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ABSTRACT
Background: In this study, we aimed to identify cognitive function and neuropsychological 
comorbidities in children with newly diagnosed idiopathic epilepsy.
Methods: We retrospectively reviewed the records of 97 antiepileptic drug-naïve children 
(9.7 ± 2.9 years; 54 males and 43 females) with newly diagnosed idiopathic epilepsy, all of 
whom underwent a neuropsychological battery. The battery consisted of the Korean Wechsler 
Intelligence Scale, Attention Deficit Hyperactivity Disorder (ADHD) Rating Scale, ADHD 
Diagnostic System, Children's Depression Inventory, and State-Trait Anxiety Inventory for 
Children. We investigated association between scores of the neuropsychological battery 
and epilepsy classification, lateralization of interictal epileptiform discharges (IEDs) on 
electroencephalography (EEG), and variables related to seizures.
Results: Thirteen patients (14.3%) had ADHD symptoms. Three patients (4.1%) had 
depressive symptoms, and 9 (12.3%) had anxiety symptoms. Patients with idiopathic 
generalized epilepsy (IGE) had significantly lower full-scale intelligence and performance 
intelligence quotient scores than patients with idiopathic localization-related epilepsy (ILRE) 
(89.0 ± 17.6 vs. 96.3 ± 14.8; P = 0.030 and 88.9 ± 16.3 vs. 97.0 ± 16.4; P = 0.016, respectively). 
Patients with ILRE having unilateral IEDs had significantly higher full-scale intelligence 
quotient scores than patients with ILRE having bilateral IEDs and patients with IGE (99.9 ± 
12.2 vs. 93.7 ± 16.1 vs. 89.0 ± 17.6; P = 0.039, respectively).
Conclusion: Our results suggest that idiopathic epilepsy may be accompanied by various 
neuropsychological comorbidities even at initial diagnosis. Patients with IGE and ILRE having 
bilateral IEDs on EEG appear more likely to be at high risk of decreased cognitive function.
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INTRODUCTION

Epilepsy is one of the most common neurological disorders in children. The prevalence 
of epilepsy in children ranges from 3.2 to 5.5/1,000 in developed countries and from 
3.6 to 44/1,000 in developing countries.1,2 Children with epilepsy are at higher risk of 

J Korean Med Sci. 2018 Jan 15;33(3):e17
https://doi.org/10.3346/jkms.2018.33.e17
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Aug 3, 2017
Accepted: Oct 15, 2017

Address for Correspondence:
Kyung Yeon Lee, MD, PhD
Department of Pediatrics, Ulsan University 
Hospital, University of Ulsan College of 
Medicine, 877 Bangeojinsunhwando-ro,  
Dong-gu, Ulsan 44033, Republic of Korea.
E-mail: pdsnoopy@naver.com

© 2018 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Seung Yun Lee 
https://orcid.org/0000-0002-8905-3656
Jang-Ho Park 
https://orcid.org/0000-0001-5370-005X
Sin-Jae Park 
https://orcid.org/0000-0002-2109-8188
Yangho Kim 
https://orcid.org/0000-0002-6462-0829
Kyung Yeon Lee 
https://orcid.org/0000-0001-6821-1056

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Seung Yun Lee ,1 Jang-Ho Park ,2 Sin-Jae Park ,2 Yangho Kim ,3  
and Kyung Yeon Lee  1

1Department of Pediatrics, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea
2Department of Psychiatry, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea
3 Department of Occupational and Environmental Medicine, Ulsan University Hospital, University of Ulsan 
College of Medicine, Ulsan, Korea

Cognitive Function and 
Neuropsychological Comorbidities 
in Children with Newly Diagnosed 
Idiopathic Epilepsy

Pediatrics

https://jkms.org
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-8905-3656
https://orcid.org/0000-0002-8905-3656
https://orcid.org/0000-0001-5370-005X
https://orcid.org/0000-0001-5370-005X
https://orcid.org/0000-0002-2109-8188
https://orcid.org/0000-0002-2109-8188
https://orcid.org/0000-0002-6462-0829
https://orcid.org/0000-0002-6462-0829
https://orcid.org/0000-0001-6821-1056
https://orcid.org/0000-0001-6821-1056
https://orcid.org/0000-0002-8905-3656
https://orcid.org/0000-0001-5370-005X
https://orcid.org/0000-0002-2109-8188
https://orcid.org/0000-0002-6462-0829
https://orcid.org/0000-0001-6821-1056
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2018.33.e17&domain=pdf&date_stamp=2017-11-17


Author Contributions
Conceptualization: Lee KY. Data curation: 
Lee SY, Park J, Park SJ, Kim Y, Lee KY. Formal 
analysis: Lee SY, Park J, Park SJ, Kim Y, Lee 
KY. Investigation: Lee SY, Park J, Park SJ, Lee 
KY. Writing - original draft: Lee SY, Lee KY. 
Writing - review & editing: Park J, Park SJ, Kim 
Y, Lee KY.

neuropsychological disorders, such as learning disability, attention deficit hyperactivity 
disorder (ADHD), depression, and anxiety disorder.1,3,4 There is a prevalence of these 
neuropsychological comorbidities in children with epilepsy of 20%–60%.5 The wide 
variation in prevalence rate originates from differences in the study populations and 
methodologies.

