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Relationship between
epileptiform discharges
and social reciprocity or
cognitive function in children
with and without autism
spectrum disorders:
An MEG study
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The prevalence of epilepsy in children with autism spectrum disorder
(ASD) is reportedly higher than that among typically developing (TD) chil-
dren.1 Many patients with epilepsy meet the diagnostic criteria of ASD.2

Even in the absence of clinical seizures, the electroencephalograms of patients
with ASD show epileptiform abnormalities (interictal epileptiform discharges
[IED]) more often than do those of TD children.3 These facts imply an asso-
ciation between ASD and epilepsy. Nevertheless, information related to the
possible effects of IED on behavior and cognitive functioning remains scarce.
That related to the association between epileptiform discharge and autistic
symptomatology is even scarcer.

As one might readily infer, assessing the ongoing effects of IED on
autistic social impairment in children with ASD is important to elucidate
how IED and autistic symptomatology are related. Furthermore, from a
clinical perspective, it would be of interest to ascertain whether the IED
at the initial assessment predict later intelligence. Therefore, we specifi-
cally examined the association between the frequency of IED and social
impairment or intelligence over the course of time in children with and
without ASD.

We recruited 40 TD children and 26 children with ASD and
excluded participants who had had a clinical diagnosis of any other neuro-
psychiatric disorder, including epilepsy. We also excluded those who were
receiving antiepileptic drugs. At the initial assessment, we recorded magne-
toencephalographic (MEG) data for 10 min and evaluated intelligence using
the Kaufman Assessment Battery for Children (K-ABC).4 For children in
the ASD group, we also measured social impairment using the Social
Responsiveness Scale (SRS).5 Participants completed a second K-ABC
evaluation (and SRS for the ASD group) after at least 300 days. For each
participant, the IED were counted manually by application of the same gen-
eral principles recommended by the International Federation of Clinical
Neurophysiology (Fig. S1). Appendix S1 presents detailed information
related to the methodology.6

Differences between TD and ASD in terms of age, sex, cognitive per-
formance, frequency (i.e., number of IED per 10 s), prevalence of IED at first
measurement, and duration between first and second assessment were
assessed (Table S1). Additional statistical analyses were conducted after
excluding a female child with ASD who was unable to complete either the
K-ABC or the MEG recording. To predict Mental Processing Scale (MPS)
and Achievement Scale (ACH) scores or SRS-T scores from a linear mixed-
effects analysis, we incorporated the frequency of IED at first measurement,
number of days between first and second evaluation, their two-way interac-
tion, sex, and age at the first assessment into the models as fixed effects. As
a random effect, we used intercepts for subjects. Appendix S1 presents more
detailed information related to the results.

In children with ASD, we found a significant main effect of the fre-
quency of IED for SRS scores (z = −4.3, P < 0.001; see Table S2 for
more details), and significant interaction effects between the number of
days between measurements and the IED frequency for both MPS (esti-
mated fixed effect was 0.01, z = 2.57, P = 0.10) and ACH (estimated
fixed effect was 0.02, z = 4.2, P < 0.001) scores (Table S3 presents addi-
tional details). First, the results implied that higher frequency of IED at
the baseline was significantly associated with better social reciprocity.
This result resembles those obtained from a study by Hartley-McAndrew
and Weinstock7 but contradicts results reported by others.8, 9 Second, the
higher frequency of IED was associated with higher intelligence and
achievement at later assessments. To visualize these interaction effects,
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Fig. 1 Predictive marginal means of Kaufman Assessment Battery for Children (K-ABC) scores. The horizontal axes show the number of days between measurements;
the vertical axes show (a) Mental Processing Scale (MPS) and (b) Achievement Scale (ACH) scores. The light blue discs represent the observed data points. Each col-
ored line represents predicted marginal mean for the fixed frequency of interictal epileptiform discharges (IED). The lines represent marginal means for fixed IED fre-
quencies. For example, the predicted marginal mean for ‘frequency of IED = 1.0’ (green) represents the estimated mean of the MPS or ACH score where every
observation is treated as if it represented individuals who had a frequency of IED of 1.0 and given the number of days between measurements, but represents sex and
age at the first measurement as they were observed (see Appendix S1 for details). ( ) Frequency of IEDs = 0. ( ) Frequency of IEDs = 0.5. ( ) Frequency of
IEDs = 1.0. ( ) Frequency of IEDs = 1.5. ( ) Observed data points.
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we computed the respective marginal means from predictions of previ-
ously fit models for MPS and ACH. The results are presented in Figure 1.
In TD children, the effects were not found to be significant.

