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ARTICLE INFO ABSTRACT

Keywords: Purpose: Psychogenic non-epileptic seizures (PNES) and epileptic seizures (ES) are often difficult to differentiate,
Epileptic seizures leading to incorrect or delayed diagnosis. The aim of the study was to determine whether patients of these two
Psychogenic non-epileptic seizures diagnostic groups possess different personality profiles, and whether they could be used to efficiently screen for
Personality

PNES in clinical settings.

Methods: Collection of data was conducted on 305 patients who completed the NEO-Five Factor Inventory
questionnaire during a Video EEG Monitoring admission to the Royal Melbourne Hospital between 2002-2017.
Personality differences were investigated using Bayesian linear mixed effects models, with receiver operating
characteristic curve analysis computed to evaluate diagnostic accuracy.

Results: The ‘openness to experience’ domain (BF;o = 21.55, d = —0.43 [95% CI —0.71, —0.17]) and the
‘aesthetic interest’ facet (Byp = 7.98,d = —0.39 [95% CI —0.66, —0.12]) were the only personality factors
demonstrating strong evidence for a group difference, with patients with PNES having higher scores compared to
the ES group. ES patients had lower scores on these measures compared to the normal population, while PNES
patients did not. Both openness to experience and aesthetic interest showed poor sensitivities (53%, 46% re-
spectively) and specificities (69%, 46% respectively) for classifying PNES and ES patients.

Conclusion: While openness and aesthetic interests differ greatly between PNES and ES groups, low sensitivity
and specificity suggests their use is limited in a clinical setting. Nevertheless, these findings open up new avenues
of research using modern personality models to further understand patients with epilepsy and related pre-
sentations.

Five factor model
Big 5 personality traits
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1. Introduction

Psychogenic non-epileptic seizures (PNES) are episodes of abnormal
limb movements that resemble epileptic seizures (ES), but are not as-
sociated with organic aetiologies, and presumably manifest due to
psychological distress [1]. Similarities in presentation to ES mean that
patients with PNES are often misdiagnosed with epilepsy, resulting in
multiple financial, social, emotional and health implications [2-6].

A notable area of research has been the differential psychological
profiles of PNES and ES patients. For example, a body of research has
demonstrated different rates of personality disorders in these two
groups. There is evidence that PNES is more commonly associated with
cluster B personality disorders (e.g. borderline, histrionic) [7-14],
while ES is more often associated with cluster C disorders (e.g. avoi-
dant, obsessive-compulsive) [7,13,15]. It is possible, however, that
some patients experience ‘subthreshold’ personality features that are
not severe enough to cause functional impairment and to be diagnosed
as a personality disorder [13]. It is therefore possible that personality
assessment that includes coverage of the less pathological range of
personality traits might reveal differential profiles between PNES and
ES patients.

Along this line, multiple psychological questionnaires have been
utilised to investigate these differences with significant results.
Numerous studies using the Minnesota Multiphasic Personality
Inventory (MMPI) highlighted an increase in hypochondriasis (Hs) and
hysteria (Hy) scales in PNES groups [16-21]. The Personality Assess-
ment Inventory (PAI) has also been used extensively in PNES and ES
research with the Somatic-Conversion (SOM-C) and Non-epileptic sei-
zure indicator (NES indicator) being used to differentiate PNES and ES
patients [22-24]. Additionally, the Dimensional Assessment of Per-
sonality Pathology- Basic Questionnaire (DAPP-BQ) has shown PNES
patients to be elevated in emotional dysregulation in comparison to
epileptic and healthy controls [25]. While these measures assess some
aspects of personality, they also focus on common symptoms of psy-
chiatric disorders (such as depression, or anxiety). For example, while
the MMPI does include the assessment of some personality character-
istics, the psychopathological variables make it hard to determine
personality correlations between patients with ES and PNES. Further-
more, the PAI’s clinical scales have been derived based on DSM criteria
[26]. Relatively little research has used modern models of non-patho-
logical personality traits such as the five-factor model (FFM). The FFM
is a statistically-derived model that describes personality along five
domains, including neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness [27].

