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Epilepsy affects 1% of the US population. Healthcare disparities are well-studied among adults with
epilepsy but less so among children. We examined whether children with epilepsy (1) have lower
income than or (2) utilize the emergency department (ED) differently from children without epilepsy,
and (3) ifincome moderates ED utilization. Data from the 2016-2019 National Survey of Children’s
Health were used to identify children with active “epilepsy or seizure disorder”. Children with versus
without epilepsy were compared. Income and ED visits were modeled with logistic and Poisson
regressions. This analysis included 131,326 children; 835 were diagnosed with epilepsy. Estimated
population prevalence of epilepsy was 0.6%. Children from higher-income-households were less likely
to have epilepsy (aOR: 0.7). Children with epilepsy were more likely to visit EDs (aOR =10.2), see
healthcare professionals (aOR: 2.7), and receive care from specialists (aOR: 10.3). Income moderated
the relationship between having epilepsy and ED visits. 7.7% of children with epilepsy did not receive
needed healthcare. Some barriers were acquiring appointments (aOR: 3.9) and transportation (aOR:
4.7). In conclusion, children with epilepsy were more likely than children without epilepsy to live in
lower-income-households, visit EDs, see healthcare professionals, and not receive needed healthcare.
Barrier-specific policy interventions may improve medical access for children with epilepsy.

Epilepsy is a common neurological condition characterized by either: (1) two unprovoked seizures occurring
at least 24 h apart, (2) one unprovoked seizure with a predisposition for further seizures, or (3) diagnosis of an
epilepsy syndrome'. Epilepsy affects approximately 470,000 children in the United States alone?. It is estimated
that one-third of these children will have seizures resistant to antiseizure medications (ASMs)°.

Epilepsy is a chronic medical condition, and as such, health-related outcomes for people with epilepsy are
influenced socioeconomic factors®. The prevalence of epilepsy is higher among adults with low socioeconomic
status (SES)°. At the same time, adults with lower SES are less likely to adhere to their ASM regimen®. Further-
more, Black and Hispanic individuals are 30% and 40% less likely, respectively, to be seen by outpatient neu-
rologists even after accounting for demographic, health status, and insurance differences’. These statistics are
alarming considering that the risk of death among people with epilepsy is up to threefold higher than that of the
general population®. Moreover, mortality risk is higher for those with poorly controlled epilepsy®”.

While healthcare disparities are evidenced among adults with epilepsy, the extent and effect of these dispari-
ties among children is less studied. It has been suggested that the socioeconomic status of caregivers influences
the healthcare, social, and financial outcomes for children with chronic medical conditions, like epilepsy. An
important recent systematic review by Huber and Weber (2022) found that children living in lower SES house-
holds had lower levels of seizure freedom, antiseizure medication adherence, academic performance, quality
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of life, and adult income'. This study, however, was a systematic review of studies with varying methodologies
and reporting on varied outcomes. To obtain more standardized data (and therefore a more direct analysis of
that data), a large sample of children from a single, all-encompassing dataset would be an excellent avenue for
correlative analysis. The primary objectives of our study were to examine whether children with epilepsy (1)
have lower income than those without epilepsy or (2) utilize healthcare resources (specifically the emergency
department) more than those without epilepsy, and (3) if their ED utilization is moderated by income. To address
these objectives, we utilized four years of data from the National Survey of Children’s Health (NSCH), a large-
scale, nationally representative database of caregiver-provided data which addresses children’s health, family
socioeconomic status, and access to medical care.

