriksen JGM, Mulder OG,
Aldenkamp AP. Psychogenic non-epileptic seizures—Definition, etiology, treatment and
prognostic issues: A critical review. Seizure 2009;18: 543-553.
[7]
Goldstein L, Robinson E, Mellers J, Stone J, Carson A, Reuber M, Medford N,
McCrone P, Murray J, Richardson M. Cognitive behavioural therapy for adults with
dissociative seizures (CODES): a pragmatic, multicentre, randomised controlled trial. The
Lancet Psychiatry 2020;7: 491-505.
[8]
Graham CD, Kyle SD. A preliminary investigation of sleep quality in functional
neurological disorders: Poor sleep appears common, and is associated with functional
impairment. Journal of the Neurological Sciences 2017;378: 163-166.
[9]
Latreille V, Baslet G, Sarkis R, Pavlova M, Dworetzky BA. Sleep in psychogenic
nonepileptic seizures: Time to raise a red flag. Epilepsy Behav 2018;86: 6-8.
[10] Latreille V, Dworetzky BA, Baslet G, Pavlova M. Sleep disturbances in patients with
psychogenic non-epileptic seizures: Is it all subjective? A prospective pilot study of sleepwake patterns. Seizure 2019;65: 124-128.
[11] Popkirov S, Stone J, Derry CP. Abnormal sleep in patients with epileptic or
dissociative (non‐epileptic) seizures: a polysomnography study. European journal of
neurology 2019;26: 255-260.
[12] Bazil CW, Legros B, Kenny E. Sleep structure in patients with psychogenic
nonepileptic seizures. Epilepsy & behavior 2003;4: 395-398.
[13] Wu JQ, Appleman ER, Salazar RD, Ong JC. Cognitive Behavioral Therapy for
Insomnia Comorbid With Psychiatric and Medical Conditions: A Meta-analysis. JAMA
Intern Med 2015;175: 1461-72.
[14] Spiegelhalder K, Regen W, Nanovska S, Baglioni C, Riemann D. Comorbid Sleep
Disorders in Neuropsychiatric Disorders Across the Life Cycle. Current Psychiatry Reports
2013;15: 364.
[15] Hoevenaar-Blom MP, Spijkerman AM, Kromhout D, van den Berg JF, Verschuren
W. Sleep duration and sleep quality in relation to 12-year cardiovascular disease incidence:
the MORGEN study. Sleep 2011;34: 1487-1492.

19

[16] van Heugten–van der Kloet D, Giesbrecht T, Merckelbach H. Sleep loss increases
dissociation and affects memory for emotional stimuli. Journal of behavior therapy and
experimental psychiatry 2015;47: 9-17.
[17] Bryant RA, Creamer M, O'Donnell M, Silove D, McFarlane AC. Sleep disturbance
immediately prior to trauma predicts subsequent psychiatric disorder. Sleep 2010;33: 69-74.
[18] Caldwell BA, Redeker N. Sleep and trauma: an overview. Issues in mental health
nursing 2005;26: 721-738.
[19] Constantinou E. Negative Affect and Medically Unexplained Symptoms. In: Charis
C, Panayiotou G, editors. Somatoform and Other Psychosomatic Disorders: A Dialogue
Between Contemporary Psychodynamic Psychotherapy and Cognitive Behavioral Therapy
Perspectives. Cham: Springer International Publishing; 2018, p. 61-87.
[20] Pick S, Mellers JDC, Goldstein LH. Autonomic and subjective responsivity to
emotional images in people with dissociative seizures. J Neuropsychol 2018;12: 341-355.
[21] Roberts NA, Burleson MH, Weber DJ, Larson A, Sergeant K, Devine MJ, Vincelette
TM, Wang NC. Emotion in psychogenic nonepileptic seizures: Responses to affective
pictures. Epilepsy & Behavior 2012;24: 107-115.
[22] Bazil CW. Epilepsy and sleep disturbance. Epilepsy & Behavior 2003;4: 39-45.
[23] Buysse D, Reynolds 3rd C, Monk T, Berman S, Kupfer D. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry research
1989;28: 193.
[24] Carlson EB, Putnam FW. An update on the dissociative experiences scale.
Dissociation: progress in the dissociative disorders 1993.
[25] Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med 2006;166: 1092-7.
[26] Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: Validity of a Brief Depression
Severity Measure. Journal of General Internal Medicine 2001;16: 606-613.
[27] Marino M, Li Y, Rueschman MN, Winkelman JW, Ellenbogen JM, Solet JM, Dulin
H, Berkman LF, Buxton OM. Measuring sleep: accuracy, sensitivity, and specificity of wrist
actigraphy compared to polysomnography. Sleep 2013;36: 1747-55.
[28] Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lichstein KL,
Morin CM. The consensus sleep diary: standardizing prospective sleep self-monitoring. Sleep
2012;35: 287-302.
[29] Krüger C, Mace CJ. Psychometric validation of the State Scale of Dissociation (SSD).
Psychology and Psychotherapy: Theory, Research and Practice 2002;75: 33-51.
[30] Thompson ER. Development and validation of an internationally reliable short-form
of the positive and negative affect schedule (PANAS). Journal of cross-cultural psychology
2007;38: 227-242.
[31] Lacaille J, Sadikaj G, Nishioka M, Carrière K, Flanders J, Knäuper B. Daily Mindful
Responding Mediates the Effect of Meditation Practice on Stress and Mood: The Role of
Practice Duration and Adherence. Journal of Clinical Psychology 2018;74: 109-122.
[32] Homann D, Louzada F, Góes S, Roizenblatt S, Lopes A, de Oliveira A, Leite N.
Acylated ghrelin: a potential marker for fibromyalgia? European Journal of Pain 2013;17:
1216-1224.
[33] Korszun A, Young EA, Engleberg NC, Brucksch CB, Greden JF, Crofford LA. Use
of actigraphy for monitoring sleep and activity levels in patients with fibromyalgia and
depression. Journal of psychosomatic research 2002;52: 439-443.
[34] Diprose W, Sundram F, Menkes DB. Psychiatric comorbidity in psychogenic
nonepileptic seizures compared with epilepsy. Epilepsy Behav 2016;56: 123-30.
[35] Buysse DJ. Sleep health: can we define it? Does it matter? Sleep 2014;37: 9-17.

