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1  | INTRODUC TION

Children with epilepsy (CWE) have an increased prevalence of 
cognitive and executive problems (Berg et al., 2008; Fastenau 
et al., 2009; Hoie, Mykletun, Waaler, Skeidsvoll, & Sommerfelt, 
2006; Hoie et al., 2005; Rantanen, Nieminen, & Eriksson, 2010). 

One population- based study with emphasis on executive func-
tions (EF) found that the patient group performed poorer on seven 
out of eight EF measures compared with the healthy comparison 
group (Hoie et al., 2006), and that executive problems contrib-
uted to school difficulties beyond intellectual dysfunction. EF in-
cludes behaviors necessary for successful coping with everyday 
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Abstract
Objectives: Executive problems in children and youth with epilepsy influence their 
ability to handle important aspects of daily life activities. The present study sought to 
explore factors associated with executive problems for patients with epilepsy in this 
age group.
Methods: The cohort consisted of 97 consecutive patients at the National Centre for 
Epilepsy	in	Norway,	aged	10–19	years,	with	focal	or	genetic	generalized	epilepsy.	All	
underwent tests of executive functions (D- KEFS), the Behavior Rating Inventory for 
Executive Function (BRIEF), and screening for psychiatric symptoms, using the 
Strengths and Difficulties Questionnaire (SDQ).
Results: Parent- reported cognitive executive dysfunction (BRIEF, Metacognitive 
Index) was the strongest independent predictor for tested executive dysfunction and 
vice versa. Furthermore, male gender correlated strongest with parent- reported be-
havioral regulation problems (BRIEF, Behavioral Regulation Index) along with border-
line/pathological score on the SDQ and parent- reported cognitive executive 
dysfunction.
Conclusions:	A	strong	association	between	parent-	reported	cognitive	executive	dys-
function and tested executive dysfunction was found. Male gender correlated 
strongest with parent- reported behavioral regulation problems. The latter was prob-
ably related to a higher frequency of symptoms associated with psychopathology 
among the boys than the girls. The frequency of executive deficits according to the 
different modes of measurement varied from 16% to 43%, suggesting that they cap-
ture different aspects of behavior under the executive umbrella.
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challenges, such as initiation, planning, organization, purposive 
actions,	 self-	monitoring,	 and	 self-	regulation	 (Lezak,	 Howieson,	
Bigler, & Tranel, 2012). Thus, identification of factors associated 
with executive dysfunction in CWE is of importance for develop-
ment of preventive measures and interventions to improve social 
and academic function.

Studies often define EF based on neuropsychological tests 
measuring aspects of these functions. Poor scores on EF tests 
have been associated with epilepsy- related variables that also 
have shown association with other cognitive deficits: intellec-
tual dysfunction (Hoie et al., 2005, 2006), psychiatric diagnosis 
(Alfstad	et	al.,	2016),	early	seizure	debut	 (Alfstad	et	al.,	2016),	
integrity of corpus callosum and frontostriatal connections 
(Hermann,	 Hansen,	 Seidenberg,	 Magnotta,	 &	 O’Leary,	 2003;	
Riley,	 Moore,	 Cramer,	 &	 Lin,	 2011),	 different	 epilepsy	 syn-
dromes	(Bell,	Lin,	Seidenberg,	&	Hermann,	2011;	Caplan	et	al.,	
2008;	 Kavros	 et	al.,	 2008;	 Meeren,	 Pijn,	 EL	 Van,	 Coenen,	 &	
Lopes	da	Silva,	2002;	Pascalicchio	et	al.,	2007),	high	seizure	fre-
quency	 (Hoie	et	al.,	2006)	and	antiepileptic	drugs	 (Aldenkamp	
et	al.,	 1993;	 Hessen,	 Lossius,	 Reinvang,	 &	 Gjerstad,	 2006,	
2007a, 2007b).

As	the	concept	of	EF	largely	pertains	to	everyday	functioning	
(Lezak	 et	al.,	 2012),	 one	might	 question	whether	 neuropsycho-
logical test performance validly captures this kind of function. 
The Behavior Rating Inventory of Executive Function (BRIEF) 
(Gioia,	Isquith,	Guy,	&	Kenworthy,	2000),	a	standardized	parent-	
rated measure assessing eight domains of EF, represents an 
effort to assess both behavioral and cognitive aspects of EF in 
everyday life. The BRIEF has been used to assess EF in several 
pediatric samples, including traumatic brain injury (Mangeot, 
Armstrong,	 Colvin,	 Yeates,	 &	 Taylor,	 2002;	 Vriezen	 &	 Pigott,	
2002),	attention-	deficit–hyperactivity	disorder	(ADHD)	(Jarratt,	
Riccio,	&	Siekierski,	2005),	hydrocephalus	(Mahone,	Zabel,	Levey,	
Verda,	&	Kinsman,	2002),	and	autism	(Gilotty,	Kenworthy,	Sirian,	
Black,	 &	 Wagner,	 2002;	 Gioia,	 Isquith,	 Kenworthy,	 &	 Barton,	
2002). In pediatric epilepsy populations, poor scores on the 

BRIEF have shown association with everyday executive dysfunc-
tion (Campiglia et al., 2014) and poor health- related quality of 
life	(Sherman,	Slick,	&	Eyrl,	2006).	Slick,	Lautzenhiser,	Sherman,	
and Eyrl (2006) found that a substantial proportion of children 
with intractable epilepsy display significant EF deficits measured 
by BRIEF and called for research into the relationship of BRIEF 
scores to other measures of EF in children with epilepsy to fur-
ther clarify its clinical utility. Only a few studies have adressed 
the relationship between tested and reported information about 
EF in children with epilepsy.

Parrish et al. (2007) looked at the BRIEF, completed by par-
ents, and test results from aspects of the Delis- Kaplan Executive 
Function System (D- KEFS) and found in newly diagnosed chil-
dren with epilepsy characterized by good seizure control that 
the two modes of measurement were significantly correlated on 
Metacognition Index, but not on the Behavioral Regulation Index. 
In	a	study	by	MacAllister	et	al.	(2012),	similar	correlation	between	
tested and reported EF deficits was not found when EF was tested 
with	 the	 Tower	 of	 London	 test	 (Anderson,	 Anderson,	 &	 Lajoie,	
1996).	They	also	found	that	the	Tower	of	London	performance	but	
not ratings on the BRIEF could be predicted by epilepsy- related 
variables, and discussed possible differences in the validity of 
these two modes of measuring EF.

Inconsistent findings between tested and reported executive 
deficits in children with epilepsy call for further investigation. Thus, 
the present study sought to analyze epilepsy- related correlates 
to tested as well as reported behavioral and cognitive executive 
problems in children and youth referred to a tertiary epilepsy cen-
ter. Based on referenced findings, we expected to find (Hoie et al., 
2005) that tested executive problems would be associated with early 
seizure debut and reported everyday cognitive executive problems 
(Hoie et al., 2006), that behavioral aspects of reported everyday ex-
ecutive problems would be best correlated to psychiatric symptoms, 
and (Berg et al., 2008) that reported everyday cognitive executive 
problems both would be correlated to tested executive problems and 
to psychiatric symptoms.