Methods
Sample
Data for this analysis were derived from the Maternal and Child Health Bureau of the US Health Resources
and Services Administration’s National Survey of Children’s Health (NSCH). The NSCH is a household survey
which produces national and state-level data on the physical and emotional health of children 0-17 years old
in the United States. The dataset is based entirely on caregiver responses to phone questionnaires. A screening
questionnaire was first administered to identify households with children as well as the number of children in
the household. One child was randomly selected from each eligible household, and that child was the subject
of a more detailed topical questionnaire. Responses to the topical questionnaire were weighted to represent the
year’s national population. Since 2016, the NSCH has been an annual survey. To date, survey data from 2016 to
2019 are publicly available. Data from the 2016, 2017, 2018, and 2019 datasets were combined for the purposes
of this cross-sectional analysis in accordance with the US Census Bureau’s Guide to Multi-Year Analysis'!.
After combining datasets, the sample was split into groups based on the selected child’s epilepsy status:
children with current, active “epilepsy or seizure disorder” versus children without active “epilepsy or seizure
disorder”. Caregivers answered the question: “Has a doctor or other health care provider EVER told you that
this child has epilepsy or seizure disorder?”. If the caregiver answered yes, the follow-up question was asked:
“Does this child CURRENTLY have the condition?”. Therefore, response options to this question were: that the
caregiver “has never been told their child has epilepsy or seizure disorder’, the caregiver “had ever been told the
child has epilepsy or seizure disorder, but does not currently have the condition”, and the child “currently has
epilepsy or seizure disorder”. Children who had ever been told, but do not currently have, epilepsy remained an
ambiguous group. Given that seizures often occur independently from epilepsy, children who “were ever told
they had epilepsy or seizure disorder” but did not identify as having active, current epilepsy were coded into
the “no epilepsy” group.

Outcome measures

Caregivers answered questions about their household income and their selected child’s healthcare resource
utilization. Household income was initially collected as a continuous variable. Subsequently, household income
was divided into categories for the publicly available NSCH dataset as percentage income relative to federal
poverty level (FPL). Categories were: “0-99% FPL’, “100-199% FPL, “200-399% FPL’, and “>400% FPL”. These
categories were used to represent household income.

The selected child’s number of emergency department (ED) visits over the past 12 months was used to reflect
healthcare resource utilization. Caregivers answered the following question: “During the past 12 months, how
many times did this child visit a hospital emergency room?”. Response options were: “None”, “1 time”, and “2
or more times”.

Statistical analysis

Children with and without epilepsy were compared on caregiver and child sociodemographic measures using
second-order Rao-Scott adjusted chi-square tests. Child age was compared using the adjusted Wald test. This
analysis used various regression models to model outcomes of interest as a function of epilepsy status, which
are described in detail below.

Ordered logistic regressions were used to determine odds ratios of (1) income and (2) ED utilization as a func-
tion of the selected child’s epilepsy status. As mentioned, income was divided into FPL categories and number of
ED visits was used to represent ED utilization. Ordered logistic regressions were chosen to represent odds ratios
because income categories and ED utilization, as mentioned above, were represented as ordered categorical vari-
ables in the NSCH dataset. Ordered regressions assume proportional odds (i.e., the relationship between each
pair of outcome groups is equal), which allows for creation of a single model to describe relationships between
pairs of outcomes and provides a more accurate estimation of probabilities for variables with ordered outcomes.

Multinomial logistic regressions were used to determine relative risk ratios for utilization of specific health-
care services as a function of epilepsy status. For brief context, a risk ratio refers to the cumulative incidence of
a given outcome in the “exposed” group (in this case, children with active epilepsy”) divided by the cumulative
incidence in the “unexposed” group (here, children without active epilepsy). This allows one to compare the risk
of any given outcome between the study’s comparison groups directly. Multinomial logistic regressions were
used to estimate risk ratios when survey item of interest contained >2 nominal outcome categories (similar to
the analysis performed by Miller et al. with this same dataset in 2021'%). Multinomial logistic regressions were
used to model survey items relating to: the place a child typically visits when sick and whether a child received
care from a specialist healthcare provider over the last 12 months. When healthcare service variable of interest
contained only two categories, a binary logistic regression was used instead to estimate odds ratios as a function
of epilepsy status. Binary logistic regressions were used to model survey items relating to: whether the child saw
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a healthcare professional over the last 12 months, whether a child saw a healthcare professional for a preventative
visit over the last 12 months, whether the child received the medical care he/she needed. In the case that needed
medical care was not received, binary logistic regressions were also used to estimate odds ratios for the reason
contributing to lack of needed medical care (defined by the NSCH as “medical care as well as other kinds of
care like dental care, vision care, and mental health services”) was for eligibility issues, unavailability of services,
problems getting an appointment, transportation issues, the clinic/doctor’s office not being open, or cost issues
as a function of epilepsy status.

