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Abstract

AIM—To characterize the prospective trajectory of parent-reported behavior and social 

competence problems in children with new or recent onset epilepsy from diagnosis to 5 to 6 years 

after diagnosis compared to healthy control participants.

METHOD—Thirty-five children (21 males, 14 females; mean age 14y 1mo, SD 3y 4mo, range 8–

18y) with new/recent onset idiopathic generalized (IGE) and 34 children with localization-related 

epilepsies (LRE; 19 males, 15 females; mean age 10y 8mo, SD 2y 2mo, range 8–18y) underwent 

behavioral assessment (Child Behavior Checklist) at baseline, 2 years, and 5 to 6 years after 

diagnosis. The assessment comprised summary scales Total Behavior Problems Internalizing 

Problems, Externalizing Problems, and Total Competence. Sixty-two children with normal 

development served as comparison participants. Analyses were based on random effects 

regression modeling comparing trajectories with respect to time since epilepsy diagnosis among 

groups.

RESULTS—Differences in parent-reported behavioral problems between LRE and IGE groups 

and healthy comparison participants were detectable at or near the time of diagnosis and remained 

either stable (competence) or tended to abate (behavior problems) over the ensuing 5 to 6 years 

without evidence of progressive worsening. These trends were evident for both LRE and IGE 

groups, with no difference between them.

INTERPRETATION—Behavior and competence problems in children with LRE and IGE 

epilepsy are not characterized by progressive worsening over a 5- to 6-year period. Behavioral 

problems are present near the time of diagnosis and tend to abate over time, with competence 
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problems being more persistent across serial assessments, and present in both LRE and IGE 

groups.

Population-based investigations have demonstrated that behavior problems are over-

represented among children and adolescents with epilepsy compared to adolescents with 

other non-neurological health conditions and adolescents with typical development.1,2 

However, much remains to be learned about the natural history of these issues, including 

when and why they develop and, especially, their course over time.3 To address this point, 

longitudinal studies of behavioral adjustment beginning at or near the time of epilepsy 

diagnosis are required.

Clinical investigations have examined children at or near the time of diagnosis, and in some 

cases before the onset of recurrent seizures. Studies have reported increased behavior 

problems in adolescents with new onset epilepsy, using observations from parents,4–11 

teachers,4,12,13 or parents and children themselves.7,10,14 Additionally, a small number of 

epidemiological investigations report that antecedent psychiatric disorders constitute a risk 

factor for the development of later epilepsy.15,16 The findings from these investigations 

suggest that factors other than recurrent seizures, chronic medication use, or social 

complications underlie the observed behavioral complications associated with epilepsy.

Controlled longitudinal examinations of the course of behavioral and social complications in 

children from the time of diagnosis of epilepsy are infrequent. To our knowledge, only two 

research groups have presented controlled prospective behavioral change data in children 

with newly diagnosed epilepsy, with end-point assessments ranging from 36 to 42 months 

after diagnosis.12,17–19 These studies targeted behavioral problems reported by parents and 

teachers. Areas of competence (e.g. school, social, activities) were not examined. The 

reported long-term outcomes have been variable, with children with new onset epilepsy 

continuing to show significant behavioral problems compared to participants with typical 

development over time (although with considerable individual variability)4,17 or exhibiting 

abating behavioral difficulties up to 26 months after diagnosis.19 The role of underlying 

etiology (cryptogenic versus idiopathic)17 and seizure type (partial versus generalized)19 

have been examined, but not the contribution of traditionally defined epilepsy syndromes.

