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Abstract

Objective: Despite the importance of social cognitive functions to mental health and social adjustment, examination of
these functions is absent in routine assessment of epilepsy patients. Thus, this review aims to provide a comprehensive
overview of the literature on four major aspects of social cognition among temporal and frontal lobe epilepsy, which is a
critical step toward designing new interventions. Method: Papers from 1990 to 2021 were reviewed and examined for
inclusion in this study. After the deduplication process, a systematic review and meta-analysis of 44 and 40 articles,
respectively, involving 113 people with frontal lobe epilepsy and 1482 people with temporal lobe epilepsy were
conducted. Results: Our results indicated that while patients with frontal or temporal lobe epilepsy have difficulties in
all aspects of social cognition relative to nonclinical controls, the effect sizes were larger for theory of mind (g = .95),
than for emotion recognition (g = .69) among temporal lobe epilepsy group. The frontal lobe epilepsy group exhibited
significantly greater impairment in emotion recognition compared to temporal lobe. Additionally, people with right
temporal lobe epilepsy (g = 1.10) performed more poorly than those with a left-sided (g = .90) seizure focus,
specifically in the theory of mind domain. Conclusions: These data point to a potentially important difference in the
severity of deficits within the emotion recognition and theory of mind abilities depending on the laterlization of seizure
side. We also suggest a guide for the assessment of impairments in social cognition that can be integrated into

multidisciplinary clinical evaluation for people with epilepsy

Keywords: Social cognition, Empathy, Theory of mind, Emotion recognition, Social behavior, Frontal lobe epilepsy,
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INTRODUCTION

Social cognition broadly refers to one’s ability to perceive
and understand other people’s thoughts, feelings, and behav-
iors and to respond appropriately. The most researched
aspects of social cognition are emotion recognition, theory
of mind (ToM) and empathy. Emotion recognition is the abil-
ity to identify and discriminate emotional states from verbal
and nonverbal cues. Theory of mind refers to the ability to
understand what other people are thinking and feeling and
to infer complex mental states, such as intention and
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disposition, in others. Empathy is the ability to understand
and respond to the emotional experiences of others and has
been shown to contribute to successful social interaction
and to promote pro-social actions (Sun et al., 2019). The lit-
erature typically differentiates between two components of
empathy: affective empathy, which entails affective sharing
of other people’s emotional states, and cognitive empathy,
which refers to the ability to decode and understand other
people’s perspective (Singer & Lamm, 2009).

Social cognition is complex and multifaceted, subserved
by an intricate network of interconnected brain regions col-
lectively referred to as the “social brain.” These regions
include the amygdala, medial prefrontal cortex, temporopar-
ietal junction, anterior cingulate, and insula. Many of these
structures are adversely affected in conditions such as
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schizophrenia (Green et al., 2015), stroke (Hillis, 2014), and
neurodegenerative disorders (Christidi et al., 2018), giving
rise to the propensity for social cognitive impairment in these
groups. Social cognitive impairment is a feature of many
developmental, psychiatric, neurological and neurodegener-
ative conditions (Cotter et al., 2018). Not surprising, people
with epilepsy also demonstrate impairments in social cogni-
tion that negatively impact the quality of life, employability,
and other cognitive functions (for instance, Giovagnoli et al.,
2011; Giovagnoli et al., 2013). Despite the increasing volume
of studies investigating social cognition in epilepsy over
recent years, research into the predictors of social cognitive
impairment in this population remains lacking.
Specifically, the extent to which social cognitive difficulties
are caused by medication, psychological, and social factors
(e.g., fear of seizures, perceived stigma, discrimination, lack
of social support), recurrent seizures, or the underlying epi-
leptogenic brain lesion, remains unclear. Thus, identifying
the nature and magnitude of social cognitive impairments
in people with epilepsy has both theoretical and clinical
implications, including the potential to inform guidelines
for clinical assessment and psychosocial intervention.

Four prior meta-analyses evaluated theory of mind and
emotion recognition in patients with epilepsy. Outcomes dif-
fered slightly depending on the groups of patients studied and
the outcome measures used. The chief findings of the studies
were: (A) theory of mind ability was affected in patients with
frontal lobe epilepsy (FLE) and temporal lobe epilepsy
(TLE), but not from seizure disorders originating outside
these areas (extra-TLE/FLE; Stewart et al., 2016); (B) defi-
cient recognition of fear, followed by sadness and disgust,
in both visual and auditory modalities was reported in patients
with epilepsy (Edwards et al., 2017; Monti et al., 2015); (C)
patients with right TLE exhibited more significant impair-
ments in recognition of fear, disgust, and sadness than patient
with left TLE (Bora & Meletti, 2016); and (D) patients under-
going surgery did not differ in social cognitive outcomes
(emotion recognition and theory of mind) compared to those
not undergoing surgery (Bora & Meletti, 2016).

While these previous meta-analytic reviews are a valuable
contribution to the literature, it is still unknown how empathy
and social behavior are affected by epilepsy. This study is the
first to evaluate all four major components of social cogni-
tion: emotion recognition, theory of mind, empathy, and
social behavior, in people with TLE and FLE. We acknowl-
edge that social cognition is a multidimensional construct and
significantly influenced by personality vulnerabilities, mood
disturbance and cognitive impairment. However, for the pur-
pose of this review, we examine the evidence for four social
cognitive components previously investigated in other clini-
cal populations (Henry et al., 2016; Kumfor et al., 2017;
Adams et al., 2019). Our primary aims were twofold: (A)
to determine whether social cognitive impairment is global
or specific to one domain of social cognition in people with
TLE and FLE, and (B) to investigate whether the severity and
patterns of impairment are moderated by the location of the
epileptic focus in the temporal vs. the frontal lobe. We
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conclude this review with a suggested pathway and clinically
useful tools to support the screening of social cognition in
people with epilepsy when indicators of potential compro-
mise are identified.

METHOD

This systematic review was conducted in line with the
Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).
The completed PRISMA checklist is presented in the supple-
mentary material.

Identification of Studies
Search strategy

We searched several databases from 1990 to January 2021
including PsycINFO and MEDLINE (via EBSCOhost),
Embase, and Web of Science Core Collection (via
Clarivate Analytics). We constructed a comprehensive search
strategy using variant terms for the focal epilepsy subtypes
and social cognition constructs. The search strategy devel-
oped for articles is presented below;

(“epilep*” OR “focal epilepsy” OR “temporal lobe epi-
lepsy” OR “frontal lobe epilepsy”” OR “seizure” OR ((“amyg-
dala” OR “hippocamp*”’) AND “damage”)) AND (“perc*”
OR “identif*” OR “recogni*” OR “process*” OR “label*”)
AND (“emotion recognition” OR ((“face” OR *“facial”)
AND (“affect*” OR “emotion*” OR “expression*””)) OR
“theory of mind” OR “social cognition”” OR “social percep-
tion” OR “perspective task*” OR “mentalis*” OR “mind
read*” OR “empath*” OR “social competence” OR “social
outcome*” OR “social adjustment” OR “social behavio*”
OR “social skill*” OR “social interaction®”).

Duplicate results were removed automatically in EndNote.
Using the Ancestry Method, reference lists were searched for
appropriate reviews and eligible studies to identify additional
papers. Then titles and abstracts were screened by two authors
(MZ & CA). Full-text of papers were reviewed when it was
unclear whether an article fulfilled the eligibility criteria
based on the title and abstract alone. Two authors (MZ &
CA) independently screened the full text articles against
the inclusion criteria and discrepancies were resolved through
discussion.

Inclusion criteria

The review included studies that: 1. reported primary research
published in English-language peer-reviewed journals; 2.
included samples of people diagnosed with temporal lobe
(TLE) or frontal lobe epilepsy (FLE) and reported the data
separately for each patient group; 3. included a nonclinical
comparison group; 4. used validated measures evaluating
each of the four components of social cognition (as detailed
in Table 1); and 5. included either pediatric or adult patient
populations.
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Exclusion criteria

The review excluded: 1. case studies, nonclinical outcome
studies (e.g., psychometric validation studies), secondary
research or special papers (e.g., reviews, editorial, commen-
taries, or letters); 2. studies that did not include a control
group; 3. studies that recruited heterogenous focal epilepsy
groups (e.g., multifocal epilepsy from frontal and temporal
lobes); 4. studies that used qualitative measures such as inter-
views or behavioral tasks other than those specified in
Table 1; 6. studies with inadequate data to calculate a mean
or weighted effect; 7. fMRI studies that investigated one of
these domains in TLE or FLE patients but without overt,
explicit, behavioral measures during the fMRI task; 8. studies
that included patients with unilateral or bilateral amygdala or
hippocampal damage, but without seizures; 9. studies that
included only postoperative patients, or grouped patients with
and without lobectomy together. Studies were not excluded
based on other premorbid conditions, cause of epilepsy
(e.g., acquired lesions, tumors, congenital structural abnor-
malities), or medication use.

Definition of Social Cognitive Domains

Definition of each social cognitive domain is extensively dis-
cussed in the supplementary materials. In short, in the follow-
ing we provide a brief description of each domain:

Emotion recognition

we defined emotion recognition as any task that required par-
ticipants to label, recognize, rate, match or select the emotions
expressed within the stimuli. Stimuli could be visual or audi-
tory and may consist of static faces, videos, or sounds. All
eligible studies evaluating emotion recognition and their
effect sizes are reported in Table 2.

