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(CWE), and in childhood-onset epilepsy syndromes specifically. In several of these syndromes, autism spectrum
disorder (ASD) and attention-deficit hyperactivity disorder (ADHD), two disorders with social cognitive
impairments, are reported. There is strong evidence for social cognitive deficits in juvenile myoclonic epilepsy
(JME). There is also a considerable amount of evidence for such deficits in a number of syndromes that may be
associated with ASD or ADHD, including West syndrome (WS), Dravet syndrome (DS), and the Landau-Kleffner
syndrome (LKS). However, the evidence is of variable quality and incomplete across the range of childhood
epilepsy syndromes. In some syndromes, childhood epilepsy substantially increases the risk of severe social
cognitive impairment, which may persist after the seizures remit. This paper presents an overview of current
research on social cognition in childhood epilepsy, with a particular focus on syndromes with a high prevalence
of autistic and behavioral comorbidities. Social cognitive impairments represent a considerable additional
challenge for patients and caregivers. Early diagnosis and intervention might significantly improve long-term
social cognitive outcomes, highlighting the need for greater awareness among clinicians of this important topic.
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1. Introduction

There is considerable evidence that epilepsy can be associated with
impairment in social cognitive functioning, irrespective of specific etiol-
ogy or epileptic focus [1,2], although temporal lobe dysfunction may be
particularly implicated [3,4]. Risk may be related to epilepsy syndrome
[5], age at onset [1,6], duration of epilepsy [7], frequency of seizures
[8,9], intelligence quotient (IQ) [10], and behavioral and psychological
comorbidities [11]. However, the absolute and relative impact of many
of these factors remains uncertain. Perhaps the most consistently re-
ported predictor of social cognitive deficits is age at seizure onset, earlier
onset correlating with more severe impairments [1,6,12-14]. Childhood
is a critical phase in the development of basic social cognitive and lin-
guistic abilities; these abilities underpin the advanced communicative
competencies that are intrinsic to long-term social, academic, and be-
havioral outcomes [15,16]. The plasticity of the neuronal circuits that fa-
cilitate this development may be especially vulnerable to disruption
caused by epileptiform activity in the brain [6,17]. Epilepsy onset in in-
fancy, early childhood, or adolescence may consequently have
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particularly severe and long-lasting cognitive and social repercussions
[1]. Both the underlying pathophysiology responsible for the seizure
disorder, and the seizures themselves [8,9,18], may be implicated in
lasting developmental impairments or in transitory cognitive disrup-
tion, but the picture is often complicated by the presence of one or
more additional neuropsychological or developmental disorders [19,
20]. The neurobehavioral comorbidities may be associated with func-
tional network abnormalities, as well as genetic factors [6,11,21-26].
Autism spectrum disorder (ASD) and attention-deficit hyperactivity
disorder (ADHD) frequently occur in childhood epilepsy and are partly
defined by specific deficits in social cognitive functioning.

While clinical factors correlated with deficits in social cognitive abil-
ity may be applicable throughout the lifespan [2,3,15,27-29], children
may also be especially susceptible to the stigma associated with their
condition and may be further restricted by parental protectiveness
and fear of seizures or their consequences [30-32]. Limited social con-
tact may represent an additional impediment to social development
by depriving children of the basic opportunities to learn and rehearse
fundamental communication skills [1,33-35]. School absenteeism is
high in children with epilepsy (CWE) [36], and school attendance may
correlate with social cognitive ability in children with uncomplicated
epilepsy [37]. Children and adolescents may accordingly face a dispro-
portionate burden of social impairment, often with life-long effects.
Social cognitive deficits in epilepsy are therefore multifactorial and not
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adequately explained either by psychosocial factors (stigma, isolation,
limited social contacts), psychiatric comorbidities, or pathophysiology
alone [37-39]. Accordingly, impairments are often found to be indepen-
dent of IQ and the presence or absence of behavioral problems [2,4].

