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Abstract—Objective: To determine the causes of death of individuals with developmental disabilities that occur more
frequently among those with remote symptomatic epilepsy (i.e., epilepsy occurring in persons with developmental delay or
identified brain lesions) than for those without. Methods: The authors compared causes of mortality in persons with (n �
10,030) and without (n � 96,163) history of epilepsy in a California population of persons with mild developmental
disabilities, 1988 to 2002. Subjects had traumatic brain injury, cerebral palsy, Down syndrome, autism, or a developmen-
tal disability with other or unknown etiology. There were 721,759 person-years of data, with 2,397 deaths. Underlying
causes of death were determined from the State of California’s official mortality records. Cause-specific death rates and
standardized mortality ratios (SMRs) were computed for those with and without epilepsy relative to subjects in the
California general population. Comparisons were then made between SMRs of those with and without epilepsy, and CIs
on the ratios of SMRs were determined. Results: Death rates for persons with epilepsy were elevated for several causes.
The greatest excess was due to seizures (International Classification of Diseases-9 [ICD-9] 345; SMR 53.1, 95% CI 28.0 to
101.0) and convulsions (ICD-9 780.3; SMR 25.2, 95% CI 11.7 to 54.2). Other causes occurring more frequently in those
with epilepsy included brain cancer (SMR 5.2, 95% CI 2.2 to 12.1), respiratory diseases (SMR 1.7, 95% CI 1.2 to 2.5),
circulatory diseases (SMR 1.3, 95% CI 1.0 to 1.7), and accidents (SMR 2.7, 95% CI 1.9 to 3.7), especially accidental
drowning (SMR 12.8, 95% CI 7.0 to 23.2). Conclusions: Remote symptomatic epilepsy is associated with an increased risk
of death. Seizures, aspiration pneumonia, and accidental drowning are among the leading contributors.
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Persons with epilepsy are at increased risk of death
compared with the general population.1-7 Causes of
death contributing to the increase include cancer,2,3,8

suicide,9-11 circulatory diseases,2,3 diseases of the di-
gestive system,2,3 respiratory diseases,2,3 and acciden-
tal injury,3,6,8,11-14 especially drowning.6,8,12-14 Some
deaths due to respiratory diseases, and other causes
in persons with epilepsy are likely attributable to
coexisting neurologic compromise.6,15-17 As one study
noted, “the main causes of death [among persons
with epilepsy] are those most common in the popula-
tion as a whole and those that underlie the epilepsy
itself.”2

On the other hand, recent studies have identified
sudden unexplained death in epilepsy (SUDEP) as a
significant cause of death,18-20 accounting for up to
17% of deaths in persons with epilepsy.21 The defini-
tion of SUDEP varies between studies, however, and
it is unclear how these findings can best impact clin-
ical practice and prevention of mortality in epilepsy.

We compared mortality among persons with and
without epilepsy in a large California population of
persons with developmental disabilities. In the study
population, 9% had at least a history of epilepsy. We
sought to determine the causes of death that contrib-
ute to the excess death rate among persons with
epilepsy.

Methods. Subjects. Our base population consisted of �200,000
persons with developmental disability who received services from
the State of California Department of Developmental Services
(DDS) between January 1988 and December 2002. The data and
method of collection have been described elsewhere.1,5 In brief,
persons in the base study population had “a disabling condition
found to be closely related to mental retardation or to require
treatment similar to that required for mentally retarded individu-
als.”5 Subjects were evaluated approximately annually using the
Client Development Evaluation Report (CDER).22 For further in-
formation on the data and their reliability, we refer the reader to
previous studies.1,5,16,17,23,24

To reduce possible confounding effects of reduced mobility and
severe cognitive deficits on mortality associated with epilepsy, we
excluded persons with more severe disabilities. Thus, we excluded
individuals unable to walk and climb stairs without support, those
who were severely or profoundly mentally retarded, and persons
with degenerative conditions. As we were interested in remote
symptomatic epilepsy, persons thought to have idiopathic epilepsy
were also excluded.