Theory of mind

we defined theory of mind as the ability to understand others’
thinking and feeling and included studies that used measures
that were commonly used in the social cognitive literature
such as False Belief, Faux Pas, or Reading the Mind in the
Eyes Test. All eligible studies evaluating theory of mind
and their effect sizes are reported in Table 3.

Empathy

We included studies that looked at the generalized construct
as well as the cognitive and affective sub-components that
assesses how individuals perceive others’ emotions and per-
spective and how they share emotional states with others,
respectively. All eligible studies evaluating empathy and their
effect sizes are reported in Table 4.
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Social behavior

Given that social behavior has been operationalized differ-
ently in the literature, we only included studies that employed
one or more widely used measures considered relevant to this
construct such as Social Responsiveness Scale, Child
Behavior Checklist (CBCL) and Social Adjustment Scale.
All eligible studies evaluating social behavior and their effect
sizes are reported in Table 4.

Data Extraction and Data Entry

We extracted the available participant characteristics (e.g.,
mean age, standard deviation, and number of participants) in
each clinical and nonclinical control group for each study.
For clinical groups, we recorded the mean age of onset, dura-
tion of epilepsy, and the number of seizures per month, where
available. For each social cognition domain, the mean and
standard deviation of items reported (accuracy or errors) for
each task was extracted for each clinical and nonclinical con-
trol group. Where the mean of errors was reported (Amlerova
et al., 2014; Cohn et al., 2015; Laurent et al., 2014; Schacher
et al., 20006), the effect size calculation was reversed to account
for this difference in the direction of effect. Alternatively, for
studies where raw values were not available, other statistics
such as events rates (Gomez-ibanez et al., 2014), p-values
and sample size were used to calculate effect sizes
(Amlerova et al., 2014; Batut et al., 2006; Meletti et al.,
2003b; Schacher et al., 2006). We contacted authors to request
subgroup raw values when focal epilepsy groups or laterality
data were combined. Data were made available in several
instances (Cohn et al., 2015; Laurent et al., 2014; Tanaka
et al.,, 2013; Toller et al., 2015a, 2015b; Stewart et al.,
2019b; Bujarski et al., 2016; Morou et al., 2018; Lunn
et al., 2015). Studies that only included postoperative patients
were excluded from the estimation of effect sizes (e.g.,
Ammerlaan et al., 2008; Brierley et al., 2004; Jiang et al.,
2014; Gosselin et al., 2011; Boucher et al., 2015). Data pub-
lished more than 10 years ago were assumed to be unavailable.

For studies with more than one outcome measure in each
social-cognitive domain, effect sizes were pooled to calcu-
late an overall effect for each construct. If studies reported
both pre- and postoperative data, only preoperative data
were included. For studies in which different intensities
of emotional expression were used to evaluate emotion rec-
ognition, we included the data for the 100% intensity of
facial expression in the meta-analyses and the remaining
intensity data were narratively synthesized (Sedda et al.,
2013). For studies in which different task instructions were
used, the index reported by the authors was included in the
analysis (Shaw et al., 2007). Due to their limited number,
studies employing widely used measures of social behavior
and empathy are discussed as part of the systematic review
but results from meta-analyses are provisional and require
replication in future. Second author extracted the data and
First author, MZ, checked the accuracy of extracted data
independently.
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Table 1. Description of measures used for each social cognitive function.

Emotion recognition

Refs

Description of the task

Emotion Labelling using Ekman and Friesan,
NimStim Set of Facial Expressions, or
Karolinska directed emotional faces.

Emotional Prosody Task

Comprehensive Affect Testing System

The Test de Reconnaissance des Emotions

Faciales pour Enfants

The Animated Full Facial Expression Test—
Revised

Moving FER task

Explicit Emotion Recognition Task

The Awareness of Social Inference Test

Amlerova et al. (2014); Bonora et al. (2011); Batut et al. (2006);

Farrant et al. (2005); Gomez-Ibanez et al. (2014); Golouboff et al.

(2008); Hennion et al. (2015a); Hlobil et al. (2008); Meletti et al.

(2003a); Meletti et al. (2003b); Meletti et al. (2009); Realmuto

et al. (2015); Reynders et al. (2005); Shaw et al. (2007); Stewart

et al. (2019a); Szaflarski et al. (2014); Walpole et al. (2008)
Bonora et al (2011)

Broicher et al. (2012b)

Golouboff et al. (2008)

Sedda et al. (2013)

Tanaka et al. (2013)

Banks et al. (2014)

Cohn et al. (2015)

Hennion et al. (2015a)

Participants are presented with photographs of faces depicting one of
six basic emotions (i.e., happy, angry, fearful, sad, disgust or sur-
prise) and are required to choose an emotion label that best corre-
sponds to that facial expression. Alternatively, participants may
have to rate the intensity of each emotional expression.

Participants are presented with audio of brief sentences with neutral
meaning, which are spoken to produce one of five basic emotions
(i.e., happy, angry, fearful, sad or disgust). Participants choose a
corresponding label for each emotion conveyed by the intonation of
the sentence.

An assessment battery consisting of 13 subtests designed to measure
perception of emotion from facial expressions, prosody, and linguis-
tic material.

An emotion recognition test designed for children and adolescents
with photographs of actors aged between 5-15 expressing one of
five basic emotions (i.e., happy, angry, fearful, sad, or disgust) and
neutrality. Participants choose the corresponding emotion label for
each facial expression displayed.

Five basic facial expressions (i.e., happy, angry, fearful, sad or dis-
gust) from the Ekman and Friesan series were adapted to be dis-
played at four different emotional intensity levels (35%, 50%, 75%,
100%) using a morphing technique. Participants choose the corre-
sponding emotion label for each facial expression displayed.

Stimuli consists of videotaped facial expressions (i.e., happiness,
anger, fear, sadness, disgust, and surprise) of professional actors
with emotional expressions lasting 2—seconds with no sound.
Participants choose the corresponding emotion label for each facial
expression displayed.

Faces are selected from the Gur Face Set - one of six basic emotions
are presented - for each emotion presented, participants choose
between two emotion labels that best correspond to the facial
expression displayed.

Part 1 “the Emotional Evaluation Test” is designed to measure emo-
tion recognition ability. Video clips are presented of an actor dis-
playing one of seven emotional states (i.e., happiness, anger, fear,
sadness, disgust, anxiety, and neutrality). Participants choose the
corresponding emotion label for each emotional expression
displayed.

(Continued)
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Table 1. (Continued)

Emotion recognition

Refs

Description of the task

Emotional burst recognition task from the
Montreal Affective Voices

Four computer-generated tasks (stimulus
type: visual nonverbal, visual verbal, audi-
tory nonverbal, auditory verbal)

Socio-visual and socio-auditory tasks

Theory of mind
Reading the Mind in the Eyes Task

Cartoon ToM vignettes

Strange Stories Test (Implication Stories)

False Belief tasks

Faux-Pas Test

“Yoni” Task

The Awareness of Social Inference Test

Fowler et al. (2006)

Laurent et al. (2014)

Broicher et al. (2012b); Farrant et al. (2005); Hu et al. (2016);
Okruszek et al. (2017); Shaw et al. (2005)

Farrant et al. (2005); Li et al. (2013); Wang et al. (2015)

Farrant et al. (2005); Li et al. (2013); Shaw et al. (2004); Shaw et al.
(2007); Wang et al. (2015); Stewart et al. (2019b)

Li et al. (2013); Shaw et al. (2004); Wang et al. (2015)

Amlerova et al. (2014); Broicher et al. (2012a); Broicher et al.
(2012b); Farrant et al. (2005); Giovagnoli et al. (2011);
Giovagnoli et al. (2016); Giovagnoli et al. (2013); Hennion et al.
(2015b); Li et al. (2013); Schacher et al. (2006); Shaw et al.
(2004); Shaw et al. (2007); Wang et al. (2015); Stewart et al.
(2019b)

Hu et al. (2016)

Cohn et al. (2015)

“Emotional bursts” (short, nonverbal, auditory emotional expressions)
representing one of five basic emotions (i.e., happy, angry, fear, sad
or disgust) are presented. Participants choose the corresponding
emotion label for each emotional expression displayed.

Recognition of the five basic emotions (i.e., happy, angry, fearful, sad,
and disgust) are tested from presenting facial expressions, sentences
describing emotion-provoking situations, nonverbal sounds, and
emotional prosody.

In the facial emotion recognition task, participants are required to
identify which one of two different emotional expressions match
with a target emotional expression presented previously. In the emo-
tional prosody recognition task, participants are required to identify
which one of voices correspond to a target emotion provided.
Happy, surprise, angry, and sad are the four basic emotions used in
both tasks.

Participants are shown photographs of eye regions and are asked to
select from one of the four options that best describe what the per-
son in the photograph is thinking or feeling.

Participants are presented with funny cartoons and are required to infer
the beliefs, intentions, and motivations of the characters.

Participants are assessed on their ability to understand why a character
in a story used nonliteral forms of speech (e.g., joke, white lie, sar-
casm, irony) by answering comprehension questions (e.g., “Is it true
what James said?”) and justification questions (e.g., “Why did he
say that?”).

This task targets the participant’s ability to understand that someone
can hold a false impression about something that is separate from
their own accurate perception of it (i.e., false belief). In various ver-
sions of the task, participants may be required to predict a charac-
ter’s motivations, actions or thoughts based on a false belief.

Participants are required to detect whether a social faux pas been com-
mitted in a story and answer questions about the feelings, intentions
and beliefs of the different characters involved (e.g., “Why shouldn’t
he have said it or why was it awkward?”).

A computerized task in which participants infer the mental state of a
character using verbal, eye gaze, and facial expression cues.

