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SUMMARY

Objective: There is not yet a clear consensus on the incidence of sudden unexpected

death in epilepsy (SUDEP) or the extent of its burden on public health. In this system-

atic review, we seek to summarize the incidence of SUDEP and its age distribution, as

well as the years of potential life lost and cumulative risks of SUDEP for persons with

epilepsy.

Methods: We conducted a systematic search for epidemiologic studies of sudden

death in epilepsy and rated their quality of evidence.We pooled data from comparable

higher quality population-based studies of SUDEP incidence across all age groups, cal-

culating the overall incidence of SUDEP per 100,000 population, and per 1,000 people

with epilepsy. Using standard formulas, we also calculated the years of potential life

lost and cumulative risks associated with SUDEP.

Results: SUDEP has an estimated overall crude annual incidence rate of 0.81 cases per

100,000 population, or 1.16 cases per 1,000 patients with epilepsy. Comparing years of

potential life lost from SUDEP with selected other neurologic diseases, SUDEP ranks

second only to stroke.

Significance: Despite limitations to the data on which our analysis is based, we con-

clude that the public health burden of SUDEP, which has previously been underappre-

ciated, is substantial and deserves much more attention from clinicians, researchers,

and the public health community.
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There are a number of causes of increased mortality
related to epilepsy, including those that are a direct cause
(accidental death, sudden unexpected death in epilepsy
[SUDEP], status epilepticus) and those that are epilepsy
related (underlying brain diseases or comorbidities,
suicides, complications of antiepileptic therapy).1 Recently
SUDEP has received a great deal of attention, as its occur-
rence is unanticipated and highly traumatic to the families
of victims. Despite increased recognition of the importance
of SUDEP, there is not yet a clear consensus on its incidence

or the extent of the burden it imposes on public health. The
recent U.S. Institute of Medicine report on the public health
dimensions of epilepsy emphasizes the importance of SU-
DEP, but notes major deficiencies in the current capabilities
of public health surveillance systems—vital records and
coroner or medical examiner offices—charged with mea-
suring its occurrence.2 A small number of community-based
studies of SUDEP occurrence have yielded widely varying
estimates of incidence; their methods have varied substan-
tially.3,4 Several population-based study reports have
acknowledged challenges in obtaining complete case ascer-
tainment and the consequent likelihood that their results are
underestimates of true occurrence.5–8

A better understanding of the incidence and public health
burden of SUDEP is important to inform priorities in
medical and prevention research and to inform people with
epilepsy and their families more accurately of their risk.
Accordingly, in this systematic review, we seek to identify
and evaluate studies of the incidence of SUDEP in general
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populations and to estimate its incidence in high-income
countries. In addition, we describe the age distribution of
SUDEP occurrence in these populations, estimate the years
of potential life lost due to SUDEP using the United States
as an example, and estimate the average lifetime risk of
SUDEP for persons with chronic epilepsy.

Methods
We searched the OVID MEDLINE and EMBASE data-

bases for English-language articles indexed under all the
medical subject headings of “epilepsy,” “mortality,” and
“sudden death,” excluding reviews, editorials, and letter
publications. We screened these titles and abstracts, select-
ing only studies estimating the incidence of SUDEP in gen-
eral, geographically defined populations. The full texts of
selected studies were then each reviewed and rated by two
of us according to criteria we developed specifically to
assess the quality of evidence and risk of bias of population-
based studies of SUDEP incidence. These criteria are
described in Table 1. Briefly, under the criteria for each evi-
dence level, we intend the inclusion of:
1 Level 1—studies qualitatively judged to have highly sen-
sitive SUDEP case ascertainment, a high positive predic-
tive value, and minimal risk of bias;

2 Level 2—studies qualitatively judged to have reasonably
good sensitivity of case ascertainment, a reasonably
high positive predictive value, and relatively low risk of
bias;

3 Level 3—studies qualitative judged to have only fair
sensitivity of case ascertainment, a reasonably high
positive predictive value, and an intermediate risk of
bias;

4 Level 4—studies that have severe limitations in methods
of case ascertainment, case verification or a high risk of
bias.

