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Behavioral and personality disorders in temporal lobe epilepsy (TLE) have been a topic of interest and contro-
versy for decades, with less attention paid to alterations in normal personality structure and traits. In this inves-
tigation, core personality traits (the Big 5) and their neurobiological correlates in TLE were explored using the
Neuroticism Extraversion Openness-Five Factor Inventory (NEO-FFI) and structural magnetic resonance imaging
(MRI) through the Epilepsy Connectome Project (ECP). NEO-FFI scores from 67 individuals with TLE (34.6 £ 9.5
years; 67% women) were compared to 31 healthy controls (32.8 4 8.9 years; 41% women) to assess differences
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Temporal lobe epilepsy in the Big 5 tr.alts. (agreeab.leness, openness, coqsuentlpuspess, ne.ur0t1c1sm, and extraversu?n). Individuals with
Personality TLE showed significantly higher neuroticism, with no significant differences on the other traits. Neural correlates
Big 5 traits of neuroticism were then determined in participants with TLE including cortical and subcortical volumes. Distrib-

NEO-Five Factor Inventory uted reductions in cortical gray matter volumes were associated with increased neuroticism. Subcortically, hip-
pocampal and amygdala volumes were negatively associated with neuroticism. These results offer insight into
alterations in the Big 5 personality traits in TLE and their brain-related correlates.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Temporal lobe epilepsy (TLE) is the most common drug-resistant
epilepsy, accounting for 60% of the total 3.4 million people affected by
epilepsy in the United States [1]. Structures within the temporal lobes,
including the hippocampus and amygdala, have been implicated in anx-
iety, fear conditioning, and emotional memory [2]. Thus, it is reasonable
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to expect people with TLE to be at higher risk for affective and psycho-
logical comorbidities [3]. Clinically, these comorbidities often remain
underdiagnosed and untreated [4] and their underlying etiology often
uncertain or controversial [5].

There is a long history of interest in the relationship between epi-
lepsy, personality, and psychopathology. Over the decades, views have
ranged from early beliefs that personality “deteriorated” in epilepsy, to
one that epilepsy was associated with inherent behavioral abnormali-
ties likely associated with the same underlying “constitutional predis-
positions” that resulted in the seizures themselves, to one that
personality and behavior were no different in epilepsy compared to in
the general population [6]. Most influential and long-lasting, however,
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was the belief that abnormalities in personality and the risk of psycho-
pathology were elevated specifically in those with TLE [7,8], a view
that had enormous influence on the field for decades.

This view of “TLE peculiarity” was reflected in reports that interictal
aggression, depression, anxiety, sexual dysfunction, schizophreniform
psychoses, and other diagnoses were elevated in TLE and likely attribut-
able to epilepsy-induced dysfunction in mesial temporal and associated
limbic structures [6,9]. A related view was that not only psychopathol-
ogy, but also a matrix of changes in nonpathological features of person-
ality, affect, and behavior were associated with TLE due to a proposed
underlying neurobiological mechanism (i.e., sensory-limbic
hyperconnection) [10]. These personality traits could be assessed with
specially designed inventories (e.g., Bear-Fedio Inventory) completed
by the patient and/or proxies [11]. Using the Bear-Fedio Inventory
and related behavioral measures, some studies provided findings sup-
portive of the notion of personality change in TLE [11-13]. In contrast,
numerous studies failed to show specific links to personality change in
TLE compared to other epilepsies [ 14-16]. The attractiveness of this par-
ticular perspective was that TLE might provide a model to unite and un-
derstand a host of behavioral anomalies under a common
neurobiological mechanism. The theory was of tremendous interest
for decades, but ultimately systematic reviews were critical and not
supportive of the notion of TLE specificity [17-19]. Lost in this debate
was the pertinence of “normal personality structure”, how it might dif-
fer in epilepsy compared to healthy controls, and to what degree any
observed differences might be related to features of the epilepsy (e.g.,
seizure frequency), its social complications (e.g., stigma), or changes
in brain structure (e.g., quantitative volumetrics).

