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Abstract

The purpose of this study was to examine both the distribution of payers for inpatient 

hospitalizations (all-ages) by principal diagnosis status (epilepsy versus nonepilepsy) and selected 

organizational- and community-level factors associated with hospitalizations using the Agency 

for Healthcare Research and Quality’s (AHRQ) Healthcare Utilization Project 2016 National 

Inpatient Sample (NIS) database. We compared cases with epilepsy (any ICD-10CM diagnostic 

code beginning with “G40”) as a principal diagnosis (“epilepsy discharges”) versus cases without 

epilepsy as the principal diagnosis (“nonepilepsy discharges”). Accounting for the complex survey 

design, we examined how the principal payer source, median income for Zip Code, admission 

type, hospital location, teaching status, and hospital region varied by principal diagnosis status. 

For persons of all ages with epilepsy as a principal diagnosis, Medicaid and Medicare public 

insurance paid for about 65% of inpatient hospitalization costs. The percentage paid by Medicaid 

among epilepsy discharges (31.6%) significantly exceeded that among nonepilepsy discharges 

(23.1%). The percentage paid by Medicare among epilepsy discharges (33.9%) was significantly 

less than that among nonepilepsy discharges (39.7%), as was payment by private insurers (26.1% 

vs. 30.1%). Median Zip Code income, hospital and admission characteristics, and geographic 

region differed between hospitalizations with epilepsy versus those with a nonepilepsy discharge. 

These findings may be used to inform stakeholders’ understanding of epilepsy care-related costs 

and factors associated with hospitalizations for improved interventions and programs.
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1. Introduction

In 2013, epilepsy ranked 77th among 155 conditions examined in estimated personal health 

care spending for six types of care including inpatient, ambulatory, emergency department, 

nursing facility, dental, and prescribed retail pharmaceuticals, contributing $4.3 billion to 

overall U.S. personal health care spending costs [1]. Seventy-nine percent of epilepsy 

personal health care costs were attributable to inpatient care, and about 40% of all spending 

was for individuals <20 and ≥65 years of age [1]. Understanding the distribution of public 

and private spending for epilepsy-associated hospitalizations may help inform efforts that 

insurers, policy makers, health care system researchers, and epilepsy stakeholders can 

consider to prevent unnecessary hospitalizations. The purpose of this study was to examine 

both the distribution of payers for inpatient hospitalization costs (all-ages) by principal 

diagnosis status (epilepsy versus nonepilepsy) and selected organizational- and community­

level factors associated with epilepsy inpatient hospitalizations using the 2016 Agency for 

Healthcare Research and Quality’s (AHRQ) Healthcare Utilization Project (HCUP) National 

Inpatient Sample (NIS) database.

2. Methods

The AHRQ HCUP NIS dataset is a publicly available all-payer inpatient healthcare database 

designed to produce U.S. regional and nationally representative estimates of inpatient 

utilization, charges, quality, and other related outcomes [2]. The NIS approximates a 20­

percent stratified sample of all discharges from U.S. community hospitals (defined as all 

non-Federal, short-term, general, and other specialty hospitals that excludes rehabilitation 

and long-term acute care hospitals). The unit of analysis is the hospital discharge (i.e., the 

hospital stay), not the person or patient, so that a person admitted to the hospital multiple 

times in one year will be counted each time as a separate discharge from the hospital. The 

NIS contains information on all hospital stays, regardless of the expected payer for the 

hospital stay. The 2016 NIS dataset included community hospital discharge data from 47 

states and 4575 participating hospitals (non-participating states were Alabama, Idaho, and 

New Hampshire). The 2016 NIS contained over 7 million (unweighted) discharge records 

representing more than 35 million (weighted) total records [3].