F IGURE  1 Flow chart, inclusion and 
exclusion criteria

Eligible patients
(n= 170)

Included participants  
neuropsychological testing and SDQ 

(n= 123)

Declined participation
(n= 38)

Included in the analysis
(n= 97)

Excluded after examination
(n= 26):

•Full scale IQ > 2 SD below
average on neuropsychological
(NP) testing (n= 11)
•Seizure during NP testing (n= 1) 
•No epilepsy (n= 4)
•Other epilepsy syndromes (n= 5)
•Not attending NP testing or 
examination not according to 
protocol (n= 5)

Exclusion criteria:
•Intellectual disability
•Previously brain surgery or VNS
•Progressive brain disorder

Inclusion criteria:
•Age 10- 19 yrs.
•GGE or focal epilepsy (temporal or 
frontal lobe epilepsy or BECTS)

Not approched
(n= 9)
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2  | METHODS

2.1 | Patient inclusion and clinical data

Patients between 10 years and 19 years hospitalized at The National 
Centre for Epilepsy, the only tertiary epilepsy center in Norway, 
were	 included	 consecutively	 from	 January	 2012	 to	 June	 2014	
(Figure 1). Informed written consent was obtained from parents or 
participants of legal age. The study was approved by the Regional 
Ethics Committee (2011/1636/REK).

A	detailed	description	of	 the	 inclusion	and	exclusion	criteria	 in	
this	study	has	been	described	elsewhere	(Alfstad	et	al.,	2016).	All	the	
patients	 underwent	 a	24-	hr	 EEG	 registration	 that	was	 interpreted	
by a neurologist experienced in neurophysiology. The patients were 
assessed with MRI except those with benign childhood epilepsy 
with centrotemporal spikes (BECTS) or genetic generalized epilep-
sies	(GGE).	Two	experienced	neurologists	classified	the	cases	inde-
pendently	 according	 to	 the	 International	 League	 Against	 Epilepsy	
(ILAE)	classification	of	seizures	and	epilepsies	(Berg	et	al.,	2010).	For	
non- consensus or difficult cases, an experienced child neurologist, 
blinded to prior evaluations, reviewed the cases until consensus was 
reached.

The	 focal	 epilepsies	 were	 classified	 as	 temporal	 lobe	 (TLE),	
frontal	lobe	(FLE),	BECTS,	or	focal	epilepsy	from	anterior	brain	re-
gions, but difficult to subclassify (focal epilepsy nos). The genetic 
generalized	 epilepsies	 (GGE)	 included	were	 generalized	 epilepsy	
with	 febrile	 seizures	 plus	 (GEFS+),	 childhood	 absence	 epilepsy	
(CAE),	juvenile	absence	epilepsy	(JAE),	juvenile	myoclonic	epilepsy	
(JME),	generalized	tonic	clonic	seizures	 (GTC)	only,	and	GGE	not	
otherwise specified (nos). Patients with Full Scale IQ below 70 and 
focal epilepsies from the posterior regions (parietal or occipital) 
were excluded.

2.2 | Behavioral evaluation

The	 Strengths	 and	 Difficulties	 Questionnaire	 (SDQ)	 (Goodman,	
2001) is a 25- item brief behavioral screening questionnaire that was 
completed independently both as self- report by the patients and 
by the parents. The questionnaire includes five subscales, covering 
emotional, conduct, hyperactivity, and peer relationships, as well 
as prosocial behavior. The items are rated “not true” (0), “somewhat 
true” (1), or certainly true” (2), resulting in a total difficulties score 
from	0	 to	40.	According	 to	available	norms	 (Goodman,	2001),	 the	
total scores were classified as normal 0–15, borderline 16–19, or 
abnormal >19 in the self- report and correspondingly in the parent 
report 0–13, 14–16 and >16. Other research groups have previously 
used this methodological approach to classify scores on the SDQ 
(Alfstad	et	al.,	2016;	Heiervang	et	al.,	2007).

The Behavior Rating Inventory of Executive Function (BRIEF) 
(Gioia	 et	al.,	 2000),	 a	 standardized	 86-	item	 parent-	rated	measure,	
was employed to assess both behavioral and cognitive aspects of EF 
in everyday life. The subscales of inhibit, shift, and emotional control 
make up the summary Behavioral Regulation Index (BRI), while the 

Metacognition Index (MCI) is comprised of initiate, working mem-
ory, plan/organize, organizations, and monitor subscales. Scores are 
standardized based on a normal distribution with a mean of 50 and 
SD of 10. We examined scores on both the BRI and MCI and accord-
ing	to	the	manual	(Gioia	et	al.,	2000)	T-	scores	≥	65	were	considered	
abnormal.

2.3 | Neuropsychological assessment

General	cognitive	ability	was	measured	by	the	Wechsler	Abbreviated	
Scale	of	Intelligence	(WASI)	(Wechsler,	1999).	Aspects	of	EFs	were	
assessed by subtests from D- KEFS (Delis, Kaplan, & Kramer, 2001): 
divided	attention	(Number-	Letter	Switching),	word	fluency	(Letter	
Fluency), and selective attention/response inhibition (Color Word 
Interference Test). These subtests are commonly used in the clini-
cal and research literature of EF, and the D- KEFS technical manual 
specifies that these tests can be used as stand- alone measures of 
EF	or	part	of	a	larger	battery	(Delis	et	al.,	2001).	All	the	raw	scores	
were converted to T-	scores.	 A	 composite	 Executive	 Score	 was	
computed based on average T- scores for three executive subtests. 
For the cutoff between normal and abnormal neuropsychological 
function, we used 1.5 Standard Deviations (SD) below normative 
mean	(IQ	≤	78	(WASI)	and	T-	score	≤	35	(D-	KEFS)).	We	have	previ-
ously employed the same composite score with the same cutoff 
criterion in a study of associations between executive dysfunction 
and	psychiatric	diagnosis	 in	children	with	epilepsy	 (Alfstad	et	al.,	
2016).

2.4 | Statistical analysis

First, descriptive statistics of the demographic, clinical, behavioral, 
and cognitive characteristics of the patient population was com-
puted.	Group	comparisons	were	tested	using	Pearson’s	Chi-	square	
for categorical variables and independent sample t tests for continu-
ous variables. Odds ratios for occurrence of tested and reported ex-
ecutive problems were estimated using logistic regression analysis. 
Univariate analyses were first performed for dichotomized variables 
reported in Tables 2–4, and significant factors were included in the 
multivariate analysis. Results of multivariate analysis are presented 
with odds ratios (OR) with 95% confidence intervals (CI) and p val-
ues.	All	 tests	were	 two-	sided	 and	performed	 at	 a	 5%	 significance	
level. The statistical Package for Social Sciences (spss version 24) was 
used.