Finally, a censored Poisson regression was used to estimate the incidence rate ratios of ED visits as a function
of epilepsy status, adjusting for income. As mentioned, ED utilization was also modeled using ordered logistic
regressions. However, given that ED visit data as it existed in the dataset was right-censored (ED visits were coded
in the dataset as “none”, “1”, or “2+”), censored Poisson regressions were felt to provide more accurate estimations
of ED utilization. A censored Poisson regression model including an interaction between epilepsy status and
income was also developed to determine if there was a moderation effect of income on the relationship between
epilepsy status and ED utilization. The interaction term was tested for significance using the adjusted Wald test.

Regressions were adjusted for potential confounders. Specifically, regressions were adjusted for baseline dif-
ferences between children with and without epilepsy in the baseline demographic analysis as well as differences
between these children evidenced in the literature. Ultimately, all regressions were adjusted for child age and
child race. For all analyses, p <0.05 was considered significant. All p-values were two-sided. All statistical analyses
were performed using Stata software for Mac, Version 17.0 (StataCorp. 2021. Stata Statistical Software: Release
17. College Station, TX: StataCorp LLC.). All analyses followed STROBE Reporting Guidelines.

Standard protocol approvals, registrations, and patient consents

Given that the data used for this analysis are publicly available, no ethical standards committee approval was
sought and no individual patient consent was obtained. No invertebrates or vertebrates were utilized for this
study. There are no recognizable persons in photographs, videos, or other information in this study, so no
authorization was obtained. This is not a clinical trial.

Results

This analysis included data representing 131,326 children, among whom 835 were diagnosed with active epilepsy.
The estimated population prevalence of epilepsy was 0.59% given a population size of 73,084,673. Table 1 details
the demographic differences between children with versus without epilepsy. Children with epilepsy were sig-
nificantly older than their peers (9.2 versus 8.6 years), and a larger proportion were black, non-Hispanic (18.2%
versus 13.2%). A similar proportion of children with and without epilepsy had healthcare insurance. Caregiv-
ers of children in both groups had similar levels of educational achievement. Among children in the “healthy”
comparison group, children had other medical conditions elicited by the NSCH which may have impacted
their ED utilization in a given year. The prevalence of those conditions among the comparison group was: heart

No active epilepsy n=130,491 Active epilepsy n=835

99.4% [99.3,99.5] 95% CIof % | 0.6% [0.5,0.7] 95% CI of %
Child characteristics
Sex (F), n(%) 63,065 (48.9%) [48.3,49.6] | 398 (45.6%) [39.3,52.1]
Age (years), mean+SD 8.6+0.03 9.2+0.29
Race, n(%)
Hispanic 15,002 (25.1%) [24.4,25.8] 93 (19.4%) [14.0, 26.2]
White, non-Hispanic 90,845 (50.9%) [50.3,.51.5] 559 (48.8%) [42.5,55.2]
Black, non-Hispanic 7,978 (13.2%) [12.7,13.6] 77 (18.2%) [13.6, 24.0]
Multiracial or other, non-Hispanic 16,666 (10.8%) [10.5,11.1] 106 (13.6%) [9.5,19.0]
Insurance coverage, n(%)
Currently insured 124,680 (93.4%) [93.0, 93.8] 799 (93.1%) [87.8, 96,2]
}(liélarlrtinstkll);;leninsured or only insured through Indian Health Service or a religious 5,322 (6.3%) 6.0, 6.7] 35 (6.7%) 3.6, 12.1]
Caregiver characteristics
Education status, n(%)
Less than high school 2,988 (9.2%) [8.7,9.8] 30 (11.0%) [6.8,17.2]
High school graduate 16,370 (19.3%) [18.8,19.8] 128 (18.9%) [14.7,24.1]
More than high school 109,961 (71.5%) [70.8, 72.2] 667 (70.1%) [63.6, 75.9]

Table 1. Child and caregiver characteristics of 0-17-year-old children with versus without active epilepsy
from the 2016-2019 NSCH surveys. Child and caregiver characteristics of 0-17-year-old children with versus
without active epilepsy from the 2016-2019 NSCH surveys (n=131,326). Prevalence figures are weighted to
be nationally representative. All p-values for categorical variables reported are Pearson chi-squared values
with the Rao-Scott second-order correction to account for weighted survey data; continuous outcomes were
compared using the adjusted Wald test. p <0.05 was considered significant.
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conditions (1.3%), diabetes (0.4%), asthma (8.0%), blood disorders (such as sickle cell disease, thalassemia, or
hemophilia) (0.4%), and cystic fibrosis (0.1%).

