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Abstract
Objective
To determine the impact of socioeconomic status (SES) on sudden unexpected death in
epilepsy (SUDEP) rates.

Methods
We queried all decedents presented for medico-legal investigation at 3 medical examiner (ME)
offices across the country (New York City, Maryland, San Diego County) in 2009 to 2010 and
2014 to 2015. We identified all decedents for whom epilepsy/seizure was listed as cause/
contributor to death or comorbid condition on the death certificate. We then reviewed all
available reports. Decedents determined to have SUDEP were included for analysis. We used
median income in the ZIP code of residence as a surrogate for SES. For each region, zip code
regions were ranked by median household income and divided into quartiles based on total
population for 2 time periods. Region-, age-, and income-adjusted epilepsy prevalence was
estimated in each zip code. SUDEP rates in the highest and lowest SES quartiles were evaluated
to determine disparity. Examined SUDEP rates in 2 time periods were also compared.

Results
There were 159 and 43 SUDEP cases in the lowest and highest SES quartiles. ME-investigated
SUDEP rate ratio between the lowest and highest SES quartiles was 2.6 (95% confidence
interval [CI] 1.7–4.1, p < 0.0001) in 2009 to 2010 and 3.3 (95%CI 1.9–6.0, p < 0.0001) in 2014
to 2015. There was a significant decline in overall SUDEP rate between the 2 study periods
(36% decrease, 95% CI 22%–48%, p < 0.0001).

Conclusion
ME-investigated SUDEP incidence was significantly higher in people with the lowest SES
compared to the highest SES. The difference persisted over a 5-year period despite decreased
overall SUDEP rates.
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People with epilepsy (PWE) have an increased rate of pre-
mature death compared to the general population.1,2 Sudden
unexpected death in epilepsy (SUDEP), defined as the
“sudden, unexpected, witnessed or unwitnessed, non-
traumatic and nondrowning death in patients with epilepsy,
with or without evidence for a seizure and excluding docu-
mented status epilepticus, in which postmortem examination
does not reveal a toxicological or anatomic cause of death,”3 is
perhaps the leading disease-related cause of mortality.4 In-
cidence of SUDEP cases per 1,000 person-years within the
epilepsy population varies from 0.09 in newly diagnosed
patients to 9.3 in epilepsy surgery candidates. Risk factors
identified in case-control studies include active epilepsy, es-
pecially frequent tonic-clonic seizures, and lack of nocturnal
supervision.5 Interventions to improve seizure control such as
the addition of efficacious antiseizure drugs (ASDs) or suc-
cessful epilepsy surgery are associated with reduced SUDEP
risk.6–8

Several factors can influence seizure control in PWE, in-
cluding the ability to obtain ASDs, adherence to drug regi-
mens, and access to specialized care to provide medical and
surgical treatments for treatment-resistant seizures. However,
in the United States, there are disparities in access to epilepsy
care and ASDs that may limit the ability of people with low
socioeconomic status (SES)9 and those without health in-
surance or who are underinsured from receiving optimal
care.10–13 Furthermore, other factors associated with
a downward trajectory in SES such as mental illness and
substance abuse can interfere with the ability of PWE to self-
manage their disorder.14,15 Population-based studies found
that the risk of all-cause mortality is higher among PWE living
in zip codes with lower median income,16 but no study has
examined the relationship between socioeconomic factors
and SUDEP rates, a cause of death affected by seizure control.
In this study, we studied the impact of community SES on the
rates of epilepsy and SUDEPmortality in 3 diverse geographic
regions in the United States by analyzing PWE presenting to
medical examiner (ME) offices for death investigation in low-
and high-income geographic regions. We further examined
changes in mortality rates over time.

Methods
We queried the database of all decedents who underwent
medico-legal investigation at 3 ME offices—New York City
(NYC), San Diego County (SDC), and Maryland (MD)—
for two 2-year periods, January 1, 2009, through December
31, 2010, and January 1, 2014, through December 31, 2015.