Parts 2 and 3 of this task is designed to measure theory of mind.
Audio Visual vignettes are used to test the participant’s ability to

(Continued)
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Table 1. (Continued)

Emotion recognition

Refs

Description of the task

Moving Triangles

Sarcasm Comprehension Task; Action
Comprehension Task

Metaphor and Irony Task

Conflicting belief and emotion task

Story-Based Empathy Task

Empathy
Interpersonal Reactivity Index

Social behavior
Social Adjustment Scale (SAS)

Child Behavior Checklist (CBCL) (6-18
years)

Bala et al. (2018); Broicher et al. (2012b); Hennion et al. (2016)

Hennion et al. (2015b)

Shaw et al. (2004)

Shaw et al. (2004)

Realmuto et al. (2015)

Broicher et al. (2012b); Gul & Ahmad (2017); Hennion et al.
(2015a); Hu et al. (2016); Toller et al. (2015a); Toller et al.
(2015b)

Gois et al. (2011)

Stewart et al. (2019a); Stewart et al. (2019b); Gascoigne et al.
(2019)

understand literal and nonliteral conversational remarks (i.e., sincere
remarks and lies, and sarcasm, respectively).

Participants are shown animations in which geometric shapes move
around the screen in an intentional or random fashion. Participants
are asked to determine whether the shape’s movement is mentalistic
and subsequently the type of emotion the shape is portraying with
its movement.

Participants are required to interpret the intent behind a sarcastic
remark (Sarcasm Comprehension Task) or a mentalistic action
(Action Comprehension Task) as made by a character in a story.

Participants are asked to interpret the intent behind metaphoric and
ironic comments as made by a character in a story.

Tests participants’ ability to understand conflicting beliefs and emo-
tions between two different people in a scenario involving social
exclusion or threat.

Participants are shown cartoons and are asked to identify the emo-
tional and intentional states of the characters.

A self-report questionnaire used to measure dispositional empathy
(Davis, 1980). The IRI is comprised of four dimensions, two of
which indicate affective empathy (empathic concern and personal
distress), and two of which indicate cognitive empathy (perspective
taking and fantasy). Empathic concern is the tendency to experience
feelings of sympathy and concern for others undergoing negative
experiences, and personal distress is the tendency to experience feel-
ings of distress and discomfort for others undergoing negative expe-
rience. Perspective taking is the tendency to spontaneously adopt
another person’s psychological perspective, and fantasy is the degree
to which a person identifies with a fictional character.

A self-report questionnaire used to measure instrumental and expres-
sive role performance over past two weeks in several areas: work
(i.e., paid, unpaid, student activity), social and leisure activities, rela-
tionships with extended family, marital relationship, relationship
with children, relationships within the family unit, and perceptions
of economic functioning. Questions within each area pertain to per-
formance in expected tasks, friction with people, finer aspects of
interpersonal relationships, and feelings and satisfaction.

The CBCL is a parent-administered questionnaire that assesses behav-
ioral and emotional problems in children and adolescents using

(Continued)
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Tables 2—4 present a study-by-study breakdown of effect
sizes for each domain of social cognition in patients com-
pared to nonclinical controls.

Quality Rating

The Downs and Black Checklist (1998) was used to evaluate
the methodological quality of included studies in the meta-
analysis. The checklist includes measures for the psychomet-
ric properties of the papers for randomized and non-random-
ized studies. The checklist shows good test-retest reliability
(r = .88), inter-rater reliability (r = .75), and internal consis-
tency (Kruder-Richardson formula 20 = .89 (Downs &
Black, 1998). The adapted 17-item version of this checklist
was used; items related to interventional trials were omitted
as studies of this nature were not included for review. This
checklist evaluates the quality of reporting (items 1-8), exter-
nal validity (item 9), internal validity (statistical and meth-
odological bias, items 10-12; selection bias, items 13-16),
and power (item 17). All items are scored from O (no, or
unable to be determined) to 1 (yes), except for item 4, which
is scored O (no, unable to be determined), 1 (partially), or 2
(yes). Items 7 and 16 were only scored for studies with a
longitudinal design. Therefore, scores for cross-sectional
studies, ranged from 0—16, while longitudinal studies scores
ranged from 0-18. Studies were categorized into three cat-
egories with high (0-5 points for cross-sectional and longi-
tudinal studies), average (6—10 points for cross-sectional
and 6-11 points for longitudinal), and low (11-16 points
for cross-sectional and 12—18 points for longitudinal studies)
risk of bias. A similar procedure to that reported by Edwards
etal. (2017); Stewart et al. (2016) was used for quality rating
using this checklist. Two authors (MZ & CA) independently
reviewed and scored all papers and discrepancies were
resolved through discussion.

Methods of Review

Figure 1 displays the flow diagram describing the process of
study selection for the review. The initial search retrieved
6181 articles. After duplicates were removed, 3847 titles
and abstracts were screened for the relevance and eligibility
of the papers, 108 full texts were assessed for the final eli-
gibility independently by two authors (90% agreement).
Forty-four eligible papers remained for the systematic
review, 40 of which were included for meta-analysis.

Patient Demographics

Overall studies included 2830 nonclinical control partici-
pants and 1595 patients with epilepsy, 113 patients with
FLE and 1482 patients with TLE. The age ranged from 10
to 48 years in the nonclinical group and 12 to 52 years in
the patient group. For the patient group, the mean age-of-
onset of epilepsy was 13 years for the emotion recognition
studies, 13 years for theory of mind studies, 17 years for
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Table 2. Study characteristics and effect sizes (Hedge’s g) reported individually for studies included in the meta-analysis pertaining to emotion perception.

Nonclini-
cal group Epilepsy group
Study N. Age N. Age Age of onset (years) Duration (years) Seizures p/month No. AED Hedge’s g Included in the SR /MA
Amlerova et al. (2014) 20 33 TLE=46 37 21 - Median (6) - —-0.98 SR/MA
24 left TLE
22 right TLE
Banks et al. (2014) 23 31.6 TLE=21 37 - 13.79 - 1.37 - SR
Batut et al. (2006) 15 NS MTL=12 35.5 16.5 - - - 1.04 SR/MA
6 left TLE
6 right TLE
Bonora et al. (2011) 50 34.90 TLE=41 48.05 20.72 27.65 - - 5.23 SR /MA
17 left TLE
20 right TLE
4 bilateral TLE
29 33.69 TLE =28 34.43 20.21 14.25 - - 0.15 SR /MA
17 left TLE
11 right TLE
Cohn et al. (2015) 15 38.3 TLE=50 38.45 204 18.05 - - 1.06 SR /MA
24 left TLE
26 right TLE
Farrant et al. (2005) 14 3579 FLE=14 34.36 11.8 - - - 1.77 SR /MA
8 left FLE
5 right FLE
1 bilateral FLE
Fowler et al. (2006) 18 NS TLE & AAD =28 15 left TLE 38 10 28 - - - SR
13 right TLE
Golouboff et al. (2008) 37 12.6 TLE=9 13.3 5.4 6.5 - - 0.63 SR /MA
16 left TLE fvz12.6 5.8 4.7 0.61
13 right TLE
8 FCE
Gomez-Ibanez et al. (2014) 23 37.3 MTLE=19 41.90 20.60 21.30 - 1 - SR
Hennion et al. (2015a) 50 42.81 TLE=50 424 21.06 21.34 13.2 2.14 0.50 SR /MA
Hiobil et al. (2008) 28 31.1 MTLE=36 29.15 - 20.1 5.05 1.71 0.62 SR /MA
12 left TLE
24 right TLE
Hu et al. (2016) 60 17.18 Frontal IED =10 18.87 15.14 3.74 - - 1.23 SR /MA
Laurent et al. (2014) 78 12.24 TLE =39 10.6 5.5 5.1 - 1.41 -0.53 SR /MA
25 left TLE
14 right TLE
Meletti et al. (2003a) 50 34 TLE=63 35.9 - - - - - SR
(Continued)
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Table 2. (Continued)

Nonclini-
cal group Epilepsy group
Study N. Age N. Age  Age of onset (years) Duration (years) Seizures p/month No. AED Hedge’s g Included in the SR /MA
Meletti et al. (2003b) 50 34 MTLE=33 36.1 11.3 24.8 - - 1.23 SR /MA
Meletti et al. (2009) 50 349 MTLE=140 38.6 13.3 253 - - 0.70 SR /MA
59 left TLE
68 right TLE
13 bilateral TLE
Realmuto et al. (2015) 21 31.95 TLE=21 37 24.3 129 - 1.3 0.40 SR /MA
Reynders et al. (2005) 12 39.92 TLE =27 39.40 11.88 27.53 - - 0.83 SR /MA
18 left TLE
9 right TLE
Sedda et al. (2013) 54 3577 TLE=57 36.72 - - - - 0.52 SR /MA
32 left TLE
24 right TLE
Shaw et al. (2007) 19 33 TLE=19 37.21 - 26 - - 0.88 SR /MA
Szaflarski et al. (2014) 30 39 LTLE=34 41 27 - 2.0 1.8 0.26 SR /MA
Stewart et al. (2019a) 22 1243 TLE=12 13.72 8.86 4.84 15.56 1.42 0.60 SR/MA
8 left TLE
4 Right TLE
Tanaka et al. (2013) 32 33 MTLE=63 41.5 30.83 16.9 - - 0.55 SR /MA
26 left TLE
17 right TLE
20 bilateral TLE
Walpole et al. (2008) 14 43.86 TLE=16 45.31 12.31 32.38 3.34 - - SR

Note: N = number; MTLE = mesial temporal lobe epilepsy; TLE = temporal lobe epilepsy; FLE = frontal lobe epilepsy; AAD = asymmetrical amygdala damage; FCE = fronto-central epilepsy; No. AED = Average of
number of antiepileptic drugs; NS = not specified; SR = systematic review; MA = meta-analysis.
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Table 3. Study characteristics and effect sizes (Hedge’s g) reported individually for studies included in the meta-analysis pertaining theory of mind (ToM).

