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Objectives: Deficits in facial emotion recognition and Theory of Mind are frequent in patients with ep-
ilepsy. Although this evidence, studies on pediatric age are few and the relation between these abilities
and other cognitive domain remains to be better elucidated. The purpose of our study is to evaluate facial
emotion recognition and Theory of Mind in children and adolescents with focal epilepsy, and correlate
them with intelligence and executive functions.
Materials and methods: Our work is a cross-sectional observational study. Sixty-two children and ado-
lescents aged between 7-16 years diagnosed by focal epilepsy and 32 sex/age-matched controls were
recruited. All participants were administered a standardized battery tests to assess social cognition
(NEPSY-II), executive functions (EpiTrack Junior) and cognitive non-verbal level (Raven Progressive
Matrices).
Results: Emotion recognition mean score was significantly lower in the epilepsy group than in the
controls to Student’s t-test (p<0.05). Epilepsy group showed an impairment in happiness, sadness, anger
and fear recognition, compared to controls (p<0.05). Theory of Mind mean score was also significantly
lower in epilepsy group than controls (p<0.05). Deficits in emotion recognition seemed to be related to
low age at onset of epilepsy, long duration of disease, low executive functions and low non-verbal in-
telligence. Deficits in Theory of Mind seemed to be related to a high seizure frequency.
Conclusions: Our results suggest that children and adolescents with focal epilepsy had deficit in facial
emotion recognition and Theory of Mind, compared to their peer.
Both these difficulties seem to be related to some features of epilepsy itself. Our results also suggest that
deficits in facial emotion recognition are potentially related to difficulties in executive functions and non-
verbal intelligence. More studies are needed to confirm these hypotheses.

© 2020 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Social cognition (SC) has been defined as the ability to under-
stand, interpret, and respond appropriately to social cue, in order to
better interact with external world [1,2]. In this perspective, SC is
crucial for adaptive functioning and good quality of life, and its
l rights reserved.
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deficits can significantly contribute to psychosocial difficulties in
both children and adults [3,4].

Deficits of social cognition have been typically highlighted in
children and adults with Autism Spectrum Disorder, but also in
other neurodevelopment disorders (Attention Deficit/Hyperactivi-
ty Disorder, Specific Learning Disorders) or epilepsy [5e7].

SC includes basic decoding abilities (e.g. facial emotion recog-
nition, prosody perception) as well as higher-order skills that allow
each subject to infer thoughts, intentions, belief, and desire of
others and understand and predict others’ behaviour based on their
mental states (e.g. Theory of Mind, empathy, moral reasoning) [8,9].

Facial emotion recognition is the ability to identify accurately
face emotional expression. There are some innate emotions uni-
versally identifiable by humans, such as happiness, sadness, anger,
fear and disgust [10]. The ability to recognize these emotions,
together with neutral facial expressions, develops gradually from
childhood to adolescence: the first emotion identified is happiness,
followed by negative emotions, such as fear, anger and disgust [11].
Neural networks underlying this ability involve a set of structures
that includes the visual cortex, the orbitofrontal cortex, the insula
and the basal ganglia but mainly the medial temporal structures,
with an important role played by amygdala [12]. In normal devel-
opment, the neural networks for facial emotion recognition also
mature progressively, from early childhood until the end of
adolescence [13,14].

Theory of Mind includes the capacity to understand mental
states and beliefs (cognitive Theory of Mind) as well as emotional
states of the others (affective Theory of Mind).

In typical developing children, this complex ability emerges
during preschool years, around the age of 3e4, and continues to
refinewith adolescence until adulthood, first emerging with a basic
understanding of belief and extending to understandings more
advanced of both cognitive and affective states [15]. The neural
network underlying Theory of mind ability is more complex. Neu-
roimaging and lesion studies have shown the involvement of a
widespread network of prefrontal, temporoparietal and meso-
limbic brain structure [16,17].

Since both, facial emotion recognition and Theory of Mind
abilities, gradually improve during childhood and adolescence, it is
important to consider that different factors, such as epileptiform
activity, can affect their development.

Several studies have highlighted that the deficit in social
cognition are common in people with epilepsy, and an early onset
of crises is related to greater difficulties [18]. Indeed, early-onset
epilepsy could affect the plasticity and the maturation of neural
networks in a critical period of life, both due to the seizures
themselves and as a consequence of the potential associated le-
sions. The clear overlap between the neural networks involved in
temporal and frontal lobe epilepsies and the social cognitive neural
network, offers a plausible physiological basis for these deficits [19].
Neuroimaging studies suggested that the right medial temporal
lobe is primarily involved in the processing of fear, but that related
lesions disrupt the overall neural network involved in social
cognition. Similarly, localized amygdala lesions altered the func-
tional activation pattern in distal regions of the entire social
cognition network [20]. In this regard, some studies of Meletti et al.
suggested that an early-onset right medial temporal lobe epilepsy
could play a crucial role in causing facial emotion recognition
impairment in adults [21,22].