3  | RESULTS

Demographical, epilepsy- related, and behavioral background char-
acteristics are provided in Table 1. Table 2 shows that patients scor-
ing below and above cutoff on the Executive Score are similar on all 
the demographical and epilepsy- related variables and significantly 
different on all the cognitive and behavioral measures with poor-
est results for the group with Executive Score below cutoff. Table 3 
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shows similar results for all the cognitive and behavioral measures 
for the groups obtaining abnormally high score versus normal score 
on	the	Metacognitive	Index.	Additionally,	it	was	found	that	patients	
with abnormally high score on the Metacognitive Index had sig-
nificantly earlier seizure debut (7.0 vs. 8.7 years, p = .03) than those 
with scores in the normal range. In Table 4, comparison between pa-
tients with abnormally high versus normal score on the Behavioral 
Regulation Index shows that boys with epilepsy are significantly 
more likely to have behavioral regulation problems than girls. Other 

significant risk factors for obtaining high score on this index were 
early seizure debut, younger age at examination, high score both on 
SDQ, and Metacognitive Index as well as poor Executive Score. Of 
note, executive deficits according to the three different modes of 
measurement was found in 16% of the group when measured with 
neuropsychological tests, 43% of the group when measured by par-
ent report of everyday cognitive executive problems in daily life, 
and 28% of the group when measured by parent report of everyday 
behavioral regulation difficulties. Difficulties according to the latter 
measurement method were primarily evident in boys, 51% in boys 
versus 8% in girls.

3.1 | Associations between tested and reported 
cognitive and behavioral executive problems

3.1.1 | Executive Score

Univariate logistic regression analysis showed that high score on 
the Metacognitive Index (OR = 12.8, CI 2.7–60.8, p = .001), border-
line/pathological score on SDQ (OR = 8.1, CI 1.7–38.6, p = .009), 
and high score on the Behavioral Regulation Index (OR = 4.1 CI 
1.3–12.9, p = .016) were significantly associated with poor Executive 
Score (Table 5). Only high score on the Metacognitive Index factors 
remained significant in the multivariate analysis (OR 14.2, CI 1.5–
128.4, p = .01).

3.1.2 | Behavioral Regulation Index

Univariate logistic regression analysis showed that Male gen-
der (OR = 12.3, CI 3.8–40.2, p = .001), borderline/pathological 
score on SDQ (OR = 23.4, CI 5.0–108.8, p = .001), high score on 
the Metacognitive Index (OR = 10.6 CI 3.5–32.2, p = .001), epi-
lepsy debut before 8 years (OR=2.7 CI 1.1–9.9, p = .039), and poor 
Executive Score (OR = 4.1 CI 1.3–12.9, p = .016) were significantly 
associated with high score on the Behavioral Regulation Index 
(Table 6). Only three of these variables remained significant in the 
multivariate analysis; Male gender (OR 14.8, CI 3.2–69.3, p = .001), 
borderline/pathological score on the SDQ (OR 7.7, CI 1.3–46.4, 
p = .026), and high score on the Metacognitive Index (OR = 5.6 CI 
1.1–28.4, p = .036).

3.1.3 | Metacognitive Index

Univariate logistic regression analysis showed that poor Executive 
Score (OR = 12.8, CI 2.7–60.1, p = .001), borderline/pathological 
score on SDQ (OR = 10.6, CI 3.5–32.2, p = .001), high score on the 
Behavioral Regulation Index (OR = 10.6 CI 3.5–32.2, p = .001), and 
epilepsy debut before 8 years (OR=2.5 CI 1.1–5.7, p = .035) were 
significantly associated with high score on the Metacognitive Index 
(Table 7). Only two of these factors remained significant in the 
multivariate analysis; poor Executive Score (OR 18.5, CI 1.9–180.0, 
p = .01) and borderline/pathological score on the SDQ (OR 3.7, CI 
1.1–11.9, p = .03).

TABLE  1 Background characteristics of participants (n = 97)

Variables Frequency n (%)

Gender	male/female 44 (45.0)/53 (55.0)

Age	epilepsy	debut,	mean	(range,	SD) 8.0 (<1–16 years, 4.0)

Age	at	examination,	mean	(range,	SD) 14.0 (10–19 years, 2.4)

Epilepsy duration, mean (range, SD) 6.0 (1–16 years, 3.9)

Epilepsy syndrome

TLE 14 (14.4)

FLE 20 (20.6)

JME 4 (4.1)

BECTS 12 (12.4)

Focal epilepsy 1 (1.0)

Absence	epilepsy 18 (18.6)

Other	GGE 28 (28.9)

Etiology

Structural pathology 17 (17.5)

Genetic 46 (47.4)

Unknown 34 (35.1)

Seizure frequency

No seizures last 6 months 35 (36.1)

No	GTCs	last	6	months 54 (55.7)

AED

2	or	3	AED 40 (41.2)

1	AED 51 (52.6)

No	AED 6 (6.2)

EEG

No epileptiform activity 28 (28.9)

Cognitive and behavioral variables

Full- scale IQ, mean (range, SD) 93.7 (70–125, 12.1)

Executive T- score, mean (range, SD) 43.8 (24–65, 8.5)

SDQ raw- score parent report, 
mean (range, SD)

13.8 (0–29, 7.5)

BRIEF Behavioral Regulation Index 
(BRI) T- score, mean (range, SD)

58.4 (37–95, 13.9)

BRIEF Metacognitive index (MI) 
T- score, mean (range, SD)

61.6 (36–85, 12.8)

AED,	 antiepileptic	 drug;	 BECTS,	 benign	 childhood	 epilepsy	 with	 cen-
trotemporal	spikes;	FLE,	frontal	lobe	epilepsy;	GGE,	genetic	generalized	
epilepsy;	GTC	only,	generalized	tonic	clonic	seizures	only;	JME,	juvenile	
myoclonic	 epilepsy;	 nos,	 not	 otherwise	 specified;	 TLE,	 temporal	 lobe	
epilepsy.
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4  | DISCUSSION

The main findings of this study are that parent- reported everyday 
cognitive executive dysfunction best correlated with tested execu-
tive dysfunction and vice versa, that tested executive dysfunction 
was best correlated with parent- reported everyday cognitive execu-
tive dysfunction. Furthermore, male gender showed the strongest 
association with parent- reported everyday behavioral regulation 
problems along with borderline/pathological score on the SDQ 
and parent- reported everyday cognitive executive dysfunction. 
Borderline/pathological score on the SDQ was also significantly 
associated with parent- reported everyday cognitive executive 
dysfunction. Executive deficits according to the three different 
modes of measurement was found in 16% based on tested execu-
tive dysfunction, 43% based on parent report of everyday cognitive 
executive problems, and 28% based on parent report of everyday 
behavioral regulation difficulties.

