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Abstract

The Editor’s Choice article for December 2023 is “The Impact of
Sociodemographic Disadvantage on Cognitive Outcomes in Children with Newly
Diagnosed Seizures and their Unaffected Siblings over 36 months” by Temitayo
Oyegbile-Chidi. In this research paper, the authors evaluate the long-term role of
sociodemographic disadvantage on the presence of cognitive co-morbidities in
new-onset epilepsy. Using a large sample size, newly diagnosed pediatric
epilepsy patients along with their unaffected siblings (controls) underwent a
comprehensive battery of neuropsychological tests multiple times over 36
months. Using baseline sociodemographic factors, the longitudinal relationship
between a computed sociodemographic index score (SD) and
cognitive/academic challenges in epilepsy was established. This critical findings
of this study indicate sociodemographic disadvantage is a constant and stable
predictor of cognitive and academic challenges in epilepsy. As such, a role for
early intervention should be considered in disadvantaged pediatric epilepsy
patients to improve overall quality of life.

Background: Accumulating evidence indicates that children with newly diagnosed epilepsy have
comorbidities including cognitive challenges. Research investigating comorbidities has focused
on clinical epilepsy characteristics and neurobiological/genetic correlates. The role that
sociodemographic disadvantage (SD) may play has received less attention. We investigated the
role of SD in cognitive status in youth with newly diagnosed epilepsy over a follow-up of 36
months to determine the degree, extent, and duration of the role of disadvantage.

Methods: A total of 289 children (six tol6 years) within six weeks of their first seizure along
with 167 siblings underwent comprehensive neuropsychological assessments (intelligence,
language, memory, executive function, processing speed, and academic achievement) at
baseline, 18 months later, and at 36 months from baseline. Baseline demographic information
(race, caregiver’s education, household income, and parental marital status), clinical epilepsy

characteristics (age of onset, etc.), MRI and EEG information was collected.



Results: A Sociodemographic Disadvantage (SD) index was computed for each family and
categorized into four groups by level of disadvantage. In children and siblings, the least
disadvantaged group exhibited the highest Full-Scale 1Q, neuropsychological factor scores and
academic performances; whereas the most disadvantaged showed the polar opposite with the
worst performances across all tests. Findings remained stable and significant over 36 months.
Linear regression analyses indicated that disadvantage was a more constant and stable predictor
of cognitive and academic performance over time compared to clinical epilepsy characteristics
and MRI/EEG abnormalities.

Conclusions: This study indicates the strong association between sociodemographic
disadvantage and cognitive/academic performance in children with newly diagnosed epilepsy

and their siblings is significant and predictive of 3-year cognitive outcomes.
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Introduction

An international literature extending over decades, consisting of population-based,
community-based and clinically-based investigations, has characterized the presence and
degree of abnormalities in cognition and academic underachievement in youth with epilepsy;
as well as the clinical risk of developing these cognitive impairments'~. Diverse aspects of
cognition have been examined including metrics of general intelligence as well as specific
domains of higher cognitive ability including memory, executive function, and language’.
Interest has centered not only on the widespread risk of cognitive and academic abnormality
in youth with epilepsy, but the association of this risk with numerous clinical epilepsy
characteristics (e.g., age of onset, duration, etiology, seizure frequency and severity, presence
and frequency of interictal electroencephalogram (EEG) abnormalities), as well as the
inherent risks associated with discrete epilepsy syndromes, both generalized (e.g.,
idiopathic®, childhood and juvenile absence’, juvenile myoclonic®) and focal (e.g., Rolandic’,
temporal’, frontal'!, parietal & occipital®). Specific epilepsy syndromes have been examined
in isolation and/or contrasted to each other to gauge the relative syndrome-specific risk to
cognition. Even epilepsy syndromes traditionally thought to be benign with limited cognitive
and academic risk have been demonstrated to harbor cognitive and academic

consequences™'?,

Longitudinal research has examined the course of cognitive abnormalities and cognitive
development over time as the timing and course of cognitive and academic problems has
been a key clinical concern. In some series, cognitive abnormalities appear to remain static,
but in other series problems may worsen despite of successful treatment of seizures'.
Investigation of the timing of neurobehavioral comorbidities has led to examination of
children with newly diagnosed epilepsies where cognitive and academic abnormalities have
been shown to be present much earlier in the course of epilepsy than expected and in some
cases to even antedate the first recognized seizure, diagnosis, and treatment of epilepsy'='*',

The detection of abnormalities very early in the course of childhood epilepsy offers an early

window for intervention.



Neuroimaging has been brought to bear to inform the neurobiological correlates of disordered
cognition and academic achievement in both chronic and newly diagnosed epilepsies. The
applied techniques, broad in scope, include quantitative and functional imaging of structure,
connectivity and activation; as well as neurophysiological correlates including EEG and event-

101516 “which may strengthen over time'”

related potentials that indicate a significant relationship
2, Potential genetic contributions to cognitive, behavioral, and imaging abnormalities have also
been explored through investigations of familial aggregation that include the unaffected siblings
of youth with epilepsy'’. The evidence thus far suggests that unaffected siblings harbor
cognitive abnormalities and underlying structural brain alterations which would suggest there
could indeed be a significant familial (and possibly genetic) component associated with the

epilepsy syndrome. However, there are a number of reasons why unaffected siblings may have

cognitive complications including but not limited to both environmental and genetic factors.

Notably, throughout this extensive literature a factor rarely examined is the role of
socioeconomic and sociodemographic disadvantage. An emerging general health status literature
has demonstrated the significant role of several demographic factors including race, caregiver
(usually mother’s) education level, marital status of the caregiver, neighborhood characteristics,
and household income in different health conditions**? and even amongst typically developing
children®. These factors underlying the social determinants of health have been investigated
separately and/or as an aggregate index. In epilepsy, there has been growing awareness of the
impact of socioeconomic and neighborhood disadvantage on health and health-related factors on
epilepsy outcomes and seizure risk®*°, but this association has yet to be clearly characterized
over time in a pediatric population . In addition, the relative contribution of sociodemographic

factors compared to traditional clinical epilepsy variables is yet to be established.