Few notable studies using the five-factor model in the differentia-
tion of PNES and ES has been performed thus far. In the process of
cluster analysing PNES using the Revised NEO Personality Inventory
(NEO PI-R), Cragar et al. [28] compared the PNES patients to an epi-
lepsy control group and found that PNES patients scored higher on
neuroticism and on the agreeableness facet of modesty and lower on the
extraversion facet of gregariousness and on the agreeableness facet of
trust compared to epilepsy controls. Although these findings are re-
levant, the study sizes were small and personality differences between
PNES and epilepsy were not the focus of the study, but rather a sec-
ondary finding. A study investigating personality traits between pa-
tients with PNES and psychogenic movement disorder (PMD), also re-
ported patients with PNES having greater levels of neuroticism
compared to healthy controls [29]. More recently, Vilyte et al. reported
no differences in FFM traits between patients with PNES and ES in a
small sample of South African patients [30]. Lack of clinically focused,
high-quality research in this area shows the need for a more in-depth
study using the modern personality models.

This large retrospective study aimed to utilise the FFM model of
personality to determine profile differences between patients with
PNES and ES admitted to a specialist VEM unit in a large tertiary centre.
It also aimed to directly investigate the classification accuracy of these
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differences in a clinical setting, which has often been overlooked in
previous research. Following Cragar et al., we hypothesised that PNES
patients would score higher on neuroticism, and lower on extraversion
compared to patients with ES.

2. Methods
2.1. Participants

This was a retrospective case control study. Data were collected
from patients as part of routine psychological care who were admitted
to the Royal Melbourne Hospital (RMH), Australia, VEM unit between
the years 2002-2017. The RMH is a major epilepsy centre in Australia
and utilises the use of VEM and a multidisciplinary team involving
epileptologists, psychiatrists, EEG scientists, and neuropsychologists in
diagnosing epilepsy. Inclusion criteria for the current study included
patients who had completed the NEO Five-Factor Inventory (NEO-FFI)
questionnaire during their VEM admission and those who had a 6"
grade reading level of English and above. Exclusion criteria included
patients who were under the age of 17 and patients with 10 or more
responses missing. Of the 344 patients who were initially recruited, 8
patients were underage and 31 had missing responses, leading to 305
patients being finally included in the study. This study received ap-
proval from the Melbourne Health Ethics Committee (MH HREC#
QA2012044). All data are available at http://doi.org/10.17605/0SF.
10/T3A9G.

2.2. Clinical diagnosis

Diagnosis of the patients admitted for VEM was determined at a
large multidisciplinary meeting consisting of EEG scientists, epileptol-
ogists, neuropsychologists, and psychiatrists. Neuropsychiatric assess-
ments, neurological examinations, and imaging was also heavily con-
sidered in making the final diagnosis. A diagnosis of Epilepsy was made
when a patient met the International League Against Epilepsy (ILAE)
criteria of epilepsy [31,32], while a diagnosis of PNES was made based
on abnormal movements in the absence of EEG changes [33]. This
definition included ‘swoon’ attacks (when the patients sinks to the floor
and becomes unresponsive) [34]. Patients were classified into 4 main
categories: ES, PNES, ES + PNES and non-diagnostic. Patients were
categorised as non-diagnostic when a definite diagnosis could not be
made or if they had a condition which did not meet either ES or PNES
criteria. Conditions reported were migraines, postural hypotension,
anxiety, cardiac syncope, arrhythmia, alcohol excess, post-traumatic
stress disorder (PTSD), benign paroxysmal positional vertigo (BPPV)
and sick sinus syndrome. For patients with ES, the type of epilepsy was
also classified according to the ILAE classification of epilepsies [35].
Specifically, the focal epilepsies, temporal lobe epilepsy (TLE) and
extra-temporal lobe epilepsy (extra-TLE), and generalised epilepsy.
Laterality of seizure focus was also recorded for TLE patients. The NEO-
FFI results were not known to the VEM team and did not inform the
diagnosis of PNES.

