
Accepted Manuscript

Title: Features of the broader autism phenotype in people with
epilepsy support shared mechanisms between epilepsy and
autism spectrum disorder

Authors: Annie E. Richard, Ingrid E. Scheffer, Sarah J. Wilson

PII: S0149-7634(16)30376-1
DOI: http://dx.doi.org/doi:10.1016/j.neubiorev.2016.12.036
Reference: NBR 2713

To appear in:

Received date: 21-6-2016
Revised date: 15-12-2016
Accepted date: 20-12-2016

Please cite this article as: Richard, Annie E., Scheffer, Ingrid E., Wilson, Sarah
J., Features of the broader autism phenotype in people with epilepsy support
shared mechanisms between epilepsy and autism spectrum disorder.Neuroscience and
Biobehavioral Reviews http://dx.doi.org/10.1016/j.neubiorev.2016.12.036

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.neubiorev.2016.12.036
http://dx.doi.org/10.1016/j.neubiorev.2016.12.036


1 

 

Features of the broader autism phenotype in people with epilepsy 

support shared mechanisms between epilepsy and autism 

spectrum disorder 

 

Annie E. Richarda, Ingrid E. Schefferb, c, Sarah J. Wilsona, b* 

 

a Melbourne School of Psychological Sciences, The University of Melbourne, Victoria 3010, 

Australia (E-mail address: sarahw@unimelb.edu.au) 

b Department of Medicine, The University of Melbourne, The Florey Institute, Austin Health, 

Heidelberg, Victoria 3084, Australia 

(E-mail address: i.scheffer@unimelb.edu.au) 

c Department of Paediatrics, The University of Melbourne and Department of Neurology, 

Royal Children’s Hospital, Melbourne, Victoria 3084, Australia 

 

* Corresponding author at: Melbourne School of Psychological Sciences, University of 

Melbourne, 12th floor Redmond Barry Building, Victoria 3010, Australia. Fax: +61 3 

9347-6618. 

 E-mail address: sarahw@unimelb.edu.au  

 
 

  

mailto:sarahw@unimelb.edu.au


2 

 

Highlight 
 Meta-analysis of social cognition in epilepsy and relatives of people with autism. 
 People with epilepsy (TLE and other epilepsies) have a social cognition deficit. 
 The social cognition deficit is less severe in relatives of people with autism. 
 Reduced social cognition is associated with an earlier age at epilepsy onset.  
 The findings suggest shared neurobiological mechanisms between epilepsy and 

autism. 
 

 

Abstract 

RICHARD, A.E., I.E. Scheffer and S.J. Wilson. Features of the broader autism 

phenotype in people with epilepsy support shared mechanisms between epilepsy and autism 

spectrum disorder. NEUROSCI BIOBEHAV REV 21(1) XXX-XXX, 2016.- To inform on 

mechanisms underlying the comorbidity of epilepsy and autism spectrum disorder (ASD), we 

conducted meta-analyses to test whether impaired facial emotion recognition (FER) and 

theory of mind (ToM), key phenotypic traits of ASD, are more common in people with 

epilepsy (PWE) than controls. We contrasted these findings with those of relatives of 

individuals with ASD (ASD-relatives) compared to controls. Furthermore, we examined the 

relationship of demographic (age, IQ, sex) and epilepsy-related factors (epilepsy onset age, 

duration, seizure laterality and origin) to FER and ToM. Thirty-one eligible studies of PWE 

(including 1449 individuals: 77% with temporal lobe epilepsy), and 22 of ASD-relatives (N = 

1295) were identified by a systematic database search. Analyses revealed reduced FER and 

ToM in PWE compared to controls (p < 0.001), but only reduced ToM in ASD-relatives (p < 

0.001). ToM was poorer in PWE than ASD-relatives. Only weak associations were found 

between FER and ToM and epilepsy-related factors. These findings suggest shared 

mechanisms between epilepsy and ASD, independent of intellectual disability. 

 

Keywords: Epilepsy, Autism Spectrum Disorder, Broader Autism Phenotype, Facial Emotion 

Recognition, Theory of Mind, Meta-analysis 
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1 The association between epilepsy and autism spectrum disorder  

Epilepsy is a disorder characterised by unprovoked seizures, with diagnosis requiring 

at least one unprovoked seizure and high risk for another (Fisher et al., 2014). The reported 

prevalence of epilepsy ranges from 0.2-2% (M = 1%; Bell et al., 2014). Age at onset is 

typically in childhood or late adulthood, but first seizures can occur at any age (Cockerell et 

al., 1995). 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterised by 

persistent impairment in reciprocal social communication and interaction, and restricted, 

repetitive patterns of behaviour, interests, or activities (American Psychiatric Association, 

2013). The prevalence of ASD is approximately 1% (Elsabbagh et al., 2012). An association 

between epilepsy and ASD was noted in Kanner’s original description of ASD in 1943 

(Kanner, 1943). Of 11 children with autism described in his report, at least two (18%) had 

epilepsy (Kanner, 1971). More recent estimates suggest that the rate of epilepsy in 

adolescents and adults with ASD is 20%, while for those with epilepsy, 8% have ASD 

(Kohane et al., 2012; Rai et al., 2012). These are far greater than the prevalence of epilepsy 

or ASD in the general population. 

1.1 Epilepsy-ASD comorbidity and intellectual disability 

A notable feature of the epilepsy-ASD comorbidity is its association with lowered 

cognitive functioning. Epilepsy and ASD are more likely to co-occur in individuals with, than 

without, intellectual disability (ID). In a Finnish population-based study, the rate of epilepsy 

in children and adolescents with a comorbidity of ASD and ID was 19% compared to 5% in 

individuals without ID (Jokiranta et al., 2014). This increased rate in individuals with ID is 

unsurprising because ID is a risk factor for both epilepsy and ASD. A systematic review of 

31 studies examining the prevalence of chronic health conditions in children with ID, 
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reported a 22% rate of epilepsy and 10% rate of ASD; however, it is worth noting that 

estimates vary greatly across studies (6-35% epilepsy; 5-25% autistic disorder) (Oeseburg et 

al., 2011). 

In a sample of 4509 individuals with ASD, a multivariate model including age, IQ, 

sex, adaptive functioning, language skills, and a history of developmental regression, 

revealed that only IQ and age were significant predictors of epilepsy (Viscidi et al., 2013). 

Controlling for all other variables in the model, a one standard deviation increase in IQ was 

associated with a 47% decrease in the odds of having epilepsy. These findings compellingly 

demonstrate that patients with ASD and more severe ID have a greater frequency of epilepsy 

(Amiet et al., 2008). Similarly, Tuchman et al. (1991) reported that after controlling for 

mental deficiency and motor deficits, the occurrence of epilepsy in ASD was not predicted by 

a difficult perinatal course, the presence of other medical conditions, and a family history of 

epilepsy. 

ID is also an important predictor of ASD symptoms in individuals with epilepsy. In 

conditions in which ASD, ID and epilepsy commonly co-occur such as tuberous sclerosis and 

neurofibromatosis type 1, a study of 180 patients (also including childhood onset epilepsy of 

unknown cause) found that 14% had ASD and 68% had epilepsy (van Eeghen et al., 2013). A 

multivariate prediction model found that ID was the largest predictor of ASD symptom 

severity as measured by the Social Responsiveness Scale (Constantino et al., 2003), whereas 

epilepsy was not predictive. 

Some argue that the association of epilepsy with ASD is due to the underlying ID 

(Berg and Plioplys, 2012). This is difficult to disentangle because the majority of studies of 

individuals with an epilepsy-ASD comorbidity include an unrepresentatively large proportion 

of participants with ID (e.g. Danielsson et al., 2005; Hara, 2007; Parmeggiani et al., 2010; 

Rossi et al., 2000). Studies with such samples cannot convincingly demonstrate a relationship 
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between epilepsy and ASD independent of ID. Without clear evidence for this relationship, 

one cannot be confident that a direct link exists per se between epilepsy and ASD. 

However, studies of individuals with ASD and normal intellect show that there is a 

greater prevalence of epilepsy than in the general population, raising the possibility of a 

direct association between epilepsy and ASD. A recent systematic review of four studies 

found a pooled prevalence of epilepsy of 9% in ASD (Woolfenden et al., 2012), 

corroborating an earlier meta-analysis of 10 studies (Amiet et al., 2008). Moreover, 

epidemiological studies show a lower but definite increase in prevalence of epilepsy in those 

with ASD. Namely, a Danish nationwide register of 4180 individuals with Asperger’s 

syndrome found that 5% of females and 4% of males had epilepsy (Mouridsen et al., 2013). 

These rates reflect those of the Finnish nationwide register (5% rate of epilepsy in the 

population with ASD without ID) (Jokiranta et al., 2014). The reported rates of epilepsy in all 

of these studies are greater than general population prevalence estimates and raise the 

possibility of a direct association between epilepsy and ASD. 

1.2 Shared mechanisms between epilepsy and ASD 

Genetic disorders in which both epilepsy and ASD commonly occur, such as Fragile 

X, Rett and Angelman syndrome, and tuberous sclerosis, offer valuable models for 

identifying shared mechanisms between epilepsy and ASD (Brooks-Kayal, 2011; 

Trillingsgaard and Østergaard, 2004). Abnormalities in synaptic plasticity, neuronal 

morphology, proliferation and migration are thought to cause the epilepsy-ASD comorbidity 

in these genetic disorders, leading researchers to suggest that an abnormal balance of 

excitation and inhibition underpins the comorbidity (Bourgeron, 2009). A number of models 

in which epilepsy and ASD are considered to be different manifestations of the same 

underlying pathology have been proposed and are reviewed below (Table 1).  
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1.2.1 Enhanced protein synthesis in the mTOR pathway 

Kelleher and Bear (2008) put forward a neurobiological model based on our 

understanding of mutations in the mTOR pathway genes TSC1/TSC2 (tuberous sclerosis), 

FMR1 (Fragile X syndrome), and PTEN (a tumour suppressor gene). Additional mTOR 

pathway genes associated with epilepsy and ASD include DEPDC5, NPRL3, and MTOR 

(Dibbens et al., 2013; Kuwano et al., 2011; Moller et al., 2016; Ricos et al., 2016). This 

model proposes that defects in translational regulation in the mTOR pathway contribute to 

expression of the epilepsy-ASD comorbidity through enhanced protein synthesis and 

consequent hyperplasticity (Ehninger et al., 2008; Huber et al., 2002; Kwon et al., 2006). 

This may cause excess synaptic consolidation and enhanced connectivity (Kelleher and Bear, 

2008). Hyperconnectivity across certain regions, including the mesial temporal lobe has also 

been reported in temporal lobe epilepsy (TLE) (Bernhardt et al., 2015; Bonilha et al., 2013; 

Bonilha et al., 2012; DeSalvo et al., 2014; Dinkelacker et al., 2015) and may underlie 

hyperexcitable, epileptogenic cortex (Morgan and Soltesz, 2008). Moreover, increased 

connectivity has been reported in individuals with ASD. For example, Keown et al. (2013) 

reported enhanced local connectivity in primary visual and extrastriate cortices, extending 

into the temporal lobe and suggested that this may relate to enhanced local visual processing 

in individuals with ASD.  

1.2.2 Disrupted neurotransmission: Channelopathies, neurotransmitter and protein 

dysfunction 

Channelopathies are disorders of ion channels. Mutations of sodium channel subunit 

genes are a common cause of genetic epilepsies, such as mutation of the alpha 1 subunit of 

the sodium channel gene, SCN1A, in Dravet syndrome and GEFS+ (Marini and Mantegazza, 

2010; Mullen and Scheffer, 2009). Likewise, in ASD family studies, missense mutations in 

SCN1A and SCN2A, and nonsense mutations in SCN2A, confer risk for ASD (Sanders et al., 
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2012; Weiss et al., 2003). This implies that sodium channel abnormalities constitute a 

possible shared mechanism of the epilepsy-ASD comorbidity. 

There is also mounting evidence for a role for GABAergic system disruption in 

expression of an epilepsy-ASD comorbidity. GABA is the brain’s principal inhibitory 

neurotransmitter and disrupted GABAergic system functioning may cause increased cortical 

excitability (Fedi et al., 2008). Reduced GABA receptor binding has been found in the brains 

of individuals with epilepsy with a mutation of the GABAA receptor subunit gene GABRG2 

(Fatemi et al., 2009; Fedi et al., 2006; Guptill et al., 2007). In ASD, post-mortem studies have 

found reduced GABAA binding sites in the brain (Guptill et al., 2007) as well as decreased 

expression of GABAA receptor subunits associated with epilepsy (GABRA1, GABRB3, 

GABRD, and GABRG2) (Fatemi et al., 2014; Fatemi et al., 2009; Macdonald et al., 2010). 

Moreover, single nucleotide polymorphisms (SNPs) in GABRG2 and GABRA4 may interact 

to increase risk for ASD (Sesarini et al., 2015). SNPs across GABRB3 have been associated 

with ASD independently and through their interaction with GABRD (McCauley et al., 2004; 

Sesarini et al., 2014). Notably, rare mutations of GABRB3 have been identified in childhood 

absence epilepsy (Tanaka et al., 2008) and also in ASD (Delahanty et al., 2011). 

GABRB3 is located in the 15q11-q13 region of chromosome 15 and duplication of this 

region is the most common copy number variant (CNV) in ASD, with an estimated 

prevalence of 0.5-3% (Hogart et al., 2010). Disruption of the 15q11-q13 region is also 

relevant to epilepsy. Maternally derived deletion of 15q11-q13 is the most common cause of 

Angelman syndrome, in which 90% of individuals have epilepsy (Saitoh, 2015). Notably, this 

deletion is associated with more severe epilepsy than other causes of Angelman syndrome. 

Furthermore, maternally derived isodicentric and interstitial duplication of chromosome 15, 

affecting the 15q11-q13 region, are often associated with the co-occurrence of ASD and 

epilepsy (Hogart et al., 2010). 
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Proteins that are involved in GABA neurotransmission have also been implicated. For 

example, mutation of ARX, which is integral to the development and migration of GABA 

interneurons (Kato and Dobyns, 2005), is found in genetic epilepsies often associated with 

ASD (e.g. X-linked myoclonic epilepsy with spasticity and intellectual disability) (Scheffer et 

al., 2002; Shoubridge et al., 2010; Stromme et al., 2002). Also, FMR1 knockout mice display 

downregulation of GABA receptor subunits, a reduction in cortical interneurons, and 

impaired functioning of interneurons, all of which may lead to increased seizure 

susceptibility (El Idrissi et al., 2005; Paluszkiewicz et al., 2011; Selby et al., 2007). 

Treatment of FMR1 knockout mice with GABAA and GABAB agonists reduces ASD-

associated behaviours and seizures (Henderson et al., 2012; Heulens et al., 2012). 

Interestingly, in humans with Fragile X syndrome, a GABAB agonist alleviates social deficits 

(Berry-Kravis et al., 2012). 

Neurexin dysfunction may also be implicated in the comorbidity of epilepsy and 

ASD, since mutation in the neurexin 1 gene NRXN1, has been associated with both 

conditions. Neurexins are neuronal adhesion proteins involved in forming trans-synaptic 

complexes required for synaptic contact and neurotransmission, and are thus relevant to 

synaptic plasticity (Thalhammer and Cingolani, 2014). CNVs causing exon-disrupting 

deletions of NRXN1 increase risk for generalised genetic epilepsy (GGE) (Moller et al., 

2013). Similarly, CNVs causing deletions of NRXN1 have been linked with ASD (Girirajan et 

al., 2013; Glessner et al., 2009; Matsunami et al., 2013) as have SNPs (Feng et al., 2006; 

Griswold et al., 2015). In the Feng et al. (2006) study, one of the missense variants was 

associated with a co-occurrence of ASD, epilepsy and ID. Moreover, SNPs affecting 

CNTNAP2, which encodes Caspr2, a member of the neurexin superfamily, cause Cortical 

Dysplasia-Focal Epilepsy syndrome that involves regression of language and social skills, 

and ASD (Strauss et al., 2006). Linkage and association analyses have suggested that SNPs 
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affecting CNTNAP2 increase susceptibility for ASD independent of epilepsy (Alarcon et al., 

2008). Knock out of CNTNAP2 in mice causes spontaneous seizures, perseveration, motor 

stereotypies, and communication and social behaviour abnormalities (Penagarikano et al., 

2011). These likely relate to aberrant neuronal migration, reduced number of GABAergic 

interneurons, and reduced cortical neuronal synchrony observed in these mice. 

Additionally, mutations in SYN1 and SYN2, genes coding for synapsins, have been 

associated with increased risk for epilepsy and ASD. Synapsins are phosphoproteins 

implicated in synaptic vesicle trafficking and neurotransmitter release in neurons (Cesca et 

al., 2010). They play a role in neuron development, synaptogenesis, and maintenance of 

mature synapses (Fornasiero et al., 2010). Nonsense and missense mutations in SYN1 have 

been linked to the epilepsy-ASD comorbidity (Fassio et al., 2011). In a large study of 2717 

adults with epilepsy and 1118 controls that investigated the potential contribution of common 

variants across 279 candidate genes, SNPs of SYN2 were associated with epilepsy with a 

history of febrile seizures (Cavalleri et al., 2007). Prasad et al. (2014) also reported 

differences in the genotypic distribution of SYN2 A>G polymorphisms between individuals 

with GGE and controls. Mutations of SYN2 (one nonsense and two missense) have been 

associated with increased risk of ASD (Corradi et al., 2014). 

Mouse models have demonstrated that knock out of SYN1 and SYN2 may lead to 

hyperexcitable cortex, reduced inhibitory neurotransmission, and increased susceptibility to 

seizures, as well as impaired social behaviour, with SYN2 knock out mice also displaying 

repetitive grooming (Farisello et al., 2013; Greco et al., 2013; Li et al., 1995). Interestingly, 

impaired social behaviour in these mice is apparent prior to the onset of seizures (Greco et 

al., 2013). This suggests that autism behavioural traits are not merely a consequence of an 

epileptic encephalopathy, since the seizures and interictal epileptiform discharges post-date 

the appearance of autistic features (Berg et al., 2010). 
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These findings illustrate that the bulk of our understanding of the shared 

neurobiological and genetic mechanisms between the epilepsies and ASD has relied on 

drawing parallels between the two disorders, rather than studying populations with both. This 

limits our potential for discovery of shared mechanisms, as it is not clear to what extent 

mechanisms that occur in each disorder independently account for symptom expression in the 

comorbid population. As noted by Tuchman et al. (2010), a more rigorous approach is to 

carefully phenotype the epilepsy-ASD comorbidity and then identify similarities and 

differences with the ASD-only and epilepsy-only populations to elucidate the neurobiological 

and genetic mechanisms that are core to joint expression of these disorders. 

1.3 Comparing patients with epilepsy and ASD to those with epilepsy or ASD 

Few investigators have conducted such phenotype-comparison studies. Turk et al. 

(2009) reported that compared to children with ASD-only, those with the epilepsy-ASD 

comorbidity had more gross and fine motor difficulties (e.g. clumsiness, poor writing), 

reduced daily living skills (e.g. greater dislike for being washed), and reduced non-verbal 

communication and social interactions (e.g. atypical eye gaze, poor peer interactions). 

However, interpretation of these findings is limited by poor matching of the groups on IQ, 

with a larger proportion of individuals with ID in the comorbidity group (98% versus 88% in 

the ASD-only group). The potential influence of the IQ discrepancy is highlighted by the 

null-findings of Smith and Matson (2010a, 2010b, 2010c) who employed a similar study 

design, but matched groups on severity of ID. They found no differences in behaviour 

problems (e.g. stereotypy and aggression, social skills, repetitive behaviours, hyperactivity, 

anxiety and depressive symptoms) in individuals with the comorbidity compared to 

individuals with ASD-only. Their studies however, had relatively small numbers, with groups 

of 25, and a higher than normal proportion of severely intellectually impaired participants 



11 

 

(48-96% with severe to profound ID compared to ASD population estimates of ID of 13-

31%) (Baio, 2014; Jokiranta et al., 2014) such that the results may not generalize to the wider 

comorbidity population. 

The relevance of severity of ID to the interpretation of phenotype-comparison studies 

was further demonstrated by a large study of 2645 ASD patients with a broad range of 

intellectual abilities (30% with ID, Mean IQ = 81.17 [SD = 27.88]). An association was 

observed in which individuals with epilepsy had more severe ASD; however, when 

controlled for IQ, the association was no longer evident and a comorbid diagnosis of epilepsy 

now only predicted hyperactivity (Viscidi et al., 2014). Separately examining participants 

with and without ID, suggested that IQ moderates the epilepsy-ASD phenotype, with 

different mechanisms potentially underpinning the comorbidity in these subgroups. In those 

with ID more significant autistic mannerisms were seen, and in the subgroup without ID, a 

comorbid diagnosis of epilepsy predicted hyperactivity and irritability. The intellectual ability 

of participants is therefore important to consider in studies examining the behavioural 

phenotype of the epilepsy-ASD comorbidity. 

The focus on severely impaired individuals limits our understanding of the 

comorbidity by restricting the generalizability of findings and the subtlety of traits that may 

be examined. An alternative study design that circumvents these challenges involves the 

characterisation and genetic dissection of endophenotypes in individuals without ID. 

Endophenotypes are heritable, circumscribed elements of a phenotype, hypothetically 

subserved by fewer genes with less complex genetics than the phenotype they represent 

(Gottesman and Gould, 2003). They are believed to increase the chances of detecting the 

genetic variants contributing to disease susceptibility, with linkage analyses incorporating 

endophenotypes in complex diseases such as schizophrenia (Freedman et al., 1997), cardiac 

arrhythmia (Keating et al., 1991), and ASD (Bradford et al., 2001) yielding successful results. 
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For example, by including information on proband language deficits (i.e. age of onset of 

phrase speech) as well as parental language development and skills, Bradford et al. (2001) 

achieved increased power to detect susceptibility loci for ASD. 

1.4 The Broader Autism Phenotype 

The Broader Autism Phenotype (BAP) refers to mild autism traits such as subtle 

difficulties in language and communication, reciprocal social interactions, visual attention 

and sensory integration, and obsessional behaviours (Sucksmith et al., 2011). Such traits were 

first noted by Kanner and Asperger in their original reports of ASD and Asperger’s syndrome 

in which some of their patients’ parents were described as emotionally unresponsive, 

withdrawn, pedantic, late speakers, obsessional, and eccentric (Asperger, 1944; Kanner, 

1943). Features of the BAP span behavioural, cognitive, and personality domains (Sucksmith 

et al., 2011).  

In normal individuals, expression of the BAP may reflect the presence of 

susceptibility gene(s) for ASD. This concept is drawn from the observation that 

approximately 20% of first-degree relatives of individuals with ASD have the BAP compared 

to 3-9% in the general population (Bolton et al., 1994; Sasson et al., 2013). BAP trait 

expression is also more prominent in multiplex families, defined by the presence of at least 

two members with ASD, compared to simplex families with a single affected individual 

(Gerdts et al., 2013). This may result from a greater frequency of ASD susceptibility alleles 

in multiplex families (Risch, 2001). In simplex families, on the other hand, ASD expression 

may be more heavily influenced by de novo mutations (Sebat et al., 2007). BAP traits are also 

reportedly more common in male than female relatives of individuals with ASD (Piven et al., 

1997), paralleling the sex ratio in ASD (Schendel et al., 2013). 

The current meta-analysis will examine BAP feature expression in people with 
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epilepsy (PWE) and in relatives of individuals with ASD. In particular, we will consider two 

components of social cognition, namely facial emotion recognition (FER) and theory of mind 

(ToM). Broadly, social cognition relates to the role that cognitive processes play in social 

interactions, including how we process, encode and apply information about other people and 

our interactions with them in social situations (Green et al., 2015). Emotion recognition and 

ToM are two principal social cognitive domains that have received considerable attention in 

social neuroscience research (Frith and Frith, 2008), with impaired ToM reflecting an 

inability to infer another person’s state of mind and thus, a hallmark feature of ASD 

(Premack and Woodruff, 1978). Emotion recognition and ToM also constitute social 

cognitive components of the BAP that have been studied in PWE to examine the extent to 

which social cognition is disrupted by epilepsy-related neural changes. The impact of 

epilepsy on social cognition has typically been studied in terms of the site and laterality of the 

seizure focus in the brain, the age at habitual seizure onset (epilepsy onset), the duration of 

epilepsy, and the frequency of seizures, all of which will be considered in this meta-analysis. 

