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Abstract

Objective: This study was undertaken to characterize spending for persons classified with seizure
or epilepsy and to determine whether spending has increased over time.

Methods: In this cross-sectional study, we pooled data from the Medical Expenditure Panel
Survey (MEPS) household component files for 2010-2018. We matched cases to controls on age
and sex of a population-based sample of MEPS respondents (community-dwelling persons of

all ages) with records associated with a medical event (e.g., outpatient visit, hospital inpatient)
for seizure, epilepsy, or both. Outcomes were weighted to be representative of the civilian, non-
institutionalized population. We estimated the treated prevalence of epilepsy and seizure, health
care spending overall and by site of care, and trends in spending growth.
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Results: We identified 1078 epilepsy cases and 2344 seizure cases. Treated prevalence was .38%
(95% confidence interval [CI] = .34-.41) for epilepsy, .76% (95% CI = .71-.81) for seizure, and
1.14% (95% CI = 1.08-1.20) for epilepsy or seizure. The difference in annual spending for cases
compared to controls was $4580 (95% Cl = $3362-$5798) for epilepsy, $7935 (95% Cl, $6237-
$9634) for seizure, and $6853 (95% CI = $5623-$8084) for epilepsy or seizure, translating into
aggregate costs of $5.4 billion, $19.0 billion, and $24.5 billion. From 2010 to 2018, the annual
growth rate in total spending incurred for seizures and/or epilepsies was 7.6% compared to 3.6%
among controls.

Significance: US economic burden of seizures and/or epilepsies is substantial and warrants
interventions focused on their unique and overlapping causes.
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INTRODUCTION

Understanding the economic costs associated with epilepsy is important for assessing the
value of policies to reduce the burden of the disease and the value of medical interventions
designed to reduce symptoms. Community-based surveillance of active epilepsy or seizure
disorder (self-reported doctor-diagnosed epilepsy and either currently taking antiseizure
medication or experiencing one or more seizures in the past year) indicates about 1.2%

of the US population (3.4 million people) live with active epilepsy.! Approximately 10%
of people will experience a seizure, a sudden abnormal surge of electrical activity in the
brain.12 There are many types of seizures (e.g., provoked vs. unprovoked), and some
patients may ultimately meet the clinical definition of epilepsy (i.e., at least two unprovoked
seizures =24 h apart; one unprovoked seizure and =60% probability of another within 10
years; or epilepsy syndrome).3

The evaluation and management of persons with suspected or definite seizures and/or
epilepsies typically overlap in many aspects (e.g., tests, providers, care setting), particularly
during initial evaluation of a new onset seizure. Studies show median delays of 12-19
months in epilepsy diagnosis following an incident seizure.#-® Some patients may prefer the
term “seizure disorder” to avoid epilepsy stigma and associated restrictions, and in some
cases epilepsy is misdiagnosed.®

Epilepsy is associated with significant health and socioeconomic disparities, and patients
may not disclose their condition due to stigma.”~11 Among 19 studies published between
1999 and 2014 included in Begley and Durgin’s systematic review,12 the direct costs
attributable to epilepsy ranged from $1022 to $19 749 (2013 dollars). The wide range

of estimates indicates how differences in period, data source, cost attribution method

(e.g., select cost components vs. total direct costs), subpopulations, and covariates can

affect estimates of epilepsy-specific costs. Patients with milder cases that allow continued
employment may be overrepresented in claims from employer-based health plans.6:13 we
expect that costs have increased over time due to the adoption of new technology (e.g.,

laser ablation and neurostimulation approaches for drug-resistant epilepsies), new drugs, and
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increases in insurance coverage following the Affordable Care Act.8 Patients’ out-of-pocket
costs have not been as widely studied,1# but are an important area for research given the
growth of high-deductible health plans.

In this study, we estimated the prevalence of and characterized health care spending for
persons classified with seizure or epilepsy using 2010-2018 Medical Expenditure Panel
Survey (MEPS) data—a set of large-scale surveys of noninstitutionalized individuals, their
medical providers (doctors, hospitals, pharmacies, etc.), and employers across the United
States. We examined both conditions to account for the diagnostic and management overlap
of epilepsy and seizure.

