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Summary

Objective—Birth weight is an important indicator of prenatal environment and subtle variations
of birth weight within the normal range have been associated with differential risk for cognitive
and behavioral problems. Therefore, we aimed to determine if there are differences in birth weight
between full term children with uncomplicated new/recent-onset epilepsies and typically-
developing healthy controls. We further examined the relationships between birth weight and
childhood/adolescent cognition, behavior, and academic achievement.

Methods—108 children with new/recent-onset epilepsy and 70 healthy controls underwent
neuropsychological assessment. All participants were born full-term (>37 weeks) without birth
complications. Parents were interviewed regarding their child's gestation, birth and
neurodevelopmental history.

Results—Birth weight of children with epilepsy was significantly lower than healthy controls
(p=0.023). Whereas birth weight (covaried with age, sex, handedness, and mother's education) was
significantly associated with cognition in controls in multiple domains (intelligence, language,
aspects of academic achievement), this relationship was absent in children with epilepsy. Birth
weight was not associated with clinical epilepsy variables (age of onset, epilepsy syndrome) and
was not predictive of a variety of other academic or psychiatric comorbidities of epilepsy.
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Significance—Although the origin of lower birth weight in children with epilepsy is unknown,
these findings raise the possibility that abnormal prenatal environment may impact childhood-
onset epilepsy. Furthermore, the positive relationship between birth weight and cognition evident
in healthy controls was disrupted in children with epilepsy. However, birth weight was not related
to academic and psychiatric comorbidities of childhood epilepsy.

Keywords

Birth weight; cognition; academic achievement; new-onset epilepsy; localization-related epilepsy;
idiopathic generalized epilepsy

Introduction

There is now substantial evidence indicating that neurobehavioral comorbidities of
childhood-onset epilepsy can be evident at or prior to the time of epilepsy onset, 16 but the
neurodevelopmental origins of these cognitive and behavioral complications are unknown.
Human and non-human animal studies have shown that variance in cognitive and behavioral
maturation can be traced to fetal development.”: 8 Birth weight has been established as a
sensitive indicator of prenatal environment and even subtle differences within the normal
range of birth weight have been associated with differential risks for cognitive problems and
psychopathology in later life.% 10 Specifically, in children with normal birth weight for
gestational age, lower birth weight was significantly associated with poorer cognitive
function in later life, with predictive significance beyond that predicted by socio-economic
status.10 More recently, twin studies have shown modest but significant effects of birth
weight on later cognitive ability in full term children.11: 12

Extremely low birth weight (less than 1000g), premature birth, and concomitant pre- and
perinatal complications have been associated with a variety of neurological disorders,
including autism 13 and cerebral palsy 14 as well as poor neurodevelopmental outcomes
broadly defined.15: 16 Abnormally low birth weight for gestational age and concomitant pre-
and peri-natal complications has also been found in individuals with epilepsy.17: 18
Therefore, it would be expected that these children with complicated births and severe
epilepsies would have poor cognitive outcomes. However, an important but unanswered
question is whether children born full term with uncomplicated epilepsies will have
perturbed prenatal environment as indexed by lower birth weight but within the normal
range for gestational age. Given that a majority of children with epilepsy have
uncomplicated births, close examination of this issue may have public health implications by
raising the possibility of very early neurodevelopmental origin of childhood-onset