The strong association between parent- reported everyday cog-
nitive executive and tested executive dysfunction in this group of 
children with complex and chronic epilepsy is similar to what Parrish 
et al. (2007) found in children with newly diagnosed epilepsy and 
with good seizure control. This suggests a generalizability of find-
ings for these specific measurement methods across epilepsy char-
acteristics. However, the findings do not match with a recent study 
by	MacAllister	et	al.	(2012)	who	in	children	with	epilepsy	found	no	
correlation on parent report of everyday executive dysfunction, em-
ploying	 the	BRIEF,	and	 the	Tower	of	London	test	 (Anderson	et	al.,	
1996), which is a measure of EF. This finding fits well with studies 
that evaluate the association between reported and tested EF in 
children	with	other	neurologic	conditions.	For	 instance,	Anderson,	
Anderson,	Northam,	Jacobs,	and	Mikiewicz	(2002)	found	hardly	any	
correlation between parent- reported everyday executive problems 
measured with BRIEF in a group of children with diverse neurologic 
disorders (phenylketonuria, hydrocephalus, and frontal focal lesion) 

Variables

Low Executive Score, n = 15 
(16%) 
n (%)/mean (SD)

Normal Executive Score, n = 81 
(84%) 
n (%)/mean (SD) p Value

Boys 8 (53.3) 35 (43.2) ns

Girls 7 (46.7) 46 (56.8) ns

Age	at	
epilepsy 
debut

8.3 (4.6) 8.0 (3.8) ns

Age	at	
examination

14.5 (2.5) 14.0 (2.4) ns

Epilepsy 
duration

6.1 (4.2) 6.0 (3.9) ns

Focal epilepsy 6 (40.0) 41 (50.6) ns

GGE 9 (60.0) 40 (49.4) ns

No	GTCs	last	
6 months

7 (46.7) 44 (54.3) ns

MRI structural 
lesion

2 (13.3) 20 (24.7) ns

≥	2AED	
(polytherapy)

9 (60.0) 31 (38.3) ns

EEG	no	
epileptiform 
activity

8 (53.3) 23 (28.4) ns

Full- scale IQ 86.3 (8.1) 95.1 (12.3) .002

SDQ score: 
parent 
report, raw 
score

18.4 (6.0) 12.7 (7.4) .008

Behavioral 
Regulation 
Index, 
T- score

66.7 (13.8) 56.4 (12.9) .006

Metacognitive 
Index, 
T- score

72.0 (8.4) 59.4 (12.5) .001

AED,	antiepileptic	drug;	GGE,	genetic	generalized	epilepsy.

TABLE  2 Low	Executive	Score	
(T-	score	≤	35)	versus	normal	Executive	
Score (T- score > 35) (chi- square and 
independent t test, n = 96)
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and	 tested	 executive	 dysfunction.	 Both	 MacAllister	 et	al.	 (2012)	
and others indicate that reported everyday behavioral and tested 
measures appear to tap different constructs within the executive 
domains, suggesting that the BRIEF reflects more daily “real- life” be-
havior, while performance on neuropsychological primarily predicts 
behavior in a controlled assessment setting.

Male gender showed by far the strongest association with high 
score on the Behavioral Regulation Index. Fifty- one percent of the 
boys achieved scores in the abnormal range and only 8% of the girls, 
which means that the boys in this sample to a greater extent than 
the girls struggle with inhibition, mental flexibility, and emotional 
control. We have not found other studies in pediatric epilepsy pop-
ulations with similar gender differences on the BRIEF Behavioral 
Regulation Index. In a previous study largely based on the same 
study	 population	 as	 the	 present	 paper	 Alfstad	 et	al.	 (2016)	 found	
that significantly more boys than girls had a psychiatric diagnosis, 
primarily	 associated	 with	 ADHD	 and	 anxiety.	 The	 present	 study	
does not include formal psychiatric diagnosis, only a brief parent re-
port	of	behavioral	screening	with	the	SDQ	(Goodman,	2001)	that	has	
shown	good	ability	to	detect	psychiatric	problems	(Goodman,	Ford,	
Simmons,	Gatward,	&	Meltzer,	2000),	 covering	emotional	aspects,	

conduct, hyperactivity and peer relationships, as well as prosocial 
behavior. In our sample, the BRIEF Behavioral Regulation Index and 
the SDQ score were highly correlated (r = .829, p = .001). The boys 
achieved a mean raw score on the SDQ of 17.0 and the girls a mean 
score of 11.0 (p = .001). Together this suggests that a high level of 
psychiatric problems in the boys group contributes to a high level 
of everyday behavioral executive dysfunction. Other studies have 
also suggested an association with behavioral/psychiatric problems 
and everyday executive problems in children with epilepsy (Baum 
et al., 2010; Ekinici, Titus, Rodopman, Berkem, & Trevathan, 2009). 
Employing	the	child	behavior	check-	list	(CBCL)	and	neuropsycholog-
ical testing, Baum et al. (2010) investigated a group of children with a 
first recognized seizure, and found a connection between executive 
problems and depressive and anxious mood symptoms (Baum et al., 
2010).

Early seizure onset, defined as below mean for the group (below 
8 years of age) was associated with higher and more pathologi-
cal scores on both the Metacognitive Index and the Behavioral 
Regulation Index on the BRIEF, but not on the composite Executive 
Score.	As	mentioned	above,	the	BRIEF	correlates	highly	with	SDQ,	
which is associated with psychiatric symptoms. Thus, this finding 

Variables

High Score on MI, n = 40 
(43%) 
n (%)/mean (SD)

Normal Score on MI, n = 53 
(57%) 
n (%)/mean (SD) p Value

Boys 21 (52.5) 21 (39.6) ns

Girls 19 (47.5) 32 (60.4) ns

Age	at	epilepsy	
debut

7.0 (4.0) 8.7 (3.7) .03

Age	at	
examination

13.6 (2.2) 14.1 (2.4) ns

Epilepsy duration 6.6 (4.3) 5.5 (3.3) ns

Focal epilepsy 17 (42.5) 28 (52.8) ns

GGE 23 (57.5) 25 (47.2) ns

No	GTCs	last	
6 months

19 (47.5) 31 (58.5) ns

MRI structural 
lesion

8 (20.0) 13 (24.5) ns

≥	2AED	
(polytherapy)

15 (37.5) 22 (41.5) ns

EEG	no	
epileptiform 
activity

9 (22.5) 17 (32.1) ns

Full- scale IQ 90.0 (10.9) 96.7 (12.4) .008

SDQ score: 
parent report, 
raw score

18.9 (6.6) 9.8 (5.5) .001

Behavioral 
Regulation 
Index, T- score

67.6 (13.5) 51.4 (9.7) .001

Executive Score, 
T- score

39.8 (8.6) 46.5 (7.5) .001

AED,	antiepileptic	drug;	GGE,	genetic	generalized	epilepsy.