Study

Nonclinical

group

Epilepsy group

N.

Age

N.

Age

Age of onset (years)

Duration (years)

Seizures p/month

No. AED

Hedge’s g

Included in SR/MA

Amlerova et al. (2014)

Bala et al. (2018)

Broicher et al. (2012a)

Cohn et al. (2015)

Farrant et al. (2005)

Giovagnoli et al. (2011)

Giovagnoli et al. (2013)

Giovagnoli et al. (2016)

Hennion et al. (2015b)

20

20

29

15

14

40

50

33

30.23

31.2

33.69

38.3

35.79

52.03

NS

36.05

42.81

TLE=74

37 left TLE
37 right TLE
MTLE =40
21 without ATL
19 with ATL
MTLE =28
16 left TLE
12 right TLE
TLE =28

17 left TLE
11 right TLE
TLE =50

24 left TLE
26 right TLE
ATL =37

18 left TLE
19 right TLE
FLE =14

8 left FLE

5 right FLE
1 bilateral FLE
TLE =109
62 left TLE
47 right TLE
FLE =29

4 left FLE

3 right FLE
22 bilateral FLE
TLE =54
FLE =12
TLE =85

39 left TLE
46 right TLE
TLE =50

27 left TLE
23 right TLE

355

34.52

374

34.43

39.57

34.36

37.01
35.77

37.8
37.17
33.83

42.50

17.50

12.19

16.57

20.21

18.52

21.39
26.07

18.7
25.33
17.9

21.06

21.54

20.82

14.25

20.02

22.56

15.58
8.32

18.89
11.83
15.91

21.34

7.84

9.17
8.91

9.33
14.73
8.82

0.44

2.09
1.91

2.13
2.09
2.155

2.14

-0.76

1.13

2.30

0.66

0.81

1.55

0.57
1.34

0.44
0.39
0.62

1.48

SR /MA

SR/MA

SR /MA

SR /MA

SR /MA

SR /MA

SR /MA

SR /MA

SR /MA

SR /MA

(Continued)
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Table 3. (Continued )

Nonclinical
group Epilepsy group
Study N. Age N. Age Age of onset (years) Duration (years) Seizures p/month No. AED Hedge’s g Included in SR/MA
Hennion et al. (2016) 25 42.5 MTLE =25 42.32 17.55 24.28 3.62 2.04 0.88 SR /MA
13 left TLE
12 right TLE
Hu et al. (2016) 60 17.18  Frontal IED =10 18.87 15.14 3.74 - - 1.29 SR /MA
Li et al. (2013) 24 37.75 TLE =31 42.33 24.58 19.31 1.32 2.09 4.61 SR /MA
11 left TLE
13 right TLE
7 bilateral TLE
Lunn et al. (2015) FLE = 1.09
Morou FLE 0.39
Okruszek et al. (2017) 47 32.3 MTLE =31 30.9 12 - 23 2.3 1.12 SR /MA
Realmuto et al. (2015) 21 31.95 TLE =21 37 24.3 12.9 - 1.3 0.70 SR /MA
Schacher et al. (2006) 12 33.8 TLE =27 36.5 13.3 222 - - —-1.21 SR /MA
13 left TLE
14 right TLE
Shaw et al. (2004) 38 36 TLE =26 33.5 14.5 19 - - 1.57 SR /MA
15 early onset
11 late onset
Shaw et al. (2005) 91 34 TLE = 54, 34.5 15 - - - 0.74 SR /MA
27 left TLE 40 0.38
27 right TLE
FLE =31
15 left FLE
16 right FLE
Shaw et al (2007) 19 33 TLE =19 37.21 - 26 - - 0.44 SR /MA
Stewart et al. (2019b) 22 12.43 TLE=12 13.72 8.86 4.84 15.56 1.42 1.22 SR /MA
8 left TLE
4 Right TLE
Wang et al. (2015) 30 334 TLE =67 32.19 18.51 13.72 3.2 2.61 1.30 SR /MA

Note: N = number; MTLE = mesial temporal lobe epilepsy; TLE = temporal lobe epilepsy; FLE = frontal lobe epilepsy; IED = interictal epileptiform discharges; ATL = Anterior temporal lobectomy; No. AED = Average
of number of antiepileptic drugs; NS = not specified; SR = systematic review; MA = meta-analysis.
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Table 4. Study characteristics and effect sizes (Hedge’s g) reported individually for studies included in the meta-analysis pertaining to empathy and social behavior

Nonclinic-
al group Epilepsy group
Study N Age N Age Age of onset (years) Duration (years) Seizures p/month No. AED Hedge’s g Included in the SR/MA
Empathy
29 33.69 MTLE=28 3443 20.21 14.25 - - 0.17 SR /MA
Gul & Ahmad (2017) 60 28.83 FLE =60 28.7 13.23 - - - - SR
Hennion et al. (2015a) 50 42.81 TLE=50 42.50 21.06 21.34 12.32 2.14 0.41 SR /MA
27 left TLE
23 Right TLE
Hu et al. (2016) 60 17.18 Frontal [IED=10 18.87 15.14 3.74 - - 0.96 SR /MA
43 extrafrontal
Realmuto et al. (2015) 21 31.95 TLE=21 37 243 12.9 - 1.3 0.69 SR /MA
Toller et al. (2015a) 30 382 MTLE=34 38.3 11.5 21.5 - - 0.83 SR /MA
16 left TLE
18 right TLE
16 extra-MTLE
Toller et al. (2015b) 33 391 MTLE=22 36.65 16.3 20.75 - - 0.83 SR /MA
9 left TLE
13 right TLE
Social behavior
Gois et al. (2011) 38 28.61 TLE=35 39.82 13.89 2591 54.3 more 7 on mono —-0.90 SR /MA
16 right TLE 45.7 less than 1 28 on poly
19 right TLE
Gascoigne et al. (2019) 58 - TLE=23 11.7 5.71 5.36 - 1.3 —-1.39 SR/MA
6 right TLE
15 left TLE
Lunn et al. (2015) 62 105 TLE=6 11.5 6.5 4 2 18 on mono 5 on poly 1.28 MA
FLE=5
Stewart et al. (2019a) 22 1243 TLE=12 13.72 8.86 4.84 15.56 1.42 0.63 SR /MA
8 left TLE
4 Right TLE
Stewart et al. (2019b) 22 1243 TLE=12 13.72 8.86 4.84 15.56 1.42 0.63 SR /MA
8 left TLE
4 Right TLE

Note: N = number; MTLE = mesial temporal lobe epilepsy; TLE = temporal lobe epilepsy; FLE = frontal lobe epilepsy; IED = interictal epileptiform discharges; No. AED = Average of number of antiepileptic drugs;
NS = not specified; SR = systematic review; MA = meta-analysis.
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Fig. 1. Flow diagram of identification and selection procedure of studies based on PRISMA guideline

the empathy studies, and 20 years for social behavior studies.
The average duration of epilepsy was 12 years for emotion
recognition studies, 11 years for theory of mind studies, 16
years for empathy studies, 10 years for social behavior
studies.

Statistical Analysis

Data were analyzed using the Comprehensive Meta Analyses
Program, Version 3 (Borenstein et al., 2013). Effect sizes
were calculated as Hedges’ g. We interpreted the importance
and strength of our effect in line with the Cohen’s d guide-
lines, with 0.2, 0.5, and 0.8 corresponding to small, medium,
and large effects, respectively (Cohen, 1988). A negative
effect indicates that the epilepsy group performed more
poorly than nonclinical controls and positive effect indicates
the reverse. Effect size by task type was also compared using
the Q-Test, indicating the degree of variability within each
effect in question where the larger values indicate larger
between-groups variability. In other words, the Q value larger
than the number of pooled effects (k-1 degree of freedom)
indicates that differences between groups were significant
within each task domain.

https://doi.org/10.1017/51355617722000066 Published online by Cambridge University Press

The analyses examined the overall and specific effects for
each social cognitive construct: (1) overall difference in
social cognition performance (emotion recognition, theory
of mind and empathy) between TLE and FLE compared to
nonclinical controls, and between TLE subgroups (side of
seizure focus - left versus right); (2) performance for specific
emotions (anger, sadness, happiness, disgust, and fear)
between TLE and FLE compared to nonclinical controls,
and between TLE subgroups (side of seizure focus - left ver-
sus right); (3) performance for sub-components of theory of
mind (e.g., Faux Pas and False Belief tasks) between TLE and
FLE compared to nonclinical controls, and between TLE sub-
groups (side of seizure focus - left versus right). Due to
known variation, random-effect models were used for all
analyses to ensure that we captured the heterogeneous effects
present in clinical populations. Where permitted, the effects
of laterality of the seizure focus on task performance (e.g.,
visual vs. auditory emotion recognition) were assessed in
each social cognitive domain.

Initial analyses included calculation of the weighted mean
effect size for each domain of social cognition (e.g., a single
effect size for each dependent measure for each independent
study). Subsequent analyses focused on left- and right-side
seizure focus vs. nonclinical control participants in each
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domain of social cognitive function. Finally, exploratory
analyses were conducted on specific theory of mind tasks
for TLE vs. nonclinical controls and specific emotions that
are reported at the end.