Independent of this debate, work progressed to demonstrate the so-
called Big 5 personality traits [20] along with procedures for their as-
sessment. The NEO-Personality Inventory (NEO-PI) [21] was developed
to assess the core traits that included neuroticism, agreeableness, extra-
version, openness, and conscientiousness. A shortened version, the
NEO-Five Factor Inventory (NEO-FFI), was subsequently developed.
This 60-item questionnaire uses a five-point Likert scale ranging from
strongly agree to strongly disagree, and is designed to address the most
important general personality traits and their defining factors [20].

The Big 5 personality traits can be defined as follows:

Neuroticism: Tendency to experience negative emotions such as anx-
iety, anger, stress, depression, and moodiness. Neuroticism is related
to emotional instability.

Openness to experience: Characteristics of interest and willingness to
try new ideas, intellectual curiosity, creative, and imaginative.
Extraversion: Reflects sociability, talkativeness, and tendency to seek
the company of others.

Agreeableness: Includes characteristics such as trust, kindness, gener-
ousness, interest in helping others, compassion, and cooperation
rather than antagonism.

Conscientiousness: Encompasses high levels of thoughtfulness, self-
discipline, goal-directed behaviors, organization, and preference for
planned, rather than spontaneous events.

To our knowledge, only three studies have examined the status of
the Big 5 traits in people with epilepsy [17,22,23]. Locke and colleagues
[22] evaluated differences in NEO-PI scores and the Minnesota Multi-
phasic Personality Inventory (MMPI) between individuals with TLE
and extratemporal epilepsy, and between left and right TLE. No signifi-
cant differences were observed for any of the pairwise comparisons.
Cragar et al. [23] administered the same tests to participants with psy-
chogenic nonepileptic seizures. They observed the following three clus-
ters of personality: (1) very high neuroticism, low extraversion, low
openness, high agreeableness, and average conscientiousness; (2) aver-
age across all domains; and (3) very high neuroticism, average extraver-
sion, low openness, low agreeableness, and average conscientiousness.
The third study by Swinkels and colleagues [17] compared participants

with TLE to those with extratemporal epilepsy and found no differences.
However, differences in the Big 5 traits between TLE and healthy con-
trols, and their neuroanatomical correlates, have not been examined
and are the subject of this investigation.

Lastly, while earlier views of the etiology of personality change in
TLE focused predominantly on mesial structures including hippocam-
pus and amygdala, recent studies have demonstrated evidence for
structural abnormalities in TLE that extend outside the mesial temporal
lobes, both ipsi- and contralaterally. Bilateral cortical thinning has been
observed in people with mesial TLE in the frontal, temporal, parietal
[24], and occipital regions [25], and in precentral gyrus [26]. A review
of voxel-based morphometry (VBM) investigations showed 26 regions
to be significantly reduced in volume in TLE, with asymmetrical distri-
bution of temporal lobe abnormalities with preference towards the ipsi-
lateral hemisphere, and bilateral distribution of extratemporal lobe
atrophy [27]. Structural abnormalities have also been observed for sub-
cortical extratemporal regions such as bilateral thalamus and the cere-
bellum [28], and in white matter tracts outside the temporal lobes [29,
30]. It is possible and even likely that structural abnormalities in both
temporal and extratemporal regions contribute to the development of
personality changes in TLE. To test this, we performed a whole-brain ex-
ploratory study of the neural correlates of personality traits.

Specifically, we examined the Big 5 traits in participants from the Ep-
ilepsy Connectome Project (ECP), a multisite study dedicated to devel-
oping the first large epilepsy connectome database including
neuroimaging, cognitive, and behavioral data. We first determined dif-
ferences in core personality traits between individuals with TLE and
healthy controls. In participants with TLE, we then identified neuroana-
tomical correlates of the significantly different personality trait using
quantitative magnetic resonance imaging (MRI).

2. Methods
2.1. Participants

The ECP is a multisite research project involving the Medical College
of Wisconsin (MCW) and the University of Wisconsin-Madison (UW-
Madison). Participants with TLE enrolled in the ECP are between the
ages of 18 and 60 (inclusive), demonstrate estimated full-scale IQ (intel-
ligence quotient) at or above 70, speak English fluently, and have no
medical contraindications to MRL Participants have a diagnosis of TLE
supported by 2 or more of the following: 1) described or observed clin-
ical semiology consistent with seizures of temporal lobe origin, 2) EEG
(electroencephalography) evidence of either temporal intermittent
rhythmic delta activity or temporal lobe epileptiform discharges, 3)
temporal lobe onset of seizures captured on continuous EEG, or 4)
MRI evidence of mesial temporal sclerosis or hippocampal atrophy. Par-
ticipants with TLE with any of the following are excluded: 1) presence of
any lesions other than mesial temporal sclerosis, incidental benign le-
sions not thought to be causative for seizures, or nonspecific white mat-
ter abnormalities on 3-T MRI; or 2) an active infectious/autoimmune/
inflammatory etiology of seizures, either suspected by treating clini-
cians or documented through laboratory testing or response to immu-
nosuppressive therapy.