Neuropsychological comorbidities in epilepsy are reportedly associated with epilepsy 
subgroup, age of seizure onset, seizure type and frequency, lateralization of interictal 
epileptiform discharges (IEDs) on electroencephalography (EEG), administration of 
antiepileptic drugs (AEDs), and psychosocial environment.3,6,7 Parents of children with 
epilepsy and neuropsychological comorbidities often believe that the neuropsychological 
problems originate from extrinsic factors other than epilepsy, such as AED administration. 
However, previous studies have reported that some patients with epilepsy already have 
neuropsychological problems at the time of their initial diagnosis.4,8-11 Early detection of and 
appropriate interventions for neuropsychological comorbidities in children with epilepsy is 
important because it may affect long-term neuropsychological outcome.8

The purpose of this study is to investigate cognitive function and neuropsychological 
comorbidities in AED-naïve children with newly diagnosed idiopathic epilepsy. It also aims 
to identify whether there are differences in cognitive function and neuropsychological 
comorbidities depending on epilepsy classification, EEG findings, and variables related to 
seizures in this patient group.

METHODS

Participants
Participants were patients admitted to the Pediatric Neurology Clinic at Ulsan University 
Hospital, Ulsan, Korea between April 2011 and April 2015, with the chief complaint of 
seizures. We recruited 131 patients, aged 5–17 years, who underwent a neuropsychological 
assessment battery as an initial diagnostic work-up. Among these patients, we identified 
those who were AED-naïve with newly diagnosed idiopathic epilepsy. We excluded 13 patients 
for whom AED had been administered prior to neuropsychological tests, 9 patients who 
had abnormalities on brain magnetic resonance imaging (MRI), 10 patients in whom the 
interval between initial seizure and neuropsychological tests was more than 30 months, 
and 2 patients who had full-scale intelligence quotients (FSIQs) below 50. We included an 
8-year-old boy who showed Arnold-Chiari malformation I on brain MRI, as the abnormal 
MRI finding was considered not to be associated with his seizures. Finally, 97 patients were 
included in the study (Fig. 1). Of these, 49 (50.5%) patients underwent brain MRI, and the 
remaining 48 patients (40.5%) did not. No patients had a history of developmental delay or 
status epilepticus.

Neuropsychological battery
The neuropsychological battery consisted of an intelligence quotient (IQ) test, Stroop 
Color and Word Test Children's Version, Children's Color Trails Test, ADHD Rating Scale-
IV (ARS-IV), visual and auditory ADHD Diagnostic System (ADS), Children's Depression 
Inventory, and State-Trait Anxiety Inventory for Children. To evaluate cognitive function, 
full-scale, verbal, and performance intelligence quotients (FSIQ, VIQ, and PIQ) were 
measured in all patients using the Korean-Wechsler Intelligence Scale for Children-III (n = 
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84, 86.6%), Korean-Wechsler Preschool and Primary Scale of Intelligence (n = 12, 12.4%), 
and Korean-Wechsler Adult Intelligence Scale (n = 1, 1.0%), depending on the patient's age. 
To evaluate executive function, we administered the Stroop Color and Word Test Children's 
Version (n = 92, 94.8%), and the Children's Color Trails Test (n = 96, 99%). T-score in one or 
more parameters for the Stroop Color and Word Test Children's Version less than 40 were 
considered “impaired”.12 T-score in one or more parameters for Children's Color Trails Test 
below the 16th percentile were considered “impaired”.13 To evaluate the presence of ADHD, 
we used ARS-IV (n = 91, 93.8%) and the visual (n = 97, 100%) and auditory (n = 94, 96.9%) 
ADS. In this study, a total ARS-IV score of 19 or greater was defined as ADHD.14 For the visual 
and auditory ADS subscales, evaluation parameters consisted of 4 categories: omission error, 
commission error, response time, and response time variability. T-scores of 65 or greater 
in one or more parameters were defined as possible ADHD.15 The Children's Depression 
Inventory (n = 73, 75.3%) was used to measure depressive symptoms, with depression 
defined as a score of 22 or greater.16 The State-Trait Anxiety Inventory for Children (n = 73, 
75.3%) was used to measure anxiety symptoms, with an anxiety state defined as a score of 41 
or greater in State Anxiety Inventory or 39 or greater in Trait Anxiety Inventory.17

Epilepsy classification
Epilepsy was classified based on the 1989 International League Against Epilepsy classification 
of epilepsies.18 Patients were classified into idiopathic generalized epilepsy (IGE) (n = 46, 
47.4%) or idiopathic localization-related epilepsy (ILRE) (n = 51, 52.6%). Patients with IGE 
were further subcategorized into juvenile myoclonic epilepsy (n = 8, 17.4%), childhood 
absence epilepsy (n = 6, 13.0%), juvenile absence epilepsy (n = 1, 2.2%), and other IGE (n 
= 31, 67.4%). Meanwhile, patients with ILRE were subcategorized into benign childhood 
epilepsy with centrotemporal spikes (BCECTSs) (n = 24, 47.1%), and other ILRE (n = 27, 
52.9%) (Fig. 1). Based on the EEG findings, other ILRE were subdivided into frontal lobe 
epilepsy (n = 10, 37.1%), occipital lobe epilepsy (n = 7, 25.9%), temporal lobe epilepsy  
(n = 5, 18.5%), parietal lobe epilepsy (n = 2, 7.4%), and others (n = 3, 11.1%). Three patients 

3/11https://jkms.org https://doi.org/10.3346/jkms.2018.33.e17

Neuropsychological Comorbidities in Children with Idiopathic Epilepsy

Eligible patients
(n = 131) Exclusion criteria

• AED administration before neuropsychological tests (n = 13)
• Duration of seizure before neuropsychological tests > 30 months (n = 10)
• Abnormalities on brain MRI (n = 9)
• FSIQ < 50 (n =  2)Included participants
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Fig. 1. Study population and distribution of patients according to epilepsy classification. 
AED = antiepileptic drug, MRI = magnetic resonance imaging, FSIQ = full-scale intelligence quotient, IGE = idiopathic generalized epilepsy, BCECTS = benign 
childhood epilepsy with centrotemporal spike, ILRE = idiopathic localization-related epilepsy.
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classified as others had IED over the entire unilateral hemisphere on EEG. We compared 
performance on the neuropsychological battery among the epilepsy groups.