MATERIALS AND METHODS

Emory University’s institutional review board approved this study, informed consent was
waved due to the nature of the study, and we followed STROBE Reporting Guidelines
(Table S1).15-17 We used MEPS as a repeated cross-sectional survey from 2010 to 2018 to
identify survey participants classified with seizures, epilepsies, or seizures or epilepsies, to
estimate differential health care spending (i.e., emergency department visits, inpatient care,
prescription drugs, out-of-pocket cost) among cases and matched controls based on pertinent
sociodemographic and clinical characteristics,%18-21

Data sources and sampling approach

MEPS is a set of surveys that collects data on health services that people use, their costs,
payers, health insurance status of participants, and related data to generate nationally
representative estimates of health care costs (the sum of direct payments for health care
provided during the year)?2 for the civilian, noninstitutionalized population.23-27 We used
the MEPS Household Component and Condition files. The former is drawn from households
that participated in the previous year’s National Health Interview Survey.2” Households are
surveyed over five rounds over a 2-year period, and information is collected from about 13
000 households and 30 000 individuals annually. Asian, Black, and Hispanic individuals are
oversampled. Data are collected via computer-assisted personal interviewing. The response
rate to the full-year file, the main source of information about health care spending, was
about 44% in 2017.28

Definition of epilepsy and seizures

We identified respondents with records in the MEPS condition files for epilepsy or seizure.
Respondents were asked to self-report conditions that bothered them and were associated
with a health care encounter, prescription drug, or a disability day. More than 95% of the
condition records for epilepsy and seizure were associated with a medical encounter or

a prescription drug. Respondents’ descriptions of their conditions were recorded verbatim
during the household interview and then translated to International Classification of Diseases
codes at the three-digit level by professional coders. Interviewers prompt respondents to
provide specific diagnoses rather than symptoms. Of MEPS respondents with an epilepsy
diagnosis recorded in their medical record, 78.9% have a condition record associated with a
medical event for epilepsy (operationalized in MEPS as “treated prevalence”).19:20
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To examine whether the MEPS condition records miss patients with epilepsy when

a single definition is adopted,2° we examined the proportion of respondents receiving
antiseizure medications generally (e.g., prescribed for pain or anxiety, like benzodiazepines
or gabapentin) and medications prescribed primarily for an epilepsy diagnosis (e.g.,
levetiracetam, lacosamide).?!

Health care spending

Health care represented costs for physician office, hospital, emergency department,
outpatient, home health, and dental services and prescription drugs and medical equipment.
Costs represented payments from insurers to providers and respondents’ out-of-pocket costs.
MEPS obtains payment amounts directly from respondents’ providers and pharmacies. We
updated health care costs to 2019 US dollars using the Medicare Economic Index. We
winsorized each cost category at the 99th percentile to downweight outliers.

Additional demographic and clinical characteristics

We used the MEPS condition files to identify respondents with comorbid conditions (e.g.,
emphysema, diabetes) and known risk factors (e.g., traumatic brain injury, cerebrovascular
accident) that would have an expected association with higher health care spending. We
measured insurance status using the “INSCOV” variable, which indicates whether the
respondent had any private or public coverage during the prior year. Otherwise, respondents
were classified as being uninsured the entire year. Inclusion of insurance status and type

in our study is important given the associations between socioeconomic factors, health care
use, and shifting insurance status among epilepsy and seizure patients.8-2

Statistical analysis

Records for respondents included in the MEPS for 2 consecutive years were treated as
independent observations. The MEPS stratum and primary sampling unit variables account
for clustering at the respondent level. We matched each respondent with a condition record
for seizures, epilepsies, or seizure or epilepsies to 10 control respondents based on age

and sex. We performed all analyses in Stata version 16.0 (StataCorp). All analyses were
weighted for the MEPS complex survey design.

We compared spending between cases and controls using generalized linear models with
a Gamma distribution and a log link. For each condition and cost category (e.g., overall,
inpatient), we estimated three models. The first included only a constant term, the second
adjusted for patient demographic characteristics (age group, sex, race/ethnicity, marital
status, region) and education level, and the third further adjusted for comorbidities (Table
S2).

We omitted insurance status as a covariate, because it was not independent. Seizures or
epilepsies may cause persons to lose employment and lose access to employer-sponsored
insurance. Conversely, people with seizures or epilepsy may be more likely to buy individual
coverage or enroll in government programs to obtain care.8
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Comparing estimates across models allowed us to assess the sensitivity of estimated

cost differences to patient characteristics. We reported marginal effects (or “predicted
marginals”), which represented the expected difference in spending following adjustment.
Using the full model, we also compared total expenditures between cases and controls by
subgroups. We combined estimates of the prevalence of persons with seizures, epilepsies, or
seizures or epilepsies with estimates of the average and incremental costs per case and the
total population covered by MEPS to calculate the aggregate annual cost of each condition.