1.4.1 Facial emotion recognition (FER) and theory of mind (ToM) 

Abnormalities in facial emotion processing and ToM are usual in ASD (Harms et al., 

2010; Senju et al., 2009) and correlate with their reduced social skills (Assaf et al., 2013; 

Humphreys et al., 2007). Similar abnormalities have also been detected in relatives of 

individuals with ASD perhaps reflecting BAP features (Baron-Cohen and Hammer, 1997; 

Bolte and Poustka, 2003). 

It is likely that FER underpins the development of ToM. Typically developing infants 

as young as four months of age can discriminate between facial expressions of emotion 

(Montague and Walker-Andrews, 2001); this ability continues to develop into adolescence 

(Tonks et al., 2007). ToM develops after FER (Chakrabarti and Baron-Cohen, 2006), with 
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infants as young as nine months using awareness of others’ emotions to predict their actions 

(Barna and Legerstee, 2005). It is only by the age of three to four years that children begin to 

attribute representational epistemic mental states (e.g. thoughts, beliefs, and knowledge) to 

themselves and others (Saxe et al., 2004). ToM continues to develop until early adulthood 

(Dumontheil et al., 2010). 

Arguably, the developmental association between FER and ToM implies that early 

deficits in FER may contribute to delayed ToM development. This is consistent with 

longitudinal data demonstrating that emotional understanding at three to four years old 

predicts later performance on ToM tasks (Hughes and Dunn, 1998) and suggests that early 

onset of epilepsy-related neural disruption may contribute to FER and ToM difficulties. 

A close association between the development of facial emotional processing and ToM 

is also proposed by the social motivation theory, which postulates that deficits in FER and 

ToM are both a consequence of reduced social motivation (Chevallier et al., 2012). A leading 

theory about the core deficit in ASD, the social motivation theory refers to the psychological 

disposition and biological mechanisms that bias individuals to preferentially orient to the 

social world, to seek and take pleasure in social interactions, and to dispense effort toward 

maintaining social bonds. Social motivation is subserved by a brain network including the 

amygdala, ventral striatum, and orbital and ventro-medial prefrontal cortices (Chevallier et 

al., 2012). In ASD, reduced interest in social stimuli deprives the developing child of social 

inputs and learning opportunities. In support of this model, reduced social orienting and joint 

attention have been identified as early risk markers for ASD (Zwaigenbaum et al., 2013). The 

social motivation theory may have wider repercussions and relate to those with mild autism 

traits as well. This is supported by an association of reduced social motivation and 

abnormalities in FER and ToM in the general population (Germine et al., 2011; Wellman et 

al., 2004).   
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In addition to being linked through their developmental trajectory, emotion perception 

and ToM are hierarchically linked in cognitive processing, where emotion perception and 

evaluation is a precursor to ToM reasoning (Spunt and Lieberman, 2012). This hierarchical 

relationship is incorporated in the Empathising System model (Chakrabarti and Baron-Cohen, 

2006), which describes the neurocognitive mechanisms underpinning empathy and sympathy. 

It is one of the leading models linking emotional perception and ToM and has been largely 

derived from ASD research (Mitchell and Phillips, 2015).  

1.4.2 The overlapping brain networks of FER and ToM  

The brain regions primarily involved in facial emotion processing overlap with those 

involved in ToM reasoning such that neural changes that affect one function are likely to 

impact the other (Fig .1). Processing of emotional faces engages a broad, bilateral brain 

network including visual areas (e.g. fusiform gyrus, lingual gyrus), limbic areas (amygdala, 

parahippocampal gyrus, posterior cingulate cortex), temporo-parietal areas (parietal lobule, 

middle temporal gyrus, superior temporal sulcus [STS], insula), prefrontal areas (dorso-

medial prefrontal cortex [PFC], lateral PFC), and the putamen and cerebellum (Fusar-Poli et 

al., 2009; Lee and Siegle, 2012). A meta-analysis found that the amygdala, lateral PFC, and 

dorso-medial PFC were activated across different forms of explicit FER tasks (Lee and 

Siegle, 2012). Moreover, the STS/temporo-parietal junction (TPJ) was commonly activated 

in tasks requiring the recognition of emotions in others. Such FER tasks are frequently used 

in studies of PWE and individuals with ASD and their relatives. 

The amygdala is involved in rapid automatic evaluation and orientation to 

biologically relevant stimuli, such as the reward value of social orienting (Adolphs and 

Spezio, 2006; Klein et al., 2009). The lateral and medial PFC modulate the automatic 

amygdala-based response to expressions of emotion (Lieberman et al., 2007) while the STS is 
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implicated in analysing changeable aspects of faces including expressions (Haxby et al., 

2000). Anterior mesial temporal regions, including the amygdala, modulate activity in the 

STS during face processing (Ahs et al., 2014). 

While there is a broad network engaged in ToM, specific regions are involved in its 

different facets. The network of brain regions activated by ToM tasks comprises the medial 

PFC, precuneus, temporal pole, inferior frontal gyrus, fusiform gyrus, and STS/TPJ (Mar, 

2011; Schurz et al., 2014). A meta-analysis found that the right TPJ and the medial PFC were 

activated during performance of various types of ToM tasks (e.g. false belief task, strategic 

games, Reading the Mind in the Eyes task) (Schurz et al., 2014). In ToM processing, the TPJ 

is involved in inferring and predicting mental states based on available information about a 

person (Schurz et al., 2014), while the medial PFC is more broadly involved in processing 

socially or emotionally relevant information about others (Saxe and Powell, 2006). Another 

meta-analysis found substantial overlap in regions of activation during the performance of 

heavily language-based and less language-based ToM tasks (Mar, 2011). This suggests that a 

shared network implicated in ToM is involved in performing these tasks. This is despite 

evidence that individuals with high functioning ASD may perform normally on heavily 

language-based ToM tasks in contrast to less language-based tasks (Schuwerk et al., 2015). 

Their strong performance may reflect the use of verbal reasoning and learned scripts as 

compensatory mechanisms (Frith, 2004). 

Although involvement of the amygdala in ToM reasoning has not been consistently 

demonstrated (Mar, 2011; Schurz et al., 2014), a recent large-scale fMRI study (N = 462) 

found that healthy controls activated the amygdala bilaterally during a false-belief task. The 

inconsistent identification of amygdala involvement may have been limited by many 

neuroimaging studies only having 12-16% power to detect activation (Spunt et al., 2015). 

Moreover, this study found that amygdala activation correlated with activation in the 
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STS/TPJ bilaterally, adding further support to the involvement of the amygdala in ToM 

processing. Also, reduced amygdala volume and activation in people with ASD has been 

associated with poor performance on the Reading the Mind in the Eyes task (Baron-Cohen et 

al., 1999; Radeloff et al., 2014). 

Overall, the literature suggests a close association between FER and ToM, as the 

development of ToM partly depends upon that of emotion processing abilities or may result 

from the same underlying social motivation deficit that underpins reduced FER. Moreover, 

emotion processing is a precursor to ToM during ToM reasoning and there is substantial 

overlap in the brain regions subserving FER and ToM. 

1.4.3 FER and ToM in people with epilepsy 

Seizure focus and laterality 

Patients with TLE show structural and functional changes in regions involved in the 

FER and ToM brain networks, thus most studies of FER and ToM in epilepsy have focused 

on individuals with TLE (Fig. 1). Individuals with TLE show reduced activation in the 

amygdala, STS, fusiform gyrus, occipital face area, and PFC when engaging in facial 

emotion processing (Riley et al., 2015). Reduced structural connectivity of the inferior 

longitudinal fasciculus, which links the occipital face area to the anterior temporal lobe, was 

also noted. Moreover, mesial TLE (mTLE) is associated with decreased cortical surface area 

and cortical thinning in the superior temporal gyrus, altered cortical surface morphology and 

folding in the medial orbitofrontal cortex, and decreased functional connectivity between 

temporal lobe regions and the medial PFC (Alhusaini et al., 2012; Pittau et al., 2012). These 

findings raise the possibility that disruption of a network extending beyond the temporal lobe 

seizure focus may be responsible for FER and ToM deficits (Riley et al., 2015). 

Multiple studies have reported reduced FER and ToM in TLE compared to non-
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epilepsy controls. A recent systematic review of emotion recognition (Monti and Meletti, 

2015) and a meta-analysis of ToM (Stewart et al., 2016) strongly supported deficits in these 

abilities in patients with TLE. In contrast, few studies have compared individuals with TLE 

to other forms of epilepsy (i.e. other focal epilepsies or GGE). The few studies that exist tend 

to report poorer FER and ToM in TLE than in patients with other forms of epilepsy (e.g. 

Broicher et al., 2012b; Reynders et al., 2005). However, in studies comparing patients with 

TLE to those with frontal lobe epilepsy (FLE), results are more variable; some studies find no 

differences, while those that do, show inconsistency in the direction of their effects 

(Giovagnoli et al., 2011; Giovagnoli et al., 2013; Golouboff et al., 2008). This may reflect the 

involvement of frontal lobe regions in the FER and ToM brain networks, which is supported 

by findings of reduced social cognition in FLE (e.g. Farrant et al., 2005; Giovagnoli et al., 

2013; Stewart et al., 2016). 

A number of studies have also compared FER and ToM in patients with left and right 

TLE. Despite some evidence suggesting a greater right- than left-hemisphere contribution to 

social cognition (Mazza et al., 2007; Ortigue et al., 2009), most studies in TLE fail to find an 

effect (e.g. Benuzzi et al., 2004; Reynders et al., 2005). Moreover, Golouboff et al. (2008) 

reported greater left-hemisphere involvement. Reasons underlying inconsistent findings may 

include low statistical power due to small sample sizes, a lack of support for greater right-

hemisphere involvement (Bzdok et al., 2012), or the use of tasks that are differentially 

weighted towards left- or right-hemisphere processes (e.g. language-based ToM measures, 

such as the Faux Pas task). 

Age at epilepsy onset, epilepsy duration and seizure frequency 

With respect to age at epilepsy onset, a number of studies have reported that earlier 

seizure onset is associated with more marked FER and ToM deficits (e.g. Meletti et al., 2003; 
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Tanaka et al., 2013). The early-onset hypothesis postulates poorer emotion recognition in 

individuals with early epilepsy onset (< 6 years) (McClelland et al., 2006). An association 

between early age at epilepsy onset and FER deficits is consistent with studies examining the 

impact of amygdala lesions on FER, which demonstrate that adult-acquired lesions are 

associated with more subtle deficits than those acquired in childhood (Calabrese et al., 2014). 

This may be partly explained by the more prominent role of the amygdala earlier in 

development during the acquisition of FER skills, compared to greater reliance on later 

developing regions of the FER network in adulthood (e.g. PFC) (Vink et al., 2014). The 

increased functional connectivity between the amygdala and other core FER regions that 

develops from childhood to adulthood may permit greater reliance on these other regions 

(Gabard-Durnam et al., 2014; Gee et al., 2013; Vink et al., 2014). It is noteworthy however, 

that few studies have controlled for the duration of epilepsy when reporting an association of 

age at epilepsy onset with FER and ToM (Cohn et al., 2015; Giovagnoli et al., 2013; Meletti 

et al., 2009). This is problematic because ongoing seizures may lead to a subtle progressive 

decline in cognition (Bernhardt et al., 2009; Hermann et al., 2006). Whilst a relationship 

between epilepsy duration and FER has not been demonstrated independent of age at epilepsy 

onset (Cohn et al., 2015; Meletti et al., 2009), such a relationship has been reported in ToM 

studies (Amlerova et al., 2014; Giovagnoli et al., 2011). In addition, most studies fail to find 

an association between seizure frequency and social cognition (e.g. Giovagnoli et al., 2013; 

Li et al., 2013). 

Overall, there is substantial variability in the reported associations between social 

cognition and epilepsy-related variables (i.e. seizure focus and laterality, age at epilepsy 

onset, epilepsy duration, and seizure frequency). This makes it challenging to understand how 

these variables contribute to expression of mild autistic traits. Conflicting findings may be 

due to differences in the characteristics of the cohort, such as the age of participants, the age 
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at epilepsy onset and its duration, the epilepsy syndrome, and intellectual abilities. Moreover, 

methods of assessing social cognition vary widely between studies. For example, whilst some 

FER measures require participants to identify an intensely expressed emotion, others include 

facial stimuli with more subtle expressions or require participants to identify a non-matching 

emotion, constituting more challenging tasks. Furthermore the findings of individual studies 

may be biased due to small sample sizes, reducing statistical power to detect significant 

effects. This latter issue can be overcome by performing meta-analyses. 

Two recent reviews have examined some of these associations but with a narrower 

remit. Monti and Meletti (2015) focused their narrative review of FER studies on patients 

with mTLE, compared with non-TLE patients and controls, rather than performing a meta-

analysis. In contrast, Stewart et al. (2016) performed a meta-analysis of ToM in PWE, but 

their method of analysis precluded direct comparison of patients with TLE to those with other 

forms of epilepsy, and of patients with right and left TLE. As acknowledged by Stewart et al. 

(2016), their meta-regressions examining the association of demographic and epilepsy related 

variables with ToM had low sensitivity and may partly explain the lack of significant 

associations. Their findings could be expanded by directly comparing patients with different 

forms of epilepsy, and extending the analysis to other measures of social cognition. 

1.5 Models of co-morbid epilepsy and ASD independent of ID 

BAP trait expression in neurologically healthy individuals is common and is seen in 

the general population, where it is not pathological. In healthy individuals, we conjecture it 

may be due to the presence of ASD susceptibility genes. In PWE who have BAP features, 

these may be the consequence of ASD susceptibility genes or epilepsy-specific mechanisms, 

or a combination of these. 

The cognitive and behavioural symptoms associated with epilepsy may reflect not 
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only the secondary effects of epilepsy, but may be a direct consequence of the network 

disease causing seizures (Wilson and Baxendale, 2014).  BAP traits in PWE may represent, 

therefore, an essential or secondary comorbidity. An essential comorbidity means that the 

underlying genetic or neurobiological cause of an individual’s epilepsy also causes their 

cognitive and behavioural comorbidities. Conversely, a secondary comorbidity arises due to 

the effects of seizures or a lesion affecting neural functioning and development (Berg, 2011; 

Wilson and Baxendale, 2014). Epilepsies are diseases of brain networks and therefore the 

networks causing seizures are also responsible for associated cognitive and behavioural 

symptoms (Wilson and Baxendale, 2014). 

In the past, there has been debate as to whether secondary effects of epilepsy are 

solely responsible for ASD in people with both disorders. This is unlikely as epilepsy often 

begins after ASD diagnosis, suggesting that the neurobiological features that give rise to 

ASD also underpin epilepsy. In ASD, in addition to the epilepsy onset peak in childhood, 

there is a well-recognised peak in adolescence (>10 years) (Bolton et al., 2011; Deykin and 

MacMahon, 1979). This second epilepsy onset peak is noteworthy because such a peak is not 

seen in the general population or in individuals with ID without ASD (Branford et al., 1998; 

Forsgren et al., 2005). The latter is particularly important as it supports an association of 

epilepsy and ASD independent of ID. Similarly, in individuals with a neurobiological 

predisposition to the comorbidity, expression of BAP features prior to epilepsy onset would 

support a contribution of ASD susceptibility mechanisms to epilepsy. Thus far, this 

possibility has not been directly examined, although it is supported by findings of reduced 

social competence in children with new-onset epilepsy compared to controls (Almane et al., 

2014). Interestingly, murine studies also show impaired social behaviour prior to seizure 

onset in SYN1 and SYN2 knock out mice (Greco et al., 2013).  

The essential comorbidity and secondary effects models are not mutually exclusive 
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and the extent to which each contributes to the co-occurrence of epilepsy and ASD is as yet 

undetermined. Examining the relationship of epilepsy-related variables with expression of the 

BAP offers a new way of shedding light on the extent to which secondary effects of epilepsy 

may contribute to the epilepsy-ASD comorbidity. 

1.6 Aims and Hypotheses 

This series of meta-analyses examines the relationship between social cognition 

deficits and epilepsy-related and demographic variables in PWE. We compare findings from 

studies of social cognition in PWE versus controls to the findings of studies of ASD-relatives 

versus controls, to examine whether social cognition difficulties are more prominent in PWE 

than ASD-relatives. Our study is the first meta-analysis to compare FER and ToM in PWE 

and ASD-relatives. 

We hypothesise that FER and ToM will be poorer in PWE than in controls. We 

further suggest that these difficulties will be greater in people with TLE compared to other 

forms of epilepsy (excluding FLE). We will analyse whether age at epilepsy onset, epilepsy 

duration, and laterality are associated with the presence of BAP features. By directly 

comparing patient groups with different forms of epilepsy and employing a more statistically 

powerful approach to examining the correlation of BAP traits with age at epilepsy onset and 

duration than previous research, we can draw strong conclusions regarding the association of 

social cognition with epilepsy-related variables.  

We also hypothesise that ASD-relatives, particularly males, will show poorer FER 

and ToM compared to female relatives and controls. We will examine the relationships of 

age, IQ and sex with the expression of ASD features in PWE and ASD-relatives. 

2 Methods 

2.1 Literature search 
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We conducted a systematic search of the published literature available through the 

PubMed, PsycINFO, and Current Contents Connect databases. The key words entered to 

retrieve relevant reports are listed in Table 2. We evaluated the titles and abstracts of the 

retrieved reports to find those that examined FER or ToM in our target groups of PWE and 

ASD-relatives. The literature search was completed in August 2014 and included peer-

reviewed journal articles, article abstracts, conference and meeting proceedings, presentation 

abstracts, and theses and dissertations. Since a report could contain more than one study, our 

unit of analysis was an empirical study, defined as data collected under a single research plan 

from a specified sample of respondents. Inclusion criteria for the empirical studies were as 

follows:  

A. Study published in English or French, in which objective measures of FER or ToM were 

employed with at least five participants in each group. 

B. The target group’s performance on the task was compared to that of a non-epilepsy or 

non-ASD control group or to population norms. 

C. The data reported in the study enabled the ascertainment of mean test scores and standard 

deviations for the target and control groups, or exact t-, F-, or p-values were available. 

When these values were unavailable, authors were contacted. For the study by Shaw et al. 

(2004), we estimated effect size based on the proportion of participants succeeding on a 

ToM task (p. 200; Lipsey and Wilson, 2001).  

D. The target sample principally comprised individuals without ID. We accepted studies (1) 

that excluded individuals with ID (IQ < 70), or developmental disorders, (2) whose target 

group had mean IQ ≥ 80, or a mean score within two standard deviations from the 

normative mean on measures considered to reflect general intellect (e.g. Raven’s 

progressive matrices, K-ABC), (3) whose participants performed within normal limits on a 
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neuropsychological test battery or dementia screening measure, (4) that had mean years of 

education ≥ 9, or where (5) over 50% of the target sample completed primary school, or 

(6) none required teaching aides in school. 

E. The epilepsy sample did not exclusively comprise post-neurosurgery patients. In reports of 

PWE that provided data for non-surgical and surgical patients separately, only data for the 

non-surgical patients was used. When this division was not possible, data from the 

combined group was included in the analyses.

The literature search produced 2512 reports, of which 53 met eligibility criteria for this 

meta-analysis. Six of these reports included two studies (Fig. 2). When data from multiple 

measures of the same construct (i.e. FER or ToM) were reported in a single study, a summary 

effect size was calculated to combine effects across tasks such that a single FER or ToM effect 

size was generated from each study. We used the approach described by Borenstein et al. (2009) 

to calculate these summary effect sizes since it accounts for correlations between the same 

construct measures and gives more weight to combined effect sizes from measures that were less 

correlated. Moreover, including multiple effect sizes from individual studies would have resulted 

in an underestimation of error. Tables 3 and 4 present characteristics of included studies of PWE 

and ASD-relatives, respectively. 

2.2 Statistical analyses 

Data were analysed using Open Meta-Analyst (Wallace et al., 2012) and SPSS Version 

22 (Lipsey and Wilson, 2001; Wilson, 2010). Four principal meta-analyses were performed on 

studies that examined: FER in (1) PWE and (2) ASD-relatives, and ToM in (3) PWE and (4) 

ASD-relatives; each target group was compared with data from controls. To assess the 

association between seizure focus and FER or ToM, secondary meta-analyses were conducted on 

studies comparing patients with TLE and non-TLE to controls, and TLE to non-TLE patients. 
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The non-TLE patient group was defined as any combination of participants with GGE or focal 

epilepsy with a seizure focus outside the temporal lobe, with the exception of groups consisting 

exclusively of FLE patients. Studies of only FLE patients were excluded because as for TLE, 

regions of structural and functional change in FLE overlap with the social cognition brain 

network (Xinzhi et al., 2014). Because there were only two studies providing data to examine 

FER in TLE compared to non-TLE patients, data relating to FER and ToM were combined for 

this analysis to examine a broader construct of social cognition, for which we generated a 

summary effect size for overall performance, using Borenstein et al.’s approach (Borenstein et 

al., 2009). Finally, two additional secondary meta-analyses were used to explore the laterality 

effect, one each comparing FER and ToM in right TLE (RTLE) and left TLE (LTLE) patients. 

To examine the relationship of FER and ToM with age at epilepsy onset and epilepsy 

duration, secondary meta-analyses were conducted on the reported correlations of FER and ToM 

with these variables. Given that epilepsy is a developmental disorder, we also used ANOVA to 

examine the impact of age at epilepsy onset, by comparing studies with a mean age at epilepsy 

onset ≤ 12 years (childhood onset) to those with mean age at onset > 12 years (adolescent/adult 

onset). Studies of FER and ToM were combined for this analysis due to the small number of 

available studies (Borenstein et al., 2009). Because only two studies reported correlations of FER 

or ToM with seizure frequency and only nine studies provided data on the mean seizure 

frequency of epilepsy patients, we could not explore the association of FER and ToM with 

seizure frequency. To examine the relationship of social cognition with demographic variables, 

including IQ, age, and sex (male to female ratio), we conducted meta-regressions combining 

FER and ToM studies of PWE. In studies of ASD-relatives, similar meta-regressions examined 

the relationship of IQ and age with FER and ToM and finally, meta-analyses of FER and ToM 

task performance in male versus female ASD–relatives were performed. 

To ascertain the potential effect of publication bias, we used Orwin’s failsafe N method 
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(Orwin, 1983). This determines the number of studies with an effect size of zero required to 

reduce the overall effect size to a specified level of 0.2 for meta-analyses of group comparisons 

and 0.1 for meta-analyses of correlations, which constitute small effects (Cohen, 1992). 

Cumulative meta-analyses were also performed to assess the possible influence of the small 

study effect since small studies may have systematically different effects than larger studies. In 

particular, small studies that are published may tend to have effects of larger magnitude than 

larger studies (Borenstein, 2005). Moreover, because studies of PWE tended to employ heavily 

language-based ToM tasks, whilst those of ASD-relatives tended to employ less language-based 

tasks and since it has been suggested that the latter may be more sensitive to ASD-related ToM 

deficits (Schuwerk et al., 2015), the potential moderating effect of task type was examined using 

subset meta-analyses. These separately examined studies employing heavily language-based 

tasks and those using less language-based tasks. The tasks included under each category are 

noted in Tables 3 and 4. 

2.2.1 Meta-analysis indices 

We used the random-effects model, which assumes that the true effect size estimated 

across studies varies due to the impact of study characteristics. Therefore, in contrast to the 

fixed-effects model, variability in effect size estimates is not only a function of within-study 

error but also of between-studies variability (Raudenbush, 2009). In this approach, the weights 

assigned to each study are more balanced than those of the fixed-effects model because larger 

studies are less likely to dominate the analysis and smaller studies have more weight (Borenstein 

et al., 2010). Heterogeneity across studies was examined using the Chi-square test, tau-square 

statistic, and I-square statistic. 

