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Summary: We evaluated clinical indicators of genetic
susceptibility to epilepsy in the families of 1,957 adults
with epilepsy (probands) ascertained from voluntary or-
ganizations. Very few of the probands in this series had
idiopathic epilepsy syndromes. Among relatives of
probands with postnatal CNS insults, risks of epilepsy
were no higher than in the general population. Risk was
increased in relatives of probands without identified CNS
insults (i.e., those with idiopathic/cryptogenic epilepsy)
or with neurological deficit presumed present at birth,
compared with relatives of probands with postnatal CNS
insults. Among relatives of probands with idiopathic/
cryptogenic epilepsy, risks were higher in parents and

siblings, but not in offspring, of probands with general-
ized onset as compared with partial onset seizures. Risks
in offspring were higher if the probands had onset of id-
iopathic/cryptogenic epilepsy before age 10 as compared
with age =10 years, but risks in parents and siblings were
not associated with the proband’s age at onset. These
results suggest that genetic susceptibility increases risk of
some forms of cryptogenic epilepsy and of epilepsy asso-
ciated with neurological deficit presumed present at birth,
but not of postnatal symptomatic epilepsy. The influences
on risk in offspring may differ from those in parents and
siblings. Key Words: Epilepsy—Seizures—Epidemi-
ology—Human genetics.

Despite strong evidence of a genetic contribution
to epilepsy, little progress has been made in identi-
fying specific genes that have a major effect on sus-
ceptibility. This slow progress is due in part to in-
herent complexity in the genetic contributions. One
important source of this complexity is etiologic and
genetic heterogeneity. Both genetic and nongenetic
influences on susceptibility are likely to exist, and
the important genetic influences are likely to differ
across families or clinically defined subgroups. Dis-
covery of clinical features that distinguish between
genetic and nongenetic epilepsies is important for
both research and clinical practice. This informa-
tion is essential for the design of linkage studies
because it can be used to decide which individuals
should be assumed to be gene carriers; e.g., should
subjects be classified as affected only if they have
unknown etiology of epilepsy or should those with
identified CNS lesions also be included?
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In previous family studies, two clinical features in
probands, early age at onset and idiopathic/
cryptogenic etiology, were shown to be associated
with high risk in relatives (1-7). Risk is widely as-
sumed to be higher in relatives of patients with gen-
eralized onset seizures than in relatives of those
with partial onset seizures, but in most studies the
difference between these two groups is small (8). In
our analyses of offspring of epilepsy patients in
Rochester, Minnesota (9), the higher risk in off-
spring of parents with generalized onset seizures
was due entirely to very high risks in offspring of
the subset with absence seizures. Thus, in offspring
of most patients with generalized epilepsy, risk was
no higher than in offspring of patients with partial
epilepsy.

In this study, we evaluated potential clinical in-
dicators of a genetic susceptibility to epilepsy by
investigating the relations of etiology, seizure type,
and age at onset of epilepsy in probands to risks of
epilepsy in their first-degree relatives. The study
population comprised families of 1,957 probands
with epilepsy from the Epilepsy Family Study of
Columbia University (EFSCU). The goals of this
study, which was begun in 1985, were to evaluate
the relations between clinical and genetic heteroge-
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neity in the epilepsies and to test consistency of the
familial distribution with various genetic and non-
genetic models. In the present article, we describe
the major results of the study with respect to clini-
cal features in probands and their relations to famil-
ial risk of epilepsy.

Very few of the probands in the EFSCU series
had idiopathic epilepsy syndromes. Therefore, the
results pertain primarily to cryptogenic and symp-
tomatic epilepsies, in which the role of genetic sus-
ceptibility is largely unknown.