2.3. Personadlity assessment

The NEO-FFI is a 60-item self-administered measure of personality
that describe an individual’s degree of standing across five higher order
factors: neuroticism, extraversion, openness to experience, agreeable-
ness, and conscientiousness [27]. These domains and their definitions
are included in Table Al in the Supplementary material. The five fac-
tors were identified via the factor analysis of all the trait adjectives
found in English and other natural languages [36] and has received
widespread empirical support [27,37,38]. Construct validity and in-
ternal consistency studies have shown the NEO-FFI to be a valid and
reliable psychometric tool for the assessment of personality [27]. Fur-
thermore, the five-factor model has shown to have good cross-cultural
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replicability [39] and real-life applicability by demonstrating its ability
to predict numerous important life outcomes [27]. The NEO-FFI scores
are calculated in the form of a normalised score, providing an indica-
tion as to where an individual lies on a spectrum compared to the
general population [27].

Facet scores were also computed for each of the 5 domains. While
domain scores allow for a global picture of an individual’s personality,
facets allow for a deeper understanding of the individual [27]. We
computed scores for the 13 facets derived via an analysis performed by
Saucier [40]. Table A2 in Supplementary material illustrates the do-
mains and its facets.

2.4. Statistical analysis

All analyses were performed JASP [41] and R [42]. Bayesian linear
mixed effects models were used to determine differences in personality
profiles between the PNES and ES groups. Separate analyses were
conducted for TLE and non-TLE groups, as well as laterality in TLE
patients. For all analyses, the null model included gender and age as
predictors of personality and the alternative model contained these
predictors plus the relevant personality domains and diagnostic group
(e.g. PNES vs ES). The statistical importance of each term was de-
termined using a model averaging approach. Specifically, the Bayes
factor of inclusion (BF;,.) was computed for each term which represents
the sum of the posterior model probabilities for all models containing
the term divided by the sum of posterior probabilities for all models not
containing the term. Higher interactions are excluded. A BF;,. > 3 was
taken to indicate evidence for an effect, while BF;,. < 1/3 was taken as
evidence for the null hypothesis. BFs between 1/3 and 3 were taken to
indicate insensitivity to either hypothesis. Follow-up Bayesian in-
dependent sample T-tests were computed to identify specific domain
differences between the groups, with BFs interpreted as described
above. Effect sizes were reported for all group comparisons in the form
of Cohen’s [43] d, with 95% credible intervals. Receiver operating
characteristic (ROC) curve were computed to generate sensitivities and
specificities of individual domains and facets in order to determine
usefulness in a clinical setting.

3. Results
3.1. Sample characteristics

Full diagnosis and demographic variables are described in Table 1.
Of the 305 patients who met eligibility criteria, 122 (40%) were diag-
nosed with ES, 14 (5%) with both ES and PNES, and 90 (30%) with
PNES. The remaining 79 (25%) patients were classified as either ‘non-
diagnostic’, or were diagnosed with an alternative, non-epileptic or
non-psychogenic cause of their presentation. Only the ES and PNES
patients were included in the main statistical analyses. Of the ES pa-
tients, 23 (17%) had extra-temporal focal epilepsy, 74 (54%) had TLE,
31 (23%) had generalised epilepsy, and 8 (6%) had probable focal
epilepsy of unspecified or unclear focus. Mean age was 38.79 (SD 15.33,
range 17-92) and the majority of participants were female (n = 202,
66%). There was no relationship between gender and VEM diagnosis
(BFlO = 0.02).

Psychiatric comorbidity was common with 113 (37%) patients
having a history of any major psychiatric disorder, and 12 (4%) patients
having a history of borderline personality disorder. PNES participants
were more likely to have a history of depression (BF;, = 4.66), current
depression (BF;o = 5.91), or any current major psychiatric disorder
(BF10 = 16.95). There was no evidence for a relationship between di-
agnostic category and history of any major psychiatric disorder
(BF1o = 1.52), history of anxiety disorder (BF;o = 2.23), current an-
xiety disorder (BF;o = 1.36), or history of borderline personality dis-
order (BF;o = 2.87).
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3.2. Comparison of PNES and ES patients to population normative data