In this investigation, the role of sociodemographic disadvantage in the cognitive and
academic status of youth with epilepsy is the focus. In a large cohort of children with newly
diagnosed epilepsy we have 4 aims: 1) characterize the impact of disadvantage on cognition

and academic achievement in youth with epilepsy, 2) consistent with contemporary interest



in familial aggregation of comorbidities, examine the impact of disadvantage on the siblings
of the children with epilepsy, 3) characterize the longer term effects of disadvantage on
youth with epilepsy and their siblings over three years, and 4) compare the relative
explanatory power of early sociodemographic disadvantage and classic clinical seizure
features for cognition and academic achievement both at baseline and over a three-year

period.

Methods:

Participants:

Study participants included children with newly diagnosed seizures, their siblings as controls,
and their primary caregivers in each household***’. The core investigation was conducted at
Indiana University and Cincinnati Children’s Hospital at the University of Cincinnati. Children
were recruited through electroencephalogram (EEG) laboratories, emergency departments, and
pediatric neurologists in two large children’s hospitals (Indianapolis and Cincinnati) and from

practices of private pediatric neurologists in Indianapolis. The Cincinnati recruitment site

provided the most subjects from their busy first-seizure clinic. The Indiana recruitment site

recruited newly-referred children from the general epilepsy clinics. When children met the

criteria, refusals were less than 10%. All children in this sample met International League

Against Epilepsy criteria for epilepsy™.

A total of 349 children with epilepsy were recruited within 6 weeks of their first recognized

seizure (Mean = 35 days). Of the 349 children who agreed to participate in the study, 23 scored

below 70 on screening, 11 did not provide any data, and 33 were unable to complete testing (e.g.,

typically scheduling/travel), for a final sample of 282°. There were no differences between those

who completed neuropsychological testing and those who did not on age, sex, race, or

socioeconomic status (p > 0.10). For the 36-month longitudinal analysis, 228 of the 282 children

completed at least one follow-up visit.




The sibling control sample was a comparison group of 167 healthy siblings of the children with

epilepsy. Only one sibling was recruited per family. For ecach child in the seizure group. we

attempted to recruit a healthy sibling age 2—18 vears (preferring ages 6+ for cognitive testing). If

there were multiple siblings, the sibling that was closest in age to the child with the seizure was

included in the study. When the sibling was too young (<6 vears), had another chronic condition

(e.g., asthma), or was too old (> 18 years), he/she was not included in the study. There was

minimal difficulty recruiting siblings when siblings were available. Of the 232 eligible siblings,

50 were too young (-6 years) to complete neuropsychological testing and 35 others could not

travel to the medical center for testing, resulting in 167 sibling controls.

Exclusion criteria for both children with epilepsy and siblings were: a co-morbid chronic
physical disorder, intellectual disability (based on either clinic records or parent report), or
seizures precipitated by an acute event (e.g., intracranial infection, metabolic derangement, and
recent head injury). Children who had had two or more febrile but no afebrile seizures or who
were placed on daily antiseizure medication (ASM) after a febrile seizure were also excluded. In
addition, children with infantile spasms (hypsarrhythmia), electrical status epilepticus in sleep
and epilepsy with continuous spike-wave during slow wave sleep were excluded from the study.
Parental informed consent and child assent were obtained prior to data collection. Siblings did
not have epilepsy and were not on medication that could affect mental status. The study was
approved by the institutional review boards at Indiana University and Cincinnati Children’s

Hospital Medical Center.

Data were first collected within 6 weeks of the first recognized seizure (baseline; B) from both
children with newly diagnosed epilepsy and siblings. All participants were followed
prospectively and reassessed 18 months later (M 18) and finally, 36 months later (M36). All data

were included in the analysis regardless of the number of visits completed.

Measures



Sociodemographic Disadvantage (SD) Score - The SD score is an index based on four
sociodemographic variables collected from the primary caregiver and child via structured
interviews; the primary caregiver was most frequently the mother (95.8%). The four variables
composing the SD are: Caregiver’s education level, race (self-identified), household income, and
marital status. These four variables were carefully chosen as each variable contributes
significantly to disadvantage (SD) metric (See Supplemental Table 1). Based on past literature,
each SD variable chosen is a relevant social determinant of health?**%, For caregiver education
level and household income, those families below the mean for the sample were assigned a score
of 1, while those families at or above the mean were assigned a score of 0. The distribution of
income for this sample was nearly identical to national income statistics at the time of
recruitment®. For race and caregiver marital status, non-white race and non-married status were
each assigned a score of /, while white race and married status received a score of 0. The SD
score is the sum of all 4 disadvantage variables, ranging from 0-4. SD groups 3 and 4 were
collapsed together due to the smaller sample sizes in each group, leading to four total groups
comprising of SDO (lowest number of disadvantages) to SD3 (highest number of disadvantages).
The disadvantage assessment was conducted at the baseline (B) visit only. The Supplemental
Table 2 shows the distribution of specific deprivation metrics across the SD categories,

indicating that all variables chosen contribute significantly to the SD composite index.

Table 1 here

Cognitive Evaluation — All children and sibling controls completed a comprehensive
neuropsychological evaluation that included standardized clinical measures of intelligence,
language, immediate and delayed verbal and visual memory, executive functions, speeded fine
motor dexterity, and academic achievement at baseline, M18 and M36. The specific administered
tests included: Clinical Evaluation of Language Fundamentals, 3™ Edition (CELF-3)*;
Comprehensive Test of Phonological Processing (CTOPP)*'; Conners” Continuous Performance

Test, 2" Edition, (CPT-II)*; Kaufman Brief Intelligence Test (K-BIT)*; Coding and Symbol



Search Subtests of the Wechsler Intelligence Scale for Children, 3" Edition (WISC-II)*; Wide
Range Assessment of Memory and Learning (WRAML) Design Copy®; and the Wisconsin Card
Sorting Test (WCST)*. Testing was administered by psychometrists who were trained, observed,

and certified on the test battery and its scoring by a pediatric neuropsychologist °.

To assess intelligence, the full-scale K-BIT IQ score was used.