RESULTS OF SYSTEMATIC REVIEW &
META-ANALYSES

Emotion Recognition
Temporal lobe epilepsy (TLE)

Facial emotion recognition Twenty-three studies examined
facial emotion recognition in TLE patients, including the
use of static and dynamic stimuli as well as stimuli displaying
facial expressions at varying intensities (Table 1). Among
these studies, 17 of 18 reported impaired emotion recognition
using a composite score. Of the individual emotions, deficits
were most commonly reported in fear recognition (11 of 18
studies), followed by disgust (10 of 17 studies) and then sad-
ness (6 of 19 studies) in all types of stimuli (e.g., dynamic or
static). Two of 15 studies found deficits in recognizing angry
facial expressions, whereas only one of 18 studies found def-
icits in recognizing happy facial expressions. Lateralization:
Eleven of the above studies reported effects of laterality of the
epileptic focus, compared to nonclinical controls [seven
included right TLE (RTLE) and six left TLE (LTLE)]. For
overall emotional recognition ability, four of five studies
found impairments in RTLE patients and three of five studies
found impairments in LTLE patients compared to nonclinical
controls. In terms of recognizing specific emotions, three of
seven studies examining fear demonstrated deficits in RTLE
and one of seven studies demonstrated impairments in LTLE.
Two of six studies showed that RTLE patients were impaired
in their recognition of sadness (Meletti et al., 2009; Meletti
et al., 2003b) whereas LTLE patients exhibited intact recog-
nition of sadness compared to nonclinical controls (Seven of
seven studies). One of six studies measuring happiness found
that RTLE patients were impaired in their recognition of hap-
piness (Cohn et al., 2015); however, no deficits emerged for
LTLE patients among all seven studies (See Table 6). Seven
studies compared the performance between right-side epi-
lepsy patients and controls in recognizing disgust with three
of these studies reporting deficits in RTLE patients
(Golouboff et al., 2008; Meletti et al., 2014; Meletti et al.,
2003b) whereas none of six reported deficits in LTLE
patients. None of the five studies examining anger found
impairments in either RTLE or LTLE patients.

Thirteen studies made direct comparisons between LTLE
and RTLE in facial emotion recognition. A minority of the
studies that reported the composite score found lateralized
differences in total emotion recognition (three of 11), with
RTLE patients performing worse than LTLE patients
(Meletti et al., 2003b; Meletti et al. 2009; Sedda et al.,
2013). Meletti et al. (2009) reported that bilateral TLE
(BTLE) patients performed worse than RTLE patients, and
RTLE performed worse than LTLE patients. Additionally,
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Sedda et al. (2013) found that RTLE patients were more
impaired at recognizing emotions at 75% intensity than
LTLE patients; however, these differences were nonsignifi-
cant when expressions were presented at 100%.

Eight studies examined fear recognition in patients with
RTLE and LTLE. Five of these studies found differences
according to seizure lateralization. Specifically, four studies
found that RTLE patients were more impaired in fear recog-
nition than LTLE patients. Meletti et al. (2009) showed that
fear recognition was comparable in BTLE and RTLE
patients, with both groups performing worse than LTLE
patients. In contrast, one study reported that LTLE patients
performed worse than RTLE patients in fear recognition
(Golouboff et al., 2008). Three studies found a nonsignificant
difference (Reynders et al., 2005; Stewart et al., 2019a; Shaw
et al., 2007).

Finally, six studies inspected the differences in recogniz-
ing other emotions (i.e., happiness, anger, sadness and
disgust), in addition to fear, according to seizure lateraliza-
tion. One study reported significant differences between
RTLE and LTLE patients in the recognition of anger and sad-
ness (Meletti et al., 2009). Meletti et al. (2009) found that
BTLE and RTLE patients performed equally in recognizing
anger and sadness but were worse than LTLE patients. No
differences were found according to seizure laterality for hap-
piness or disgust.

Results from the meta-analysis on all included emotion
recognition studies in TLE produced a Hedge’s g of 0.69
and a 95% confidence interval (CI) for the effect of between
0.35 and 1.04; Z score =3.93, p < .001; Table 5). As this
range does not include zero, the effects are considered signifi-
cantly different from zero. Therefore, we can reject the null
hypothesis and conclude that TLE patients significantly
and substantially performed worse than nonclinical groups
on emotion recognition tasks.

Additionally, TLE patients with left versus right-sided
seizure lateralization were compared to a nonclinical popula-
tion. Our meta-analysis suggested that the small mean effect
for LTLE (Hedge’s g = .35; 95% CI = —.01-.68; Z score
=2.06, p = .039) and RTLE (Hedge’s g = .42; 95%
CI = -.04-.80; Z score =2.21, p = .027; Table 5) compared
to the nonclinical group. Given that the Cls cross zero, the
effects are not significant, suggesting that there is no statisti-
cal difference in emotion recognition comparing the LTLE
and RTLE to nonclinical group.

Frontal lobe epilepsy (FLE)

Overall, three studies have looked at facial emotion recogni-
tion in FLE (Farrant et al., 2005; Golouboff et al., 2008; Hu
etal., 2016). Two studies evaluated overall emotional recog-
nition ability, one study revealing impairments in FLE
(Farrant et al., 2005) while the other did not (Golouboff
et al., 2008; Hu et al., 2016). In terms of specific emotions,
a greatest number of impairments was found in the recogni-
tion of anger, fear and sadness (two of three: Farrant et al.,
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Table 5. Hedges’ g for social cognitive measures, comparing control with temporal and frontal lobe epilepsy. Data are presented separately
according to each social cognitive domain and for each patients’ subgroups as well as subtypes within each social cognitive domain.

Number of

participants
Comparison Number of studies Epilepsy Control Hedges’ g 95% CI Z-Value p Q-value  P-value
Emotion
All studies
TLE vs. control 18 726 983 0.69 0.35-1.04 3.93 0.000 181.200  0.000
All studies
FLE vs. control 3 32 111 1.18 0.56-1.81 3.71 0.000  4.004 0.13
Left TLE vs. control 11 265 354 0.35 —0.01 to 0.68 2.06 0.039  37.82 0.000
Right TLE vs. control 10 221 317 0.42 —0.04 to 0.80 2.21 0.027 34.62 0.000
Specific emotional category
Patients vs. control
Angry 13 528 861 0.36 0.04-0.61 2.23 0.025 511.38 0.000
Sadness 12 551 833 0.38 0.16-0.568 3.28 0.001 264.64 0.000
Happiness 13 559 916 0.24 0.09-0.38 3.17 0.002 112.68 0.000
Fear 14 587 945 0.40 0.17-0.59 3.32 0.001  362.07 0.000
Disgust 12 517 803 0.42 0.21-0.59 3.78 0.000 217.45 0.000
Surprise 6 168 268 0.21 0.08-0.33 3.26 0.001 9.77 0.102
Theory of mind
All studies
TLE vs. control 20 794 1195 0.95 0.61-1.29 5.55 0.000  204.50 0.000
All studies
FLE vs. control 7 105 498 0.90 0.48-1.31 4.27 0.000 16.90 0.010
Left TLE vs. control 9 233 411 0.90 0.37-1.42 3.36 0.001 63.10 0.000
Right TLE vs. control 9 217 411 1.10 0.55-1.66 391 0.000  64.86 0.000
Specific Theory of Mind Tasks
Patients vs. control
False Belief 2 98 102 1.84 0.47-3.21 2.64 0.008 14.72 0.000
Faux Pas 14 625 963 1.15 0.57-1.72 3.94 0.000  299.79 0.000
Eye 6 173 576 0.86 0.54-1.18 5.33 0.000 10.44 0.064
Empathy
All studies
TLE vs. control 5 141 223 0.57 0.32-0.82 443 0.000 5.23 0.26
All studies
FLE vs. control 1 10 60 0.96 0.27-1.65 2.75 0.006  0.000 1.00
Social behavior
All studies
TLE vs. control 4 76 149 0.13 —1.26-0.98 -0.24 0.80 38.91 0.000
All studies
FLE vs. control 1 5 36 0.47 —0.44-1.40 1.01 0.31 0.000 1.000

Note: TLE = temporal lobe epilepsy; FLE = frontal lobe epilepsy.

2005; Hu et al., 2016); However, Golouboff et al. (2008) did
not find impairments in these emotions. Only one of three
studies found deficits in the recognition of happiness
(Farrant et al., 2005) and disgust (Hu et al., 2016).
Differences between sides were not reported in any of the
studies.

At meta-analytic review, a large effect size was achieved
for emotion recognition in FLE (Hedge’s g=1.18; 95%
CI = .56-1.80). The Z-value for testing the null hypotheses
was 3.71 for emotion recognition (p-value < .001; Table 5),
suggesting that performance was poorer in FLE than in non-
clinical controls, however, the results need to be considered
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cautiously due to small number of studies and participants in
this category.

Theory of Mind
Temporal lobe epilepsy

Seventeen studies included at least one measure of Theory of
Mind with the Faux Pas tTest being the most used task
(Table 3). None of the 17 studies that examined Theory of
Mind in focal epilepsy provided composite scores; thus,
the results of each task will be examined separately. For
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Table 6. Comparison of temporal lobe epileptic lesion sides to nonclinical controls and to each other in emotion recognition and theory of mind
ability.