In the current study, we report results from a controlled prospective cohort investigation of 

children with new/recent onset epilepsies, examining parent reports of problematic behavior 

and social competence over three waves of assessment including at or near the time of 

epilepsy diagnosis, 2 years later, and then 5 to 6 years after diagnosis. We focus on a 

comparison of the behavioral and social competence trajectories between children with 

localization-related (LRE) and idiopathic generalized epilepsies (IGE) healthy comparison 

participants, given the longstanding interest in the relationship between epilepsy syndrome 

and neurobehavioral comorbidities including cognition, behavior, and quality of life.3 Based 

on our prior prospective cognitive investigation,20 we hypothesized that both syndrome 

groups would exhibit more problematic behavior than comparison participants but would not 

differ from each another, and the heightened behavioral and social problems in children with 

epilepsy would not worsen over time.
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METHOD

Participants

Sixty-nine children with recent onset epilepsy and 62 healthy first-degree cousin comparison 

participants were recruited from pediatric neurology clinics at three Midwestern medical 

centers (University of Wisconsin-Madison, Marshfield Clinic, Dean Clinic). The study 

group was recruited based on the following inclusion criteria: (1) diagnosis of epilepsy 

within the past 12 months, (2) no other developmental disability, (3) no other neurological 

disorder, and (4) normal clinical magnetic resonance imaging (MRI). Each child’s epilepsy 

syndrome was elucidated and adjudicated in a research consensus meeting by the research 

pediatric neurologist who reviewed all available clinical data (e.g. seizure description and 

phenomenology, electroencephalogram, clinical imaging, neurodevelopmental history) 

while blinded to all research cognitive, behavioral, and neuroimaging data.

First-degree cousins were used as healthy comparison participants and exclusion criteria 

were as follows: history of (1) classic initial precipitating injuries (e.g. simple or complex 

febrile seizures), (2) any seizure or seizure-like episode, (3) diagnosed neurological disease,

(4) loss of consciousness greater than 5 minutes, or (5) other family history of a first-degree 

relative with epilepsy or febrile convulsions (see the previously published report for 

additional details21). We used cousin comparison participants rather than siblings or other 

potential comparison groups for the following reasons: (1) first-degree cousins are more 

genetically distant from the participants with epilepsy (one-eighth of shared genes) and thus 

less pre-disposed than siblings to shared genetic factors that may contribute to anomalies in 

brain structure and cognition; (2) a greater number of first-degree cousins are available than 

siblings in the target age range; and (3) the family link was anticipated to facilitate 

participant recruitment, and especially retention over time (which is our intent) compared to 

more general control populations (e.g. unrelated school mates). Retention rate (94%) was 

strong with only 8 of the initial 137 participants lost to follow up across waves 2 and 3 (four 

children with epilepsy and four control participants). Further details on baseline 

characteristics are available in an earlier publication from our group.21

Standard protocol approvals and patient consents

This study was reviewed and approved by the institutional review boards of all institutions 

involved in the study. On the day of study participation, written informed consent was 

obtained from the parent/legal guardian of the children and adolescents participating in the 

study, while written informed consent was obtained from research participants aged 18 and 

over and written informed assent was obtained from research participants aged 8 to 17 years. 

All procedures were consistent with the Declaration of Helsinki.22 Medical records pertinent 

to the child’s epilepsy diagnosis and treatment were obtained after signed release of 

information was garnered from the parent.

Procedures

As part of the study visit, the children underwent neuropsychological assessment, clinical 

interview, MRI, and questionnaire-based assessments. Each participating child was 

accompanied to their study visit by a parent who underwent a clinical interview and 
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completed questionnaires characterizing the child’s gestation, delivery, neurodevelopment, 

and seizure history. Children were seen for three waves of assessment including baseline 

(wave 1), 2 years later (wave 2), and 5 to 6 years after diagnosis (wave 3).

Parents completed the Child Behavior Checklist (CBCL) for children aged 6 to 18 years 

(CBCL/6–18) from the Achenbach System of Empirically Based Assessment.23 The primary 

dependent behavioral variables of interest included the overall CBCL/6–18 summary scales 

of Total Competence, Problems, Internalizing Problems, and Externalizing Problems. Total 

Competence scores were reverse coded so that all scale elevations reflected more 

problematic behavior and lower scores reflected better/less problematic behavior. For 

readers who would like detailed information pertaining to CBCL reliability, validity, and 

other information please see http://www.aseba.org/ordering/reliabilityvalidity.html. 