In addition, each test was administered according to standardized procedures and
scores were converted to age-corrected standardized scores using the best available national
norms for all tests except WRAML Design Copy, which was designed by this study’s research
group®’; this test was normed internally, using our own sample to generate age-corrected scores.
Factor analysis of this neuropsychological test data revealed four underlying factors: (1)
Language, (2) Processing Speed, (3) Executive Function/attention/construction (EF), and (4)
Verbal Memory and Learning **%, The Language factor consisted of measures of verbal concept
formation, phonological awareness, and phonological memory. The Processing Speed factor
consisted of measures assessing psychomotor speed and rapid naming. The Executive Function
(EF) factor consisted of measures assessing sustained attention, problem solving, and visual-
construction. The Verbal Memory and Learning factor consisted of measures of rote verbal

learning and story recall. Higher factor scores indicate better neuropsychological performance?®.

Academic Achievement — All children and sibling controls were assessed using three subtests of
the Woodcock-Johnson Revised Tests of Achievement (WJ-R): Letter-Word Identification, a
measure of word reading; Calculation (a measure of math computation skills) and Dictation (a
measure of spelling, punctuation, and syntax in writing)*. Standard scores for age were

generated from national norms for that test.

All seizure characteristics and demographic data (e.g., caregiver’s highest education level,
caregiver’s household income, child’s age, child’s sex, and child’s education) were collected via
structured interviews by trained research coordinators as well as psychometrists. Testing was
administered by psychometrists who were trained, observed, and certified on the test battery and

its scoring by a pediatric neuropsychologist™. Clinical seizure variables including seizure



classification, results of EEG and imaging were collected from the electronic medical record and

were coded independently by study physicians blinded to the behavioral or cognitive data.

Statistical Analysis

All data obtained were collated and analyzed using the Statistical Package for Social Sciences
(SPSS) software (Version 27.0, IBM, Chicago IL). Clinical epilepsy characteristics included age
of onset of epilepsy, seizure burden (i.e., seizure frequency), and seizure types. One-way analysis
of variance (ANOVA) tests compared SD groups on intelligence quotient (IQ), cognitive domain
factor scores, and academic achievement scores each for the children with newly diagnosed
epilepsy and their siblings at each time point (B, M18, M36). When the F statistic was

significant, LSD post hoc comparisons were conducted among the levels of SD.

Using linear regression, we also examined which variables explained the most variance (R-
squared) in IQ, cognitive domain factor scores, and academic achievement scores. Independent
variables were SD, epilepsy syndrome (O=primarily generalized, 1=localization-related), EEG
results (O=normal, 1=abnormal), MRI results (O=normal, 1=abnormal), age of onset of first
recognized seizure, seizure frequency (number of seizures/year), and anti-seizure
medication (ASM). Separate regression analyses were conducted at each time point (B, M18,

M36) for each dependent (cognitive/academic) variable.

Results:

Sample Characteristics

Table 1B summarizes the demographic characteristics for both groups (children with seizures
and siblings), clinical epilepsy characteristics in the seizure group, and family/sociodemographic
characteristics for the total sample. Briefly, a total of children with newly diagnosed seizures
aged 6-16 years and sibling controls were included in the analyses. There were no
significant differences between the groups except for a trend towards lower 1Q (Table 1B)
(approximately 3.5 points) in the children with newly diagnosed seizures. The clinical epilepsy

characteristics indicate that the children with epilepsy in this sample had an average age of onset



of epilepsy of 9.58 years of age and comprised of about 60% focal epilepsy syndromes (Table
1B). The five most frequently prescribed medications were lamotrigine, oxcarbazepine,
carbamazepine, phenytoin and valproic acid. Other less commonly prescribed medications
included levetiracetam, ethosuximide, zonisamide, and gabapentin. The epilepsy syndromes
were divided into two groups: Generalized (motor and nonmotor) and Focal onset (focal aware
and unaware with motor or nonmotor onset seizures). In this cohort, MRI abnormalities included
multiple different structural abnormalities (bilateral or unilateral hippocampal atrophy/sclerosis,
ventricular enlargement, volume loss, cortical dysplasias, heterotopias, angiomas,
encephalomalacia, and old hemorrhages) and described in detail elsewhere™. The EEG
abnormalities included focal and generalized epileptiform activity (localized and generalized
intermittent slowing, continuous slowing, epileptiform discharges, electrographic seizures,
occipital intermittent delta activity, and frontal intermittent delta activity). In this cohort, 62%
evidenced epileptiform activity, 11% slow wave activity, and 1% electrographic seizures®. With
regard to family sociodemographic characteristics, our sample was nearly identical to national
statistics for the U.S. at the time of recruitment®. Notably, among the children with epilepsy
there were no significant differences in age, sex, or education nor across a diversity of clinical
epilepsy characteristics (age of onset, number of seizures; or percent of participants with specific

seizure types or abnormalities on MRI and EEG) by SD group.

Sociodemographic Disadvantage (SD) Score Subgroup Characteristics

The sample was divided into four subgroups based on their SD Score. Subgroup characteristics
are reported in Supplemental Table 2 & Table 2. The disadvantage assessment was conducted at
the baseline visit only, with the intent to determine if initial sociodemographic disadvantage has
a lasting impact over time. Families who fell into the SD-3 category were primarily of non-white
ethnicity and showed the lowest levels of income, caregiver education, and married parental
status, while families who fell into the SD-0 category were all of white ethnicity and showed the
highest levels of income, caregiver education and married parental status (Supplemental Table
2). Notably, among the children with epilepsy there were no significant differences in child’s

age, child’s sex, or child’s education nor across a diversity of clinical epilepsy characteristics



(age of onset, number of seizures; or percent of participants with specific seizure types or

abnormalities on MRI and EEG) by SD group (Table 2)

Table 2 here

Sociodemographic Disadvantage and Global Intellectual Ability

Both children with newly diagnosed epilepsy and their siblings have significant differences in
intelligence quotient (IQ) based on their SD score such that families that fall in the SD-3

category show lower IQ scores compared to those who fall into the SD-0 category (See Figure

1). Furthermore, each category — SD-3, SD-2, SD-1, and SD-0 differed from the other in

1Q levels both in children with epilepsy and siblings. In addition, these differences remained

stable and significant over a 3-year period (at baseline, 18 months later, and 36 months later, see

Table 3).