Table 2 depicts the odds ratios associated with number of ED visits and percentage of income relative to FPL
for those with versus without epilepsy. Ordered logistic regression demonstrated that children who visited the
ED more times had incrementally higher odds of having active epilepsy. Children with epilepsy (compared to
those without) had 10.2 times the adjusted odds of 2+ ED visits and 2.9 times the adjusted odds of 1 ED visit
(compared to 0 ED visits) in the last year. With further calculation, the adjusted odds of 1-2 + ED visits was 5.4
times the odds of 0 ED visits for children with epilepsy compared to those without (not shown in Table 2). Chil-
dren in lower-income groups also had incrementally higher odds of having active epilepsy. Regression analysis
demonstrated that children with epilepsy (compared to those without) had 0.53 times the adjusted odds of an
income >400% FPL, 0.56 times the adjusted odds of an income 200-399% FPL, and 0.65 times the adjusted odds
of an income 100-199% FPL compared to 0-99% FPL.

Table 3 demonstrates the odds ratios or relative risk ratios for utilization of various medical services/resources
between children with and without epilepsy. Overall, compared to their peers, children with epilepsy were more
likely to attend preventative medicine visits and less likely to receive needed healthcare. Specifically, 93% of
children with epilepsy and 83% of children without epilepsy had seen a healthcare professional for medical care
over the last year. Children with epilepsy had 2.7 times the adjusted odds of seeing any healthcare professional
for medical care over the last 12 months and 2.3 times the adjusted odds of seeing a healthcare professional for
at least one preventative checkup over the last 12 months than their peers. When sick, children with epilepsy
had 4.7 times the relative risk of going to a hospital ED (compared to a doctor’s office) and 2.5 times the relative
risk of going to a hospital outpatient department (compared to a doctor’s office) than children without epilepsy.
Overall, 61% of children with epilepsy received care from a specialist doctor other than a mental health profes-
sion compared to only 14% of their peers (aOR: 10.3, CI: 7.7-13.8). Children with epilepsy had 2.6 times the
adjusted odds of not receiving needed healthcare than children without (8% versus 3%, respectively). Reasons
contributing to why children did not receive needed healthcare services included that the child was not eligible
for the needed healthcare services (aOR: 3.2, CI: 1.0[2]-10.2), problems getting an appointment (aOR: 3.9, CI:
2.4-6.4), and transportation issues (aOR: 4.7, CI: 2.0-11.0).

Table 4 demonstrates the results of the censored Poisson regression to assess number of ED visits in this
sample. The incidence rate of visiting the ED was 2.6 times higher for children with epilepsy than for children
without. As children’s income category increased, their adjusted incidence rate of visiting the ED decreased (IRR
for 100-199% FPL: 0.73, CI: 0.67-0.80; IRR for 200-399% FPL: 0.55, CI: 0.50-0.60; IRR for >400% FPL: 0.48,
CI: 0.45-0.52). The overall interaction term between epilepsy status and household income category was found
to be significant (p=0.02). Post-hoc analysis of the interaction revealed that the incidence rate ratio associated
with epilepsy is 2.04 times higher for children in the 200-399% FPL income category compared to those in
the 0-99% FPL income category (IRR 2.04, CI: 1.28-3.24). In other words, the effect of epilepsy on ED visit
incidence rate is twice as large for children in the second-to-highest income category compared to those in the
lowest income category.

Discussion

We performed a cross-sectional analysis of income and ED utilization among children with versus without
epilepsy in the United States, using four years of nationally representative data. In a sample of 131,326 children,
our results demonstrate that children with epilepsy had significantly higher odds of: having lower household
income, visiting the ED more frequently, and not receiving needed healthcare. We also found that income did
not incrementally moderate the effect of epilepsy status on number of ED visits.