20

[36] Freeman D, Sheaves B, Goodwin GM, Yu L-M, Nickless A, Harrison PJ, Emsley R,
Luik AI, Foster RG, Wadekar V, Hinds C, Gumley A, Jones R, Lightman S, Jones S, Bentall
R, Kinderman P, Rowse G, Brugha T, Blagrove M, Gregory AM, Fleming L, Walklet E,
Glazebrook C, Davies EB, Hollis C, Haddock G, John B, Coulson M, Fowler D, Pugh K,
Cape J, Moseley P, Brown G, Hughes C, Obonsawin M, Coker S, Watkins E, Schwannauer
M, MacMahon K, Siriwardena AN, Espie CA. The effects of improving sleep on mental
health (OASIS): a randomised controlled trial with mediation analysis. The Lancet Psychiatry
2017;4: 749-758.
[37] McKenzie PS, Oto M, Graham CD, Duncan R. Medically unexplained symptoms in
patients with PNES: Do they explain poor employment outcome in patients with good seizure
outcomes? Epilepsy & Behavior 2016;59: 9-12.
[38] Popkirov S, Asadi-Pooya AA, Duncan R, Gigineishvili D, Hingray C, Miguel Kanner
A, LaFrance WC, Pretorius C, Reuber M, Force obotIPT. The aetiology of psychogenic nonepileptic seizures: risk factors and comorbidities. Epileptic Disorders 2019;21: 529-547.
[39] Videnovic A, Klerman EB, Wang W, Marconi A, Kuhta T, Zee PC. Timed Light
Therapy for Sleep and Daytime Sleepiness Associated With Parkinson Disease: A
Randomized Clinical Trial. JAMA Neurology 2017;74: 411-418.
[40] Ahorsu DK, Lin C-Y, Imani V, Carlbring P, Nygårdh A, Broström A, Hamilton K,
Pakpour AH. Testing an app-based intervention to improve insomnia in patients with
epilepsy: A randomized controlled trial. Epilepsy & Behavior 2020;112: 107371.
[41] Russell C, Wearden AJ, Fairclough G, Emsley RA, Kyle SD. Subjective but Not
Actigraphy-Defined Sleep Predicts Next-Day Fatigue in Chronic Fatigue Syndrome: A
Prospective Daily Diary Study. Sleep 2016;39: 937-944.
[42] Herscovitch J, Stuss D, Broughton R. Changes in cognitive processing following
short-term cumulative partial sleep deprivation and recovery oversleeping. Journal of Clinical
Neuropsychology 1980;2: 301-319.
[43] Pejovic S, Basta M, Vgontzas AN, Kritikou I, Shaffer ML, Tsaoussoglou M, Stiffler
D, Stefanakis Z, Bixler EO, Chrousos GP. Effects of recovery sleep after one work week of
mild sleep restriction on interleukin-6 and cortisol secretion and daytime sleepiness and
performance. American Journal of Physiology-Endocrinology and Metabolism 2013;305:
E890-E896.
[44] St. Hilaire MA, Rüger M, Fratelli F, Hull JT, Phillips AJK, Lockley SW. Modeling
Neurocognitive Decline and Recovery During Repeated Cycles of Extended Sleep and
Chronic Sleep Deficiency. Sleep 2016;40.