Figure 1 here

Sociodemographic Disadvantage and Cognitive Domains

Our data indicate that both children with epilepsy and their siblings have significant differences
in cognitive domain factor scores (Language, Processing Speed, Executive Function, and Verbal
Memory) based on their disadvantage score such that families that fall in the SD-3 category
show lower language, processing speed, executive function, and verbal memory factor scores

compared to those who fall into the SD-0 category (See Tables 3 & 4). Furthermore, each



category —SD-3, SD-2, SD-1, and SD-0 frequently differed significantly from the other in
cognitive domain factor score levels both in children with epilepsy and siblings. In addition,
these differences remained stable and significant over a 3-year period (baseline, 18 months later

and 36 months later).

Table 3 here

Table 4 here

Sociodemographic Disadvantage and Academic Performance

Our data indicate that both children with epilepsy and their siblings have significant differences
in academic performance (letter-word identification, calculation and dictation) based on their
disadvantage score such that families that fall in the SD-3 category show lower letter-word
identification, calculation and dictation scores compared to those who fall into the SD-0 category
(See Tables 5 & 6). Furthermore, each category — SD-3, SD-2, SD-1, and SD-0 frequently
differed significantly from the other in academic performance scores both in children with
epilepsy and siblings. In addition, these differences remained stable and significant over a 3-year

period (baseline, 18 months later and 36 months later).

Table 5 here

Table 6 here




Impact of Psychiatric Symptoms on the Relationship between Disadvantage and Global

Intellectual Ability

Using a one-way ANCOVA, a focused secondary analysis assessed the potential impact of

behavioral symptoms on the relationship between disadvantage and cognition. Using the Child

Behavior Checklist (CBCL) Total Behavioral Problems scale as a covariate, the role of

disadvantage on cognition was reassessed, specifically focusing on global intellectual ability

(mean 1Q). CBCL Total Behavioral Problems from each time point — B, M18, and M36 — was

utilized in each analysis timepoint. The results indicate that the significant effects of

disadvantage on cognition remain in spite of using CBCL as a covariate at each timepoint —

Baseline - F(3,285) = 13.05, p <0.001; M18 - F(3,285) = 12.43, p < 0.001; M36 - F(3,285) =

12.74, p < 0.001 (Figure 2). Post-hoc tests indicated that the differences across all disadvantage

groups also remain significant and similar to that presented in Table 3.

Figure 2 here

Longitudinal Analysis - The Effect of Time on Disadvantage and Global Intellectual Ability

Using one-way repeated measures ANOVA, a focused secondary longitudinal analysis assessed
the potential impact of disadvantage on prospective change/development of global intellectual

ability (mean IQ). The results indicate no significant effect of time (within subjects) Wilks’

Lambda = .999, F(2,252)= 0.052, p = 0.949 and no significant interaction between time and SD
score, F(2,252) = 0.512, p = 0.675. However, there was a significant effect of disadvantage
F(3,250) = 17.96, p<.001. Thus, the prospective trajectory of intellectual ability is not impacted
by disadvantage, rather the impact of disadvantage is significant at baseline and persists in a

static fashion from baseline to 3 years later.



Predictive Characteristics of Cognition and Academic Performance in Children with Newly

Diagnosed Epilepsy

Using linear regression, we determined which factors play more significant and less significant
roles in explaining the variance (R-squared) in intelligence, cognitive domain factor scores, and
academic performance scores. Using the standardized beta coefficients, SD consistently served as
a significant predictor of global intellectual ability, cognitive domain scores and academic
performance scores, compared to age of onset, MRI/EEG findings, seizure burden, anti-seizure
medication number, and seizure syndrome (see Table 7). We note here that other clinical factors
such as age of onset of epilepsy and anti-seizure medications played a significant role in the
regression analysis. However, none of these clinical epilepsy factors explained as much variance

as disadvantage.

Table 7 here

Discussion

The goal of this investigation was to determine the contribution of social determinants of health,
specifically sociodemographic disadvantage, to the neuropsychological and academic status of
children with newly diagnosed epilepsy, assessing this relationship using a cross-sectional,
longitudinal, and familial approach. The core findings include the following: (1)
Sociodemographic disadvantage is closely associated with the neuropsychological and academic
status of children with epilepsy at the onset of the disorder; (2) Sociodemographic disadvantage
similarly impacts the neuropsychological and academic performance of unaffected siblings of
children with epilepsy; (3) Sociodemographic disadvantage at baseline is predictive of the

cognitive and academic performance of youth with epilepsy and their siblings — out to three



years after initial evaluation; and 4) Sociodemographic disadvantage accounts for more variance
in the neuropsychological and academic status of children with epilepsy compared to traditional
clinical epilepsy factors, documenting the clinical significance of disadvantage in this population.
To our knowledge, this is the first long-term familial aggregation study assessing the role of the
sociodemographic disadvantage on the cognitive and academic status of children with epilepsy

and their siblings.

The sample cohort was categorized into four levels of disadvantage and neuropsychological
status was reduced to four core domains (language, verbal memory, executive function, and
processing speed), with additional measures of intelligence and targeted academic skills.
Sociodemographic disadvantage was found to have a robust and strong impact across all
cognitive/academic domains. Specifically, the least disadvantaged group exhibited the highest
Full-Scale 1Q, neuropsychological factor scores and academic performances; while the most
disadvantaged showed the polar opposite with the worst performances across all test metrics.
These were meaningful clinical differences with the low disadvantage group typically
performing in the high average range and the most disadvantaged group in the low average to
borderline impaired range. The overall pattern of results indicates that, at the onset of the first
recognized seizure, the presence and degree of sociodemographic disadvantage plays a
significant role in intellectual, cognitive and academic performance regardless of baseline
clinical epilepsy characteristics (e.g., seizure burden, age of onset, or seizure syndrome). These

findings corroborate prior evidence in the literature® .