For meta-analyses that involved comparison of FER and ToM task performance between 

groups, the standardized mean difference, otherwise known as Cohen’s d was calculated (with a 

95% confidence interval [CI]) as the effect size measure for each study. Cohen’s d is the ratio of 
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the difference between the target group’s mean score on the FER or ToM measures and that of 

the control group to their pooled standard deviation. We applied a correction to Cohen’s d to 

compensate for its upward bias, particularly in small samples (Cooper et al., 2009), generating 

the corrected estimate known as Hedges’ g. This can be interpreted in the same manner as 

Cohen’s d (Hedges and Hunter, 1981). For the secondary meta-analyses of correlations, Fisher 

Zr- transformed correlations were meta-analysed rather than Pearson correlations because the 

former’s variance is less heavily dependent on the correlation value and has been found to be 

more stable (Borenstein, 2009; Hotelling, 1953). The inverse variance method, which weighs 

each study by its inverse variance, was used to compute overall mean effect sizes (Cooper et al., 

2009). 

3 Results 

Table 5 provides an overview of the demographic and clinical characteristics of the 

participants from the meta-analysed studies. Individuals with epilepsy were older and had lower 

IQ than relatives of individuals with ASD across studies of FER and of ToM (t-test P-values < 

0.001). In FER studies, PWE had a greater ratio of males to females than was observed in ASD-

relatives (Chi-square test P-value < 0.001). There was no difference in the sex ratio of patients 

with epilepsy and ASD-relatives from ToM studies. 

3.1 Principal meta-analyses: FER and ToM in PWE and ASD-relatives versus controls 

3.1.1 FER in PWE versus controls 

Figure 3a presents the results of the principal meta-analysis of studies of FER in PWE 

versus controls. There was a significant medium effect of poorer FER in PWE than controls 

(Hedges’ g = -0.73, 95% CI: -0.88, -0.58, P < 0.001). A significant Chi-square test (P < 0.001) 

revealed heterogeneity in the effect size estimates. When analyses were re-run excluding the 

study by Farrant et al. (2005) which had an outlying effect size of -1.78 (95% CI: -2.65, -0.90), a 
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significant medium effect remained (Hedges’ g = -0.70, 95% CI: -0.85, -0.55, P < 0.001) with a 

significant heterogeneity value (Chi-square test P-value = 0.004). 

Orwin’s failsafe N estimate suggested that 58 studies with an effect size of zero were 

required to reduce the mean effect size to -0.2. This is over twice the number of published 

studies included in this meta-analysis (N = 22), suggesting that publication bias is unlikely to 

have unduly influenced the findings of reduced FER in PWE compared to controls. 

The cumulative meta-analysis shown in Figure 3b suggests that small studies did not 

have a systematic effect on the mean effect size. As seen in Figure 3c, the exclusion of the 

outlying study by Farrant et al. (2005) did not alter the pattern of the cumulative meta-analysis. 

3.1.2 FER in ASD-relatives versus controls 

Figure 4a presents the results of the principal meta-analysis of studies of FER in ASD-

relatives compared to controls. There was a medium effect of poorer FER in ASD-relatives than 

controls; however, the test of overall effect was not significant (Hedges’ g = -0.60, 95% CI: -

1.31, 0.12, P = 0.10). The Chi-square test value was significant and substantially larger than its 

degrees of freedom (χ2 = 261.59, df = 9, P < 0.001), suggesting variation of effect beyond 

sampling error. The very large I-square value (I2 = 97.65) indicated that variation in the true 

effect size, rather than sampling error, made a major contribution to the variability. When 

analyses were re-run excluding the study by Oerlemans et al. (2014) which had an outlying 

effect size of -3.78 (95% CI: -4.23, -3.33), the mean effect size was now small, but significant 

(Hedges’ g = -0.22, 95% CI: -0.42, -0.02, P = 0.03) and although the heterogeneity value 

remained significant (Chi-square test P-value = 0.009), there was a substantial drop in the Chi-

square and I-square values (χ2 = 20.52, df = 8; I2 = 63.71). These results highlight a substantial 

contribution of the overall effect size estimate from Oerlemans et al.’s (2014) outlying study. 

This is supported by the cumulative meta-analysis displayed in Figure 4b, demonstrating that this 

study, which included a relatively large number of participants (79 ASD siblings, 139 controls), 
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importantly shifted the mean effect size downward. When excluding this outlying study, the 

cumulative meta-analysis displayed in Figure 4c suggests that smaller studies systematically 

increased the effect size magnitude. This is suggestive of potential bias in the available studies of 

FER in ASD-relatives where small studies of large effect may be unduly enhancing the effect 

size estimate. Overall, the available studies support reduced FER in PWE, but offer only weak 

support for a FER deficit in ASD-relatives, potentially influenced by publication bias. 

3.1.3 ToM in PWE versus controls  

Figure 5a presents the results of the principal meta-analysis of studies of ToM in PWE 

compared to controls. There was a significant large effect of poorer ToM in PWE than controls 

(Hedges’ g = -0.81, 95% CI: -1.00, -0.62, P < 0.001). Heterogeneity of effect sizes was 

significant (Chi-square test P-value < 0.001). When analyses were re-run with exclusion of the 

study by Broicher et al. (2012a), which had an outlying effect size of -1.92 (95% CI: -2.64, -

1.21), a medium effect remained (Hedges’ g = -0.76, 95% CI: -0.93, -0.59, P < 0.001) with a 

significant heterogeneity value (Chi-square test P-value < 0.001). 

Orwin’s failsafe N estimate suggested that 43 studies with an effect size of zero were 

required to reduce the mean effect size to -0.2. This is three times the number of published 

studies included in this meta-analysis (N = 14), suggesting that publication bias is unlikely to 

have substantially influenced the findings of reduced ToM in PWE compared to controls. 

The cumulative meta-analysis displayed in Figure 5b shows no evidence of a systematic 

effect of small studies on the mean effect size estimate. As seen in Figure 5c, exclusion of the 

outlying study by Broicher et al. (2012a) did not alter this finding. 

3.1.4 ToM in ASD-relatives versus controls 

Figure 6a presents the results of the principal meta-analysis of studies of ToM in ASD-

relatives versus controls. The mean Hedges’ g indicated a small significant effect of poorer ToM 
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in ASD-relatives than controls (Hedges’s g = -0.27, 95% CI: -0.39, -0.15, P < 0.001). 

Heterogeneity of effect sizes was not significant (Chi-square P-value = 0.26) and removal of the 

outlying study by Baron-Cohen and Hammer (1997) (Hedges’ g = -1.13, 95% CI: -1.91, -0.36) 

did not alter these findings (Hedges’ g = -0.25, 95% CI: -0.37, -0.13, P < 0.001; Chi-square test 

P-value = 0.55). Orwin’s failsafe N estimate suggested that only 5 studies with an effect size of 

zero were required to reduce the mean effect size from -0.27 to -0.2. 

Since the studies included in this meta-analysis were all relatively small (largest sample 

size N = 117), cumulative meta-analysis is of reduced value. Nonetheless Figure 6b indicates 

that smaller studies did not systematically increase the magnitude of the mean effect size 

estimate. Figure 6c shows that the outlying study by Baron-Cohen and Hammer (1997) did not 

substantially alter this finding. 

The magnitude of mean effect size generated from studies of ToM in PWE compared to 

controls was greater than that from studies of ASD-relatives compared to controls and there was 

no overlap in the 95% confidence intervals for the mean effect size estimates (95% CI for the 

meta-analysis of studies of PWE: -1.00, -0.62; ASD-relatives: -0.39, -0.15). This suggests that 

available studies support poorer ToM in PWE than ASD-relatives. 

Moderator analysis 

As shown in Table 6, subset meta-analyses revealed that PWE and ASD-relatives had 

deficits on both heavily language-based and less language-based ToM tasks compared to 

controls. In PWE and ASD-relatives, there was substantial overlap in the 95% confidence 

intervals of effect sizes from heavily and less language-based tasks. This suggests that task type 

did not have a differential impact on the results of reduced ToM in PWE and ASD-relatives and 

that it was appropriate to combine studies employing such tasks for our main analyses. Also, the 

trend of poorer ToM in PWE than ASD-relatives was maintained across task types, although, 

there was now overlap in the 95% confidence intervals for the mean effect size estimates from 
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studies using less language-based tasks in PWE and ASD-relatives.  

3.2 Sub-group meta-analyses: The relationship of seizure focus and laterality with social 
cognition 

3.2.1 Social cognition in patients with TLE versus controls 

 A large proportion of the studies of PWE have focused on patients with TLE, including 

19 of the 22 studies examining FER in PWE (78% of participants) and 11 of the 14 studies 

examining ToM (72% of participants). As a result, compared to controls, the mean effect sizes of 

FER and ToM in individuals with TLE (FER: Hedges’ g = -0.73, 95% CI: -0.88, -0.57, P < 

0.001; ToM: Hedges’ g = -0.85, 95% CI: -1.10, -0.60, P < 0.001) were nearly identical to those 

obtained from the principal meta-analyses described above. Of note, the effect size generated 

from the ToM studies is also similar to that reported by Stewart et al. (2016). Heterogeneity 

values were significant across both meta-analyses (FER: Chi-square test P-value = 0.01; ToM: 

Chi-square test P-value < 0.001).  

Orwin’s failsafe N estimate suggested that 51 FER studies and 36 ToM studies with an 

effect size of zero were required to reduce the mean effect sizes to -0.2. This suggests that 

publication bias is unlikely to influence the outcome of these meta-analyses. 

3.2.2 Social cognition in non-TLE patients versus controls 

Four studies provided data on FER performance in non-TLE patients compared to 

controls. Combined these included 99 participants (14 described as having seizures originating 

outside the temporal and frontal lobes from Broicher et al. (2012b); 52 with GGE from Reynders 

et al. (2005) and Jiang et al. (2014); 18 with frontal lobe, 4 with occipital lobe, 5 with parietal 

lobe, and 6 with a sensorimotor cortex seizure focus from Meletti et al. (2003)) and 138 controls. 

There was a medium significant effect of poorer FER in non-TLE patients than controls 

(Hedges’ g = -0.67, 95% CI: -1.13, -0.21, P = 0.004). There was significant heterogeneity of 

effect sizes (Chi-square test P-value = 0.024). Orwin’s failsafe N estimate suggested that 10 
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studies with an effect size of zero were required to reduce the mean effect size to -0.2. Relative 

to the small number of studies that have been performed (N=4), this means that a moderate 

number of further studies with null results would need to be conducted to negate the significant 

findings. 

Although one study contributing data to this analysis included a subset of FLE patients, 

these comprised only 18% of the non-TLE patients and the effect size estimate from this study 

(Meletti 2003) did not differ substantially from the other studies included in this analysis. It is 

thus considered unlikely that these patients unduly influenced our findings of reduced FER in 

individuals with seizures originating outside the temporal lobe. 

Across the five studies examining ToM in non-TLE patients and controls, 119 non-TLE 

patients (41 described as having seizures originating outside the temporal and frontal lobes 

(Broicher et al., 2012b; Schacher et al., 2006), 21 with Unverricht-Lundborg Disease 

(Giovagnoli et al., 2009); 15 with childhood epilepsy with centrotemporal spikes (Genizi et al., 

2012); 42 with GGE (Jiang et al., 2014)) and 124 control participants were included. ToM was 

significantly poorer in non-TLE patients than controls with a medium effect size (Hedges’ g = -

0.56, 95% CI: -0.94, -0.19, P = 0.003). The heterogeneity value was significant (Chi-square test 

P-value = 0.009). Orwin’s failsafe N estimate suggested that nine studies with an effect size of 

zero were required to reduce the mean effect size to -0.2. Relative to the small number of studies 

that have been performed (N=5), this represents a moderate number of further studies, 

suggesting that the results may be robust to publication bias. 

3.2.3 Social cognition in TLE versus non-TLE patients 

To further explore the association between seizure focus and social cognition, a meta-

analysis of studies examining FER and ToM in patients with TLE versus patients with seizures 

originating outside the temporal lobe was conducted. Overall, 103 patients with TLE and 72 non-

TLE patients (41 described as having seizures originating outside the temporal and frontal lobes 
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(Broicher et al., 2012b; Schacher et al., 2006); 21 patients with Unverricht-Lundborg Disease 

(Giovagnoli et al., 2009); 10 with GGE (Reynders et al., 2005)) were included in these analyses. 

The mean Hedges’ g was –0.40 (95% CI: -1.21, 0.42), but the test of overall effect was not 

significant (P = 0.34). There was significant heterogeneity between studies (Chi-square test P-

value < 0.001). 

3.2.4 Social cognition in RTLE versus LTLE patients 

There were 13 studies reporting data on FER in a total of 272 participants with RTLE and 

268 participants with LTLE. Across these studies, the mean effect size was not significant 

(Hedges’ g = -0.27, 95% CI: -0.61, 0.07, P = 0.12). The heterogeneity value was significant 

(Chi-square test P-value < 0.001). Similarly, across the five studies reporting data on ToM in a 

total of 120 participants with RTLE and 137 participants with LTLE, the mean effect size was 

not significant (Hedges’ g = -0.25, 95% CI: -0.57, 0.08, P = 0.14), but heterogeneity across 

studies was significant (Chi-square test P-value = 0.01). 

3.3 The relationship of epilepsy variables to social cognition 

3.3.1 Age at epilepsy onset 

Nine studies of FER reporting on a total of 567 patients with epilepsy and six of ToM 

including 357 patients reported correlations of FER or ToM with age at epilepsy onset. The 

meta-analysis of correlations of FER with age at epilepsy onset revealed a significant positive 

effect of small magnitude (Pearson r = 0.17, 95% CI: 0.05, 0.29, P = 0.007), indicating that 

earlier age at onset was associated with poorer FER. The heterogeneity value was significant 

(Chi-square test P-value = 0.03). A similar small effect was found across studies of ToM 

(Pearson r = 0.28, 95% CI: 0.18, 0.37, P < 0.001), but without significant heterogeneity (Chi-

square test P-value = 0.35). Orwin’s failsafe N estimate suggested that seven studies of FER and 

11 of ToM with an effect size of zero were required to reduce the mean effect size to 0.1, a small 
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Pearson correlation. Relative to the small number of studies that have been performed, this 

suggests that a moderate number of further studies with null results would be required to negate 

the findings. However, the ANOVA comparing effect sizes from six studies with mean age at 

epilepsy onset in childhood (≤ 12 years old) to 18 studies with mean age at epilepsy onset in 

adolescence/adulthood (> 12 years old) was not significant (QB = 0.01, df = 1, P = 0.91). 

3.3.2 Epilepsy duration 

Six studies of FER including 381 patients with epilepsy and six of ToM with 381 patients 

reported correlations of FER or ToM with epilepsy duration. The meta-analyses of correlations 

of FER and ToM with epilepsy duration each revealed moderate significant negative effects 

(FER: Pearson r = - 0.35, 95% CI: -0.53, - 0.14, P = 0.001; ToM: Pearson r = -0.33, 95% CI: -

0.40, -0.26, P < 0.001), with longer epilepsy duration associated with poorer social cognition. 

The heterogeneity value was only significant in the FER studies (FER: Chi-square test P-value 

=0.003; ToM: Chi-square test P-value = 0.47). Orwin’s failsafe N estimate suggested that 15 

studies of FER and 14 of ToM with an effect size of zero were required to reduce the overall 

effect size to -0.1, suggesting that these effects may be robust to publication bias. 

3.4 The relationship of demographic variables to social cognition in PWE and ASD-relatives 

Regression analyses suggested that neither age nor IQ was correlated with FER and ToM 

in PWE or ASD-relatives (PWE: Age:  β = -0.007, P = 0.43; IQ: β = 0.03, P = 0.10; ASD-

relatives: Age: β = 0.009, P = 0.48; IQ: β = -0.002, P = 0.96). Sex ratio was not correlated to 

FER and ToM in PWE (β = -0.19, P = 0.36), whereas across the three studies comparing FER in 

a total of 110 male and 335 female ASD-relatives, a small positive relationship was found 

(Hedges’ g = 0.32, 95% CI: 0.10, 0.53, P = 0.004), suggesting poorer FER in males. The 

heterogeneity value was not significant (Chi-square test P-value = 0.79). It should be noted, 

however that Orwin’s failsafe N estimate suggested that only two studies with an effect size of 
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zero were needed to lower the effect size to 0.2. In light of the low number of available studies, it 

is difficult to interpret whether the effect is robust to publication bias. Across the four studies 

providing data on ToM in a total of 70 male and 70 female ASD-relatives, meta-analysis did not 

reveal a significant difference between the sexes (Hedges’ g = 0.04, 95% CI: -0.46, 0.53, P = 

0.89). The heterogeneity value was not significant (Chi-square test P-value = 0.16). 

4 Discussion 

In this meta-analysis, we assessed the evidence for expression of BAP features, 

specifically deficits in FER and ToM in the absence of ID, in PWE and ASD-relatives compared 

to controls. We included 31 reports of PWE and 22 of ASD-relatives, providing data on 1449 

PWE and 1295 ASD-relatives. As hypothesised, we found that FER and ToM were reduced in 

PWE compared to controls. These findings were robust to the exclusion of outlying studies of 

large effect and to publication bias. FER and ToM deficits were found in individuals with TLE 

as well as those with other forms of epilepsy. Earlier age at epilepsy onset and longer disease 

duration were associated with poorer FER and ToM in PWE. 

Interestingly however, the hypothesis of reduced social cognition in ASD-relatives was 

only partially supported with a significant but small effect for ToM and a non-significant effect 

for FER. Moreover, ToM was poorer in PWE than ASD-relatives. Age and IQ were not 

associated with social cognition deficits in PWE or ASD-relatives. Poorer FER, but not ToM, in 

male than female ASD-relatives offered partial support for the hypothesis of greater BAP trait 

expression in males than females. 

4.1 Expression of BAP traits in PWE may reflect shared mechanisms of epilepsy and ASD 

The expression of BAP traits in PWE is consistent with the hypothesis that epilepsy and 

ASD share causal neurobiological and possibly genetic mechanisms. However, it does not refute 

the possibility that reduced social cognition in PWE arises from mechanisms distinct from those 
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involved in ASD. This possibility appears less likely, however, in light of findings from this 

meta-analysis combined with findings from genetic and family studies suggesting a genetic 

association between these conditions and evidence for similar neurobiological features in 

epilepsy and ASD (Brooks-Kayal, 2011). 

In particular, the findings of this meta-analysis, including the presence of FER and ToM 

deficits in people with non-TLE compared to controls and the lack of a significant difference in 

FER and ToM in TLE versus non-TLE patients, challenge the prediction of the secondary effects 

model that a seizure focus in areas implicated in FER and ToM are more strongly associated 

with social cognition deficits. Furthermore, FER and ToM deficits were found in studies of 

patients with GGE and thus were not unique to individuals with focal epilepsy (Jiang et al., 

2014; Reynders et al., 2005). This observation is important because whilst individuals with focal 

epilepsy other than TLE may show structural and functional abnormalities in non-temporal 

regions implicated in FER and ToM (e.g. frontal, parietal lobule, lingual gyrus), this is less likely 

to be the case for patients with GGE, particularly in relation to FER (Fusar-Poli et al., 2009; Lee 

and Siegle, 2012). Our findings therefore suggest that epilepsy-related network disruption in 

brain regions central to social cognition is not necessary for expression of FER and ToM deficits. 

This raises the possibility that these deficits in PWE reflect shared susceptibility mechanisms 

between epilepsy and ASD, which supports a role for the essential comorbidity model. These 

findings extend those of the recently published reviews by Monti and Meletti (2015) and Stewart 

et al. (2016), and are consistent with the observation that individuals with ASD may have GGE 

or focal epilepsy originating outside the temporal (or frontal) lobes (Jokiranta et al., 2014). 

That social cognition was not poorer in RTLE than LTLE is less surprising since fMRI 

studies of individuals with ASD and their relatives have revealed reduced activation across 

bilateral brain regions when processing facial expressions of emotion or performing ToM tasks 

(Baron-Cohen et al., 2006; Greimel et al., 2010; Spencer et al., 2011). Moreover, functional 
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imaging studies in healthy controls report activation of a bilateral brain network during 

performance of FER and ToM tasks (Fusar-Poli et al., 2009; Schurz et al., 2014). 

Our findings suggest that secondary effects of epilepsy also play a role in reduced FER 

and ToM. Namely, the correlation of earlier age at epilepsy onset and longer epilepsy duration 

with more severe FER and ToM deficits implies a contribution from secondary effects. These 

associations are consistent with the early-onset hypothesis (McClelland et al., 2006) and with 

neuroimaging studies demonstrating more widespread connectivity abnormalities in individuals 

with greater seizure frequency and epilepsy duration (Englot et al., 2015). However, the 

correlations we derived through meta-analysis were relatively weak. This suggests that the 

impact of secondary effects of seizures to FER and ToM deficits are limited. A restricted impact 

of early age at onset is also supported by similar FER and ToM deficits in participants with mean 

age at epilepsy onset in childhood compared to a mean age at epilepsy onset in 

adolescence/adulthood. 

Overall, the findings of this meta-analysis demonstrate that social cognition deficits in 

PWE (1) may be present in patients whose epilepsy is not directly linked to the networks 

implicated in FER and ToM, (2) are not heavily determined by secondary effects of epilepsy, 

and (3) exist in non-lesional epilepsy with high heritability, such as GGE (Vadlamudi et al., 

2014). These point to a role of shared susceptibility mechanisms, possibly genetic, in expression 

of BAP traits in PWE as predicted by the essential comorbidity model. 

4.1.1 Evidence from genetic and family studies for shared mechanisms between epilepsy and 

ASD 

The high heritability of ASD and epilepsy individually (Colvert et al., 2015; Thomas and 

Berkovic, 2014), in conjunction with evidence for shared genetic pathways between epilepsy and 

ASD (reviewed in section 1.2), support likely shared genetic mechanisms between these 

conditions. Compelling evidence for shared genetic pathways is also offered by family studies. 
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Specifically, a higher rate of epilepsy was observed in individuals with ASD from multiplex than 

simplex families with ASD (13% versus 2%) (Amiet et al., 2013b). Individuals with ASD from 

multiplex families are more likely to be carriers of inherited autism susceptibility genes relevant 

to the expression of BAP traits (Risch, 2001; Virkud et al., 2009). These findings suggest an 

association of epilepsy with inherited autism susceptibility genes and support the relevance of 

examining BAP trait expression in PWE. Although less conclusive, certain findings in ASD-

relatives are also consistent with this association. Namely, a 2% rate of epilepsy in siblings 

without ASD drawn from multiplex families with ASD was found compared to 1% in the 

general population (Amiet et al., 2013a; Bell et al., 2014). In contrast, Bolton et al. (2011) failed 

to find an elevated rate of epilepsy in non-affected ASD-relatives; however, they did not appear 

to investigate multiplex ASD families. Interestingly they found that relatives of individuals with 

an epilepsy-ASD comorbidity were more likely to express the BAP than relatives of individuals 

with ASD-only, suggesting that individuals with the comorbidity are more likely to be carriers of 

more penetrant autism susceptibility genes than individuals with ASD alone. 

4.1.2 Evidence from neuroimaging studies for shared mechanisms between epilepsy and ASD 

Similarities in the aberrant connectivity of the default mode network in individuals with 

epilepsy and those with ASD support a role of shared neurobiological pathways in these 

conditions. It is noteworthy that many of the shared genetic mechanisms between epilepsy and 

ASD impact neural circuit formation by affecting axonal and dendritic growth, synaptogenesis, 

and synaptic homeostasis (Nair et al., 2013). These shared genetic pathways may contribute to 

similar alterations in connectivity observed in epilepsy and ASD (Clemm von Hohenberg et al., 

2013). In particular, reduced resting-state functional connectivity of the default mode network is 

common in PWE (focal and generalized epilepsy) (Englot et al., 2015; McGill et al., 2012; Wei 

et al., 2015) and individuals with ASD (Di Martino et al., 2014; Washington et al., 2014). Such 

abnormalities have been linked to altered structural connectivity (Greicius et al., 2009; Mueller 
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et al., 2013; Voets et al., 2012). 