epilepsies. Therefore, our study aimed to compare birth weight in children with
uncomplicated epilepsies, normal gestation, delivery, and normal birth weight for gestational
age to birth weight of healthy controls. Further, neurobehavioral comorbidities of epilepsy
including abnormalities in academics, cognition, emotion, and social function, are frequently
observed in children with epilepsy.® 19-22 Thus, we investigated the relationship between
variations in birth weight and risk for subsequent cognition, social, and psychiatric
complications in the children with epilepsy.
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The initial sample comprised 203 participants aged 8-18 including 124 children with new/
recent-onset epilepsy (CWE) and 79 typically-developing healthy controls (HC). All CWE
were followed for active epilepsy by a neurologist. Inclusion criteria were a diagnosis of
epilepsy within the past 12 months, no other developmental disabilities or neurological
disorders, normal neurological examinations and normal neuroimaging results. A board-
certified pediatric neurologist (blinded to neuropsychological and interview data) confirmed
that each patient had an idiopathic epilepsy diagnosis and provided independent
confirmation of syndrome diagnosis. HC participants were age- and gender-matched first-
degree cousins of epilepsy participants. HC participants presented with no history of
seizures, early initial precipitating injuries (e.g., febrile convulsions), other developmental or
neurological disease, or loss of consciousness greater than 5 minutes.

Given that the focus of the current study is on normal birth weight and full-term children,
further we applied the following exclusion criteria determined through clinical interview for
both healthy controls and completion of an abbreviated version of the Yale Neuropsycho-
educational Assessment Scales 23 and review of medical records included children with
epilepsy: 1) preterm birth (<37 weeks); 2) low birth weight (at or below 10th percentile for
normal gestation period, assessed separately for males and females following published birth
weight norms 24): or significant pre-/peri-/postnatal difficulties (e.g., hypoxia/ischemia,
cerebral hemorrhage, need for supplemental oxygen or intubation, use of incubator). Finally,
one control child was excluded based on a full-scale 1Q < 70. In Data for the exclusion
criteria were obtained through clinical interview and completion of an abbreviated version
of the Yale Neuropsycho-educational Assessment Scales 22 and review of medical records.
Exclusion rates were not significantly different between groups (p=0.749): in the epilepsy
group, 16/124 (12.9%) of children in the initial sample were excluded, while 9/79 (11.4%)
of children in the control group were excluded. Thus our final normal birth weight (NBW)
sample consisted of 108 CWE and 70 typically-developing HC. Demographic and clinical
epilepsy characteristics of the sample are given in Table 1.

Standard protocol approvals, registrations, and patient consents

Procedures

Research approval was obtained from the Health Sciences Institutional Review Board at the
University of Wisconsin Medical School. Written informed consent was obtained from legal
guardians of participating children and adolescents, written informed consent was obtained
from participants over age 18, and written informed assent was obtained from participants
age 8-17. All procedures were consistent with the Declaration of Helsinki.2®

Children underwent comprehensive neuropsychological testing. Parents underwent a clinical
interview and completed questionnaires including the abbreviated Yale Neuropsycho-
educational Assessment Scales 23 to characterize gestation, delivery, neurodevelopment, and
seizure. All pertinent medical records were obtained after parents signed a release of
information. Parents were questioned through a structured interview about their child's
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school progress, including any academic problems and any special educational services
provided in order to address those problems. This interview was conducted blind to
cognitive and behavioral results. Past and current psychiatric status was determined via a
semi-structured interview, the Kiddie-Schedule for Affective Disorders and Schizophrenia —
Present and Lifetime Version.26 Rates of anxiety, depression, and attention deficit
hyperactivity disorder (ADHD) were assessed within each group (HC, CWE). Finally, each
participating parent completed the Child Behavior Checklist for children aged 6-18 (CBCL/
6-18) from the Achenbach System of Empirically Based Assessment.2’

Neuropsychological assessment and analysis

Results

All participants were administered a comprehensive test battery that included measures of
intelligence, academic achievement, language, verbal memory, executive function, and
speeded fine motor dexterity. Table 2 gives a complete list of tests by domain. Independent
samples t-tests were used to compare CWE and HC groups on birth weight as well as
demographic and cognitive variables. Partial correlations were used to examine the relations
between birth weight and raw neuropsychological test scores, using age, gender,
handedness, and mother's educational level (completion of 4- year college degree: yes/no) as
covariates.