Interest in social cognition in epilepsy has increased greatly over re-
cent years. However, there are relatively few papers exploring social
cognition in childhood epilepsy, despite a recognition several decades
ago by Hermann and others of social competence deficits in CWE [11,
40]. The majority of studies have examined social cognitive impairment
in either focal, particularly temporal, epilepsies or generalized epilep-
sies. Lunn et al. [27] published a study of theory of mind (ToM) abilities
in children with idiopathic or cryptogenic epilepsy in mainstream edu-
cation, which reported significant deficits in emotional perception and
reasoning. Impaired reasoning in ToM tasks was correlated with com-
munication and attention problems, irrespective of general cognitive
function. Lew et al. [2] conducted a similar study of social understanding
in children with generalized or focal epilepsy and found deficits in some
ToM abilities in both groups; these findings were discussed further by
Caplan [41]. More recently, Stewart et al. [42] studied children with gen-
eralized genetic epilepsy and reported an association between greater
epilepsy severity and lower social competence. An association between
higher doses of antiepileptic drugs, namely valproate, ethosuximide,
and lamotrigine, and impairments in some aspects of social cognition
was also apparent, although this might not be a direct effect of antiepi-
leptic medication but rather, a reflection of the severity of the underly-
ing condition. Raud et al. found multiple social cognitive deficits in
children with both focal and generalized epilepsies [28]. Specific
impairments in attention, executive, verbal, and fine motor skills, as
well as on measures of more complex social cognitive reasoning
and ToM tasks were found relative to normative controls. Zhang et al.
[43] reported ToM impairments in children and adolescents with
idiopathic generalized epilepsy, which, in some cases, were correlated
with deficits in subcomponents of executive function, including
inhibition, emotional control, initiation, working memory, and mon-
itoring. Social responsivity in CWE in the context of common
neurodevelopmental comorbidities such as ASD and ADHD, disor-
ders in which impairments of social cognition play a major role, has
received somewhat more attention. Childhood epilepsies encompass
a broad range of syndromes, with very different implications in
terms not only of seizure control but also of behavioral and social
outcome; our aim was to review evidence for impairments of social
cognition in a range of individual childhood epilepsy syndromes.
Adopting an approach that is focused on the individual syndrome
might provide clearer guidance on management than using much
broader groupings such as focal epilepsy and generalized epilepsy.
Early recognition of social cognitive impairments affords the clearest
opportunity to mitigate or redress long-term social deficits through
appropriate educational and/or behavioral interventions alongside
therapies targeting seizures.

2. Background and definitions
2.1. Childhood epilepsy syndromes

Epilepsy syndromes are defined by the specific set of clinical and
laboratory variables that are distinct to each syndrome, including sei-
zure etiology and semiology, age at onset, magnetic resonance
imaging (MRI), and electroencephalogram (EEG). Importantly, these
definitions also include neurobehavioral comorbidities and an
inference that the pathophysiological features responsible for the
epilepsy are also implicated in these comorbidities [44]. Deficits in at-
tention, executive function, verbal and visual memory, and linguistic
ability, which might compromise complex social cognitive abilities,
are characteristics of some epilepsy syndromes emerging in childhood,
including the so-called benign epilepsy with centrotemporal spikes
(BECTS), juvenile myoclonic epilepsy (JME), and childhood absence

epilepsy [45]. More severe impairments are seen in the ‘catastrophic’
epilepsy syndromes including West syndrome (WS), Lennox-Gastaut
syndrome (LGS), and Landau-Kleffner syndrome (LKS). Consideration
of the social cognitive deficits found in ASD and ADHD is especially ap-
posite for the present discussion, since these disorders are frequently
comorbid in childhood epilepsy and often provide a context for the
investigation of social cognitive deficits in pediatric epilepsy samples.

