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Background: Benign childhood epilepsy with centrotemporal spikes (BECTS), one of the most common idiopathic
epilepsy syndromes in children, has been associated with neuropsychological problems.

Purpose: The objective of this study was to investigate the frequency of symptoms related to comorbid
neurodevelopmental disorders, the autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder
(ADHD) in children with typical BECTS, and to identify corresponding risk factors.

Keywords: Methods: Children and adolescents with typical BECTS aged 6-16 years were included in the study period from
Behavior January 1, 2017, to December 31, 2017. Children with atypical presentations of BECTS, other neurological disor-
Child ders, and preexisting neuropsychiatric disorders were excluded. The ASD and ADHD were assessed by the Social
Communication Questionnaire (SCQ) and the Turgay Diagnostic and Statistical Manual of Mental Disorders - 4th
Edition - Disruptive Behavior Disorders Rating Scale (T-DSM-IV-S), respectively. Patients' scores were compared
with those of healthy subjects. Correlation analyses were performed to evaluate the association between the age
at seizure onset, the total number of seizures and the SCQ and T-DSM-IV-S scores.

Results: Fifty-eight children with BECTS and 60 healthy children participated in the study. The total SCQ score, the
SCQ reciprocal social interaction score, and the SCQ communication score significantly differed between children
with BECTS and the control group (p = 0.001, p <0.001, p = 0.001, respectively). The total ADHD score was sig-
nificantly different between patients and controls (p < 0.001). A significant difference was observed between pa-
tients and controls in terms of the T-DSM-IV-S hyperactivity—-impulsivity score and the T-DSM-IV-S inattention
score (p = 0.012, p < 0.001, respectively). The age at seizure onset was significantly correlated with the total
SCQ score (p = 0.03). The Spearman’s correlation coefficient was 0.352 for the total SCQ score, indicating a pos-
itive association between the age at seizure onset and the total SCQ score.

Conclusion: Children with typical BECTS may have an increased risk of suffering from symptoms of ASD and
ADHD. Children with late onset of seizures may be more likely to develop neuropsychological disturbances re-
garding ASD and ADHD.

Rolandic
Seizure

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Benign childhood epilepsy with centrotemporal spikes (BECTS), one
of the most common idiopathic epilepsy syndromes in children, is char-
acterized by a benign course in terms of seizure control [1]. However, it
was proposed that children with BECTS may develop neuropsychologi-
cal problems [2].
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Benign childhood epilepsy with centrotemporal spikes is considered
as a neurodevelopmental disorder [3]. Both autism spectrum disorder
(ASD) and attention-deficit/hyperactivity disorder (ADHD) are highly
comorbid neurodevelopmental disorders, with some shared phenotypic
features [4]. It has been suggested that neurodevelopmental disorders,
epilepsy, ASD, and ADHD share pathogenic mechanisms [5].

The studies evaluating neuropsychological outcomes in children
with BECTS were focused on either ASD or ADHD only. Additionally,
most of these studies were comprised of children with atypical BECTS,
characterized by poor neuropsychological outcomes. Atypical BECTS is
characterized by atypical forms of seizures, such as earlier age of onset
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or prolonged seizures, and atypical electroencephalography (EEG) find-
ings [6-12].

This study aimed at identifying the frequency of symptoms regard-
ing comorbid neurodevelopmental disorders, ASD and ADHD, in chil-
dren with typical BECTS, and whether there is a relationship between
symptoms of ASD and ADHD and clinical features of BECTS. We hypoth-
esized that some of the features of ASD and ADHD may cooccur with
typical BECTS, based on the shared pathogenic mechanisms.

2. Methods

This was a single-center prospective case—control study consisting of
patients with BECTS followed up by the pediatric neurology outpatient
clinic at the Istanbul Faculty of Medicine, Department of Pediatric Neu-
rology from January 1, 2017, to December 31, 2017.