Healthy controls underwent cognitive and behavioral assessments,
and a limited number underwent neuroimaging including MRI. No con-
trol MRI data are used in the current analyses. Control participants were
between the ages of 18 and 60 (inclusive). Exclusion criteria included
the following: 1) Edinburgh Laterality (handedness) Quotient less
than 4 50; 2) primary language other than English; 3) history of any
learning disability; 4)history of brain injury or illness, substance
abuse, or major psychiatric illness (major depression, bipolar disorder,
or schizophrenia); and 5) current use of psychoactive or vasoactive
medications. Presented here are data from a consecutive series of 67 in-
dividuals with TLE and 31 healthy controls. This project was reviewed
and approved by the Institutional Review Board (IRB) at MCW, and all
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participants provided written informed consent. Table 1 provides de-
mographic and clinical characteristics of the participants. Subjects
over 50 years of age were excluded from this analysis in order to
match groups for age. The full neuropsychological test battery is offered
to controls at only one of the two centers, contributing to the lower
number of controls participating in this study. Statistical significance
was found for differences in gender distribution (chi-square = 4.8; df
[degrees of freedom] = 1; p = 0.03), and subsequent analyses were
corrected for gender.

2.2. Behavioral testing

Participants in the ECP completed a battery of cognitive and behav-
ioral tests comprising measures drawn from the Human Connectome
Project (HCP) protocol. Included were tests from the National Institutes
of Health-Toolbox (NIHT) supplemented by measures primarily from
the National Institute of Neurological Disorders and Stroke Common
Data Elements for Epilepsy (CDE). For this investigation, participants
completed the self-report, 60-item NEO-FFI, which yielded scores on
the Big 5 personality traits including openness to experience, conscien-
tiousness, extraversion, agreeableness, and neuroticism.

Reported internal consistencies for the NEO-FFI (60-item version)
include the following: neuroticism = 0.79, extraversion = 0.79, open-
ness = 0.80, agreeableness = 0.75, and conscientiousness = 0.83. The
psychometric properties of the NEO scales have been found to general-
ize across ages, cultures, and methods of measurement [31], and the Big
5 personality traits have been reported to remain stable among adults
over time [32].

2.3. Magnetic resonance imaging

High-resolution T1-weighted (T1w) structural images were ac-
quired on General Electric Magnetic Resonance (GE MR) 750 3 T scan-
ners with Nova 32-channel head coils, using a 0.8 mm isotropic GE
“BRAVO” pulse sequence. High-resolution T2-weighted (T2w) struc-
tural images were acquired using a 3D fast spin-echo (CUBE) sequence
(Repetition time (RT) = 2500 ms; echo time (TE) = 94.398 ms; flip
angle = 90°; field of view (FOV) = 25.6 cm; 0.8 mm isotropic). Scans
were performed at UW-Madison and MCW.

2.4. Image analyses

All structural images were preprocessed using the HCP pipelines as
described in Glasser et al. [33]. Briefly, image preprocessing is based
on the following three main steps: PreFreeSurfer, FreeSurfer, and
PostFreeSurfer. During the PreFreeSurfer pipeline, TIw and T2w images
are aligned; a native space is produced for each participant and regis-
tered to MNI space; and bias field is corrected. During the FreeSurfer
pipeline, the subcortical volumes are segmented into predefined struc-
tures; cortical surfaces undergo reconstruction; cortical and subcortical
structures are segmented; and the morphometric measure cortical vol-
ume is computed. The cortical gray matter ribbon volume is then

Table 1
Subject demographics.
Controls TLE p-Value
N 31 67 n/a
Age (years + SD) 328+ 89 34.6 £ 9.5 0.4
Gender (% women) 41% 67% 0.03
Mean age of onset (years + SD) n/a 20.1 £ 11.2 n/a