This report is the first of a study finding that higher frequency of IED
predicts better intelligence or achievement at a later assessment. Considering
a recent report suggesting the importance of sociality for development of
intelligence in children with ASD,10 the observed association between IED
and intelligence might be driven by the positive effect of IED on sociality. It
is noteworthy that if IED in ASD are detrimental, or if they cause cognitive
or social dysfunction, then a higher IED frequency can be expected to corre-
spond to lower sociality or intelligence. Regarding results obtained from the
current study, that hypothesis is unlikely. Rather, it is apparently protective
against primary changes in ASD. However, drawing such a firm conclusion
based purely on our results from such a small sample size is inappropriate.
Further research with greater statistical power and considering locations and
types of IED might be necessary to verify this hypothesis.

Parents agreed to the participation of their children. Written
informed consent for participation and publication was obtained before
participation. The Ethics Committee of Kanazawa University Hospital
approved the methods and procedures, all of which were performed in
accordance with the Declaration of Helsinki. The datasets used or ana-
lyzed during the current study are available from the corresponding author
on reasonable request.
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Supporting information
Additional Supporting Information may be found in the online version of
this article at the publisher’s web-site:

Appendix S1. Supporting information.

Table S1. Participant characteristics.

Table S2. Effects of IED frequency on change over time in social reci-
procity in children with ASD.

Table S3. Effects of IED frequency on change over time in intelligence -
children with ASD.

Table S4. Effects of IED frequency on change over time in intelligence -
TD children.

Figure S1 An example of observed interictal epileptiform discharges
(IED), where IED were defined as sharp transient and clearly different
from background activity with an ‘epileptiform’ morphology and a logical
spatial distribution (left). Magnetoencephalogram 2-D topography shows
a clear pattern of sink (green) and source (red).
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Cariprazine treatment of
borderline personality disorder:
A case report

doi:10.1111/pcn.13094

Borderline personality disorder (BPD) is an often debilitating psychiatric
condition characterized by mood instability, cognitive symptoms, impul-
sive behavior, and disturbed relationships.1 Although dialectical behav-
ioral therapy has been shown to reduce the symptoms of BPD, finding
trained psychologists can be challenging, and not all patients are able to
tolerate it.2, 3 Research on the use of medication is ongoing, but no drug
has yet been approved in the USA or elsewhere for BPD’s treatment.4

Here we report a case of a patient with BPD who was treated with car-
iprazine, which is FDA-approved medication for the treatment of schizophre-
nia and manic or mixed episodes associated with bipolar I disorder in adults.
The person described in this case signed a consent authorizing publication,
and personal details have been changed to maintain his privacy and keep his
identity unknown. In the universities where the authors work, no ethics
approval is needed for the use of off-label medications and publication of
such cases, particularly where there is no FDA-approved treatment option.

Mr F, aged 42 years, is a divorced man who presented with his sister
at a university medical research center for treatment of BPD. Mr F
reported that since adolescence he had struggled with maintaining friend-
ships and intimate relationships. He reported that he would become enam-
ored of people very quickly and very intensely and would then feel that
they had disappointed him. This in turn would lead to feelings of rage
and depression. Inevitability the anger outbursts would result in his loss
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