We selected subjects ages 5 to 69 (mean age at first evaluation
19.3, SD 12.8; 57% male) during the 15-year study period from
1988 to 2002. Specifically, the beginning of the period “at risk” for
a given subject was the date of the first CDER evaluation or
January 1, 1988, whichever came later. The end of the subject’s
period at risk was the earliest of 1) the date of death, 2) the end of
the study period (December 31, 2002), and 3) 3 years after the
date of the subject’s last CDER. This last condition was included
to minimize the potential bias due to subjects who may have left
California. Deaths of such persons would not be in our records,
but because of condition 3, these subjects would also not be
counted as being at risk for more than a fairly short period.

Sources of clinical information. Epilepsy was identified from
three items on the CDER: type of seizure, seizure frequency, and
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“status epilepticus in the last year (yes/no).” Seizure type was
coded as eight types, from “partial with elementary symptomatol-
ogy” to “generalized tonic-clonic (grand mal)” (GTC). Seizure fre-
quency was coded according to eight levels, ranging from “history
of seizures, none in 2 years” to “more than one per day.” Person-
years for which a type of seizure was indicated as unknown, or for
which a type was indicated but no frequency information was
specified, were excluded. These exclusions resulted in a reduction
of 8% of total person-years. Remaining subjects with at least a
history of epilepsy contributed 65,126 person-years of data, with
406 deaths.

Mortality information, including ICD-9 codes for underlying
cause of death, was obtained from annual computer files from the
California Department of Health Services25 and matched against
the subjects on the basis of name, date of birth, and social security
number when available. For the years 1999 to 2002, ICD-9 codes
were converted from ICD-10.

The epilepsy person-years were further stratified according to
severity level, as defined in a previous study.5 Severity levels
considered here are as follows: NE, no history of epilepsy; E1,
history of epilepsy but no seizures in �1 year; E2, seizures within
the last year, or more recently/frequently, but no recent GTC
seizures; E3, GTC seizures within the last year, or more recently/
frequently.

For some comparisons, all levels of epilepsy are combined and
denoted as E123. Those with a history of seizures within the last
year are combined and denoted as E23.

Standardized mortality ratios (SMRs) comparing the study
populations (those with or without a history of epilepsy) with the
California general population were computed as follows: 1) For
each cause of death considered, age-specific mortality rates
(deaths per 100,000 person-years of exposure) in the California
general population were computed using State of California mor-
tality and population data over the period 1988 to 200226-28; 2) for
each age group, person-years at risk of death for those in the
study with and without epilepsy were determined; 3) mortality
rates from Step 1 were applied to the exposure times in Step 2 to
determine expected numbers of death due to each cause within
each age group; 4) for each study group, the observed numbers of
deaths due to each cause and in each age group were recorded; 5)
the ratios of the numbers obtained in Steps 3 and 4 are SMRs.29

By summing observed and expected numbers of deaths over age
groups, overall SMRs for each cause were computed for those with
(E123) and without (NE) epilepsy.

To compare the mortality rates for persons in the study popu-
lation with epilepsy with those without, the ratio of SMRs was
calculated as SMR-E123/SMR-NE. CIs for the ratio of SMRs were
determined as follows: 1) The number of observed deaths in the
two study populations were assumed to be Poisson random vari-
ables, whereas the observed numbers of deaths in the California
general population were treated as known (not random); 2) CIs
were calculated as the estimated ratio (SMR-E123/SMR-NE) �
1.96 times the estimated variance of the ratio; 3) the variance of
the ratio was approximated using the “delta” method, a standard
statistical method for estimating the variance of a function of two
random variables.30 In this case, the function is the ratio of two
SMRs, each of which is assumed to be the ratio of a Poisson
random variable and a fixed number. The Poisson random vari-
able is the number of observed deaths (in the epilepsy group and
in the no-epilepsy group). The fixed number is the number of
expected deaths in the California general population. Although
this number is not actually fixed, for large sample sizes, this
assumption is an acceptable approximation.

