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Abstract
Purpose—To examine whether family history of unprovoked seizures is associated with
behavioral disorders in epilepsy probands, thereby supporting the hypothesis of shared underlying
genetic susceptibility to these disorders.

Methods—We conducted an analysis of the 308 probands with childhood onset epilepsy from
the Connecticut Study of Epilepsy with information on first degree family history of unprovoked
seizures and of febrile seizures whose parents completed the Child Behavior Checklist (CBCL) at
the 9-year follow-up. Clinical cut-offs for CBCL problem and DSM-Oriented scales were
examined. The association between first degree family history of unprovoked seizure and
behavioral disorders was assessed separately in uncomplicated and complicated epilepsy and
separately for first degree family history of febrile seizures. A subanalysis, accounting for the
tendency for behavioral disorders to run in families, adjusted for siblings with the same disorder as
the proband. Prevalence ratios were used to describe the associations.

Key findings—In probands with uncomplicated epilepsy, first degree family history of
unprovoked seizure was significantly associated with clinical cut-offs for Total Problems and
Internalizing Disorders. Among Internalizing Disorders, clinical cut-offs for Withdrawn/
Depressed, and DSM-Oriented scales for Affective Disorder and Anxiety Disorder were
significantly associated with family history of unprovoked seizures. Clinical cut-offs for
Aggressive Behavior and Delinquent Behavior, and DSM-Oriented scales for Conduct Disorder
and Oppositional Defiant Disorder were significantly associated with family history of
unprovoked seizure. Adjustment for siblings with the same disorder revealed significant
associations for the relationship between first degree family history of unprovoked seizure and
Total Problems and Agressive Behavior in probands with uncomplicated epilepsy; marginally
significant results were seen for Internalizing Disorder, Withdrawn/Depressed and Anxiety
Disorder.
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There was no association between family history of unprovoked seizure and behavioral problems
in probands with complicated epilepsy. First degree family history of febrile seizure was not
associated with behavioral problems in probands with uncomplicated or in those with complicated
epilepsy.

Significance—Increased occurrence of behavioral disorders in probands with uncomplicated
epilepsy and first degree family history of unprovoked seizure suggests familial clustering of these
disorders. This supports the idea that behavioral disorders may be another manifestation of the
underlying pathophysiology involved in epilepsy or closely related to it.
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Psychiatric disorders are associated with epilepsy. When time order is examined Attention
Deficit Hyperactivity Disorder (ADHD),(Austin et al., 2001; Hesdorffer et al., 2004) major
depression, (Forsgren et al., 1996; Hesdorffer et al., 2000; Hesdorffer et al., 2005; Nilsson et
al., 2003) bipolar disorder (Hesdorffer, et al. 2005), and attempted suicide (Hesdorffer, et al.
2005) are associated with an increased risk for the later development of epilepsy in children
and adults. Among people with epilepsy, neuropsychiatric disorders present at the initial
diagnosis were associated with a decreased chance of seizure remission (Hitiris et al., 2007;
Petrovski et al., 2010). Other studies have shown that a history of psychiatric disorders
before epilepsy surgery were associated with a poorer chance of post-surgical remission
(Guarnieri et al., 2009; Kanner et al., 2009) These data suggest that psychiatric disorders
may lower seizure threshold, leading to an increased risk for developing epilepsy and to
continued seizures in epilepsy.

Several explanations may be posited for the comorbidity of psychiatric disorders and
epilepsy (Kanner, 2003). Though unlikely, one possibility is that psychiatric disorders
directly cause epilepsy, in the way that diabetes causes diabetic retinopathy. A second
possibility, which is the focus of this investigation, is that there may be a common
underlying predisposition to both epilepsy and psychiatric disorders. We tested the
hypothesis that epilepsy and behavioral disorders cluster in families. We evaluated this by
examining whether a first degree family history of unprovoked seizures was associated with
an increased prevalence of behavioral disorders in probands with epilepsy. We separately
examined whether a first degree family history of febrile seizures was associated with an
increased prevalence of behavioral disorders in probands with epilepsy.