The default mode network may be implicated in BAP trait expression. Reduced 

connectivity in the default mode network has been associated with social deficits in individuals 

with ASD and in ASD-relatives (Barnea-Goraly et al., 2010; Monk et al., 2009). This network 

may be of particular relevance to social cognition because it overlaps substantially with the FER 

and ToM networks. The core regions of the default mode network include the medial PFC, 

precuneus/posterior cingulate cortex, and inferior parietal and posterior temporal areas around 

the TPJ (Mars et al., 2012). Other regions often activated together with these are the mesial 

temporal lobe and lateral temporal areas extending into the temporal pole. Interestingly, 

structural connectivity abnormalities in the default mode network have also been detected in 

children with recent onset non-lesional epilepsy (Widjaja et al., 2013). This is consistent with a 

role of epilepsy susceptibility mechanisms in causing the connectivity abnormalities of PWE, 

which may contribute to the cognitive deficits and reduced social skills present at onset in some 

first seizure patients (Almane et al., 2014; Commission on Classification and Terminology of the 

International League Against Epilepsy, 1989; Oostrom et al., 2003). 

4.2 The relevance of epilepsy-specific mechanisms to expression of social cognition deficits in 
PWE 

A contribution from epilepsy-specific mechanisms to social cognition deficits is 

supported by evidence for a role of secondary effects of epilepsy in these deficits, as well as the 

greater severity of these deficits in PWE than ASD-relatives. Epilepsy-specific mechanisms may 

be particularly relevant to FER deficits since, counter to expectations and in contrast to PWE, 

our meta-analysis did not support FER deficits in ASD-relatives. That FER deficits are not a 

reliable marker of the BAP is less surprising when considering that, at a behavioural level, FER 

deficits are not consistently detected in individuals with ASD and their relatives (e.g. Bolte and 

Poustka, 2003; Ogai et al., 2003). This is despite neuroimaging studies offering compelling 
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evidence for functional abnormalities in facial emotion processing in both groups (Harms et al., 

2010; Spencer et al., 2011). Harms et al. (2010) reviewed the evidence for deficient FER in ASD 

and concluded that mixed findings in behavioural studies may be due to poor sensitivity of 

certain FER measures and the use of compensatory strategies by individuals with ASD. Selection 

of measures that are sensitive to the nature of the social cognition deficit in ASD may be 

required to capture this endophenotype, such as emotion matching rather than labelling tasks 

(Bolte et al., 2015; Harms et al., 2010; Senju et al., 2009). 

4.3 The dual-strike model of social cognition deficits in PWE 

Overall, our findings and the literature suggest that shared susceptibility mechanisms of 

epilepsy and ASD as well as epilepsy-specific mechanisms, including secondary effects of 

seizures, contribute to FER and ToM deficits in PWE. Based on this, we propose a ‘dual-strike’ 

model of social cognition deficits in PWE. This model proposes that both shared mechanisms 

and epilepsy-specific effects may influence an individual’s expression of BAP traits (Figure 7). 

When these mechanisms act together, this results in a dual-strike, providing a possible 

explanation for more pronounced BAP trait expression in PWE. 

In Figure 7, the impact of shared mechanisms is represented as the ‘Shared Epilepsy-

ASD Pathway’ (green arrows). This pathway specifies that BAP trait expression reflects 

neurobiological features common to epilepsy and ASD, which are underpinned by shared 

susceptibility mechanisms, such as genetic factors (Fassio et al., 2011). The impact of epilepsy-

specific mechanisms is represented by the ‘Epilepsy-Dependent Pathway’. This pathway 

encompasses two routes (blue and orange arrows) by which epilepsy-specific mechanisms are 

associated with BAP trait expression. First, susceptibility mechanisms of epilepsy not shared 

with those of ASD, as well as the secondary effects of seizures (e.g. neuronal reorganization 

associated with the effect of repeated seizures on the brain) may cause neurobiological features 

that are causal to core ASD symptoms (blue arrows). These neurobiological features then 
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contribute to the expression of BAP traits through a neurobiological pathway that is involved in 

ASD (Englot et al., 2015). Second, epilepsy-specific mechanisms that affect general cognitive 

abilities (Berg, 2011) may contribute to the expression of BAP traits (orange arrows). In 

individuals with ASD, cognitive abilities such as general intellectual level and executive 

functions influence the manifestation of core ASD symptoms, but do not wholly account for 

these symptoms (American Psychiatric Association, 2013; Bartak and Rutter, 1976; Pellicano, 

2013). Similarly, in PWE executive dysfunction has been associated with reduced ToM task 

performance, but this did not wholly account for ToM difficulties (Shaw et al., 2004). 

This meta-analysis supports the dual-strike model and suggests a potentially limited role 

of secondary effects of epilepsy to expression of the BAP. Assessing the dual-strike model 

through the direct comparison of BAP trait expression in PWE and ASD-relatives will be crucial 

to further investigating this model. This would address the indirect comparison of social 

cognition in PWE and ASD-relatives that was performed in this meta-analysis. Differences in 

demographic characteristics and in methodology between studies of PWE and ASD-relatives 

may have influenced our indirect comparison of these groups. PWE had older age and lower IQ 

than ASD-relatives. Although our meta-regressions did not support an association of age or IQ 

with social cognition in either PWE or ASD-relatives, these analyses had low power such that 

these null findings must be interpreted with caution. In individuals without ID, positive 

correlations of IQ with FER and ToM task performance have previously been reported (Cohn et 

al., 2015; de Achaval et al., 2010). This raises the possibility that the lower IQ in PWE compared 

to ASD-relatives contributed to the poorer social cognition in the former group. With respect to 

the older age of epilepsy patients compared to ASD-relatives, this is not likely to have had 

substantial impact because in the general population, notable decline in FER and ToM is 

typically observed only in older adults. None of the studies of PWE included in our analyses had 

a mean age of participants beyond middle age (Duval et al., 2011; Sasson et al., 2010). An 
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increased rate of cognitive decline in PWE could mean that the older age of PWE compared to 

ASD-relatives may nonetheless contribute to poorer social cognition in the former group. 

However, this possibility is less likely, given that epilepsy-related cognitive decline is only mild 

and has not been demonstrated for social cognition (Hermann et al., 2006). 

Studies of PWE had a greater proportion of males than studies of ASD-relatives. The 

influence of this discrepancy on our results is unclear because of inconsistent findings regarding 

an association of male sex with more pronounced BAP trait expression. Greater penetrance of 

ASD susceptibility genes in males than females is thought to contribute to the greater proportion 

of males with ASD (Werling and Geschwind, 2015) and may contribute to the more pronounced 

expression of BAP traits in male ASD-relatives (Piven et al., 1997) and in neurotypical males 

(Ruzich et al., 2015). However, some studies in ASD-relatives and in the general population fail 

to find an association of sex with BAP trait expression and may even report an opposite direction 

of effect (Sasson et al., 2013; Seidman et al., 2012). Variability in results has been linked to the 

use of different BAP assessment methods and to the assessment of different BAP traits 

(Davidson et al., 2014; Sasson et al., 2013). This may explain our finding of equivalent ToM 

ability in male and female ASD-relatives in contrast to poorer FER in male relatives. Although 

an impact of sex was not revealed in our analyses of PWE, the meta-regression performed had 

low power and low sensitivity. Further research is required to ascertain how expression of 

different BAP traits differs between the sexes (e.g. Levin-Decanini et al., 2013).  

With respect to methodological differences between studies of PWE and ASD-relatives, 

the most commonly used measures of FER and ToM differed. Whilst 71% of studies examining 

FER in PWE employed the Ekman and Friesen stimuli (Ekman and Friesen, 1976), only 40% of 

studies of ASD-relatives employed these, with the other studies using stimuli unique to that 

study. The greater variability in FER measures used in studies of ASD-relatives may have 

contributed to the elevated heterogeneity in effect size estimates compared to studies of PWE. In 
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support of this, in studies of ASD-relatives, heterogeneity across studies that did not employ 

Ekman and Friesen stimuli (excluding Oerleman’s outlying study) was significant whereas 

studies employing these stimuli were more homogeneous. With respect to ToM measures, 85% 

of studies of PWE administered a heavily language-based measure, with the Faux Pas task being 

most common (71% of studies). In studies of ASD-relatives, only 46% of studies administered a 

heavily language-based measure, with the Reading the Mind in the Eyes task being most 

common (54% of studies). It may be speculated that greater reliance on less language-based 

measures in ASD-relatives would be appropriate because performance on such tasks may be less 

affected by compensatory strategies employed by this group (Schuwerk et al., 2015). We 

explored a contribution of this factor to ToM-task performance in ASD-relatives and PWE by 

conducting a moderator analysis. This did not support an effect of task type in either group 

because the effect sizes obtained from meta-analysing the subset of studies employing heavily 

language-based ToM tasks were similar to the effect sizes of the subset using less language-

based measures. Also, these analyses suggest that PWE may be more likely to show a ToM 

deficit compared to ASD-relatives in heavily language-based tasks. Since these results are 

largely carried by patients with TLE, this may reflect a greater influence of epilepsy-specific 

effects on performance of language-based tasks. This is consistent with reduced language skills 

in individuals with TLE and associated abnormalities in the connectivity of their language 

network (Bartha-Doering and Trinka, 2014; McDonald et al., 2008).  

A limitation of our analyses is that there was not sufficient data to appropriately examine 

the impact of certain potentially relevant variables. Importantly, the influence of multiplex 

versus simplex family status of ASD-relatives could not be examined. The single study retrieved 

from our systematic search and comparing social cognition in these groups, reported poorer 

social cognition in relatives from multiplex families (Bolte and Poustka, 2003). This means that 

the degree of disparity in social cognition between PWE and ASD-relatives may have been 
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amplified by inclusion of relatives from simplex families in the latter group. 

Also due to the unavailability of data, the impact of an epileptogenic lesion to expression 

of BAP traits was not assessed. Furthermore, our examination of the association between 

demographic variables and social cognition was limited by the low number of studies providing 

data for subgroup comparisons (e.g. male versus female epilepsy patients) or for meta-analysis 

of correlations (i.e. IQ and age with social cognition). Moreover, these correlations were 

performed in different samples across studies (e.g. epilepsy patients only or epilepsy patients and 

controls together) and a number of studies provided data only for significant and not for non-

significant correlations of social cognition with demographic or epilepsy-related variables. This 

likely introduced bias in our analysis of the correlations between age at epilepsy onset and 

epilepsy duration with FER and ToM. Orwin’s failsafe N analyses however, suggested that the 

significant association between these variables may be relatively robust to such bias. When the 

available data was insufficient for a meta-analysis of correlations, we performed meta-

regressions. These have less power than meta-analyses of correlations because they rely on 

group means rather than individual participant scores. Even for these, insufficient data were 

available to examine the influence of seizure frequency on FER and ToM. 

Although there was significant heterogeneity across most of the meta-analyses 

performed, for most analyses outliers were not important contributors to this heterogeneity as 

their removal did not significantly alter the I-square values and resulted in effect size estimates 

with substantial overlap of confidence intervals to those of the original estimates (Figures 3 to 6). 

Differences in sample characteristics and methodological factors (e.g. tests administered) likely 

contributed to the heterogeneity between studies. In the meta-analysis of FER in ASD-relatives 

however, the outlying study by Oerlemans et al. (2014) was responsible for introducing 

substantial heterogeneity between studies. The effect size magnitude of this study was greater 

than that of other studies of FER in ASD-relatives. It is unclear why this study’s effect was so 
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much larger, but one potential contributor is that it was one of two studies conducted in children 

in whom it may be easier to detect FER deficits. This is because children may be less likely to 

have developed effective compensatory strategies for FER difficulties. Moreover, a short, three-

second time limit for responding to the FER task was imposed, potentially rendering the task 

more sensitive. A similarly short time limit was only employed in three other studies included in 

this analysis. None of these reported a significant effect, but all were conducted with adolescents 

or adults (Greimel et al., 2010; Wallace et al., 2010; Yucel et al., 2015) and imposing a time 

limit may have greater impact on children than adults. 

This systematic review and meta-analysis highlights areas in which our knowledge 

remains limited. Analyses that allow one to disentangle the impact of different patient variables 

are sorely lacking as are studies examining the relationship of FER and ToM with other 

cognitive abilities, such as executive functions, in PWE and ASD-relatives. Overall, both sides 

of the equation remain to be elucidated: that is, how epilepsy impacts on social and non-social 

cognitive abilities, and how non-social cognition impacts on social cognition (FER and ToM), 

and equally, the impact of both social and non-social cognition on epilepsy (Wang et al., 2015). 

5 Conclusion 

Our results, based on data from over 1000 epilepsy patients and ASD-relatives, show that 

PWE, including those with non-TLE, have reduced FER and ToM compared to controls and that 

the social cognition deficit in PWE is more severe than that in ASD-relatives. Moreover, earlier 

age at epilepsy onset and longer epilepsy duration are associated with poorer FER and ToM. 

Based on these patterns of FER and ToM deficits in PWE, we have presented a dual-strike 

model. It suggests that social cognition deficits in PWE likely reflect the impact of (1) shared 

mechanisms, which are independent of ID and potentially genetic, between individuals with 

epilepsy and ASD, as well as (2) epilepsy-specific mechanisms. A more careful characterisation 

and differentiation of BAP traits and their neurobiological underpinnings in PWE and ASD-
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relatives will be important for the identification of the nature of those shared mechanisms 

between epilepsy and ASD and for the elucidation of the extent of the contribution from shared 

mechanisms versus epilepsy-specific mechanisms. Finally, in addition to having implications for 

our understanding of the epilepsy-ASD comorbidity, our finding of poorer social cognition in 

PWE than ASD-relatives, highlights the importance of clinicians being alert to these deficits in 

patients with epilepsy, particularly as they may have significant psychosocial sequelae for 

patients and families and impact their care and management (Wang et al., 2015). 

Acknowledgements 

We kindly thank the authors who responded to our requests for additional data as well as 

Dr Sue Finch from The University of Melbourne’s Statistical Consulting Centre for providing 

statistical advice. 

 



47 

 

References 

Adolphs, R., Spezio, M., 2006. Role of the amygdala in processing visual social stimuli. 
Progress in Brain Research 156, 363-378, doi: 10.1016/S0079-6123(06)56020-0. 

Ahs, F., Engman, J., Persson, J., Larsson, E.M., Wikstrom, J., Kumlien, E., Fredrikson, M., 2014. 
Medial temporal lobe resection attenuates superior temporal sulcus response to faces. 
Neuropsychologia 61, 291-298, doi: 10.1016/j.neuropsychologia.2014.06.030. 

Alarcon, M., Abrahams, B.S., Stone, J.L., Duvall, J.A., Perederiy, J.V., Bomar, J.M., . . . 
Geschwind, D.H., 2008. Linkage, association, and gene-expression analyses identify 
CNTNAP2 as an autism-susceptibility gene. The American Journal of Human Genetics 
82(1), 150-159, doi: 10.1016/j.ajhg.2007.09.005. 

Alhusaini, S., Doherty, C.P., Palaniyappan, L., Scanlon, C., Maguire, S., Brennan, P., . . . 
Cavalleri, G.L., 2012. Asymmetric cortical surface area and morphology changes in 
mesial temporal lobe epilepsy with hippocampal sclerosis. Epilepsia 53(6), 995-1003, 
doi: 10.1111/j.1528-1167.2012.03457.x. 

Almane, D., Jones, J.E., Jackson, D.C., Seidenberg, M., Hermann, B.P., 2014. The social 
competence and behavioral problem substrate of new- and recent-onset childhood 
epilepsy. Epilepsy & Behavior 31, 91-96, doi: 10.1016/j.yebeh.2013.11.018. 

American Psychiatric Association, 2013. Diagnostic and statistical manual of mental 
disorders- Fifth Edition (DSM-V). American Psychiatric Association, Arlington. 

Amiet, C., Gourfinkel-An, I., Bouzamondo, A., Tordjman, S., Baulac, M., Lechat, P., . . . Cohen, 
D., 2008. Epilepsy in autism is associated with intellectual disability and gender: 
Evidence from a meta-analysis. Biological Psychiatry 64(7), 577-582, doi: 
10.1016/j.biopsych.2008.04.030. 

Amiet, C., Gourfinkel-An, I., Laurent, C., Bodeau, N., Génin, B., Leguern, E., . . . Cohen, D., 
2013a. Does epilepsy in multiplex autism pedigrees define a different subgroup in terms 
of clinical characteristics and genetic risk. Molecular Autism 4(1), 47. 

Amiet, C., Gourfinkel-An, I., Laurent, C., Carayol, J., Genin, B., Leguern, E., . . . Cohen, D., 
2013b. Epilepsy in simplex autism pedigrees is much lower than the rate in multiplex 
autism pedigrees. Biological Psychiatry 74(3), e3-4, doi: 
10.1016/j.biopsych.2013.01.037. 

Amlerova, J., Cavanna, A.E., Bradac, O., Javurkova, A., Raudenska, J., Marusic, P., 2014. 
Emotion recognition and social cognition in temporal lobe epilepsy and the effect of 
epilepsy surgery. Epilepsy & Behavior 36, 86-89, doi: 10.1016/j.yebeh.2014.05.001. 

Asperger, H., 1944. Autistic psychopathy in childhood, in: Frith, U. (Ed.), Autism and 
Asperger syndrome. Cambridge University Press, United Kingdom. 

Assaf, M., Hyatt, C.J., Wong, C.G., Johnson, M.R., Schultz, R.T., Hendler, T., Pearlson, G.D., 
2013. Mentalizing and motivation neural function during social interactions in autism 
spectrum disorders. Neuroimage: Clinical 3, 321-331, doi: 10.1016/j.nicl.2013.09.005. 

Baio, J., 2014. Prevalence of autism spectrum disorder among children aged 8 years- 
Autism and Developmental Disabilities Monitoring Netword, 11 sites, United States, 
2010. Morbidity and Mortality Weekly Report. Surveillance Summaries 63(2), 1-22.  

Barna, J., Legerstee, M., 2005. Nine-and twelve-month-old infants relate emotions to 
people's actions. Cognition & Emotion 19(1), 53-67, doi: 10.1080/02699930341000021. 

Barnea-Goraly, N., Lotspeich, L.J., Reiss, A.L., 2010. Similar white matter aberrations in 
children with autism and their unaffected siblings: a diffusion tensor imaging study 



48 

 

using tract-based spatial statistics. Archives of General Psychiatry 67(10), 1052-1060, 
doi: 10.1001/archgenpsychiatry.2010.123. 

Baron-Cohen, S., Hammer, J., 1997. Parents of children with Asperger syndrome: What is 
the cognitive phenotype? Journal of Cognitive Neuroscience 9(4), 548-554, doi: 
10.1162/jocn.1997.9.4.548. 

Baron-Cohen, S., Ring, H., Chitnis, X., Wheelwright, S., Gregory, L., Williams, S., . . . Bullmore, 
E., 2006. fMRI of parents of children with Asperger Syndrome: A pilot study. Brain and 
Cognition 61(1), 122-130, doi: 10.1016/j.bandc.2005.12.011. 

Baron-Cohen, S., Ring, H.A., Wheelwright, S., Bullmore, E.T., Brammer, M.J., Simmons, A., 
Williams, S.C., 1999. Social intelligence in the normal and autistic brain: An fMRI study. 
European Journal of Neuroscience 11(6), 1891-1898, doi: 10.1046/j.1460-
9568.1999.00621.x. 

Bartak, L., Rutter, M., 1976. Differences between mentally retarded and normally intelligent 
autistic children. Journal of Autism and Childhood Schizophrenia 6(2), 109-120, doi: 
10.1007/BF01538054. 

Bartha-Doering, L., Trinka, E., 2014. The interictal language profile in adult epilepsy. 
Epilepsia 55(10), 1512-1525, doi: 10.1111/epi.12743. 

Batut, A.-C., Gounot, D., Namer, I.J., Hirsch, E., Kehrli, P., Metz-Lutz, M.-N., 2006. Neural 
responses associated with positive and negative emotion processing in patients with left 
versus right temporal lobe epilepsy. Epilepsy & Behavior 9(3), 415-423, doi: 
10.1016/j.yebeh.2006.07.013. 

Bell, G.S., Neligan, A., Sander, J.W., 2014. An unknown quantity—The worldwide prevalence 
of epilepsy. Epilepsia 55(7), 958-962, doi: 10.1111/epi.12605. 

Benuzzi, F., Meletti, S., Zamboni, G., Calandra-Buonaura, G., Serafini, M., Lui, F., . . . Nichelli, 
P., 2004. Impaired fear processing in right mesial temporal sclerosis: A fMRI study. Brain 
Research Bulletin 63(4), 269-281, doi: 10.1016/j.brainresbull.2004.03.005. 

Benuzzi, F., Mirandola, L., Pugnaghi, M., Farinelli, V., Tassinari, C.A., Capovilla, G., . . . Meletti, 
S., 2012. Increased cortical BOLD signal anticipates generalized spike and wave 
discharges in adolescents and adults with idiopathic generalized epilepsies. Epilepsia 
53(4), 622-630, doi: 10.1111/j.1528-1167.2011.03385.x. 

Berg, A.T., 2011. Epilepsy, cognition, and behavior: The clinical picture. Epilepsia 52 (Suppl 
1), 7-12, doi: 10.1111/j.1528-1167.2010.02905.x. 

Berg, A.T., Berkovic, S.F., Brodie, M.J., Buchhalter, J., Cross, J.H., van Emde Boas, W., . . . 
Scheffer, I.E., 2010. Revised terminology and concepts for organization of seizures and 
epilepsies: report of the ILAE Commission on Classification and Terminology, 2005-
2009. Epilepsia 51(4), 676-685, doi: 10.1111/j.1528-1167.2010.02522.x. 

Berg, A.T., Plioplys, S., 2012. Epilepsy and autism: Is there a special relationship? Epilepsy & 
Behavior 23(3), 193-198, doi: 10.1016/j.yebeh.2012.01.015. 

Bernhardt, B.C., Bernasconi, N., Hong, S.J., Dery, S., Bernasconi, A., 2016. Subregional 
mesiotemporal network topology is altered in temporal lobe epilepsy. Cerebral Cortex, 
26(7), 3237-3248, doi: 10.1093/cercor/bhv166. 

Bernhardt, B.C., Worsley, K.J., Kim, H., Evans, A.C., Bernasconi, A., Bernasconi, N., 2009. 
Longitudinal and cross-sectional analysis of atrophy in pharmacoresistant temporal lobe 
epilepsy. Neurology 72(20), 1747-1754, doi: 10.1212/01.wnl.0000345969.57574.f5. 

Berry-Kravis, E.M., Hessl, D., Rathmell, B., Zarevics, P., Cherubini, M., Walton-Bowen, K., . . . 
Wang, P.P., 2012. Effects of STX209 (arbaclofen) on neurobehavioral function in children 
and adults with fragile X syndrome: A randomized, controlled, phase 2 trial. Science 



49 

 

Translational Medicine 4(152), 152ra127, doi: 0.1126/scitranslmed.3004214. 

Bolte, S., Ciaramidaro, A., Schlitt, S., Hainz, D., Kliemann, D., Beyer, A., . . . Walter, H., 2015. 
Training-induced plasticity of the social brain in autism spectrum disorder. The British 
Journal of Psychiatry, 1-9, doi: 10.1192/bjp.bp.113.143784. 

Bolte, S., Poustka, F., 2003. The recognition of facial affect in autistic and schizophrenic 
subjects and their first-degree relatives. Psychological Medicine 33(5), 907-915, doi: 
10.1017/S0033291703007438. 

Bolton, P.F., Carcani-Rathwell, I., Hutton, J., Goode, S., Howlin, P., Rutter, M., 2011. Epilepsy 
in autism: Features and correlates. British Journal of Psychiatry 198(4), 289-294, doi: 
10.1192/bjp.bp.109.076877. 

Bolton, P.F., Macdonald, H., Pickles, A., Rios, P., Goode, S., Crowson, M., . . . Rutter, M., 1994. A 
case-control family history study of autism. Journal of Child Psychology and Psychiatry, 
and Allied Disciplines 35(5), 877-900. 

Bonilha, L., Helpern, J.A., Sainju, R., Nesland, T., Edwards, J.C., Glazier, S.S., Tabesh, A., 2013. 
Presurgical connectome and postsurgical seizure control in temporal lobe epilepsy. 
Neurology 81(19), 1704-1710, doi: 10.1212/01.wnl.0000435306.95271.5f. 

Bonilha, L., Nesland, T., Martz, G.U., Joseph, J.E., Spampinato, M.V., Edwards, J.C., Tabesh, A., 
2012. Medial temporal lobe epilepsy is associated with neuronal fibre loss and 
paradoxical increase in structural connectivity of limbic structures. Journal of 
Neurology, Neurosurgery & Psychiatry 83(9), 903-909, doi: 10.1136/jnnp-2012-
302476. 