ME offices were chosen because of their relatively large
catchment area, experience with clinical research, and use of
professional medico-legal death investigators for scene in-
vestigation. Those ME offices are the only authority re-
sponsible of medico-legal investigations of all deaths within
their jurisdiction that are sudden and unexpected for indi-
viduals in apparent good health or that may have been caused
or hastened by an injury or poisoning or deaths that occurred
while in law enforcement custody or in a state or county
institution.17 All deaths in individuals for whom epilepsy or
seizure was listed as a cause or contributor of death or
comorbid condition were abstracted for further review. All
investigator report narratives, autopsy results (when per-
formed), and toxicology reports were independently reviewed
by 2 epileptologists with experience in epilepsy death adju-
dication (D.F. and O.D.). Appropriate deaths were classified
as definite SUDEP, definite SUDEP plus, probable SUDEP,
probable SUDEP plus, possible SUDEP, and near SUDEP
based on previously published criteria.18 When there was
a disagreement as to the cause of death or SUDEP classifi-
cation, a third reviewer (E.J.D.) reviewed the case, and
a consensus determination was reached. Decedents were ex-
cluded from further analysis if their residence was unknown or
they resided outside the jurisdiction of the ME office, if they
did not have definite or probable epilepsy according to the
criteria set forth by the International League Against Epilepsy
Epidemiology Commission,19 and if there was insufficient
information to determine the cause of death. For all included
decedents, demographic information, including age, sex, race/
ethnicity, and postal code (zip code) of residence, was ab-
stracted from the ME records. Epilepsy etiology, ASDs and
history of medication nonadherence (as determined from
investigator notes or absence of ASDs at time of death),
comorbid medical conditions, substance abuse history, height,
and weight were also abstracted from the ME records.
Charlson comorbidity index20 and body mass index (BMI)
were calculated for each participant.

Determinants of SES
The decedent’s zip code of residence was used as a surrogate
for community SES. Zip codes in eachME region were ranked
by median household income (source: American Community
Survey, 2011–201521). For each of the 2 time periods under
review, the ranked zip codes were assigned to 4 groups of
equal population based on estimates of zip code population
(for 2009–2010, source: United States Census Bureau,
201022; for 2014–2015, source: American Community Survey
2011–2015, 5-Year Population Estimate21). Each decedent
was then assigned a zip code–based SES quartile.

Glossary
ASD = antiseizure drug;BMI = bodymass index;CDC =Centers for Disease Control and Prevention;CI = confidence interval;
IRR = incident rate ratio; MD = Maryland;ME = medical examiner; NYC = medical examiner; PWE = people with epilepsy;
RR = rate ratio; SDC = San Diego County; SES = socioeconomic status; SUDEP = sudden unexpected death in epilepsy.
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Estimates of epilepsy prevalence and SUDEP
rate per geographic region and SES quartile
We obtained estimates of epilepsy prevalence according to
region, age, and household income from the National Health
Interview Survey for 2011 and 2015 (source: Centers for
Disease Control and Prevention [CDC], National Center for
Health Statistics23) and estimates of zip code–specific de-
mographics and income data from the Census22 and Ameri-
can Community Survey.21 The estimated epilepsy population
for each zip code was calculated by applying age (adult and
children), US geographic region (northeast for NYC, south
for MD, and west for SDC), and income bracket–specific
epilepsy prevalence estimates from the National Health In-
terview Survey from each time period to zip code–specific
demographics. Age-, region-, and income-adjusted epilepsy
population estimates from each zip code were combined to
determine the estimated epilepsy population for each SES
quartile for each ME office jurisdiction for the 2 time periods
studied.

Estimates of SUDEP rate per geographic region
The SUDEP rate per 1,000 patient-years was determined for
each 2-year period for each ME region and SES quartile area
by dividing the observed number of definite or probable
SUDEP cases (including SUDEP plus and near SUDEP) by
the estimated number of individuals with epilepsy in each ME
region and SES quartile group of zip codes (assuming that the
total epilepsy population was stable over the 2-year period).
The 95% confidence intervals (CIs) for the rate estimate were
determined with the Fisher exact test.

Statistical analysis
Differences in demographic, clinical, and biometric varia-
bles between decedents in the lowest and highest SES
quartile were examined with the independent-sample t test
for age, the Mann-Whitney U test for Charlson Comor-
bidity Index and BMI, and the χ2 test for categorical vari-
ables. Hypothesis testing was performed with 2-tailed tests
when relevant. Statistical analyses were performed with
OpenEpi (openepi.com) and SPSS Statistics (version 23;
IBM, Armonk, NY). Holm-Bonferroni correction was ap-
plied to adjust p values in comparisons of multiple comor-
bid conditions.

The relationship of community SES with SUDEP rate for
each of the 2 time periods was examined by calculating the
conditional maximum likelihood estimate of the rate ratio
(RR) for the ME region-adjusted SUDEP rate between the
lowest and highest SES quartile groups of zip codes. Differ-
ences in ME region-adjusted SUDEP rates between the 2009
to 2010 and 2014 to 2015 were also examined by calculation
of the RR between the 2 time periods. As a sensitivity analysis
to further assess the impact of community SES on ME-
investigated SUDEP incidence, we performed zero-inflated
negative binomial regression analysis with number of SUDEP
cases per zip code as the dependent variable and estimated
epilepsy population as the exposure variable. Zip code median

household income, ME office (MD was the reference cate-
gory), and year group (2009–2010 was the reference cate-
gory) were the predictor variables, and total zip code
population was the inflation term. Incident RRs (IRRs) were
calculated from the regression coefficients. Modeling was
performed in Stata 15 (StataCorp, College Station, TX).