METHODS
Study sample

Briefly, probands with incident epilepsy in childhood were recruited from the offices of
pediatric neurologists, pediatricians and adult neurologists throughout the state of
Connecticut from 1993–1997 (Berg et al., 1999). Parents were interviewed after the initial
diagnosis and contacted every 3–4 months to determine the occurrence of any new seizures.
Seizures, etiology, and syndromes were classified based on information available at initial
diagnosis and updated as new information became available. Eight to nine years after study
entry, probands were invited to participate in a reassessment protocol which included a
parental questionnaire. Of the 613 probands in the original cohort, 502 (89.1%) completed
questionnaires, 94.7% of those actively followed at the nine-year assessment. Additionally,
285 sibling controls were recruited and the same parental questionnaire was administered.
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Epilepsy categories
The designation of uncomplicated epilepsy required a normal neurological exam, no
underlying structural or metabolic neurological condition or insult, and an FSIQ ≥ 80 (Berg
et al., 2010; Berg et al., 2011). Epilepsy was considered “complicated” in subjects with
FSIQ<80, an abnormal exam, or a structural metabolic cause. This is consistent with the use
of these terms by other investigators (Davies et al., 2003).

We restricted the analysis of childhood onset epilepsy to the 308 probands with information
on first degree family history of unprovoked seizures and of febrile seizures whose parents
completed the Child Behavior Checklist (CBCL) at the time of the 9-year follow-up (Figure
1A and B). Subanalysis was restricted to 114 probands with uncomplicated epilepsy whose
siblings were similarly assessed.

Descriptive data
Several descriptive factors were examined, including gender, age at onset, age at the 9-year
interview, ever in 5-year remission, and type of epilepsy. Age at onset was categorized as 1
month through 1 year, 2 years through 4 years 4 years, 5 years through 9 years and ≥ 10
years. Age at the nine year interview was categorized as <10 years, 10 through 14 years, and
15 through 19 years.

Behavioral disorders
Behavioral disorders were assessed using the Child Behavior Checklist (CBCL) (Achenbach
& Rescorla, 2001), which was completed by parents for included probands and for siblings,
when available. We examined the clinical cut-offs for Total Problems, Internalizing
Disorders, Externalizing Disorders, Anxious/Depressed, Withdrawn/Depressed, Somatic
Complaints, Thought Problems, Attention Problems, Rule-Breaking Behavior, Aggressive
Behavior and Delinquent Behavior based upon the developer’s published norms. In addition,
we considered the six Diagnostic and Statistical Manual Of Mental Disorders (DSM)-
oriented scales for Affective Disorder, Anxiety Disorder, Attention-Deficit Hyperactivity
Disorder, Conduct Disorder, and Oppositional Defiant Disorder.

First degree family history of unprovoked seizures and of febrile seizures was assessed in
parents and siblings of probands during the baseline interview and at a 5-year follow-up
interview. We evaluated first degree family history of unprovoked seizure separately from
first degree family history of febrile seizures.

Bivariate analyses were conducted using Chi-square and Fisher’s exact tests and t-tests.
Crude and adjusted prevalence ratios were calculated using multiple logistic regression with
a binomial response function for modeling prevalence ratios instead of odds ratios, using
proc genmod. When models did not converge, a Poisson response function was used. All
analyses were conducted using SAS, v 9.2.

We examined the association between first degree family history of unprovoked seizure and
each of the clinical cut-offs and DSM-Oriented scales for behavioral disorders separately for
uncomplicated epilepsy and complicated epilepsy. Further analysis of statistically significant
associations included adjustment for age at interview, gender, and ever in 5 year remission.
Because behavioral disorders are familial (Hettema et al., 2001; Sullivan et al., 2000), for
each significant association further analysis took into account the identical behavioral
disorder in the sibling control. This analysis was conducted in the subset of probands whose
parents had completed the CBCL for the proband and sibling.
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Results
Among the 308 probands eligible for this analysis, 169 (54.9%) were boys. The median age
at onset was 4.2 years (Interquartile range (IQR)=2.0–6.4 years), the median age at the time
of the 9–year interview was 13.5 years (IQR=11.3–15.6). Epilepsy was characterized as
uncomplicated in 213 (69.2%) and complicated in 95 (30.8%; Table 1). Family history of
unprovoked seizure in first degree relatives was present in 24 probands with uncomplicated
epilepsy (11.3%) and 9 probands with complicated epilepsy (9.5%; p=0.6). Family history
of febrile seizure in first degree relatives was present in 21 probands with uncomplicated
epilepsy (9.9%) and 8 probands with complicated epilepsy (8.4%; p=0.7). First degree
family history of unprovoked seizures and of febrile seizures were not associated with age,
gender, and ever having been in 5-year remission in either the complicated or uncomplicated
epilepsy groups (Table 1 and ETable 1).