2.2. Autism spectrum disorder (ASD)

Autism spectrum disorder encompasses a heterogeneous group of
neurodevelopmental disorders with common clinical characteristics.
The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition
(DSM-5) diagnostic criteria specify persistent deficits in social
communication and social interaction that must include deficits in
social-emotional reciprocity, nonverbal communicative behaviors,
and developing, maintaining, and understanding relationships, and
restricted, repetitive patterns of behavior, interests, or activities. These
characteristics must be present in the early developmental period
[46]. Irrespective of epileptic syndrome, there is a recognized associa-
tion between ASD and epilepsy [47], although the nature of the relation-
ship remains to be fully elucidated. Within the large number of
publications on this association, the contributions by Tuchman and
colleagues are particularly notable [48-51]. There is some evidence
that epileptiform abnormalities might play a role in the development
of autistic features, and autistic regression is more prevalent in CWE
with autism than those without [52,53]. Alternatively, the cooccurrence
of ASD and epilepsy may reflect a common underlying pathophysiology
[48] or a shared genetic susceptibility [21,23,25]. A meta-analysis of 31
studies found social cognitive traits characteristic of ASD, namely im-
paired facial emotion recognition and ToM, were significantly more
common in people with epilepsy (PWE) than controls. However, only
weak associations between epilepsy-related factors (age at onset, dura-
tion, laterality, and origin) were found [54]. As with social behavioral
impairments in patients with temporal lobe epilepsy (TLE), amygdala
damage may contribute to the deficits in perception of social stimuli
seen in primary autistic disorders [55]. Other pathophysiological paral-
lels have been found between the disorders. Functional magnetic reso-
nance imaging (fMRI) studies in autism have revealed reduced white
matter connectivity in functional networks supporting ToM reasoning,
involving interconnections between the medial prefrontal cortex, tem-
poral lobe, amygdala, and fusiform gyrus among others [56-59]. Similar
findings have been reported in idiopathic generalized epilepsy [60] and
TLE [61,62]. Autism spectrum disorder is more frequent in CWE with in-
tellectual disability (ID). Seizures in the first year of life represent an ad-
ditional predisposing risk for subsequent development of ASD.
Childhood epileptic encephalopathies are strongly associated with au-
tism. Among these, WS, as discussed later, incurs a particular risk with
prevalence as high as 35% [63].

2.3. Attention-deficit hyperactivity disorder (ADHD)

Attention-deficit hyperactivity disorder is a neurodevelopmental
disorder characterized by inattention, impulsivity, and hyperactivity.
The DSM-5 criteria indicate a persistent pattern of inattention and/or
hyperactivity-impulsivity that interferes with functioning or develop-
ment. Symptoms should be present prior to the age of 12 years [46].
Children with ADHD have a reduced ability to process information
from social cues [64], along with deficiencies in more abstract social
cognitive reasoning [65]. Furthermore, many of the social cognitive
deficits associated with autism and epilepsy have been noted in
ADHD, including facial emotion recognition, prosody perception, ToM
impairments, and reduced empathy [64]. A recent meta-analysis of
studies not including patients with epilepsy compared social cognitive
impairments in subjects with ADHD with similar deficits in individuals
with ASD and healthy controls [66]. The study found that facial and
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vocal emotion recognition and ToM abilities were significantly impaired
in ADHD compared with controls, with more severe deficits found in
pediatric samples. There is every reason to suppose that children with
both epilepsy and ADHD also have such deficits, although there is a
lack of research in this area. It is interesting to note that DSM-IV discour-
aged the diagnosis of ADHD in children with ASD whereas DSM-5 al-
lows both diagnoses in the same child, perhaps indicating an
increasing recognition of an overlap between the two conditions.

3. Specific epilepsy syndromes
3.1. West syndrome (WS)

West syndrome is an epileptic syndrome characterized by infantile
spasms (IS) emerging within the first year of life, ID that can be
profound, and hypsarrhythmia on the EEG. Subsequent autism and
ADHD are common. In many cases, WS is symptomatic. West syndrome
has been reported as being cryptogenic in around 28% of cases and
idiopathic in a further 8% [67]. Among the symptomatic variants, tuber-
ous sclerosis is predominant [68]. West syndrome is one of the epileptic
encephalopathies particularly associated with developmental regres-
sion [69] with evidence that epileptic activity interferes with normal
brain development during a critical phase [6], not least for social cogni-
tive function, although few studies have expressly commented on this
subdomain. The resulting disruption may compromise the establish-
ment of functional connections, including those underpinning basic so-
cial responsivity, with the potential for long-term impairment. A study
of EEG abnormalities in subjects with WS with and without autism
found that frontal lobe abnormalities and persistent hypsarrhythmia
were significantly related to later emergence of autistic behavior [70].
Symptomatic WS is often characterized by abnormalities in the tempo-
ral lobe, and children with WS and autistic or hyperkinetic behavior are
significantly more likely to show temporal lobe dysfunction [71].
Temporal lobe lesions are further associated with poorer long-term
neurodevelopmental outcomes and ASD [72-75]. Infantile spasms in
the context of tuberous sclerosis present a particular risk of comorbid
autism, with prevalence as high as 70% [76]. The correlation between
IS and autism in these cases may indicate that the tubers, particularly
in the temporal lobe, are a common underlying neurobiological mecha-
nism, responsible for both the spasms and neurodevelopmental deficits
[17]. Infantile spasms are independently correlated with autism, how-
ever, regardless of the presence of tubers. The success of treatment is
largely dependent on etiology [77], with cryptogenic cases significantly
more likely to achieve symptomatic control of both spasms and behav-
ioral and cognitive dysfunction. Conversely, symptomatic variants are
often resistant to treatment, however, significant improvements in
both spasms and autistic behavior have been observed with vigabatrin
[78]. Early diagnosis and intervention markedly increase the chances
of a favorable long-term prognosis [79]. Control of spasms should be pri-
oritized, especially in light of the likely deleterious effects on cognitive
outcomes [68]. Recent work has indicated that combined treatment of
IS with both vigabatrin and hormonal therapy (steroids or adrenocorti-
cotropic hormone (ACTH) resulted in earlier cessation of spasms, but
whether there will be any improvement in social cognitive outcome
with combined therapy is still to be determined [80].