Comparable associations were seen in the unaffected siblings of the children with epilepsy,
demonstrating a strong familial aggregation effect regarding the presence or absence of an
aggregation of cognitive and academic morbidity. Our data indicate that this neuropsychological
aggregation has a clear relationship with measures of disadvantage. More specifically, we have
shown that the presence and degree of sociodemographic disadvantage drives cognitive and
academic performance in both children with epilepsy and their siblings—providing an alternative
interpretation of familial associations as a potentially significantly strong predictor of cognitive

function.



Another critical finding was that disadvantage rated at baseline was associated with significant
persisting impact across serial evaluations out to 3 years after the baseline assessment—attesting
to the strength and duration of the impact. The presence or absence of these sociodemographic
factors at baseline are therefore not ephemeral and pose a lasting impact on these youth—both
children with epilepsy and siblings. Notably, the epilepsy-cognition literature has often focused
to a significant degree on the relations of neurocognitive problems with diverse clinical seizure
variables (e.g., age of onset, duration of epilepsy, seizure frequency, number of medications,
presence/absence of MRI abnormalities). However, when these clinical seizure variables were
placed in direct comparison with an index of disadvantage, both at baseline and 3 years later, the
explanatory power of disadvantage was evident and exceeded that of the clinical seizure
variables. This suggests that disadvantage requires further consideration in this literature and
should be examined in relation to other comorbidities of epilepsy (e.g., behavior), developmental

factors, neurological variables, and treatment outcomes.

From a clinical standpoint, our findings are easily adaptable to the clinical setting. The
operational definition of disadvantage used here is clinic-friendly and easy to compute, with the
potential to screen at diagnosis given its concurrent and predictive validity—opening the door for
options of early intervention. Early intervention could potentially improve the long-term co-
morbidities in spite of the disadvantage factor. Further studies addressing the effect of early

intervention would be beneficial to gain a better understanding of the findings noted in this study.

It is important to note these findings do not negate the fact that brain structural and connectivity
factors as well as the underlying epilepsy disorder play a significant role in cognition; however,
our findings indicate that sociodemographic factors need to be considered as a significantly

impactful factor as well. Beneficial future research would directly determine the impact of



disadvantage on neuroimaging and neurophysiological findings on cognition. In addition, our
study did not assess if the impact of disadvantage as defined here is modifiable. As such, it is
unknown if early intervention can reduce or thwart the impact of disadvantage on cognition in
newly diagnosed epilepsy over time. Further investigation into appropriate and long-lasting

interventional options would be beneficial in future studies.

This study has some limitations that should be mentioned. First, the SD score was operationally
defined using a novel and easy-to-assess approach incorporating metrics known to be relevant to
the social determinants of health literature. This is the first study to use this specific assessment
method to evaluate disadvantage. While novel and requiring further inquiry, we believe its
advantages include uncomplicated calculation even in a clinic setting, the ability of the metric to
reflect the specific circumstances of target families of interest in a way that aggregate
neighborhood indices of disadvantage may not, and its promising validity is suggested by the
consistency of its relationship with metrics of cognition and academics. Nonetheless, validity and

reliability remain to be more fully established for this potential research and clinical metric.

Second, evaluation of academic achievement was limited in scope. We also did not assess
disorders such as dyslexia and attention deficit disorders, which can adversely affect cognitive
and academic performance. Future studies examining the effect of sociodemographic
disadvantage on cognition while controlling for such potential performance-related disorders
would provide a more comprehensive understanding of cognitive impairment in epilepsy. Third,
the specific epilepsy syndromes evaluated here were limited. We did not evaluate any epileptic
encephalopathy syndromes and other disorders such as Lennox-Gastaut syndrome. As a
consequence, the inferences of our findings are not generalizable to all pediatric epilepsies.
Furthermore, the cause and inciting factors that precipitated the epilepsy were not assessed and
may have played a role in the cognitive findings we presented. In addition, course and treatment
details can vary between individuals and also over time; and can play a significant role in
cognitive and academic performance. We do not have these data and could not include this
information in our analyses. Future studies investigating these details in relation to disadvantage

and cognition would be key to gaining a full understanding of cognitive abnormalities in



epilepsy. Fourth, it is possible that SD may change over the relatively modest span of this
investigation (36 months), but the core message here is that baseline disadvantage in youth with
epilepsy and their unaffected siblings has an impressive constant relationship with cognition and
academics over time. This points to the clinical and theoretical importance of better
understanding the mechanisms of effect of disadvantage and the most optimal routes of
intervention. Very important for the future is an understanding of the effect of disadvantage on
cognitive and brain development. Fifth, an important issue for future investigation is the impact
of disadvantage on cognitive development in children with new onset epilepsy. Here we focused
on the impact of disadvantage at diagnosis and demonstrated its persisting impact, detected at
baseline, over the ensuing three years. But how disadvantage impacts brain and cognitive growth
in youth with epilepsy remains a key question. Furthermore, prior investigations from this
controlled cohort investigation have demonstrated a variety of cognitive and academic
differences between the youth with new onset seizures and their unaffected sibling controls
and/or the presence and predictors of change over time*'®, but the role of disadvantage in such

comparisons should be explored in the future. [n addition, the current sample was not large

enough to examine the contribution of specific MRI and EEG abnormalities. Our pragmatic

approach of categorizing these variables as normal or abnormal may obscure important issues

that deserve to be investigated in future research. Finally, in addition to the relationship between

disadvantage and cognition reported here, we also recently reported a similar association

between increasing disadvantage and greater behavioral problems in this cohort®!. Given the

comparable effects of deprivation on both cognition and behavior it is clear that substantial

multimorbidity accrues for high disadvantage yvouth with a punishingly cumulative burden.

Addressing the unique impact of elements of behavior problems (e.g., general externalizing or

internalizing, or specific behavior problems such as ADHD or depression) will be addressed in a

separate investigation.

In summary, sociodemographic disadvantage exerts a powerful impact on neuropsychological
and academic performance in children with newly diagnosed epilepsy and their unaffected
siblings. This strong and robust association is enduring over time and has a familial aggregation

pattern. The cognitive, behavioral, and neurobiological impact of sociodemographic



disadvantage on youth with epilepsy (and their siblings) deserves further examination and

inclusion in our clinical epilepsy studies.
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Tables & Figures:

A.