We estimated annual growth rates by estimating two-part models separately for cases and
controls that included a time trend variable. We divided the marginal effect of the time
trend variable by average spending across the entire period to calculate growth rates. We
evaluated the significance of differences in growth rates by estimating two-part models on
the entire sample (cases and controls) that included separate time trend variables for cases
and controls. We used a Wald test to examine the significance of these differences in the
time trend. We estimated total spending by multiplying estimates of disease prevalence by
regression-adjusted estimates of spending attributable to epilepsy or seizure.

2.6 | Data availability

Researchers and users with approved research projects can access MEPS data files that have
not been publicly released for reasons of confidentiality.19.20

3| RESULTS

3.1| Population characteristics

We identified 2344 persons with a condition record for seizure, and 1078 persons with
condition records for epilepsy. Few respondents, 89 for seizure and 53 for epilepsy, had a
condition record that was not associated with a medical event. A total of 3422 respondents
had either a record for epilepsy or seizure.

Among respondents with seizures (no epilepsy code), 1359 (58.0%) had a prescription

for antiseizure medication and 867 (37.0%) had a prescription for a drug used in patients
with epilepsy (e.g., levetiracetam). Among respondents with epilepsy, 729 (67.6%) had a
prescription for antiseizure medication and 558 (51.8%) had a prescription for a drug used in
patients with epilepsy (Table S3). Among the 290 791 respondents without condition records
for epilepsy or seizure, 19 557 (6.8%) received an antiseizure medication and 2187 (.8%)
had a prescription for a drug used in patients with epilepsy.

3.2 | Treated prevalence

Seizure prevalence was .76 (95% confidence interval [CI] = .71-.81), and epilepsy
prevalence was .38% (95% CI = .34-.41; Table S4). The treated prevalence of epilepsy
or seizure was 1.14% (95% CI = 1.08-1.20).

3.3| Covariate balance

After matching on age and sex, the distributions of cases and controls across age and sex
groups were similar (Table 1). Remaining differences were likely due to sample weights
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to the matched sample. Epilepsy cases were more likely to be non-Hispanic White, to be
married, and to have graduated from high school but not college.3° Comorbidities were more
common among epilepsy and seizure cases than controls (Table S2).

Compared to their controls, a similar proportion of respondents with epilepsy were
uninsured for the entire year, 8.4% versus 10.8% (estimates reflect sample weights).
Respondents with epilepsy were more likely to have public coverage (37.2% vs. 21.4%)

but less likely to have private coverage (54.4% vs. 67.8%). The proportion of respondents
with epilepsy who were uninsured declined from 12.8% in 2010 to 3.4% in 2018 (Table S5).

Spending

Average annual spending was $11 333 for persons with epilepsy, $16 951 for persons with
seizures, and $15 096 for persons with epilepsy or seizures (Table 2). Regression-adjusted
differences in spending between cases and controls declined as more covariates were added
to the model. The unadjusted difference in spending between epilepsy or seizure cases and
controls was $9385, and the regression-adjusted difference from the model that included all
controls was $6835 (95% CIl = $5623-$8084; Table S6). Adjusted differences from the full
model were $4580 (95% CI = $3362-$5798) for epilepsy cases versus controls and $7935
(95% CI = $6237-$9634) for seizure cases versus controls (Table S6).

Spending in the “other” category, which includes outpatient care, accounted for roughly
$3052 (95% CI = $2176-$3929) of the difference in overall spending between epilepsy or
seizure cases versus controls, and inpatient care and prescription drugs accounted for equal
amounts (approximately $1400; Table 2). Average out-of-pocket costs for epilepsy or seizure
cases were $991, and the difference in out-of-pocket costs between cases and controls was
$213.

Time trend

Spending overall, and prescription drug and outpatient costs were significantly higher

in 2012 and in subsequent years among epilepsy cases versus controls (Figure 1A-D).
Annualized growth rates over the period 2010-2018 were higher for cases compared to
controls (Table 2). For example, the growth rate in total spending incurred by epilepsy or
seizure cases was 7.6% compared to 3.6% among controls. Differences in spending growth
between cases and controls were especially large for inpatient care (15.1% vs. 5.0%) and
prescription drugs (8.8% vs. 1.9%; Table 2). Out-of-pocket spending did not change much
over the study period.