3.2. Dravet syndrome (DS) or severe myoclonic epilepsy in infancy

Dravet syndrome is associated with progressive cognitive decline,
although early development before onset of epilepsy is often normal
[81]. The majority of cases (70-80%) have been shown to be the result
of a mutation in the sodium channel, neuronal type I, alpha subunit
(SCN1A) gene [82,83]. Dravet syndrome is characterized by febrile or
afebrile, generalized or unilateral, clonic or tonic-clonic seizures that
appear within the first 1-4 years of life. Intellectual disability is preva-
lent [84] and correlated with the presence of comorbid ASD. Cognitive

development commonly slows after the second year, with specific im-
pairments in psychomotor development accompanied by behavioral
disturbance, hyperactivity, autistic features or clinical autism, and ID.
The frequency of ASD and attention-deficit disorder (ADD) or ADHD is
relatively high. In recent studies, the prevalence of ASD has been re-
ported as 33.6% [85], 24.3% [86], and 22.2% [87], and ADD/ADHD as be-
tween 20 and 40% [85,88] depending on age group. The number of
patients with DS with inattentive/hyperactive symptoms and/or autistic
features may be as high as 67% [89]. The risk of ASD may be especially
pronounced with seizure onset before the age of one year [90]. Higher
seizure frequency is associated with greater cognitive impairment
and developmental regression [91]. Autistic regression is common
and may be a direct result of epileptiform activity [92]. Successful treat-
ment of seizures may ameliorate behavioral and autistic features.
Chepure et al. [93] described three patients with DS and comorbid
ASD. Reduction in seizure frequency with combinations of antiepileptic
drugs, including valproate, clobazam, oxcarbazepine, and levetiracetam,
was accompanied by improvement in behavioral problems, hyperactiv-
ity, and autistic features in all three cases. Cognitive and behavioral out-
comes in cases with a failure to control seizures are, however, often
profoundly negative, with regression in central nervous system function
accompanied by ASD symptoms, including deficits in social interaction
and language ability [93]. Dravet syndrome is one of several epileptic
syndromes that exhibit genetic mutations commonly associated with
autistic traits or autism [94].

3.3. Absence epilepsy

In contrast to the severe epilepsy syndromes just discussed,
childhood absence epilepsy and juvenile absence epilepsy have previ-
ously been considered as having a good behavioral and cognitive out-
come. However, there is an increasing body of evidence that indicates
that there is a high rate of behavioral/psychiatric disorders associated
with absence epilepsy, particularly ADHD which, as already discussed,
is likely to be associated with social cognitive deficits [45]. Although
social cognitive deficits might consequently be expected, there is a
lack of published information specifically investigating such an
association. There is a clear need for such studies.