Sociodemographic Disadvantage (SD) Categories

0 1

Caregiver’s Education Level | < 12" grade | >12%"

grade

Self-Identified Race | Non-white White
Household Income | <$50-60k >$50-60k

Parent’s Marital Status | Non-married | Married

Children Siblings
with
Seizures
Group Characteristics
Sample Size

Age, years (SD) | 9.44 (2.6) 9.68 (3.7)
Sex M/F | 158/154 108/115
1Q (SD) | 100.96 (15.3) | 103.58
(15.1)~
Education, years (SD) | 3.79 (2.45) 3.98 (2.50)

Clinical Epilepsy Characteristics
Age of Onset, years (5D) | 9.58 (2.54)
Seizure Frequency, per Year (SD) | 43.32
(174.71)
% With FUS (Most Common Seizure | 41.7% FUS
Type)
% With Generalized Seizure Syndrome | 38.6%
% With > 2 Seizure Types | 8.5%
Family Sociodemographic Characteristics

Self-ldentified Race 78.8% White
(%White/Caucasian)
Mean Household Income (SD) $50-60k ($27.5k)
Mean Caregiver Education, years 13.82 (2.25)
(SD)
% Married 76% married

Table 1. A. Sociodemographic disadvantage (SD) Categories. SD ranged from 0-3 based on
assigned score for each of these four variables. Each family received a 0 or / depending on
where they fall within each category (see text for details). B. Sample Characteristics for Seizure
and Sibling Groups and Family Sociodemographic Variables for Entire Sample. No significant
differences between Seizure and Sibling Groups on any demographic variable. Data presented as
mean (SD). SD=standard deviation, IQ=intelligence quotient, %=percent, FUS=focally unaware

seizure. ~p < 0.1



X SD-3 SD-2 SD-1 SD-0 P-

(N=29) (N=60) (N=71) (N= ) Value
Clinical Epilepsy Characteristics
Age, years (SD) | 9.31 9.61 (2.6) 9.76 (2.7) 9.16 (2.5) 491
(2.4)
Sex M/F | 15/17 29/32 44/39 67/69 .900
Education, years (SD) | 3.66 4.17 (2.4) 4.00 (2.5) 3.67 (2.5) .534
(2.4)
Age of Onset, years (SD) | 9.48 9.84 (2.6) 9.86 (2.7) 9.36 (2.6) 440
(2.6)
Number of Seizures (SD) | 34.88 42.48 39.06 52.84 .928
(176.0) (170.8) (167.4) (193.7)
Most common Seizure Syndrome | FUS FUS FUS FUS NA
% Generalized Seizures | 40.6% 35.5% 36.1% 29.7% .566
# Seizure Types (% = 2 seizures) | 18.8% 8.3% 7.2% 8.1% 242
MRI at baseline (% normal) | 67.1% 68.8% 59.2% 76.4% .073
EEG at baseline (% normal) | 34% 26.7% 30.5% 22.9% .331
Neurologic Exam at baseline (% normal) | 90.6% 93.4% 94% 94% .794
Anti-seizure medication at baseline (% on | 6.7% 13.1% 14.1% 13.1% .763
ASMs)

Table 2. Clinical epilepsy characteristics for children with epilepsy by SD group. There was no
significant difference in % normal MRI, EEG, exam, etc by SD score group in those
with epilepsy amongst children with epilepsy during the baseline visit. Data presented as mean

(SD) or percentage. SD - standard deviation, FUS — focally unaware epilepsy syndrome.



value
Baseline
10 | 90.57 (2.7) | 92.93 100.14 107.0 18.8 | <.001
(1.9)* (1.6)** (1.3)%k* 6
Language | -.676 (.16) | -.485 (.12) | -.103 (.10)* | .256 (.08)** 15.0 | <.001
6
Processing speed | -.389 (.17) | -.424 (.12) | -.049 (.10)* .182 (.08)** 7.28 | <.001
Executive | -.681 (.16) | -.365 (.11) | -.069 (.09)* | .109 (.07)* 9.29 | <.001
Function
Verbal Memory | -.665 (.15) | -.447 (.11) | -.044 (.09)* | .200 (.07)** 13.7 | <.001
4
18 Months Later
10 | 85.17 (3.3) | 95.33 101.45 107.44 16.9 <.001
(2.3)* (1.7)** (1.4)%*+* 4
Language | -1.195 -.396 -.093 (.11)* | .300 (.08)** 18.5 | <.001
(.21) (.14)* 1
Processing speed | -1.065 -.540 -.136 233 (L06)* | 14.6 | <.001
(.22) (.14)* (.11)** 9
Executive | -.738 (.20) | -.150 .255 (L10)*k | .343 (.08)** 10.8 | <.001
Function (.13)* 2
Verbal Memory | -1.043 -.359 .003 (.10)*k | .289 (.08)** | 16.5 | <.001
(.20) (.13)* 5
36 Months Later
10 | 85.33(3.4) | 95.12 100.83 108.08 17.0 | <.001
(2.4)* (1.8)* (1.4)%* 7
Language | -1.049 -.425 .065 (.11)*¢ | .382 (.09)*x | 16.2 | <.001
(.21) (.16)* 5
Processing speed | -.898 (.23) | -.633(.18) | -.096 (.13)* .270 (.10)** 11.1 | <.001
8
Executive | -.596 (.18) | .058 (.13)* | .444 (.10)** | .584 (.08)** 14.6 | <.001
Function 7
Verbal Memory | -1.036 -.286 137 (L10)*%F | .373 (.08)** 19.7 | <.001
(.18) (.14)* 6

Table 3. Cognitive Domains in Children with Epilepsy Over 36 Months. In children with
epilepsy, 1Q and cognitive domain factor scores (Language, Processing Speed, Executive
Function, and Verbal Memory) differ in all SD categories such that those who fall into the SD-3
group show significantly lower 1Q and lower cognitive domain factor scores compared to those
in the other SD categories. 1Q and cognitive domain factor scores increase significantly and
consistently as disadvantage decreases in all SD categories. In addition, this pattern remains
persistent over the 36-month period. Data presented as mean (SE). F — ANOVA Statistic with
degrees of freedom. For each cognitive domain, a non-starred score is significantly different from

* which is significantly different from **, which is significantly different from ***.