2.1. Participants

Children and adolescents with BECTS aged 6-16 years were included
in the study if they had a typical seizure semiology, benign epileptic dis-
charges as defined by the International League Against Epilepsy, unre-
markable brain magnetic resonance imaging findings, and normal
neurological examinations [13]. The exclusion criteria were as follows:
(1) children with atypical presentations of BECTS as defined by Parisi
and colleagues, (2) the presence of other neurological disorders, and
(3) preexisting neuropsychiatric disorders [6]. Healthy subjects matched
by age, sex, and socioeconomic status constituted the control group.

The study was reviewed and approved by the Institutional Ethics
Committee at the Istanbul Faculty of Medicine. All participants and their
legal representatives provided written informed consent and assent.

2.2. Clinical data

Demographic features, the age at seizure onset, the total number of
seizures, the used antiepileptic drugs, and EEG findings were abstracted
from individual and caregivers' interviews and medical records. The
EEG recordings during sleep and awake were obtained according to
the 10-20 international system of electrode placement.

2.3. Neuropsychological evaluation

All participants underwent an evaluation of neuropsychological func-
tioning by utilizing standardized assessment batteries. Autism spectrum
disorder and ADHD were assessed by the Social Communication Ques-
tionnaire (SCQ) and the Turgay Diagnostic and Statistical Manual of Men-
tal Disorders - 4th Edition — Disruptive Behavior Disorders Rating Scale
(T-DSM-IV-S), respectively. Both of them were completed by parents.

The SCQ is a 40-item questionnaire evaluating symptomatology as-
sociated with ASD. It was found to be a reliable and valid tool for evalu-
ating the symptoms of ASD in children and adolescents aged 4-18 years
[14-16]. We used the SCQ Lifetime Form that also assesses behaviors
between 4 and 5 year olds. There are 3 subscales: (1) reciprocal social
interaction, (2) communication, and (3) restricted, repetitive, stereo-
typed patterns of behavior. Each item scores like 0 or 1 point based on
the absence or presence of abnormal behaviors. Total scores range
from 0 to 39; anything above the threshold of 15 indicates an increased
likelihood of ASD.

The T-DSM-IV-S is a questionnaire assessing hyperactivity/impulsiv-
ity, inattention, opposition-defiance, and conduct disorder symptoms.
It has been shown to be reliable and valid for evaluating ADHD [17,
18]. Hyperactivity-impulsivity (9 items), inattention (9 items), and
total ADHD (18 items) scores from the T-DSM-IV-S were utilized. Each
question was scored based on the severity of symptom from 0 to 3
points, in which higher scores indicate greater psychopathology. On
the other hand, each item was qualified as negative (0 and 1 point) or
positive (2 and 3 points) to classify ADHD subtypes. When more than

5 out of 9 items were positive for one of the subscales, ADHD was clas-
sified as predominantly hyperactivity/impulsivity or predominantly in-
attentiveness. If the total number of positive items was 12 and above,
then the ADHD was classified as combined type.

24. Data analysis

All statistical analyses were applied using SPSS Statistics for Win-
dows version 16.0 (IBM Corp., Armonk, NY, USA). The Kolmogorov-
Smirnov test was used to determine whether variables were normally
distributed. Demographic and clinical features were assessed using in-
dependent samples t-tests in case of normality and homogeneity of var-
iances, or Mann-Whitney U tests otherwise. The Spearman's correlation
coefficient analyses were performed to evaluate the association be-
tween the age at seizure onset, the total number of seizures, and the
scores of SCQ and T-DSM-IV-S. The value of p < 0.05 was accepted as sta-
tistically significant.

3. Results
3.1. Participants' descriptive characteristics

A total of 118 participants, 58 children with BECTS and 60 healthy
children, were analyzed. The mean age of the patients was 11.4 years
(standard deviation [SD] 2.5; range 7-16 years), and the mean age of
the controls 11.3 years (SD 3; range 6-17 years). There was no differ-
ence in the ages of patients and controls (p = 0.9). There was no gender
predominance among patients (29 females to 29 males) and controls
(30 females to 30 males). The mean age at seizure onset was 8.5 years
(SD 2.5; range 4-13 years), and the mean duration of epilepsy was
2.9 years (SD 2.3; range 0.5-9 years).