There are multiple sources of potential error and bias in using
data derived from census estimates and ME-investigated
SUDEP cases, including misclassification of community SES
quartile based on census estimates of zip code median
household income with wide CIs and the known un-
derestimate of SUDEP rates with the use of death in-
vestigation data.24,25 To determine the impact of such errors
arising from the methodologic limitations of the study on the
magnitude and direction of the observed effects, we per-
formed probabilistic bias analysis.26–28 To assess the influence
of misclassification error (assigning the wrong SES quartile to
a zip code) on the association between community SES
quartile and estimated SUDEP rates, we performed Monte
Carlo simulation. In each iteration (of 100,000), a zip code
was assigned a median household income drawn at random
from a range of values (in $100 intervals assuming a uniform
distribution) bounded by the point estimate of median in-
come plus or minus the estimated error margin reported in
the American Community Survey data for that zip code. SES
quartiles were determined for each iteration as outlined above
for each ME office region. Adjusted SUDEP rate for each
simulated quartile was calculated as above. Subsequent sim-
ulation (1 million iterations) randomly sampled from
simulation-derived SUDEP rates from the lowest and highest
community SES quartiles results from each ME office to
calculate a range of bias-adjusted overall adjusted IRRs and
95% CIs. This simulation was performed independently for
the 2009 to 2010 and 2014 to 2015 time periods.

Prior studies have shown that 25% to 36% of SUDEP cases
cannot be identified through review of ME records.24,25 To
determine the potential impact of incomplete SUDEP as-
certainment on changes in SUDEP rate over the 2 time
periods, simulations were run (2,040 iterations for 51 possible
SUDEP counts from 2009 to 2010 and 40 possible SUDEP
counts from 2014 to 2015) in which the true SUDEP count
for each ME region and time period was randomly sampled
from a uniform distribution of 1.33 − 1.56 × the ME-
investigated SUDEP count and the ME-office adjusted RR
between the 2 time periods was calculated as described above
to yield a range of possible ratios and 95%CIs that account for
information bias. Simulations for bias analyses were per-
formed in R (version 3.5.2; R Foundation for Statistical
Computing, Vienna, Austria) and MATLAB (version 2018b,
The MathWorks, Natick, MA).

Standard protocol approvals, registrations,
and patient consents
This study was determined to be exempt by the New York
University Institutional Review Board because the decedents
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do not qualify as human participants. The research protocol
was approved by each of the local ME offices.

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results
There were 84,293 cases reviewed between 2009 to 2010
and 2014 to 2015 in the 3 ME offices. Seizure or epilepsy was
listed as cause or contributor of death or comorbid condition
for 555 decedents. Five decedents with unknown zip code of
residence and 20 decedents who lived outside of ME juris-
diction areas were excluded. Thirteen residents without
epilepsy and 1 without sufficient information to determine

epilepsy on expert review were also excluded from the study
(figure 1). Among the remaining residents with epilepsy, 389
were determined to be SUDEP cases (including definite,
definite plus, probable, probable plus, near, and near plus;
table 1) and were included in further analysis of SUDEP
rates. In the 3 geographic regions studied, the estimated
epilepsy prevalence was 0.95% in 2009 to 2010 and 1.14% in
2014 to 2015.

SES and SUDEP demographic and
clinical factors
The mean age of all SUDEP cases (including definite,
definite plus, probable, probable plus, near, and near plus)
was 38.1 ± 14.7 years (range 4 months–81 years). There
were 159 SUDEP cases in the lowest SES quartile zip
codes and 43 SUDEP cases in the highest SES quartile. A
comparison of demographic and clinical factors between

Figure 1 (A and B) Flowchart for selection of the decedents

*Sudden unexpected death in epilepsy (SUDEP) represents definite, probable, and near SUDEP cases (including SUDEP plus).
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SUDEP cases in the lowest and highest SES quartile zip
codes is shown in table 2. There were no differences in
decedents’ age, sex, circumstances of death, substance abuse
history, reported nonadherence to medication, comorbid
conditions, epilepsy etiology, BMI, intellectual disability,
and Charlson comorbidity Index between the highest
and lowest SES quartile zip codes. A lower proportion of
SUDEP decedents were identified as white in the lowest
SES quartile compared to the highest (19.5% vs 60.5%,
p < 0.001).