EEG and lateralization of IED
All patients underwent EEG (Grass-Telefactor, West Warwick, RI, USA). EEG electrodes 
were placed according to the International 10–20 system. Based on the EEG findings, 
IGE was defined when synchronous and symmetrical generalized IED appeared in both 
hemispheres, whereas ILRE was defined when focal IED appeared in one hemisphere or 
independently in both hemispheres. Of 46 patients with IGE, 3 patients (6.5%) had focal 
IED, as well as generalized IED on EEG. Two patients had focal IED in the frontal region, 
and another in the centroparietal region. We classified ILRE, and its subgroups (BCECTS 
and other ILRE) into “unilateral” and “bilateral” groups, according to the lateralization 
of IED on EEG. The unilateral group was defined when focal IED were confined to one 
hemisphere. The bilateral group was defined when focal IED independently appeared in 
both hemispheres. We compared neuropsychological scores between the two groups. In 
addition, IQ scores were compared among the following three groups; unilateral ILRE, 
bilateral ILRE and IGE.

Seizure variables
In all patients, we evaluated seizure duration before neuropsychological battery, age of 
seizure onset, and total number of seizures before neuropsychological tests. Seizure duration 
was categorized into 5 groups: less than 1 month, 1–6 months, 7–12 months, 13–24 months, 
and 25−30 months. Total number of seizures was categorized into 4 groups (1–3 times, 4–6 
times, 7–10 times, and 11 or more times). We evaluated correlations between these seizure 
variables and neuropsychological battery results.

Neuropsychological association with ADHD
We also compared neuropsychological performance between patients with ADHD (total ARS-
IV score ≥ 19) and patients without ADHD (total ARS-IV score < 19).

Statistical analysis
All statistical analyses were conducted with IBM SPSS Statistics version 21 (IBM 
Corporation, Armonk, NY, USA). Independent t-tests were used to compare scores for 
the neuropsychological battery among epilepsy groups based on epilepsy classification, 
and between unilateral and bilateral ILRE. Mann-Whiney U tests were used to compare 
the BCECTS and other ILRE groups. The analysis of variance (ANOVA) test and Scheffe's 
post hoc test were used to compare IQ scores between unilateral ILRE, bilateral ILRE, 
and IGE. ANOVA tests were used to analyze the relationship between seizure duration 
before neuropsychological battery and neuropsychological battery scores. Pearson 
correlation analysis was used to analyze the relationship between age of seizure onset 
and neuropsychological battery scores. The Kruskal-Wallis test was used to analyze the 
relationship between total number of seizures and neuropsychological variables. Finally, 
the Mann-Whiney U test was used to analyze the relationship between ADHD diagnosis and 
neuropsychological battery scores.

Ethics statement
This study was approved by the Institutional Review Board of Ulsan University Hospital 
(IRB No. 2017-08-017). Informed consent was waived by the board because this was a 
retrospective study.
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RESULTS

Participant demographics
We recruited 54 male patients (55.7%) and 43 female patients (44.3%) with a median age of 10.1 
years (interquartile range, 7.8–12.4 years). The mean age of seizure onset was 9.7 ± 2.9 years.

Neuropsychological battery results
Patients had mean FSIQ, VIQ, and PIQ scores of 92.8 ± 16.5, 93.0 ± 16.3, and 93.2 ± 16.8, 
respectively. Nine patients (9.3%) had a FSIQ score below 70, while 35 patients (36.1%) had 
a FSIQ score ≥ 100. Impaired executive function was indicated in 34 patients (37.0%) on the 
Stroop Color and Word Test Children's Version and 28 patients (29.2%) on the Children's Color 
Trails Test. ADHD was diagnosed in 13 patients (14.3%), while 56 (57.7%) and 46 patients 
(48.9%) had possible ADHD based on the visual and auditory ADS, respectively. Finally, 3 
patients (4.1%) had depressive symptoms and 9 patients (12.3%) had anxiety symptoms.

Association between neuropsychological performance and the epilepsy 
classification
Patients with IGE had significantly lower FSIQ and PIQ scores than patients with ILRE (89.0 ± 
17.6 vs. 96.3 ± 14.8; P = 0.030 and 88.9 ± 16.3 vs. 97.0 ± 16.4; P = 0.016, respectively), but did not 
have lower VIQ scores (Fig. 2A). There were no significant differences in FSIQ, VIQ, and PIQ 
scores between patients with IGE and BCECTS (Fig. 2B). Meanwhile, patients with IGE had 
significantly lower PIQ scores than patients with other ILRE (88.7 ± 16.4 vs. 97.5 ± 16.0; P = 0.042, 
Fig. 2C), but did not have lower FSIQ or VIQ scores. Compared with patients with ILRE, patients 
with IGE had lower scores for the “omission error” category of the visual ADS (57.5 ± 23.4 vs. 72.3 
± 34.2; P = 0.014). There were no significant differences in scores for neuropsychological tests 
other than the “omission error” category of the visual ADS between IGE and ILRE.