One of us (DT) extracted and pooled data from compara-
ble studies representing the best available evidence for
SUDEP incidence and age distributions in general popula-
tions encompassing all age groups. Based on the pooled
numbers of cases reported and total person-years of follow-
up in the populations studied, we calculated an overall inci-
dence of SUDEP per 100,000 population, with 95% confi-
dence intervals using the method of Fleiss.9 If the original
study did not provide information on person-years of fol-
low-up, we calculated this based on the duration of the study
and census information provided either by the study or from
published information available from government sources.

We used the median estimate of epilepsy prevalence pro-
vided by Hirtz et al.10 as a basis for calculating SUDEP
rates per 1,000 people with epilepsy and to estimate the
numbers of people with epilepsy in the United States and in
the European Union in 2013. Multiplying the pooled age
distribution (proportions of total reported cases within each
age group) by the total number of SUDEP cases estimated
for the United States and European Union, we estimated the
general population rate and the number of SUDEP cases
expected to occur in these regions in each age group in
2013.

We calculated years of potential life lost up to age 75 by
using this formula:

YPLL ¼
X75

0
nið75� aiÞ;

where “i” refers to age intervals between 0 and 75, “n”
refers to estimated numbers of U.S. SUDEP cases within the
age interval, and “a” refers to the mean age of SUDEP
deaths within the age interval, estimated as the interval mid-
point. For comparison, years of potential life lost due to
selected other neurologic conditions were similarly calcu-
lated based on age-specific numbers of fatalities reported in
U.S. mortality data by underlying cause of death, available

Table 1. Strength-of-evidence criteria for population-based studies of SUDEP incidence

Level Criteria

1 Study population represents a defined cohort of all persons with clinical diagnosis of epilepsy within a defined geographic area, followed for a

specified period. Definite or probable SUDEP defined by standard criteria. SUDEP cases ascertained and confirmed using information from

multiple sources, including population death registers, death certificates, medical examiner or coroner investigation and autopsy reports, and

other available clinical or autopsy records. At the time of investigation, medical examiner or coroner office(s) have active protocol to identify

epilepsy and SUDEP in decedents, and authority and resources to investigate all sudden and unexplained deaths within the study area. Rates may

be defined per population of all persons with epilepsy and per general population.

2 Study population represents all residents of a defined geographic area. Definite or probable SUDEP defined by standard criteria. SUDEP cases

ascertained and confirmed principally through medical examiner or coroner office(s), which at the time of investigation have active protocol to

identify epilepsy and SUDEP in decedents, and authority to investigate all sudden and unexplained deaths within the study area. Death

investigation protocols include gathering information from death certificates, clinical records, and autopsies. Rates are defined per the

general population of the study area.

3 Study population represents all residents of a defined geographic area. Definite or probable SUDEP defined by standard criteria. SUDEP cases

ascertained and confirmed frommultiple sources, including medical examiner or coroner offices, death certificates, other available clinical

records, and available autopsy reports. Rates may be defined per the general population of the study area or per an estimate of the number of

people with epilepsy in the study area.

4 Studies that do not meet criteria describing levels 1–3, above.
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for the year 2010 from the U.S. National Center for Health
Statistics.11

We calculated standardized cumulative risks (R) of
SUDEP among the population of people with epilepsy by
the method of Sasieni and Adams12 according to the formula
R ¼ P99

0 Sj � Rj, where S is the probability of survival to
end of age interval j, and R is the risk during age interval j.
The interval probabilities of survival (Sj) were taken from
U.S. life tables 2000, modified to account for additional
reduction in survival in preceding intervals due to SUDEP.
The interval SUDEP risks Rj were derived from age-specific
estimates of general population rates, described above,
divided by age-specific estimates of epilepsy prevalence
obtained from a study by Hauser.13 All calculations were
made using Excel 2010 software (Microsoft, Redmond,
WA, U.S.A.).