A Bayesian liner mixed effects model was computed to determine
whether there were differences between personality domains and facets
in the combined PNES and ES cohort. There was strong evidence for an
effect of domain (BF;,. > 100). As shown in Fig. 1, the highest scores
were observed for neuroticism (M = 0.49, SD = 0.97), followed by
openness (M = —0.13, SD = 1.10), agreeableness (M = -0.22,
SD = 1.20), extraversion (M = —0.23, SD =1.03), and con-
scientiousness (M = —0.58, SD = 1.04). There was strong evidence
that the levels of neuroticism were higher when compared to normal
population (BF;o = 100). Levels of extraversion (BF;, = 10.84) and
consciousness (BF;o =100) were significantly lower than the normal
population.

3.3. Comparison of epilepsy and PNES groups

A Bayesian linear mixed effects model was computed to determine
differences in personality domains between diagnostic groups (PNES
and ES). While there was strong evidence for a main effect of domain
(BFin > 100), there was no evidence for a main effect of diagnostic
group (BFj,. = 1.86). There was, however, evidence for diagnostic
group by domain interaction (BF;,. = 9.92). This indicates that the two
diagnostic groups had different personality profiles. Follow-up Bayesian
independent samples T-tests were performed to investigate which spe-
cific domains differed between groups (see Table 2 and Fig. 1). Open-
ness to experience was the only domain found with a strong evidence
for a group difference (BF;o=21.55,d = —0.43 [95% CI —0.71,
—0.17]). Patients in the PNES group reported greater openness to ex-
perience compared to patients in the ES group. The null hypothesis was
supported for the agreeableness domain (BF;o = 0.21, d = 0.11 [95%
CI —0.16, 0.38]), while the evidence was insensitive for the domains of
neuroticism, extraversion and conscientiousness.

A focused analysis was performed on the three facets of the open-
ness domain (see Table 2). There was evidence for group differences on
the aesthetic interest facet (BF;o = 7.98,d = —0.39 [95% CI —0.66,
—0.12]), with PNES patients reporting higher scores compared to ES
patients. The evidence for the facets of intellectual interests and un-
conventionality was insensitive. No evidence for a group difference was
observed for the remaining facets, and the null hypothesis was sup-
ported for the facets of sociability, activity, nonantagonistic orientation,
prosocial orientation, goal striving, and dependability.

To investigate this further, Bayesian single sample t-test were per-
formed to compare each group to the general population in terms of
levels of openness to experience. Patients in the ES group reported
lower openness to experience (BF;, = 94.07, d = —0.34 [95% CI
—0.52, —0.160]) and aesthetic interests (BF;o > 100, d = —0.58
[95% CI —0.77, —0.39]). In contrast, patients in the PNES group had
scores on openness to experience (BF;, = 0.23, d = 0.12 [95% CI
—0.09, 0.32]) and aesthetic interests (BF;o = 0.21,d = —0.11, [95%
CI —0.32,0.09]) that were not different to the general population.

3.4. Comparison of all diagnostic groups

A Bayesian linear mixed effects model was computed to determine
differences in personality domains between all four diagnostic groups
(PNES, ES, ES + PNES and non-diagnostic). While there was strong
evidence for a main effect of domain (BF;,. > 100), the null hypothesis
was supported for the main effect of diagnostic group (BF;,. < .01). The
null hypothesis was also supported for the domain by diagnostic group
interaction (BF;,. = 0.02). Examination of the means for these groups
confirmed that the addition of the ES + PNES and non-diagnostic
groups diluted the statistical effects.
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Table 1
Sample characteristics.
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Diagnostic group — Mean (SD)

ES (n=122)

PNES (n = 90)

ES & PNES (n = 14) Non-Diagnostic (n = 79)

Age, years 38.87 (14.73) 35.28 (12.70) 36.21 (11.91) 43.13 (18.37)
Females, N (%) 80 (65.57) 62 (68.89) 11 (78.57) 49 (62.03)
Males, N (%) 42 (34.43) 28 (31.11) 3(21.43) 30 (37.97)
Domains