Kahn and Sempos29 discuss the method of comparing two pop-
ulations by computing the ratio of their SMRs. This ratio is to be
thought of as an estimate of the SMR that might be obtained by
applying mortality rates in the no-epilepsy group directly to expo-
sure in the epilepsy group. Because numbers of deaths due to
many causes in the no-epilepsy group are insufficient to provide
stable mortality rates, we have opted for this indirect comparison.
Though this ratio could be a slightly biased estimate of the direct
SMR, as Kahn and Sempos29 point out, it is difficult to find prac-
tical examples in which such a comparison is the source of sub-
stantial error. A comparison of the direct and indirect calculations
of SMRs for those causes of death with sufficient numbers to give
stable mortality rates in the no-epilepsy group showed very little
difference (results not shown).

Using the same source of mortality information to determine
causes of death for both the study groups and the general Califor-
nia population minimized the effect of potential reporting bias on
the SMRs.

Results. Thus, 106,193 persons were included in the
study. They had traumatic brain injury (1.6%), cerebral
palsy (3.9%), autism (13.8%), and chromosomal anomalies
(11.5%; mostly Down syndrome). The majority of the sub-
jects (69%) had none of these conditions and were coded as
“other.” Within this latter group, the majority had mild or
moderate mental retardation of unknown or unidentified
etiology.

Table 1 gives demographic information separately for
persons with and without a history of epilepsy as well as a
breakdown of the person-years of exposure, with the expo-
sure for those with a history of epilepsy broken down fur-
ther by the severity scale described previously.5

Within the 656,632 person-years of exposure for the
no-epilepsy group, there were 1,991 observed deaths, giving
a crude mortality rate of 3.03 deaths/1,000 person-years. For
those with epilepsy, there were 65,126 person-years and 406
deaths, giving a crude rate of 6.23 deaths/1,000 person-years.
Based on age-specific rates in the no-epilepsy group, the ex-
pected number of deaths for the epilepsy group was 161,
giving 245 excess deaths overall. More than two-thirds
(166; 68%) of the excess deaths were attributable to com-
bined causes of epilepsy and convulsions, other CNS disor-
ders, accidental drowning, brain cancer, aspiration
pneumonia, and unknown causes (ICD-9 799.9).

Table 2 gives the cause-specific numbers of observed
deaths in the epilepsy and no-epilepsy groups, resulting
SMRs for those with and without epilepsy, and ratios of
these (SMR-E123/SMR-NE), with CIs on the ratios. The
ratios SMR-E123/SMR-NE indirectly compare observed
deaths in the study group with epilepsy with numbers
expected based on mortality rates of those without epi-
lepsy. Unless otherwise specified, “SMR” will henceforth
refer to this ratio of SMRs comparing those with epilepsy
with those without (SMR-E123/SMR-NE). Comparisons
with the California general population will be referred to
as “GP SMRs.”

The GP SMRs (95% CIs) for all causes combined were
4.0 (3.6 to 4.3) for those with epilepsy and 1.9 (1.8 to 2.0)
for those without; thus, the overall SMR comparing those
with epilepsy with those without was 2.1 (1.9 to 2.3). Num-
bers of deaths due to several causes were elevated among
persons with a history of epilepsy. The most pronounced
increases were for causes obviously related to the epilepsy
itself, including status epilepticus (ICD-9 345.2; SMR
156.6, 95% CI 20.8 to 1180.7), epilepsy other than status
epilepticus (ICD-9 345, excluding 345.2; SMR 53.1, 95% CI
28.0 to 101.0), and convulsions (ICD-9 780.3; SMR 25.2,
95% CI 11.7 to 54.2).

Accidental deaths showed an overall increase for per-
sons with epilepsy (ICD-9 E800-E849, E880-E930; SMR
2.7, 95% CI 1.9 to 2.7), with drowning being the single
most significant accidental cause of death (ICD-9 E910;
SMR 12.8, 95% CI 7.0 to 23.2).