Author LTLE vs HC RTLE vs HC LTLE VS RTLE

Emotion recognition
Visual/Facial stimuli

Amlerova =T =T Oo=T
Batut O=T,F ®@=T,F Oo=T
Bonora - - O=T
Broicher - - @® = F (RTLE < LTLE)
O=T,H A,S,D
Cohn =T =T H —
O=H,S,D O0=S,D
Fowler O=H,AFS,D O=H,AFS,D -
Golouboff ®@=T,F ®e=D @® = F (LTLE < RTLE)
O=H,AS,D O=T,H AFS O=T,HA,S,D
Hennion et al. (2016) - - Oo=T
Hlobil - =F @®= F (RMTLE < LMTLE)
Laurent - - O=T
Meletti et al. (2003a) - ®=5,D -
Meletti et al. (2003b) O=H,AFS,D ®@=FS,D ® =T, F(RTLE < LTLE)
O=H, A
Meletti et al. (2009) - - @=T (BTLE < RTLE < LTLE); S, F, A
(BLTE = RTLE < LTLE).
O=H,D
Reynders - - O=F
Sedda 35%,50%, 75 %, 35%, 50%, 75% intensity: 35%, 50% intensity:
100% intensity: =T ®@=T,H AF,S,D
O=T,H A F,S,D O=H,AFS,D 75% intensity:
100% intensity @® =T (RTLE < LTLE)
O=T,H, A F,S, D O=HAFS, D
Shaw O=H,AFS,D O=H,AFS,D O=HAFS,D
Stewart - - O=T,H, A FS,D
Szaflarski O=H,F, S - -
Auditory
Bonora - - O=T
Fowler O=T,H A F,SSD O=T,HA,ES,D -
Hennion - - Oo=T
Laurent - - Oo=T
Author LTLE vs HC RTLE vs HC LTLE VS RTLE
Theory of Mind
Amlerova @ =FP @ =FP -
Broicher 2012a - - @ = FP (RMTLE < LMTLE)
Broicher 2012b - - O = FP, RMET, MS,
Cohn - - @ = TASIT deceitful exchanges (RTLE <
LTLE)
Giovagnoli et al. (2011) @ =FP @ =FP -
Giovagnoli et al. (2016) ® =FP ® =FP -
Hennion et al. (2016) @ =MT @ =MT O=MT
Li ® = FP, CTN implicit @ = FP, FB, SS, CTN implicit —
form & explicit form
O =FB, SS, CTN
explicit form
Shaw et al. (2004) - - O = Cumulative ToM score (i.e., FP, FB,
SS, MIT, CBET)
Shaw et al. (2007) - - O =FP, SS
Stewart et al. (2019b) - - O =FP, SS

Studies are included if they compared the different lesion sides to nonclinical controls and to each other. LTLE = Left temporal lobe epilepsy. RTLE = Right
temporal lobe epilepsy. BTLE = Bilateral temporal lobe epilepsy. T = total score; H = happy; A = angry; F = fearful; S = sadness; D = disgust; FP = faux pas
task; FB = false belief task; RMET = reading mind in the eyes task; MS = moving shapes task; SS = strange stories task; CTN = cartoon vignettes task;
MT = moving triangle; % = Intensity of the facial expression presented in Sedda et al. (2013); @= significant difference (p < .05); O = nonsignificant difference.
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the Faux Pas task, 12 of 13 studies reported lower perfor-
mance in TLE patients than in nonclinical controls.
Regarding seizure lateralization, four of four studies found
that both RTLE and LTLE patients were impaired compared
with nonclinical controls, and one study also showed similar
performance in BTLE compared to RTLE and LTLE patients
(Li et al., 2013). Furthermore, one of four studies found that
RTLE patients were more impaired than LTLE patients
(Broicher et al., 2012a), and the remaining studies reported
anonsignificant difference according to seizure lateralization
(Broicher et al., 2012b; Hennion et al., 2015b; Shaw et al.,
2007; Stewart et al., 2019a; see supplementary table 2 for
breakdown of studies).

For the False Beliefs task, two of three studies found that
patients with TLE scored lower than nonclinical controls
(Wangetal., 2015; Li et al., 2013). One study comparing epi-
leptic seizure lateralization to nonclinical controls reported
that RTLE and BTLE patients were impaired but LTLE
was not impaired (Li et al., 2013). For the Reading the
Mind in the Eye test, one of two studies reported that mesial
TLE patients were more impaired than nonclinical controls
(Okruszek et al., 2017), and no study identified significant
differences according to seizure lateralization (Broicher
et al., 2012b).

Of the studies that have used the Strange Stories Test, four
studies found that TLE patients were more impaired than con-
trols (Li et al., 2013, Shaw et al., 2004, Stewart et al., 2019a;
Wang et al., 2015) while one study did not find any difference
(Shaw et al., 2007). In the only study comparing TLE sub-
groups according to seizure lateralization with nonclinical
controls, deficits were reported among RTLE patients, but
not LTLE or BTLE patients (Li et al., 2013). However, no
significant differences emerged between patients with epi-
lepsy grouped by seizure lateralization and controls on this
task in two studies (Shaw et al., 2007; Stewart et al., 2019a).

All three studies that used the moving triangles task
reported that mesial TLE patients performed worse than non-
clinical controls (Bala et al., 2018; Broicher et al., 2012b;
Hennion et al., 2016). Only one study reported that both right
and left mesial TLE patients performed worse than nonclini-
cal controls (Hennion et al., 2016); however, when compar-
ing patients according to seizure lateralization, left and right
TLE patients performed comparably (Broicher et al., 2012b;
Hennion et al., 2016). Additionally, Hennion et al. (2016)
reported that brain activation in a ToM-interaction condition
relative to non-theory of mind interaction condition showed
greater activation of inferior and middle occipital gyrus in
right mesial TLE than in nonclinical controls. Nonclinical
control participants, however, activated inferior and middle
occipital gyrus, left temporoparietal junction, fusiform gyri,
and superior temporal sulcus more than patients.

Results from meta-analysis suggested that the effect for
theory of mind was large (Hedge’s g = .95; 95%
CI=.61-1.29; Z score = 5.55, p < .001; Table 5). As the con-
fidence interval does not include zero, the effects were sig-
nificantly different from zero; hence, we can reject null
hypotheses and conclude that on average, TLE patients
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performed significantly, and substantially, worse than non-
clinical groups on theory of mind. Additionally, our results
indicated large effect sizes for both right and left lateralized
TLE. However, the magnitude of this impairment was larger
for patients with RTLE (Hedge’s g =1.10; 95% CI = .55-
1.66; Z score=391, p < .001) compared to LTLE
(Hedge’s g = .90; 95% CI = .37-1.42; Z score =3.36,
p = .001). The difference between the two means yields a
Q-value of 64.86 for RTLE (p < . 001) and 63.10 for
LTLE (p < . 001) (Table 5). We reject the null hypotheses
that the means of the two groups are identical and conclude
that patients had more severe theory of mind difficulties than
nonclinical controls and also that RTLE patients had more
deficits than LTLE patients. Table 6 summarizes the results
for comparison between LTLE and RTLE in emotion recog-
nition and theory of mind constructs.

Frontal lobe epilepsy

Overall, studies that have evaluated theory of mind in FLE
patients reported lower performance on the Faux Pas Test
(two of three studies) the RMET (two of two studies), and
cartoon vignettes test (only one study) compared to nonclini-
cal controls (Table 3). One study that used the Yoni task
found that FLE patients performed worse than controls on
the sub-measures of second-order ToM, “fortune of others”,
envy, gloating, and identification (Hu et al., 2016). However,
FLE patients were not impaired relative to controls on the
Strange Stories task (Farrant et al., 2005). At meta-analytic
review, a large effect size was achieved for theory of mind
(Hedge’s g = .90; 95% CI = .48-1.31). The Z-value for test-
ing the null hypotheses was 4.27 (p-value < .001), suggesting
that patients with FLE performed more poorly than nonclini-
cal controls in ToM. Due to small number of studies and par-
ticipants, these results need to be interpreted cautiously.

Empathy
Temporal lobe epilepsy

Four studies measured empathy in TLE patients (Broicher
et al., 2012b; Hennion et al., 2015b; Toller et al., 2015a;
Toller et al., 2015b), and each study reported a different com-
bination of the total score and subscale scores (Table 4). Two
studies looking at the total empathy score found that TLE
patients were unimpaired compared to nonclinical controls
(Hennion et al., 2015b; Broicher et al., 2012b). Regarding
the cognitive component of empathy, one study revealed def-
icits in TLE patients (Hennion et al., 2015b) while another did
not (Broicher, 2012b). For the perspective-taking subscale,
deficits were reported in RTLE patients compared with non-
clinical controls (Toller et al., 2015b). However, no deficits
were found in the fantasy subscale (Broicher et al., 2012b).
No differences between TLE groups according to seizure lat-
eralization were found on the total score, cognitive compo-
nent score, or fantasy subscore (Broicher et al. 2012b), or
perspective-taking subscore (Toller et al., 2015b).
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In studies examining various aspects of the affective com-
ponent, no impairments were found in the total affective score
(Broicher et al., 2012b; Hennion et al., 2015b). Two of three
studies reporting empathic concern found deficits in RTLE
but not LTLE patients (Toller et al., 2015a; Toller et al.,
2015b). For the personal distress scale, one of two studies
showed that RTLE and LTLE patients had higher scores than
nonclinical controls (Toller et al., 2015a). Three studies com-
pared RTLE and LTLE patients. RTLE patients were
impaired in empathic concern relative to LTLE patients in
two of the three studies (Toller et al., 2015a; Toller et al.,
2015b), whereas no differences between sides were reported
in personal distress (two of two studies) (Broicher et al.,
2012b; Toller et al., 2015a) or in the overall affective compo-
nent (one of one study) (Broicher et al., 2012b). Results from
meta-analysis revealed that for the empathy domain the effect
size was moderate with a Hedge’s g of .57 (95% CI = .32-.82;
Z score =4.43, p <.001; Table 5). As the confidence interval
does not include zero, the effects were significantly different
from zero, so, we can reject the null hypotheses and conclude
that on average, TLE patients performed significantly, and
substantially, worse than nonclinical groups on empathy.