Mean epilepsy duration (years + SD) n/a 147 £ 11.6 n/a
Seizure focus (%) n/a n/a
Right 29%
Left 50%
Bilateral 6%
Uncertain 15%

projected onto the reconstructed surface mesh defining the cortical sur-
face. Finally, PostFreeSurfer produces the Neuroimaging Informatics
Technology Initiative (NIFTI) volumes and Geometric NIFTI (GIFTI) sur-
face files that are used for visual quality inspection. Subcortical gray
matter volumes were extracted using FreeSurfer's aseg stats.

Neuroanatomical correlations of neuroticism were determined in
participants with TLE. Freesurfer's Query, Design, Execute, Contrast
(QDEC) [34] was used to perform surface-based analysis for cortical vol-
ume measurements. Each subject's native surface measures were
mapped to the atlas surface of “fsaverage” to allow between-subject
comparisons. Surface data were smoothed with a 10-mm full-width
half max (FWHM) filter. The following measures were added as covari-
ates: gender, age, total intracranial volume (ICV), and laterality of sei-
zure focus. To correct for multiple comparisons of cortical surface
volume, a Monte-Carlo simulation was implemented with a cluster-
forming threshold set to p < 0.01. Clusters were tested against an empir-
ical null distribution of maximum cluster size built using synthesized Z
distributed data across 10,000 permutations, producing cluster wise p-
values fully corrected for multiple comparisons.

Subcortical regions of interest included the thalamus, hippocampus,
amygdala, putamen, caudate, and cerebellum using the same covariates
(age, gender, ICV, lateralization of EEG focus). Two subjects with TLE
were excluded from the analysis of cortical gray matter volume correla-
tions because of missing structural data, and eight were excluded for
missing information leaving a final sample with TLE of 57 participants
(age = 34.4 4+ 9.5; percent women = 63%).

2.5. Other statistical analyses

Three additional sets of analyses were performed. First, using the R
[35] statistical software package, MANCOVA (multivariate analysis of
covariance) examined overall group performance (TLE versus controls)
across the 5 NEO-FFI personality traits controlling for gender and age,
with post hoc ANCOVA (analysis of covariance) used to determine
group differences across each Big 5 trait. Second, partial correlations ex-
amined associations between personality traits and selected clinical ep-
ilepsy factors (age of onset, epilepsy duration/chronicity) controlling for
gender and age. These analyses were limited to traits that differed be-
tween TLE and controls as identified in the analysis described above.
Third, because our distribution was skewed towards more women, we
performed cortical correlation analysis for neuroticism only in women
to determine if core findings were still present.

3. Results
3.1. NEO group comparisons

Multivariate analysis of covariance revealed a significant difference
between groups for all traits (F = 3.01; p = 0.01; df = 5). Post hoc
ANCOVAs to determine differences across each Big 5 trait revealed sig-
nificantly higher neuroticism (p = 0.002) in TLE. Individuals with TLE
also showed lower but not significantly abnormal agreeableness (p =
0.14), conscientiousness (p = 0.08), extraversion (p = 0.22), and open-
ness (p = 0.10) (Fig. 1, Table 2). Supplementary Table 1 presents details
of the ANCOVAs.

3.2. Relationship between epilepsy onset and NEO neuroticism

Partial correlations were performed to determine the relationships
between age of epilepsy onset and epilepsy duration with neuroticism.
Results revealed a significant negative correlation between neuroticism
and age of epilepsy onset (r = —0.30; df = 62; p = 0.02), indicating
higher neuroticism with earlier age of epilepsy onset (Fig. 2). No signif-
icant association was observed between neuroticism and epilepsy dura-
tion (r = 0.07; df = 62; p = 0.6).
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Personality Traits in Temporal Lobe Epilepsy
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Fig. 1. NEO test scores comparison between controls and TLE. Neuroticism was significantly higher in individuals with TLE. Agreeableness, conscientiousness, extraversion, and openness

were lower, but not significantly different in TLE compared to controls.