21

Table 1. Baseline Measures of Sleep, Dissociation, Mood and Attack Frequency
CONTROL (MEAN, SD)

NES (MEAN, SD)

P-VALUE AND
COHEN’S D

PSQI

4.5 (2.8)

12.8 (4.4)

p = 0.000 (d = 0.80) **

DES-II

23.9 (20.3)

86.6 (51.5)

p = 0.000 (d = 0.72) **

GAD7

3.7 (2.9)

12.7 (6.4)

p = 0.000 (d = 0.76) **

PHQ-9

3.2 (3)

14.9 (6.1)

p = 0.000 (d = 0.84) **

ATTACK FREQUENCY (PER

Not applicable-

*8 (18.75)

MONTH)

*Median, (IQR)
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Table 2. Subjective & Objective Outcomes of Daily Sleep.
SUBB

SUB NEAD

CONTROL

(MEAN, SD)

(MEAN, SD)

SUB

OB

OB NEAD

DIFFERNCE

CONTROL(M

(MEAN, SD)

P-VALUE AND

EAN, SD)A

DIFFERNCE
P-VALUE AND

COHEN’S D

SLA

OB

COHEN’S D

15. 3 (11.3)

51.3 (58.5)

p =0.023 (d=.52)

13.4 (10.2)

14.7 (23.3)

p = 0.836 (d=.04)

81.6 (9.9)

71.8 (14.7)

p = 0.027 (d=.41)

86.4 (4.4)

77.8 (8.4)

p = 0.001 (d=.60)

(MINS)

SE
(%)

TIB

**

533.1 (53.4)

564.6 (114)

(MINS)

TST

433.2 (57)

399.5 (105.6)

565.3 (112.3)

p = 0.250 (d=

.17)

462.5 (47.9)

429 (59.2)

p = 0.087 (d=.31)

99.9 (56.8)

165.1 (104.3)

p = 0.030 (d=

61.4 (28.6)

121.6 (60.6)

p = 0.001 (d=

.43)

1.5 (.86)

2.7 (2.1)

p = 0.042 (d=.43)

.60) **

11.8 (7.6)

21.2 (7.2)

(FREQUENCY)

SQ

p = 0.384 (d=

.24)

(MINS)

AWAKENINGS

537.3 (61.7)

.22)

(MINS)

WASO

p = 0.308 (d=

p < 0.001
(d=.55) **

0.65 (.59)

(0-4)

2 (.90)

p = 0.000 (d=.57)

-

-

-

**

* p 0.01, ** p  0.001
A

Objective sleep data for 15 participants, due to loss of data

SL = Sleep Latency, SE = Sleep Efficiency, TIB = Total Time in Bed, TST = Total Sleep Time,
WASO = Wakefulness after onset of Sleep, SQ = Sleep Quality, SUB = Subjective Sleep Outcome,
OB = Objective Sleep Outcome;
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Figure 2. Objective-Subjective Awakenings in the NES and control groups over the 6 days/nights of
study
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Table 3. Association of objective sleep metrics, mood and dissociation variables with next day mood and
dissociation in the whole sample (NES and healthy controls combined, N = 32)

Outcomes
Independent

Change in next day

Next day

Variables

negative mood

disassociation

(Coef, 95% CI, p-value)

(Coef, 95% CI, pvalue)

Intercept

6.94, (-3.2, 14.6)

-0.24, (-2.1, 1.5)

Sleep time

-0.40, (-1.3, 0.5), 0.45

-0.01, (-0.2, 0.2), 0.91

-0.06, (-0.2, 0.1), 0.47

-0.03, (-0.06, 0.0),

(hours)
Number

0.08

awakenings
Disassociation

0.08, (-1.1, 0.8), 0.87

0.51, (0.3, 0.7),
<0.001

Negative

-0.67, (-0.9, -0.3), <0.001

0.02, (-0.0, 0.1), 0.29

3.18, (-1.1, 7.8), 0.19

1.35, (0.6, 2.0), 0.008

Mood
NES

Table 4. Association of objective sleep metrics, mood and dissociation variables with next day seizures, mood
and dissociation in the NES sample alone (N = 17)

Outcomes
Independent

Next day seizures

Change in next day

Next day

Variables

(OR, 95% CI, p-value)

negative mood

disassociation

(Coef, 95% CI, p-value) (Coef, 95% CI, pvalue)
Intercept

0.02, (0.0, 4.6)

15.93, (4.4, 27.5)

3.35, (0.6, 6.1)

Sleep time

2.78, (1.2, 10.6), 0.05

-1.07, (-2.8, 0.6), 0.21

-0.10, (-0.5, 0.3), 0.63

0.80, (0.6, 0.9), 0.02

-0.06, (-0.3, 0.2), 0.57

-0.03, (-0.1, 0.0), 0.20

1.13, (0.6, 2.1), 0.66

-0.47, (-1.6, 0.6), 0.41

0.44, (-0.1, 0.7),

(hours)
Number
awakenings
Disassociation

0.002
Negative

0.99, (0.8, 1.1), 0.84

-0.35, (-0.6, -0.1), 0.002 0.02, (-0.0, 0.1), 0.35

Mood
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