No active epilepsy Active epilepsy

n=130,491 n=835 OR aOR*

99.4% [99.3,99.5] | 95% CIof % | 0.6% [0.5,0.7] 95% CIof % | [95% CI] [95% CI]
Number of emergency department visits, n(%)
None 107,871 (80.5%) [79.9, 81.0] 449 (48.7%) [42.3,55.2] ref ref
1 17,566 (15.0%) [14.6,15.5] 198 (25.2%) [20.2,31.1] 2.77 [2.03-3.79] 2.91 [2.13-3.98]
2+ 4,535 (4.5%) [4.3,4.8] 185 (26.1%) [20.7,32.2] | 9.53[6.87-13.21] | 10.17 [7.28-14.20]
Household income, % of federal poverty level, n(%)
0-99% 14,347 (20.2%) [19.6,20.8] 142 (30.1%) [23.9,37.2] ref ref
100-199% | 20,878 (21.7%) [21.1,222] | 171 (20.9%) [16.7,259] | 0.65[0.45-0.94] | 0.65 [0.45-0.94]
200-399% | 40,357 (27.5%) [27.0,28.0] | 229 (23.5%) [18.5,29.2] |0.57[0.39-0.85] | 0.56 [0.37-0.83]
>400% 54,909 (30.6%) [30.1,31.1] 293 (25.5%) [20.8,30.9] 0.56 [0.39-0.80] 0.53 [0.36-0.77]

Table 2. Emergency department visits and average household income among children with versus without
active epilepsy. Univariable logistic regression models detailing the number of emergency department visits
and average household income (as % of federal poverty level) among children with versus without active
epilepsy from the 2016-19 NSCH (n=131,326). OR: odds ratio; CI: confidence interval; aOR: adjusted
odds ratio. *aOR adjusted for child age and child race. Results are weighted to be nationally representative.
Significance was assessed at the 0.05 level.
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No active epilepsy Active epilepsy

n=130,491 n=835

99.4% 0.6% OR or RRR aOR* or aRRR*

[99.3,99.5] 95% CI of % [0.5,0.7] 95% CI of % (95% CI) (95% CI)
Child saw a healthcare professional for medical care over the last 12 months
No 17,443 (17.0%) [16.5, 17.6] 30 (7.2%) [4.0, 12.8] ref ref
Yes 112,894 (83.0%) [82.5, 83.5] 805 (92.8%) [87.2,96.0] 2.63 [1.39, 4.97] 2.69 [1.42,5.10]
Child saw a healthcare professional for at least one preventative checkup over the last 12 months
No 22,111 (20.4%) [19.9, 21.0] 62 (10.1%) [64,15.5] ref ref
Yes 107,504 (79.6%) [79.0, 80.1] 767 (90.0%) [84.5,93.6] 2.29 [1.40, 3.77] 2.34[1.43,3.87]
Place the child usually goes when sick
Doctor’s office 94,422 (75.0%) [74.4,75.7] 620 (74.4%) [67.2, 80.5] ref ref
Hospital emergency room | 799 (1.4%) [1.2,1.6] 29 (6.8%) [3.9,11.7] 4.92 [2.67,9.06] 4.73 [2.44,9.18]
g‘;g“al outpatient depart- | 549 (4 607 0.5, 0.8] 15 (1.7%) (0.7, 3.8] 2.62[1.09, 6.29] 252 [1.04, 6.11]
Clinic/health center 10,109 (8.3%) [7.9,8.7] 49 (7.0%) [3.4,14.1] 0.85[0.39, 1.86] 0.85 [0.40, 1.81]
Minute clinic 950 (0.8%) [0.7,0.8] 3(0.5%) [0.1,1.7] 0.64 [0.18, 2.26] 0.61[0.17, 2.13]
School 601 (0.4%) [0.3,0.4] 6 (0.6%) (0.2, 1.9] 1.59 [0.49, 5.22] 1.47 [0.45, 4.79]
Somewhere else 588 (0.5%) [0.4, 0.6] 4(0.8%) [0.2,3.5] 1.61 [0.34, 7.67] 1.57[0.33, 7.44]
Received care from a specialist doctor other than a mental health professional during the past 12 months
No, and he/she needed to 106,109 (84.5%) [84.1, 84.9] 230 (37.3%) [31.1,43.9] ref ref
No, but he/she needed to 1,869 (1.8%) [1.6,2.0] 11 (1.8%) [0.9, 3.8] 2.29 [1.04, 5.03] 2.15[0.98, 4.75]
Yes 21,502 (13.7%) [13.3,14.1] 586 (60.9%) [54.3,67.1] 10.05 [7.61, 13.27] 10.32 [7.73,13.77]
Any times when child needed healthcare but it was not received
Received needed care 126,823 (96.6%) [96.3, 96.9] 775 (92.2%) [87.5,95.2]
iii‘ii:gihea“hca'e not 3,200 (3.0%) [2.8,3.3] 59 (7.7%) (4.6, 12.4] 2.63 [1.54, 4.52] 2.58 [1.49, 4.46]
Reasons contributing to why child did not receive needed health services:*
Child was not eligible 863 (1.0%) (0.9, 1.1] 16 (3.0%) [1.0,8.8] 3.25 [1.04, 10.08] 3.22 [1.02, 10.15]
f;;vr‘effs were notavailable | 743 (g 7o) [0.6,0.8] 22 (1.2%) [1.0,3.3] NE NE
Eggzlii‘t“;egs:‘i“g an 1,213 (1.2%) (1.0, 1.3] 39 (4.5%) [2.9,7.0] 4.13 [2.54,6.71] 3.94[2.41,6.44]
Transportation issues 359 (0.4%) [0.3,0.5] 9 (1.9%) [0.8,4.3] 4.77 [2.02, 11.23] 4.67 [1.99, 10.96]
gg’it"g;/ed:“‘“’s office was | 3, (0.49) (0.3,0.5] 8 (1.0%) (0.4, 2.7] 2.80 [1.01, 7.74] 272 [0.99, 7.46]
Cost issues 1,956 (1.8%) [1.6,2.0] 25(2.3%) [1.3,4.2] 1.34[0.72, 2.51] 1.34[0.72, 2.51]