TABLE  3 High Score on the 
Metacognitive Index (MI) (T-	score	≥	65)	
versus normal Score on the MI (T- 
score < 65) (chi- square and independent t 
test, n = 93)
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is probably in line with our previous finding of high association 
between	 early	 seizure	 debut	 and	 psychiatric	 comorbidity	 (Alfstad	
et al., 2016). Most previous studies have not found this associa-
tion	(Alfstad	et	al.,	2011).	The	divergent	findings	may	be	related	to	
a host of factors, including different study populations, different 
measurement methods and which cutoff for early versus late sei-
zure debut that has been employed. The finding that tested EF was 
not associated with early seizure debut fits with findings, suggest-
ing that early seizure debut is primarily associated with lower IQ in 
pediatric populations (Hoie et al., 2005). Other seizure variables, 
such as seizure frequency, showed no association with any of the 

three modes of measuring executive problems, employed in this 
study.	AED	monotherapy	can	have	cognitive	and	executive	side	ef-
fects	(Aldenkamp	et	al.,	1993;	Hessen	et	al.,	2006,	2007a)	and	AED	
polytherapy may have an additional increased risk for cognitive side 
effects	 (Aldenkamp	et	al.,	1993).	However,	 in	 this	study,	we	found	
no	association	between	AEDs	and	EF,	in	particular	AED	polytherapy	
and executive deficits.

Executive function is an umbrella term comprising very differ-
ent cognitive processes and behavioral competencies including 
initiation, planning, verbal reasoning, problem- solving, the ability 
to sustain attention, resistance to interference, self- monitoring, 

Variables

High Score on BRI, n = 26 
(28%) 
n (%)/mean (SD)

Normal Score on BRI, n = 68 
(72%) 
n (%)/mean (SD) p Value

Boys 22 (84.6) 21 (30.9) .001

Girls 4 (15.4) 47 (69.1) .001

Age	at	epilepsy	
debut

6.1 (3.6) 8.6 (3.9) .008

Age	at	
examination

12.9 (2.0) 14.3 (2.4) .007

Epilepsy 
duration

6.7 (4.2) 5.8 (3.8) ns

Focal epilepsy 13 (50.0) 32 (47.1) ns

GGE 13 (50.0) 36 (52.9) ns

No	GTCs	last	
6 months

14 (53.8) 36 (52.9) ns

MRI structural 
lesion

6 (23.1) 15 (22.1) ns

≥	2AED	
(polytherapy)

9 (34.6) 29 (42.6) ns

EEG	no	
epileptiform 
activity

5 (19.2) 21 (30.9) ns

Full- scale IQ 91.1 (10.9) 94.6 (12.4) ns

SDQ score: 
parent report, 
raw score

22.8 (5.1) 10.3 (4.8) .001

Metacognitive 
Index, T- score

73.4 (8.9) 57.1 (11.1) .001

Executive Score, 
T- score

39.6 (9.2) 45.1 (7.8) .005

AED,	antiepileptic	drug;	GGE,	genetic	generalized	epilepsy.

TABLE  4 High Score on the Behavioral 
Regulation index (BRI) (T-	score	≥	65)	
versus normal Score on the BRI (T- 
score < 65) (chi- square and independent t 
test, n = 94)

Variable

Univariate analysis Multivariate analysis

OR (95% CI) p Value OR (95% CI) p Value

Metacognitive	Index	≥	T- 
score 65

12.8 (2.7–60.8) .001 14.2 (1.5–128.4) .01

Borderline/pathological 
score on SDQ

8.1 (1.7–38.6) .009 2.8 (0.4–19.2) ns

Behavioral Regulation 
Index	≥	T- score 65

4.1 (1.3–12.9) .016 1.1 (0.3–5.0) ns

TABLE  5 Univariate and multivariate 
regression analyses (dependent variable: 
Low	Executive	Score	(T-	score	≤	35))
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multitasking, cognitive flexibility, and the ability to deal with nov-
elty	(Lezak	et	al.,	2012).	To	assess	these	functions,	a	wide	range	
of tests, inventories, and tasks have been developed, under the 
same umbrella term, in countries with different cultures, devel-
opmental levels, and different languages, and also normed in un-
like settings (Raymond, Chan, David Shum, Toulopoulou, & Chen, 
2008). Based on this myriad of unlike measures and validation, it 
is not surprising that different studies often do not find similar 
associations between medical and psychological conditions and 
what is called EFs in a particular study. In this study, we employed 
three modes of measurement that despite significant associations 
obviously captures different function and behavior. This is evi-
dent when cutoff 1.5 SD from the normative mean characterizes 
16% of the group based on neuropsychological tests, 43% of the 
group based on parent report of everyday cognitive executive 
problems in daily life, and 28% of the group based on parent re-
port of everyday behavioral regulation difficulties in daily life. 
These very diverse findings based on measures that all are named 
as executive measures raises the question of whether the term EF 
may be too broad to be meaningful in many research and clinical 
settings.

Another	 limitation	of	 the	 study	 is	 the	 recruitment	bias.	All	pa-
tients were included consecutively while hospitalized at The National 
Centre for Epilepsy, that is, a tertiary epilepsy center. They may be 
representative for patients fulfilling our selection criteria, but not for 
children with epilepsy in a population- based setting, as the major-
ity of persons with epilepsy are well controlled, mostly seizure free 
(Kwan & Sander, 2004).

In conclusion, the main finding of this study was a strong as-
sociation between parent- reported everyday cognitive executive 
dysfunction and tested executive dysfunction. Furthermore, male 
gender showed the strongest association with parent- reported 
everyday behavioral regulation problems, probably related to a 
higher frequency of symptoms associated with psychopathology 
among the boys than the girls. Despite strong associations be-
tween the modes of measurement, the frequency of executive 
deficits according to the three different modes varied much, from 
16% to 43%, suggesting that they capture different aspects of 
behavior under the executive umbrella. These diverse findings 
based on measures that all are named as executive measures 
raise the question of whether the term EF may be too broad to 
be meaningful.
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Variable

Univariate analysis Multivariate analysis

OR (95% CI) p Value OR (95% CI) p Value

Male gender 12.3 (3.8–40.2) .001 14.8 (3.2–68.3) .001

Borderline/pathological 
score on SDQ

23.4 (5.0–108.8) .001 7.7 (1.3–46.4) .026

Metacognitive 
Index	≥	T- score 65

10.6 (3.5–32.2) .001 5.6 (1.1–28.4) .036

Epilepsy debut before 
8 years

2.7 (1.1–9.9) .039 1.9 (0.5–7.8) ns

Low	Executive	Score	
(T-	score	≤	35)	

4.1 (1.3–12.9) .016 1.5 (0.3–8.4) ns

TABLE  6 Univariate and multivariate 
regression analyses (dependent variable: 
Behavioral	Regulation	Index	≥	T- score 65)

Variable

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Low	Executive	Score	
(T-	score	≤	35)

12.8 (2.7–60.1) .001 18.5 (1.9–180.0) .01

Borderline/pathological score on 
SDQ

10.6 (3.5–32.2) .001 3.7 (1.1–11.9) .03

Behavioral	Regulation	Index	≥	T- 
score 65

10.6 (3.5–32.2) .001 3.6 (0.9–28.4) ns

Epilepsy debut before 8 years 2.5 (1.1–5.7) .035 2.0 (0.7–6.1) ns

TABLE  7 Univariate and multivariate 
regression analyses (dependent variable: 
Metacognitive	Index	≥	T- score 65)



     |  9 of 10HESSEN Et al.