Cancer deaths in general were only slightly increased
(ICD-9 140-208; SMR 1.3, 95% CI 0.9 to 1.8). There was
not a difference in tobacco-related cancer deaths between
the epilepsy and no-epilepsy groups (SMR 1.0, NS). Fur-
ther, deaths due to tobacco-related cancers31 were not in-
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Table 1 Characteristics of the 106,193 persons and their 721,759 person-years of follow-up time

Characteristic‡

Persons* Person-years†

History of
epilepsy,

n � 10,030

No history of
epilepsy,

n � 96,163

History of
epilepsy,

n � 65,126

No history of
epilepsy,

n � 656,632

n % n % n % n %

Deaths 406 4.0 1,991 2.1 406 0.6 1,991 0.3

Sex

Male 5,751 57.3 59,126 61.5 37,107 57.0 392,954 59.8

Female 4,279 42.7 37,037 38.5 28,020 43.0 263,678 40.2

Etiology of disability

Traumatic brain injury 496 4.9 1,239 1.3 3,021 4.6 7,931 1.2

Cerebral palsy 846 8.4 3,268 3.4 5,722 8.8 25,183 3.8

Chromosomal anomaly 778 7.8 11,386 11.8 4,677 7.2 73,182 11.2

Autism 447 4.5 14,195 14.8 2,409 3.7 66,863 10.2

Other and unknown 7,463 74.4 66,075 68.7 49,297 75.7 483,473 73.6

Epilepsy scale

No history of epilepsy 215 2.1 96,163 100.0 — — 656,632 100.0

History, none in �1 y 2,941 29.3 — — 20,314 31.2 — —

Recent seizures, not tonic-clonic 3,311 33.0 — — 20,692 31.8 — —

Recent tonic-clonic seizures 3,563 35.5 — — 24,702 37.9 — —

Age, y (mean � 19.3, SD � 12.8)

5–9 2,154 21.5 29,803 31.0 5,310 8.2 80,892 12.3

10–19 3,120 31.1 29,056 30.2 16,349 25.1 161,670 24.6

20–29 2,390 23.8 18,839 19.6 18,534 28.5 168,852 25.7

30–39 1,426 14.2 10,595 11.0 14,050 21.6 132,116 2.0

40–70 940 9.4 7,870 8.2 10,884 16.7 113,102 17.2

Word usage

No use of words 281 2.8 3,201 3.3 1,633 2.5 20,011 3.1

Uses simple (one-syllable) words and
associates words with appropriate
objects

1,427 14.2 21,312 22.2 9,146 14.0 134,914 20.5

Uses complex words and associates
words with appropriate objects but
has a limited vocabulary

4,133 41.2 43,717 45.5 27,331 42.0 302,690 46.1

Has a broad vocabulary, understands
meaning of words, and uses them
in appropriate contexts

4,189 41.8 27,933 29.0 27,016 41.5 199,017 30.3

Receptive language

Does not understand speech 63 0.6 677 0.7 429 0.7 5,344 0.8

Understands simple words 248 2.5 3,189 3.3 1,391 2.1 17,038 2.6

Understand simple phrases or
instructions

1,602 16.0 22,331 23.2 9,982 15.3 132,345 20.2

Understands simple conversation and
combination of instructions

5,110 50.9 51,238 53.3 33,710 51.8 362,601 55.2

Understand meaning of story plot and
complex conversation

3,007 30.0 18,728 19.5 19,614 30.1 139,304 21.2

* A person is counted as having a history of epilepsy if the individual was so designated on any Client Development Evaluation Report
evaluation during the study period.

† A person-year is counted as having a history of epilepsy if the individual contributing the person-year is so designated on the Client
Development Evaluation Report for that year.