Table 3. Utilization of medical services among children with versus without active epilepsy. Utilization of
medical services among children with versus without active epilepsy from the 2016-19 NSCH (n=131,326).
OR: odds ratio; RRR: relative risk ratio; CI: confidence interval; aOR: adjusted odds ratio; aRRR: adjusted
relative risk ratio; NE: not estimatable. *aOR and aRRR adjusted for child age and child race. Results are
weighted to be nationally representative. Significance was assessed for adjusted analyses at the 0.05 level.
*Reference: “Did not experience this difficulty in receiving needed medical care”

From this weighted sample, we estimated the national prevalence of epilepsy to be 0.59%. Scaled to the US
population (estimated size: 73,084,673), this represents approximately 431,200 children, which is slightly lower
than the current estimate of 470,000%. We expect that some children in the sample, especially those who “were
ever told they had epilepsy or seizure disorder”, may actually have had epilepsy, leading to potential underrep-
resentation of the true population of US children with epilepsy.

The first objective of this analysis was to assess whether US children with epilepsy had lower income than
those without. Such a relationship has been well-evidenced in US adult and non-US populations. A recent
meta-analysis by Fiest et al. demonstrated that the active annual period prevalence of epilepsy was higher in
low-to-middle income countries than high-income countries". Regarding differences in SES among patients
within individual countries, Noronha et al. demonstrated in a Brazilian population that (even after adjusting for
differences in treatment) there was a higher prevalence of epilepsy among lower-income patients'*. In Sweden,
Li et al. revealed that lower education status and lower income were both associated with increased risk of hos-
pitalization for epilepsy’®. Evidence from a national study in Iceland suggests that the risk of epilepsy is higher
in adults with low socioeconomic status, but that the same relationship does not exist for children®. Moreover,
in Zambia, Birbeck et al. found that people with epilepsy not only had lower education status, but also poorer
living conditions than those without epilepsy'®. SES and/or income have been evidenced to profoundly influence
treatment adherence, morbidity, and mortality among epilepsy patients>*%°.