Association between neuropsychological performance and lateralization of IED
Of 51 patients with ILRE, 22 (43.1%) were classified as unilateral and 29 (56.9%) as bilateral. 
Of 24 patients with BCECTS, 7 (29.2%) were classified as unilateral and 17 (70.8%) as 
bilateral. Of 27 patients with other ILRE, 14 (51.9%) were classified as unilateral and 13 
(48.1%) as bilateral. Although the bilateral group had lower mean FSIQ, VIQ, and PIQ scores 
than the unilateral group for patients with ILRE, BCECTS, and other ILRE, these differences 
were not statistically significant (Table 1). The FSIQ scores of patients with ILRE in the 
unilateral group (99.9 ± 12.2) were significantly higher than those of the bilateral group (93.7 
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Fig. 2. Comparison of IQ scores according to epilepsy classification. (A) Idiopathic generalized epilepsy vs. idiopathic localization-related epilepsy. (B) Idiopathic 
generalized epilepsy vs. benign childhood epilepsy with centrotemporal spikes. (C) Idiopathic generalized epilepsy vs. other idiopathic localization-related epilepsy. 
IQ = intelligence quotient, IGE = idiopathic generalized epilepsy, ILRE = idiopathic localization-related epilepsy, BCECTS = benign childhood epilepsy with 
centrotemporal spike, FSIQ = full-scale intelligence quotient, VIQ = verbal intelligence quotient, PIQ = performance intelligence quotient. 
aP < 0.05 by independent t-test.
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± 16.1), and patients with IGE (89.0 ± 17.6) (P = 0.039, Fig. 3). The PIQ scores of patients with 
ILRE in the unilateral group (100.1 ± 12.9) and bilateral group (94.9 ± 18.3) were significantly 
higher than those of patients with IGE (88.9 ± 16.3) (P = 0.030) (Fig. 3). There were no 
significant differences in results of other neuropsychological scores between the unilateral 
and bilateral groups for patients with ILRE, BCECTS, or other ILRE.

Association between neuropsychological performance and seizure variables
There was no correlation between the scores of each neuropsychological test including IQ 
test and the following seizure variables: seizure duration before the neuropsychological tests, 
age of seizure onset, and total number of seizures before neuropsychological tests.

Association between neuropsychological performance and ADHD
Patients with ADHD had significantly lower FSIQ and VIQ scores than patients without 
ADHD (83.9 ± 16.0 vs. 95.3 ± 15.5; P = 0.014 and 84.2 ± 12.6 vs. 96.5 ± 16.1; P = 0.011, 
respectively), but they did not have lower PIQ scores (Table 2). Patients with ADHD also had 
higher scores in the “omission error” category of the auditory ADS (71.3 ± 23.8 vs. 55.2 ± 
16.6; P = 0.017). Scores for the Children's Depression Inventory in patients with ADHD were 
significantly higher than those in patients without ADHD (12.3 ± 6.6 vs. 7.8 ± 5.8; P = 0.031, 
Table 2). There were no significant differences in results for the other neuropsychological 
tests between patients with ADHD and patients without ADHD.
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Fig. 3. Comparison of IQ scores among IGE and ILRE with bilateral or unilateral IED. 
IQ = intelligence quotient, IED = interictal epileptiform discharge, IGE = idiopathic generalized epilepsy, ILRE = 
idiopathic localization-related epilepsy, Unilateral ILRE = idiopathic localization-related epilepsy with unilateral 
interictal epileptiform discharges, Bilateral ILRE = idiopathic localization-related epilepsy with bilateral interictal 
epileptiform discharges, FSIQ = full-scale intelligence quotient, VIQ = verbal intelligence quotient, PIQ = 
performance intelligence quotient, ANOVA = analysis of variance. 
aP < 0.05 by ANOVA and Scheffe's test.

Table 1. Comparison of IQ scores according to lateralization of IED in ILRE and its subgroups
Scores ILRE (n = 51) P valuea BCECTS (n = 24) P valueb Other ILRE (n = 27) P valueb

Unilateral (n = 21) Bilateral (n = 30) Unilateral (n = 7) Bilateral (n = 17) Unilateral (n = 14) Bilateral (n = 13)
FSIQ 99.9 ± 12.2 93.7 ± 16.1 0.153 98.9 ± 9.0 94.9 ± 16.3 0.534 100.4 ± 13.8 92.2 ± 16.3 0.169
VIQ 99.8 ± 13.3 93.8 ± 14.9 0.175 100.7 ± 13.7 94.7 ± 14.9 0.455 99.3 ± 13.7 92.6 ± 15.3 0.458
PIQ 100.1 ± 12.9 94.9 ± 18.3 0.251 97.1 ± 8.3 96.2 ± 19.9 0.951 101.5 ± 14.8 93.2 ± 16.7 0.402
Values are expressed as mean ± standard deviation.
IQ = intelligence quotient, IED = interictal epileptiform discharge, ILRE = idiopathic localization-related epilepsy, BCECTS = benign childhood epilepsy with 
centrotemporal spike, FSIQ = full-scale intelligence quotient, VIQ = verbal intelligence quotient, PIQ = performance intelligence quotient.
aIndependent t-test; bMann-Whitney U test.
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DISCUSSION

In the present study, we observed that neuropsychological problems, including abnormal 
executive function, ADHD, depression, and anxiety are already present in some children 
with idiopathic epilepsy at the time of initial diagnosis and before AED administration. 
Nonetheless, many patients and their parents had not complained of any specific 
neuropsychological symptoms except for seizures. There appear to be differences in 
neuropsychological function depending on epilepsy classification, with patients with IGE 
having lower FSIQ and PIQ scores than patients with ILRE. In addition, lateralization of IED 
is also associated with neuropsychological function, with patients with ILRE and unilateral 
IED having significantly higher FSIQ scores than patients with ILRE and bilateral IED, and 
patients with IGE. Lastly, we also found that patients with comorbid ADHD had significantly 
lower FSIQ and VIQ scores than patients without ADHD.