Furthermore, deficits in Theory of Mind are common also in
children with epilepsy [23,24]. A very recent review shows signif-
icant impairment in both facial emotion recognition and Theory of
Mind among children and adolescents, which did not seem to differ
in focal or generalized epilepsy, in line with the new understanding
of epilepsy as a network disease. Results show, also in this case, that
age at seizure onset and duration of epilepsy could be related to
severity of these deficits [7].

Another important aspect to consider is the interaction between
social cognition and executive functions (EF). EF are high-level
processes supporting flexible behavior, adaptation to novel
context and inhibition of stereotyped responses. They include basic
cognitive abilities such inhibitory control, working memory, and
cognitive flexibility. From these, higher-order EFs are built such as
problem solving, and planning [25].

Executive functions gradually develop and change across the
lifespan. Inhibitory control and working memory are among the
earliest EF to appear, with initial signs around 12-months of age.
Then, between the ages of 3e5 years, cognitive flexibility and
planning begin to develop. Higher-order EFs develop and growth
over pre-adolescence and adolescence.

Several authors suggest a potential association between SC and
EF, but it is not clear whether they are distinct and functionally
related abilities, or rather representative of a unitary process. the
exact nature of this relationship remains unclear, three theories
remain ongoing areas of debate: the first theory provides that EF
abilities, such as self-monitoring and inhibitory control, are
necessary to SC development, (e.g., understand the mental states of
oneself and others); conversely, the rationale behind the second
theory is that the emotion recognition and the understanding of
mental states of the others are required in order to strategically
control thoughts and behavior; finally, the theory of a "common
neural basis" between SC and EF was initially made by researchers
examining the etiology of autism and its associated neurocognitive
dysfunctions. Concomitant deficits in both SC and EF in these
children led to consider a common neural architecture, particularly
involving prefrontal cortical regions, supporting both of these
cognitive abilities [26e28].

An additional point to consider is the relationship between SC
and cognitive abilities. From a neuroscience perspective, the
different stages of the emotion recognition process are based on
multiple intelligence components: at the first stage, sensory in-
formation is extracted and encoded, requiring perceptual abilities:
at the second stage, this information is integrated with existing
representations, drawing on fluid non-verbal abilities, crystallized
ability, and long-term memory; finally, information need to be
maintained in the working memory [12,29].

Several studies have provided evidence of a more or less strong
relationship between intelligence and emotional abilities. In
particular, it is observed that individual’s emotion recognition is
correlated with fluid non-verbal intelligence (logical reasoning
ability, independent of acquired knowledge) that is required to
perceive and integrate the numerous and subtle non-verbal stimuli
of emotional expression [30]. Schleger et al. (2017) showed that
higher fluid intelligence and higher visual sensory sensitivity are
important and independent predictors of facial emotion recogni-
tion. Higher sensitivity to visual information likely enhances the
extraction and encoding of subtle changes in visual cues in the early
stages of the emotion recognition process. In later stages, higher
fluid intelligence might facilitate the integration of the sensory
informationwith existing representations of emotional expressions
and the associated knowledge [31].

A very recent meta-analysis of Schleger et al. (2020) provides a
comprehensive overview of the association between emotional
recognition abilities and basic components of intelligence. Overall,
the Authors showed a positive correlation between emotion
recognition and intelligence, including visual-spatial ability and
fluid non-verbal intelligence [32].

In this article we present the results of a cross-sectional cohort
study, investigating facial emotional recognition and Theory of
Mind in 62 children and adolescents with epilepsy, compared to



Table 1
Demographic and clinical characteristics.

EPILEPSY GROUP CONTROL GROUP STATISTICS

N 62 32

SEX
Male 40 (65%) 18 (56%) c2 ¼ 0-610
Female 22 (35%) 14 (44%) p ¼ 0.240
AGE INYEARS (M ± SD) 12.74 ±3.4 11.78 ±3.87 t ¼ 1.24

p ¼ 0.219
YEARS OF SCHOOLING 8.38 ± 3.62 9.45 ± 3.15 t ¼ 1.49

p ¼ 0.139

EPILEPSY CHARACTERISTICS

Age at onset (M ± SD) 6.74 ±3.96
Epilepsy duration in year (M ± SD) 6.00±4.04
Probable side of seizure onset
Left 30 (48%)
Right 32 (52%)