SES and estimated SUDEP rate over time
The SUDEP RR between the lowest and highest community
SES quartiles was 2.6 (95% CI 1.7–4.1, p < 0.0001) in 2009 to
2010 and 3.3 (95% CI 1.9–6.0, p < 0.0001) in 2014 to 2015
(figure 2A). Probabilistic bias analysis to assess the influence
of zip code SES quartile misclassification error revealed
a mean bias-adjusted RR between the lowest and highest
community SES quartiles of 2.8 (range 2.0–4.0, lowest 95%
CI 1.3, p < 0.001) in 2009 to 2010 and 2.5 (range 1.8–3.9,
lowest 95% CI 1.2, p < 0.001) in 2014 to 2015 (figure 2B).

Table 1 Distribution of total population, epilepsy population, and SUDEP cases in 3 regions for each 2-year time period

Region

OverallNYC MD SDC

2009–2010

Total population in 2010, n 8,175,133 5,773,552 3,095,313 17,043,998

Estimated adjusted epilepsy population in 2010, n 91,464 49,068 20,796 161,328

Estimated epilepsy prevalence, % 1.12 0.85 0.67 0.95

Estimated epilepsy prevalence in the highest SES quartile, % 0.98 0.7 0.63 0.82

Estimated epilepsy prevalence in the second quartile, % 1.06 0.77 0.66 0.89

Estimated epilepsy prevalence in the third quartile, % 1.16 0.86 0.68 0.97

Estimated epilepsy prevalence in the lowest SES quartile, % 1.27 1.06 0.72 1.1

ME-investigated epilepsy mortality in 2009–2010, n 157 71 57 285

Definite, probable, and near SUDEP, n 117 60 40 217

Possible SUDEP, n 21 7 6 34

Not SUDEP, n 19 3 11 33

Insufficient information to determine cause of death, n 0 1 0 1

ME-investigated SUDEP rate, per 1,000 patient-y 0.64 0.61 0.96 0.67

2014–2015

Total population in 2015, n 8,426,743 5,930,538 3,223,096 17,580,377

Estimated epilepsy population in 2015, n 102,964 64,718 33,366 201,048

Estimated epilepsy prevalence, % 1.22 1.09 1.04 1.14

Estimated epilepsy prevalence in the highest SES quartile, % 1.07 0.94 0.97 1

Estimated epilepsy prevalence in the second quartile, % 1.15 1.02 1.03 1.08

Estimated epilepsy prevalence in the third quartile, % 1.25 1.1 1.05 1.16

Estimated epilepsy prevalence in the lowest SES quartile, % 1.43 1.31 1.09 1.33

ME-investigated epilepsy mortality in 2014–2015, n 86 67 78 231

Definite, probable, and near SUDEP, n 75 59 39 173

Possible SUDEP, n 7 4 20 31

Not SUDEP, n 4 4 19 27

ME-investigated SUDEP rate, per 1,000 patient-y 0.36 0.46 0.58 0.43

Abbreviations: MD = Maryland; ME = medical examiner; NYC = New York City; SDC = San Diego County; SES = socioeconomic status; SUDEP = sudden
unexpected death in epilepsy.
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Table 2 Comparison of demographics and other features
of the SUDEP cases in the highest and lowest SES
quartiles

Highest SES
quartile
(n = 43)

Lowest SES
quartile
(n = 159)

p
Value

Demographics

Mean age (SD), y 39.4 (15.5) 36.7 (14.6) 0.29

Male, n (%) 29 (67.4) 103 (64.8) 0.86

Race, n (%)

White 26 (60.5) 31 (19.5) <0.001

Nonwhite 17 (39.5) 128 (80.5)

Circumstances of death,
n (%)

Unwitnessed death 36 (83.7) 126 (79.2) 0.5

Location of death, n (%)

Home 39 (90.7) 122 (76.7) 0.11

Hospital 2 (4.7) 25 (15.7)

Other 2 (4.7) 12 (7.5)

Death in bed, n (%)

Yes 19 (44.2) 83 (52.2) 0.5

No 20 (46.5) 67 (42.1)

Unknown 4 (9.3) 9 (5.7)

Evidence of recent
seizurea

17 (39.5) 68 (42.8) 0.7

On ASD at time of
death

31 (72.1) 84 (52.8) 0.2

Neurology history, n (%)