Cronbach’s alphas were examined for the Internalizing, Externalizing and Total Problems 

scales and found to be 0.86, 0.92, and 0.96 for epilepsy participants and 0.77, 0.89, and 0.92 

for comparison participants. These values are comparable to Achenbach System of 

Empirically Based Assessment (control) values of 0.90, 0.94, and 0.97, respectively.

Statistical analyses

As exploratory analyses compared LRE and IGE epilepsy syndromes to healthy comparison 

participants for each of the four behavioral scales of interest, the three groups were first 

compared at baseline (wave 1) by plotting individual test scores against age, including a 

flexible curve for the mean test score as a function of age.24 These plots served to present 

the joint distribution of test scores and age at baseline and to display any systematic 

differences between the three groups across the range of ages of onset (see Fig. 1a). Second, 

a flexible curve (not shown) for each scale was fitted to the test scores of the healthy control 

participants as a function of age, aggregating across the three waves, thus providing a 

reference for removal of normative age effects from test scores in the epilepsy group. 

Residuals from this model were computed for each group (LRE, IGE, and healthy 

comparison participants), and the distribution of these residuals was compared via boxplots 

across the three groups at each of three waves (Fig. 1b), providing an age-adjusted 

comparative summary of the group differences as a function of number of years after 

diagnosis.

Formal analyses were conducted to determine whether there were systematic behavioral 

differences between the LRE and IGE groups as well as relative to healthy comparison 

participants at either baseline and/or prospective assessments. Standard growth curve models 

were specified with fixed effects for age, age-squared, sex, and age-by-sex. The age-squared 

and the age-by-sex interaction allowed for non-linear relationships between test scores and 

age and allowed for age effects to differ between males and females. The aim was to 

thoroughly adjust for effects of age and sex even if they do not operate linearly. The models 

also included a random intercept and a random slope in age to account for response 

(behavioral score) trajectories varying from person to person within group. Age at baseline 

and age at onset were so highly correlated (r=0.97) that it was not necessary or appropriate 

to include age at onset in the models. Group and group x wave effects were then added into 

these models, and were tested in three ways. First, in an omnibus test of group differences in 
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overall trajectory, the main effect of (dummy-coded) group and the interaction of group x 

wave were jointly tested (see Table 2, column 2). This assessed the null hypothesis of no 

group effect at any time versus the alternative of a group effect at baseline and/or a trend in 

group differences (i.e. differences in slope) across the three waves of assessment. Second, 

only if the omnibus test rejected the null hypothesis, post-hoc tests were conducted for group 

differences at each of three waves of assessment (see Table 2, columns 4–6). This was 

accomplished by entering a dummy-coded wave into the model as a categorical variable 

interacted with a group, and then constructing contrasts reflecting group differences at each 

wave. Finally, again, only if the omnibus test rejected the null hypothesis, a trend test of 

group x wave interactions was conducted to determine if there were differences in slope 

among the groups across the three waves (see Table 2, column 7). This test provides further 

insight into whether omnibus differences reflect relatively constant group differences over 

time since diagnosis or, alternatively, whether group differences grow or shrink over time. 

Tests are presented in terms of p values derived from F tests, accompanied by indicators of 

direction of effect across the three waves.

Analyses were repeated for each of the target CBCL variables. Log transformation was used 

for non-normally distributed measures (Total Problems, Internalizing Problems, and 

Externalizing Problems). Graphics were prepared in R25 and models were fitted and tested 

using PROC MIXED in SAS software, version 9.2 (SAS Institute, Cary, NC, USA). 

Secondary analyses were conducted on the specific (narrow-band) CBCL scales and the 

results are presented in Figures S1 and S2 (online supporting information).