Probable lobe of seizure onset
Temporal 38 (61%)
Frontal 15 (24%)
Occipital 9 (15%)

Seizure frequency (M ± SD)
Monthly 20 (32%)
Weekly 26 (42%)
Daily 16 (26%)

Drug therapy
Mono 36 (58%)
Poli 26 (42%)

Number of ASDs(M ± SD) 1,6 ±0.78
MRI positive 16 (26%)
-Frontal lobe 3 cortical dysplasia
-Temporal lobe 5 mesial temporal sclerosis

2 cortical dysplasia
6 hypoxic-ischemic damage

N ¼ sample size; M ¼ mean; SD ¼ standard deviation; ASD ¼ antiseizure drugs;
MRI ¼ magnetic resonance imaging.
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age-matched controls. In particular, our aim is to evaluate whether
epilepsy and epilepsy-related variable (e.g. age at onset, epilepsy
duration, and drug therapy) can affect these abilities. Another aim
of our study is to explore the possible correlation of facial emotional
recognition and Theory of Mind with non-verbal cognitive abilities
and executive functions.

2. Materials and Methods

2.1. Sample selection

Our work is a cross-sectional observational study that aims to
explore social cognition (facial emotion recognition and theory of
mind) in young patients with epilepsy.

Sixty-two children and adolescents aged between 7 and
16years, with a diagnosis of focal epilepsy, were prospectively
recruited at the Child Neuropsychiatry Unit of the University Hos-
pital of Salerno, from December 2017 to September 2019. The
diagnosis was established on the basis of the typical clinical
semiology of seizures and the EEG findings. The sub-typing of focal
epilepsy was made by ictal and interictal scalp EEG characteristics,
magnetic resonance imaging (MRI) findings and clinical history.

A control group was also recruited, including 32 healthy chil-
dren and adolescent. In all patients of the control group the diag-
nosis of epilepsy was excluded and all had a normal EEG.

All participants in the current study had normal or corrected
vision. Epileptic patients and controls were excluded if they had
additional neurological (cerebral palsy, intellectual disability,
neurodegenerative diseases or migraine), psychiatric (anxiety,
depression and psychosis), or other relevant medical conditions
(endocrinopathies, metabolic, hepatic, cardiac or renal disorders).

To guarantee the homogeneity of the two groups, the variables
age, sex, years of schooling, intellectual level, and level of maternal
education have been considered.

Epileptic patients and controls were administered a standard-
ized battery tests by a single child neuropsychiatrist, to evaluate
social cognition, executive function and cognitive non-verbal levels.

All participants and their parents were provided to a clear and
detailed explanation about the purposes of the study and the
procedures involved. Parents provided their informed consent in
written form. The procedure was approved by the local ethics
committee, according to the rules of good clinical practice, in
keeping with the Declaration of Helsinki. Sample characteristics are
summarized in Table 1.

2.2. Social cognition assessment e NEPSY-II

The Italian version of the NEPSY-II (Korkman, Kirk and Kemp,
2011) is a battery of tests aimed to evaluate neuropsychological
development in preschool, school age and adolescence [33,34]. It is
composed of 33 tests, that can be administered individually or with
the entire battery.

The social cognition abilities are evaluated by tests of discrimi-
nation, recognition and contextualization of emotional facial ex-
pressions, and by tests of theory of the mind, which assess the
ability to understand mental functions such as beliefs, intentions,
deceptions and emotions.

� Theory of Mind (TM): in the verbal part, various scenarios were
read or figures were shown to the child, then it is asked him to
understand other's point of view. In the non-verbal part, is asked
to the child to choose the emotional expression appropriate to
the mood of a character depicted in certain social contexts.

� Emotion recognition (ER): visually discriminate a series of facial
emotional expressions.
The results of both tests are expressed as raw scores, and then
converted into age-weighted scores.

The weighted scores are expressed by a numerical scale, with
mean¼ 10 and standard deviation¼ 3. Age-standardized scores are
classified as follows:�8¼ normal range;�7¼ at the lower limits of
the norm (-1SD); �4 ¼ below the norm (-2SD).

For the analysis of individual emotions recognition, we have
considered the parameter “error number”; in this case, a low error
score indicates better performance.
2.3. Executive functions assessment e EpiTrack Junior

EpiTrack Junior is a screening tool for executive functions
assessment, that is especially sensitive for monitoring epileptic
patients [35,36].

It consists of six subtests (working memory, cognitive flexibility,
inhibition, processing speed, verbal fluency, visual-spatial plan-
ning) that contribute to determining an age-corrected total score.
The maximum age-corrected total score is 49.