Bonora, A., Benuzzi, F., Monti, G., Mirandola, L., Pugnaghi, M., Nichelli, P., Meletti, S., 2011. 
Recognition of emotions from faces and voices in medial temporal lobe epilepsy. 
Epilepsy & Behavior 20(4), 648-654, doi: 10.1016/j.yebeh.2011.01.027. 

Borenstein, M., 2005. Software for publication bias, in: Rothstein, H.R., Sutton, A.J., 
Borenstein, M. (Eds.), Publication bias in meta-analysis- Prevention, assessment and 
adjustment. John Wiley & Sons Australia Ltd, Queensland. 

Borenstein, M., 2009. Effect sizes for continuous data, in: Cooper, H., Hedges, L.V., Valentine, 
J.C. (Eds.), The handbook of research synthesis and meta-analysis. Russell Sage 
Foundation, New York. 

Borenstein, M., Hedges, L.V., Higgins, J.P.T., Rothstein, H.R., 2009. Multiple Outcome or 
Time-Points Within a Study, Introduction to Meta-Analysis. John Wiley & Sons, United 
Kingdom. 

Borenstein, M., Hedges, L.V., Higgins, J.P.T., Rothstein, H.R., 2010. A basic introduction to 
fixed-effect and random-effects models for meta-analysis. Research Synthesis Methods 
1(2), 97-111, doi: 10.1002/jrsm.12. 

Bourgeron, T., 2009. A synaptic trek to autism. Current Opinion in Neurobiology 19(2), 
231-234, doi: 10.1016/j.conb.2009.06.003. 

Bradford, Y., Haines, J., Hutcheson, H., Gardiner, M., Braun, T., Sheffield, V., . . . Piven, J., 2001. 
Incorporating language phenotypes strengthens evidence of linkage to autism. American 
Journal of Medical Genetics Part B: Neuropsychiatric Genetics 105(6), 539-547. 

Brand, J.G., Mindt, M.R., Schaffer, S.G., Alper, K.R., Devinsky, O., Barr, W.B., 2012. Emotion 
processing bias and age of seizure onset among epilepsy patients with depressive 
symptoms. Epilepsy & Behavior 25(4), 552-557, doi: 10.1016/j.yebeh.2012.09.031. 

Branford, D., Bhaumik, S., Duncan, F., 1998. Epilepsy in adults with learning disabilities. 
Seizure 7(6), 473-477, doi: 10.1016/S1059-1311(98)80005-8. 

Broicher, S.D., Frings, L., Huppertz, H.-J., Grunwald, T., Kurthen, M., Krämer, G., Jokeit, H., 



50 

 

2012a. Alterations in functional connectivity of the amygdala in unilateral mesial 
temporal lobe epilepsy. Journal of Neurology 259(12), 2546-2554, doi: 10.1007/s00415-
012-6533-3. 

Broicher, S.D., Kuchukhidze, G., Grunwald, T., Kramer, G., Kurthen, M., Jokeit, H., 2012b. 
"Tell me how do I feel"-Emotion recognition and theory of mind in symptomatic mesial 
temporal lobe epilepsy. Neuropsychologia 50(1), 118-128, doi: 
10.1016/j.neuropsychologia.2011.11.005. 

Brooks-Kayal, A., 2011. Molecular mechanisms of cognitive and behavioral comorbidities of 
epilepsy in children. Epilepsia 52(Suppl 1), 13-20, doi: 10.1111/j.1528-
1167.2010.02906.x. 

Bzdok, D., Schilbach, L., Vogeley, K., Schneider, K., Laird, A.R., Langner, R., Eickhoff, S.B., 
2012. Parsing the neural correlates of moral cognition: ALE meta-analysis on morality, 
theory of mind, and empathy. Brain Structure and Function 217(4), 783-796, doi: 
10.1007/s00429-012-0380-y. 

Calabrese, P., Markowitsch, H.J., Carota, A., 2014. The perception of facial emotions-cues 
from the left amygdaloid complex. European Neurology 71(5-6), 242-246, doi: 
10.1159/000357204. 

Cavalleri, G.L., Weale, M.E., Shianna, K.V., Singh, R., Lynch, J.M., Grinton, B., . . . Goldstein, 
D.B., 2007. Multicentre search for genetic susceptibility loci in sporadic epilepsy 
syndrome and seizure types: A case-control study. The Lancet Neurology 6(11), 970-
980, doi: 10.1016/S1474-4422(07)70247-8. 

Cesca, F., Baldelli, P., Valtorta, F., Benfenati, F., 2010. The synapsins: Key actors of synapse 
function and plasticity. Progress in Neurobiology 91(4), 313-348, doi: 
10.1016/j.pneurobio.2010.04.006. 

Chakrabarti, B., Baron-Cohen, S., 2006. Empathizing: Neurocognitive developmental 
mechanisms and individual differences. Progress in Brain Research 156, 403-417, doi: 
10.1016/S0079-6123(06)56022-4. 

Chevallier, C., Kohls, G., Troiani, V., Brodkin, E.S., Schultz, R.T., 2012. The social motivation 
theory of autism. Trends in Cognitive Sciences 16(4), 231-239, doi: 
10.1016/j.tics.2012.02.007. 

Clemm von Hohenberg, C., Wigand, M.C., Kubicki, M., Leicht, G., Giegling, I., Karch, S., . . . 
Mulert, C., 2013. CNTNAP2 polymorphisms and structural brain connectivity: 
A diffusion-tensor imaging study. Journal of Psychiatric Research 47(10), 1349-1356, 
doi: 10.1016/j.jpsychires.2013.07.002. 

Cockerell, O.C., Eckle, I., Goodridge, D.M., Sander, J.W., Shorvon, S.D., 1995. Epilepsy in a 
population of 6000 re-examined: Secular trends in first attendance rates, prevalence, 
and prognosis. Journal of Neurology, Neurosurgery and Psychiatry 58(5), 570-576. 

Cohen, J., 1992. A power primer. Psychological Bulletin 112(1), 155-159, doi:  

Cohn, M., St-Laurent, M., Barnett, A., McAndrews, M.P., 2015. Social inference deficits in 
temporal lobe epilepsy and lobectomy: Risk factors and neural substrates. Social 
Cognitive and Affective Neuroscience 10(5), 636-644, doi: 10.1093/scan/nsu101. 

Colvert, E., Tick, B., McEwen, F., Stewart, C., Curran, S.R., Woodhouse, E., . . . Bolton, P., 2015. 
Heritability of autism spectrum disorder in a UK population-based twin sample. JAMA 
Psychiatry 72(5), 415-423, doi: 10.1001/jamapsychiatry.2014.3028. 

Commission on Classification and Terminology of the International League Against 
Epilepsy, 1989. Proposal for revised classification of epilepsies and epileptic syndromes. 
Epilepsia 30(4), 389-399, doi: 10.1111/j.1528-1157.1989.tb05316.x. 



51 

 

Constantino, J.N., Davis, S.A., Todd, R.D., Schindler, M.K., Gross, M.M., Brophy, S.L., . . . Reich, 
W., 2003. Validation of a brief quantitative measure of autistic traits: Comparison of the 
Social Responsiveness Scale with the Autism Diagnostic Interview-Revised. Journal of 
Autism and Developmental Disorders 33(4), 427-433, doi: 10.1023/a:1025014929212. 

Cooper, H., Hedges, L.V., Valentine, J.C., 2009. The handbook of research synthesis and 
meta-analysis, 2 ed. Russell Sage Foundation, New York. 

Corradi, A., Fadda, M., Piton, A., Patry, L., Marte, A., Rossi, P., . . . Cossette, P., 2014. SYN2 is 
an autism predisposing gene: Loss-of-function mutations alter synaptic vesicle cycling 
and axon outgrowth. Humam Molecula Genetics 23(1), 90-103, doi: 
10.1093/hmg/ddt401. 

Danielsson, S., Gillberg, I.C., Billstedt, E., Gillberg, C., Olsson, I., 2005. Epilepsy in young 
adults with autism: A prospective population-based follow-up study of 120 individuals 
diagnosed in childhood. Epilepsia 46(6), 918-923, doi: 10.1111/j.1528-
1167.2005.57504.x. 

Davidson, J., Goin-Kochel, R.P., Green-Snyder, L.A., Hundley, R.J., Warren, Z., Peters, S.U., 
2014. Expression of the Broad Autism Phenotype in simplex autism families from the 
Simons Simplex Collection. Journal of Autism and Developmental Disorders 44(10), 
2392-2399, doi: 10.1007/s10803-012-1492-1. 

de Achaval, D., Costanzo, E.Y., Villarreal, M., Jauregui, I.O., Chiodi, A., Castro, M.N., . . . 
Guinjoan, S.M., 2010. Emotion processing and theory of mind in schizophrenia patients 
and their unaffected first-degree relatives. Neuropsychologia 48(5), 1209-1215, doi: 
10.1016/j.neuropsychologia.2009.12.019. 

Delahanty, R.J., Kang, J.Q., Brune, C.W., Kistner, E.O., Courchesne, E., Cox, N.J., . . . Sutcliffe, 
J.S., 2011. Maternal transmission of a rare GABRB3 signal peptide variant is associated 
with autism. Molecular Psychiatry 16(1), 86-96, doi: 10.1038/mp.2009.118. 

DeSalvo, M.N., Douw, L., Tanaka, N., Reinsberger, C., Stufflebeam, S.M., 2014. Altered 
structural connectome in temporal lobe epilepsy. Radiology 270(3), 842-848, doi: 
10.1148/radiol.13131044. 

Deykin, E.Y., MacMahon, B., 1979. The incidence of seizures among children with autistic 
symptoms. The American Journal of Psychiatry 136(10), 1310-1312. 

Di Martino, A., Yan, C.G., Li, Q., Denio, E., Castellanos, F.X., Alaerts, K., . . . Milham, M.P., 2014. 
The autism brain imaging data exchange: Towards a large-scale evaluation of the 
intrinsic brain architecture in autism. Molecular Psychiatry 19(6), 659-667, doi: 
10.1038/mp.2013.78. 

Dibbens, L.M., de Vries, B., Donatello, S., Heron, S.E., Hodgson, B.L., Chintawar, S., . . . 
Scheffer, I.E., 2013. Mutations in DEPDC5 cause familial focal epilepsy with variable foci. 
Nature Genetics 45(5), 546-551, doi: 10.1038/ng.2599. 

Dinkelacker, V., Valabregue, R., Thivard, L., Lehericy, S., Baulac, M., Samson, S., Dupont, S., 
2015. Hippocampal-thalamic wiring in medial temporal lobe epilepsy: Enhanced 
connectivity per hippocampal voxel. Epilepsia 56(8), 1217-1226, doi: 
10.1111/epi.13051. 

Dorris, L., Espie, C.A., Knott, F., Salt, J., 2004. Mind-reading difficulties in the siblings of 
people with Asperger's syndrome: Evidence for a genetic influence in the abnormal 
development of a specific cognitive domain. Journal of Child Psychology and Psychiatry 
45(2), 412-418, doi: 10.1111/j.1469-7610.2004.00232.x. 

Dumontheil, I., Apperly, I.A., Blakemore, S.-J., 2010. Online usage of theory of mind 
continues to develop in late adolescence. Developmental Science 13(2), 331-338, doi: 



52 

 

10.1111/j.1467-7687.2009.00888.x. 

Dupont, P., Zaknun, J. J., Maes, A., Tepmongkol, S., Vasquez, S., Bal, C.S., . . . Dondi, M., 2009. 
Dynamic perfusion patterns in temporal lobe epilepsy. European Journal of Nuclear 
Medicine and Molecular Imaging 36(5), doi: 10.1007/s00259-008-1040-6. 

Duval, C., Piolino, P., Bejanin, A., Eustache, F., Desgranges, B., 2011. Age effects on different 
components of theory of mind. Consciousness and Cognition 20(3), 627-642, doi: 
10.1016/j.concog.2010.10.025. 

Ehninger, D., Han, S., Shilyansky, C., Zhou, Y., Li, W., Kwiatkowski, D.J., . . . Silva, A.J., 2008. 
Reversal of learning deficits in a Tsc2+/− mouse model of tuberous sclerosis. Nature 
Medicine 14(8), 843-848. 

Ekman, P., Friesen, W.V., 1976. Pictures of facial affect. Consulting Psychologist Press, Palo 
Alto, California. 

El Idrissi, A., Ding, X.-H., Scalia, J., Trenkner, E., Brown, W.T., Dobkin, C., 2005. Decreased 
GABAA receptor expression in the seizure-prone fragile X mouse. Neuroscience Letters 
377(3), 141-146, doi: 10.1016/j.neulet.2004.11.087. 

Elsabbagh, M., Divan, G., Koh, Y.J., Kim, Y.S., Kauchali, S., Marcin, C., . . . Fombonne, E., 2012. 
Global prevalence of autism and other pervasive developmental disorders. Autism 
Research 5(3), 160-179, doi: 10.1002/aur.239. 

Englot, D.J., Hinkley, L.B., Kort, N.S., Imber, B.S., Mizuiri, D., Honma, S.M., . . . Nagarajan, S.S., 
2015. Global and regional functional connectivity maps of neural oscillations in focal 
epilepsy. Brain 138, 2249-2262, doi: 10.1093/brain/awv130. 

Farisello, P., Boido, D., Nieus, T., Medrihan, L., Cesca, F., Valtorta, F., . . . Benfenati, F., 2013. 
Synaptic and extrasynaptic origin of the excitation/inhibition imbalance in the 
hippocampus of synapsin I/II/III knockout mice. Cerebral Cortex 23(3), 581-593, doi: 
10.1093/cercor/bhs041. 

Farrant, A., Morris, R.G., Russell, T., Elwes, R., Akanuma, N., Alarcón, G., Koutroumanidis, M., 
2005. Social cognition in frontal lobe epilepsy. Epilepsy & Behavior 7(3), 506-516, doi: 
10.1016/j.yebeh.2005.07.018. 

Fassio, A., Patry, L., Congia, S., Onofri, F., Piton, A., Gauthier, J., . . . Cossette, P., 2011. SYN1 
loss-of-function mutations in autism and partial epilepsy cause impaired synaptic 
function. Human Molecular Genetics 20(12), 2297-2307, doi: 10.1093/hmg/ddr122. 

Fatemi, S.H., Reutiman, T.J., Folsom, T.D., Rustan, O.G., Rooney, R.J., Thuras, P.D., 2014. 
Downregulation of GABAA receptor protein subunits α6, β2, δ, ε, γ2, θ, and ρ2 in 
superior frontal cortex of subjects with autism. Journal of Autism and Developmental 
Disorders 44(8), 1833-1845, doi: 10.1007/s10803-014-2078-x. 

Fatemi, S.H., Reutiman, T.J., Folsom, T.D., Thuras, P.D., 2009. GABA(A) receptor 
downregulation in brains of subjects with autism. Journal of Autism and Developmental 
Disorders 39(2), 223-230, doi: 10.1007/s10803-008-0646-7. 

Fedi, M., Berkovic, S.F., Macdonell, R.A.L., Curatolo, J.M., Marini, C., Reutens, D.C., 2008. 
Intracortical hyperexcitability in humans with a GABAA receptor mutation. Cerebral 
cortex 18(3), 664-669, doi: 10.1093/cercor/bhm100. 

Fedi, M., Berkovic, S.F., Marini, C., Mulligan, R., Tochon-Danguy, H., Reutens, D.C., 2006. A 
GABAA receptor mutation causing generalized epilepsy reduces benzodiazepine 
receptor binding. Neuroimage 32(3), 995-1000, doi: 10.1016/j.neuroimage.2006.05.059. 

Feng, J., Schroer, R., Yan, J., Song, W., Yang, C., Bockholt, A., . . . Sommer, S.S., 2006. High 
frequency of neurexin 1beta signal peptide structural variants in patients with autism. 
Neuroscience Letters 409(1), 10-13, doi: 10.1016/j.neulet.2006.08.017. 



53 

 

Fisher, R.S., Acevedo, C., Arzimanoglou, A., Bogacz, A., Cross, J.H., Elger, C.E., . . . Wiebe, S., 
2014. ILAE official report: A practical clinical definition of epilepsy. Epilepsia 55(4), 475-
482, doi: 10.1111/epi.12550. 

Fornasiero, E., Bonanomi, D., Benfenati, F., Valtorta, F., 2010. The role of synapsins in 
neuronal development. Cellular and Molecular Life Sciences 67(9), 1383-1396, doi: 
10.1007/s00018-009-0227-8. 

Forsgren, L., Beghi, E., Oun, A., Sillanpaa, M., 2005. The epidemiology of epilepsy in Europe - 
A systematic review. European Journal of Neurology 12(4), 245-253, doi: 
10.1111/j.1468-1331.2004.00992.x. 

Fowler, H.L., Baker, G.A., Tipples, J., Hare, D.J., Keller, S., Chadwick, D.W., Young, A.W., 2006. 
Recognition of emotion with temporal lobe epilepsy and asymmetrical amygdala 
damage. Epilepsy & Behavior 9(1), 164-172, doi: 10.1016/j.yebeh.2006.04.013. 

Freedman, R., Coon, H., Myles-Worsley, M., Orr-Urtreger, A., Olincy, A., Davis, A., . . . Byerley, 
W., 1997. Linkage of a neurophysiological deficit in schizophrenia to a 
chromosome 15 locus. Proceedings of the National Academy of Sciences 94(2), 587-592.  

Frith, U., 2004. Emanuel Miller lecture: Confusions and controversies about Asperger 
syndrome. Journal of Child Psychology and Psychiatry 45(4), 672-686, doi: 
10.1111/j.1469-7610.2004.00262.x. 

Frith, C.D., Frith, U., 2008. Implicit and explicit processes in social cognition. Neuron 60(3), 
503-510, doi: 10.1016/j.neuron.2008.10.032. 

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., . . . Politi, P., 2009. 
Functional atlas of emotional faces processing: A voxel-based meta-analysis of 105 
functional magnetic resonance imaging studies. J Psychiatry and Neuroscience 34(6), 
418-432.  

Gabard-Durnam, L.J., Flannery, J., Goff, B., Gee, D.G., Humphreys, K.L., Telzer, E., . . . 
Tottenham, N., 2014. The development of human amygdala functional connectivity at 
rest from 4 to 23 years: A cross-sectional study. Neuroimage 95, 193-207, doi: 
10.1016/j.neuroimage.2014.03.038. 

Gee, D.G., Humphreys, K.L., Flannery, J., Goff, B., Telzer, E.H., Shapiro, M., . . . Tottenham, N., 
2013. A developmental shift from positive to negative connectivity in human amygdala–
prefrontal circuitry. The Journal of Neuroscience 33(10), 4584-4593, doi: 
10.1523/jneurosci.3446-12.2013. 

Genizi, J., Shamay-Tsoory, S.G., Shahar, E., Yaniv, S., Aharon-Perez, J., 2012. Impaired social 
behavior in children with benign childhood epilepsy with centrotemporal spikes. Journal 
of Child Neurology 27(2), 156-161, doi: 10.1177/0883073811414420. 

Gerdts, J.A., Bernier, R., Dawson, G., Estes, A., 2013. The broader autism phenotype in 
simplex and multiplex families. Journal of Autism and Developmental Disorders 43(7), 
1597-1605, doi: 10.1007/s10803-012-1706-6. 

Germine, L.T., Garrido, L., Bruce, L., Hooker, C., 2011. Social anhedonia is associated with 
neural abnormalities during face emotion processing. Neuroimage 58(3), 935-945, doi: 
10.1016/j.neuroimage.2011.06.059. 

Giovagnoli, A.R., Canafoglia, L., Reati, F., Raviglione, F., Franceschetti, S., 2009. The 
neuropsychological pattern of Unverricht-Lundborg disease. Epilepsy Research 84(2-3), 
217-223, doi: 10.1016/j.eplepsyres.2009.02.004. 

Giovagnoli, A.R., Franceschetti, S., Reati, F., Parente, A., Maccagnano, C., Villani, F., Spreafico, 
R., 2011. Theory of mind in frontal and temporal lobe epilepsy: Cognitive and neural 
aspects. Epilepsia 52(11), 1995-2002, doi: 10.1111/j.1528-1167.2011.03215.x. 



54 

 

Giovagnoli, A.R., Parente, A., Villani, F., Franceschetti, S., Spreafico, R., 2013. Theory of mind 
and epilepsy: What clinical implications? Epilepsia 54(9), 1639-1646, doi: 
10.1111/epi.12255. 

Girirajan, S., Dennis, M.Y., Baker, C., Malig, M., Coe, B.P., Campbell, C.D., . . . Eichler, E.E., 
2013. Refinement and discovery of new hotspots of copy-number variation associated 
with autism spectrum disorder. American Journal Human Genetics 92(2), 221-237, doi: 
10.1016/j.ajhg.2012.12.016. 

Glessner, J.T., Wang, K., Cai, G., Korvatska, O., Kim, C.E., Wood, S., . . . Hakonarson, H., 2009. 
Autism genome-wide copy number variation reveals ubiquitin and neuronal genes. 
Nature 459(7246), 569-573, doi: 10.1038/nature07953. 

Gliga, T., Senju, A., Pettinato, M., Charman, T., Johnson, M.H., 2014. Spontaneous belief 
attribution in younger siblings of children on the autism spectrum. Developmental 
Psychology 50(3), 903-913, doi: 10.1037/a0034146. 

Glogau, S., Ellgring, H., Elger, C.E., Helmstaedter, C., 2004. Face and facial expression 
memory in temporal lobe epilepsy patients: preliminary results. Epilepsy & Behavior 
5(1), 106-112, doi: 10.1016/j.yebeh.2003.11.014. 

Gokcen, S., Bora, E., Erermis, S., Kesikci, H., Aydin, C., 2009. Theory of mind and verbal 
working memory deficits in parents of autistic children. Psychiatry Research 166(1), 46-
53, doi: 10.1016/j.psychres.2007.11.016. 

Golouboff, N., Fiori, N., Delalande, O., Fohlen, M., Dellatolas, G., Jambaqué, I., 2008. Impaired 
facial expression recognition in children with temporal lobe epilepsy: Impact of early 
seizure onset on fear recognition. Neuropsychologia 46(5), 1415-1428, doi: 
10.1016/j.neuropsychologia.2007.12.019. 

Gottesman, II, Gould, T.D., 2003. The endophenotype concept in psychiatry: etymology and 
strategic intentions. The American Journal of Psychiatry 160(4), 636-645. 

Goussé, V., Stilgenbauer, J.-L., Delorme, R., Mouren, M.-C., Michel, G., Leboyer, M., 2009. 
Étude des profils cognitifs chez les apparentés de personnes avec autisme: Hypothèse 
d’un manque de flexibilité cognitive? Annales Médico-Psychologiques 167(9), 704-708, 
doi: 10.1016/j.amp.2009.08.010. 

Greco, B., Managò, F., Tucci, V., Kao, H.-T., Valtorta, F., Benfenati, F., 2013. Autism-related 
behavioral abnormalities in synapsin knockout mice. Behavioural Brain Research 251, 
65-74, doi: 10.1016/j.bbr.2012.12.015. 

Greicius, M.D., Supekar, K., Menon, V., Dougherty, R.F., 2009. Resting-state functional 
connectivity reflects structural connectivity in the default mode network. Cerebral 
Cortex 19(1), 72-78, doi: 10.1093/cercor/bhn059. 

Greimel, E., Schulte-Ruther, M., Kircher, T., Kamp-Becker, I., Remschmidt, H., Fink, G.R., . . . 
Konrad, K., 2010. Neural mechanisms of empathy in adolescents with autism spectrum 
disorder and their fathers. Neuroimage 49(1), 1055-1065, doi: 
10.1016/j.neuroimage.2009.07.057. 

Green, M.F., Horan, W.P., Lee, J., 2015. Social cognition in schizophrenia. Nature Reviews 
Neuroscience 16(10), 620-631, doi: 10.1038/nrn4005. 

Griswold, A.J., Dueker, N.D., Van Booven, D., Rantus, J.A., Jaworski, J.M., Slifer, S.H., . . . 
Pericak-Vance, M.A., 2015. Targeted massively parallel sequencing of autism spectrum 
disorder-associated genes in a case control cohort reveals rare loss-of-function risk 
variants. Molecular Autism 6, 43, doi: 10.1186/s13229-015-0034-z. 