Stroke 0 (0) 2 (0) 1

Encephalitis/
meningitis

3 (7) 3 (1.9) 0.5

Craniotomy 4 (9.3) 5 (3.1) 0.06

Brain tumor 3 (7) 5 (3.1) 1

Intellectual disability,
n (%)

Yes 6 (14) 16 (10.1) 1

No 29 (67.4) 122 (76.7)

Unknown 8 (18.6) 21 (13.2)

Autism spectrum
disorder, n (%)

Yes 1 (2.3) 8 (5) 1

No 32 (74.4) 121 (76.1)

Unknown 10 (23.3) 30 (18.9)

Epilepsy etiology, n (%)

Structural/metabolic 9 (20.9) 25 (15.7) 0.49

Table 2 Comparison of demographics and other features
of the SUDEP cases in the highest and lowest SES
quartiles (continued)

Highest SES
quartile
(n = 43)

Lowest SES
quartile
(n = 159)

p
Value

Undetermined/
unknown

34 (79.1) 134 (84.3)

Posttraumatic
epilepsy

4 (9.3) 16 (10.1) 1

Epilepsy surgery, n (%)

Yes 3 (8.6) 3 (2.3) 0.2

No 31 (88.6) 122 (91.7)

Unknown 1 (2.9) 8 (6)

VNS therapy, n (%)

Yes 2 (5.9) 1 (0.8) 0.1

No 31 (91.2) 124 (93.9)

Unknown 1 (2.9) 7 (5.3)

Psychiatric history, n (%)

Depression 7 (16.3) 17 (10.7) 1

Anxiety 2 (4.7) 5 (3.1) 1

Bipolar disorder 1 (2.3) 5 (3.1) 1

Schizophrenia 0 (0) 5 (3.1) 1

Suicide attempt 1 (2.3) 3 (1.9) 1

Other medical history,
n (%)

Hypertension 4 (9.3) 18 (11.3) 1

Diabetes mellitus 1 (2.3) 9 (5.7) 1

Asthma 2 (4.7) 6 (3.8) 1

Substance abuse, n (%)

Yes 10 (23.3) 50 (31.4) 0.26

No 23 (53.5) 63 (39.6)

Unknown 10 (23.3) 46 (28.9)

Nonadherence to
medication, n (%)

Yes 15 (34.9) 52 (32.7) 0.96

No 11 (25.6) 41 (25.8)

Unknown 17 (39.5) 66 (41.5)

Median BMI (IQR), kg/m2 25.3 (11.4) 26.9 (11) 0.07

Median CCI score (IQR) 98 (2) 98 (2) 0.24

Abbreviations: ASD = antiseizure drug; BMI = body mass index; CCI =
Charlson Comorbidity Index; IQR = interquartile range; SES = socioeconomic
status; VNS = vagus nerve stimulation.
a Evidence of seizure includes tongue bite, urinary/fecal incontinence, wit-
nessed seizures, unusual positioning, or disturbance of bedding/furniture to
suggest a recent seizure.
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The geographic distribution of SUDEP rates in all zip codes
compared to the geographic distribution of median house-
hold income in the 3 regions is shown in figure 3. We next
modeled the relationship between community SES and ME-
investigated SUDEP counts per zip code using zero-inflated
negative binominal regression analysis. Zip code median
household income (per $10,000) was an independent pre-
dictor of SUDEP (IRR 0.85, 95% CI 0.81–0.90, p < 0.001).
ME office (NYC: IRR 0.62, 95% CI 0.47–0.81, p < 0.001;
SDC: IRR 1.76, 95%CI 1.32–2.34, p < 0.001) and time period
(2014–2015: IRR 0.77, 95% CI 0.63–0.95, p = 0.015) were
also significant predictors. A plot of the predicted ME-
investigated SUDEP rate as a function of zip code median
household income is shown in figure 4.

Every sudden, unexpected death should be reported to these
ME offices regardless of SES, but ME offices may waive to
investigate some deaths on the basis of their subsequent
review of the circumstances surrounding the death. Because
there is inherent subjectivity in the application of death in-
vestigation criteria, there is some potential for systematic
bias in which cases undergo full investigation. While not all
ME offices log sufficient details about these waived cases to
assess the degree of such bias, we did have access to pro-
spectively tracked waived cases in SDC to estimate dis-
parities in which cases were investigated. Therefore, we
analyzed all waived cases with a history of epilepsy for which
the manner of death was natural or undetermined in SDC
from 2014 to 2018 that the ME chose not to investigate.
Among these 176 waived cases, there were 38% more