3.3. Cortical gray matter correlates of NEO neuroticism in TLE

The association between cortical gray matter and neuroticism in TLE
was determined using surface-based volumetric analysis using
FreeSurfer's QDEC as described previously. The focus of analysis was
the one personality trait (neuroticism) that was significantly different
between participants with TLE and control participants. We corrected
for age, gender, ICV, and laterality focus. p-Values were determined
with df = 43 using FreeSurfer's default Different Onset, Different Slope
(DODS) [36].

Higher neuroticism was associated with significantly lower cortical
gray matter volume in the left superior frontal gyrus and rostral middle
frontal cortex, anterior insula, precentral gyrus, lateral parietal-occipital
cortex, superior temporal gyrus, precuneus, and fusiform gyrus (Fig. 3,
Table 3). Uncorrected surface images are shown in Supplemental Fig. 3.

3.4. Subcortical gray matter correlates of NEO neuroticism in TLE

Region of interest (ROI) extraction and partial correlations
correcting for age, gender, seizure focus laterality, and ICV were per-
formed to determine the relationship between selected subcortical re-
gions and personality traits. A negative relationship was observed
between the left amygdala (r = —0.28; p = 0.05) and bilateral hippo-
campi [left (r = —0.28; p = 0.05); right (r = —0.40; p = 0.003)]
(Fig. 4). p values presented are uncorrected for multiple comparisons
and calculated based on a t-distribution with df = 49.

3.5. Supplemental analyses

Given the relationship between epilepsy age of onset and neuroti-
cism, we performed a post hoc analysis to characterize the relationship

between age of onset of epilepsy and cortical gray matter volume. Sup-
plemental Fig. 1 shows that the association of cortical volume and age of
onset revealed limited and nonoverlapping areas of abnormality com-
pared to that shown in the relationship of neuroticism with cortical vol-
ume (Fig. 3).

Because we had a significantly higher number of women compared
to men, we performed cortical correlation analysis for neuroticism in
women only. This analysis was also corrected for age, ICV, and seizure
focus laterality. Supplemental Fig. 2 shows areas such as the left frontal
and precentral cortex hold for women with TLE at p = 0.05. Right infe-
rior parietal and caudal middle frontal were also found to be correlated
with neuroticism in women.

4. Discussion

The core findings from this investigation include the following: 1)
there are differences in aspects of normal (Big 5) personality structure

Table 2
ANCOVA results for NEO-FFI scales comparing TLE to control participants.
Trait Group Mean SE F p
Agreeableness Control 324 0.997 2.197 0.14
TLE 30.5 0.671
Openness Control 30.2 1.056 2.817 0.1
TLE 27.7 0.711
Conscientiousness Control 34.6 1.198 3.045 0.08
TLE 31.8 0.806
Neuroticism Control 17.5 1.63 10.346 0.002""
TLE 23.0 1.09
Extraversion Control 29.2 1.047 1.543 0.22
TLE 28.0 0.705
df =94.
** p<0.01.
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Partial Regression of Neuroticism and Age of Onset
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Fig. 2. Partial regression between NEO neuroticism and age of onset. Higher neuroticism was associated with earlier age of epilepsy onset. Others = covariates.

identified in people with TLE compared to controls; 2) a link is identified
between selected clinical characteristics of the patients' epilepsy and
personality; and 3) alterations in aspects of brain structure are associ-
ated with core personality traits in TLE. These points will be discussed
below.

4.1. Personality measures

The Big 5 personality traits have been investigated in relation to sev-
eral diseases [37-39] and cognitive processes [40]. However, there is
scarce information regarding the Big 5 traits in people with TLE. As
reviewed previously, a variety of behavioral, personality, and affective
disorders in individuals with epilepsy have been a long-standing topic
of investigation and controversy [18]. In contrast, there has been consid-
erably less research into how normal personality features may be af-
fected in TLE. The present study used the NEO-FFI as a tool to assess
normal core (Big 5) personality traits in individuals with TLE compared

B
2
s
&
Cr
2
=
=
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to healthy controls. These core traits include agreeableness, openness,
conscientiousness, neuroticism, and extraversion.

The omnibus MANCOVA demonstrated a significant difference be-
tween TLE and healthy controls across the Big 5 personality traits. Post
hoc ANCOVA examined differences between groups across each specific
personality trait, revealing significantly elevated neuroticism in TLE.
This significant difference, and the trends observed in agreeableness,
openness, conscientiousness, and extraversion (lowered in TLE), likely
drove the statistical difference between groups observed with the
MANCOVA.