National economic burden estimate

Multiplying our estimates of prevalence (first row of Table S5) by our estimates of the
incremental cost per case from the regression model that includes all covariates (Model 3 in
Table 2) and by the population covered by MEPS (314 million), we estimate that total costs
for persons with epilepsy or seizure was $54.0 billion nationally (Figure 2). Incremental
costs, which capture the added contribution of epilepsy or seizure, were $24.5 billion.

Epilepsia. Author manuscript; available in PMC 2024 March 27.
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DISCUSSION

Based on nationally representative US data from 2010-2018, direct health care spending
was $6853 ($5623-$8084) higher annually among persons with seizures and/or epilepsies
compared to controls, adjusting for sociodemographic and clinical factors, corresponding to
aggregate total health care spending of $5.4 billion for epilepsy, $19.0 billion for seizure,
and $24.5 billion for epilepsy or seizure. Our study updates findings from Dieleman et

al., who reported that epilepsy-attributable personal health care spending in 2013 was
$4.3 billion by using not only more recent expenditure data, but a more sensitive case
ascertainment approach (i.e., persons with seizures or epilepsies),2° yielding lower and
upper bounds of epilepsy- and seizure-attributable costs. The wide range of epilepsy-
attributable cost estimates in previously published studies between 1999 and 2014 (e.g.,
$2050 [2013 dollars] to $19 800 per patient)31:32 is at least in part explained by variability
in data sources, study design, and other factors like age ranges and care setting. For
instance, a study using institutionalized Medicare data by Fitch et al.33 reported that the
risk-adjusted incremental cost of epilepsy averaged $6087.6 (annually). Lekobou et al.34
studied a similar age range without restriction to institutionalized patients and obtained

a lower averaged adjusted incremental health care cost associated with epilepsy ($4595).
Our study is therefore consistent with previous US-based data but is based on a nationally
representative community-dwelling population. MEPS data, however, underestimates all
health care spending, because MEPS methodology excludes institutionalized persons, more
likely to have a higher prevalence of epilepsy, and additional costs (e.g., transportation

to health care). Additional studies of epilepsy- or seizure-attributable direct (health care
spending, informal caregiving) and indirect (e.g., lost productivity) costs are warranted to
demonstrate the total burden of these conditions.

Although a subset of total population prevalence, the treated prevalence estimate (based
only on condition records with medical events) is slightly lower, but within the range

of the recently published Centers for Disease Control and Prevention total population
prevalence estimate for active epilepsy (1.2% [95% CI = 1.1-1.4]). Treated prevalence may
approximate total population prevalence for conditions that require ongoing treatment, such
as epilepsy.1® Treated epilepsy prevalence was lower among Black, non-Hispanic persons,
but seizure prevalence was higher, suggesting underreporting of medical events attributable
to epilepsy versus seizures, inequities in accessing health care, or that epilepsy may be
underdiagnosed or underreported in this population.

A substantial proportion of respondents reported only seizures but had a corresponding
record for epilepsy-specific antiseizure medication like leveti-racetam. These are likely
persons with epilepsy (or at least treated for epilepsy) who attributed the cause of their
medical event to “seizure.” Respondents who experienced events that were the direct result
of a seizure (e.g., a fall) may have been more likely to attribute the event to a diagnosis of
“seizure” rather than a diagnosis of “epilepsy.” We expected average costs to be higher in
this group (seizure, no epilepsy), because treatment for seizure-related events, as opposed to
the underlying diagnosis, is more likely to occur in the inpatient and emergency department
settings.

Epilepsia. Author manuscript; available in PMC 2024 March 27.
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Spending for patients with epilepsy, especially among select sociodemographic subgroups,
has increased over time. Increases may be due to increases in insurance coverage and
adoption of new technologies. Consistent with a previous report,8 we found a significant
decline in the proportion of people with epilepsy or seizure who were uninsured. Use of
in-hospital and ambulatory video-electroencephalographic (EEG) monitoring has increased,
both of which have also been supported by hospital administrators and an expanding
literature demonstrating the accuracy of multiple EEG modalities for detection of subclinical
seizures, functional spells, and other findings.3> However, previous studies have yet to
demonstrate an association between the detection of abnormalities and improvement in
outcomes for patients with epilepsy (e.g., quality of life, seizure control).