decedents from the highest SES quartile compared to the
lowest SES quartile. Even when adjusted for this degree of
potential bias in case ascertainment, the SUDEP RR between
2 quartiles remained higher in the lowest compared to the
highest SES quartile (RR 1.8, 95% CI 1.2–2.7) in 2009 to
2010 and 2014 to 2015 (RR 2.4, 95% CI 1.5–3.9). The
overall rate of epilepsy-related deaths investigated by the ME
was 0.88 per 1,000 patient-years (95% CI 0.79–0.99) in 2009
to 2010 and 0.57 per 1,000 patient-years (95%CI 0.50–0.65)
in 2014 to 2015. Investigated epilepsy deaths were signifi-
cantly decreased despite an overall increase in the number of
total ME-investigated deaths in each of the ME offices be-
tween the 2 study periods (NYC: 14,189 vs 14,809; MD:
20,339 vs 23,563; SDC: 5,425 vs 5,968). The rate of
epilepsy-related death investigations by the ME was signifi-
cantly higher in the lowest SES quartile zip codes compared
to the highest quartile in 2009 to 2010 (RR 2.4, 95% CI
1.7–3.6, p < 0.0001) and 2014 to 2015 (RR 2.5, 95% CI
1.6–3.9, p < 0.0001).

The overall ME-investigated SUDEP rate was 0.67 per 1,000
patient-years (95% CI 0.59–0.77) in 2009 to 2010 and 0.43
per 1,000 patient-years (95% CI 0.37–0.50) in 2014 to 2015.
There was a significant decline in the SUDEP rate between
the 2 time periods (36% reduction in rate, 95% CI 22%–48%,
p < 0.0001) (figure 5). The influence of incomplete SUDEP
case ascertainment on observed changes in ME-investigated
SUDEP rates between the 2 time periods was assessed with
simulation. The range of relative reduction in SUDEP rates
observed in the simulations was 25% to 45% between the

Figure 2 Plot of estimated SUDEP incidence in the highest and lowest SES quartiles

Estimated incidence of sudden unexpected death in epilepsy (SUDEP) per 1,000 patient-years is shown for New York City (red), Maryland (orange), and San
Diego County (blue) medical examiner (ME) offices and adjusted overall incidence (black) for zip codes in the highest (circles) and lowest (triangle) socio-
economic status (SES) quartiles for both of the 2-year periods reviewed. Error bars represent 95% confidence intervals (CIs). Overall estimated SUDEP
incidence adjusted for ME office was significantly higher in the lowest-income zip codes compared to the highest-income zip codes in 2009 to 2010 (rate ratio
[RR] 2.6, 95%CI 1.7–4.1) and 2014 to 2015 (RR 3.3, 95%CI 1.9–6.0). (B) Plot of the range of SUDEP RRs and 95%CIs between the lowest and highest SES quartiles
derived from probabilistic bias analysis to account for classification errors in attribution of community household income from US Census data. Results of 1
million simulations are ordered from highest to lowest RRs for 2009 to 2010 (left) and 2014 to 2015 (right). Blue circles and error bars represent observed
SUDEP RRs and 95% CIs in this study. Even accounting for the imprecision of determining household income for a particular zip code using US Census data,
a positive association remains between low community SES and SUDEP rate.
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2009 to 2010 and 2014 to 2015 time periods (lowest 95%
CI 11%).

Discussion
In this geographically diverse population-based study of
deaths in PWE presenting for medico-legal investigation, the
ME-investigated SUDEP rate was >2 times higher among
PWE living in the lowest-income communities compared to
the highest-income communities. The disparity persisted over
a 5-year time period despite a significant decrease in the
overall ME-investigated SUDEP rate in 2014 to 2015 com-
pared to 2009 to 2010. There was no difference in age, ASD
adherence, substance abuse history, or comorbidity between
SUDEP decedents in the lowest and highest income zip codes
that could explain this disparity. The nonwhite population
was higher in the lowest income zip codes compared to the
highest income zip codes. We could not adjust the estimates
of prevalent epilepsy population for race. Epilepsy-related
deaths in the black population are higher compared to white
and Hispanic populations.29 The white population made up
11.6% to 12.7% of the people in poverty in 2014 to 2015 CDC
data. Thus, the disparity in race distribution may reflect the
income disparity in general population or could be a co-
founder in our results.