3.4. Lennox-Gastaut syndrome (LGS)

Lennox-Gastaut syndrome is clinically defined by multiple seizure
types (characteristically tonic seizures, although atonic, myoclonic,
and atypical absence seizures also occur), abnormalities in the EEG in
the form of diffuse slow spike-wave discharges while awake and fast
rhythm patterns (>10 Hz) during slow sleep [95], and a high degree of
cognitive impairment. Many cases are symptomatic, and as high as
40% may follow an earlier diagnosis of WS [96]. The majority of patients
with LGS have cognitive regression at the time of seizure onset, with a
pattern of continued intellectual decline subsequently, even if seizures
and EEG abnormalities abate [95]. All aspects of cognitive and social
development are affected [5], and the majority of patients exhibit
behavioral or psychiatric disorders [97], including autistic features,
hyperactivity, impulsivity, anxiety, aggression, and depression [95,
98-100]. Cognitive skills may fluctuate according to seizure frequency
[101], suggesting that the epileptic activity itself affects intellectual
performance. Autism is not consistently identified in patients with
LGS, although Camfield [98] suggested a high prevalence of autistic
features, which may contribute significantly to the burden of the condi-
tion both for patients and their families. In contrast, He et al. [87] noted
that only a few studies had previously reported autistic behavior in LGS
[102,103]. In their own study, no patients among the 50 with LGS met
the criteria for ASD (specified as deficits in social communication and
social interaction, and restricted or repetitive patterns of behavior,
interests, and activities). Three patients with LGS did exhibit autistic
traits, although in two, only repetitive or restricted behaviors were
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evident. The third showed some reduction in social interaction. Notably,
all three had an earlier than average age at seizure onset (between 2 and
6 months) compared with the group as a whole. A common feature
associated with risk of ASD in epilepsy, regardless of specific syndrome,
is onset before 2 years of age, with earlier onset associated with greater
risk [104]. This raises the question of how many of these subjects had IS
preceding the LGS.

3.5. Atypical benign partial epilepsy (ABPE) or pseudo-Lennox syndrome

Atypical benign partial epilepsy is an idiopathic focal epilepsy that
forms part of the ‘epilepsy aphasia spectrum’ along with the more
benign Rolandic epilepsy and the more impairing LKS discussed in the
following sections. The clinical features of ABPE include multiple seizure
types, including focal, generalized (atonic, absence, or myoclonic), and
occasional febrile seizures or status epilepticus; pronounced EEG abnor-
malities during sleep, often progressing to continuous spike-wave dur-
ing sleep (CSWS); and sometimes reversible neurocognitive deficits,
including deficits in language, motor function, and cognition. There is
little specific mention of social cognitive impairments in ABPE, although
Allen et al. [105] discussed the case of a male patient who was followed
up between the ages of five and 13 years; during the most active periods
of epilepsy, deterioration in language, oromotor, cognitive, and social
communicative skills were observed, together with the development
of ASD. Epileptic discharges appeared to contribute substantially to
the observed neurodevelopmental deficits, suggesting that this might
be an example of ‘state-dependent cognitive impairment’, previously
described by the current author, rather than a permanent change [106].

3.6. Benign childhood epilepsy with centrotemporal spikes benign epilepsy
with centrotemporal spikes or Rolandic epilepsy

Benign childhood epilepsy with centrotemporal spikes is associated
with a notably more positive prognosis than the majority of childhood-
onset epilepsies, in terms of both seizure resolution and cognitive
outcome. Age at seizure onset is typically between four and 10 years,
and the epilepsy resolves, with or without treatment, by the mid-
teenage years. Camfield and Camfield reported that all 79 patients in a
population-based study remitted within five years of diagnosis, with
no residual psychosocial deficits. In a review of their clinical experience
with patients with BECTS, they concluded that the disorder only
threatens normal developmental outcomes if it impedes the formation
of social relationships [5]. More recently, however, evidence has been
presented that epileptiform activity in BECTS may have an effect on cog-
nitive function and behavior, including the domains relevant to social
competence, such as verbal learning and linguistic ability. Intelligence
quotient may also be significantly impaired [107], showing a correlation
with the frequency of EEG spikes. Attention-deficit hyperactivity disor-
der [108] and ADHD-like symptoms of impulsivity [ 109] and attentional
impairments [110] have also been noted, with the prevalence of ADHD
reported as 30-70% [111-114]. Attention-deficit hyperactivity disorder
has variously shown correlations with younger age at onset, nocturnal
epileptiform activity [111], and a history of febrile seizures [112].
Again, it is important to distinguish between ‘state-dependent’
impairments and those that are likely to be permanent.