Our study contributes novel and valuable information on the alarming difference in growth
rates for “other” spending (e.g., dental services, home health care). Our study aligns with
national projections in growing health spending for various services.36 We also showed

a substantial difference in epilepsy-a ttributable inpatient care (7.7% for epilepsy or
seizure vs. —1.0% for controls). Inpatient care for epilepsy and/or seizures includes urgent
admissions for breakthrough seizures, elective admissions for diagnostic neurophysiologic
investigation, presurgical evaluations, and admissions for surgical procedures. This finding
is also concordant with existing literature using the MEPS data that revealed an increasing
growth in inpatient hospital care spending for those with private insurance.3’

This study also highlighted the rising prescription drug costs associated with persons with
epilepsy or seizure. Increasing use of drugs approved during the study period, such as
clobazam and lacosamide, may contribute to the increase in costs. Average out-of-pocket
spending was almost $1000 among persons with epilepsy or seizure, but attributable out-
of-pocket spending ($200) was modest. We expected out-of-pocket spending to increase
alongside total spending, but that was not the case, probably due to the increase in insurance
coverage. Also, out-of-pocket maximums in private plans insulate patients from increases in
spending to some degree.

Health care innovations and studies that account for both health care spending and epilepsy-
related outcomes are needed with particular attention to social vulnerability and the effect of
cost-sharing among people with epilepsy or seizures.3!

Limitations and future directions

This study has several limitations contributing to an underestimation of costs.

4.1.1| Generalizability, selection, and reporting biases—Although MEPS sample
weights produce estimates representative of the community-dwelling population, MEPS

is also subject to nonresponse bias, social desirability biases in self-reporting conditions,
including those attributable to medical events. With population aging, there is a growing
cohort of institutionalized individuals with seizures or epilepsy who were excluded from
MEPS. Understandably, the cost of epilepsy care is higher in institutionalized patients, as
the prevalence of seizure and/or epilepsy in this population is seven times higher than
community-dwelling patients.12
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4.1.2 | Confounding—Comparisons of cases and controls assume that, after matching
and regression adjustment, there are no factors related to both a condition record for
epilepsy or seizure and health care spending. As we added controls to regressions comparing
spending, estimates of the impact of epilepsy or seizure on spending became smaller. This
pattern suggests that unobserved factors operated in the same direction, that is, that our
spending estimates were biased upward. Residual confounding may result from factors
unaccounted for through matching (e.g., baseline diagnoses of insufficiently treated mental
health conditions that may contribute to increased health care spending).32:38

4.1.3| Effect measure modification—The health care costs attributable to evaluation
and management of epilepsy vary based on seizure types and levels of seizure control.3°
Future studies may use claims-based approaches for defining seizure control and stratifying
by epilepsy subgroups.® Our study could not differentiate patients with prevalent versus
incident epilepsy, or well-controlled epilepsy versus refractory epilepsy. These subgroups
differ because they are often subject to different diagnostic and therapeutic approaches,

and therefore health care costs. This study also focused on direct costs but not on indirect
costs like loss of productivity and early retirement. Medicaid, Medicare, and all-payer

state databases permit longitudinal tracking of patients, which would greatly improve case
identification, and allow for estimation of incidence and study designs that, if properly
conducted, may allow for more sensible causal inference.

5| CONCLUSIONS

Understanding the health care costs associated with epilepsy and seizure is important for
assessing the value of efforts to prevent and treat these conditions. We estimate that direct
health care spending for the 3.4 million community-dwelling individuals with epilepsy and
seizures was approximately $24.5 billion annually over the period 2010-2018. Spending
for epilepsy and/or seizures is rising at approximately twice the rate as spending overall,
although most of the increase has been borne by payers, not patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

From 2010-2018, direct health care spending was $6853 (95% CI = $5623—
$8084) higher annually among persons with seizures and/or epilepsies
compared to controls, adjusting for sociodemographic and clinical factors

This corresponds to $24.5 billion direct US health care spending attributable
to seizures or epilepsy

Health care spending for persons with seizures and/or epilepsies is substantial
and growing

Epilepsia. Author manuscript; available in PMC 2024 March 27.
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FIGURE 2.

The total burden of epilepsy and/or seizure costs (per patient and national). The estimations
of the national burden of epilepsy and/or seizure assume a population size of 314 million
noninstitutionalized, community-dwelling persons, and prevalence of epilepsy, seizure, and
epilepsy or seizure of .38%, .76%, and 1.14%, respectively.
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