Guptill, J.T., Booker, A.B., Gibbs, T.T., Kemper, T.L., Bauman, M.L., Blatt, G.J., 2007. [3H]-
flunitrazepam-labeled benzodiazepine binding sites in the hippocampal formation in 



55 

 

autism: a multiple concentration autoradiographic study. Journal of Autism and 
Developmental Disorders 37(5), 911-920, doi: 10.1007/s10803-006-0226-7. 

Hara, H., 2007. Autism and epilepsy: A retrospective follow-up study. Brain & Development 
29(8), 486-490, doi: 10.1016/j.braindev.2006.12.012. 

Harms, M.B., Martin, A., Wallace, G.L., 2010. Facial emotion recognition in autism spectrum 
disorders: a review of behavioral and neuroimaging studies. Neuropsychology Review 
20(3), 290-322, doi: 10.1007/s11065-010-9138-6. 

Haxby, J.V., Hoffman, E.A., Gobbini, M.I., 2000. The distributed human neural system for face 
perception. Trends in Cognitive Sciences 4(6), 223-233, doi: 10.1016/S1364-
6613(00)01482-0. 

Hedges, L.V., Hunter, J.E., 1981. Distribution theory for Glass's estimator of effect size and 
related estimators. Journal of Educational Statistics 6(2), 107-128.  

Henderson, C., Wijetunge, L., Kinoshita, M.N., Shumway, M., Hammond, R.S., Postma, F.R., . . . 
Paylor, R., 2012. Reversal of disease-related pathologies in the fragile X mouse model by 
selective activation of GABAB receptors with arbaclofen. Science Translational Medicine 
4(152), 152ra128, doi: 10.1126/scitranslmed.3004218  

Hennion, S., Delbeuck, X., Duhamel, A., Lopes, R., Semah, F., Tyvaert, L., . . . Szurhaj, W., 2015. 
Characterization and prediction of theory of mind disorders in temporal lobe epilepsy. 
Neuropsychology 29(3), 485-492, doi: 10.1037/neu0000126. 

Hermann, B.P., Seidenberg, M., Dow, C., Jones, J., Rutecki, P., Bhattacharya, A., Bell, B., 2006. 
Cognitive prognosis in chronic temporal lobe epilepsy. Annals of Neurology 60(1), 80-
87, doi: 10.1002/ana.20872. 

Heulens, I., D’Hulst, C., Van Dam, D., De Deyn, P.P., Kooy, R.F., 2012. Pharmacological 
treatment of fragile X syndrome with GABAergic drugs in a knockout mouse model. 
Behavioural Brain Research 229(1), 244-249, doi: 10.1016/j.bbr.2012.01.031. 

Hlobil, U., Rathore, C., Alexander, A., Sarma, S., Radhakrishnan, K., 2008. Impaired facial 
emotion recognition in patients with mesial temporal lobe epilepsy associated with 
hippocampal sclerosis (MTLE-HS): Side and age at onset matters. Epilepsy Research 
80(2–3), 150-157, doi: 10.1016/j.eplepsyres.2008.03.018. 

Hogart, A., Wu, D., LaSalle, J.M., Schanen, N.C., 2010. The comorbidity of autism with the 
genomic disorders of chromosome 15q11.2-q13. Neurobiology of Disease 38(2), 181-
191, doi: 10.1016/j.nbd.2008.08.011. 

Holt, R.J., Chura, L.R., Lai, M.C., Suckling, J., von dem Hagen, E., Calder, A.J., . . . Spencer, M.D., 
2014. 'Reading the Mind in the Eyes': an fMRI study of adolescents with autism and their 
siblings. Psychol Med 44(15), 3215-3227, doi: 10.1017/S0033291714000233. 

Hotelling, H., 1953. New light on the correlation coefficient and its transforms. Journal of 
the Royal Statistical Society. Series B (Methodological) 15(2), 193-232.  

Howell, K.B., McMahon, J.M., Carvill, G.L., Tambunan, D., Mackay, M.T., Rodriguez-Casero, V., 
. . . Scheffer, I.E., 2015. SCN2A encephalopathy: A major cause of epilepsy of infancy with 
migrating focal seizures. Neurology 85(11), 958-966, doi: 
10.1212/WNL.0000000000001926. 

Huber, K.M., Gallagher, S.M., Warren, S.T., Bear, M.F., 2002. Altered synaptic plasticity in a 
mouse model of fragile X mental retardation. Proceedings of the National Academy of 
Sciences USA 99(11), 7746-7750, doi: 10.1073/pnas.122205699. 

Hughes, C., Dunn, J., 1998. Understanding mind and emotion: Longitudinal associations 
with mental-state talk between young friends. Developmental Psychology 34(5), 1026, 
doi: 10.1037/0012-1649.34.5.1026. 



56 

 

Humphreys, K., Minshew, N., Leonard, G.L., Behrmann, M., 2007. A fine-grained analysis of 
facial expression processing in high-functioning adults with autism. Neuropsychologia 
45(4), 685-695, doi: 10.1016/j.neuropsychologia.2006.08.003. 

Ji, G.J., Zhang, Z., Xu, Q., Wang, Z., Wang, J., Jiao, Q., . . . Lu, G., 2015. Identifying 
corticothalamic network epicenters in patients with idiopathic generalized epilepsy. 
American Journal of Neuroradiology 36(8), 1494-1500, doi: 10.3174/ajnr.A4308. 

Jiang, Y., Hu, Y., Wang, Y., Zhou, N., Zhu, L., Wang, K., 2014. Empathy and emotion 
recognition in patients with idiopathic generalized epilepsy. Epilepsy & Behavior 37, 
139-144, doi: 10.1016/j.yebeh.2014.06.005. 

Jokiranta, E., Sourander, A., Suominen, A., Timonen-Soivio, L., Brown, A., Sillanpää, M., 2014. 
Epilepsy among children and adolescents with autism spectrum disorders: A 
population-based study. Journal of Autism and Developmental Disorders 44(10), 2547-
2557, doi: 10.1007/s10803-014-2126-6. 

Kadak, M.T., Demirel, O.F., Yavuz, M., Demir, T., 2014. Recognition of emotional facial 
expressions and broad autism phenotype in parents of children diagnosed with autistic 
spectrum disorder. Comprehensive Psychiatry 55(5), 1146-1151, doi: 
10.1016/j.comppsych.2014.03.004. 

Kanner, L., 1943. Autistic disturbances of affective contact. The Nervous Child 2(217-250, 
doi:  

Kanner, L., 1971. Follow-up study of eleven autistic children originally reported in 1943. 
Journal of Autism and Childhood Schizophrenia 1(2), 119-145, doi: 
10.1007/BF01537953. 

Kato, M., Dobyns, W.B., 2005. X-linked lissencephaly with abnormal genitalia as a tangential 
migration disorder causing intractable epilepsy: Proposal for a new term, 
"interneuronopathy". Journal of Child Neurology 20(4), 392-397. 

Keating, M., Atkinson, D., Dunn, C., Timothy, K., Vincent, G.M., Leppert, M., 1991. Linkage of a 
cardiac arrhythmia, the long QT syndrome, and the Harvey ras-1 gene. Science 
252(5006), 704-706. 

Kelleher, R.J., 3rd, Bear, M.F., 2008. The autistic neuron: Troubled translation? Cell 135(3), 
401-406, doi: 10.1016/j.cell.2008.10.017. 

Keown, C.L., Shih, P., Nair, A., Peterson, N., Mulvey, M.E., Muller, R.A., 2013. Local functional 
overconnectivity in posterior brain regions is associated with symptom severity in 
autism spectrum disorders. Cell Reports 5(3), 567-572, doi: 
10.1016/j.celrep.2013.10.003. 

Klein, J.T., Shepherd, S.V., Platt, M.L., 2009. Social attention and the brain. Current Biology 
19(20), R958-R962, doi: 10.1016/j.cub.2009.08.010. 

Kohane, I.S., McMurry, A., Weber, G., MacFadden, D., Rappaport, L., Kunkel, L., . . . Churchill, 
S., 2012. The co-morbidity burden of children and young adults with autism spectrum 
disorders. PLoS One 7(4), e33224, doi: 10.1371/journal.pone.0033224. 

Kuwano, Y., Kamio, Y., Kawai, T., Katsuura, S., Inada, N., Takaki, A., Rokutan, K., 2011. 
Autism-associated gene expression in peripheral leucocytes commonly observed 
between subjects with autism and healthy women having autistic children. PloS One 
6(9), e24723, doi: 10.1371/journal.pone.0024723. 

Kwon, C.-H., Luikart, B.W., Powell, C.M., Zhou, J., Matheny, S.A., Zhang, W., . . . Parada, L.F., 
2006. Pten regulates neuronal arborization and social interaction in mice. Neuron 50(3), 
377-388, doi:  

Lee, K.H., Siegle, G.J., 2012. Common and distinct brain networks underlying explicit 



57 

 

emotional evaluation: A meta-analytic study. Social Cognitive and Affective 
Neuroscience, nsp001, doi: 10.1093/scan/nsp001. 

Levin-Decanini, T., Maltman, N., Francis, S.M., Guter, S., Anderson, G.M., Cook, E.H., Jacob, S., 
2013. Parental broader autism subphenotypes in ASD affected families: Relationship to 
gender, child's symptoms, SSRI treatment, and platelet serotonin. Autism Research 6(6), 
621-630, doi: 10.1002/aur.1322. 

Li, L., Chin, L.S., Shupliakov, O., Brodin, L., Sihra, T.S., Hvalby, O., . . . et al., 1995. Impairment 
of synaptic vesicle clustering and of synaptic transmission, and increased seizure 
propensity, in synapsin I-deficient mice. Proceedings of the National Academy of 
Sciences of the United States of America 92(20), 9235-9239. 

Li, Y.H., Chiu, M.J., Yeh, Z.T., Liou, H.H., Cheng, T.W., Hua, M.S., 2013. Theory of mind in 
patients with temporal lobe epilepsy. Journal of the International Neuropsychological 
Society 19(5), 594-600, doi: 10.1017/S1355617713000143. 

Lieberman, M.D., Eisenberger, N.I., Crockett, M.J., Tom, S.M., Pfeifer, J.H., Way, B.M., 2007. 
Putting feelings into words: Affect labeling disrupts amygdala activity in response to 
affective stimuli. Psychological Science 18(5), 421-428, doi: 10.1111/j.1467-
9280.2007.01916.x  

Lipsey, M.W., Wilson, D.B., 2001. Practical meta-analysis. SAGE publications, Thousand 
Oaks. 

Losh, M., Piven, J., 2007. Social-cognition and the broad autism phenotype: Identifying 
genetically meaningful phenotypes. Journal of Child Psychology and Psychiatry 48(1), 
105-112, doi: 10.1111/j.1469-7610.2006.01594.x. 

Lourenço das Neves, M.d.C., Tremeau, F., Nicolato, R., Lauar, H., Romano-Silva, M.A., Correa, 
H., 2011. Facial emotion recognition deficits in relatives of children with autism are not 
associated with 5HTTLPR. Revista Brasileira de Psiquiatria 33(3), 261-267, doi: 
10.1590/S1516-44462011000300009   

Macdonald, R.L., Kang, J.Q., Gallagher, M.J., 2010. Mutations in GABAA receptor subunits 
associated with genetic epilepsies. The Journal of Physiology 588(11), 1861-1869, doi: 
10.1113/jphysiol.2010.186999. 

Mar, R.A., 2011. The neural bases of social cognition and story comprehension. Annual 
Review of Psychology 62, 103-134, doi: 10.1146/annurev-psych-120709-145406. 

Marini, C., Mantegazza, M., 2010. Na+ channelopathies and epilepsy: Recent advances and 
new perspectives. Expert Review of Clinical Pharmacology 3(3), 371-384, doi: 
10.1586/ecp.10.20. 

Mars, R.B., Neubert, F.-X., Noonan, M.P., Sallet, J., Toni, I., Rushworth, M.F., 2012. On the 
relationship between the “default mode network” and the “social brain”. Frontiers in 
Human Neuroscience 6(Article 189), doi: 10.3389/fnhum.2012.00189. 

Matsunami, N., Hadley, D., Hensel, C.H., Christensen, G.B., Kim, C., Frackelton, E., . . . 
Hakonarson, H., 2013. Identification of rare recurrent copy number variants in high-risk 
autism families and their prevalence in a large ASD population. PLoS One 8(1), e52239, 
doi: 10.1371/journal.pone.0052239. 

Mazza, M., Costagliola, C., Di Michele, V., Magliani, V., Pollice, R., Ricci, A., . . . Galzio, R., 2007. 
Deficit of social cognition in subjects with surgically treated frontal lobe lesions and in 
subjects affected by schizophrenia. European Archives of Psychiatry and Clinical 
Neuroscience 257(1), 12-22, doi: 10.1007/s00406-006-0676-0. 

McCauley, J.L., Olson, L.M., Delahanty, R., Amin, T., Nurmi, E.L., Organ, E.L., . . . Sutcliffe, J.S., 
2004. A linkage disequilibrium map of the 1-Mb 15q12 GABA(A) receptor subunit 



58 

 

cluster and association to autism. American Journal of Medical Genetics. Part B, 
Neuropsychiatric Genetics 131B(1), 51-59, doi: 10.1002/ajmg.b.30038. 

McClelland, S., Garcia, R.E., Peraza, D.M., Shih, T.T., Hirsch, L.J., Hirsch, J., Goodman, R.R., 
2006. Facial Emotion Recognition after Curative Nondominant Temporal Lobectomy in 
Patients with Mesial Temporal Sclerosis. Epilepsia 47(8), 1337-1342, doi: 
10.1111/j.1528-1167.2006.00557.x. 

McDonald, C.R., Ahmadi, M.E., Hagler, D.J., Tecoma, E.S., Iragui, V.J., Gharapetian, L., . . . 
Halgren, E., 2008. Diffusion tensor imaging correlates of memory and language 
impairments in temporal lobe epilepsy. Neurology 71(23), 1869-1876, doi: 
10.1212/01.wnl.0000327824.05348.3b. 

McGill, M.L., Devinsky, O., Kelly, C., Milham, M., Castellanos, F.X., Quinn, B.T., . . . Thesen, T., 
2012. Default mode network abnormalities in idiopathic generalized epilepsy. Epilepsy 
& Behavior 23(3), 353-359, doi: 10.1016/j.yebeh.2012.01.013. 

Meletti, S., Benuzzi, F., Cantalupo, G., Rubboli, G., Tassinari, C.A., Nichelli, P., 2009. Facial 
emotion recognition impairment in chronic temporal lobe epilepsy. Epilepsia 50(6), 
1547-1559, doi: 10.1111/j.1528-1167.2008.01978.x. 

Meletti, S., Benuzzi, F., Rubboli, G., Cantalupo, G., Stanzani Maserati, M., Nichelli, P., 
Tassinari, C.A., 2003. Impaired facial emotion recognition in early-onset right mesial 
temporal lobe epilepsy. Neurology 60(3), 426-431, doi: 10.1212/WNL.60.3.426.  

Mitchell, R.L., Phillips, L.H., 2015. The overlapping relationship between emotion 
perception and theory of mind. Neuropsychologia 70(1-10, doi: 
10.1016/j.neuropsychologia.2015.02.018. 

Moller, R.S., Weber, Y.G., Klitten, L.L., Trucks, H., Muhle, H., Kunz, W.S., . . . Consortium, E., 
2013. Exon-disrupting deletions of NRXN1 in idiopathic generalized epilepsy. Epilepsia 
54(2), 256-264, doi: 10.1111/epi.12078. 

Moller, R.S., Weckhuysen, S., Chipaux, M., Marsan, E., Taly, V., Bebin, E.M., . . . Baulac, S., 
2016. Germline and somatic mutations in the MTOR gene in focal cortical dysplasia and 
epilepsy. Neurology Genetics 2(6), e118, doi: 10.1212/NXG.0000000000000118. 

Monk, C.S., Peltier, S.J., Wiggins, J.L., Weng, S.J., Carrasco, M., Risi, S., Lord, C., 2009. 
Abnormalities of intrinsic functional connectivity in autism spectrum disorders. 
Neuroimage 47(2), 764-772, doi: 10.1016/j.neuroimage.2009.04.069. 

Montague, D.P., Walker-Andrews, A.S., 2001. Peekaboo: A new look at infants' perception of 
emotion expressions. Developmental Psychology 37(6), 826, doi: 10.1037/0012-
1649.37.6.826. 

Monti, G., Meletti, S., 2015. Emotion recognition in temporal lobe epilepsy: A systematic 
review. Neuroscience and Biobehavioral Reviews 55, 280-293, doi: 
10.1016/j.neubiorev.2015.05.009. 

Morgan, R.J., Soltesz, I., 2008. Nonrandom connectivity of the epileptic dentate gyrus 
predicts a major role for neuronal hubs in seizures. Proceedings of the National 
Academy of Sciences 105(16), 6179-6184, doi: 10.1073/pnas.0801372105. 

Mouridsen, S.E., Rich, B., Isager, T., 2013. Epilepsy in individuals with a history of 
Asperger's syndrome: A Danish nationwide register-based cohort study. Journal of 
Autism and Developmetnal Disorders 43(6), 1308-1313, doi: 10.1007/s10803-012-
1675-9. 

Mueller, S., Keeser, D., Samson, A.C., Kirsch, V., Blautzik, J., Grothe, M., . . . Meindl, T., 2013. 
Convergent findings of altered functional and structural brain connectivity in individuals 
with high functioning autism: A multimodal MRI study. PLoS One 8(6), e67329, doi: 



59 

 

10.1371/journal.pone.0067329. 

Mullen, S.A., Scheffer, I.E., 2009. Translational research in epilepsy genetics: Sodium 
channels in man to interneuronopathy in mouse. Archives of Neurology 66(1), 21-26, 
doi: 10.1001/archneurol.2008.559. 

Nair, A., Treiber, J.M., Shukla, D.K., Shih, P., Muller, R.A., 2013. Impaired thalamocortical 
connectivity in autism spectrum disorder- A study of functional and anatomical 
connectivity. Brain 136(Pt 6), 1942-1955, doi: 10.1093/brain/awt079. 

Nelissen, N., Van Paesschen, W., Baete, K., Van Laere, K., Palmini, A., Van Billoen, H., Dupont, 
P., 2006. Correlations of interictal FDG-PET metabolism and ictal SPECT perfusion 
changes in human temporal lobe epilepsy with hippocampal sclerosis. Neuroimage 
32(2), 684-695, doi: 10.1016/j.neuroimage.2006.04.185. 

Nydén, A., Hagberg, B., Goussé, V., Rastam, M., 2011. A cognitive endophenotype of autism 
in families with multiple incidence. Research in Autism Spectrum Disorders 5(1), 191-
200, doi: 10.1016/j.rasd.2010.03.010. 

Oerlemans, A.M., Droste, K., van Steijn, D.J., de Sonneville, L.M., Buitelaar, J.K., Rommelse, 
N.N., 2013. Co-segregation of social cognition, executive function and local processing 
style in children with ASD, their siblings and normal controls. Journal of Autism and 
Developmental Disorders 43(12), 2764-2778, doi: 10.1007/s10803-013-1807-x. 

Oerlemans, A.M., van der Meer, J.M., van Steijn, D.J., de Ruiter, S.W., de Bruijn, Y.G., de 
Sonneville, L.M., . . . Rommelse, N.N., 2014. Recognition of facial emotion and affective 
prosody in children with ASD (+ADHD) and their unaffected siblings. European Child 
and Adolescent Psychiatry 23(5), 257-271, doi: 10.1007/s00787-013-0446-2. 

Oeseburg, B., Dijkstra, G.J., Groothoff, J.W., Reijneveld, S.A., Jansen, D.E., 2011. Prevalence of 
chronic health conditions in children with intellectual disability: A systematic literature 
review. Intellectual and Development Disabilities 49(2), 59-85, doi: 10.1352/1934-
9556-49.2.59. 

Ogai, M., Matsumoto, H., Suzuki, K., Ozawa, F., Fukuda, R., Uchiyama, I., . . . Takei, N., 2003. 
fMRI study of recognition of facial expressions in high-functioning autistic patients. 
Neuroreport 14(4), 559-563, doi: 10.1097/01.wnr.0000061019.47393.71. 

Oostrom, K.J., Smeets-Scouten, A., Kruitwagen, C.L.J.J., Peters, A.C.B., AJennekens-Schinkel, 
A., 2003. Not only a matter of epilepsy: Early problems of cognition and behavior in 
children with "epilepsy only"- A prospective, longitudinal, controlled study starting at 
diagnosis. Pediatrics 112(6), 1338-1344. 

Ortigue, S., King, D., Gazzaniga, M., Miller, M., Grafton, S., 2009. Right hemisphere 
dominance for understanding the intentions of others: Evidence from a split-brain 
patient. British Medical Journal Case Reports 2009, bcr07.2008.0593, doi: 
10.1136/bcr.07.2008.0593. 

Orwin, R.G., 1983. A fail-safe N for effect size. Journal of Educational Statistics 8(147-159, 
doi:  

Ozonoff, S., Rogers, S., Farnham, J., Pennington, B., 1993. Can standard measures identify 
subclinical markers of autism? Journal of Autism and Developmental Disorders 23(3), 
429-441, doi: 10.1007/BF01046049. 

Paluszkiewicz, S.M., Olmos-Serrano, J.L., Corbin, J.G., Huntsman, M.M., 2011. Impaired 
inhibitory control of cortical synchronization in fragile X syndrome. Journal of 
Neurophysiology 106(5), 2264-2272, doi: 10.1152/jn.00421.2011. 

Parmeggiani, A., Barcia, G., Posar, A., Raimondi, E., Santucci, M., Scaduto, M.C., 2010. 
Epilepsy and EEG paroxysmal abnormalities in autism spectrum disorders. Brain and 



60 

 

Development 32(9), 783-789, doi: :10.1016/j.braindev.2010.07.003. 

Pellicano, E., 2013. Testing the predictive power of cognitive atypicalities in autistic 
children: Evidence from a 3-year follow-up study. Autism Research 6(4), 258-267, doi: 
10.1002/aur.1286. 

Penagarikano, O., Abrahams, B.S., Herman, E.I., Winden, K.D., Gdalyahu, A., Dong, H., . . . 
Geschwind, D.H., 2011. Absence of CNTNAP2 leads to epilepsy, neuronal migration 
abnormalities, and core autism-related deficits. Cell 147(1), 235-246, doi: 
10.1016/j.cell.2011.08.040. 

Pittau, F., Grova, C., Moeller, F., Dubeau, F., Gotman, J., 2012. Patterns of altered functional 
connectivity in mesial temporal lobe epilepsy. Epilepsia 53(6), 1013-1023, doi: 
10.1111/j.1528-1167.2012.03464.x. 

Piven, J., Palmer, P., Jacobi, D., Childress, D., Arndt, S., 1997. Broader autism phenotype: 
Evidence from a family history study of multiple-incidence autism families. American 
Journal of Psychiatry 154(2), 185-190, doi: 10.1176/ajp.154.2.185. 

Prasad, D.K.V., Shaheen, U., Satyanarayana, U., Prabha, T.S., Jyothy, A., Munshi, A., 2014. 
Association of GABRA6 1519 T>C (rs3219151) and Synapsin II (rs37733634) gene 
polymorphisms with the development of idiopathic generalized epilepsy. Epilepsy 
Research 108(8), 1267-1273, doi: 10.1016/j.eplepsyres.2014.07.001. 

Premack, D., Woodruff, G., 1978. Does the chimpanzee have a theory of mind? Behavioural 
and Brain Sciences 1(4), 515-526.  

Radeloff, D., Ciaramidaro, A., Siniatchkin, M., Hainz, D., Schlitt, S., Weber, B., . . . Freitag, C.M., 
2014. Structural alterations of the social brain: A comparison between schizophrenia 
and autism. PLoS One 9(9), e106539, doi: 10.1371/journal.pone.0106539. 

Rai, D., Kerr, M.P., McManus, S., Jordanova, V., Lewis, G., Brugha, T.S., 2012. Epilepsy and 
psychiatric comorbidity: A nationally representative population-based study. Epilepsia 
53(6), 1095-1103, doi: 10.1111/j.1528-1167.2012.03500.x. 