We analyzed the 2016 NIS sample for all-ages to examine costs allocated to the primary 

payer for inpatient hospital stay records for the principal-diagnosis (first-listed) of epilepsy 

(any ICD-10CM diagnostic code beginning with “G40”). Discharge records had a principal 

diagnosis of epilepsy if its first-listed diagnosis was epilepsy. Patients were considered 

covered by Medicare (included both fee-for-service and managed-care Medicare patients); 

Medicaid (included both fee-for-service and managed-care Medicaid patients); private 

insurance (included non-profit plans, commercial carriers, private health maintenance 

organizations and preferred provider organizations); other insurance (included Worker’s 
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Compensation, CHAMPUS, CHAMPVA, Title V, and other government programs); self-pay 

or no charge (e.g., charity or no expected payment) based upon the principal expected source 

of payment noted in their medical record [3]. We also examined whether the distributions 

of selected characteristics varied by principal diagnosis status (epilepsy versus nonepilepsy): 

median income for Zip Code [<$42,999; $43,000–$53,999; $54,000–$70,999; ≥$71,000]; 

elective admission (yes/no); admission through the emergency department (yes/no); hospital 

location and teaching status [rural; urban non-teaching; urban teaching]; and hospital 

region (Northeast, Midwest, South, West). We adjusted all analyses for the NIS’s complex 

survey design using SUDAAN version 11. We compared findings for discharge records 

with epilepsy as a principal diagnosis (“epilepsy discharges”) with those for discharge 

records without epilepsy as the principal diagnosis (“nonepilepsy discharges”). We identified 

statistically significant differences with non-overlapping 95% confidence intervals.

3. Results

In 2016, community hospitals reported 44,286 (unweighted), representing 221,430 

(weighted) (0.6%), epilepsy discharges. The nonepilepsy discharges (7,090,804 

unweighted), represented 35,453,991 discharges (99.4% of all community hospital 

discharges) and functioned as a control group in our study. Among epilepsy discharges, 

Medicaid and Medicare paid 65.5% [95% CI = 63.8–67.2] of all inpatient hospitalization 

costs compared to 62.8% [95% CI = 62.1–63.5] for those with nonepilepsy discharges 

(Fig. 1). The percentage paid by Medicaid among epilepsy discharges (31.6%) significantly 

exceeded that among nonepilepsy discharges (23.1%). The percentage paid by Medicare 

among epilepsy discharges (33.9%) was significantly less than that among nonepilepsy 

discharges (39.7%), as was payment by private insurers (26.1% vs. 30.1%). Self-pay or 

other means covered less than 8.5% of spending for hospitalizations, and percentages did not 

differ by principal diagnosis status (Fig. 1).

Among epilepsy discharges, a significantly higher proportion represented persons living 

in areas with a median household income of ≤$42,999 (33.8% [95% CI = 32.5–35.2]) 

than among nonepilepsy discharges (30.7% [95% CI = 29.8–31.6]). Elective admissions 

did not differ between epilepsy discharges (19.2% [95% CI = 17.4–21.1]) and nonepilepsy 

discharges (21.4% [95% CI = 21.0–21.9]). However, a significantly higher percentage of 

epilepsy discharges (64.3% [95% CI = 62.2–66.3)] were admitted through the emergency 

department than nonepilepsy discharges (51.4% [95%CI = 50.6–52.1]).

Overall, across three hospital location and teaching status groups, most discharges occurred 

among urban teaching hospitals, followed by urban non-teaching hospitals, and rural 

hospitals. However, the proportion of hospital discharges from urban teaching hospitals 

was significantly higher among epilepsy discharges (77.0% [95% CI = 75.6–78.3]) than 

among nonepilepsy discharges. (65.3% [95% CI = 64.6–66.0)]. In contrast, the proportion 

of hospital discharges from urban non-teaching hospitals was significantly lower among 

epilepsy discharges (18.7% [95% CI = 17.5–19.9]) than among nonepilepsy discharges 

(25.6% [95% CI = 24.9–26.2]). Among epilepsy discharges, only 4.4% [95% CI = 4.0–

4.8)] occurred in rural community hospitals, compared to 9.1% [95% CI = 8.7–9.5)] of 

nonepilepsy discharges. In general, the pattern of epilepsy discharges by geographic region 
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paralleled those for nonepilepsy discharges, with most discharges for both groups occurring 

in the South, followed in order of magnitude by the Midwest, West, and Northeast (data 

not shown). However, the proportion of discharges that occurred in the Northeast was 

significantly higher among epilepsy discharges (22.5% [95% CI = 20.6–24.5)] than among 

those with a nonepilepsy discharge (18.5% [95% CI = 17.8–19.1]).