‡ Characteristics other than epilepsy are measured on the first observation for an individual during the study period.
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Table 2 Comparison of SMRs for persons with (E123) and without (NE) a history of epilepsy

Category (ICD-9)
Obs

(E123)*
Obs

(NE)*
SMR

(E123)†
SMR
(NE)†

Ratio SMR
(E123)/ SMR (NE) 95% CI

All malignant neoplasms (140-208) 36 298 1.8 1.4 1.3 0.9–1.8

Tobacco-related cancers 8 90 0.9 0.9 1.0 0.5–2.0

Leukemia (other than myeloid) 2 33 2.7 4.4 0.6 0.2–2.6

Cancer of brain (191) 8 16 7.4 1.4 5.2 2.2–12.1

Other cancers (140-208 not mentioned
elsewhere)

18 159 1.9 1.5 1.2 0.7–2.0

Digestive system (520-579) 6 85 1.2 1.7 0.7 0.3–1.7

All accidents (E800-E849, E880-E930) 46 165 2.5 0.9 2.7 1.9–3.7

Accidental drowning (E910) 25 19 28.7 2.2 12.8 7.0–23.2

Road traffic accidents (810-819, 826-828) 7 75 0.7 0.7 0.9 0.4–1.9

Accidental falls (880-888) 1 13 1.5 2.0 0.8 0.1–5.8

Poisonings (850-869) 2 14 3.1 2.2 1.4 0.3–6.2

Other accidents (800-949 not mentioned
elsewhere)

11 44 4.6 1.9 2.4 1.3–4.7

All circulatory diseases (390-459) 61 509 3.4 2.6 1.3 1.0-1.7

Ischemic heart disease (410-414) 27 181 3.4 2.1 1.7 1.1–2.5

Pulmonary circulation (415-417) 5 24 11.3 5.3 2.1 0.8–5.6

Cerebrovascular disease (430-438) 7 73 2.6 2.5 1.0 0.5–2.2

Other vascular disease (440-448) 1 27 1.5 3.7 0.4 0.1–3.0

Other circulatory disease (390-459 not
mentioned elsewhere)

21 204 3.4 3.1 1.1 0.7–1.7

Respiratory, incl. aspiration pneumonia
and accidental inhalation (460-519)

33 209 8.4 4.9 1.7 1.2–2.5

Pneumonia not aspiration (480-487.0) 10 91 7.9 6.8 1.2 0.6–2.2

Aspiration pneumonia, including
accidental inhalation (507, E911-
E912)

10 35 53.0 17.8 3.0 1.5–6.0

Other respiratory (460-519 not
mentioned elsewhere)

13 83 5.2 3.0 1.7 1.0–3.1

Nervous system (320-389) 95 61 55.6 3.5 15.9 11.6–22.0

Alzheimer (331-331.1) 1 10 22.7 18.9 1.2 0.2–9.4

Epilepsy (354) 61 11 315.4 5.9 53.1 28.0–101.0

Status epilepticus (345.2) 16 1 285.1 1.8 156.6 20.8–1,180.7

Other nervous system (320-389 not
mentioned elsewhere)

17 39 12.0 2.7 4.5 2.5–7.9

Endocrine (240-279) 4 47 4.6 5.4 0.9 0.3–2.4

Diabetes (250) 5 46 2.8 2.5 1.2 0.5–2.9

Dementia (294.1) 0 1 0.0 12.9 0.0 0.0–0.0

Congenital anomalies (740-759) 21 214 23.6 23.9 1.0 0.6–1.5

Convulsions (780.3) 24 9 192.1 7.6 25.2 11.7–54.2

Suicides (E950-E959) 2 13 0.3 0.2 1.5 0.3–6.5

Unknown cause (799) 22 42 17.3 3.4 5.0 3.0–8.5

All other 51 292 2.2 1.3 1.7 1.2–2.3

* Number of observed deaths in the epilepsy (E123) or no-epilepsy (NE) group.
† SMR for the epilepsy or no-epilepsy group, computed as the observed number of deaths in the specified group divided by the expected

number based on mortality rates in the California general population (expected number not shown).

SMR � standardized mortality ratio; E123 � history of epilepsy (any type or frequency); NE � no history of epilepsy; ICD-9 � Interna-
tional Classification of Diseases-9.
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creased in either study group compared with the California
general population (GP SMRs 0.9 in both cases, NS). Can-
cers of lung and bronchus were underrepresented in both
cases (ICD-9 162; GP SMRs 0.2 for the epilepsy group and
0.4 for the no-epilepsy group). Deaths due to brain cancer
were not significantly increased for the no-epilepsy group
compared with the California general population (ICD-9
191; GP SMR 1.4, NS), but the epilepsy group did show a
significant increase in these tumor deaths compared with
both the California general population (GP SMR 7.4; 95%
CI 3.2 to 14.5) and the study group without epilepsy (SMR
5.2; 95% CI 2.2 to 12.1).