In probands with uncomplicated epilepsy, family history of unprovoked seizure in first
degree relatives was statistically significantly associated with clinical cut offs for Total
Problems and Internalizing Disorders, but not with Externalizing Disorders (Table 2). In
further examination of Internalizing Disorders, clinical cut-offs for Withdrawn/Depressed,
and DSM-Oriented scales for Affective Disorder and Anxiety Disorder were significantly
associated with family history of unprovoked seizures. Among the Externalizing Disorders,
clinical cut-offs for Aggressive Behavior and Delinquent Behavior as well as DSM-Oriented
scales for Conduct Disorder and Oppositional Defiant Disorder were also significantly
associated with first degree family history of unprovoked seizure. In contrast, first degree
family history of febrile seizure was not associated with any behavioral disorders in the
uncomplicated group (ETable 2).

Associations between first degree family history of unprovoked seizure and behavioral
disorders in probands remained statistically significant after adjustment for age at interview,
gender and ever experiencing a 5 year remission (Table 3), except for Delinquent Behavior
(Prevalence Ratio=2.9; 95% CI=0.93–8.9). Additional analyses of these associations were
performed for probands stratified into groups for those with childhood absence epilepsy,
juvenile absence epilepsy or juvenile myoclonic epilepsy (combined, N= 78) and for those
with nonsyndromic epilepsy (N=167) (Table 3). Within both groups, prevalence ratios on
the order of 2–3 were found for most CBCL clinical cut-offs; however, with the smaller
subgroup sample sizes, only one was statistically significant (Withdrawn-Depressed in the
nonsyndromic group).

Among probands with complicated epilepsy, first degree family history of unprovoked
seizure was not associated with clinical cut-offs or DSM oriented cut-offs for any of the
behavioral disorders (Table 2). Similarly, there was no association between behavioral
disorders and first degree family history of febrile seizures.

There were 114 probands with uncomplicated epilepsy whose parents completed a CBCL
for the sibling control. Among the sibling controls, behavioral problems meeting the clinical
cutoff occurred in 3 (2.6%) for Total Problems, 6 (5.3%) for Internalizing Problems, 1
(0.9%) for Withdrawn-Depressed, 2 (1.8%) for Aggressive Behavior, and 1 (0.9%) for
Delinquent Behavior. There were no sibling controls who met clinical cut-offs for
Externalizing Problems, Anxious/Depressed, Somatic Complaints, Thought Problems,
Attention Problems, or Intrusive Problems. Among sibling controls, the DSM cut-offs
occurred in 1 (0.9%) for Affective Disorder were met for 1 (0.9%), 4 (3.5%) for Anxiety
Disorder, 2 (1.8%) for Conduct Disorder, and 2 (1.8%) for Oppositional Defiant Disorder.
There were no sibling controls meeting criteria for ADHD.
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In further adjustment for sibling history of the same behavioral disorder as the proband,
family history of unprovoked seizure in first degree relatives was significantly associated
with clinical cut-offs for Total Problems and Aggressive Behavior in uncomplicated
epilepsy. Associations for Internalizing Disorder, Withdrawn/Depressed and the DSM cut-
off for Anxiety Disorder, though virtually unchanged, were no longer statistically
significant.

Discussion
We found evidence suggesting an association between a first degree family history of
unprovoked seizure and the occurrence of behavioral disorders in probands with
uncomplicated epilepsy which persisted after adjustment for age at interview, gender and
ever having been in a 5-year remission. Further adjustment for a history of behavioral
disorders in a subset of the probands with sibling controls indicated that there was still a
statistically significant association between family history of epilepsy and the clinical cut-
offs for Total Problems and Aggressive Behavior. By contrast, we observed no associations
in probands with complicated epilepsy. Among probands with complicated epilepsy, there
was limited statistical power as only 9 (9.5%) of these probands had a first degree family
history of unprovoked seizure compared to 21.2% of those with uncomplicated epilepsy.
This underscores both the lesser role of genetic factors in complicated epilepsy in contrast to
uncomplicated epilepsy.

Our results support the hypothesis of a common underlying genetic predisposition for
epilepsy and behavioral disorders in children with uncomplicated epilepsy. Discrepant
findings by etiology of epilepsy may be explained by the known structural or metabolic
insults which alone are sufficient to increase seizure risk in the children with complicated
epilepsy and overwhelm any additional influence of genetic factors, especially in a sample
of this size. These factors are not present in children with uncomplicated epilepsy in whom
genetic or other environmental factors play a greater role in the development of epilepsy.