Neuroticism 0.39 (0.85) 0.63 (1.11) 0.88 (0.90) 0.22 (1.19)
Extraversion —0.13 (1.03) —0.35 (1.02) —0.26 (1.31) —0.19 (1.28)
Openness —0.34(0.98) 0.15 (1.19) —0.15 (0.94) —0.15 (1.03)
Agreeableness —0.16 (1.19) —0.30 (1.21) —0.43 (1.21) —0.15 (1.45)
Conscientiousness —0.47 (1.05) —0.73 (1.01) —-1.11 (1.15) —0.56 (1.31)
Facets

Negative affect 0.35 (0.75) 0.57 (0.95) 0.66 (0.73) 0.25 (1.01)
Self-reproach 0.58 (1.01) 0.81 (1.27) 1.16 (1.06) 0.37 (1.33)
Positive affect 0.02 (0.92) —0.16 (1.02) 0.02 (0.93) -0.13 (1.01)
Sociability 0.26 (0.93) 0.14 (0.85) 0.12 (1.31) 0.16 (1.15)
Activity —0.20 (0.83) —0.35 (1.01) —0.33 (0.94) —0.07 (1.08)
Aesthetic interests —0.57 (0.96) -0.14 (1.17) —0.35 (0.90) —0.54 (1.00)
Intellectual interests —0.33 (0.84) —0.10 (0.90) —0.09 (0.70) —0.34 (0.95)
Unconventionality —0.38 (0.89) —0.06 (0.93) —0.16 (1.01) —0.01 (0.88)
Nonantagonistic orientation —0.41 (1.04) -0.57 (1.11) —0.52 (0.90) —-0.57 (1.11)
Prosocial orientation —0.15 (1.32) -0.14 (1.19) —0.62 (1.61) —0.25 (1.33)
Orderliness —0.27 (1.00) —0.58 (0.97) —0.58 (1.06) —0.42 (1.10)
Goal striving —0.04 (0.93) —0.08 (0.99) —0.50 (1.12) 0.01 (1.02)
Dependability —0.55 (1.10) —0.72 (0.91) —1.33(1.01) —0.60 (1.37)

Note: ES= Epileptic Seizures. PNES = Psychogenic non-epileptic seizures. Non-diagnostic = Patients for whom a diagnosis could not be determined, or for whom a

diagnosis of other non-epileptic events was given.
3.5. Comparison of TLE and non-TLE

A Bayesian linear mixed effects model was computed to determine
differences in personality domains between the ES patients with TLE
and the non-TLE ES patients. There was strong evidence for a main
effect of domain (BFj,c > 100). The null hypothesis was supported for
the main effect of group (TLE vs non-TLE; BF;,. = 0.11) and the group
by domain interaction (BF;,. = 0.10).

3.6. Comparison of left and right TLE patients

Of the 70 TLE patients, 3 patients with bilateral TLE were excluded
from the analysis, leaving 37 Left TLE and 26 Right TLE patients. A
Bayesian linear mixed effects model was computed to determine dif-
ferences in personality domains between left and right TLE patients.
The evidence was insensitive to the main effect of domain in this
smaller sub-grouping (BFj,. = 2.36). The null hypothesis was support
for the main effect of laterality (BFj,. = 0.17) and the laterality by
domain interaction (BF;,. = 0.05).

3.7. Diagnostic accuracy

Receiver operating characteristic (ROC) curves were computed to
determine whether personality scores accurately classified PNES and ES
patients (Fig. 2 and 3). As shown in Table 3, the openness to experience
domain had an area under the curve (AUC) greater than .50, which
suggests that it performs better than chance at classifying diagnostic
group. The sensitivity (53%) and specificity (69%), however, were low.
Similar results were seen for the aesthetic interests facet in terms of
sensitivity (46%) and specificity (74%). None of the other personality
domains produced high sensitivity or specificity metrics.