Raudenbush, S.W., 2009. Analyzing effect sizes: Random-effects models, in: Cooper, H., 
Hedges, L.V., Valentine, J.C. (Eds.), The handbook of research synthesis and meta-
analysis, 2 ed. Russell Sage Foundation, New York. 

Reynders, H.J., Broks, P., Dickson, J.M., Lee, C.E., Turpin, G., 2005. Investigation of social and 
emotion information processing in temporal lobe epilepsy with ictal fear. Epilepsy & 
Behavior 7(3), 419-429, doi: 10.1016/j.yebeh.2005.07.013. 

Ricos, M.G., Hodgson, B.L., Pippucci, T., Saidin, A., Ong, Y.S., Heron, S.E., . . . Hughes, J., 2016. 
Mutations in the mammilian target of rapamycin pathway regulators NPRL2 and NPRL3 
cause focal epilepsy. Annals of Neurology 79(1), 120-131, doi: 10.1002/ana.24547. 

Riley, J.D., Fling, B.W., Cramer, S.C., Lin, J.J., 2015. Altered organization of face-processing 
networks in temporal lobe epilepsy. Epilepsia, 56(5), 762-771, doi: 10.1111/epi.12976. 

Risch, N., 2001. Implications of multilocus inheritance for gene–disease association studies. 
Theoretical Population Biology 60(3), 215-220, doi: 10.1006/tpbi.2001.1538. 

Rossi, P.G., Posar, A., Parmeggiani, A., 2000. Epilepsy in adolescents and young adults with 
autistic disorder. Brain & Development 22(2), 102-106. 

Rotshtein, P., Richardson, M.P., Winston, J.S., Kiebel, S.J., Vuilleumier, P., Eimer, M., . . . Dolan, 
R.J., 2010. Amygdala damage affects event-related potentials for fearful faces at specific 
time windows. Human Brain Mapping 31(7), 1089-1105, doi: 10.1002/hbm.20921. 

Ruzich, E., Allison, C., Smith, P., Watson, P., Auyeung, B., Ring, H., Baron-Cohen, S., 2015. 
Measuring autistic traits in the general population: A systematic review of the Autism-
Spectrum Quotient (AQ) in a nonclinical population sample of 6,900 typical adult males 



61 

 

and females. Molecular Autism 6(1), 2, doi: 10.1186/2040-2392-6-2. 

Saitoh, S., 2015. Clinical, molecular, and neurophysiological features in Angelman 
syndrome. Journal of Pediatric Epilepsy 04(01), 017-022, doi: 10.1055/s-0035-1554787. 

Sanders, S.J., Murtha, M.T., Gupta, A.R., Murdoch, J.D., Raubeson, M.J., Willsey, A.J., . . . State, 
M.W., 2012. De novo mutations revealed by whole-exome sequencing are strongly 
associated with autism. Nature 485(7397), 237-U124, doi: 10.1038/Nature10945. 

Sasson, N.J., Lam, K.S., Childress, D., Parlier, M., Daniels, J.L., Piven, J., 2013. The broad 
autism phenotype questionnaire: Prevalence and diagnostic classification. Autism 
Research 6(2), 134-143, doi: 10.1002/aur.1272. 

Sasson, N.J., Pinkham, A.E., Richard, J., Hughett, P., Gur, R.E., Gur, R.C., 2010. Controlling for 
response biases clarifies sex and age differences in facial affect recognition. Journal of 
Nonverbal Behavior 34(4), 207-221, doi: 10.1007/s10919-010-0092-z. 

Saxe, R., Carey, S., Kanwisher, N., 2004. Understanding other minds: Linking developmental 
psychology and functional neuroimaging. Annual Review of Psychology 55, 87-124, doi: 
10.1146/annurev.psych.55.090902.142044. 

Saxe, R., Powell, L.J., 2006. It's the thought that counts: Specific brain regions for one 
component of theory of mind. Psychological Science 17(8), 692-699, doi: 
10.1111/j.1467-9280.2006.01768.x  

Schacher, M., Winkler, R., Grunwald, T., Kraemer, G., Kurthen, M., Reed, V., Jokeit, H., 2006. 
Mesial temporal lobe epilepsy impairs advanced social cognition. Epilepsia 47(12), 
2141-2146, doi: 10.1111/j.1528-1167.2006.00857.x. 

Scheffer, I.E., Wallace, R.H., Phillips, F.L., Hewson, P., Reardon, K., Parasivam, G., . . . Mulley, 
J.C., 2002. X-linked myoclonic epilepsy with spasticity and intellectual disability: 
Mutation in the homeobox gene ARX. Neurology 59(3), 348-356. 

Schendel, D.E., Bresnahan, M., Carter, K.W., Francis, R.W., Gissler, M., Gronborg, T.K., . . . 
Susser, E., 2013. The International Collaboration for Autism Registry Epidemiology 
(iCARE): Multinational registry-based investigations of autism risk factors and trends. 
Journal of Autism and Developmental Disorders 43(11), 2650-2663, doi: 
10.1007/s10803-013-1815-x. 

Schurz, M., Radua, J., Aichhorn, M., Richlan, F., Perner, J., 2014. Fractionating theory of mind: 
A meta-analysis of functional brain imaging studies. Neuroscience and Biobehavioral 
Reviews 42, 9-34, doi: 10.1016/j.neubiorev.2014.01.009. 

Schuwerk, T., Vuori, M., Sodian, B., 2015. Implicit and explicit Theory of Mind reasoning in 
autism spectrum disorders: The impact of experience. Autism 19(4), 459-468, doi: 
10.1177/1362361314526004. 

Sebat, J., Lakshmi, B., Malhotra, D., Troge, J., Lese-Martin, C., Walsh, T., . . . Wigler, M., 2007. 
Strong association of de novo copy number mutations with autism. Science 316(5823), 
445-449, doi: 10.1126/science.1138659. 

Sedda, A., Rivolta, D., Scarpa, P., Burt, M., Frigerio, E., Zanardi, G., . . . Bottini, G., 2013a. 
Ambiguous emotion recognition in temporal lobe epilepsy: The role of expression 
intensity. Cognitive, Affective and Behavioral Neuroscience 13(3), 452-463, doi: 
10.3758/s13415-013-0153-y. 

Sedda, A., Scarpa, P., Francione, S., Lorusso, G., Bottini, G., 2013b. Body postures recognition 
in TLE: Beyond facial expressions, Poster presentation at 4th ENS Meeting, 12-14 
September 2013, Berlin. 

Seidman, I., Yirmiya, N., Milshtein, S., Ebstein, R., Levi, S., 2012. The Broad Autism 
Phenotype Questionnaire: Mothers versus fathers of children with an autism spectrum 



62 

 

disorder. Journal of Autism and Developmental Disorders 42(5), 837-846, doi: 
10.1007/s10803-011-1315-9. 

Selby, L., Zhang, C., Sun, Q.-Q., 2007. Major defects in neocortical GABAergic inhibitory 
circuits in mice lacking the fragile X mental retardation protein. Neuroscience Letters 
412(3), 227-232, doi: 10.1016/j.neulet.2006.11.062. 

Senju, A., Southgate, V., White, S., Frith, U., 2009. Mindblind eyes: An absence of 
spontaneous theory of mind in Asperger syndrome. Science 325(5942), 883-885, doi: 
10.1126/science.1176170. 

Sesarini, C.V., Costa, L., Grañana, N., Coto, M.G., Pallia, R.C., Argibay, P.F., 2015. Association 
between GABA(A) receptor subunit polymorphisms and autism spectrum disorder 
(ASD). Psychiatry Research 229(1–2), 580-582, doi: 10.1016/j.psychres.2015.07.077. 

Sesarini, C.V., Costa, L., Naymark, M., Grañana, N., Cajal, A.R., García Coto, M., . . . Argibay, 
P.F., 2014. Evidence for interaction between markers in GABA(A) receptor subunit genes 
in an Argentinean autism spectrum disorder population. Autism Research 7(1), 162-166, 
doi: 10.1002/aur.1353. 

Shaked, M., Gamliel, I., Yirmiya, N., 2006. Theory of mind abilities in young siblings of 
children with autism. Autism 10(2), 173-187, doi: 10.1177/1362361306062023. 

Shaw, P., Lawrence, E.J., Radbourne, C., Bramham, J., Polkey, C.E., David, A.S., 2004. The 
impact of early and late damage to the human amygdala on 'theory of mind' reasoning. 
Brain 127(7), 1535-1548, doi: 10.1093/brain/awh168. 

Shoubridge, C., Fullston, T., Gecz, J., 2010. ARX spectrum disorders: Making inroads into the 
molecular pathology. Humam Mutattion 31(8), 889-900, doi: 10.1002/humu.21288. 

Slaughter, V., Peterson, C.C., Mackintosh, E., 2007. Mind what mother says: Narrative input 
and theory of mind in typical children and those on the autism spectrum. Child 
Development 78(3), 839-858, doi: 10.1111/j.1467-8624.2007.01036.x. 

Smith, K.R., Matson, J.L., 2010a. Behavior problems: differences among intellectually 
disabled adults with co-morbid autism spectrum disorders and epilepsy. Research in 
developmental disabilities 31(5), 1062-1069, doi: 10.1016/j.ridd.2010.04.003. 

Smith, K.R., Matson, J.L., 2010b. Psychopathology: differences among adults with 
intellectually disabled, comorbid autism spectrum disorders and epilepsy. Research in 
developmental disabilities 31(3), 743-749, doi: 10.1016/j.ridd.2010.01.016. 

Smith, K.R., Matson, J.L., 2010c. Social skills: differences among adults with intellectual 
disabilities, co-morbid autism spectrum disorders and epilepsy. Research in 
developmental disabilities 31(6), 1366-1372, doi: 10.1016/j.ridd.2010.07.002. 

Spencer, M.D., Holt, R.J., Chura, L.R., Suckling, J., Calder, A.J., Bullmore, E.T., Baron-Cohen, S., 
2011. A novel functional brain imaging endophenotype of autism: The neural response 
to facial expression of emotion. Translational Psychiatry 1(e19), 1-7, doi: 
doi:10.1038/tp.2011.18. 

Spunt, R.P., Elison, J.T., Dufour, N., Hurlemann, R., Saxe, R., Adolphs, R., 2015. Amygdala 
lesions do not compromise the cortical network for false-belief reasoning. Proceedings 
of the National Academy of Sciences 112(15), 4827-4832, doi: 
10.1073/pnas.1422679112. 

Spunt, R.P., Lieberman, M.D., 2012. An integrative model of the neural systems supporting 
the comprehension of observed emotional behavior. Neuroimage 59(3), 3050-3059, doi: 
10.1016/j.neuroimage.2011.10.005. 

Stewart, E., Catroppa, C., Lah, S., 2016. Theory of mind in patients with epilepsy: A 
systematic review and meta-analysis. Neuropsychology Review 26(1), 3-24, doi: 



63 

 

10.1007/s11065-015-9313-x. 

Strauss, K.A., Puffenberger, E.G., Huentelman, M.J., Gottlieb, S., Dobrin, S.E., Parod, J.M., . . . 
Morton, D.H., 2006. Recessive symptomatic focal epilepsy and mutant contactin-
associated protein-like 2. New England Journal of Medicine 354(13), 1370-1377, doi: 
doi:10.1056/NEJMoa052773. 

Stromme, P., Mangelsdorf, M.E., Shaw, M.A., Lower, K.M., Lewis, S.M., Bruyere, H., . . . Gecz, J., 
2002. Mutations in the human ortholog of Aristaless cause X-linked mental retardation 
and epilepsy. Nature Genetics 30(4), 441-445, doi: 10.1038/ng862. 

Sucksmith, E., Allison, C., Baron-Cohen, S., Chakrabarti, B., Hoekstra, R.A., 2013. Empathy 
and emotion recognition in people with autism, first-degree relatives, and controls. 
Neuropsychologia 51(1), 98-105, doi: 10.1016/j.neuropsychologia.2012.11.013. 

Sucksmith, E., Roth, I., Hoekstra, R.A., 2011. Autistic traits below the clinical threshold: Re-
examining the broader autism phenotype in the 21st Century. Neuropsychology Review 
21(4), 360-389, doi: 10.1007/s11065-011-9183-9. 

Szaflarski, J.P., Allendorfer, J.B., Heyse, H., Mendoza, L., Szaflarski, B.A., Cohen, N., 2014. 
Functional MRI of facial emotion processing in left temporal lobe epilepsy. Epilepsy & 
Behavior 32, 92-99, doi: 10.1016/j.yebeh.2014.01.012. 

Tajmirriyahi, M., Nejati, V., Pouretemad, H., Sepehr, R.M., 2013. Reading the mind in the face 
and voice in parents of children with Autism Spectrum Disorders. Research in Autism 
Spectrum Disorders 7(12), 1543-1550, doi: 10.1016/j.rasd.2013.08.007. 

Tanaka, A., Akamatsu, N., Yamano, M., Nakagawa, M., Kawamura, M., Tsuji, S., 2013. A more 
realistic approach, using dynamic stimuli, to test facial emotion recognition impairment 
in temporal lobe epilepsy. Epilepsy & Behavior 28(1), 12-16, doi: 
10.1016/j.yebeh.2013.03.022. 

Tanaka, M., Olsen, R.W., Medina, M.T., Schwartz, E., Alonso, M.E., Duron, R.M., . . . Delgado-
Escueta, A.V., 2008. Hyperglycosylation and reduced GABA currents of mutated GABRB3 
polypeptide in remitting childhood absence epilepsy. The American Journal of Human 
Genetics 82(6), 1249-1261, doi: 10.1016/j.ajhg.2008.04.020. 

Thalhammer, A., Cingolani, L.A., 2014. Cell adhesion and homeostatic synaptic plasticity. 
Neuropharmacology 78, 23-30, doi: 10.1016/j.neuropharm.2013.03.015. 

Thomas, R.H., Berkovic, S.F., 2014. The hidden genetics of epilepsy-a clinically important 
new paradigm. Nature Reviews. Neurology 10(5), 283-292, doi: 
10.1038/nrneurol.2014.62. 

Tonks, J., Williams, W.H., Frampton, I., Yates, P., Slater, A., 2007. Assessing emotion 
recognition in 9-15-years olds: Preliminary analysis of abilities in reading emotion from 
faces, voices and eyes. Brain Injury 21(6), 623-629, doi: 10.1080/02699050701426865. 

Trillingsgaard, A., Østergaard, J.R., 2004. Autism in Angelman Syndrome: An exploration of 
comorbidity. Autism 8(2), 163-174, doi: 10.1177/1362361304042720. 

Tuchman, R.F., Cuccaro, M., Alessandri, M., 2010. Autism and epilepsy: Historical 
perspective. Brain & Development 32(9), 709-718, doi: 10.1016/j.braindev.2010.04.008. 

Tuchman, R.F., Rapin, I., Shinnar, S., 1991. Autistic and dysphasic children. II: Epilepsy. 
Pediatrics 88(6), 1219-1225. 

Turk, J., Bax, M., Williams, C., Amin, P., Eriksson, M., Gillberg, C., 2009. Autism spectrum 
disorder in children with and without epilepsy: Impact on social functioning and 
communication. Acta Paediatrica 98(4), 675-681, doi: 10.1111/j.1651-
2227.2008.01184.x. 

Vadlamudi, L., Milne, R.L., Lawrence, K., Heron, S.E., Eckhaus, J., Keay, D., . . . Berkovic, S.F., 



64 

 

2014. Genetics of epilepsy: The testimony of twins in the molecular era. Neurology 
83(12), 1042-1048, doi: 10.1212/WNL.0000000000000790. 

van Eeghen, A.M., Pulsifer, M.B., Merker, V.L., Neumeyer, A.M., van Eeghen, E.E., Thibert, 
R.L., . . . Thiele, E.A., 2013. Understanding relationships between autism, intelligence, and 
epilepsy: A cross-disorder approach. Developmental Medicine & Child Neurology 55(2), 
146-153, doi: 10.1111/dmcn.12044. 

Vink, M., Derks, J.M., Hoogendam, J.M., Hillegers, M., Kahn, R.S., 2014. Functional differences 
in emotion processing during adolescence and early adulthood. Neuroimage 91, 70-76, 
doi: 10.1016/j.neuroimage.2014.01.035. 

Virkud, Y.V., Todd, R.D., Abbacchi, A.M., Zhang, Y., Constantino, J.N., 2009. Familial 
aggregation of quantitative autistic traits in multiplex versus simplex autism. American 
Journal of Medical Genetics Part B: Neuropsychiatric Genetics 150B(3), 328-334, doi: 
10.1002/ajmg.b.30810. 

Viscidi, E.W., Johnson, A.L., Spence, S.J., Buka, S.L., Morrow, E.M., Triche, E.W., 2014. The 
association between epilepsy and autism symptoms and maladaptive behaviors in 
children with autism spectrum disorder. Autism 18(8), 996-1006, doi: Doi 
10.1177/1362361313508027. 

Viscidi, E.W., Triche, E.W., Pescosolido, M.F., McLean, R.L., Joseph, R.M., Spence, S.J., Morrow, 
E.M., 2013. Clinical characteristics of children with autism spectrum disorder and co-
occurring epilepsy. PLoS One 8(7), e67797:67791-67711, doi: 
10.1371/journal.pone.0067797. 

Voets, N.L., Beckmann, C.F., Cole, D.M., Hong, S., Bernasconi, A., Bernasconi, N., 2012. 
Structural substrates for resting network disruption in temporal lobe epilepsy. Brain 
135(Pt 8), 2350-2357, doi: 10.1093/brain/aws137. 

Wallace, B.C., Dahabreh, I.J., Trikallinos, T.A., Lau, J., Trow, P., Schmid, C.H., 2012. Closing the 
gap between methodologists and end-users: R as a computational back-end. Journal of 
Satistical Software 49(5), 1-15. 

Wallace, S., Sebastian, C., Pellicano, E., Parr, J., Bailey, A., 2010. Face processing abilities in 
relatives of individuals with ASD. Autism Research 3(6), 345-349, doi: 10.1002/aur.161. 

Walpole, P., Isaac, C.L., Reynders, H.J., 2008. A comparison of emotional and cognitive 
intelligence in people with and without temporal lobe epilepsy. Epilepsia 49(8), 1470-
1474, doi: 10.1111/j.1528-1167.2008.01655.x. 

Wang, W.-H., Shih, Y.-H., Yu, H.-Y., Yen, D.-J., Lin, Y.-Y., Kwan, S.-Y., . . . Hua, M.-S., 2015. 
Theory of mind and social functioning in patients with temporal lobe epilepsy. Epilepsia 
56(7), 1117-1123, doi: 10.1111/epi.13023. 

Washington, S.D., Gordon, E.M., Brar, J., Warburton, S., Sawyer, A.T., Wolfe, A., . . . VanMeter, 
J.W., 2014. Dysmaturation of the default mode network in autism. Human Brain Mapping 
35(4), 1284-1296, doi: 10.1002/hbm.22252. 

Wei, H.L., An, J., Zeng, L.L., Shen, H., Qiu, S.J., Hu, D.W., 2015. Altered functional connectivity 
among default, attention, and control networks in idiopathic generalized epilepsy. 
Epilepsy & Behavior 46, 118-125, doi: 10.1016/j.yebeh.2015.03.031. 

Weiss, L.A., Escayg, A., Kearney, J.A., Trudeau, M., MacDonald, B.T., Mori, M., . . . Meisler, 
M.H., 2003. Sodium channels SCN1A, SCN2A and SCN3A in familial autism. Molecular 
Psychiatry 8(2), 186-194, doi: 10.1038/sj.mp.4001241. 

Wellman, H.M., Phillips, A.T., Dunphy-Lelii, S., LaLonde, N., 2004. Infant social attention 
predicts preschool social cognition. Developmental Science 7(3), 283-288, doi: 
10.1111/j.1467-7687.2004.00347.x. 



65 

 

Werling, D.M., Geschwind, D.H., 2015. Recurrence rates provide evidence for sex-
differential, familial genetic liability for autism spectrum disorders in multiplex families 
and twins. Molecular Autism 6(27), 1-14, doi: 10.1186/s13229-015-0004-5. 

Widjaja, E., Kis, A., Go, C., Raybaud, C., Snead, O.C., Smith, M.L., 2013. Abnormal white matter 
on diffusion tensor imaging in children with new-onset seizures. Epilepsy Research 104, 
105-111, doi: 10.1016/j.eplepsyres.2012.10.007. 

Wilson, D.B., 2010. Meta-analysis macros for SAS, SPSS, and Stata. Retrieved, February, 5, 
2015, from http://mason.gmu.edu/~dwilsonb/ma.html. 

Wilson, S.J., Baxendale, S., 2014. The new approach to classification: Rethinking cognition 
and behavior in epilepsy. Epilepsy & Behavior 41, 307-310, doi: 
10.1016/j.yebeh.2014.09.011. 

Woolfenden, S.U.E., Sarkozy, V., Ridley, G., Coory, M., Williams, K., 2012. A systematic review 
of two outcomes in autism spectrum disorder – epilepsy and mortality. Developmental 
Medicine & Child Neurology 54(4), 306-312, doi: 10.1111/j.1469-8749.2012.04223.x. 

Xinzhi, C., Zhiyu, Q., Qiang, X., Junshu, S., Zhiqiang, Z., Guangming, L., 2014. Altered intrinsic 
connectivity networks in frontal lobe epilepsy: A resting-state fMRI study. 
Computational & Mathematical Methods in Medicine, 2014, 1-10, doi: 
10.1155/2014/864979. 

Yucel, G.H., Belger, A., Bizzell, J., Parlier, M., Adolphs, R., Piven, J., 2015. Abnormal neural 
activation to faces in the parents of children with autism. Cerebral Cortex 25(12), 4653-
4666, doi: 10.1093/cercor/bhu147. 

Zwaigenbaum, L., Bryson, S., Garon, N., 2013. Early identification of autism spectrum 
disorders. Behavioural Brain Research 251, 133-146, doi: 10.1016/j.bbr.2013.04.004. 

 

 

  



66 

 

Figure captions  

 

Figure 1. The overlap between regions of seizure propagation in TLE and GGE and regions 
activated during FER and ToM tasks.  
Regions implicated in FER are in blue and those involved in ToM are in red. Regions 
involved in both are in purple. These regions were identified through meta-analyses of 
fMRI studies of emotion recognition and ToM (Fusar-Poli et al., 2009; Lee and Siegle, 2012; 
Mar, 2011; Schurz et al., 2014).  
The more consistently activated regions in fMRI studies of emotion recognition include the 
amygdala, fusiform gyrus, and lateral and medial PFC (Fusar-Poli et al., 2009; Lee and 
Siegle, 2012). For ToM, the most consistently activated regions include the medial PFC, 
STS/TPJ and IPL. Primary areas of seizure propagation in TLE overlap with FER and ToM 
regions and include the medial temporal lobe, temporal pole, fusiform gyrus, medial PFC, 
STS/TPJ, and precuneus (Dupont et al., 2009; Nelissen et al., 2006). Seizure generation and 
propagation in GGE principally involves thalamo-cortical networks. Some regions within 
these networks overlap with those activated by FER and ToM tasks: medial PFC, lateral 
PFC, IPL, precuneus and PCC (Benuzzi et al., 2012; Ji et al., 2015). Notably, certain primary 
regions of the FER and ToM networks, such as the amygdala and STS/TPJ, are not 
principally involved in GGE, in contrast to TLE. 

FER: facial emotion recognition; GGE: generalised genetic epilepsy; IFG: inferior 

frontal gyrus, IPL: inferior parietal lobule; PCC: posterior cingulate cortex; PFC: prefrontal 

cortex; STS: superior temporal sulcus; TLE: temporal lobe epilepsy; ToM: theory of mind; 

TPJ: temporo-parietal junction. 
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Figure 2. Flowchart of reports retrieved through the systematic database search. 

193 full-text reports assessed for eligibility were excluded because: there was no control or 

target group, all patients with epilepsy were post-surgical, there were fewer than five 

participants per group, the report was a review or commentary, FER or ToM was not 

measured, or insufficient data was reported. 