Demographic and cognitive differences between groups

Birth weight

As shown in Table 1, at the time of testing CWE had lower full-scale 1Q scores (M =
102.92, SD = 12.77) than did HC (M = 107.67, SD = 11.59), p=0.013, although it should be
noted that the 1Q of CWE was within the normal or average range. CWE were also more
likely than HC to have received special services in school (41.12% versus 20.90%),
p=0.008. Groups did not differ in age, gender, or mother's educational level. Clinical
characteristics of the epilepsy group are given in Table 1. The average duration of epilepsy
was 8.59 months (SD = 3.78), with an average age of onset of 11.45 years (SD = 3.35).
CWE performed significantly worse than HC on 12/15 neuropsychological tests of general
1Q, academic achievement, memory, language, psychomotor function, and executive
function. The only tests in which performance of CWE was not significantly worse than
performance of HC were in academic achievement (reading and spelling) and delayed verbal
memory. Means and standard deviations of all test scores are presented by group in Table 2.

CWE had significantly lower birth weights (M = 3440.46 grams, SD = 486.25) than HC (M
=3620.84, SD = 550.89), p=0.023. The distributions of birth weight for both CWE and HC
are shown in Figure 1. Kurtosis statistics were normal for each group (CWE: .561, SE = .
461; HC: -.002, SE = .566). Likewise, the HC group skewness statistics was in the normal
range (.232, SE =.287). However, the CWE group distribution was somewhat positively
skewed (.483, SE = .233). Note that lower birth weight in CWE compared to HC reported
here excluded individuals who were born pre-term, significantly underweight, or with severe
pre-/perinatal complications. In both groups, birth weight was unassociated with current
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weight or head circumference. Additionally, current weight at time of testing was not
different between groups.

Birth weight and cognition

Partial correlations were computed to assess relations within each group (CWE, HC)
between birth weight and raw cognition scores, controlling for age, gender, handedness, and
mother's level of education. For 7/15 tests, birth weight in HC was significantly positively
correlated with better performance (r's ranging from 0.26 — 0.40). Notably, these cognitive
correlates of birth weight were most evident in domains of general intelligence (full-scale
1Q, verbal 1Q, performance 1Q) and language abilities (confrontation naming, expressive
naming, and receptive language), with the exception of an arithmetic test of academic
achievement. Other cognitive domains including executive function, memory, motor
function, and remaining academic achievement (reading, spelling) were not associated with
birth weight in HC, although trend level positive correlations (p's between 0.05 and 1.00)
were found for speeded fine motor dexterity (Grooved Peghoard—dominant hand) and
problem-solving skills (D-KEFS correct sorts); see Table 2. Conversely, CWE showed no
significant relations between birth weight and test scores from any functional domain (r's
ranging from -0.16 — 0.11). The differential relationships with birth weight and cognition
between CWE and HC, are exemplified in Figure 2 and 3 with side-by-side group
comparisons of these partial correlations for full-scale 1Q and expressive naming,
respectively.

Birth weight and common comorbidities of epilepsy

In CWE, birth weight was not associated with presence of academic difficulties including
ADHD, receiving special services in school, having a specific educational plan in place, and
presence of learning problems before diagnosis of epilepsy (all p's>0.60). Birth weight was
also unassociated with presence of anxiety and depression, both at the time of testing and
prior to epilepsy diagnosis (p's>0.70). Furthermore, in children with epilepsy birth weight
was not associated with duration of epilepsy, age at diagnosis, epilepsy syndrome (IGE/
LRE), or current number of anti-epilepsy medications (p's>0.16).AED's),all p's>0.16. To
further examine the possible effects of AED's on birth weight and cognition, we then reran
our correlations between birth weight and cognitive variables separately for those children
with epilepsy on 0 AED's versus those on 1 or more AED's. We found that these correlations
remained non-significant across groups with and without AED exposure, all p's>0.30.
Finally, birth weight was not associated with CBCL scales of Total Competence, Total
Problems, Internalizing, or Externalizing in either group (p's>0.60).