Findings
Literature search

The literature search of MEDLINE and EMBASE con-
ducted in January 2014 yielded 199 unique references after
excluding reviews, letters, and editorials. Our review of
these titles and abstracts yielded 17 articles that we consid-
ered relevant population-based studies. Of these, six
addressed only partial age spans (four limited to children),
providing data that could not be pooled with other data we
used in our all-age meta-analysis.14–19 Among the remain-
der, we identified seven studies with methods compatible
with our meta-analysis; of these, in three we assessed the
quality of evidence as level 2,5,7,20 whereas in the other four
we assessed the quality of evidence as level 3.8,21–23 Charac-
teristics of these seven studies are summarized in the sup-
plemental Table S1. All level 3 or higher studies discovered
in our literature search represented populations in high-
income countries.

Incidence
Table 2 describes pooled data of three level 2 stud-

ies.5,7,20 From this we estimated an overall crude rate of
0.81 cases of SUDEP annually per 100,000 population.

Assuming an overall epilepsy prevalence of 7.1 per
100,000 population,2,10 we also estimated a crude annual
incidence of SUDEP of 1.16 cases per 1,000 persons
with epilepsy.

Age distribution
The level 2 studies we reviewed did not provide age-

group specific numbers or rates. Accordingly, we pooled
data from the four level 3 studies that provided such
information.8,21–23 Combined, these studies encompassed
228 cases; these were proportionately distributed among
specific age ranges as shown in Figure 1. Few reported
cases occurred in the first decade of life; reported num-
bers were highest in the third and fourth decades, and
reported numbers declined markedly in the sixth decade.
Using this age distribution, as well as the estimated total
number of cases, an estimated epilepsy prevalence of 7.1
per 1,000, and the age-specific epilepsy prevalence distri-
bution described by Hauser,13 we age-adjusted the
estimated annual incidence of SUDEP. Using the U.S.
Standard Population for 2000,24 we found 1.22 cases per
1,000 persons with epilepsy. Using the proposed Euro-
pean Standard Population for 2013,25 we found 1.11
cases per 1,000. Applying these age-adjusted rates to
U.S. and E.U. population estimates,26,27 we can estimate
that in 2013, SUDEP resulted in 2,750 deaths in the Uni-
ted States and 3,994 deaths in the 28 nations of the
European Union.

Comparisons of fatalities and years of potential life lost
In Figure 2A, using the U.S. population as an example,

we compared our estimate of the number of SUDEP deaths
with the numbers of deaths reported for other selected
underlying neurologic conditions in 2010.a As illustrated in
this figure, the numbers of SUDEP deaths in comparison are
far smaller than deaths reported for Alzheimer’s disease,

Table 2. Population-based studies of SUDEP incidence

Authors Number of cases

Population

person-years

Crude annual rate (95%CI)

per 100,000 population

Crude annual rate (95% CI)

per 1,000 PWE

Leestma20 (Cook County, Illinois, U.S.A.) 60 5,250,000 1.14 (0.88–1.48) 1.63 (1.24–2.09)
Langan5 (South Dublin andWicklow, Ireland) 15 2,043,000 0.73 (0.43–1.24) 1.05 (0.60–1.75)
Opeskin7 (Victoria, Australia) 50 8,146,140 0.61 (0.46–0.82) 0.88 (0.65–1.15)
Combined studies 125 15,439,140 0.81 (0.68–0.97) 1.16 (0.95–1.36)

Projected estimates for selected countries

Estimated populations, 2013: United States, 316,971,485; European Union (EU28), 505,730,500

Estimated no. PWE: US, 2,237,673; EU, 3,590,687

Estimated age-adjusted annual SUDEP rates per 100,000 PWE: US, 1.22; EU, 1.11

Estimated no. SUDEP cases in 2013 (age-adjusted): US, 2,750; EU, 3,994

aThe most recent data from the U.S. National Vital Statistics System
described deaths for these neurologic conditions in 2010. Accordingly, for
the comparisons in Figure 2, we used a crude estimate of the number of

SUDEP deaths calculated for 2010 (2,501) rather than the estimate for 2013.
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stroke, and even Parkinson’s disease. However, when we
examined the years of potential life lost for these conditions,
the relative burden from SUDEP assumes much greater
importance, second only to stroke. In 2010, we estimated
there were 100,510 years of potential life lost in the United
States due to SUDEP.