4. Discussion

In this study, we investigated differences in personality profiles
between patients with PNES and ES using the five-factor model of

personality. Our primary finding was that patients with PNES and ES
differed in their personality profiles. Specifically, patients in the PNES
group exhibited higher scores on the openness to experience domain,
which measures such personality facets as propensity for fantasy, aes-
thetics interests, openness to feelings, and acceptance of new ideas.
Follow-up analyses showed that the strongest evidence was for the
aesthetic interests facet. Patients with ES had lower scores on these
variables compared to the general population, while PNES patients did
not differ from normative data. While these differences were large and
supported by strong statistical evidence, the sensitivity and specificity
for the openness and aesthetic interests scores were poor, which sug-
gests that their use as psychometric screening instruments for PNES
might be limited. Further analysis of the data revealed no differences
between personality profiles in TLE and non-TLE patients, and no dif-
ferences in personality profiles between patients with left or right TLE.

Our finding of elevation in openness and aesthetic interests in PNES
patients is not entirely consistent with the previous literature. In a
secondary analysis performed by Cragar et al., PNES patients scored
higher in the domain of neuroticism compared to ES patients, while
differences in the domain of openness were also found to be insignif-
icant [28]. This discrepancy could be accounted for by several factors.
One potential factor is the use of the NEO PI-R that was used in Cragar’s
study as opposed to the NEO-FFI. The NEO PI-R assessment allows for
personality to be described across 30 facet scales in addition to the 5
domains [27]. This might permit more comprehensive coverage of
personality, accounting for differences in results. The NEO-FFI was used
in our study due to time constraints and has been shown to be both a
reliable and adequate measurement of a global assessment of person-
ality - the main focus of our study [27]. Results for neuroticism, con-
scientiousness and extraversion were also insensitive in our study. It is
possible that our statistical power was insufficient to determine the
results for these specific domains. If true, however, the effect sizes are
likely to be small and of questionable clinical significance. Never-
theless, the finding of an elevation of openness is novel and adds to the
body of research reinforcing the association between personality pro-
files and diagnostic groups.
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Fig. 1. Distribution of personality scores in the combined PNES and ES cohort.
The dotted line shows the mean for the general population. As shown in A,
participants had higher scores on neuroticism, and lower scores in extraversion
and conscientiousness compared to the general population. As shown in B, the
two groups had comparable scores for all domains except openness to experi-
ence, on which the PNES group had high scores compared to the ES group.
Scores for the ES group were below the mean for the general population.
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One explanation for the elevation of openness and aesthetic inter-
ests might be related to the association of both openness and ES with
cognition. Openness is one of the more challenging of the five person-
ality factors to describe, due to the wide variety of traits that it seems to
encompass [44]. There has been a great deal of contention in the lit-
erature regarding naming this specific factor, with other contenders
being intellect and culture [44]. McCrae and Costa who coined the term
openness described it as essentiality traits relating to the exploration of
the world from a cognitive point of view [44]. It is, therefore, the factor
that has the greatest correlation with cognitive ability amongst the five
factors of personality [44,45]. Particularly in cognitive domains such as
working memory, latent inhibition and implicit learning [44]. Epilepsy
also has been known to have a strong association with cognition, with
chronic epileptic patients having higher degrees of cognitive impair-
ment [46]. There is evidence that patients who have poor seizure
control, longer seizure duration, and earlier onset of disease are more
adversely affected cognitively [46]. Given that this is most re-
presentative of our VEM cohort, it is possible that observed lower
openness scores might be partly reflective of prevalent cognitive im-
pairment in this group. However, it is important to note that this
finding is speculative and provides a clear direction for future research.

Our study showed no differences in personality profiles and later-
ality which is consistent with a previous study in the literature using the
same five-factor model [47]. In contrast, two other studies in the lit-
erature have shown to contradict these findings [48,49]. These studies
found that patients with left TLE were more dependent and less com-
posed, whereas patients with right TLE were found to have the ten-
dency to underestimate their own problems. However, these studies
were not performed using the five-factor model making them difficult
to be used as studies for comparison. Further research using modern
personality theory, such as the five-factor model, is warranted.