The association between childhood epilepsy and neuropsychological comorbidities, 
including cognitive impairment, has long been recognized. However, the mechanisms and 
contributing factors for this relationship remain unknown. Compared with children with 
symptomatic epilepsy accompanied by specified causes of epilepsy, such as brain anomalies 
and chromosome abnormalities, neuropsychological comorbidities are more likely to be 
overlooked in children with idiopathic epilepsy. However, as neuropsychological comorbidities 
can seriously affect quality of life in patients with epilepsy, early detection is vital to prevent 
further impact. There is a higher prevalence of ADHD in patients with epilepsy than in typically 
developing children (28%–70% vs. 5%–10%).19 Furthermore, compared with the general 
population, patients with epilepsy have a higher prevalence of depressive disorder (10%–36% 
vs. 1%–2%) and anxiety disorder (24%–35% vs. 3%–8%).15,20-23 In this study, we identify 
ADHD, depression, and anxiety in 14.3%, 3.0%, and 9.3% of patients, respectively. Compared 
with results from previous studies, the prevalence of these neuropsychological comorbidities 
in this study population was higher than in general populations, but lower than in patients 
with epilepsy. The differences in prevalence appear to originate from several methodological 
factors. First, in this study, diagnosis of neuropsychological disorders was made based on the 
result of questionnaires completed by patients' parents, rather than a clinical diagnosis made 
by a psychiatrist. Second, the neuropsychological tests were performed in all patients with 
newly diagnosed epilepsy as screening tests even though neither patients nor their parents 
had complained of any specific neuropsychological symptoms except for seizures. It is 
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Table 2. Comparison of IQ scores and questionnaire results depending on the presence of ADHD
Scores/inventories ADHD P value

Positive Negative
Intelligence quotient scores n = 13 n = 78

FSIQ 83.9 ± 16.0 95.3 ± 15.5 0.014a

VIQ 84.2 ± 12.6 96.5 ± 16.1 0.011a

PIQ 87.1 ± 19.0 95.1 ± 15.7 0.225
Questionnaires for psychiatric disorders n = 9 n = 61

CDI 12.3 ± 6.6 7.8 ± 5.8 0.031a

SAIC 29.0 ± 5.8 28.0 ± 6.6 0.510
TAIC 29.8 ± 6.9 28.2 ± 7.9 0.399

Values are expressed as mean ± standard deviation.
IQ = intelligence quotient, ADHD = attention deficit hyperactivity disorder, FSIQ = full-scale intelligence quotient, 
VIQ = verbal intelligence quotient, PIQ = performance intelligence quotient, CDI = Children's Depression 
Inventory, SAIC = State Anxiety Inventory for Children, TAIC = Trait Anxiety Inventory for Children.
aP < 0.05 (Mann-Whitney U test).
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possible that this caused parents to respond more positively on the questionnaires compared 
with parents who have visited the clinic with complaints of specific neuropsychological 
symptoms. Third, this study included only patients with newly diagnosed idiopathic epilepsy, 
excluding patients with symptomatic epilepsy and those who have previously taken AED. 
This might lead to a lower prevalence of neuropsychological comorbidities in our study. 
Nevertheless, compared with the general population, we observed a higher prevalence 
of neuropsychological conditions in children with newly diagnosed idiopathic epilepsy 
who are AED-naïve. This suggests that such comorbidities may be inherently present in 
these patients, rather than resulting from extrinsic factors, such as AED administration or 
uncontrolled seizures.

Indeed, there have been many studies investigating cognitive function in children with epilepsy, 
but these have mostly focused on intractable or catastrophic forms of epilepsy, such as West 
syndrome, Lennox-Gastaut syndrome, and Dravet syndrome.24-26 Few studies have investigated 
cognitive function in patients with idiopathic epilepsy, and only a few studies have directly 
compared IQ scores between patients with IGE and those with ILRE, as we did.27-29 In this 
study, we investigated whether there are differences in IQ scores between patients with IGE 
and those with ILRE, observing significantly lower FSIQ and PIQ scores in the former group. 
We assumed that diffuse IED over both hemispheres might have more negative effects on 
patient cognition than would focal IED. One previous study reported that children with IGE had 
significantly lower PIQ scores than children with BCECTS.27 Meanwhile, another reported that 
patients with IGE had lower PIQ scores than patients with temporal lobe epilepsy.28 However, a 
further study did not observe significant differences in any cognitive domains between children 
with IGE and children with ILRE.29 Therefore, further investigation is required to identify 
whether there are differences in cognitive function between IGE and ILRE.

Interestingly, we also observed that patients with ILRE and unilateral IED had significantly 
higher FSIQ scores than patients with ILRE and bilateral IED, and patients with IGE. This result 
appears to originate from two possible causes: IED and bilaterality of cerebral lesions. It has 
been known that frequent IED can impair cognitive performance in children.30,31 In addition, 
IED can disrupt short-term cognitive processes.32 Meanwhile, in various neurological disorders, 
such as temporal lobe epilepsy, semantic dementia, and herpes simplex virus encephalitis, 
patients with bilateral cerebral lesions have much worse cognitive function than patients with 
unilateral lesions.33 When unilateral cortical tissues are damaged, the opposite intact side 
can compensate via brain plasticity in the highly interconnected system distributed bilaterally 
across the hemispheres of the brain.32 However, bilateral cerebral damage remarkably reduces 
the possibility of such compensation. Based on the results of this study, we presume that the 
presence of IED in both hemispheres may lead to lower FSIQ in patients with IGE and patients 
with ILRE and bilateral IED, regardless of synchronicity of IED in both hemispheres.