SD-3 SD-2 SD-1 SD-0 F P-

(N=13) (N=238) (N=40) (N=81) value
Baseline
10 | 89.21 94.07 103.75 109.47 21.6 | <.001
(3.0) (2.1) (1.8)* (1.3)** 2
Language | -.712 -.309 -.037 (.12)* .509 (.08)** 17.2 | <.001
(.19) (.14)* 3
Processing speed | -.301 -.156 112 (.12) 435 (.08)* 7.03 | <.001
(.20) (.14)
Executive | -.305 -.211 .069 (.12) 462 (.08)* 9.02 | <.001
Function | (.19) (.14)
Verbal Memory | -.625 -.290 .007 (.11)* 468 (.08)** 16.3 | <.001
(.18) (.13)* 7
18 Months later
10 | 82.70 95.26 105.11 112.69 27.1 | <.001
(3.6) (2.6)* (1.9)** (1.4)%k* 4
Language | -.706 -.095 157 (L12)* .679 (.09)** 15.1 | <.001
(.23) (.17)* 1
Processing speed | -.327 -.451 .185 (.12)* 576 (.09)** 12.1 <.001
(.23) (.17) 5
Executive | -.800 -.072 478 (.12)%k | .630 (.09)** 15.0 | <.001
Function | (.22) (.16)* 1
Verbal Memory | -.664 -.276 .232 (.10)* .564 (.08)** 16.9 | <.001
(.20) (.14) 5
36 Months Later
10 | 88.70 95.28 104.12 110.16 13.4 | <.001
(3.9) (2.9) (1.9)* (1.5)** 1
Language | -.404 -.136 .255 (.13)* .609 (.10)** 7.40 | <.001
(.26) (.19)
Processing speed | -.188 -.275 215 (.12)* .616 (.09)** 8.70 | <.001
(.25) (.18)
Executive | -,129 177 (.15) | .408 (.10)* .692 (.08)** 6.86 | <.001
Function | (.21)
Verbal Memory | -.481 -.109 .181 (.10)* .545 (.08)** 10.7 | <.001
(.21) (.15)* 6

Table 4. Cognitive Domains in Siblings Over 36 Months. In siblings, IQ and cognitive domain
factor scores (Language, Processing Speed, Executive Function (EF), and Verbal Memory) differ
in all SD categories such that those who fall into the SD-3 group show significantly lower 1Q and
lower cognitive domain factor scores compared to those in the other SD categories. IQ and
cognitive domain factor scores increase significantly and consistently as disadvantage decreases
in all SD categories. In addition, this pattern remains persistent over the 36-month period. Data
presented as mean (SE). For each cognitive domain, a non-starred score is significantly different

from *, which is significantly different from **, which is significantly different from ***.






SD-3 SD-2 SD-1 SD-0 F P-Value
(N=29) (N=60) (N=71) (N=122)
[ Baseline
Letter-Word | 96.00 (3.1) | 97.20 (2.2) 103.46 (1.9)* 107.79 (1.5)* 7.40 <.001
Calculation | 87.00 (3.7) | 93.82 (2.6) 102.49 (2.3)* 104.63 (1.7)* 8.70 <.001
Dictation | 88.59 (2.9) 86.58 (2.0) 96.29 (1.8)* 98.38 (1.3)* 9.67 <.001
18 Months Later
Letter-Word | 90.94 (3.8) | 97.10 (2.6)* 103.08 (2.0)* 106.71 (1.5)** | 7.08 <.001
Calculation | 78.78 (5.1) | 90.44 (3.5)* 96.03 (2.7)* 102.75 (2.1)** | 8.02 <.001
Dictation | 80.78 (3.7) 87.64 (2.5) 94.92 (2.0)* 95.73 (1.5)* 6.56 <.001
[ 36 Months Later
Letter-Word | 89.78 (3.9) | 96.65 (2.8) 100.41 (2.1)* 104.57 (1.7)* 5.19 .002
Calculation | 81.72 (5.2) | 90.85 (3.8) 95.75 (2.7)* 102.46 (2.2)* 5.95 <.001
Dictation | 78.78 (3.5) 84.35 (2.5) 89.92 (1.9)* 93.84 (1.5)* 7.32 <.001

Table 5. Academic Performance in Children with Epilepsy Over 36 Months. In children with
epilepsy, academic performance scores (letter-word identification, calculation and dictation)
differ in all SD categories such that those who fall into the SD-3 group show significantly lower
academic performance scores compared to those in the other SD categories. Academic
performance scores increase significantly and consistently as disadvantage decreases in all SD
categories. In addition, this pattern remains persistent over the 36-month period. Data presented
as mean (SE). For each academic performance score, a non-starred score is significantly different

from *, which is significantly different from **, which is significantly different from ***.



SD-3 SD-2 SD-1 SD-0 F P-Value
(N=18) (N=28)  (N=40) (N=81)
[ Baseline
Letter-Word | 92.07 (3.6) 94.89 (2.6)* 101.83 (2.2)** | 108.15 (1.5)*** 10.17 <.001
Calculation | 86.00 (4.0) 91.57 (2.8) 102.95 (2.4)* 109.63 (1.7)** 16.75 <.001
Dictation | 84.93 (3.2) 89.71 (2.3)* 92.40 (1.9)* 99.35 (1.4)** 9.14 <.001
[ 18 Months Later
Letter-Word | 94.50 (4.2) 94.58 (3.1) 100.51 (2.2) 108.09 (1.6)* 7.66 <.001
Calculation | 87.10 (5.2) 89.79 (3.8) 105.03 (2.7)* 111.69 (2.0)** 13.05 <.001
Dictation | 82.90 (4.6) 85.53 (3.3) 90.89 (2.4) 100.62 (1.8)* 9.38 <.001
[ 36 Months Later
Letter-Word | 9670 (4.8) | 96.17 (3.6) | 10474 (23)* | 107.03 (1.9)* | 3.30 022
Calculation | 83.20 (6.1) | 91.67 (4.5) 100.43 (3.0)* 109.34 (2.3)** 8.32 <.001
Dictation | 87.70 (4.3) 86.67 (3.2) 91.17 (2.1) 99.19 (1.7)* 6.40 <.001

Table 6. Academic Performance in Siblings Over 36 Months. In siblings, academic performance
scores (letter-word identification, calculation and dictation) differ in all SD categories such that
those who fell into the SD-3 group show significantly lower academic performance scores
compared to those in the other SD categories. Academic performance scores increase
significantly and consistently as disadvantage decreases in all SD categories. In addition, this
pattern remains persistent over the 36-month period. Data presented as mean (SE). For each
academic performance score, a non-starred score is significantly different from *, which is
significantly different from **, which is significantly different from ***.