Discussion

Three primary findings were evident from this investigation. First, children with
uncomplicated idiopathic localization-related and generalized epilepsies exhibited
significantly lower birth weight compared to healthy controls. It is important to note that this
comparison was made using only those participants who were of normal birth weight, who
were not born preterm, and whose mothers did not have pregnancy complications. Second,
increasing birth weight was related to significantly better cognitive abilities across multiple
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functional domains later in childhood/adolescence in healthy controls, while this relationship
was completely absent in children with epilepsy. Third, contrary to expectations, birth
weight in children with epilepsy was predictive neither of common problematic
comorbidities including academic difficulties and psychiatric complications, nor of clinical
epilepsy features such as duration of epilepsy, age of disease onset, and broad epilepsy
syndrome. Each of these points is reviewed in turn below.

Birth weight in children with epilepsy

This is among the first demonstrations that birth weight is significantly lower in children
with epilepsy compared to healthy controls. Importantly, the distribution of birth weight was
normal in both groups indicating that the effect was not driven by outliers (see Figure 1).
Furthermore, excluded from both the epilepsy and control groups were children who were
identified as extremely low birth weight, preterm deliveries, or documented pre-/peri-natal
complications, rates of which were comparable in the epilepsy (12.9%) and control (11.4%)
groups. In children born full term, the average birth weights for both groups fell in the
normal range, but were significantly lower in the children with epilepsy regardless of
whether they were followed for localization-related or idiopathic generalized syndromes.

Although the origin of lower birth weight in CWE is unknown, these findings raise the
possibility that abnormal prenatal environment may impact childhood-onset epilepsy. The
brain undergoes rapid growth during in utero and the dynamic of neurodevelopment
significantly influences eventual birth weight. For example, Graca and colleagues examined
cerebral volumes during the first post-natal week in 128 infants and found brain volumes are
highly correlated with birth weight.28 Further, fetal growth as documented by ultrasound
during the first 2% and second 30 trimesters has been shown to influence post-natal birth
weight. Given the important association between prenatal brain development and postnatal
birth weight, our findings of modest birth weight reduction in CWE may provide the earliest
indicator for the origin of abnormal neurodevelopment. Future studies should focus on
factors that contribute to fetal growth and birth weight in childhood onset epilepsies, which
may provide targets for early intervention.

Birth weight and cognition

Similar to findings from prior investigations of normally-developing children and

adults, 10-12 our healthy control participants demonstrated a significant association between
birth weight and neuropsychological status. Consistent with those results, 10 these
relationships were most evident across broad measures of intelligence (full-scale 1Q, verbal
1Q, performance 1Q), as well as one area of academic achievement (arithmetic). We also
found relations between birth weight and multiple language-dependent abilities
(confrontation naming, expressive naming, receptive language). These analyses, and
comparable analyses in the children with epilepsy, controlled for known important
covariates including age, gender, handedness, and mother's educational level. 10: 11: 31 |
contrast, the relationship between birth weight and cognition was completely absent among
the children with epilepsy, with no significant relationship between birth weight and
measures of intelligence, language, academic achievement, memory, executive function, or
cognitive/psychomotor speed. In summary, our study demonstrated that the presence of
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childhood epilepsy, even uncomplicated idiopathic epilepsy, is associated with disruption of
normal birth weight—cognition associations. These results are consistent with other findings
from our group, a recent example being a significantly larger difference in 1Q between
parent and child 1Q in CWE dyads relative to their HC counterparts. 32 Taken as a whole,
this pattern of findings suggests that some typical determinants of variance in cognitive
maturation of normally-developing children may be weaker or absent altogether in CWE.