Cumulative risk of SUDEP among people with epilepsy
We calculated the cumulative risk of SUDEP for a cohort

of people with epilepsy under three different assumptions
differing by age of onset of epilepsy: 1, 15, and 30 years.
The calculations also assumed that epilepsy would not fully
remit after diagnosis, that is, that it would require lifetime
treatment for control thereafter. Epilepsy onset at age 1 year
yielded a cumulative (“lifetime”) risk of SUDEP of 8.0% by
age 70; epilepsy onset at age 15 years yielded a correspond-
ing risk of 7.2% by age 70; and epilepsy onset at age
30 years yielded a corresponding risk of 4.6%. These find-
ings are illustrated in Figure 3.

Discussion
Limitations

The limitations of our analysis are substantial and our
findings, therefore, must be considered provisional. First,
our search found no studies qualitatively judged to have
highly sensitive SUDEP case ascertainment across all ages.
Therefore, our estimates of incidence rest on level 2 studies
relying on data from coroner or medical examiner offices
that are likely to have undercounted cases to an unknown
extent. Although these offices had protocols in place for the
identification of SUDEP among cases coming to autopsy,
not all cases of sudden or unattended death in their jurisdic-
tions may have been referred to them. And it should be
noted that these three coroner and medical examiner offices

were exceptional: Most coroners and medical examiners do
not use the diagnosis of SUDEP28 and therefore can be
assumed not to have criteria or protocols for its identifica-
tion.

The undercount of SUDEP cases may be greatest in older
age groups. Our data show a markedly decreasing number
of deaths attributed to SUDEP in people 50 years of age or
older. One possible explanation may be the decreased popu-
lation size in older age strata, thus reducing the pool of at-
risk persons representing the denominator. However, this is
unlikely the full explanation for the reduced number of iden-
tified SUDEP cases in older adults, as the reduction in num-
bers of SUDEP cases reported from the fourth to the fifth
decades of life appear proportionately greater than the cor-
responding reductions in both the U.S. and E.U. popula-

Figure 1.

Age distribution of SUDEP cases: combined data from four popula-

tion-based studies.8,22–24

Epilepsia ILAE

A

B

Figure 2.

Estimated burden of mortality from selected neurologic diseases in

2010 in the United States, contrasting: (A) number of deaths (in

thousands), and (B) years of potential life lost (YPLL, in thousands).

Abbreviations: Stroke–ischemic stroke or stroke not otherwise

specified (ICD-10 I63, I64); ALS, amyotrophic lateral sclerosis or

motor neuron disease (ICD-10 G12.2); MS, multiple sclerosis

(ICD-10 G35); Alz, Alzheimer disease (ICD-10 G30); PD, Parkin-

son disease (ICD-10 G20); Men/Enc, bacterial meningitis or

encephalitis (ICD-10 G00, G04).

Epilepsia ILAE
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tions. Another possible explanation is the increasing preva-
lence of diseases that are major causes of death in the older
population, presenting alternative potential causes of death
to medical examiners. These include heart disease, cancer,
chronic lower respiratory diseases, stroke, unintentional
injuries, and Alzheimer’s disease. These diseases are often
comorbid with epilepsy and are thus competing causes of
death in older people with epilepsy. Their presence likely
decreases the possibility that SUDEP is considered or an
autopsy requested in older individuals. In particular, it
seems less likely that autopsies will be performed for sud-
den or unattended deaths among older people with previ-
ously diagnosed heart disease.

Reported numbers of SUDEP deaths are also low in
children aged 1–10 years. This is consistent with the 40-
year cumulative risk for SUDEP in childhood-onset epi-
lepsy in which no SUDEP deaths were observed until
5 years of age, with most SUDEPs occurring between age
15 and 25 years.18 The small number of SUDEP deaths in
the youngest age group may reflect the possibility that a
parent or other caretaker sleeps in the same room as their
child with epilepsy4 and is able to assist the young child
when a seizure occurs at night. In this age group it is also
possible that a small proportion of infant deaths classified
as sudden infant death syndrome (SIDS) represent
SUDEP.