Social cognitive impairments in BECTS were investigated by Genizi
et al. [115]. Fifteen children aged between seven and 13 years were
assessed on emotional and cognitive aspects of social cognition using
tests of ‘affective’ (understanding a person's emotional states) and
‘cognitive’ (understanding a person's intentions) ToM. While subjects
showed significant impairments in affective ToM compared with age-
matched and education-matched controls, cognitive ToM appeared to
be unaffected. The tasks also revealed lower scores on verbal and visual
learning rate parameters and verbal processing. The authors concluded
that BECTS may affect the neural networks underpinning social cogni-
tive processes that are essential for appropriate social behaviors. No

patient follow-up was reported. There was consequently no indication
whether these deficits would resolve along with the seizures and EEG
abnormalities in later years, in common with the pattern for other
cognitive and behavioral impairments in BECTS. In a separate study,
patients with BECTS were found to have specific deficits in facial fear
recognition and reduced activation of functional networks underpin-
ning social cognition, which were negatively correlated with age,
suggesting that a delayed maturation process may be responsible [116].

3.7. Landau-Kleffner syndrome (LKS) or acquired epileptic aphasia

Landau-Kleffner syndrome is a severe encephalopathy designated
as an epilepsy syndrome, although clinical seizures may only be present
in around 70% of cases. The disorder is characterized by electrical
status epilepticus of slow-wave sleep (ESES), verbal auditory agnosia,
language impairment, and regression of language and social skills with
many autistic features [117]. Hyperactivity, aggression, impulsivity,
and attention-deficit are also common [118-123]. Attention-deficit hy-
peractivity disorder has been reported in around 50% of patients [124]
and behavioral disturbances in between 50 and 70% [125]. The presen-
tation may resemble that of primary autistic regression, but while there
is a degree of overlap in semiology between LKS and ASD, there are
distinguishing characteristics. For example, while language regression
occurs before the age of 3 years in ASD, regression in LKS typically
occurs later, between 5 and 7 years, with severe loss of acquired vocab-
ulary and language [126]. It is not surprising that this can often be asso-
ciated with behavioral problems in children who previously had normal
language development. Long-term severity of language impairment in
LKS is negatively correlated with age at onset [127]. Autism spectrum
disorder has been diagnosed in patients with LKS, although autistic
traits tend to be expressed as a predominant language deficit [128],
with less clear deficits in social reciprocity [129]. It has been suggested
that patients with LKS do not appear to exhibit the same abnormalities
in reciprocal social relatedness and restricted patterns of interests and
behaviors that are characteristic of ASD [126]. However, Lesca et al.
[130] did report clinical characteristics of ASD, including inadequate
social behavior, in 21% of patients, and evidence of autistic regression
has also been found [118,131-133]. Overall, the relationship between
LKS and ASD is complex with a potential for misdiagnosis: autistic fea-
tures are often reported in LKS while EEG abnormalities are common
in autism, and seizures occur in a relatively high proportion of patients
[126,134]. It has been suggested that some cases presenting as autism
might represent a variant of LKS [135,136]. Antiepileptic medication
has resulted in improving language and social behaviors in some cases
[92,137]. The prognosis for LKS itself is mixed. Seizures tend to resolve
by mid-teenage years. However, language deficits may persist, and
some patients are left with permanent impairments [126]. The original
study by Morrell et al. [138] suggested that early surgical intervention
with multiple subpial transection could result in a good language and
cognitive outcome, but subsequent reports were less favorable [139].

3.8. Janz syndrome or juvenile myoclonic epilepsy (JME)

Juvenile myoclonic epilepsy is a genetic generalized epilepsy
syndrome characterized by myoclonic, absence, and generalized tonic-
clonic seizures. The typical age at onset is between 12 and 18 years.
While the response of the seizures to antiepileptic drugs is often
good, studies have indicated the presence of cognitive and imaging
abnormalities consistent with frontal lobe dysfunction, with accompany-
ing challenging behavioral traits, and often poor social outcomes. The de-
pendence of ToM abilities on complex frontotemporal interactions has
been reported in several studies, and patients with JME may exhibit func-
tional impairments in ToM tasks. Giorgi et al. [140] assessed 20 children
with JME on measures of social cognition and ToM, as well as measures
of general cognitive ability. Compared with neurotypical controls, sub-
jects scored lower on both social cognitive measures and general
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cognitive ability, with deficits in executive function, psychomotor speed,
and verbal and visual-spatial memory. In their original 1957 paper de-
scribing the syndrome, Janz and Christian identified particular character-
istic personality traits in their patients [141]. Many patients were
considered to have suggestible, unreliable, and immature personalities,
which contributed to an inadequate level of social adjustment. A trend
towards social maladjustment was also noted by Lund et al. [142] in a
later study. While the terminology used by Janz and Christian might
not explicitly indicate social cognitive deficits, the characteristics they
describe may have much in common with the ToM impairments found
by Giorgi et al.