CONFLIC T OF INTERE S T

None of the authors has any conflict of interest related to this article 
to disclose.

R E FE R E N C E S

Aldenkamp,	A.	P.,	Alpherts,	W.	C.	J.,	Blennow,	G.,	Elmqvist,	D.,	Heijbel,	
J.,	 &	Nilsson,	H.	 L.,	…	Wosse,	 E.	 (1993).	Withdrawal	 of	 antiepilep-
tic medication: Effects on cognitive function in children: the results 
of the multicentre “Holmfrid” study. Neurology, 43, 41–51. https:// 
doi.org/10.1212/WNL.43.1_Part_1.41

Alfstad,	K.	Å.,	Clench-Aas,	J.,	Van	Roy,	B.,	Mowinckel,	P.,	Gjerstad,	L.,	&	
Lossius,	M.	I.	(2011).	Psychiatric	symptoms	in	children	with	epilepsy	
aged 8- 13 years: Effects of age and gender? Epilepsia, 52, 1231–1238. 
https://doi.org/10.1111/j.1528-1167.2011.03042.x

Alfstad,	 K.	 Å.,	 Torgersen,	 H.,	 Van	 Roy,	 B.,	 Hessen,	 E.,	 Hansen,	 B.	 H.,	
Henning,	O.,	…	Lossius,	M.	I.	(2016).	Psychiatric	comorbidity	in	chil-
dren	 and	 youth	with	 epilepsy:	 An	 association	with	 executive	 dys-
function? Epilepsy & Behavior, 56, 88–94. https://doi.org/10.1016/ 
j.yebeh.2016.01.007

Anderson,	 P.,	 Anderson,	 V,	 Lajoie,	 G.	 (1996).	 The	 tower	 of	 London	
test:	 Validation	 and	 standardization	 for	 pediatric	 popula-
tions. The Clinical Neuropsychologist, 10, 54–65. https:// 
doi.org/10.1080/13854049608406663

Anderson,	 V.,	 Anderson,	 P.,	 Northam,	 E.,	 Jacobs,	 R.,	 &	Mikiewicz,	 O.	
(2002). Relationships between cognitive and behavioral mea-
sures of executive function in children With brain disease. 
Child Neuropsychology, 8(4), 231–240. https://doi.org/10.1076/
chin.8.4.231.13509

Baum,	K.	T.,	Byars,	A.	W.,	Dunn,	D.	W.,	Bates,	J.	E.,	Howe,	S.	R.,	Chiu,	
C.	Y.	P.,	&	Austin,	J.	K.	(2010).	The	effect	of	temperament	and	neu-
ropsychological functioning on behaviour problems in children 
with new- onset seizures. Epilepsy & Behavior, 17, 467–473. https:// 
doi.org/10.1016/j.yebeh.2010.01.010

Bell,	B.,	Lin,	 J.	 J.,	Seidenberg,	M.,	&	Hermann,	B.	 (2011).	The	neuro-
biology of cognitive disorders in temporal lobe epilepsy. Nature 
Reviews Neurology, 7(3), 154–164. https://doi.org/10.1038/
nrneurol.2011.3

Berg,	 A.	 T.,	 Berkovic,	 S.	 F.,	 Brodie,	 M.	 J.,	 Buchhalter,	 J.,	 Cross,	 J.	
H.,	 &	 van	 Emde	 Boas,	 W.,	 …	 Moshé,	 S.	 L.	 (2010).	 Revised	 ter-
minology and concepts for organization of seizures and epi-
lepsies:	 Report	 of	 the	 ILAE	 Commission	 on	 Classification	 and	
Terminology, 2005- 2009. Epilepsia, 51(4), 676–685. https:// 
doi.org/10.1111/j.1528-1167.2010.02522.x

Berg,	A.	T.,	Langfitt,	J.	T.,	Testa,	F.	M.,	Levy,	S.	R.,	DiMario,	F.,	Westerveld,	
M.,	&	Kulas,	J.	(2008).	Global	cognitive	function	in	children	with	ep-
ilepsy:	A	community-	based	study.	Epilepsia, 49(4), 608–614. https://
doi.org/10.1111/j.1528-1167.2007.01461.x

Campiglia,	M.,	Seegmuller,	C.,	Le	Gall,	D.,	Fournet,	N.,	Roulin,	J.	L.,	&	Roy,	
A.	(2014).	Assessment	of	everyday	executive	functioning	in	children	
with frontal or temporal epilepsies. Epilepsy & Behavior, 39, 12–20. 
https://doi.org/10.1016/j.yebeh.2014.07.023

Caplan,	 R.,	 Siddarth,	 P.,	 Stahl,	 L.,	 Lanphier,	 E.,	 Vona,	 P.,	 &	Gurbani,	 S.,	
…	 Shields,	 W.	 D.	 (2008).	 Childhood	 absence	 epilepsy:	 Behavioral,	
cognitive, and linguistic comorbidities. Epilepsia, 49(11), 1838–1846. 
https://doi.org/10.1111/j.1528-1167.2008.01680.x

Delis,	D.,	Kaplan,	E.,	&	Kramer,	J.	(2001).	The Delis-Kaplan executive func-
tion system.	San	Antonio,	TX:	The	Psychological	Corporation.

Ekinici,	O.,	 Titus,	 J.	 B.,	 Rodopman,	A.	 A.,	 Berkem,	M.,	&	 Trevathan,	 E.	
(2009). Depression and anxiety in children and adolescents with epi-
lepsy: Prevalence, risk factors, and treatment. Epilepsy & Behavior, 14, 
8–18. https://doi.org/10.1016/j.yebeh.2008.08.015

Fastenau,	P.	S.,	Johnson,	C.	S.,	Perkins,	S.	M.,	Byars,	A.	W.,	Austin,	J.	K.,	
& Dunn, D. W. (2009). Neuropsychological status at seizure onset 
in children: Risk factors for early cognitive deficits. Neurology, 73(7), 
526–534.	https://doi.org/10.1212/WNL.0b013e3181b23551

Gilotty,	L.,	Kenworthy,	L.,	Sirian,	L.,	Black,	D.	O.,	&	Wagner,	A.	E.	(2002).	
Adaptive	 skills	 and	 executive	 function	 in	 autism	 spectrum	 disor-
ders. Child Neuropsychology, 8, 241–248. https://doi.org/10.1076/
chin.8.4.241.13504

Gioia,	G.,	Isquith,	P.,	Guy,	S.	C.,	&	Kenworthy,	L.	(2000).	Behavior	rating	
inventory of executive functions. Child Neuropsychology, 6, 235–238. 
https://doi.org/10.1076/chin.6.3.235.3152