Denominators applied to the studies used in our analyses
are derived from censuses of the local populations, not
actual enumerations of persons with clinically confirmed
epilepsy in those populations. Accordingly, our calculations
of SUDEP incidence among people with epilepsy depend
on a median estimate of epilepsy prevalence (7.1 per 1,000
population) obtained from a separate systematic review of
epilepsy occurrence in high-income countries,10 a number
that traces to data collected for 1980 in one locality.13

Although this estimate of prevalence is now widely cited,2

and we consider it a reasonable approximation to the true
prevalence of epilepsy in the general population of the Uni-
ted States and probably other high-income countries, it is a
potential source of error in our analysis. The same can be
said for the age-specific epilepsy rates drawn from the same
study,13 which are the basis for our calculations of age-
adjusted incidence and cumulative risk of SUDEP among
people with epilepsy. This study13 is dated, as are some
SUDEP incidence studies used in our analysis;20,22 thus,
some changes in epilepsy and SUDEP occurrence, espe-
cially in the age distribution of prevalent cases of epilepsy,
may have occurred since their publication. The age-adjust-
ment we employed in our estimates of SUDEP incidence
may partially mitigate the potential error arising from such
changes.

Our analysis relied on data obtained solely from higher-
income countries. Accordingly, we are unable to confi-
dently generalize these findings to the populations of
lower-income countries, from which we did not find
corresponding data.

Finally, our analysis addresses only overall SUDEP risk,
and risk stratified by age, in general populations of people
with epilepsy. For individuals with epilepsy, such risks may
vary greatly, depending on factors such as type and fre-
quency of seizures, comorbid conditions, and others, as elu-
cidated in other systematic reviews.3,4

Interpretation
The limitations noted above suggest that our estimate of

the incidence of SUDEP in the general population is proba-
bly conservative and likely to be revised upward with future
studies incorporating methods with more complete case
ascertainment. In any event, it is clear from our analysis that
the public health burden of SUDEP is substantial and
deserves greater attention from clinicians and the medical
research community. The estimated annual number of U.S.
deaths from SUDEP—2,750—exceeds the corresponding
number of deaths attributed to SIDS, of which 2,063 were
reported in 2010.29 For more than two decades, SIDS has
received a great deal of attention from clinicians, research-
ers, and public health professionals, who through public
education have achieved substantial reductions in its occur-
rence. SUDEP deserves the same attention. And in relation
to other neurologic disorders, the relative importance of
SUDEP is underscored by the years of potential life lost to
it, a more complete measure of public health burden than
mortality alone.

Implications for further research
The limitations of existing data point to the need for

additional population-based studies of SUDEP occurrence.
These studies need to prospectively involve medical
examiner or coroner offices with active protocols to iden-
tify epilepsy and SUDEP occurrence in decedents, cross-
referencing information from clinical as well as vital

Figure 3.

Estimated cumulative risk of death from SUDEP among people

with epilepsy by age, assuming age of onset at 1, 15, and 30 years.

Proportions are shown as percents.
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records and death certificates, ideally in communities with
population-based databases identifying confirmed epilepsy
cases. Beyond assessing the true incidence of SUDEP,
such studies can provide additional information regarding
modifiable risk factors and circumstances of death that is
of great value in the development of prevention strategies
and programs. Although studies of special populations of
people with epilepsy—cohorts based on enrollment in
referral clinics and cohorts of people with refractory
seizures—were not within the scope of our review, such
studies also continue to be important, providing additional
information about risk and etiology that can applied to
SUDEP prevention.

Finally, we note that SUDEP represents one among
several important causes of premature mortality among
people with epilepsy, who as a group have an increased
risk of mortality two to three times greater than the gen-
eral population.1 This should be considered when inter-
preting comparisons to other neurologic diseases, where
all causes of mortality related to those diseases are con-
sidered. Studies designed to address SUDEP occurrence
and risk factors can afford opportunities to address other
important preventable causes of epilepsy-related mortality
as well.
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