4. Other childhood epilepsies

There are several other epilepsy syndromes with onset in infancy
and childhood, but little, if any, information is available on the social
cognitive aspects of these disorders. Past work and adult studies have
reported on social cognition in TLE and frontal lobe epilepsy (FLE)
with substantial evidence of marked deficits in both basic and complex
social cognitive functioning [1,2,27,61,143,144]. Deficits in certain other
differentiated cognitive functions, including verbal learning and mem-
ory, attention, language, and executive function, as well as generalized
cognitive impairments, have been found to correlate with compromised
social cognitive abilities in individuals with both focal and primary
generalized epilepsies (PGEs) [1,145] and are more frequently the sub-
ject of investigation in pediatric samples. Findings from research into
social cognition in these broader categories will be discussed briefly in
the following sections.

4.1. Temporal lobe epilepsy

Temporal lobe epilepsy, in particular mesial-TLE, is characterized by
more severe deficits in complex aspects of social cognition [146]. Most
of the studies have been in adults. Theory of mind competency appears
especially impaired [147] and is closely associated with compromised
executive function [37]. Facial emotion recognition and mind-reading
tasks in adult patients with TLE have been the subject of numerous stud-
ies with consistent deficits reported [148]. Studies in children are few.
However, earlier age at epilepsy onset is consistently correlated with
greater deficits [12,149], in particular, in the presence of damage to
the amygdala, temporoparietal junction, or superior temporal sulcus
and ventromedial prefrontal cortices, or to the integrity of the functional
networks underpinned by these nodes [37,146]. Emotional recognition
depends critically on mesial temporal structures with influences from
the somatosensory, orbitofrontal, and cingulate cortices. The amygdala
is particularly concerned with facial emotion recognition and mediating
social behavioral responses [26,150]. Damage to the amygdala is impli-
cated in compromised social abilities in specific areas [7,151], in partic-
ular, in negative emotion recognition, with disruption during childhood
and adolescence contributing to immediate and long-lasting impair-
ments [37]. Epileptic discharges originating in the mesial temporal
lobe may also interfere with online ToM abilities [15,152].

Studies of social cognition in children with TLE remain remarkably
lacking, despite the recognition of the importance of early development
in establishing both basic and complex social competencies and the
negative and lasting implications of disruption to critical networks at
seminal developmental epochs for later social cognitive functioning
[153]. Pediatric studies have found impairments in facets of basic social
perception and socially directed memory function in the context of
localizable temporal lobe lesions [15] and temporal network dysfunc-
tion [154]. Impairments in facial identity recognition, direction of gaze,
facial emotion perception [15,155,156], and emotional prosody
recognition [157] have been investigated, with children with TLE
consistently performing below the level of age-matched healthy con-
trols. Impairments are further associated with earlier age at onset and
the presence of broader comorbid behavioral problems [156]. In some

cases, impairments may be evident before the onset of overt seizures
[154]. Deficits in basic social cognitive function persist in postsurgical
patients and may show a decline in the immediate postsurgical period
in younger patients [158].

4.2. Frontal lobe epilepsy

Functional magnetic resonance imaging studies indicate that the
medial prefrontal cortex and bilateral posterior temporoparietal junc-
tion are central to processing social stimuli [148,159,160], in addition
to mediating executive function and attention control [161].
Pathophysiologically, TLE and frontal lobe epilepsy (FLE) are similarly
associated with lesions and impaired functioning of the temporolimbic
and frontal networks, brain regions that are critical to the development
and maintenance of ToM capabilities [162-167]. Indeed, studies in
adults have found greater impairment in ToM tasks such as the
faux-pas test in patients with FLE than those with TLE or healthy
controls [37].