A total score below 31 points indicates executive functions
impairment, according to the following: 29e30 points ¼ mild
impairment; �28 points ¼ significant impairment.
2.4. Cognitive assessment eRaven Progressive Matrices

Raven's Progressive Matrices (RPM) is a test typically used in
measuring non-verbal intelligence in people ranging from 5-year-
old to the elderly [37]. It is available in different forms:
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� Standard Progressive Matrices (SPM): The booklet comprises
five sets of 12 items each, requiring ever greater cognitive ca-
pacity to encode and analyze information.

� Colored Progressive Matrices (CPM): Designed for children aged
5 through 11 years-of-age. This test contains three sets of 12
items.

� Advanced progressive matrices (APM): the advanced form
contains 48 items of increasing difficulty. These forms are
appropriate for adults and adolescents of above-average
intelligence.

All participants performed SPM form. Raw scores were con-
verted into percentiles (pc) and age-weighted scores with
mean ¼ 100 and standard deviation ¼ 15. Scores <5� pc or <70 are
considered under the norm [38].

2.5. Statistical analysis

All neuropsychological scores were expressed as
mean ± standard deviation. The percentage of participants scoring
lower than expected was also evaluated. A preliminary normality
test was carried out in order to verify the data distribution (Kol-
mogorov-Smirmov Normality Test). The data with a normal dis-
tribution (Emotion Recognition, Theory of Mind, EpiTrack Junior
and Raven Progressive Matrices scores) were analyzed with para-
metric statistics methods (t-student test two tailed for independent
samples). The data that did not meet the normality criterion (in-
dividual emotion error scores) were analyzed with non-parametric
statistics tests (Mann-Whitney U test). Multiple regression analysis
was performed to evaluate the relationship between Emotion
recognition, Theory of Mind, Executive function, Raven Progressive
Matrices and epilepsy characteristics. Correction for multiple
comparisons was not carried out.

All data were analyzed using the Statistical Package for Social
Science, version 23.0 (IBM Corp, 2015); p value less than or equal to
0.05 were considered statistically significant.

3. Results

3.1. Sample characteristics

Records of 62 children (N ¼ 24; age <12 years) and adolescents
(N ¼ 38; age �12 years) with focal epilepsy, and of 32 age/sex
matched controls, were included in this study.

All demographic and clinical characteristics of the participants
such as age, sex, years of schooling, epilepsy types, seizure fre-
quency, age at onset and duration of epilepsy, probable lobe/side of
seizure onset, antiseizure therapy and MRI findings are summa-
rized in Table 1. The two groups did not significantly differ in de-
mographic characteristics (Table 1).

In the epilepsy group 52% of patients had seizure onset in the
right hemisphere; 61% of total patients had temporal, 24% frontal
and 15% occipital onset.

In the temporal epilepsies group there were 14 children (37%)
and 24 adolescents (63%) (mean age ¼ 13.11 ± 3.16). In the frontal
epilepsies group there were 5 children (33%) and 10 adolescents
(67%) (mean age ¼ 12.60 ± 3.56).In the occipital epilepsies group
there were 5 children (56%) and 4 adolescents (44%) (mean
age ¼ 11.44 ± 4.16).

3.2. Performance in the epilepsy group and in the control group

Table 2 resumed all neuropsychological mean scores for the
NEPSY-II, EpiTrack Junior and RPM in two groups, and the results of
statistical comparison.
On NEPSY-IIER (Emotion Recognition) subtest, 26/62 (42%) pa-
tients with epilepsy obtained a total score lower than the norm
(�4; <2SD) and 20/62 (32%) patients obtained a total score at the
lower limits of the norm (�7;<1SD), against 0/32 (0%) of controls in
both the categories.

The mean ER total score was at the lower limits of the norm for
the epilepsy group (mean score¼ 5.35 ± 2.68; <1SD) while fell into
the normal range for the control group (mean score 10.44 ±1.00),
and this differencewas statistically significant to Student’s t-test for
unpaired samples (t(92) ¼ 10.33, p<0.00001).

Analyzing individual emotions, epilepsy group performed
significantly lower than control in their abilities to identify happi-
ness, sadness, anger, fear and neutral expressions compared to
controls. There was no difference in identification of disgust (see
Table 2).

On NEPSY-II TM (Theory of Mind) subtest, 6/62 (9,7%) patients
with epilepsy obtained a total score lower than the norm (<4;
<2SD) and 38/62 (61%) patients obtained a total score at the lower
limits of the norm (�7; <1SD), respectively against 0/32 (0%) and 4/
32 (13%) of controls.