The above-mentioned findings reflect non-US or primarily adult populations. Evidence for an association
between epilepsy and income/SES in children is mixed'’, yet lower SES in epilepsy has been associated with
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IRR alRR*

[95% CI] [95% CI]
Active epilepsy 2.52[1.80-3.52] |2.56[1.84-3.57]
Household income, % of federal poverty level, n(%)
0-99% Ref Ref
100-199% 0.70 [0.64-0.76] | 0.73 [0.67-0.80]
200-399% 0.51 [0.47-0.55] | 0.55 [0.50-0.60]
>400% 0.44 [0.40-0.47] | 0.48 [0.45-0.52]
Interaction between Household income, % of federal poverty level, n(%) and epilepsy status
0-99% x no epilepsy Ref Ref
100-199% x epilepsy 1.28 [0.79-2.07] 1.34 [0.84-2.16]
200-399% x epilepsy 2.04[1.28-3.27] |2.04 [1.28-3.24]
>400% x epilepsy 1.30 [0.84-2.03] 1.29 [0.83-2.02]

Table 4. Healthcare utilization among children with versus without active epilepsy. Censored Poisson
regression to assess healthcare utilization (number of emergency room visits over the last 12 months) among
children with versus without active epilepsy. Data are from the 2016-19 NSCH (n=131,326). IRR: incident
rate ratio; CI: confidence interval; aIRR: adjusted incident rate ratio. *aIRR adjusted for child age and child
race. Results are weighted to be nationally representative. Significance was assessed for the adjusted analysis at
the 0.05 level.

delayed care and potentially worse outcomes in children with epilepsy from other developed countries'®". Our
results in an exclusively US pediatric sample demonstrated that even after adjusting for age and race, children
with epilepsy had 1.47 times the odds (the reciprocal of OR=0.68, as presented) of having lower income than
their peers. The socioeconomic status of children in this analysis is a reflection of the socioeconomic status of
their caregivers. Given that a large proportion of epilepsy etiologies are associated with genetic alterations®*?!,
it is possible that some children in this analysis with epilepsy have a caregiver with epilepsy. The average total
annual direct healthcare cost of epilepsy per person in the United States is estimated to range from $10,000-
$48,000%%. Coupled with evidence that adults with epilepsy are more likely to be unemployed or unable to work
and have comorbid health conditions* which may pose additional barriers in accessing necessary treatment for
their children, a “downward socioeconomic spiral” may exist. Thus, it is possible that children with epilepsy in
our study may have had lower income their caregivers also had epilepsy themselves. An additional theory is that
perhaps caregivers of patients with epilepsy are unable to dedicate time to earning income because they must
care for their child. In short, it is unclear the directionality of the relationship between epilepsy in children and
their household income.

Our second objective was to assess whether children with epilepsy utilized medical resources more than
those without epilepsy. Existing literature suggests that adults living with epilepsy and lower income have higher
healthcare utilization and concomitantly worse epilepsy outcomes®*. Children with epilepsy had 10 times the
incidence rate of 2 + ED visits than 0 visits than children without epilepsy. The NSCH data does not offer informa-
tion on the reason for these increased ED visits. However, we speculate a few reasons for this finding. However,
it is likely that many of these additional ED visits were related to epilepsy: increased seizure activity, injuries
related to seizure activity, or for emergency antiseizure medication-related adverse events. Seizures and epilepsy
care are the most common neurological reason for presentation to an ED*. Visiting the ED is economically- and
psychologically-taxing for patients and caregivers. It has further been argued that many ED visits for epilepsy
could be avoided®. Ryan et al. found that the financial cost associated with pediatric epilepsy is highest (around
$20,000) the first year after diagnosis, and that ED visits comprise the third-highest cost (second only to hospital
admissions and diagnostic procedures) while only accounting for 1% of total visits®. Patel et al. demonstrated
that a targeted intervention (focused on five key interventions: establishing an urgent epilepsy clinic, improving
at-home seizure management plans, making information on proper abortive seizure medication dosing more
accessible, reminder magnets with information on abortive seizure medications, and targeting unique issues for
patients who tended to use the ED frequently) reduced ED visits by 28% over 19 months®.