There are several limitations to this study. Because the
SUDEP rates were calculated on the basis of ME investigation
and coding of death certificates, we very likely did not as-
certain all SUDEPs in the ME catchment area; the observed
SUDEP rate of 0.33 to 0.66 per 1,000 patient-years is lower
than the ≈1 per 1,000 patient-years reported in population-
based studies where medical and vital records are linked.24,30

Several factors may influence case ascertainment. While in
each of these ME offices, all sudden deaths occurring outside
the hospital or within 24 hours of hospital admission are
subject to ME investigation, a death investigation may be
waived if the ME office feels the death was expected. In ad-
dition, epilepsy or seizures had to be listed among the causes
or contributors to death or relevant comorbid conditions in
the ME records to identify decedents. MEs and coroners may
underrecognize the role of epilepsy as a cause of sudden
expected death andmay not feel that epilepsy was significantly
related to the cause of death to list.25,31 Moreover, there may
be failure to obtain a history of seizures or epilepsy due to
insufficient access to medical history of the decedent. We
reviewed all 2014 to 2015 SDC ME cases with a known his-
tory of seizure/epilepsy but for which seizure/epilepsy was
not mentioned in the death certificate, and none were de-
termined to be SUDEP. We prospectively analyzed all 2016
MDME cases with a history of seizure/epilepsy; we identified
28 definite/probable SUDEP cases and seizure/epilepsy was

Figure 3 Geographic distribution of estimated SUDEP rates and median household income in all zip codes of 3 regions

Geographic distribution of estimated sudden unexpected death in epilepsy (SUDEP) rate per zip code based on medico-legal investigation (top) and median
household income per zip code (bottom) in 2009 to 2010. (A) New York Citymedical examiner (ME) cases. (B) Maryland StateME cases with inset (cyan dashed
lines) showing Baltimore and surrounding area. (C) San Diego County ME cases. In each region, SUDEP incidence is often higher in zip code areas with lower
median household income.
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not mentioned on the death certificate in 17.9% (5 of 28). In
a previous nationwide study from Sweden, epilepsy was not
listed in the death certificate in 36.4% of SUDEP cases.24While
we had the opportunity to review waived cases with a history of
seizure/epilepsy in the SDC ME office, no SUDEP cases were
identified; waived cases in NYC and MD were unavailable. We
also did not identify cases with SUDEP who died outside their
home jurisdiction and excluded those who died within but did
not reside within the jurisdiction. Taking all of this into ac-
count, there may be more missing cases in 1 SES group that
affected our result. Furthermore, our estimate of the prevalent
epilepsy population is extrapolated from CDC telephone sur-
veys and US Census data. While we adjusted for factors asso-
ciated with epilepsy prevalence such as region, age, and
household income, the inherent imprecision in these estimates
could influence our results. Another study limitation is using
median household income of zip code of residence (commu-
nity SES) as a surrogate instead of the real income of the
decedent. We used income level as only a marker for SES
because of limited data about other SES-determining factors,
including decedents’ education and occupation. In addition,
because records reviewed are those used only for medico-legal
investigation, we lack information about key sociodemographic

factors that may affect access to care such as insurance status.
We assumed that middle-income communities (second and
third SES quartiles) include a greater diversity of SES status and
that community SES would be less likely to reflect individual
SES, so in the primary analysis, we examined only the lowest
and highest SES quartiles. However, including all zip codes in
our model in the secondary analysis still yielded a significant
impact of community household income on observed SUDEP
rates despite this greater risk of misclassification error in
middle-income zip codes (figure 4). Finally, assessment of
community SES is limited by the inherent imprecision of US
Census–based survey data on income. When we accounted for
this error using probabilistic bias analysis, ME-investigated
SUDEP rates remained significantly higher in the lowest SES
communities compared to the highest SES communities.

Several reasons may exist for the disparity in SUDEP rates in
low- and high-income communities. Access to care, especially
specialty care, and ASDs is lower among PWE with lower
SES.12,32,33 Uninsured PWE had significantly fewer outpatient
and neurologist visits with higher ASD costs compared to
those with private insurance in the United States.34 Knowl-
edge and awareness of epilepsy were found to be low in low-

Figure 4 Scatterplot of estimated SUDEP rates and median household incomes in all zip codes of 3 regions