Frontal lobe epilepsy

Two studies measured empathy in FLE patients (Gul &
Ahmad, 2017; Hu et al., 2016). One study reported the total
score from the IRI, which showed that FLE patients were
impaired in empathy relative to nonclinical controls (Hu
et al., 2016). Both studies showed impairments in cognitive
empathy but no impairments in affective empathy. Of the two
studies, only Hu et al. (2016) reported results of the four cog-
nitive subscales (i.e., perspective taking, fantasy, empathic
concern, and personal distress). Deficits were found on the
perspective taking subscale but not the fantasy subscale,
and no impairments were found on either empathic concern
or personal distress. Differences between FLE patients
grouped according to seizure lateralization were not reported
in any study (Table 4).

Due to the low number of studies in the analysis, statistical
measures need to be interpreted cautiously. Overall, we found
high Hedge’s g of .96 (95% CI = .27-1.65; Z score =2.75,
p < .001; Table 5) suggesting that FLE patients had lower
empathic response than nonclinical population.

Social Behavior
Temporal lobe epilepsy

Studies included in this systematic review employed only
three scales: Social Responsiveness Scale, Child Behavior
Checklist (CBCL), and Social Adjustment Scale. Four studies
compared TLE patients with nonclinical controls on different
aspects of social behavior (Gois et al., 2011; Gascoigne et al.,
2019; Stewart et al., 2019a; Stewart et al., 2019b). One study
investigated social adjustment in adults with TLE compared
to nonclinical controls (Gois et al., 2011) and found
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impairments in overall social adjustment as well as subdo-
mains pertaining to work and leisure. However, the remaining
subdomains (i.e., family relationship, marital relationship,
relationship with children, domestic life, and financial situa-
tion) were unaffected in patients with TLE (Table 4).

The remaining three studies investigated social behavior
in children and adolescents. Two studies assessed partici-
pants on the Social Competence Scale from the Child
Behaviour Checklist (CBCL), in which one reported impair-
ment (Stewart et al., 2019b) whereas the other did not
(Stewart et al., 2019a). Another study assessed and reported
significantly elevated scores on the Social Problems and
Aggressive behaviors subscales but not on the Rule-
Breaking subscale from the CBCL (Gascoigne et al.,
2019). Lastly, one study administered the Social
Responsiveness Scale and found deficits on the social com-
munication subscale but not the prosocial behavior subscale
(Stewart et al., 2019a).

Results from meta-analysis revealed that for social behav-
ior the effect in TLE was low with a Hedge’s g of .13 (95%
CI = —1.26-.98; Z score = —.24, p = .80; Table 5). As this
range does include zero, the effects were not significantly dif-
ferent from zero, so we cannot reject null hypotheses. Thus,
on average, patients were not significantly different from
nonclinical control groups in social behavior. However,
due to the small number of studies included, the results need
to be interpreted cautiously for this construct. The effect was
also not significant for patients with frontal epilepsy (Hedge’s
g of 47 (95% CI = —.44-1.40; Z score = 1.01, p = .31).

Specific Emotions: Patients vs. Nonclinical Control

We included studies that specifically measured and reported
performance for specific emotions, anger, sadness, fear, sur-
prise, happiness, disgust. All patients performed poorly rela-
tive to nonclinical group evident by the Hedge’s g and Z
values (Table 5). Based on the effect size values, disgust
(Hedge’s g = .42; 95% CI = .21-.59; Z score=3.78,
p < .001), fear (Hedge’s g = .40; 95% CI = .17-.59; Z score
=3.32, p=.001), anger (Hedge’s g = .36; 95% CI = .04-.61;
Z score =2.23, p = .025), and sadness (Hedge’s g = .38; 95%
CI = .16-.56; Z score =3.28, p = .001) showed large effect
sizes, meaning that patients significantly and substantially
recognized these emotions more poorly than the nonclinical

group.

Specific Theory of Mind Task: Patients vs.
Nonclinical Control

For the specific theory of mind tasks, we included Faux Pas,
False Belief, and Reading the Mind in the Eye tests as
common tasks used in the literature (Table 5). Overall,
patients showed poorer performance in all these measures rel-
ative to the nonclinical group, with large effect sizes.
However, in the Faux Pas Test, more studies (14 studies) were
included (Hedge’s g=1.15; 95% CI = .57-1.72; Z score
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=3.94, p <.001) and False Belief (Hedge’s g = 1.84;95% CI
= .47-3.21; Z score =2.64, p < .001) and RMET (Hedge’s
g =.86;95% CI = .54-1.18; Z score = 5.33, p < .001) only
included two and six studies, respectively.

Quality Ratings

The results of quality rating using the 17-item Downs and
Black checklist revealed that each study included in the
meta-analytic review was deemed to be of low methodologi-
cal bias. Score for cross sectional studies ranged from 11-16
out of 16 and longitudinal studies’ scores ranged from 12-16
out of 18 points. Overall, the studies reported in the emotion
recognition domain were assessed as exhibiting the lowest
quality when compared to the other social cognitive domains,
albeit still within the range considered to be ‘low risk’. Most
studies failed to report the statistical metrics required such as
reporting actual probability (item 8) or estimation of random
variability in the data (item 6). Only few studies included con-
founding variables as covariates in the analyses, but all stud-
ies scored perfectly for the methodological biases and all
studies had sufficient power. The ratings of each study are
included in the supplementary tables 4—6.

CONCLUSION

We examined the four major domains of social cognition:
emotion recognition, theory of mind, empathy, and social
behavior, among patients with temporal and frontal lobe epi-
lepsy. Both narrative synthesis and meta-analyses were con-
ducted to compare patients with temporal lobe and frontal
lobe epilepsy (TLE and FLE, respectively) with nonclinical
controls as well as comparing between left and right-side
of lesion among TLE patients. Next, we discuss the theoreti-
cal and clinical implications of these findings alongside sug-
gestions to support routine clinical assessment of social
cognition for people with epilepsy.

MAGNITUDE OF SOCIAL COGNITIVE
DEFICITS FOLLOWING EPILEPSY

This is the first review, to our knowledge, to comprehensively
examine functioning across the four major domains of social
cognition in people with TLE and FLE. Compared to non-
clinical controls, these focal epilepsy groups exhibited mod-
erate to large deficits across each of the four social cognitive
domains. These deficits were most notable within the
domains of emotion recognition and theory of mind, which
are in line with previous meta-analyses in this area suggesting
deficits in the emotion recognition and theory of mind in focal
epilepsy patients (Stewart et al., 2016; Edwards et al., 2017).
Our findings are also in accordance with the broader literature
on social cognitive deficits among many clinical populations
(Cotter et al., 2018). Additionally, our results converge with
previous meta-analyses suggesting the magnitude of social
cognitive impairment varies according to focal epilepsy
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syndromes. Specifically, FLE patients exhibit significantly
greater impairment in emotion recognition compared to
TLE patients while the effects were comparable for theory
of mind.

More specifically, the summary effect size for emotion
perception was larger in patients with FLE compared to non-
clinical controls than those with TLE compared to nonclinical
controls. This difference is likely to reflect differential disrup-
tion to the underlying neural substrates subserving emotion
perception according to the location of the epileptogenic
focus. Converging evidence suggests importance of the pre-
frontal cortex and limbic areas during processing emotional
facial expression (Todorov et al., 2013; Lopatina et al.,
2018). While the importance of limbic areas has been estab-
lished in the literature for processing social cues (Pessoa
2010; Adolphs, 2008; Adolphs 2010), damage to prefrontal
cortex, such as the case of Phineas Gage, has adverse impact
on the processing of social and emotional cues (Perry et al.,
2017; Martins et al., 2012). Our results are in line with this
notion that prefrontal areas as critical as limbic areas in
processing and regulation of social and emotional cues
(Buhle et al., 2014) and perhaps insults to this area could
result in more adverse impact on the performance among
patients with FLE relative to TLE. Importantly however,
our methodology did not permit direct comparison of FLE
and TLE patients across the four domains of social cognition.
Hence, further direct comparison is warranted. Additionally,
the precision of the findings extracted from studies with FLE
patients is uncertain given the small number of eligible stud-
ies to date. Further studies are needed to investigate social
cognitive functions in FLE and confirm the current findings.

It is worth mentioning that the age of disease onset was
early among patients with FLE, relative to the TLE group.
The ability to understand emotions may facilitate the acquis-
ition of emotional skills as the child continues to develop
(Conte et al., 2019). Thus, insults to these areas could impact
the ability to perceive social and emotional cues in later life
more severely (Korkmaz, 2011). It remains an open question
for further investigation, however, to clarify the phenomenol-
ogy and social cognitive performance, and specifically emo-
tion recognition, among patients with epilepsy at different
stages of disease’ development.