The mean TM total scores was at the lower limits of the norm for
the epilepsy group (mean score 6.39± 2.18; <1SD) while fell into
the normal range for the control group (mean score 9.69±1.98) and
Student’s t-test revealed a statically significant difference between
the two groups (t(92) ¼ 7.13, p<0.0001).

With regard to executive functions, the EpiTrack Junior mean
score of epilepsy group fell into the “significant impairment” range,
while that of the control group fell in the normal range, showing
significantly worse performance in the epilepsy group
(t(92) ¼ 4.78, p<0.00001).

In contrast, non-verbal intelligence was conserved in both
groups, with mean scores at RPM test falling within the normal
range, without statistically significant differences between the two
groups (t(92) ¼ 0.48, p ¼ 0.630).

The multiple regression test analysis, showed some significant
relationship in the epileptic group: there was a positive relation
between ER score and age of onset of epilepsy (t¼ 2.290, p¼ 0.026)
and a negative relation with the duration of the disease (t ¼ -5.321,
p<0.001).Furthermore, the ER score is positively related with ex-
ecutive functions score (t ¼ 3.464, p ¼ 0.001) and with non-verbal
intelligence score (t ¼ 2.309, p ¼ 0.025). Furthermore, TM score is
negatively related with the frequency of seizures (t ¼ -4.487,
p<0.001).No relationship was found between TM and executive
functions or non-verbal intelligence scores (p> 0.05).

In the control group the multiple regression analysis did not
reveal statistically significant relationship between ER or TM and
executive functions or non-verbal intelligence (p>0.05).

All the results of statistical analysis are summarized in Table 3.

3.3. Comparison between children and adolescents in the epilepsy
group and in control group

Both the epileptic group and the control group were further
subdivided, according to the age, in a group of children (age<12
years) and in a group of adolescents (age�12). The demographic
characteristics and neuropsychological scores in these subgroups
were also statistically examined.

In the epileptic group, children and adolescent did not signifi-
cantly differ in sex (c2 ¼ 0.654, p ¼ 0.419), side (c2 ¼ 0.708,
p ¼ 0.400) and lobe (temporal c2 ¼ 0.144, p ¼ 0.704; frontal
c2 ¼ 1.394, p ¼ 0.238; occipital c2 ¼ 1.259, p ¼ 0.262) of seizure
onset, and MRI positivity (c2 ¼ 1.708, p ¼ 0.191), seizure frequency
(t(60) ¼ 0.29, p ¼ 0.774), age at onset of epilepsy (t(60) ¼ 1.87,
p ¼ 0.066) and number of ASDs, (t(60) ¼ 1.46, p ¼ 0.149), but they
significantly differed in age of schooling (t(60) ¼ 9.37, p<0.00001)



Table 2
Performance in social cognition, executive function and cognitive abilities in epilepsy group and control group.

EPILEPSY
GROUP

CONTROL
GROUP

STATISTICS

M ± SD M ± SD

SOCIAL COGNITION
Student’s t-test

Emotion recognition (ER) standard score 5.35 ± 2.68 10.44 ± 1.00 t ¼ 10.33, p ¼ 0.000

(single emotions) Mann-Withney test
Neutral error number 1.77 ± 1.46 0.84 ± 0.88 U ¼ 593, p ¼ 0.001
Happiness error number 0.45 ± 0.72 0.16 ± 0.37 U ¼ 785, p ¼ 0.036
Sadness error number 3.29 ± 1.15 1.44 ±1.80 U ¼ 408, p<0.001
Fear error number 1.65 ± 1.07 0.50 ± 0.67 U ¼ 373, p<0.001
Anger error number 2.29 ± 1.45 1.13 ± 1.1 U ¼ 534, p<0.001
Disgust error number 2.03 ± 0.97 1.67 ± 1.10 U ¼ 777, p ¼ 0.068

Student’s t-test
Theory of Mind (TM) standard score 6.39 ± 2.18 9.69 ± 1.98 t ¼ 7.13, p<0.001

EPITRACK JUNIOR standard score 28.19 ± 4.25 32.22 ± 2.92 Student’s t-test t ¼ 4.78, p<0.001

RAVEN PROGRESSIVE MATRICES standard score 90.48 ± 8.65 91.47 ± 10.44 Student’s t-test t ¼ 0.48, p ¼ 0.630

M ¼ mean; SD ¼ standard deviation; p value <0.05 are in bold.

Table 3
Regression analyses.