“Other unknown and unspecified causes of death”
(ICD-9 799.9) were elevated in both the no-epilepsy (GP-
SMR 3.3; 95% CI 2.3 to 4.4) and epilepsy (GP-SMR 17.3;
95% CI 10.8 to 26.2) groups compared with the California
general population and for those with epilepsy compared to
those without (SMR 5.0; 95% CI 3.0 to 8.5).

Tables 3 and 4 illustrate for selected causes of death the

effect on SMRs of severity of epilepsy, using the scale de-
scribed above.1,5 Though numbers of deaths were too few
for many causes to consider them separately by severity
level, there is a clear pattern of increasing SMRs by in-
creasing severity for those causes with sufficient numbers
to consider.

Discussion. Although it is not surprising that per-
sons with epilepsy are at increased risk of death due
to seizures or convulsions, this result has not been
widely reported. Persons with epilepsy dying of un-
observed seizures could account at least in part for
the increased number of deaths due to unknown
causes (799.9) seen in our cohort. Given the large
increases in deaths due to seizures and convulsions
among those with epilepsy, one might expect a num-
ber of deaths due to unobserved seizures. Many stud-
ies have identified SUDEP as a common cause of

Table 3 SMRs for selected causes of death: People with a history of epilepsy but no seizure in �1 year compared with those without a
history of epilepsy

Category (ICD-9)
Obs

(E1)*
Obs

(NE)*
SMR
(E1)†

SMR
(NE)†

Ratio SMR
(E1)/ SMR (NE) 95% CI

Accidental drowning (E910) 4 19 15.1 2.3 6.7 2.3–19.6

Pulmonary circulation (415-417) 1 24 6.5 5.4 1.2 0.2–8.9

Aspiration pneumonia, including accidental
inhalation (507, E911-E912)

2 35 31.2 18.0 1.7 0.4–7.2

Other nervous system (320-389 not
mentioned elsewhere)

8 61 4.3 3.5 1.2 0.3–4.4

Epilepsy (354) 4 11 63.7 6.0 10.6 3.4–33.4

Convulsions (780.3) 5 9 123.7 7.7 16.1 5.4–47.9

Unknown cause (799) 2 41 4.7 3.4 1.4 0.3–5.8

* Number of observed deaths in the epilepsy or no-epilepsy group.
† SMR for the epilepsy or no-epilepsy group, computed as the observed number of deaths in the specified group divided by the expected

number based on mortality rates in the California general population (expected number not shown).

SMR � standardized mortality ratio; E1 � history of epilepsy (any seizure type), but no events in the last 12 mo; NE � no history of
epilepsy; ICD-9 � International Classification of Diseases-9.

Table 4 SMRs for selected causes of death: People with recent seizures compared with those without a history of epilepsy

Category (ICD-9)
Obs

(E23)*
Obs

(NE)*
SMR

(E23)†
SMR
(NE)†

Ratio SMR
(E23)/SMR (NE) 95% CI

Accidental drowning (E910) 21 19 35.9 2.3 15.8 7.2–34.7

Pulmonary circulation (415-417) 4 24 14.4 5.4 2.7 0.3–26.8

Aspiration pneumonia, including accidental
inhalation (507, E911-E912)

8 35 66.4 18.0 3.7 0.2–71.1

Other nervous system and sense organs
(320-389 not mentioned elsewhere)

87 61 78.8 3.5 22.3 14.0–35.7

Epilepsy (354) 57 11 451.2 6.0 75.3 31.6–179.3

Convulsions (780.3) 19 9 232.5 7.7 30.2 7.4–123.5

Unknown cause (799) 20 41 24.3 3.4 7.2 3.0–17.0

* Number of observed deaths in the epilepsy or no-epilepsy group.
† SMR for the epilepsy or no-epilepsy group, computed as the observed number of deaths in the specified group divided by the expected

number based on mortality rates in the California general population (expected number not shown).