LATERALITY OF TEMPORAL LOBE
EPILEPSY

Our results indicate that patients with RTLE have greater dif-
ficulties in the theory of mind domain compared to those with
LTLE. Previous studies on the laterality of social cognitive
functions indicate that the right hemisphere may play a more
important role in theory of mind than the left hemisphere
(Giovagnoli et al., 2011; Bora & Meletti, 2016). A recent
meta-analysis on stroke patients also indicated that the mag-
nitude of social cognitive impairment was greater following
right than left hemisphere insults (Adams et al., 2019). These
hemispheric differences are in keeping with studies showing
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that the right temporo-parietal junction is particularly impor-
tant for theory of mind processing (Saxe & Wexler, 2005).

RELATIONSHIP BETWEEN TASK FEATURES
AND TASK PERFORMANCE

A recent meta-analysis suggests that the temporo-parietal
junction, medial prefrontal cortex, posterior superior tempo-
ral sulcus, and inferior parietal lobe are critical in theory of
mind (Schurz et al., 2014). Given that these areas are dis-
rupted by focal epilepsies such as TLE and FLE, it is not sur-
prising that patients with epilepsy might show difficulties in
the performance of theory of mind tasks. Interestingly, our
results suggest distinctions in the types of tasks within the
construct of theory of mind that are affected by epilepsy.
While studies found large effects for Faux Pas, False
Belief and Reading the Mind in the Eye tests, the Faux Pas
Test is more affected in these patients than the other two tasks.
It is possible that this difference simply reflects difference in
the demands of each task on cognitive and executive func-
tions which is in line with Stewart et al.’s findings (2016).
For example, the Faux Pas Test relies more heavily on lan-
guage understanding and skills than the Reading the Mind
in the Eye test. While there is an association between lan-
guage and theory of mind skills (Milligan et al., 2007), this
explanation does not seem to be supported by the difference
in performance between LTLE and RTLE patents. RTLE
patients performed worse than LTLE patients in our analyses,
however, none of the studies reported the relationships
between executive functioning, and theory of mind skills.
A potential avenue for future research is to consider how
visual and verbal processing could account for social cogni-
tive performance in this population. See also supplementary
table 8 for summary of previous studies and inclusion of exec-
utive functioning measures. Additionally, we highlightthe
lack of systematic research establishing the psychometric
properties of social cognitive measures for use with people
with epilepsy. Future studies confirming the psychometric
rigor of these measures for this population will enhance the
confidence in interpreting the clinical and theoretical signifi-
cance of results.

CLINICAL RECOMMENDATION AND
FUTURE DIRECTIONS

Accumulating evidence emphasizes that, in addition to the
influence of disease characteristics and cognitive or psychi-
atric comorbidities, changes in social cognition impacts
psychosocial outcomes in people with epilepsy (Yogarajah
& Mula, 2019). Clinically, deficits in social cognition remain
under-recognized, likely due to oversight of this domain dur-
ing clinical evaluation (Wilson et al., 2015). Deficient social
cognition has wide-ranging functional implications across
multiple psychosocial domains (Wang et al., 2015).
Therefore, disclosure of psychosocial challenges ought to
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trigger consideration of social cognitive impairment as a pos-
sible etiological factor and prompt more targeted clinical and
psychometric enquiry. While difficulties in other cognitive
(e.g., language or visual processing) or psychiatric domains
(e.g., depression) may be the root of dysfunctional social
behavior, the modularity of social cognition means that
impairment may also occur in isolation (McDonald &
Cassel, 2017). Further, the integrity of social cognition can-
not be determined from performances across other higher
cognitive domains alone, necessitating the inclusion of tar-
geted measures of social cognition within comprehensive
psychometric batteries.

In terms of clinical practice recommendations, we encour-
age clinicians to remain vigilant to indicators of social cog-
nitive dysfunction in patients with TLE and FLE. To guide
clinic-based screening of problematic social behavior, we
provide some example probes that clinicians can use to guide
their clinical interview (see Table 7). This list is not exhaus-
tive but provides a starting point for clinicians to explore sus-
pected concerns about an individual’s social behavior.
Collateral information is vital because deficits in social cog-
nition may be subtle or self-appraisal limited, for example by
insight/awareness, emotional state, feelings of stigma, and
capacity to understand and articulate responses to questions
about abstract social cognitive constructs.

If clinic-based screening further substantiates concerns
about dysfunctional social behavior multidisciplinary psychi-
atric, psychological, and neuropsychological assessment
should be requested to comprehensively investigate the etio-
logical factors at play. Multidisciplinary evaluation is recom-
mended to optimize accurate differential diagnosis given the
overlap of personality vulnerabilities, psychopathology and
cognitive impairment as drivers of impaired social behavior.
While input from multiple specialties is desirable, we recog-
nize that this may not be feasible in some services due to staff-
ing and/or time constraints. Therefore, in practice, referrals to
available specialists may be initiated sequentially according
to the balance of evidence obtained during initial screening
(e.g., evidence of co-morbid psychopathology may indicate
initial referral to psychiatry whereas evidence of co-occuring
cognitive difficulties may indicate initial referral to clinical
psychology or neuropsychology for psychometric testing).
To assist clinical psychologists and neuropsychologists in test
selection, we provide tentative suggestions, pending confir-
mation via systematic review, of measures to evaluate each
of the four social cognitive domains in people with epilepsy
(see supplementary table 7). While we based our suggestions
on the most frequently used measures within this review, a
systematic review of the psychometric properties of social
cognitive measures pertintent to people with epilepsy is a pri-
ority for future research.

Multiple data sources are required to appropriately deter-
mine whether social difficulties are primary manifestations of
impaired social cognition or secondary to one or more
psychosocial comorbidities. Interpretation and formulation
of findings from multiple psychometric tests is a core
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Opening Probes

What do you think might be the cause of (insert problematic psychosocial domain suspected as related to social cognition deficits)?
(e.g., what do you think might be the cause of your difficulties at work/maintaining friendships?)

Do you have any concerns in terms of how you interact with other people? For example, ability to maintain friendships, ‘get on’ with
your school mates/teachers/co-workers, communicate well with others, respond appropriately to others emotions, say the right thing for

the social situation (choose one or two)?*

Has anyone commented that you have difficulties interacting with other people?”

Emotion Perception:

Do you have difficulties recognizing how other people might be feeling? *

What clues do you look for to tell how other people are feeling? How might you tell if someone is feeling angry?

Note — Indicators of others emotional state could be verbal (e.g., spoken content - “I’'m angry with you) and/or nonverbal — tone of
voice, body language/posture, physical (e.g., turning away, crying) and vocal gestures (e.g., grunts, sigh).

Theory of Mind:

Do you have a habit of ‘missing the point’ when other people make jokes or use sarcasm? *

Has anyone mentioned that you tend to say things that are inappropriate or rude? ¥

Has anyone commented that you have difficulty understanding another person’s perspective? For example, understanding why another
person may feel sad when something happens even though it may not be something that would make you feel sad. ¥

Do you struggle to understand why a person has responded a certain way or expressed a certain emotion about a particular situation?
For example, understanding why another person may express anger at a situation that does not necessarily make you feel angry. *

Has anyone commented that you struggle to pick up on others social cues? For example, if someone hints that they want help with some-

thing without directly asking for help ?*
Empathy:

Do you find it hard to connect with others emotional experience? To emotionally connect with someone who is grieving a family

member, for example.”

Are you able to feel and express happiness toward others when positive things happen in their lives?*

How have you responded in the past if someone close to you has been upset or crying and you haven’t understood why?*
Have others commented that you seem cold or uncaring when they are upset? *

Have others commented that they feel you don’t understand their perspective?

Social Behavior:
Are you involved in organized social activities? If so what?

Has anyone commented that you seem withdrawn or tend to avoid social settings? *

Has anyone raised concerns about your behavior at school/work or in social settings?*

What are your relationships like with your immediate family members?

Who would you consider your friends? How long have they been in your life and how often do you have contact with them?
Has anyone commented that you tend to ramble or struggle to get to the point in conversation? *

Has anyone commented that you tend to interrupt others during conversation? *

*Questions can be phrased in the second person when interviewing the patient (e.g., “what does your main support network look like?”) or in the third person
when interviewing parent/family/friends (e.g., “describe (patients name)’s support network”).
# Prompt for specific examples if themes are endorsed (e.g., “can you give me some examples of when this has happened? What happened?”).

capability of clinical psychologists and neuropsychologists;
disciplines which are well placed to contribute to the differ-
ential diagnosis of the basis of impaired social behavior.

CONCLUSION

This study is the first to investigate all four domains of social
cognition in patients with epilepsy using both systematic and
statistical meta-analysis reports. We investigated perfor-
mance of people with TLE and FLE on emotion recognition,
theory of mind, empathy, and social behavior. Our results
from meta-analysis revealed that patients with FLE demon-
strated poorer performance compared to those with TLE,
mainly in emotion recognition tasks. While our results high-
light the variability of social cognitive functions in the
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population of epilepsy patients, it also demonstrates the
importance of the frontal lobe in social cognitive perfor-
mance. Our results provide future directions for clinical
and experimental research with the emphasis on the inclusion
of social cognitive tasks in the clinical setting. We also high-
light a gap in the literature in studies focussing on the domains
of empathy and social behavior in patients with focal epilepsy
and psychometric properties of these measures among people
with epilepsy. Furthermore, additional experimental research
is needed to explore the overlapping cognitive and mental
disorders related to social cognition in patients with focal epi-
lepsy. It is of utmost importance for clinicians to consider
social cognitive deficits as a potential contributory factor in
their assessment of impaired social behavior and which could
help to move toward a more holistic treatment plans for this
population.
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