Gioia,	G.	A.,	Isquith,	P.	K.,	Kenworthy,	L.,	&	Barton,	R.	M.	(2002).	Profiles	
of everyday executive function in acquired and developmental dis-
orders. Child Neuropsychology, 8, 121–137. https://doi.org/10.1076/
chin.8.2.121.8727

Goodman,	 R.	 (2001).	 Psychometric	 properties	 of	 the	 Strengths	 and	
Difficulties Questionnaire. Journal of the American Academy 
of Child and Adolescent Psychiatry, 40, 1337–1345. https:// 
doi.org/10.1097/00004583-200111000-00015

Goodman,	R.,	Ford,	T.,	Simmons,	H.,	Gatward,	R.,	&	Meltzer,	H.	(2000).	
Using the Strengths and Difficulties Questionnaire (SDQ) to screen 
for child psychiatric disorders in a community sample. The British 
Journal of Psychiatry, 177(6), 534–539. https://doi.org/10.1192/
bjp.177.6.534

Heiervang,	 E.,	 Stormark,	 K.	 M.,	 Lundervold,	 A.	 J.,	 Heimann,	 M.,	
Goodman,	R.,	&	Posserud,	M.	B.,	…	Gillberg,	C.	 (2007).	Psychiatric	
dosorders	in	Norwegian	8-		to	10	year	Olds:	An	epidemiolgical	survey	
of prevalence, risk factors, and service use. Journal of the American 
Academy of Child and Adolescent Psychiatry, 46(4), 438–447. https://
doi.org/10.1097/chi.0b013e31803062bf

Hermann,	B.,	Hansen,	R.,	 Seidenberg,	M.,	Magnotta,	V.,	&	O’Leary,	D.	
(2003). Neurodevelopmental vulnerability of the corpus callosum 
to childhood onset localization- related epilepsy. NeuroImage, 18(2), 
284–292. https://doi.org/10.1016/S1053-8119(02)00044-7

Hessen,	E.,	Lossius,	M.,	Reinvang,	I.,	&	Gjerstad,	L.	(2006).	Influence	of	
major anti epileptic drugs on attention, reaction time and speed of 
information processing. Results from a randomised, double blind, 
placebo controlled withdrawal study of seizure- free epilepsy pa-
tients on monotherapy. Epilepsia, 47(12), 2038–2045. https:// 
doi.org/10.1111/j.1528-1167.2006.00805.x

Hessen,	E.,	Lossius,	M.,	Reinvang,	I.,	&	Gjerstad,	L.	(2007a).	Influence	of	
major anti epileptic drugs on neuropsychological function. Results 
from a randomised, double blind, placebo controlled withdrawal 
study of seizure- free epilepsy patients on monotherapy. Journal of 
the International Neuropsychological Society, 13(3), 393–400.

Hessen,	E.,	Lossius,	M.,	Reinvang,	I.,	&	Gjerstad,	L.	(2007b).	Slight	improve-
ment	in	mood	and	irritability	after	anti-	epileptic	drug	withdrawal.	A	
controlled study in mono- therapy patients. Epilepsy & Behavior, 10(3), 
449–455. https://doi.org/10.1016/j.yebeh.2007.01.014

Hoie,	 B.,	Mykletun,	 A.,	 Sommerfelt,	 K.,	 Bjornaes,	H.,	 Skeidsvoll,	 H.,	 &	
Waaler, P. E. (2005). Seizure- related factors and non- verbal intel-
ligence	 in	 children	 with	 epilepsy.	 A	 population-	based	 study	 from	
Western Norway. Seizure, 14(4), 223–231. https://doi.org/10.1016/ 
j.seizure.2004.10.006

Hoie,	 B.,	Mykletun,	 A.,	Waaler,	 P.	 E.,	 Skeidsvoll,	 H.,	 &	 Sommerfelt,	 K.	
(2006). Executive functions and seizure related factors in chil-
dren with epilepsy in Western Norway. Developmental Medicine 
and Child Neurology, 48(6), 519–525. https://doi.org/10.1017/
S0012162206001095

Jarratt,	K.	P.,	Riccio,	C.	M.,	&	Siekierski,	B.	M.	(2005).	Assessment	of	at-
tention	deficit	 hyperactivity	 disorder	 (ADHD)	using	 the	BASC	and	
BRIEF. Applied Neuropsychology, 12, 83–93. https://doi.org/10.1207/
s15324826an1202_4

Kavros,	 P.	 M.,	 Clarke,	 T.,	 Strug,	 L.	 J.,	 Halperin,	 J.	 M.,	 Dorta,	 N.	
J.,	 &	 Pal,	 D.	 K.	 (2008).	 Attention	 impairment	 in	 rolandic	

https://doi.org/10.1212/WNL.43.1_Part_1.41
https://doi.org/10.1212/WNL.43.1_Part_1.41
https://doi.org/10.1111/j.1528-1167.2011.03042.x
https://doi.org/10.1016/j.yebeh.2016.01.007
https://doi.org/10.1016/j.yebeh.2016.01.007
https://doi.org/10.1080/13854049608406663
https://doi.org/10.1080/13854049608406663
https://doi.org/10.1076/chin.8.4.231.13509
https://doi.org/10.1076/chin.8.4.231.13509
https://doi.org/10.1016/j.yebeh.2010.01.010
https://doi.org/10.1016/j.yebeh.2010.01.010
https://doi.org/10.1038/nrneurol.2011.3
https://doi.org/10.1038/nrneurol.2011.3
https://doi.org/10.1111/j.1528-1167.2010.02522.x
https://doi.org/10.1111/j.1528-1167.2010.02522.x
https://doi.org/10.1111/j.1528-1167.2007.01461.x
https://doi.org/10.1111/j.1528-1167.2007.01461.x
https://doi.org/10.1016/j.yebeh.2014.07.023
https://doi.org/10.1111/j.1528-1167.2008.01680.x
https://doi.org/10.1016/j.yebeh.2008.08.015
https://doi.org/10.1212/WNL.0b013e3181b23551
https://doi.org/10.1076/chin.8.4.241.13504
https://doi.org/10.1076/chin.8.4.241.13504
https://doi.org/10.1076/chin.6.3.235.3152
https://doi.org/10.1076/chin.8.2.121.8727
https://doi.org/10.1076/chin.8.2.121.8727
https://doi.org/10.1097/00004583-200111000-00015
https://doi.org/10.1097/00004583-200111000-00015
https://doi.org/10.1192/bjp.177.6.534
https://doi.org/10.1192/bjp.177.6.534
https://doi.org/10.1097/chi.0b013e31803062bf
https://doi.org/10.1097/chi.0b013e31803062bf
https://doi.org/10.1016/S1053-8119(02)00044-7
https://doi.org/10.1111/j.1528-1167.2006.00805.x
https://doi.org/10.1111/j.1528-1167.2006.00805.x
https://doi.org/10.1016/j.yebeh.2007.01.014
https://doi.org/10.1016/j.seizure.2004.10.006
https://doi.org/10.1016/j.seizure.2004.10.006
https://doi.org/10.1017/S0012162206001095
https://doi.org/10.1017/S0012162206001095
https://doi.org/10.1207/s15324826an1202_4
https://doi.org/10.1207/s15324826an1202_4


10 of 10  |     HESSEN Et al.

epilepsy: Systematic review. Epilepsia, 49(9), 1570–1580. https:// 
doi.org/10.1111/j.1528-1167.2008.01610.x

Kwan,	 P.,	&	 Sander,	 J.	 (2004).	 The	natural	 history	 of	 epilepsy:	An	 epi-
demiological view. Journal of Neurology, Neurosurgery, and Psychiatry, 
75(10), 1376–1381. https://doi.org/10.1136/jnnp.2004.045690

Lezak,	 M.	 D.,	 Howieson,	 D.	 B.,	 Bigler,	 E.	 D.,	 &	 Tranel,	 D.	 (2012).	
Neuropsychological assessment	 (5th	 ed.).	 New	 York,	 NY:	 Oxford	
University Press.