Currently prescribed antiepileptic medications were levetiracetam
in 20 (34%), valproic acid in 17 (29%), oxcarbazepine in 12 (21%), and
carbamazepine in 3 (5%). Six out of 58 patients were receiving no med-
ication. None of them were treated with more than one antiepileptic
drug. The demographic and clinical characteristics of patients with
BECTS are provided in Table 1.

3.2. Neuropsychological evaluation

The mean total SCQ score was 8.5 (SD 4.6; range 0-19) and 5.1 (SD
4.4; range 0-17) in the patient and control group, respectively. The
total SCQ score, the SCQ reciprocal social interaction score, and the
SCQ communication score significantly differed between children with
BECTS and the control group (p = 0.001, p < 0.001, p = 0.001, respec-
tively). The SCQ restricted interest score was not significantly different
between the patients and the control group (p = 0.46). The total SCQ
score was above the cutoff value in 6 out of 58 patients (10%), and in
1 out of 55 healthy children (2%).

Table 1
Demographic and clinical characteristics of patients with BECTS.

Children with BECTS

n=>58
The mean age, years (SD) range 114 (2.5) 7-16
Sex, n (%) 29F (58)
The mean age at seizure onset, years (SD) range 8.5(2.5)4-13
The mean duration of epilepsy, years (SD) range 2.9(2.3)05-9
Current antiepileptic drugs, n (%)
Levetiracetam 20 (34)
Valproic acid 17 (29)
Oxcarbazepine 12 (21)
Carbamazepine 3(5)
No medication 6 (10)

Abbreviations: BECTS = benign childhood epilepsy with centrotemporal spikes; SD =
standard deviation.
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Table 2
The SCQ and ADHD scores of children with BECTS and healthy controls.
Children with BECTS Healthy controls p
Total SCQ score Mean (SD) Range 8.5 (4.6) 0-19 5.1(4.3)0-17 0.001
Reciprocal interaction score 2.7 (2.2) 0-9 1.3(2) 0-9 0.000
Communication score 3.9(2.3)0-9 2.2(1.9)0-7 0.000
Restricted interests score 1.7 (1.7) 0-7 1.5(1.8) 0-6 0.46
Total ADHD score 13.1(9.7) 0-39 5.5 (4.3) 0-13 0.000
Hyperactivity-impulsivity score 6.7 (5.6) 0-18 2.7 (2.4) 0-8 0.012
Inattention score 6.6 (6.1) 0-26 2.9 (2.6) 0-10 0.000

Abbreviations: ADHD = attention-deficit and hyperactivity disorder; BECTS = benign childhood epilepsy with centrotemporal spikes; SCQ = Social Communication Questionnaire; SD =

standard deviation.

The total ADHD score was significantly different between the pa-
tients and the control group (p <0.001). A significant difference was ob-
served between the patients and the control group in terms of the T-
DSM-IV-S hyperactivity-impulsivity score and the T-DSM-IV-S inatten-
tion score (p = 0.012, p < 0.001, respectively). Eleven out of 58 (19%)
children with BECTS were found to be at risk of having ADHD; 5 of
them had predominantly hyperactivity/impulsivity; 5 of them had pre-
dominantly inattentiveness, and one had a combined-type ADHD
(Table 2).

Bivariate relationships between the age at seizure onset, the total
number of seizures, and the scores of the SCQ and T-DSM-IV-S were
assessed. The age at seizure onset was significantly correlated with the
total SCQ score (p = 0.009). The Spearman's correlation coefficient
was 0.352 for the total SCQ score, indicating a positive association be-
tween the age at seizure onset and the total SCQ score (Fig. 1). There
was no correlation between the total number of seizures and the scores
of the SCQ and T-DSM-IV-S (p > 0.05).

4. Discussion

In this study, it was found that the symptoms of ASD and ADHD are
more common in children with BECTS compared to healthy controls.
The total SCQ scores and subscores for reciprocal social interaction
and communication were higher in children with BECTS. The higher

percentages of children with BECTS had total SCQ scores above the cut-
off value, which indicates a higher risk of having ASD. Also, children
with BECTS had higher total ADHD scores with subscores of hyperactiv-
ity-impulsivity and inattention. Regarding the clinical features of
BECTS, the older age at seizure onset was found to have an association
with more frequent neurodevelopmental psychiatric symptoms in chil-
dren with BECTS.