METHODS

Study population

The methods for data collection in EFSCU were
described in detail previously (10). Briefly, 1,957
adults with epilepsy (probands) were ascertained
from voluntary organizations with 84% participa-
tion. We used semistructured telephone interviews
with probands to obtain information on clinical
characteristics of epilepsy and history of seizure
disorders and related conditions in parents, full sib-
lings, half-siblings, offspring, and spouses. When-
ever possible (67% of families), we also interviewed
an additional family informant (usually the mother
of the proband) with regard to the same relatives
reported on by the proband, to improve the sensi-
tivity of the family history data. To confirm and
augment the clinical detail on the family histories,
we were also able to interview 51% of living adult
relatives who were reported to have had seizures
when they were aged =5 years. We obtained med-
ical records for 60% of probands.

Eighty-seven percent of probands were white,
55% had =1 year of college education, and 60%
were women. Subjects interviewed did not differ
significantly in gender or ethnicity from those who
refused, but were more educated than those who
refused. Probands ranged in age from 18 to 82
years, (average 36 years).

Clinical diagnosis and classification

Diagnoses of seizure disorders were based on a
review of all information collected on each proband
or relative (proband interview, second informant in-
terview, direct interview, and/or medical record).
Epilepsy was defined as a lifetime history of two or
more unprovoked seizures (11). The proband’s fam-
ily history report of epilepsy in parents and siblings
had excellent validity (87% sensitivity, 99% speci-
ficity), using the mother’s report as the gold stan-
dard (12).

We obtained data for classification of seizure
type and etiology of epilepsy in the interviews with
the probands and other family informants, supple-
mented by review of medical records whenever
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possible. Probands were asked about clinical man-
ifestations and etiology of seizures with respect to
themselves and any other relative they reported to
have had seizures. The interviews with other family
informants included the same questions about sei-
zure type and etiology in the proband, the relative
who was being interviewed, and any other relatives
reported by the second informant to have had sei-
zures. The final classification of seizure type and
ctiology was made on the basis of a case-by-case
review of all of this information.

As previously described (13,14), the data for sei-
zure classification included verbatim descriptions
of seizures and closed-ended questions regarding
relevant features (e.g., specific aura, unilateral
signs, alteration in consciousness). We classified
seizures according to the 1981 criteria of the Inter-
national League Against Epilepsy (15). In the cur-
rent classification of epileptic syndromes (16), pa-
tients with generalized onset seizures would be
classified as having generalized epilepsies and those
with partial onset seizures would be classified as
having localization-related epilepsies. As we re-
ported previously, the resulting seizure classifica-
tions were reliable (13) and valid as compared with
diagnoses of physicians with expertise in epilepsy
(14).

For classification of etiology, we asked specific
questions about each of a series of factors demon-
strated to be strongly associated with risk for epi-
lepsy in previous epidemiologic studies. These fac-
tors included severe head injury (defined as injury
associated with =30-min loss of consciousness or
skull fracture) (17), stroke, brain tumor, brain sur-
gery, and brain infection (specifically spinal menin-
gitis or encephalitis). Whenever a history of one of
these factors was reported, we inquired about the
age at which it occurred, whether seizures had oc-
curred in close temporal association, and how long
after the event the seizures had occurred. Seizures
occurring <7 days after the event were not consid-
ered to be epilepsy but were classified as acute
symptomatic. We also asked about other factors po-
tentially associated with seizures, including heavy
alcohol drinking, diabetes, high blood pressure, pa-
ralysis, cerebral palsy, attendance at a special
school because of a learning difficulty, and any
other serious medical problem. This information
was used to discriminate further between acute
symptomatic and unprovoked seizures and to clar-
ify the etiology of epilepsy.

We used three categories of etiology in probands:
(a) idiopathic/cryptogenic, or epilepsy occurring in
the absence of a history of an insult to the CNS
demonstrated to increase greatly the risk of unpro-
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voked seizures; (b) neurological deficit presumed
present at birth (neurodeficit from birth), or epi-
lepsy associated with a history of cerebral palsy
(motor handicap or movement disorder) or mental
retardation (I.Q. <70) presumed present at birth;
and (c) postnatal symptomatic, or epilepsy associ-
ated with a history of a postnatal CNS insult that
occurred =7 days before the first unprovoked sei-
zure. We distinguished between neurological defi-
cits and postnatal symptomatic epilepsies because
previous studies have indicated a possible genetic
relation between cerebral palsy and epilepsy (18-20).