4. Discussion

Although personal healthcare spending is only one component of direct epilepsy costs, it is 

substantial, and largely attributed to inpatient hospitalizations [1,4]. In this study, for persons 

of all ages with epilepsy as a principal diagnosis, Medicaid and Medicare public insurance 

paid for about 65% of inpatient hospitalization costs. The higher percentage costs paid 

by Medicaid among epilepsy discharges compared to nonepilepsy discharges is consistent 

with this study’s finding that most epilepsy discharges occur among those living in areas 

with lower median income levels. At least one in four U.S. adults with active epilepsy has 

reported being unable to afford important elements of health care, including medication, and 

about 1 in 10 adults with uncontrolled seizures reported challenges obtaining transportation 

to obtain health care [5]. Uncontrolled seizures and impaired quality of life are associated 

with increased utilization of the emergency department and higher costs in epilepsy patients 

[6,7]. Although additional research would be needed, the findings of our study may 

reflect such barriers to outpatient care. Quality improvement initiatives, transition plans, 

and epilepsy self-management programs may reduce hospitalizations and control costs but 

require more study [8–10].

This study’s findings that higher proportions of epilepsy discharges occurred among urban 

teaching hospitals and in the northeastern U.S. are of interest because they may reflect 

the higher proportions of disadvantaged individuals with increased disease burden in urban 

areas, the large concentration of community and teaching hospitals in densely populated 

urban areas in the Northeast, increased use of urban hospitals by rural residents in need 

of complex care, or people’s preference in seeking specialty care in teaching hospitals 

[3,11,12]. Possible reasons for a higher proportion of epilepsy discharges in one region 

may be associated with health system characteristics, provider practice style (e.g., increased 

referrals to specialists relative to their geographic availability), or patient characteristics 

(e.g., patient knowledge or attitudes about treatment) that vary by region [13]. This requires 

more study.

This study has several limitations. First, data come from only 47 states, but it is unlikely 

that inclusion of the missing states would substantially skew findings. Second, because the 

data represent discharges, adults with poorly controlled epilepsy, especially those who face 

other socio-economic challenges may have had more discharges per person and thus may 

have been overrepresented in public insurance expenditures than those with stable epilepsy 

who may be more likely to be employed and have private insurance coverage. Third, this 

study focused on all ages, but others have examined pediatric healthcare utilization and costs 

in epilepsy using HCUP and other datasets [14,15]. Fourth, we examined costs allocated to 

the primary payer without examining overall epilepsy hospitalization costs for discharges 

with multiple payers (e.g., for beneficiaries eligible for both Medicare and Medicaid [“dual 
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eligible”], private insurer and self-pay). Dual-eligible beneficiaries are more likely than 

non-dual-eligible beneficiaries to be under age 65, disabled, and have higher healthcare costs 

[16]. The distribution and characteristics of dual-eligible beneficiaries with epilepsy and 

their epilepsy-attributable hospitalization costs requires more study.

5. Conclusions

Payers, policy makers, health care systems researchers, and epilepsy stakeholders may 

benefit from information about public and private expenditures for epilepsy-associated 

hospitalizations to implement interventions that improve patient- and provider-management 

of epilepsy to prevent unnecessary hospitalizations.

Funding information

This work was completed by U.S. government employees and their contractor as routine agency duties.

References

[1]. Dieleman JL, Baral R, Birger M, Bui AL, Bulchis A, Chapin A, et al. US spending on 
personal health care and public health, 1996–2013. JAMA 2016;316(24):2627–46. 10.1001/
jama.2016.16885. [PubMed: 28027366] 

[2]. Agency for Healthcare Research and Quality. Nationwide HCUP Databases. https://www.hcup­
us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp [Accessed August 25, 2020].

[3]. Agency for Healthcare Research and Quality. Healthcare Cost and Utilization Project 
(HCUP). Introduction to the HCUP National Inpatient Sample (NIS) 2016. https://www.hcup­
us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.pdf. [Accessed September 30, 2020].

[4]. Gooch CL, Pracht E, Borenstein AR. The burden of neurological disease in the United States: a 
summary report and call to action. Annals Neuro 2017;81:479–84. 10.1002/ana.24897.