The presence of general psychopathology involving a wide range of disorders is suggested
by the association between first degree family history of unprovoked seizure and the clinical
cut-off for Total Problems in uncomplicated epilepsy even after adjustment for Total
Problems in sibling controls. The specific association with Aggressive Behavior supports
this notion as aggressive behavior is a symptom found in patients with a wide range of
psychiatric disorders, including depression, generalized anxiety disorder, schizophrenia,
bipolar disorder, post-traumatic stress disorder, obsessive compulsive disorder, and conduct
disorder (Kohn & Asnis, 2003).

The approach we have used is similar to that in other studies of familial clustering of diverse
disorders. For example, an increased familial occurrence of arousal parasomnias has been
shown in families of probands with nocturnal frontal lobe epilepsy (Bisulli et al., 2011). To
our knowledge, only one other study has examined the association between behavioral
disorders and family history of epilepsy (Murray et al., 1994). These authors compared
family members of Juvenile Myoclonic Epilepsy probands without psychiatric disorders to
family members of acquired epilepsy probands without psychiatric disorders, and found a
3.6-fold increased prevalence of psychiatric disorders in family members of the Juvenile
Myoclonic Epilepsy probands. The Family History Research Diagnostic Criteria instrument
(Thompson et al., 1982) used to assess history of psychiatric disorders in family members
and probands had a low sensitivity compared to the CBCL (Ferdinand, 2008). Our design is
different, but our finding that Total Problems in uncomplicated epilepsy was associated with
a first degree family history of unprovoked seizures after adjusting for sibling disorder is
similar to that found in the Juvenile Myoclonic Epilepsy study. To our knowledge ours is the
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first study to examine this issue in a representative community-based sample with childhood
onset epilepsy.

In contrast to our findings for unprovoked seizures, first degree family history of febrile
seizures was not associated with behavioral disorders in probands with either uncomplicated
epilepsy or complicated epilepsy. As best we can ascertain, only one study has examined
and found any evidence of increased behavioral problems assessed using the CBCL in
children with febrile seizures compared to controls (Kölfen et al., 1998). Although mean
problem scores differed by only about 3–4 points between cases and controls, 22% of cases
versus only 6% of controls scores in the borderline or clinical range. A large, national cohort
reported no increase in behavioral disorders in children followed after a febrile seizure.
Several studies have examined the association between febrile seizures in early childhood
and later cognitive and school performance in childhood or adolescence (Ellenberg &
Nelson, 1978; Knudsen et al., 1996; Verity et al., 1998) or early adulthood (Nørgaard et al.,
2009) and all have reported no overall association with febrile seizures and later cognitive
outcomes or school performance. Thus, there is little evidence that febrile seizures are
associated with any increase in cognitive or behavioral difficulties, consistent with our
findings.

We were unable to adjust for behavioral disorders in parents. The degree to which these may
exist and not be reflected by behavioral disorders in the sibling control creates some
potential for uncontrolled confounding in our study. That is, we may have been unable to
completely remove the effect of a family history of behavioral disorder from the relationship
between first degree family history of unprovoked seizure and behavioral disorders in
uncomplicated epilepsy. However, given the familial nature of behavioral disorders and our
ability to control for at least a sibling as an indicator of family history of behavioral
disorders, unassessed parental behavioral disorders may not have substantially influenced
our findings.

Our observation is consistent with the concept that epilepsy belongs to a spectrum of
disorders (Jensen, 2011). The evidence of increased levels of behavioral disorders in
probands with uncomplicated epilepsy and first degree family history of unprovoked seizure
suggests that these disorders may be clustering within families. This supports the idea that
behavioral disorders may be another manifestation of the underlying pathophysiology
involved in epilepsy or closely related to it. That is, the behavioral comorbidities may be
part of the expression of a presumed genetic epilepsy. This is consistent with our findings of
behavioral problems in probands with uncomplicated epilepsy and family history of
unprovoked seizures. We would also expect to find more behavioral problems in probands’
family members without epilepsy. In studies focusing on monogenic causes of epilepsy, we
are learning about the polyphenic expression of individual genes, as is well illustrated by
SLC2A1 which is associated with a broad array of different forms of epilepsy in extended
families (Mullen et al., 2010).

A common predisposition to epilepsy and comorbidities share genetic susceptibility, then
future studies of shared susceptibility should focus upon neurologically normal probands
and psychiatric phenotypes. Next steps would also involve, assessing lifetime history of
DSM diagnoses of psychiatric disorders in families of probands with epilepsy to further to
elucidate these relationships. Findings from such investigations could potentially results in
future recommendations for different classes of drugs to treat epilepsy depending on the
presence of behavioral comorbidities in the family or in the child.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study design for the examination of the association between first degree family history of
unprovoked seizure, first degree family history of febrile seizure and behavioral disorders in
probands with epilepsy
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