Multiple comparisons—The analyses described above involved omnibus tests for four 

behavioral measures. To control family wise or overall type I error rate (alpha=0.05), we 

used a procedure developed by Hochberg.26 This procedure is more powerful than both the 

Holm modification to the Bonferroni procedure or the Bonferroni procedure itself.27 Briefly, 

this procedure puts the four p values in descending order. If the first one is less than 0.05, 

the entire set of null hypotheses is rejected. If not, we advance to the next test and compare 

it to alpha=0.05/2, and so on comparing to 0.05/3, 0.05/4 until one test rejects, in which case 

all subsequent tests (with smaller p values) are also rejected. Having controlled the family-

wise error rate for the omnibus test, post-hoc tests for a given outcome are only performed 

when the omnibus test for that outcome is significant according to this procedure. The 

results are presented in terms of nominal p values and the table indicates when those p 

values fall below the Hochberg critical value.

RESULTS

The 131 research participants, aged 8 to 18 years, included 35 adolescents with recent onset 

LRE epilepsy (21 males, 14 females; mean age 10y 8mo, SD 2y 2mo), 34 with recent onset 

IGE epilepsy (19 males, 15 females; mean age 14y 1mo, SD 3y 4mo), and 62 healthy 

comparison participants (28 males, 34 females; mean age 13y, SD 3y; Table I). Participants 

with IGE had later ages at epilepsy onset and therefore, as result of the design, were older 

than participants with LRE, with comparison participants falling in between the two epilepsy 

groups. Participants with epilepsy were more predominantly male relative to comparison 

participants. Participants with LRE were less likely to be on antiepileptic drugs at baseline 
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than participants with IGE. At baseline, 5 of the 69 children with epilepsy had repeated a 

grade (7%) versus 1 of the 62 healthy comparison participants (2%). Thus, the vast majority 

of children (93% of epilepsy group and 98% of comparison group) were in the appropriate 

grade for age. A small number of children with epilepsy were not taking antiepileptic drugs 

either because the child’s parents elected not to initiate medications and/or the treating child 

neurologist elected not to start medication (e.g. in cases of benign epilepsy with 

centrotemporal spikes).

Scatterplots and flexible curve fits for all four measures depict patterns of no age effect and 

of greater impairment at baseline in the LRE versus healthy comparison participants and in 

the LRE versus IGE groups (Figs Ia and IIa). The plots also show good coverage across the 

younger age range for all three groups; however, for the LRE group, there is weak 

representation in the older ages.

There were significant differences by omnibus test among the three groups (LRE, IGE, and 

healthy comparison participants) across time in measures of Total Problems, Internalizing 

Problems, Externalizing Problems, and Total Competence (Table II).

Total Problems, Internalizing Problems, and Externalizing Problems showed strong group 

differences at baseline with LRE and IGE showing greater impairment than healthy 

comparison participants (Figs Ib and IIb). These differences declined over time (trend p 

values all italic>0.1), with non-significant group effects in Externalizing Problems by year 2, 

and no significant group effects across these scales at year 5 (Table II, columns 4 to 7). Total 

Competence was significantly different and in the same direction comparing LRE, IGE, and 

healthy comparison groups across all three waves of testing, although differences between 

LRE and IGE groups were reduced by wave 3 relative to baseline (trend p value = 0.06).

Table SI and Figure S1 (online supporting information) summarize the results of secondary 

analyses for the narrow-band CBCL scales. No scale showed worsening of behavioral 

abnormalities relative to healthy comparison participants over time; most scales showed 

significant differences at baseline with weakened effects by wave 3. Persisting epilepsy 

effects (regardless of syndrome) were seen for the School and Attention Problems scales. 

Only Social Problems showed a markedly different pattern. Here, at baseline the IGE group 

was impaired relative to the LRE and healthy comparison groups, which were 

indistinguishable. By wave 3, the LRE and IGE groups were similarly impaired relative to 

healthy comparison participants.

DISCUSSION

Three primary findings were identified in this investigation. First, using the parent-

completed CBCL as the measure of problem behavior and social competence, differences 

between the comparison and epilepsy groups were apparent at baseline. Second, there was 

no evidence of progression of behavioral and competence problems over serial waves of 

assessment. In fact, there were few persisting significant differences in behavioral problems 

at 5 to 6 years post-diagnosis, but there were persisting deficits in social competence in the 

two epilepsy groups. Third, there were weak, if any, syndrome-specific differences on the 
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behavioral and competence measures at baseline as well as at assessment waves at 2 years 

and 5 to 6 years post-diagnosis. Overall, our hypotheses regarding the lack of progression/

worsening of behavioral problems and minimal effects associated with seizure syndrome 

were supported. These findings are discussed below.