MacAllister,	 W.	 S.,	 Bender,	 H.	 A.,	 Whitman,	 L.,	 Welsh,	 A.,	 Keller,	 S.,	
Granader,	 Y.,	 &	 Sherman,	 E.	 M.	 (2012).	 Assessment	 of	 executive	
functioning	in	childhood	epilepsy:	The	Tower	of	London	and	BRIEF.	
Child Neuropsychology, 18(4), 404–415. https://doi.org/10.1080/092
97049.2011.613812

Mahone,	E.	M.,	Zabel,	T.	A.,	Levey,	E.,	Verda,	M.,	&	Kinsman,	S.	(2002).	
Parent and self- report ratings of executive function in adolescents 
with myelomeningocele and hydrocephalus. Child Neuropsychology, 
8, 258–270. https://doi.org/10.1076/chin.8.4.258.13510

Mangeot,	S.,	Armstrong,	K.,	Colvin,	A.	N.,	Yeates,	K.	O.,	&	Taylor,	H.	G.	
(2002).	Long-	term	executive	function	deficits	in	children	with	trau-
matic	brain	injuries:	Assessment	using	the	Behavior	Rating	Inventory	
of Executive Function (BRIEF). Child Neuropsychology, 8, 271–284. 
https://doi.org/10.1076/chin.8.4.271.13503

Meeren,	H.	K.,	Pijn,	J.	P.,	EL	Van,	L.,	Coenen,	A.	M.,	&	Lopes	da	Silva,	F.	H.	
(2002). Cortical focus drives widespread corticothalamic networks 
during spontaneous absence seizures in rats. Journal of Neuroscience, 
22(4), 1480–1495.

Parrish,	 J.,	Geary,	 E.,	 Jones,	 J.,	 Seth,	R.,	Hermann,	B.,	&	Seidenberg,	
M. (2007). Executive functioning in childhood epilepsy: Parent- 
report and cognitive assessment. Developmental Medicine 
and Child Neurology, 49(6), 412–416. https://doi.org/ 
10.1111/j.1469-8749.2007.00412.x

Pascalicchio,	 T.	 F.,	 de	 Araujo	 Filho,	 G.	 M.,	 da	 Silva	 Noffs,	 M.	 H.,	 Lin,	
K.,	 Caboclo,	 L.	 O.,	 Vidal-Dourado,	 M.,	 …	 Yacubian,	 E.	 M.	 (2007).	
Neuropsychological profile of patients with juvenile myoclonic ep-
ilepsy:	A	controlled	study	of	50	patients.	Epilepsy & Behavior, 10(2), 
263–267. https://doi.org/10.1016/j.yebeh.2006.11.012

Rantanen, K., Nieminen, P., & Eriksson, K. (2010). Neurocognitive 
functioning of preschool children with uncomplicated ep-
ilepsy. Journal of Neuropsychology, 4(Pt 1), 71–87. https:// 
doi.org/10.1348/174866409X451465

Raymond, C. K., Chan, R. C. K., David Shum, D., Toulopoulou, T., & Chen, 
E.	 Y.	 H.	 (2008).	 Assessment	 of	 executive	 functions:	 Review	 of	 in-
struments and identification of critical issues. Archives of Clinical 
Neuropsychology., 2008(23), 201–216.

Riley,	J.	D.,	Moore,	S.,	Cramer,	S.	C.,	&	Lin,	J.	J.	(2011).	Caudate	atrophy	
and impaired frontostriatal connections are linked to executive dys-
function in temporal lobe epilepsy. Epilepsy & Behavior, 21(1), 80–87. 
https://doi.org/10.1016/j.yebeh.2011.03.013

Sherman,	 E.	 M.,	 Slick,	 D.	 J.,	 &	 Eyrl,	 K.	 L.	 (2006).	 Executive	 dys-
function is a significant predictor of poor quality of life in chil-
dren with epilepsy. Epilepsia, 47(11), 1936–1942. https:// 
doi.org/10.1111/j.1528-1167.2006.00816.x

Slick,	D.	J.,	Lautzenhiser,	A.,	Sherman,	E.	M.,	&	Eyrl,	K.	(2006).	Frequency	
of scale elevations and factor structure of the Behavior Rating 
Inventory of Executive Function (BRIEF) in children and adolescents 
with intractable epilepsy. Child Neuropsychology, 12(3), 181–189. 
https://doi.org/10.1080/09297040600611320

Vriezen,	E.	R.,	&	Pigott,	S.	E.	(2002).	The	relationship	between	parental	
report on the BRIEF and performance- based measures of executive 
function in children with moderate to severe traumatic brain injury. 
Child Neuropsychology, 8, 293–303.

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence (WASI). San 
Antonio,	TX:	The	Psychological	Corporation.

How to cite this article:	Hessen	E,	Alfstad	KÅ,	Torgersen	H,	
Lossius	MI.	Tested	and	reported	executive	problems	in	children	
and youth epilepsy. Brain Behav. 2018;8:e00971. https://doi.
org/10.1002/brb3.971

https://doi.org/10.1111/j.1528-1167.2008.01610.x
https://doi.org/10.1111/j.1528-1167.2008.01610.x
https://doi.org/10.1136/jnnp.2004.045690
https://doi.org/10.1080/09297049.2011.613812
https://doi.org/10.1080/09297049.2011.613812
https://doi.org/10.1076/chin.8.4.258.13510
https://doi.org/10.1076/chin.8.4.271.13503
https://doi.org/10.1111/j.1469-8749.2007.00412.x
https://doi.org/10.1111/j.1469-8749.2007.00412.x
https://doi.org/10.1016/j.yebeh.2006.11.012
https://doi.org/10.1348/174866409X451465
https://doi.org/10.1348/174866409X451465
https://doi.org/10.1016/j.yebeh.2011.03.013
https://doi.org/10.1111/j.1528-1167.2006.00816.x
https://doi.org/10.1111/j.1528-1167.2006.00816.x
https://doi.org/10.1080/09297040600611320
https://doi.org/10.1002/brb3.971
https://doi.org/10.1002/brb3.971