The strengths of our study include the use of a large sample size,
gold standard VEM diagnosis, and the exclusion of non-diagnostic and
mixed groups of patients. This method of patient sampling produces a
high level of certainty regarding classification and allows for well-de-
fined phenotypes, greatly increasing the accuracy of the data. Our study
also has an advantage over most in the area of statistical analysis. The
use of Bayesian statistics allows us to overcome the limitations of null

Table 2
Comparison between diagnostic groups (PNES and ES).
Mean (SD)
ES PNES BF10 BFp; d [95% CI]

Domains
Neuroticism 0.39 (0.85) 0.63 (1.11) 0.68 1.48 —0.23 [-0.50, 0.03]
Extraversion —0.13 (1.03) —0.35 (1.02) 0.47 212 0.20 [—0.06, 0.47]
Openness —0.34 (0.98) 0.15 (1.19) 21.55 0.05 —-0.43 [-0.71, —0.17]
Agreeableness —0.16 (1.19) —0.30 (1.21) 0.21 4.79 0.11 [-0.16, 0.38]
Conscientiousness —0.47 (1.05) —0.73 (1.01) 0.68 1.47 0.23 [—0.03, 0.50]
Facets
Negative affect 0.35 (0.75) 0.57 (0.95) 0.77 1.31 —0.25 [-0.51, 0.02]
Self-reproach 0.58 (1.01) 0.81 (1.27) 0.42 2.40 —0.19 [—0.46, 0.08]
Positive affect 0.02 (0.92) —0.16 (1.02) 0.37 2.74 0.18 [—0.08, 0.45]
Sociability 0.26 (0.93) 0.14 (0.85) 0.23 4.39 0.12 [-0.14, 0.39]
Activity —0.20 (0.83) —-0.35(1.01) 0.30 3.36 0.15 [-0.11, 0.42]
Aesthetic interests —0.57 (0.96) -0.14 (1.17) 7.98 0.13 —0.39 [-0.66, —0.12]
Intellectual interests —0.33 (0.84) —0.10 (0.90) 0.88 1.13 —0.26 [—0.52, 0.02]
Unconventionality —0.38 (0.89) —0.06 (0.93) 2.99 0.33 —0.33 [-0.60. —0.07]
Nonantagonistic orientation —-0.41 (1.049) -0.57 (1.11) 0.26 3.85 —0.14 [—0.13, 0.40]
Prosocial orientation —-0.15 (1.32) —-0.14 (1.14) 0.15 6.60 —0.01 [—0.28, 0.26]
Orderliness —0.27 (1.00) —0.58 (0.97) 1.81 0.55 0.30 [0.03, 0.57]
Goal striving —0.04 (0.93) —0.08 (0.99) 0.16 6.29 0.04 [—0.22, 0.30]
Dependability —0.55 (1.10) —-0.72 (0.91) 0.29 3.51 0.15 [-0.12, 0.42]

Note: ES = Epileptic Seizures. PNES = Psychogenic non-epileptic seizures. BF;, = Bayes Factor for the alternative hypothesis. BFy; = Bayes Factor for the null
hypothesis. d = Cohen’s d and 95% credible intervals. BF;, > 3 considered evidence for an effect of the domain or facet. BFy; > 3 considered evidence for the null

hypothesis.
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Fig. 2. Receiver operating characteristic (ROC) curves for personality score domains in terms of classification of PNES and ES.

hypothesis significance testing which has come under considerable
criticism [50]. The built-in power analysis enables us to gather evidence
for the null. For example, in our study, the domain agreeableness was
revealed to support the null hypothesis, indicating that there are no
differences in agreeableness between ES and PNES patients. To our
knowledge, our study has also been the first to directly investigate the
classification accuracy of the five-factor model in a clinical setting.
While conventional statistical methods are used to identify group dif-
ferences no matter how small, they do not address the clinically im-
portant question whether they assist in diagnosis. This is important to
consider as often group differences and clinical classification are not
aligned. Our study demonstrated considerable group differences pre-
sent in the domain of openness and facet of aesthetic interests, however,
they did not perform sufficiently well to facilitate clinical use of the
NEO-FFI for diagnostic purposes.