 

  



68 

 

Figure 3. Overview of (a) the meta-analysis of studies of FER in PWE compared to 

controls, (b) the cumulative meta-analysis of studies of FER in PWE compared to controls, 

and (c) the cumulative meta-analysis of studies of FER in PWE compared to controls 

excluding the outlying study by Farrant et al. (2005) 
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Figure 4. Overview of (a) the meta-analysis of studies of FER in ASD-relatives 

compared to controls, (b) the cumulative meta-analysis of studies of FER in ASD-relatives 

compared to controls, and (c) the cumulative meta-analysis of studies of FER in ASD-

relatives compared to controls with exclusion of the outlying study by Oerlemans et al. 

(2014) 
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Figure 5. Overview of (a) the meta-analysis of studies of ToM in PWE compared to 

controls, (b) the cumulative meta-analysis of studies of ToM in PWE compared to controls, 

and (c) the cumulative meta-analysis of studies of ToM in PWE compared to controls with 

exclusion of the outlying study by Broicher et al. (2012a) 
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Figure 6. Overview of (a) the meta-analysis of studies of ToM in ASD-relatives 

compared to controls, (b) the cumulative meta-analysis of studies of ToM in ASD-relatives 

compared to controls, and (c) the cumulative meta-analysis of studies of ToM in ASD-

relatives compared to controls with exclusion of the outlying study by Baron-Cohen & 

Hammer (1997) 
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Figure 7. The dual-strike model of BAP trait expression in PWE proposes that both 

shared mechanisms and epilepsy-specific effects contribute to expression of the BAP. 

Shared mechanisms have their effect via the first (top) pathway. (I) The Shared Epilepsy-

ASD Pathway (green arrow): shared susceptibility mechanisms between epilepsy and ASD 

lead to neurobiological abnormalities that increase both seizure and ASD susceptibility. 

Epilepsy-specific effects may amplify BAP trait expression via the Epilepsy-Dependent 

Pathway (blue arrows), causing a ‘dual-strike’. (II) The Epilepsy-Dependent Pathway: 

epilepsy-specific susceptibility mechanisms distinct from those of ASD, and secondary 

effects of epilepsy amplify the expression of BAP traits by causing neurobiological 

abnormalities that underpin ASD (blue arrows) or by causing neurobiological 

abnormalities that increase seizure susceptibility, but are not causal to expression of ASD 

symptoms (orange arrows). Note the dotted line for secondary effects represents the 

finding of their more limited impact in this meta-analysis. 
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Table 1 Shared mechanisms between epilepsy and ASD 

Proposed shared mechanisms Implicated genes  References 

1. Enhanced protein synthesis in mTOR 
pathway 

TSC1/TSC2, FMR1, 
PTEN, DEPDC5, MTOR, 
NPRL3 

e.g. Dibbens et al. (2013); 
Kelleher and Bear (2008); 
Moller et al. (2016); Ricos 
et al. (2016) 

2. Sodium channelopathy SCN1A, SCN2A e.g. Mullen & Scheffer 
(2009); Weiss et al. (2003); 
Howell et al. (2015) 

3. Disruption of GABA receptor binding 
sites 

GABRG2, GABRA1, 
GABRB3, GABRD, 
GABRA4 

e.g. Fatemi et al. (2009); 
Fatemi et al. (2014); 
Macdonald et al. 2010 

4. Protein disruption:   

 ARX and FMRP 
Development, migration and function of 
interneurons 

ARX, FMR1 e.g. Heulens et al. (2009); 
Stromme et al. (2002) 

 Neurexins 
Neuronal development and migration, and 
forming trans-synaptic complexes 
required for neurotransmission 

NRXN1, CNTNAP2 e.g. Moller et al. (2013); 
Glessner et al. (2009); 
Strauss et al. (2006); 
Alarcon et al. (2008) 

 Synapsins 
Synaptic vesicle trafficking and 
neurotransmitter release  

SYN1, SYN2 e.g. Fassio et al. (2011); 
Cavalleri et al. (2007); 
Corradi et al. (2014) 
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Table 2 Search terms employed for systematic search 

Target population terms   

PWE ASD-relatives FER terms ToM terms 

epilepsy/seizure 

broad(er) 

autism 

phenotype/ 

autism/ 

Asperger/ 

pervasive 

developmental 

disorder 

face/ facial AND (emotion 

recognition/ processing/ 

perception/ identification OR 

affect recognition/ processing/ 

perception/identification OR 

expression recognition) 

theory of mind/ mindreading/ 

mentalising/ mental 

representation/ mental state/ 

belief-desire reasoning/ social 

intelligence/ social cognition/ 

meta-cognition/ faux pas/ 

strange stories/ false-belief/ 

mind in the eyes 
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Table 3 

            Included studies: Facial emotion recognition (FER) and theory of mind (ToM) in people with epilepsy 

     

Report 
Number 
epilepsy 
patients 

Epilepsy 
patients 
subgroups 

Number 
controls 

Percent 
TLE 
patients 

FER task 
(stimuli- 
emotions) 

ToM task 

Mean 
age 
(SD), 
years 

Sex 
ratio 
(m:f) 

Mean 
IQ (SD) 

Mean 
epilepsy 
onset 
age (SD), 
years 

Mean 
epilepsy 
duration 
(SD), 
years 

Mean 
seizure 
frequency 
(SD), 
seizures/ 
month 

Meletti et 
al (2003) 

96 
63 TLE 
33 extraTLE 

50 66 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness) 

- 
35.1 

(10.6) 
40:56 - 

16.1 
(11.3) 

18.9 
(11.9) 

- 

Shaw et al 
(2004) 

29 

15 with 
amygdala 
damage 
14 without 
amygdala 
damage 

14 83 - 
False Belief L 

Happe Stories 

L 

31.1 
(11.1) 

13:16 
101.5 
(15.8) 
(PIQ) 

14.4 
(9.7) 

- - 

Glogau et 
al (2004) 

33 
18 RTLE 
15 LTLE 

13 100 

Indication of 
whether two 
faces express 
the same 
emotion 
(Ekman & 
Friesen 
(1976)- Anger, 
Fear, 
Happiness, 
Sadness) 

- 
37.1 

(12.5) 
18:15 - - 

21.7 
(13.1) 

8.6 (7.9) 
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Benuzzi et 
al (2004) 

13 
8 RmTLE 
5 LmTLE 

14 100 

Emotion 
Recognition 
Battery 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Neutral) 

- 
33.7 
(7.4) 

7:6 - - - - 

Reynders 
et al 
(2005) 

37 
27 mTLE 
10 GGE 

12 73 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

- 
37.7 

(13.7) 
15:22 

101 
(12.2) 

11.8 
(9.8) 

25.8 
(15.8) 

- 

Farrant et 
al (2005) 

14 14 FLE 14 0 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

Faux Pas L 

Happe Stories 

L 

Happe 
Cartoons M 

Reading the 
Mind in the 
Eyes LL 

34.4 
(12.1) 

6:08 
96.6 

(11.9) 
11.8 
(8.6) 

- - 

Schacher 
et al 
(2006) 

54 

27 mTLE 
27 extra-
mTLE 
(excluding 
FLE) 

12 50 - Faux Pas L 
36.2 

(11.7) 
26:28 

108.4 
(16.5) 

14.5 
(13.0) 

21.3 
(14.4) 

- 
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Batut et al 
(2006) 

12 12 mTLE 15 100 

Unspecified 
task 
(Karolinska's 
facial affect 
pictures- Fear, 
Happiness, 
Sadness, 
Neutral) 

- 
35.5 

(11.1) 
6:6 

85.5 
(14.1) 

16.5 
(8.6) 

- - 

Fowler et 
al (2006) 

28 
13 RmTLE 
15 LmTLE 

18 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen (1976) 
-Anger, 
Disgust, Fear, 
Happiness, 
Sadness) 

- 38.0 - - 10.0 28.0 - 

Hlobil et 
al (2008) 

36 
24 RmTLE 
12 LmTLE 

28 100 

Identification 
of the unique 
facial 
expression of 
emotion 
amongst 
distractor faces 
(Ekman & 
Friesen (1976); 
Lyons et al 
(1998); PICS 
Image Data 
Base (2007)- 
Anger, Fear, 
Happiness) 

- 
29.0 

(10.1) 
13:23 

95.7 
(15.1) 

- 
20.6 

(10.9) 
5.0 (4.8) 
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Golouboff 
et al 
(2008) 

37 

13 RmTLE 
16 LmTLE 
8 extra-
temporal 
FCE 

37 78 

Test de 
Reconnaissanc
e des Emotions 
Faciales pour 
Enfants 
(TREFE) 
(TREFE 
stimuli- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Neutral) 

- 
13.2 
(2.8) 

16:21 
97.1 

(13.2) 
5.5 (3.6) 6.1 (3.7) - 

Walpole 
et al 
(2008) 

16 
9 RTLE 
7 LTLE 

14 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

- 
45.3 

(11.8) 
9:7 

107.3 
(9.1) 

- 
32.4 

(17.2) 
3.6 (3.3) 

Giovagnol
i et al 
(2009) 

42 
21 TLE 
21 ULD 

21 50 - Faux Pas L 
39.5 

(14.9) 
19:23 - 

14.9 
(7.9) 

24.8 
(13.6) 

- 

Meletti et 
al (2009) 

176 

68 RmTLE 
59 LmTLE 
13 BmTLE 
36 lateral 
TLE 

50 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)-Anger, 
Disgust, Fear, 

- 
38.3 

(10.3) 
79:97 - 

14.4 
(11.2) 

23.9 
(12.2) 

- 
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Happiness, 
Sadness) 

Rotshtein 
et al 
(2010) 

14 14 LmTLE 10 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen (1976); 
Calder et al 
(1996)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

- - - - - - - 

Brand et 
al (2012) 

101 
101 
Epilepsy 
(any type) 

20 - 

CATS-
Abbreviated 
(Ekman & 
Friesen 
(1976)- 
Anger,Disgust, 
Fear, 
Happiness, 
Sadness, 
Surprise) 

- 
35.9 

(12.8) 
40:61 

103.8 
(13.4) 

20.7 
(15.1) 

- - 

Bonora et 
al (2011) 

41 
20 RmTLE 
17 LmTLE 
4 BmTLE 

51 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)-Anger, 
Disgust, Fear 
Happiness, 
Sadness) 

- 
48.1 

(11.5) 
17:24 

92.2 
(18.6) 

20.7 
(15.9) 

27.7 
(18.7) 

- 

Giovagnol
i et al 
(2011) 

138 
47 RTLE 
62 LTLE 
29 FLE 

69 79 - Faux Pas L 
36.6 

(11.5) 
55:83 - 

22.3 
(14.5) 

14.0 
(13.0) 

9.1 (9.6) 
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Broicher 
et al 
(2012 a) 

28 
12 RmTLE 
16 LmTLE 

18 100 - Faux Pas L 
37.4 

(12.6) 
11:17 

94.2 
(12.8) 

16.6 
(12.5) 

20.8 
(12.5) 

- 

Broicher 
et al 
(2012 b) 

42 

28 mTLE 
14 extra-
mTLE 
(excluding 
FLE) 

29 67 

CATS (Ekman 
& Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise, 
Neutral) 

Moving 
Triangles LL 

Reading the 
Mind in the 
Eyes LL 

Faux Pas L 

34.1 
(12.6) 

22:20 102.5 
19.7 

(10.9) 
14.4 

(12.0) 
- 

Genizi et 
al (2012) 

15 

Childhood 
Epilepsy 
with 
Centrotemp
oral Spikes 

15 0 - Yoni task LL 
10.5 
(2.2) 

- - 7.6 - - 

Giovagnol
i et al 
(2013) 

66 
54 TLE 
12 FLE 

42 82 - Faux Pas L 
37.7 

(10.0) 
32:34 - 

19.9 
(14.1) 

17.6 
(12.8) 

10.3 (16.2) 

Li et al 
(2013) 

31 
13 RTLE 
11 LTLE 
7 BTLE 

24 100 - 

False belief L 

Faux Pas L 

Happe Stories 

L 

Happe 
Cartoons M 

41.9 
(13.2) 

18:13 
99.3 

(13.8) 
24.5 

(13.5) 
18.6 

(13.2) 
1.3 (1.2) 
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Sedda et 
al (2013 
a) 

56 
24 RTLE 
32 LTLE 

54 100 

The Animated 
Full Facial 
Expression 
Test (Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness) 

- 
37.0 

(11.7) 
32:24 - - - - 

Tanaka et 
al (2013) 

63 
17 RmTLE 
26 LmTLE 
20 BmTLE 

32 100 

Multiple choice 
labelling task 
(Group 
generated 
stimuli- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

- 41.5 32:31 - 
30.8 

(21.9) 
13.0 

(13.6) 
- 

Sedda et 
al (2013 
b) 

9 TLE 10 100 

Multiple choice 
labelling task 
(Ekman & 
Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, 
Sadness, 
Surprise) 

- - - - - - - 
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Szaflarski 
et al 
(2014) 

34 34 LmTLE 30 100 

Multiple choice 
labelling task 
(NimStim 
stimuli- Fear, 
Happiness, 
Sadness, 
Neutral) 

- 
41.0 

(12.0) 
7:27 - 

27.0 
(14.0) 

- 2.0 (4.0) 

Amlerova 
et al 
(2014) 

46 
22 RTLE 
24 LTLE 

20 100 

Multiple choice 
labelling task 
(Unspecified- 
Anger, Disgust, 
Fear, 
Happiness, 
Sadness) 

Faux Pas L 
36.8 

(11.1) 
26:20 

97 
(14.8) 

20.4 
(12.9) 

- - 

Jiang et al 
(2014) 

42 42 GGE 47 0 

Eye Basic 
Emotion 
Discrimination 
Task (Adolphs 
et al (2002)- 
Anger, Disgust, 
Fear, 
Happiness, 
Surprise) 

Eye Complex 
Emotion 
Discriminatio
n task LL 

16.5 27:15 - 12.0 4.0 0.1 

Hennion 
et al 
(2015) 

50 50 TLE 50 100 - 

Faux Pas L 

Comprehensi
on of Sarcasm 
Task L 

Comprehensi
on of Action 
Task L 

42.4 
(11.8) 

23:27 - 
21.06 

(15.27) 
21.3 

(14.6) 
13.2 (63.6) 
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Cohn et al 
(2015) 

50 
26 RTLE 
24 LTLE 

15 100 

Part 1 of 
TASIT: 
Emotion 
Evaluation Test 
(TASIT stimuli- 
Anger, Anxiety, 
Disgust, 
Happiness, 
Sadness, 
Surprise, 
Neutral) 

Part 2 of 
TASIT: 
Sarcastic 
Exchanges M 

Part 3 of 
TASIT: 
Sarcastic and 
Deceitful 
Interactions M 

38.4 
(12.8) 

27:23 
105.2 
(12.2) 

20.3 
(13.2) 

18.1 
(14.6) 

- 

TLE: temporal lobe epilepsy; LTLE: left TLE; RTLE: right TLE; mTLE: mesial TLE; BTLE: bilateral TLE; GGE: generalized genetic epilepsy; FLE: frontal lobe epilepsy; 
FCE: fronto-central epilepsy; PIQ: performance IQ. This was used to estimate IQ when a total IQ score was not reported; CATS: Comprehensive Affect Testing 
System; TASIT: The Awareness of Social Inference Test 
 L : Heavily language-based ToM task, principally involves interpretation of written or orally presented text; LL : Less language-based ToM task, principally involves 
interpretation of visually-presented non-textual information; M : Mixed ToM task, involves interpretation of verbal and non-verbal information. Mixed ToM tasks 
were not included in task-based moderator analyses. 
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Table 4 
        Included studies: Facial emotion recognition (FER) and theory of mind (ToM) in relatives of individuals with ASD (ASD-relatives) 

Report 
Number 
ASD-
relatives 

ASD-
relatives 
subgroups 

Number 
controls 

FER task (stimuli- 
emotions) 

ToM task 
Mean age 
(SD), 
years 

Sex ratio (m:f) Mean IQ (SD) 

Ozonoff et al 
(1993) 

18 
18 ASD 
siblings 

18 - 

Second-Order 
Belief Attribution 
Task LL 

Fox and Grapes 
Task L 

Apple-Dog Task 
LL 

11.8 (4.1) 10:8 107.4 (14.8) 

Baron-
Cohen & 
Hammer 
(1997) 

30 

15 ASD 
mothers 
15 ASD 
fathers 

30 - 
Reading the Mind 
in the Eyes LL 

44.4 
(10.6) 

15:15 120.3 (10.6) 
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Bolte & 
Poustka 
(2003) 

102 

36 ASD 
multiplex 
parents and 
siblings 
66 ASD 
simplex 
parents and 
siblings 

22 

Multiple choice 
labelling task 
(Ekman & Friesen 
(1971); Bullock & 
Russell (1984); 
Group generated 
photographs- Anger, 
Disgust, Fear, 
Happiness, Sadness, 
Surprise, Neutral, 
Happiness/Surprise, 
Happiness/Neutral, 
Sadness/Neutral) 

- 
33.5 

(12.6) 
49:53 

106.8 (13.5) 
(PIQ) 

Dorris et al 
(2004) 

27 
27 ASD 
siblings 

27 - 
Reading the Mind 
in the Eyes LL 

11.1 (2.8) 18:9 - 

Shaked et al 
(2006) 

24 
24 ASD 
siblings 

24 - 
False belief L 

Happe stories L 
4.6 (0.1) 16:8 

109.3 (15.0) 
(PIQ) 

Baron-
Cohen et al 
(2006) 

12 

6 ASD 
mothers 
6 ASD 
fathers 

12 - 
Reading the Mind 
in the Eyes LL 

38.2 (5.6) 6:6 115.1 (4.6) 
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Slaughter et 
al (2007) 

24 
24 ASD 
mothers 

24 - 

Coding mothers' 
narratives for use 
of mental state 
utterances LL 

35.7 (6.3) 0:24 - 

Losh & 
Piven 
(2007) 

48 

13 aloof ASD 
parents 
11 rigid ASD 
parents 
24 BAP 
negative 
parents 

22 - 
Reading the Mind 
in the Eyes LL 

46.5 (6.7) 23:25 117.2 (11.0) 

Gokcen et al 
(2009) 

76 

38 ASD 
mothers 
38 ASD 
fathers 

41 

Multiple choice 
labelling task 
(Adolphs et al 
(2002)- Anger, 
Disgust, Distress, 
Fear, Happiness, 
Sadness, Surprise) 

Reading the Mind 
in the Eyes LL 

Hinting task L 

Unexpected 
Outcome Test L 

36.9 (6.5) 38:38 97.8 (9.1) 

Gousse et al 
(2009) 

39 
39 ASD 
parents 

32 - Happe Cartoons M 
38.7 

(17.8) 
18:21 - 
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Wallace et 
al (2010) 

22 

22 parents 
and adult 
siblings of 
children 
with ASD 
from 
multiplex 
families 

26 

Multiple choice 
labelling task 
(Ekman & Friesen 
(1976); Matsumoto 
& Ekman (1988)- 
Anger, Disgust, Fear, 
Happiness, Sadness, 
Surprise, Neutral) 

- 
35.0 

(13.0) 
16:6 

93.5 (15.0) 
(PIQ) 

Greimel et 
al (2010) 

11 
11 ASD 
fathers 

9 

Multiple choice 
labelling task 
(Group generated 
photographs- 
Happiness, Sadness) 

- 47.7 (5.3) 11:0 117.7 (15.3) 

Lourenco 
das Neves et 
al (2011) 

40 

30 ASD 
mothers 
10 ASD 
fathers 

41 

Multiple choice 
labelling task (Penn 
Emotion 
Recognition Test- 
Anger, Fear, 
Happiness, Sadness, 
Neutral) 

- 
41.5 

(10.0) 
10:30 - 

Nyden et al 
(2011) 

44 
18 ASD 
mothers 
18 ASD 

28 - Happe Cartoon M - - - 
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fathers 
8 ASD 
siblings 

Oerlemans 
et al (2013) 

172 
172 ASD 
siblings 

127 

Indicate whether 
the emotion 
expressed in a face 
matches the 
emotion label 
(Identification of 
Facial Emotions task 
from the 
Amsterdam 
Neuropsychological 
Tasks program- 
Anger, Fear, 
Happiness, Sadness) 

- 12.2 (3.9) 82:90 105.5 (12.9) 
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Sucksmith 
et al (2013) 

297 

261 ASD 
mothers 
36 ASD 
fathers 

184 

Multiple choice 
labelling task 
(modified 
Karolinska Directed 
Emotional Faces 
task- Anger, Disgust, 
Fear, Happiness, 
Sadness, Surprise, 
Neutral) 

- 41.0 (6.3) 36:261 - 

Tajmirriyahi 
et al (2013) 

48 
48 ASD 
parents 

31 - 

Reading the mind 
in the Eyes LL 

Reading the Mind 
in the Voice LL 

36.7 (7.6) 10:38 - 

Kadak et al 
(2014) 

72 

36 ASD 
mothers 
36 ASD 
fathers 

38 

Emotion 
Recognition Test 
(Ekman & Friesen 
(1976)- Anger, 
Disgust, Fear, 
Happiness, Sadness, 
Surprise, Neutral) 

- 33.6 (5.3) 36:36 - 
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Gliga et al 
(2014) 

30 

18 ASD 
siblings with 
typical 
development 
12 ASD 
siblings with 
atypical 
development 

39 - False belief L 3.2 (0.13) 21:9 109.3 (17.1) 

Oerlemans 
et al. (2014) 

79 
79 ASD 
siblings 

139 

Indicate whether 
the emotion 
expressed in a face 
matches the 
emotion label (De 
Sonneville et al 
(2002)-Anger, Fear, 
Happiness, Sadness) 

- 9.7 (2.0) 34:45 106.4 (12.5) 

Yucel et al 
(2014) 

40 

15 aloof ASD 
parents 
25 non-aloof 
ASD parents 

20 

Identification of the 
face matching a 
target face (Ekman 
& Friesen (1976)- 
Anger, Fear) 

- 41.5 (6.1) 20:20 108.1 (8.2) 

Holt et al 
(2014) 

40 

28 ASD 
female 
siblings 
12 ASD male 
siblings 

40 - 
Reading the Mind 
in the Eyes LL 

14.9 (2.2) 12:28 113.2 (10.1) 
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PIQ: performance IQ 

L : Heavily language-based ToM task, principally involves interpretation of written or orally presented text; LL : Less language-based ToM task, 
principally involves interpretation of visually-presented non-textual information; M : Mixed ToM task, involves interpretation of verbal and 
non-verbal information. Mixed ToM tasks were not included in task-based moderator analyses. 
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Table 5 
     Characteristics of people with epilepsy (PWE) and relatives of individuals with ASD  (ASD-relatives) 

Studies N Percent males 
Mean (SD) age, 
years 

Mean (SD) IQ 
Mean (SD) epilepsy 
onset age, years 

Mean (SD) epilepsy 
duration, years 

Mean (SD) seizure 
frequency, seizures/month 

FER in PWE 996 
48 35.8 (11.3) 99.9 (13.9) 17.6 (13.3) 19.5 (13.0) 3.7 (5.5) 

vs controls (78% TLE) 

FER in ASD-
relatives 911 36 31.1 (7.1) 104.7 (12.3) - - - 

vs controls 

ToM in PWE 647 
49 35.40 (11.82) 101.7 (14.4) 18.6 (13.1) 16.9 (13.4) 8.1 (28.5) 

vs controls (75% TLE) 

ToM in ASD-
relatives 460 45 29.48 (7.91) 109.4 (11.7) - - - 

vs controls 
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Table 6 

   Results of subset meta-analyses of theory of mind (ToM) in people with epilepsy (PWE) and relatives of 
individuals with ASD (ASD-relatives) compared to controls 

Group 
comparison 

ToM task type 
Effect size estimate (Hedges’ g [95% 
CI]; P-Value) 

Test of homogeneity of effect 
size (Chi-square test P-value) 

PWE vs 
Controls 

Heavily language-based tasks -0.84 (-1.06, -0.63); < 0.001 < 0.001 

  Less heavily language-based tasks -0.67 (-1.09, -0.24); 0.002 0.01 

ASD-
relatives vs 
Controls 

Heavily language-based tasks -0.26 (-0.50, 0.00); 0.05 0.37 

  Less heavily language-based tasks -0.36 (-0.53, -0.19); < 0.001 0.55 
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