Crucially, our analysis suggests that children with epilepsy are 2.6 more likely to not receive needed healthcare.
The primary reasons cited for lack of needed care were: the child was not eligible for needed healthcare services,
caregivers had difficulty getting an appointment, and transportation was a prohibitive factor. Lack of adequate
treatment for epilepsy has been associated with worse epilepsy outcomes including higher mortality rates in
those with untreated epilepsy?®. These factors are similar to those targeted by Patel et al. in their single-center
project. The results of analysis provide meaningful potential targets health policy targets to improve access to
epilepsy care for US children. Our study demonstrated that transportation barriers are the most burdensome
for caregivers. That said, the results of this analysis are reflective of the statistically weighted national popula-
tion (with the limitation that the raw data derives from caregivers who responded to the telephone survey).
Each community is unique in its barriers to healthcare. Solomon et al. in a recent systematic review, suggest
that making transportation more affordable or easy-to-access, while important, may not be sufficient by itself to
improve access to needed healthcare resources”. Thus, community-based, institutional- or state-level targeted
interventions, like that performed by Patel et al., may be the most effective way to identify and target the unique
factors contributing to lack of access to needed healthcare.
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The final objective of this analysis was to determine whether the association of epilepsy with ED utilization
was moderated by income. Unlike some other developed countries', the US lacks universal healthcare or central-
ized epilepsy care delivery mechanisms. Our results revealed evidence that the effect of having active epilepsy on
ED usage may differ by income category. Evidence in adults samples indicates that some of the primary drivers of
the moderation effect of income on healthcare resource utilization are differences in health at baseliney’*-**. Our
analysis focused on children, who likely have similar baseline health status to each other compared with adults.
Perhaps children with epilepsy in higher income groups have fewer limitations in access to EDs than children at
or below FLP. In conjunction, they may have more events inciting EDs visits than children without epilepsy. Still,
the interaction between income category and epilepsy status was not incremental, as expected. Thus, the results
of this moderation analysis provide evidence of a potential interaction between epilepsy status and income on
ED utilization, but the true nature and underlying reasons for this effect require further investigation.

Limitations and future work

This study has several limitations. First, it is cross-sectional in nature, and is limited by biases which limit all
cross-sectional studies. No inferences about causation, only correlations and associations, can be drawn from
our results. That said, the data used for this analysis reflected over 131,000 children in the US and were weighted
to reflect the US population. This analysis also extended only to 2019 due to availability of data. Considering the
significant socioeconomic changes brought forth by the global pandemic, it will become critical to re-characterize
the state of income and healthcare utilization among children with epilepsy in the post-pandemic era so that spe-
cificlocal-, state-, and federal-level interventions can be designed to improve access to epilepsy care. Importantly,
we included children whose caregivers were unsure of their epilepsy status into the group of children without
active epilepsy rather than excluding them entirely. This was done for two reasons: (1) to optimize our study’s
generalizability, and (2) we felt if we had excluded these patients, it may have introduced a selection bias against
patients with less social, financial, or healthcare resources to bring a one-time seizure or follow up on a questioned
diagnosis of epilepsy to medical attention. This, however, is a limitation of our study’s internal validity. Finally,
this analysis used simple proxies for complex socioeconomic concepts. Income was used as a rough gauge of SES
and ED visits were used as a rough gauge of healthcare utilization. These was chosen based on precedents set in
prior literature, based on data availability, and due to lack of standardized and validated methodology for utiliz-
ing base survey data to derive complex composite variables like SES or healthcare resource utilization. If future
studies were able to validate such derivation methods for use in large-scale dataset analysis, researchers would be
able to make even better use of the rich data available from well-performed cross-sectional studies like the NSCH,
and more comprehensive, nuanced characterizations of complex socioeconomic constructs would be possible.

Conclusions

Children with epilepsy are more likely than their peers to live in lower income households, visit an ED, and
see healthcare professionals. Income category does not incrementally moderate the relationship between epi-
lepsy status and ED utilization. Children with active epilepsy had 2.6 times the odds of not receiving necessary
healthcare, with the most common barriers being: service eligibility, appointment scheduling, and transport.
Health policy interventions to alleviate these barriers will improve access to needed medical care for children
with epilepsy specifically, and for those with other chronic medical conditions broadly.

Data availability

All data and supporting documentation are publicly available from the Health Resources and Services Adminis-
tration’s Maternal and Child Health Bureau (https://mchb.hrsa.gov/data/national-surveys). Data access: Authors
NM and SR had full access to all the data in the study and take responsibility for the integrity of the data and the
accuracy of the data analysis. Data sharing statement: Data are publicly available for download from the National
Survey of Children’s Health website (https://www.childhealthdata.org/learn-about-the-nsch/nsch-codebooks).
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