Variance Model SD (B) Seizure EEG MRI Age of Seizure ASM

(R? P-value Syndrome Result Result Onset (3) Burden Number
B) ® B) ® ®
Baseline
10 [ 22.3% | <.001 427+ | 115 [ .027 [-o11  [.106 [ 033 [ .093
Cognitive
Domains
Language | 19.2% <.001 A402%% | 133 .083 -.042 .083 .039 .034
Processing | 12.7% <.001 275%* | .096 .193* .028 -.016 .044 .005
speed
Executive | 35.8% <.001 .333%% | 082 .048 .032 5027 .025 .020
Function
Verbal Memory | 19.3% <.001 .398** | .049 .097 .004 .163* .017 .054
Academic
Performance
Letter-Word | 9.8% .003 273** | 129 .039 -.037 .021 .025 .031
Calculation | 13.0% <.001 205%* | 157* .005 -.056 .110 .034 .040
Dictation | 16.0% <.001 287** | .093 .059 -.051 -.200%** .003 .000
18 Months Later
10 | 21.6% <.001 A426%* | .069 -.035 -.080 076 [ .040 [ .100
Cognitive
Domains
Language | 24.8% <.001 A31%% | 129 .086 -.025 .036 .039 .139%
Processing | 19.7% <.001 A407*% | 053 124 .054 .026 .034 .058
speed
Executive | 24.0% <.001 .322%% | 063 .017 -.020 326%* .025 136*
Function
Verbal Memory | 22.1% <.001 413** | .053 .085 .016 .043 .051 .153%*
Academic
Performance
Letter-Word | 12.3% <.001 281%% | 114 .063 -.012 -.045 017 131
Calculation | 14.3% <.001 292#% | 088 .078 -.063 117 .081 .144*
Dictation | 13.1% <.001 254%* | .099 -.050 -.058 -.129% .019 .100
36 Months Later
10 | 24.0% <.001 A438** | 150 .044 [ .035 [ .005 .109 .085
Cognitive
Domains
Language | 26.1% <.001 A47Fx | 176% .037 .029 .098 .078 .099
Processing | 18.1% <.001 364** | .070 167* .039 -.011 .070 .044
speed
Executive | 24.6% <.001 A408** | 054 .041 -.008 .205% .063 138%*
Function
Verbal Memory | 26.4% <.001 A465%* | 082 .072 .026 .047 .038 .110
Academic
Performance
Letter-Word | 10.3% .019 270%* | 110 -.003 .031 .095 .036 .075
Calculation | 12.7% .003 276%* | .075 -.024 -.041 .146* .128 .092
Dictation | 13.2% .002 303** | (151 -.018 .022 -.039 .071 .082

Table 7. Linear Regression models Over 36 Months. This table indicates the amount of
variability explained by the model (R-squared), significance of the model (model p-value) and
best predictors of 1Q, cognitive domains and academic performance in children with epilepsy
(Standardized B Coefficients). Throughout the 36-month period, disadvantage score (SD) remains

significant and impactful, while age of onset of epilepsy, MRI/EEG findings, seizure burden,



anti-seizure medication number, and seizure syndrome show less impact in comparison amongst

the models. *p<0.05, **p<0.001.
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Figure 1. Mean 1Q Scores for children with epilepsy and their siblings, by SD Score and Time
Point. SD=Sociodemographic Disadvantage Score. In both groups, mean IQ differs between at
least SD-3 and SD-O0 at all time points such that families who fall into the SD4 group show
significantly lower 1Q compared to those in the other SD categories. Mean IQ increases
significantly and consistently as sociodemographic disadvantage decreases in all SD categories.

In addition, this pattern remains persistent over the 36-month period. The non-starred bar is



significantly different from *, which is significantly different from **, which is significantly

‘ different from ***,
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Figure 2. Global Intellectual Ability (Mean 1Q) Scores for children with epilepsy by SD Score

and Time Point, using CBCL total behavioral problems as a covariate.

SD=Sociodemographic Disadvantage Score. Mean 10 differs between at least SD-3 and SD-0 at

all time points such that children with epilepsy who fall into the SD4 group show significantly

lower 10Q compared to those in the other SD categories. Mean IQ increases significantly and

consistently as sociodemographic disadvantage decreases in all SD categories. In addition, this

pattern remains persistent over the 36-month period.




Supplementary material

Supplemental Table 1: Association of individual SD metrics with total SD score

Disadvant Marit Incom Mother’ Rac
age Score al e S e
Statu Educati
S on_
Disadvantag | 1 -.313* | .785*%*% | ,351*%* .610
e Score * **
Marital 1 -.254* | -,115*% -.08
Status * 3
Income 1 440%* .255
S
Mother’s I .080
Education
Race |
**p<0.001
Supplemental Table 2: ?332 o) ?r\?_%m ?»?_171) %22) \PI-I
- - - = = = = a e
Distribution of “
disadvantage metrics
across disadvantage
groups X
Sociodemographic Disadvantage Score Characteristics
Self-ldentified Race | 9.4% 80.3% 88% 100% <.001
(%White/Caucasian)
Household Income (% >$50-60k) | 0% 4.9% 21.7% 100% <.001
Caregiver Education (%>12" | 62.5% 80.3% 97.6% 100% <.001
grade)
% Married | 12.5% 34.4% 92.8% 100% <.001
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