It is considered that ASD and epilepsy shared the molecular patho-
physiology that leads to an imbalance between excitation and inhibition
mechanisms [5]. Increased excitation of local neural circuits, responsible
for seizures, has suggested that result in excessive perception, attention,
and memory are the core symptoms of ASD [19]. The common coexis-
tence of ASD and epilepsy in children favor the hypothesis of shared
pathophysiology [20].

Among children with epilepsy, the prevalence of ASD was reported
as 15-32% regardless of the epilepsy syndrome. Most of the studies eval-
uating the prevalence of ASD in children with epilepsy, comprised of a
heterogeneous patient population with underlying diseases other than
epilepsy that were shown to be closely related with ASD [7,8,20]. The re-
sults of these studies made interpretation difficult in terms of a direct
relationship between a certain epilepsy syndrome and ASD.

Benign childhood epilepsy with centrotemporal spikes was sug-
gested to lie on a phenotypic spectrum, begun to identify genetic
basis, from typical BECTS to atypical BECTS, continuous spike and
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Fig. 1. Scatter plot showing the relationship between the age at seizure onset and the total SCQ score.
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wave during slow-wave sleep, and the Landau-Kleffner syndrome. Fea-
tures of autism were well-defined in this spectrum, except in children
with typical BECTS [1,6,21,22]. However, we found that 10% of children
with typical BECTS suffered from symptoms of autism, which was sig-
nificantly higher than that with the enrolled healthy controls and also
with the worldwide prevalence of ASD (1-2%) [23-26]. Children with
BECTS exhibited impairment in reciprocal social interaction and com-
munication rather than restricted interests.

Several authors have suggested that symptoms of ADHD may de-
velop in children with BECTS [1,10-12,27]. We found that 19% of the
children with typical BECTS had ahigh risk of having ADHD. This was
much higher than the general prevalence of ADHD (3-7%) [28]. The re-
ported prevalence of ADHD was so high as 65.6% in children with BECTS.
It was suggested that the selection bias and the lack of structured inter-
view or scales may have influenced the reported prevalence of ADHD
[11,12]. Additionally, unlike the previous studies, the patient population
in this study consisted of patients with typical BECTS who were less
likely to have a worse neurophysiological outcome. This could elucidate
the reason of low prevalence in this study compared with that of previ-
ous studies. It is noteworthy to state that children with typical BECTS
have also a higher risk of having ADHD.

Our results show that children with BECTS suffering from the late
onset of seizures were found to be more likely to have a higher risk of
neurodevelopmental disturbances, consistent with previous reports [9,
29]. In the point of view of developmental neuropsychiatric pathophys-
iology, the emergence of epileptic activity in a time frame expected to
the development of specific networks may lead to atypical neural con-
nectivity that has been suggested as the underlying pathogenesis of
ASD and ADHD [4,29]. This hypothesis could explain the influence of
age at seizure onset on neuropsychological disturbances in children
with BECTS.

This study has certain limitations. The first one is the small sample
size. The second limitation is the lack of confirmatory diagnostic evalu-
ations to make an accurate diagnosis of ADHD and ASD besides screen-
ing tools. Thirdly, we did not check sleep disruption, which may be
associated with behavioral impairment in children with epilepsy
[30-32]. Studies that are utilized polysomnographic evaluation can be
helpful for investigating the effects of the possible sleep alterations. Fi-
nally, a long-term follow-up is needed to identify whether neuropsy-
chological problems persist during adulthood.

5. Conclusion

Children with typical BECTS may have an increased risk of suffering
from symptoms of ASD and ADHD. Children with late onset of seizures
may be more likely to develop neuropsychological disturbances regard-
ing ASD and ADHD. All children with BECTS should be screened for ac-
companying neurodevelopmental disorders.
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