EPILEPSY GROUP CONTROL GROUP

ER TM ER TM

EpiTrack Junior t ¼ 3.464
p¼0.001

t ¼ 0.108
p ¼ 0.915

t ¼ -0.219
p ¼ 0.828

t ¼ -1.369
p ¼ 0.182

RPM t ¼ 2.309
p¼0.025

t ¼ 0.096
p ¼ 0.923

t ¼ -0.822
p ¼ 0.418

t ¼ -0.331
p ¼ 0.743

ER ___ t ¼ 1.958
p ¼ 0.055

t ¼ 1.145
p ¼ 0.262

t ¼ 1.145
p ¼ 0.262

TM t ¼ 1.958
p ¼ 0.055

___

Age at onset t ¼ 2.290
p<0.001

t ¼ -0.601
p ¼ 0.550

Epilepsy duration t ¼ -5.321
p<0.001

t ¼ 1.894
p ¼ 0.064

Seizure frequency t ¼ 0.684
p ¼ 0.498

t ¼ -4.487
p<0.001

Lobe of onset t ¼ -0.913
p ¼ 0.365

t ¼ 0.071
p ¼ 0.943

Side of onset t ¼ -1.995
p ¼ 0.051

t ¼ -0.370
p ¼ 0.713

RPM ¼ Raven Progressive Matrices; ER ¼ emotion recognition; TM ¼ Theory of
Mind. p value <0.05 are in bold.
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and epilepsy duration (t(60) ¼ 3.69, p<0.0005).
Regarding neuropsychological performances, there was no sig-

nificant difference between children and adolescents at ER
(t(60) ¼ 1.12, p ¼ 0.267), TM (t(60) ¼ 0.63, p ¼ 0.532), EpiTrack
Junior (t(60) ¼ 1.53, p ¼ 0.132) and RPM (t(60) ¼ 1.20, p ¼ 0.235)
scores. There was no significant difference in the individual
emotion recognition, but it was only a trend for significance in
identifying fear (U ¼ 330; p ¼ 0.054) and disgust (U ¼ 330;
p¼ 0.053) expression. Mean scores and other statistical analysis are
summarized in Table 4.

In the control group, children and adolescent did not signifi-
cantly differ in sex (c2 ¼ 0.097, p ¼ 0.755) but differ in age of
schooling (t(30) ¼ 6.84, p<0.00001). There were no significant
differences between the two subgroups regarding ER (t(30) ¼ 0.50,
p ¼ 0.623), TM (t(30) ¼ 0.40, p ¼ 0.690), EpiTrack Junior
(t(30) ¼ 0.50, p ¼ 0.618) and RPM (t(30) ¼ 1.32, p ¼ 0.198) scores.

Regarding the recognition of individual emotions, there were no
significant differences in the identification of happiness (U ¼ 122,
p ¼ 0.741) and disgust (U ¼ 117, p ¼ 0.670), but children showed
significantly lower scores in identifying sadness (U¼ 50, p¼ 0.002),
fear (U ¼ 81, p ¼ 0.040), anger (U ¼ 62, p ¼ 0.009) and neutral
expressions (U ¼ 50, p ¼ 0.002).

4. Discussion

Our study investigated facial emotion recognition and Theory of
Mind in children and adolescents with epilepsy, using a battery of
standardized neuropsychological test, and correlated it with exec-
utive and cognitive functions.

Overall, in keep with previous study, our results showadditional
evidence that epileptic patients have difficulties in some basic and
advanced components of social cognition, such as facial emotion
recognition and Theory of Mind, compared to their peers (Fig. 1)
[24,39].

In particular, in our sample, children and adolescents with epi-
lepsy have general difficulties in recognizing emotional states
through facial expressions, especially as regards sadness, anger, fear
and happiness. We also noted tendency to incorrectly attribute
certain emotional states to neutral expressions.

The deficits in identifying negative emotional states (anger, fear
and sadness) have already been highlighted [40,41]. Unlike what
emerged in many other studies, in our case the deficit is extended
to the recognition of all emotions and not only to the negative ones.

In agreement with previous studies, our results show moreover
that subjects with focal epilepsy were less able than their peers in
Theory of Mind, that is the ability to perceive and correctly inter-
pret other's mental states and behaviors, as well as to understand
false beliefs, metaphors and irony [42].

Given the greater involvement of temporal regions in the gen-
esis of social cognition abilities, and on the basis of previous
studies, we have supposed a relationship between social cognition
performance and lobe of origin of epilepsy [43]. However, in our
sample the performances in social cognition (both in facial emotion
recognition and in Theory of mind) seem not to be associated to
other factors such as lobe and side of seizure onset. This result, in
linewith the new understanding of epilepsy as a “network disease”,
could suggest that a shared underlying neural network may be
affected in children with epilepsy, according to the hypothesis for
which seizures arise from a diseased network, that involves over-
lapping cortical and subcortical structures, independently from a



Table 4
Performance in social cognition, executive function and cognitive abilities in children and adolescents in the epilepsy group and in the control group.M¼mean; SD¼ standard
deviation.