Baseline behavior and competence findings

At baseline, there were significant group differences across CBCL measures of Total 

Problems, Internalizing Problems, Externalizing Problems, and Total Competence, with the 

epilepsy groups exhibiting more problems and less competence compared to healthy 

comparison participants. These findings are consistent with the small number of earlier 

CBCL studies of new onset childhood epilepsy.4,8 The results are also consistent with 

findings from other controlled investigations using other measures of behavioral adjustment 

including the teacher report version of the CBCL.4,6,7,9,13,14 Thus, this appears to be a 

reliable and robust finding.

Behavioral and competence problems over time

Our cohort was seen and evaluated across three assessment waves including at or near the 

time of diagnosis of epilepsy (baseline), at 2 years, and then 5–6 years after diagnosis. There 

was no evidence of significant worsening of behavior problems over time; in fact, there were 

no significant group differences between the epilepsy and comparison groups at long-term 

follow up (5–6 years after diagnosis), although very mild differences were suggested. These 

findings are consistent with previous findings, as neither Oostrom et al.17 nor Austin et al.19 

reported progressive behavioral difficulties. However, our results are most consistent with 

Austin et al.19 who also reported an overall trend of declining behavioral problems in the 

children with new onset epilepsy over time. We observed this to be the case for Total 

Behavioral Problems as well as the Internalizing and Externalizing scales. However, Total 

Competence continued to exhibit a significant effect across all time points up to 5 to 6 years 

post-diagnosis assessment, with more competence problems exhibited by the epilepsy 

groups (both LRE and IGE) compared to comparison participants, representing the most 

persistent abnormality. Social skills deficits can have long-term effects on the development 

and maintenance of interpersonal relationships, social acceptance, and mental health, and 

there is evidence to support the long-term implications of social skills’ deficits in epilepsy 

and their potential contributions to poor long-term psychosocial outcomes in adulthood.25 

These findings extend our reported baseline CBCL findings,28 indicating that early behavior 

and social problems do not worsen over time.

The persisting effect of epilepsy for school and attention problems is expected. We have 

found that the cognitive problems that underlie academic achievement difficulties are stable 

over time, neither worsening nor improving,20 and our result of persisting school problems 

is consistent with those findings. Similarly, the persisting parental reports of attention 

problems is in agreement with the elevated rate of attention-deficit–hyperactivity disorder 

diagnoses in the children with epilepsy.7 These ongoing school and attention problems 

should be of clinical concern given their potential and likely impact on future vocational, 

financial, and quality of life trajectories.3
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Impact of seizure syndrome

This investigation also inquired into the possible impact of epilepsy syndrome on the nature 

and course of behavior and competence limitations. The results were consistent in that the 

LRE and IGE groups were comparable in their differences from comparison participants at 

baseline and over time without a clear or unique syndrome-specific relationship to behavior 

or competence problems. In addition, secondary exploratory analyses of the CBCL narrow-

band scales comprising the Total Competence and Total Problems scales were congruent 

with the effects described above in that abnormalities, when present, were evident at 

baseline, did not worsen over time with the group effects weakening and often dissipating by 

the 5 to 6 year follow up, and with minimal association of problems with specific syndrome 

type (see Table SI and Fig. S1).

Limitations

Several limitations are associated with this investigation. First, we used only the parent 

report version of the CBCL, the predominant method of investigation in this literature. In the 

future it would be useful to incorporate reports from teachers as well as the child self-report 

to assess the consistency and generalizability of these findings. Second, the patterns of 

results presented here apply just to the CBCL. It is possible that other behavioral measures, 

such as formal psychiatric diagnoses derived through structured interview procedures (e.g. 