In this study, we also observed lower FSIQ and VIQ scores in patients with comorbid ADHD 
than those without ADHD. This was not surprising because many children with ADHD 
have lower IQ scores than typically developing children, and working memory, inhibition, 
and expressive language are often impaired in ADHD.34 In terms of the pathophysiology of 
decreased cognitive function in patients with epilepsy and ADHD, it has been suggested that 
neuronal pathways involved in attention, interference, and working memory are potentially 
associated with ADHD, and the diffuse spikes-and-waves in patients with epilepsy involve 
the “fronto-insular-thalamic network”.35 Hence, the comorbid presentation of epilepsy and 
ADHD may relate to interference with broader areas of the cognitive network.
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Another interesting finding of this study is that patients with comorbid ADHD had higher 
scores in the “omission error” category of auditory ADS than those without ADHD, but 
they did not have higher scores in the “commission error” category. Omission errors 
are significantly correlated with inattention, while commission errors are significantly 
correlated impulsivity.15 Previous studies also showed that compared to patients with ADHD 
only, patients with epilepsy and ADHD more often met the criteria for a predominantly 
inattentive type of ADHD than a combined type of ADHD.36-38 This finding is important 
because inattention is strongly associated with academic underachievement in children with 
epilepsy.39 Meanwhile, patients with comorbid ADHD had higher Children's Depression 
Inventory scores than patients without ADHD in this study. However, this result does not 
mean that patients with comorbid ADHD are more likely have depressed mood since the 
scores are negligibly low in both groups considering the criteria for depression on the 
Children's Depression Inventory.

This study has several limitations. First, as this study was retrospective using a chart review, 
diagnosis of neuropsychological disorders was made based on the results of questionnaires, 
rather than using a clinical diagnosis made by a psychiatrist. Therefore, we determined the 
presence of depressive and anxiety symptoms but not a diagnosis of depressive disorder and 
anxiety disorder when aberrant scores were detected on the Children's Depression Inventory 
or State-Trait Anxiety Inventory for Children. Second, we did not include an age-matched 
control group. For this reason, although we compared the results of neuropsychological 
tests among subgroups of patients with idiopathic epilepsy, we could not perform a 
comparison of these patients with healthy controls. Third, as this study included 9 patients 
with mild intellectual disability (FSIQ below 70) and 48 patients in whom brain MRI was 
not performed, we cannot exclude the possibility of inclusion of patients with symptomatic 
epilepsy. Finally, some patients did not complete certain tests of the neuropsychological 
battery due to the patient's poor cooperation.

In conclusion, our results suggest that idiopathic epilepsy may be accompanied by a variety of 
neuropsychological comorbidities even at the time of initial diagnosis. In addition, patients with 
IGE, patients with ILRE and bilateral IED on EEG, and patients with comorbid ADHD were more 
likely to be at higher risk of decreased cognitive function. Further studies are needed to identify 
long-term neuropsychological outcomes and prognostic factors for children with idiopathic 
epilepsy. In addition, further investigations are required to elucidate the pathophysiology 
underlying neuropsychological comorbidities in patients with idiopathic epilepsy.

ACKNOWLEDGMENTS

We sincerely thank Eun Ji Park (Ulsan University Hospital) for helping with statistical 
analysis, Soo-young Bhang (Eulji General Hospital) and Kukju Kweon (Ulsan University 
Hospital) for helping with acquisition and interpretation of data.

REFERENCES

 1. Corrigan FM, Broome H, Dorris L. A systematic review of psychosocial interventions for children and 
young people with epilepsy. Epilepsy Behav 2016;56:99-112. 
PUBMED | CROSSREF

9/11https://jkms.org https://doi.org/10.3346/jkms.2018.33.e17

Neuropsychological Comorbidities in Children with Idiopathic Epilepsy

http://www.ncbi.nlm.nih.gov/pubmed/26859319
https://doi.org/10.1016/j.yebeh.2016.01.005
https://jkms.org


 2. Camfield P, Camfield C. Incidence, prevalence and aetiology of seizures and epilepsy in children. Epileptic 
Disord 2015;17(2):117-23.
PUBMED

 3. Filippini M, Boni A, Giannotta M, Gobbi G. Neuropsychological development in children belonging to 
BECTS spectrum: long-term effect of epileptiform activity. Epilepsy Behav 2013;28(3):504-11. 
PUBMED | CROSSREF

 4. Jackson DC, Dabbs K, Walker NM, Jones JE, Hsu DA, Stafstrom CE, et al. The neuropsychological and 
academic substrate of new/recent-onset epilepsies. J Pediatr 2013;162(5):1047-1053.e1. 
PUBMED | CROSSREF

 5. Alfstad KA, Torgersen H, Van Roy B, Hessen E, Hansen BH, Henning O, et al. Psychiatric comorbidity in 
children and youth with epilepsy: an association with executive dysfunction? Epilepsy Behav 2016;56:88-94. 
PUBMED | CROSSREF

 6. Bailet LL, Turk WR. The impact of childhood epilepsy on neurocognitive and behavioral performance: a 
prospective longitudinal study. Epilepsia 2000;41(4):426-31. 
PUBMED | CROSSREF

 7. Hermann BP, Jones JE, Sheth R, Koehn M, Becker T, Fine J, et al. Growing up with epilepsy: a two-year 
investigation of cognitive development in children with new onset epilepsy. Epilepsia 2008;49(11):1847-58. 
PUBMED | CROSSREF

 8. Austin JK, Harezlak J, Dunn DW, Huster GA, Rose DF, Ambrosius WT. Behavior problems in children 
before first recognized seizures. Pediatrics 2001;107(1):115-22. 
PUBMED | CROSSREF

 9. Oostrom KJ, Smeets-Schouten A, Kruitwagen CL, Peters AC, Jennekens-Schinkel ADutch Study Group 
of Epilepsy in Childhood. 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 
2003;112(6 Pt 1):1338-44. 
PUBMED | CROSSREF

 10. Berg AT, Smith SN, Frobish D, Levy SR, Testa FM, Beckerman B, et al. Special education needs of children 
with newly diagnosed epilepsy. Dev Med Child Neurol 2005;47(11):749-53. 
PUBMED | CROSSREF

 11. Hesdorffer DC, Hauser WA, Olafsson E, Ludvigsson P, Kjartansson O. Depression and suicide attempt as 
risk factors for incident unprovoked seizures. Ann Neurol 2006;59(1):35-41. 
PUBMED | CROSSREF

 12. Scarpina F, Tagini S. The stroop color and word test. Front Psychol 2017;8:557. 
PUBMED | CROSSREF

 13. Williams J, Rickert V, Hogan J, Zolten AJ, Satz P, D'Elia LF, et al. Children's color trails. Arch Clin 
Neuropsychol 1995;10(3):211-23. 
PUBMED | CROSSREF

 14. DuPaul GJ. ADHD Rating Scale-IV: Checklists, Norms, and Clinical Interpretation. New York, NY: Guilford Press; 1998.

 15. Shin MS, Cho SC, Chun SY, Hong KE. A study of the development and standardization of ADHD 
diagnostic system. J Korean Acad Child Adolesc Psychiatry 2000;11(1):91-9.