Frontal lobe epilepsy has a frequent association with neurobehav-
ioral comorbidities, and attention deficits and impaired executive func-
tion are characteristic behavioral traits in pediatric patients with FLE
[168]. As mentioned previously, studies in PWE have found deficits in
executive function to be correlated with social cognitive impairments,
and furthermore, primary attention-deficit disorders share many of
the social impairments present in autism. A small number of pediatric
studies in patients with FLE or children with epilepsy-related frontal
lobe dysfunction have reported behavior characterized by inattention,
hyperactivity, and impulsivity [169,170], or behavioral traits similar to
those seen in autistic disorders [171]. Studies have also found impair-
ments in visual-spatial reasoning, memory, psychomotor speed, and
alertness, in addition to attentional shortfalls [172,173], cognitive defi-
cits that may impede the ability of an individual to participate in social
interactions. Impairments in these cognitive abilities, along with behav-
ioral disorders, have also been found in children with cryptogenic FLE
however [172], indicative of alternative mechanisms beyond frontal le-
sions influencing basic cognition in some individuals.

4.3. Generalized epilepsy

Patients with PGE may be equally susceptible to disrupted cognitive
development and impaired social functioning as individuals with focal
epilepsies [1,2], however, the specific impairments in social cognition
may differ from those seen in focal epilepsy. Deficits in negative emo-
tion perception may be especially pronounced [153], and broader cogni-
tive and behavioral comorbidities are analogous to those seen in frontal
lobe dysfunction. In pediatric samples, these may have a correspond-
ingly severe impact on long-term psychosocial outcomes [174].

In common with the other epileptic disorders, research on the social
cognitive aspects of idiopathic generalized epilepsy (IGE) in children is
relatively sparse. The available studies in pediatric generalized epilepsy
have found deficits in both basic cognitive substrates such as memory,
attention, executive function, and basic verbal and fine motor skills
[28], as well as more complex linguistic function and social cognitive
processing, including pragmatic language ability, social communication
[175], cognitive empathy [176], and ToM [43]. The effect of ToM impair-
ments in children and adolescents with genetic generalized epilepsy on
general social competence was assessed in a recent study by Stewart
and colleagues [42]. Subjects were impaired in both cognitive and affec-
tive ToM compared with healthy controls, with performance in ToM
tasks and severity of epilepsy found to correlate with deficits in every-
day social functioning, independent of general IQ or impaired executive
skills. The effect of antiseizure drugs and social functioning was also
evaluated: higher doses of valproate were associated with poorer affec-
tive ToM and higher doses of ethosuximide and lamotrigine correlated
with lower social competence. However, as stated previously, higher
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doses of antiseizure drugs may be an indication of more severe epilepsy,
which could be the underlying reason for poorer performance.

Deficits in cognition in PGE have been attributed to frontal lobe
dysfunction [176] or to disruption by seizures of the functional integrity
of wider neural networks underpinning complex social cognitive pro-
cesses [153,177]. In addition, patients with PGE share the same greater
apparent susceptibility to neurodevelopmental disorders, such as ASD,
as patients with temporal or frontal focal epilepsies, as well as exposure
to the same challenges living with a stigmatized condition may present
to social interaction [153].

5. Conclusion

Social cognitive deficits are present in a number of epileptic
syndromes across the lifespan but may be especially prevalent and
debilitating in childhood-onset epilepsies. The particular impairments
associated with childhood epilepsy syndromes have not been exten-
sively investigated. The social cognitive impairments almost certainly
result from several different causes, including underlying pathology,
epileptiform discharges, especially ESES, and the seizures themselves.
It is noteworthy that Janz and Christian described impairments in social
adjustment in patients with JME as early as 1957, indicating that social
deficits in CWE have long been recognized. There is growing evidence
that, in at least some childhood epilepsy syndromes, early intervention
to treat the seizures and EEG abnormalities may result in markedly im-
proved social and cognitive outcome. The possibility that early psycho-
logical interventions might also improve outcome in CWE who have
social cognitive deficits requires further research. Although the body
of literature on the social cognitive abilities of children with specific
early-onset epilepsy syndromes remains small, there is increasing
research interest in this area. The hope is that this will lead to early
recognition and intervention with better outcomes in terms of social
cognitive abilities.
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