The main limitation of our study is the absence of other clinical
information (for example, the number of years since first seizure-like
event, length and frequency of seizures, and anti-epileptic drugs
(AED:s)) in the collected patient data. Some of these variables have been
used in combination with other psychometric testing in the past to in-
crease PNES classification accuracy [19,20,26]. However, this study
was a clinical audit and it was necessary to limit the investigation to

1.00-
0.75-
2
=
% 0.50-
=
()]
»
0.25-
0.00-
1.00 0.75 0.50 0.25
Specificity

personality data and limited demographics. Further research should
investigate the incremental validity of using other commonly collected
variables in combination with the NEO-FFI. Another limitation is the
possible social desirability bias associated with self-report ques-
tionnaires and the characteristic nature of some PNES patients. Future
research should aim to control for such bias by conducting comparison
of self-reports with observer ratings as suggested by McCrae and Costa
[51].

The novel finding of elevated openness and aesthetic interests in
PNES patients compared to ES patients may provide a new avenue for
management strategies in PNES patients. Currently, management in
PNES patients involves a mixture of antidepressants and psychotherapy
[52,53]. Evidence for these strategies is limited and remains a large gap
in the literature. Patients who tend to score higher on the domain of
openness have been shown to be more receptive to unconventional
forms of therapy such as imagery techniques [27]. Whilst no studies
have investigated the relation between the facet of aesthetic interests
and therapy, people who score higher on this facet have a greater ap-
preciation for art and may be more suited to creative therapeutic
modalities, such as art and music therapy. To our knowledge, there is
no research studying the benefits of art and music therapy in PNES
patients, therefore, this presents a direction for future research.

Facet

— Activity

— Aesthetic interests
— Dependability

— Goal striving

— Intellectual interests
— Negative affect
—— Nonantagonistic orientation
—— Orderliness

— Positive affect

— Prosocial orientation
—— Self-reproach

—— Sociability

—— Unconventionality

0.00

Fig. 3. Receiver operating characteristic (ROC) curves for personality score facets in terms of classification of PNES and ES.
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Table 3

Classification performance for personality domain and facet scores.
Psychometric marker AUC [95%ClIs] Threshold Sensitivity Specificity PPV NPV
Domains
Neuroticism .57 [.49, .65] > 1.20 .36 .85 .65 .64
Extaversion .56 [.49, .64] < —1.40 .18 .93 .65 .61
Openness .62 [.54, .69] > 0.08 .53 .69 .56 .67
Agreeableness .53 [.45, .61] < —-0.40 .50 .60 .48 .62
Conscientiousness .59 [.50, .66] < —-0.01 .80 .36 .48 71
Facets
Negative affect .58 [.50, .66] > 1.08 .32 .85 .60 .62
Self-reproach .55 [.48, .64] > 1.66 .32 .86 .63 .63
Positive affect .56 [.48, .63] < 0.19 .62 .48 .47 .63
Sociability .53 [.45, .61] < 0.51 .66 .40 .45 .62
Activity .56 [.48, .64] < —-0.41 .52 .59 .48 .62
Aesthetic interests .61 [.53, .69] > 0.10 .46 74 .57 .65
Intellectual interests .55 [.48, .63] > —0.87 .83 .30 .47 .70
Unconventionality .59 [.52, .69] > —-0.13 .55 .62 .52 .65
Nonantagonistic orientation .54 [.46, .62] < —-1.02 .39 71 .50 .61
Prosocial orientation .50 [.42, .58] > —3.02 .99 .04 43 .83
Orderliness .58 [.51, .66] < —=0.01 .74 .44 .49 .69
Goal striving .48 [.40, .56] > 1.19 11 91 .48 .58
Dependability .44 [.37, .52] > -1.79 .88 15 .44 .63

Note: AUC = area under the curve. CIs = 95% credible intervals. Threshold is the optimal cut-off for classifying PNES patients. PPV = positive predictive value.

NPV = negative predictive value.

However, it is important to note that PNES patients are a heterogenous
group with different psychological profiles and defence mechanisms
[9,54], and therapy should ultimately be tailored to the individual.

5. Conclusion

Overall, our findings show that patients with ES exhibit lower
openness to experience and aesthetic interest compared to patients with
PNES and compared to the general population. These findings open up
new avenues of research using modern personality models to further
understand patients with epilepsy and related presentations.
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