 16. Kovacs M. Rating scales to assess depression in school-aged children. Acta Paedopsychiatr 1981;46(5-6):305-15.
PUBMED

 17. Spielberger CD. State-Trait Anxiety Inventory for Children. Palo Alto, CA: Consulting Psychologists Press; 1973.

 18. Proposal for revised classification of epilepsies and epileptic syndromes. Commission on Classification 
and Terminology of the International League Against Epilepsy. Epilepsia 1989;30(4):389-99. 
PUBMED | CROSSREF

 19. Berl MM, Terwilliger V, Scheller A, Sepeta L, Walkowiak J, Gaillard WD. Speed and complexity 
characterize attention problems in children with localization-related epilepsy. Epilepsia 2015;56(6):833-40. 
PUBMED | CROSSREF

 20. Reilly C, Agnew R, Neville BG. Depression and anxiety in childhood epilepsy: a review. Seizure 
2011;20(8):589-97. 
PUBMED | CROSSREF

 21. Thome-Souza S, Kuczynski E, Assumpção F Jr, Rzezak P, Fuentes D, Fiore L, et al. Which factors may play 
a pivotal role on determining the type of psychiatric disorder in children and adolescents with epilepsy? 
Epilepsy Behav 2004;5(6):988-94. 
PUBMED | CROSSREF

 22. Lewinsohn PM, Rohde P, Seeley JR. Major depressive disorder in older adolescents: prevalence, risk 
factors, and clinical implications. Clin Psychol Rev 1998;18(7):765-94. 
PUBMED | CROSSREF

10/11https://jkms.org https://doi.org/10.3346/jkms.2018.33.e17

Neuropsychological Comorbidities in Children with Idiopathic Epilepsy

http://www.ncbi.nlm.nih.gov/pubmed/25895502
http://www.ncbi.nlm.nih.gov/pubmed/23896351
https://doi.org/10.1016/j.yebeh.2013.06.016
http://www.ncbi.nlm.nih.gov/pubmed/23219245
https://doi.org/10.1016/j.jpeds.2012.10.046
http://www.ncbi.nlm.nih.gov/pubmed/26851646
https://doi.org/10.1016/j.yebeh.2016.01.007
http://www.ncbi.nlm.nih.gov/pubmed/10756408
https://doi.org/10.1111/j.1528-1157.2000.tb00184.x
http://www.ncbi.nlm.nih.gov/pubmed/18785880
https://doi.org/10.1111/j.1528-1167.2008.01735.x
http://www.ncbi.nlm.nih.gov/pubmed/11134444
https://doi.org/10.1542/peds.107.1.115
http://www.ncbi.nlm.nih.gov/pubmed/14654607
https://doi.org/10.1542/peds.112.6.1338
http://www.ncbi.nlm.nih.gov/pubmed/16225738
https://doi.org/10.1017/S001216220500157X
http://www.ncbi.nlm.nih.gov/pubmed/16217743
https://doi.org/10.1002/ana.20685
http://www.ncbi.nlm.nih.gov/pubmed/28446889
https://doi.org/10.3389/fpsyg.2017.00557
http://www.ncbi.nlm.nih.gov/pubmed/14588688
https://doi.org/10.1093/arclin/10.3.211
http://www.ncbi.nlm.nih.gov/pubmed/7025571
http://www.ncbi.nlm.nih.gov/pubmed/2502382
https://doi.org/10.1111/j.1528-1157.1989.tb05316.x
http://www.ncbi.nlm.nih.gov/pubmed/25940056
https://doi.org/10.1111/epi.12985
http://www.ncbi.nlm.nih.gov/pubmed/21741277
https://doi.org/10.1016/j.seizure.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15582849
https://doi.org/10.1016/j.yebeh.2004.09.001
http://www.ncbi.nlm.nih.gov/pubmed/9827321
https://doi.org/10.1016/S0272-7358(98)00010-5
https://jkms.org


 23. Jones JE, Watson R, Sheth R, Caplan R, Koehn M, Seidenberg M, et al. Psychiatric comorbidity in children 
with new onset epilepsy. Dev Med Child Neurol 2007;49(7):493-7. 
PUBMED | CROSSREF

 24. Riikonen R. Long-term outcome of patients with West syndrome. Brain Dev 2001;23(7):683-7. 
PUBMED | CROSSREF

 25. Scheffer IE, Zhang YH, Jansen FE, Dibbens L. Dravet syndrome or genetic (generalized) epilepsy with 
febrile seizures plus? Brain Dev 2009;31(5):394-400. 
PUBMED | CROSSREF

 26. Blume WT. Lennox-Gastaut syndrome: potential mechanisms of cognitive regression. Ment Retard Dev 
Disabil Res Rev 2004;10(2):150-3. 
PUBMED | CROSSREF

 27. Jeong MH, Yum MS, Ko TS, You SJ, Lee EH, Yoo HK. Neuropsychological status of children with newly 
diagnosed idiopathic childhood epilepsy. Brain Dev 2011;33(8):666-71. 
PUBMED | CROSSREF