The trait neuroticism encompasses feelings of anxiety, depression,
self-doubt, irritability, and other negative emotional responses. These
states are highly correlated but partially distinct [41]. While not exam-
ining all 5 core traits, higher levels of neuroticism in TLE have been
shown before [42] using the Fragebo-gen zur Personlichkeit bei
zerebralen Erkrankungen (FPZ), a clinical personality questionnaire. In
addition, Margolis et al. showed that higher neuroticism as well as

Fig. 3. Correlation between cortical gray matter volume and NEO neuroticism for participants with TLE. Blue areas represent regions with significant (p < 0.05) negative correlations
representing decreased volume with increased neuroticism. Results were corrected using Monte-Carlo simulations with a 0.01 threshold (df = 43).
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Table 3

Cortical regions associated with NEO neuroticism scores, including corrected p value, cluster size, and Talairach coordinates.

Personality trait Group Brain region Size (mm"2) Direction Corrected p Tal. coord. (X, Y, z)

Neuroticism TLE Left superior/middle frontal gyrus 2875.23 Negative 0.0001 —19.3,56.6, —3.1
Left anterior insula 1210.05 Negative 0.0001 —36.2,1.5, —6.2
Left precentral gyrus 830.02 Negative 0.0008 —384,0.5,279
Left lateral parietal-occipital cortex 650.9 Negative 0.0054 —41.6, —63.7,13.1
Left superior temporal gyrus 542.75 Negative 0.0172 —60.8, —12.5, —0.2
Left precuneus 507.56 Negative 0.0251 —17.0, —58.1, 25.1
Left fusiform gyrus 478.77 Negative 0.0347 —30.9, —57.1, —6.4

reduced extraversion in people with epilepsy (measured with the NEO-
FFI) was significantly correlated with greater perceived stigma [43]. Fur-
thermore, stigma was significantly associated with poorer social well-
being.

Neuroticism has been identified as a predictor of depression [44], a
risk factor for behavioral dysregulation [45], and has been negatively as-
sociated with measures of well-being [46]. Suicide ideation, hopeless-
ness, and depressive symptoms have been predicted by neuroticism,
or neuroticism facets such as depression, anger, and hostility [47]. Per-
sons high in neuroticism also tend to prospectively report more nega-
tive life events, although not significantly fewer positive events [48].
This highlights the importance of identifying alterations in normal per-
sonality traits in patients with TLE, particularly neuroticism, in order to
address them through interventions.

Regarding the association of neuroticism with targeted clinical sei-
zure features, we found that earlier age of epilepsy onset, but not epi-
lepsy duration, was associated with increased neuroticism. An
association between epilepsy onset during adolescence and elevated
neuroticism has been reported by Wilson et al. [49]. Consistent with
early reports [50], no relationship was found between the degree of
neuroticism and duration of epilepsy.

4.2. Neuroanatomical correlations with NEO personality traits

Little is known about the relationship between gray matter volume
and personality as assessed by the Big 5 traits in patients with TLE.

More generally, previous research has identified neuroanatomical cor-
relates of the Big 5 personality traits in healthy individuals [51-53].
Through this research, we aimed to understand the neuroanatomical
correlates of personality in TLE and used structural MRI to examine as-
sociations of neuroticism with cortical and subcortical volumes.

All the identified significant associations between neuroticism and
gray matter volume showed higher levels of neuroticism to be related
to decreased gray matter volume, this inverse relationship was ob-
served only in the left hemisphere for cortical regions that spanned
the following regions: rostral superior and middle frontal gyri,
precentral gyrus, anterior insula, superior temporal gyrus, fusiform
gyrus, precuneus, and lateral parietal-occipital cortex. Our analyses con-
trolled for a number of factors (age, gender, ICV, and laterality of EEG
focus), so the obtained findings speak to the general anatomical corre-
lates of neuroticism. These findings suggest that a unitary etiology lim-
ited to a focus in the mesial temporal lobe is too limited to view, and that
regions involving but especially outside the temporal lobe contribute to
alterations in selected core personality traits.