Birth weight and the comorbidities of childhood epilepsy

It is now widely appreciated that cognitive, academic, behavioral and psychiatric
comorbidities of childhood epilepsy can be identified at or near the time of the first
recognized seizure and diagnosis, often prior to initiation of drug treatment, and even prior
to the recognition of seizures and the diagnosis of epilepsy. 1+ 2 5 6 The antecedent factors
responsible for such findings largely remain to be characterized. There has been
demonstration of family aggregation of some comorbidities, 33-37 and it would be reasonable
to hypothesize that factors related to pregnancy, birth and development might be pertinent as
they have been shown to be in the general population. 11 Surprisingly, birth weight was not
only unrelated to cognition as discussed above, but unrelated to other problematic
comorbidities of childhood epilepsy including academic complications (e.g., learning
problems, need for extra educational services, etc.) and psychiatric diagnoses of ADHD,
anxiety, and mood disorders. These findings were not anticipated. While birth weight is
reduced in children with epilepsy, it appears that other factors, yet to be identified, account
for variance in later cognitive ability and other neurobehavioral comorbidities.

Limitations and future directions

There are limitations associated with this study. First, our sample was not population-based,
although participants were recruited from medical centers covering broad portions of the
state of Wisconsin. Second, our sample size precluded analysis of the relation between birth
weight and cognition in specific syndromes of IGE and LRE (e.g., Juvenile Myoclonic,
Absence, BECTS). We continue to recruit participants in an attempt to make such analyses
possible. Third, we did not include some features of the socioeconomic status (SES) of our
participating families (e.g., total family income). However, mother's education level—an
important factor when assessing SES 38—was used as a covariate in all of partial correlation
analyses. Within the healthy control group, birth weight was still significantly associated
with cognition later in life even after controlling for mother's education level. Additionally,
our sample of healthy controls is presumably similar in SES to participants with epilepsy,
given that controls participants were first-degree cousins of participants with epilepsy.
Despite these limitations, our study provides additional evidence that childhood-onset
epilepsies are associated with early neurodevelopmental complications. These antecedent
factors might have a negative impact on cognitive development by altering normal positive
associations between birth weight and cognition. Note that the current study examined
cognitive correlates of birth weight near the diagnosis of epilepsy. The cognitive impact of
birth weight may accrue over time and thus inspection of longer term outcomes will be
informative. Another pertinent question is whether lower birth weight in CWE is predictive
of abnormal brain development. Therefore, future studies will examine relationships
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between birth weight and prospective changes in gray/white matter volumes and cortical
thickness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Distribution of birth weight by participant group (children with epilepsy; typically-
developing healthy controls).
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Figure 2.

Birth weight by Full-scale 1Q partial correlations. Both variables are presented as
standardized residuals (covariates: age, gender, handedness, mother's education level.)
WASI: Wechsler Abbreviated Scale of Intelligence
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Birth Weight * Receptive Language (PPVT-III)
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Figure 3.
Birth weight by Receptive language partial correlations. Both variables are presented as

standardized residuals (covariates: age, gender, handedness, mother's education level.)
PPVT-III: Peabody Picture Vocabulary Test-111
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Table 1

Participant characteristics by group (means and standard deviations).

Variable Children with Epilepsy  Healthy Controls
(n=108) (n=70)

Age (years) 12.33(3.24) 12.63 (3.16)
Gender (#/% female) 49 (45.4%) 35 (50%)
Birthweight (grams)2 3440.46 (486.25) 3620.84 (550.89)
Fs1Qa 102.92 (12.77) 107.67 (11.59)
Academic Problems(+/-)ab 44/63 14/53
Mother's Educational Level (4-year college graduate: yes/no)®  37/71 28/36
Age of seizure onset (years) 11.45 (3.35) -
Epilepsy duration (months) 8.59 (3.78) -
Epilepsy Syndrome (IGE/LRE)b 48/58 -
Number of antiepileptic drugs (0/1/2+) 21/81/6 -

8p<0.05

Information regarding academic problems was not available for 3 healthy controls and 1 child with epilepsy.
c . . -
Mother's educational level not available for 6 participants.

d2 children with epilepsy were not classifiable as IGE or LRE but were included in all analyses.
FSIQ: Full-scale intelligence quotient
IGE: Idiopathic generalized epilepsy

LRE: Localization-related epilepsy
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