SMR � standardized mortality ratio; E23 � seizures in the last 12 mo (any seizure type); NE � no history of epilepsy; ICD-9 � Inter-
national Classification of Diseases-9.
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death in persons with epilepsy. The literature varies
in defining SUDEP,18-21 though most definitions re-
quire that the death be sudden and nonaccidental,
occurring within 1 day of the onset of symptoms, or
sometimes within 1 or 2 hours; a history of diag-
nosed epilepsy; and no anatomic or toxicologic cause
of death identified. Some have argued that this last
requirement often means an autopsy must be per-
formed to confirm SUDEP, and this precludes such a
determination in the present study, in which we
have relied on underlying causes of death as indi-
cated in California State mortality files. Neverthe-
less, many of the significant numbers of deaths due
to seizures and unknown causes (ICD-9 799.9)
among those in the present study with a history of
epilepsy are potentially attributable to SUDEP.

The increased number of deaths due to brain tu-
mors is most likely related to increased likelihood of
such tumors among persons experiencing seizures. The
increase in deaths due to accidental drowning has
been reported by others.6,8,12-14 This is an important
finding, as these deaths are arguably preventable.12

Our study has some important limitations. Be-
cause persons in both study populations had a vari-
ety of developmental disabilities, findings may not
generalize directly to all individuals with epilepsy.
Mortality rates in both study populations were
higher than those of the California general popula-
tion for several causes of death, including seizures,
respiratory diseases, and epilepsy. Both study popu-
lations had fewer than expected numbers of deaths
due to cancer of the lung and bronchus (not shown in
table 2). These differences have been documented in
other studies of causes of death for various groups
receiving services from the California DDS, includ-
ing those with autism,32 traumatic brain injury,16 ce-
rebral palsy,17 and Down syndrome.33 In spite of the
special nature of the study populations, however, the
excess numbers of deaths due to some causes (e.g.,
seizures, aspiration, and accidental drowning) must
at least in part be attributable to epilepsy.

A second limitation is that subjects with no previ-
ous history of epilepsy who die suddenly from the
effects of a seizure would not be identified here as
having epilepsy, and it may well be that the study
subjects without a history of epilepsy were nonethe-
less at greater risk of having seizures than the Cali-
fornia general population. Many in this group had
known brain injuries (birth injuries or acquired trau-
matic brain injuries), and this is known to be associ-
ated with increased risk of seizures.24,34,35 This may
partly explain the increased number of “unknown”
causes of death, and causes related to epilepsy, in
the no-epilepsy group (see table 2).

The study has some important strengths by com-
parison to previous reports of cause-specific epilepsy
mortality. The size of the study makes this one of the
largest population-based studies of cause-specific
mortality in epilepsy. The significant numbers of ob-
served deaths allowed us to make detailed compari-
sons for many different causes of deaths. Also, the

indirect method of comparing mortality in the epi-
lepsy and no-epilepsy groups, by considering the ra-
tio of their GP SMRs, is robust to small differences
in underlying age distributions and offers relatively
stable measures of excess risks due to epilepsy. Fi-
nally, as mentioned earlier, we have used the same
source of mortality information for both study popu-
lations and for the California general population,
thus reducing many potential sources of bias in com-
paring mortality rates.

The causes of death identified here that occur
more frequently in persons with epilepsy are per-
haps predictable. It has long been known, for exam-
ple, that accidental drowning is a serious risk for
persons with epilepsy. As the parent of one victim
put it, however, “There was no chance for anyone to
save him. I think we were blissfully ignorant. . . .
The whole business of epilepsy should be explained
properly. You almost need someone to go through it
with you.”12 The present study adds to the body of
knowledge of mortality risk for persons with epilepsy
and may serve as a reminder of that risk for physi-
cians and other caregivers.
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