Scatterplot of the observed estimated ME-investigated sudden unexpected death in epilepsy (SUDEP) rates per zip code vs zip code median household
income for both 2009 to 2010 and 2014 to 2015 for the 3medical examiner (ME) offices (bluemarkers). Overlaid is the SUDEP rate (solid red line) as a function
of median household income predicted by the regression model (with 95% confidence interval [CI] as a dashed line). There is a decrease in observed and
predicted ME-investigated SUDEP rate with increasing community socioeconomic status.
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income populations, which could be contributory to the
disparity.35,36 Some studies have shown that disparities in
access to specialty care are lower in communities with com-
prehensive epilepsy centers.10,12 However, disparities in
SUDEP rates existed in NYC where there are 9 level 3 or 4
epilepsy centers,37 suggesting that disparities in disease out-
comes may exist. Our findings are consistent with studies that
found that living in low-income communities is associated
with increased mortality for many chronic diseases.38,39 PWE
in low-income communities may live there in part as a result
of disability that could be related to refractory epilepsy or
underlying cause of epilepsy. The SUDEP risk is higher in
patients with refractory epilepsy, especially in those with
continuing convulsive seizures.5 Even though there was no
difference between the 2 groups in intellectual disability, we
were not able to assess disability status, seizure frequency, or
seizure severity for a majority of the decedents. In addition,
people in poorer communities may undergo medico-legal
death investigation at a higher rate than those living in more
affluent communities. While we did find a potential disparity
between the lowest and highest SES quartiles in how often an
ME office declined to investigate natural epilepsy deaths, even

when we accounted for this 38% higher waived case rate in the
highest SES quartile in our estimates, the rate of SUDEP
remained higher in the lowest SES quartile group.

We observed a decrease in the estimated SUDEP rate be-
tween 2009 to 2010 and 2014 to 2015. We performed
probabilistic bias analysis to assess the impact of incomplete
SUDEP ascertainment based on reported estimates24,25 on
our observed results and found that the direction of temporal
trends in SUDEP rates remained consistent. It is also un-
likely that this decrease is due to changes in case ascer-
tainment or overall case volume or staffing. There were no
substantive changes in investigation criteria of ME offices
during the examined time course. The 3 ME offices par-
ticipating in this study were actively involved in SUDEP
research collaborations since 2012 and therefore should
have increased awareness of epilepsy as a cause of or con-
tributor to sudden death and would predict improved case
ascertainment between the 2 study periods. Despite this
bias toward improved recognition of SUDEP cases, we
found fewer SUDEP cases regardless of increased epilepsy
prevalence and overall increased numbers of autopsies in
the ME offices. Potential causes of this decreased rate of
SUDEP are not well understood but may reflect an in-
creased awareness of SUDEP among physicians and PWE
between the 2 study periods due to educational efforts40–43

and increased federal and foundation funding for pre-
vention of SUDEP.44,45 Perhaps a better understanding by
patients, caregivers, and providers of modifiable SUDEP
risk factors such as seizure frequency and nocturnal super-
vision has translated to reduced SUDEP rates. Another
possibility is that SUDEP rates decreased because of im-
proved access to specialized epilepsy centers by patients
who were previously uninsured or underinsured after the
introduction of the Affordable Care Act in March 2010.
Expansion of Medicaid programs to increase coverage is
associated with improved access to care and decreased
mortality.46 The 3 ME offices in this study were in states
that elected to receive federal funds to expand Medicaid
eligibility under the Affordable Care Act in 2014. To assess
the impact of health care reform on SUDEP rates, future
studies should include ME offices in states that did not
participate in Medicaid expansion. However, despite pos-
sible improved care access, the disparities in SUDEP rates
between the poorest and wealthiest persisted, suggesting
that other factors besides insurance and access influence the
impact of community SES on epilepsy mortality.

We found that community SES has a significant impact on
SUDEP rates in 3 geographically diverse communities in the
United States. Like other causes of premature mortality in
epilepsy, SUDEP risk is likely associated with poverty sec-
ondary to poor seizure control due to reduced access to
specialty care, medications, and adequate disease self-
management. Further studies are needed to understand the
causes of disparities in epilepsy mortality in poorer commu-
nities to identify potential targets for intervention.

Figure 5 Plot of estimated overall SUDEP rates based on
medico-legal investigation

Plot of overall medical examiner (ME)–investigated sudden unexpected
death in epilepsy (SUDEP) rates per 1,000 patient-years according to esti-
mated epilepsy prevalence (blue) and SUDEP rate in total population per
100,000 person-years (red). Error bar represents 95% confidence intervals
(CIs). ME-investigated SUDEP rate per 1,000 patient-years was 0.67 (95% CI
0.59–0.77) in 2009 to 2010 and 0.43 (95% CI 0.37–0.50) in 2014 to 2015 based
on region, age, and household income per zip code–adjusted epilepsy
prevalence. There was a decline in the SUDEP rate between the 2 time
periods (36% decrease in rate, 95% CI 22%–48%, p < 0.0001). Solid black lines
represent the highest and lowest values of expected SUDEP incidence in
epilepsy population according to probabilistic bias analysis accounting for
incomplete SUDEP ascertainment by ME offices; dashed black lines repre-
sent the highest and lowest CIs of those values.
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