 28. Sarkis RA, Pietras AC, Cheung A, Baslet G, Dworetzky B. Neuropsychological and psychiatric outcomes in 
poorly controlled idiopathic generalized epilepsy. Epilepsy Behav 2013;28(3):370-3. 
PUBMED | CROSSREF

 29. Hermann B, Jones J, Sheth R, Dow C, Koehn M, Seidenberg M. Children with new-onset epilepsy: 
neuropsychological status and brain structure. Brain 2006;129(Pt 10):2609-19. 
PUBMED | CROSSREF

 30. Ebus S, Arends J, Hendriksen J, van der Horst E, de la Parra N, Hendriksen R, et al. Cognitive effects of 
interictal epileptiform discharges in children. Eur J Paediatr Neurol 2012;16(6):697-706. 
PUBMED | CROSSREF

 31. Glennon JM, Weiss-Croft L, Harrison S, Cross JH, Boyd SG, Baldeweg T. Interictal epileptiform 
discharges have an independent association with cognitive impairment in children with lesional epilepsy. 
Epilepsia 2016;57(9):1436-42. 
PUBMED | CROSSREF

 32. Sánchez Fernández I, Loddenkemper T. Interictal epileptiform discharges and cognition. Dev Med Child 
Neurol 2017;59(1):13-4. 
PUBMED | CROSSREF

 33. Schapiro AC, McClelland JL, Welbourne SR, Rogers TT, Lambon Ralph MA. Why bilateral damage is 
worse than unilateral damage to the brain. J Cogn Neurosci 2013;25(12):2107-23. 
PUBMED | CROSSREF

 34. Rohrer-Baumgartner N, Zeiner P, Egeland J, Gustavson K, Skogan AH, Reichborn-Kjennerud T, et 
al. Does IQ influence associations between ADHD symptoms and other cognitive functions in young 
preschoolers? Behav Brain Funct 2014;10:16. 
PUBMED | CROSSREF

 35. Kang SH, Yum MS, Kim EH, Kim HW, Ko TS. Cognitive function in childhood epilepsy: importance of 
attention deficit hyperactivity disorder. J Clin Neurol 2015;11(1):20-5. 
PUBMED | CROSSREF

 36. Gascoigne MB, Smith ML, Barton B, Webster R, Gill D, Lah S. Attention deficits in children with epilepsy: 
preliminary findings. Epilepsy Behav 2017;67:7-12. 
PUBMED | CROSSREF

 37. Dunn DW, Kronenberger WG. Childhood epilepsy, attention problems, and ADHD: review and practical 
considerations. Semin Pediatr Neurol 2005;12(4):222-8. 
PUBMED | CROSSREF

 38. Dunn DW, Austin JK, Harezlak J, Ambrosius WT. ADHD and epilepsy in childhood. Dev Med Child Neurol 
2003;45(1):50-4. 
PUBMED | CROSSREF

 39. Williams J, Phillips T, Griebel ML, Sharp GB, Lange B, Edgar T, et al. Factors associated with academic 
achievement in children with controlled epilepsy. Epilepsy Behav 2001;2(3):217-23. 
PUBMED | CROSSREF

11/11https://jkms.org https://doi.org/10.3346/jkms.2018.33.e17

Neuropsychological Comorbidities in Children with Idiopathic Epilepsy

http://www.ncbi.nlm.nih.gov/pubmed/17593119
https://doi.org/10.1111/j.1469-8749.2007.00493.x
http://www.ncbi.nlm.nih.gov/pubmed/11701277
https://doi.org/10.1016/S0387-7604(01)00307-2
http://www.ncbi.nlm.nih.gov/pubmed/19203856
https://doi.org/10.1016/j.braindev.2009.01.001
http://www.ncbi.nlm.nih.gov/pubmed/15362174
https://doi.org/10.1002/mrdd.20029
http://www.ncbi.nlm.nih.gov/pubmed/21255950
https://doi.org/10.1016/j.braindev.2010.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23832134
https://doi.org/10.1016/j.yebeh.2013.05.020
http://www.ncbi.nlm.nih.gov/pubmed/16928696
https://doi.org/10.1093/brain/awl196
http://www.ncbi.nlm.nih.gov/pubmed/22750349
https://doi.org/10.1016/j.ejpn.2012.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27503785
https://doi.org/10.1111/epi.13479
http://www.ncbi.nlm.nih.gov/pubmed/27590923
https://doi.org/10.1111/dmcn.13245
http://www.ncbi.nlm.nih.gov/pubmed/23806177
https://doi.org/10.1162/jocn_a_00441
http://www.ncbi.nlm.nih.gov/pubmed/24884579
https://doi.org/10.1186/1744-9081-10-16
http://www.ncbi.nlm.nih.gov/pubmed/25628733
https://doi.org/10.3988/jcn.2015.11.1.20
http://www.ncbi.nlm.nih.gov/pubmed/28086190
https://doi.org/10.1016/j.yebeh.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/16780293
https://doi.org/10.1016/j.spen.2005.12.004
http://www.ncbi.nlm.nih.gov/pubmed/12549755
https://doi.org/10.1111/j.1469-8749.2003.tb00859.x
http://www.ncbi.nlm.nih.gov/pubmed/12609366
https://doi.org/10.1006/ebeh.2001.0166
https://jkms.org

	Cognitive Function and Neuropsychological Comorbidities in Children with Newly Diagnosed Idiopathic Epilepsy
	INTRODUCTION
	METHODS
	Neuropsychological battery
	Epilepsy classification
	EEG and lateralization of IED
	Seizure variables
	Neuropsychological association with ADHD
	Statistical analysis
	Ethics statement

	RESULTS
	Neuropsychological battery results
	Association between neuropsychological performance and the epilepsy classification
	Association between neuropsychological performance and lateralization of IED
	Association between neuropsychological performance and seizure variables
	Association between neuropsychological performance and ADHD

	DISCUSSION
	REFERENCES