The prefrontal cortex (PFC) plays a role in the central circuitry of
emotion [54]. Normal emotional and social behavior depends on the in-
tegrity of brain regions including the orbitofrontal cortex, medial PFC
(medial aspect of the superior frontal gyrus), and the amygdala [55].
Neural correlates of neuroticism in healthy individuals have shown an
inverse relationship between neuroticism and volume in the superior
and middle frontal gyri [56]. In TLE, previous studies have shown a rela-
tionship between dysphoric mood state and frontal lobe dysfunction
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[57]. The PFC has been linked with executive and cognitive dysfunctions
in TLE [58]. Our results suggest that the medial and dorsal PFC also plays
a role in abnormal personality traits, neuroticism in particular.

We also found a negative association between neuroticism and the
left superior temporal gyrus and anterior insula in people with TLE.
Our observation of an inverse relationship between neuroticism and
volume of the superior temporal gyrus mirrors the results of previous
studies performed in healthy individuals [59]. Functional MRI studies
have also shown a relationship between neuroticism or anxiety and vol-
ume of the insula [60-63].

We observed a significant laterality effect in the volumetric reduc-
tions, with most involving the left hemisphere. Considerable research
in the field of affective asymmetry suggests that the left and right hemi-
spheres play different roles in emotions. The right hemisphere has been
associated with negative emotions and the left hemisphere with posi-
tive emotions [64]. Many clinical studies have shown that damage to
the left hemisphere results in depressive-like symptoms [65,66]. More
specifically, the closer the lesion is to the frontal pole, the more severe
the depressive symptoms [64]. The data presented here in relationship
to neuroticism are consistent with the general theme reported in the
clinical affective asymmetry literature. ROI-based subcortical volumes
were associated with neuroticism in TLE as well. Decreased bilateral
hippocampal and left amygdala volume was related to higher neuroti-
cism. Our findings therefore suggest that both cortical and subcortical
regions play a role in altered core personality traits in epilepsy.

Regarding clinical epilepsy factors, gray matter volume reductions
have been reported to be associated with epilepsy age of onset [67],
and we observed a relationship between neuroticism and earlier epi-
lepsy age of onset. However, we demonstrated that the effects of age
of onset on cortical gray matter volume did not overlap with the effects
reported in relation to neuroticism (Fig. 3 and Supplemental Fig. 1).

Overall, these results suggest widespread associations between
brain volume and neuroticism in TLE. As previously mentioned, TLE
has been shown to affect temporal and extratemporal brain regions in-
cluding some of the structures that correlate with neuroticism in our re-
sults. Our results highlight neuroticism as a factor impacting individuals
with TLE. While there is a vast literature on the relationship between
personality traits and brain structure in healthy individuals, much is un-
known in relation to neurological disorders. More specifically, we be-
lieve that this is the first study to evaluate this comprehensively in TLE.

4.3. Limitations

This study has several limitations. First, this study uses data form the
ECP, but the presented analyses did not involve connection calculations
or network data. We will pursue this aspect of the data in the future.
Second, we had a modest control group sample size which could have
served to limit our power to detect additional alterations in the Big 5
traits. Additional research with larger sample sizes may reveal addi-
tional differences in Big 5 characteristics between controls and patients
with TLE. Third, our sample was skewed towards women, and the pres-
ence of potential gender effects is an important issue for the future.
Fourth, no comparisons were made to other types of epilepsy, and we
cannot conclude that the results presented are specifically linked to sei-
zures originating from the temporal lobes. Fifth, the potential impact of
antiepilepsy medications on cognitive and behavioral measures is al-
ways a concern, but one that is difficult to address reliably in a cross-sec-
tional observational investigation. Sixth, we did not investigate
variability in Big 5 traits as a function of the laterality of TLE onset.
Only a subset of our participants underwent ictal monitoring, and this
is a potentially important topic for future studies. We did, however,
use laterality of seizure focus (determined largely by interictal EEG) as
a covariate. Lastly, it is important to keep in mind that we cannot infer
causation from the present results, however, they provide insight into
structural changes that could play a role in personality disorders in peo-
ple with TLE.

Taken together, these results suggest differences in personality
traits, particularly neuroticism in TLE. Additionally, we show neuroana-
tomical correlates of personality traits that could shed light in our un-
derstanding on the neuroscience of personality.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2019.07.025.
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