EPILEPSY GROUP Statistics

Children Adolescents

M ± S M ± SD

SOCIAL COGNITION Student’s t-test
Emotion recognition (ER) standard score 5.83 ± 2.66 5.05 ± 2.68 t ¼ 1.12, p ¼ 0.267

(single emotions) Mann-Whitney test
Neutral error number 2.08 ± 2.06 1.58 ± 0.89 U ¼ 444, p ¼ 0.856
Happiness error number 0.58 ± 0.97 0.37 ± 0.49 U ¼ 444, p ¼ 0.837
Sadness error number 3.25 ± 1.51 3.32 ± 0.87 U ¼ 434, p ¼ 0.737
Fear error number 1.33 ± 0.64 1.84 ± 1.24 U ¼ 330, p ¼ 0.054
Anger error number 2.67 ± 1.69 2.05 ± 1.25 U ¼ 366, p ¼ 0.183
Disgust error number 2.33 ± 1.05 1.84 ± 0.89 U ¼ 330, p ¼ 0.053

Theory of Mind (TM) standard score 6.17 ± 2.20 6.53 ± 2.19 Student’s t-test
t ¼ 0.63, p ¼ 0.532

EPITRACK JUNIOR standard score 27.17 ± 5.10 28.84 ± 3.53 Student’s t-test
t ¼ 1.53, p ¼ 0.132

RAVEN PROGRESSIVE MATRICES standard score 88.83 ± 9.87 91.53 ± 7.73 Student’s t-test
t ¼ 1.20, p ¼ 0.235

CONTROL GROUP Statistics

Children Adolescents

M ± SD M ± SD

SOCIAL COGNITION Student’s t-test
Emotion recognition (ER) standard score 5.35 ± 2.68 10.44 ± 1.00 t ¼ 0.50, p ¼ 0.623

Mann-Whitney test
Neutral error number 1.77 ± 1.46 0.84 ± 0.88 U ¼ 50, p ¼ 0.002
Happiness error number 0.45 ± 0.72 0.16 ± 0.37 U ¼ 122, p ¼ 0.741
Sadness error number 3.29 ± 1.15 1.44 ± 1.80 U ¼ 50, p ¼ 0.002
Fear error number 1.65 ± 1.07 0.50 ± 0.67 U ¼ 81, p ¼ 0.040
Anger error number 2.29 ± 1.45 1.13 ± 1.1 U ¼ 62, p ¼ 0.009
Disgust error number 2.03 ± 0.97 1.67 ± 1.10 U ¼ 117, p ¼ 0.670

Theory of Mind (TM) standard score 6.39 ± 2.18 9.69 ± 1.98 Student’s t-test
t ¼ 0.40, p ¼ 0.690

EPITRACK JUNIOR standard score 28.19 ± 4.25 32.22 ± 2.92 Student’s t-test
t ¼ 0.50, p ¼ 0.618

RAVEN PROGRESSIVE MATRICES standard score 90.48 ± 8.65 91.47 ± 10.44 Student’s t-test
t ¼ 1.32, p ¼ 0.198

M ¼ mean; SD ¼ standard deviation; p value <0.05 are in bold.
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single pathological side [44].
On the other hand, the small sample size could have been a limit

in identifying this difference, therefore this result should be
confirmed through studies on larger sample.

A significant relationship between facial emotion recognition
and ages of onset and duration of epilepsy was found. In particular
subjects with lower performances have a long history of the dis-
ease. This data confirms what has already emerged from previous
studies, and suggests that an early onset of epilepsy could interfere
with the development of some neuronal networks important for
social cognition [21,22,45].

Theory of Mind, instead, appears to be related to severity of
epilepsy. In particular, children and adolescents who experience a
high number of seizures show worse performance in this ability.

Different hypotheses can be advanced to explain this relation-
ship: first of all, the seizures themselves could affect the neuronal
network involved in social cognition abilities; on the other hand, a
high number of seizures could affect executive functions, that
consequently compromising social cognition; finally a greater
severity of epilepsy could be associated with a social stigma,
limiting the interactions with peers and reducing the opportunities
for social experiences [46].

In accordance with previous studies [47], the executive func-
tions are significantly compromised in patients with epilepsy
compared to controls, unlike the non-verbal intelligence is
preserved.