Kiddie-Schedule for Affective Disorders and Schizophrenia - Present and Lifetime 

version),29 might reveal somewhat different syndrome separation and time course, and 

should, therefore, be investigated. Third, we examined only the broad effects of LRE and 

IGE. It is possible that there may be detectable variation among specific LRE and IGE 

syndromes, but this remains to be addressed in the future. Fourth, the questions regarding 

the children’s gestation and delivery, assessed at the baseline evaluation, contain the 

potential for error and recall bias associated with parent reporting, especially for older 

children. Fifth, there is weak representation in the older ages for the LRE group, so that 

conclusions at older ages only apply to the IGE versus comparison participants. Finally, 

cautions have been raised regarding the validity of some specific CBCL items and scales in 

children with chronic illness (including epilepsy),30,31 cautions that are generally important 

and pertain to many self-report measures when applied to medical and neurological groups 

(e.g. use of the Minnesota Multiphasic Personality Inventory with epilepsy, general 

neurological, and even general medical patients;32,33 self-report depression measures where 

antiepileptic drug effects can influence test scores).34 That said, there is reassuring evidence 

regarding the use and validity of the CBCL in childhood epilepsy.35

CONCLUSION

The childhood epilepsies investigated here are characterized by early (near onset and 

diagnosis) behavioral and competence abnormalities that do not worsen over time, either 

remaining stable (competence) or abating to control levels (behavioral problems) up to 6 

years post-diagnosis, with minor epilepsy syndrome (LRE versus IGE) effects. Our results, 

and the results of others, indicate that behavioral, cognitive and academic issues may be 

evident at the time, and sometimes antecedent to, the first recognized seizure and diagnosis 

and are not necessarily caused by epilepsy chronicity. These children do not necessarily get 
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worse; however, some problems (e.g. social competence, school problems, attention 

problems) do not resolve and thereby require assessment and intervention early in the course 

of the child’s epilepsy in order to improve the quality of life and poor psychosocial 

outcomes that have been documented to follow these individuals into adulthood.3

Supplementary Material
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What this paper adds

• Problems in behavior and competence are a recognized comorbidity of 

childhood epilepsy.

• There is limited information regarding their natural history.

• Behavior problems are evident at/near the time of diagnosis and are attenuated 5 

to 6 years after diagnosis.

• Competence problems persist across all waves of assessment.

• There is no difference in these findings between LRE and IGE.
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Figure 1. 
Total Problems and Total Competence (reverse coded) by age, wave, and diagnostic group. 

(a) Scatterplot of scores by age at baseline, with accompanying flexible curve fitted to data, 

for each of two epilepsy syndrome groups (LRE and IGE) and healthy control participants. 

(b) Boxplots of age-residualized scores by syndrome group (LRE and IGE versus healthy 

control) and wave. Comparison participants were used as a reference to compute residuals as 

explained in the text. The p values for fully adjusted comparisons are given in Table II. 

Boxplots follow standard statistical practice. Briefly, the top, bottom, and middle of the box 

represent the third and first quartiles and the median, respectively. The bar at the top of the 

upper whisker is the largest data point that is within 1.5 times the interquartile range (IQR) 

from the third quartile, where the IQR is the difference between the third and first quartiles. 

A symmetric description applies to the bar at the bottom of the lower whisker. The data 

points outside the whiskers are greater than 1.5 times the IQR from the third or first 

quartiles, may be considered outliers, and hence are worthy of their own display. Comp., 

healthy comparison group; IGE, idiopathic generalized epilepsy; LRE, localization-related 

epilepsy.
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Figure 2. 
Internalizing Problems and Externalizing Problems by age, wave, and diagnostic group. (a) 

Scatterplot of scores by age at baseline, with accompanying flexible curve fitted to data, for 

each of two epilepsy syndrome groups (LRE and IGE) and healthy control participants. (b) 

Boxplots of age-residualized scores by syndrome group (LRE and IGE versus healthy 

control) and wave. See Figure 1 for interpretation. Ctrl, Healthy control group; LRE, 

localization-related epilepsy; IGE, idiopathic generalized epilepsy.
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