[5]. Thurman DJ, Kobau R, Luo Y, Helmers S, Zack MM. Health-care access among adults 
with epilepsy: The U.S. National Health Interview Survey, 2010 and 2013. Epilepsy Behav. 
2016;55:184–8. DOI: 10.1016/j.yebeh.2015.10.028. [PubMed: 26627980] 

[6]. Cramer JA, Wang Z, Chang E, Powers A, Copher R, Cherepanov D, et al. Patients with 
uncontrolled epilepsy use more services and incur higher costs compared with those with stable 
epilepsy. Epilepsy Behav 2014;31:356–62. 10.1016/j.yebeh.2013.09.046. [PubMed: 24239435] 

[7]. Bautista RE, Glen ET, Wludyka PA, Shetty NK. Factors associated with utilization 
of healthcare resources among epilepsy patients. Epilepsy Res 2008;79:120–9. 10.1016/
j.eplepsyres.2008.01.003. [PubMed: 18339521] 

[8]. Patel AD, Wood EG. Cohen DM. Reduced emergency department utilization by patients 
with epilepsy using QI methodology. Pediatrics. 2017; 139:e20152358; DOI: 10.1542/
peds.2015-2358. [PubMed: 28108581] 

[9]. Cadogan MP, Phillips LR, Ziminski CE. A perfect storm: care transitions for vulnerable 
older adults discharged home from the emergency department without a hospital admission. 
Gerontologist 2016;56:326–34. 10.1093/geront/gnu017. Epub 2014 3 28. [PubMed: 24682396] 

[10]. Jobst B Progress in chronic disease: self-management for patients with epilepsy. Ann Intern Med 
2019;171:137–8. 10.7326/M19-1483. [PubMed: 31261384] 

[11]. Galea S, Freudenberg N, Vlahov D. Cities and population health. Soc Sci Med 2005;60:1017–33. 
10.1016/j.socscimed.2004.06.036. [PubMed: 15589671] 

[12]. Hall MJ, Marsteller J, Owings M. Factors influencing rural residents’ utilization of urban 
hospitals. Natl Health Stat Report 2010:1-https://pubmed.ncbi.nlm.nih.gov/21214118/.

[13]. Begley CE, Basu R, Reynolds T, Lairson DR, Dubinsky S, Newmark M. Sociodemographic 
disparities in epilepsy care: results from the Houston/New York City health care use and 

Kobau et al. Page 5

Epilepsy Behav. Author manuscript; available in PMC 2021 October 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.pdf
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.pdf
https://pubmed.ncbi.nlm.nih.gov/21214118/


outcomes study. Epilepsia 2009;50:1040–50. 10.1111/j.1528-1167.2008.01898.x. [PubMed: 
19054413] 

[14]. Cramer JA, Wang ZJ, Powers A, Copher R, Cherepanov D, Broder MS. Healthcare utilization 
and costs in children with stable and uncontrolled epilepsy. Epilepsy Behav 2014;32:135–41. 
10.1016/j.yebeh.2014.01.016. Epub 2014 Feb 19. [PubMed: 24561658] 

[15]. Okubo Y, Fallah A, Hayakawa I, Handa A, Nariai H. Trends in hospitalization and readmission 
for pediatric epilepsy and underutilization of epilepsy surgery in the United States. Seizure 
2020;80:263–9. 10.1016/j.seizure.2020.05.013. [PubMed: 32471799] 

[16]. Medicare Payment Advisory Commission. Dual Eligible Beneficiaries. June Data book. 
http://www.medpac.gov/docs/default-source/data-book/jun19_databook_sec4_sec.pdf?sfvrsn=0 
[Accessed October 22, 2020].

Kobau et al. Page 6

Epilepsy Behav. Author manuscript; available in PMC 2021 October 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.medpac.gov/docs/default-source/data-book/jun19_databook_sec4_sec.pdf?sfvrsn=0


Fig. 1. 
Percentage of community hospitalization costs by payer type and epilepsy principal 

diagnosis status, healthcare cost and utilization project, National Inpatient Sample, 2016.
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