In the epileptic group, the social cognition performances are
related to executive functions and non-verbal intelligence perfor-
mances. In particular our results highlight that patients with
greater impairment of executive functions and non-verbal intelli-
gence, are also those who experience greater difficulty in recog-
nizing facial expressions.

As already mentioned in the Introduction section, the relation-
ship between cognitive abilities, executive functions and social
cognition has been well established by several literature studies
[26e32]. Our data confirms that this relationship could also be
present in patients with epilepsy, on a par with what occurred in
other neurological, psychiatric and neurodevelopmental conditions



Fig. 1. Mean scores of Emotion Recognition and Theory of Mind in epilepsy group and in control group. ER ¼ emotion recognition TM ¼ Theory of Mind.
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[48e50].
As already demonstrated in Attention Hyperactivity Deficit

Disorder (ADHD) patients, the executive functions impairment can
lead to a less focused attention in performing social cognition tasks;
on the other hand, we can also assume that, in patients with epi-
lepsy, there is a common mechanism that affects the maturation
and development of different neuronal networks, involved in both,
executive functions and social cognition abilities.

The comparison between children and adolescents in the
epileptic group and in the control group highlighted some impor-
tant information. In the epileptic group, children and adolescents
did not differ significantly in terms of demographic and clinical
features, except for the duration of epilepsy. Between the two
subgroups there were no significant differences in the global score
of ER, TM, RPM, EpiTrack Junior and also in the recognition of all the
individual emotions.

In the control group there were no significant differences be-
tween children and adolescents in the global score of ER, TM, RPM,
EpiTrack Junior and in the recognition of happiness and disgust; on
the contrary there was a significant difference between the two
subgroups in the recognition of fear, sadness and anger, in which
younger children showed greater difficulties.

The results highlighted in the control group are in line with the
developmental studies on the different trajectories of facial
emotion perception. Happiness, which is typically the first recog-
nizable emotion, depends on the amygdala and occipital lobes, that
mature earlier in development [51]. Sadness, fear, anger and
disgust, that are recognized later, rely on insula, pulvinar orbital
frontal cortex andmedial frontal gyrus, that progressively maturing
from childhood to early adulthood [52].

In the epileptic group, on the other hand, this physiological, age-
related difference in facial emotion perception has not been high-
lighted, and the deficits seem to be shared by both younger and
older subjects. This result allows hypothesizing that epilepsy
negatively affects the development and the maturation of neuronal
networks involved in the facial emotion recognition.

The strength of our study is that it used an age-matched control
group, and standardized direct neuropsychological tests. This study
has also other limitations such as themodest sample size, the cross-
sectional design and the fact that it doesn’t consider the effect of
anti-seizures drugs on the subjects' performances. As additional
limit of the study, we specify that a correction for multiple com-
parisons has not carried out, because the statistical power would
decreased and some significant differences in the analysis of the
individual emotions would not have been highlighted.

A detailed evaluation of single emotions recognition should be
performed in future investigations.

Another limitation of the study is the use of the EpiTrack Junior
test, which, although it is a rapid and useful screening tool, provides
a global score only and does not give information about the indi-
vidual domains of the executive functions (e.g. attention, working
memory, cognitive flexibility, inhibition control). It would be
appropriate to conduct future studies with a more detailed
assessment of executive function, in order to define better the
neuropsychological profile of subjects with epilepsy and eventually
correlate specific domains with social cognition performance.

In order to evaluate selective attention to detail and visuo-
perceptive abilities, it would be interesting to integrate the neu-
ropsychological evaluation with specific tests such as the items
"Completion of figures" of the WISC-IV battery.

There are numerous other future perspectives of investigation:
social cognition could be evaluated in patients with different forms
of epilepsy, both focal and generalized, and compare the results in
order to highlight a possible common phenotypic profile associated
with the different subgroups of patients. The effect of antiepileptic
drugs could also be further evaluated. Furthermore, imaging
studies could be added in order to correlate neuropsychological
alterations to functional and structural neuroanatomical data.
Prospective studies that assess social cognition over time would
also be necessary to confirm and further investigate these results.

5. Conclusion

Our results suggest that children and adolescents with focal
epilepsy had difficulties in facial emotion recognition and Theory of
Mind, compared to their peer.

Both these difficulties seem to be independent of intelligence,
but they could be related to some features of epilepsy itself. Our
results also suggest that deficits in facial emotion recognition are
potentially related to difficulties in executive functions, although it
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is not possible to establish a causal link between the two variables.
Since social skills such as the recognition of facial expressions

and the Theory of Mind are basic aspects for the correct develop-
ment of social relationships, these aspects should be monitored in
the developmental age, in order to guarantee children and ado-
lescents with epilepsy a good quality of life.
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