Statistical analysis

We assumed that each relative was at risk of ep-
ilepsy from birth until current age or age at death (if
unaffected) or age at first unprovoked seizure (f
affected with epilepsy). We used actuarial life-table
analysis (21) to estimate age-specific cumulative in-
cidence of epilepsy in parents, siblings, and off-
spring within strata defined by the probands’ etiol-
ogy, seizure type, and age at onset of epilepsy. The
resulting cumulative incidences may be interpreted
as estimates of the risk that each family member
will develop epilepsy by the time he or she reaches
a specific age. We also used Cox proportional haz-
ards analysis (22) to compute rate ratios (RRs) for
epilepsy in relatives according to specific clinical
features in probands. Among relatives of probands
with idiopathic/cryptogenic epilepsy, we evaluated
the independent effects of the proband’s seizure
type and age at onset on risk of epilepsy by per-
forming multivariate Cox proportional hazards
analysis (22) with both of these variables in the
model. In a previous analysis of this dataset, we
noted that the observed risks of epilepsy in relatives
increased ~50% for each 20-year increase in birth
year of the relatives, probably reflecting underre-
porting of epilepsy at young ages in older relatives
(23). To adjust for this effect in the present analy-
sis we added birth year of the relatives to the Cox
models.

Among all 10,765 first-degree relatives of the
1,957 probands, 1,024 (10%) were excluded because
of missing information on history of epilepsy or
birth year (parents 14%, siblings 8%, offspring 6%).
Thirty of the remaining 9,741 relatives were ex-
cluded from the analysis of proband etiology, and
25 were excluded from the analysis of proband age
at onset because data on these proband diagnostic
characteristics were missing. In addition, 426 rela-
tives were excluded from the analysis of proband
seizure type because the proband had both gener-
alized onset and partial onset seizures (150 rela-
tives) or unclassifiable seizures (276 relatives).

RESULTS

The distribution of seizure type in probands was
12% (N = 229) generalized onset, 84% (N = 1,652)
partial onset, 1% (N = 26) both generalized and
partial onset, and 3% (N = 50) unclassifiable. Age
at onset of epilepsy ranged from birth to 69 years,
with 28% aged <10 years, 39% aged 10-19 years,
and 33% aged =20 years. Epilepsy was idiopathic/
cryptogenic in 1,560 (80%), symptomatic in 391
(20%), and unclassifiable in 6 (0.3%) of the
probands. Among the probands classified as having
idiopathic/cryptogenic epilepsy, the distribution of
seizure type was comparable to that in the total
group of probands (13% generalized onset, 83% par-
tial onset, 1% both generalized and partial onset,
3% unclassifiable). Although the information we
collected did not permit definite assignment to epi-
lepsy syndromes, none of the probands with partial
onset seizures appeared to have idiopathic localiza-
tion-related syndromes, and very few of the
probands with generalized onset seizures appeared
to have the idiopathic generalized syndromes as de-
scribed in the current International Classification of
Epileptic Syndromes (ICE) (16). Thus, most of
those with idiopathic/cryptogenic epilepsy would
have been classified as having cryptogenic epilepsy
syndromes.

Among the 391 probands with symptomatic epi-
lepsy, 29 were classified as having neurodeficit
from birth (28 cerebral palsy, 1 mild intellectual im-
pairment). All of the probands with neurodeficit had
intelligence sufficiently high for them to understand
and answer the interview questions, and none was
severely retarded. The remaining 362 probands with
symptomatic epilepsy were classified as postnatal
symptomatic (vascular 36, posttraumatic 157, CNS
infection 113, neoplastic 25, other 31).

In all three classes of relatives, cumulative inci-
dence of epilepsy was higher if the proband’s epi-
lepsy was idiopathic/cryptogenic or associated with
neurodeficit from birth than if associated with other
factors (Fig. 1). Among relatives of probands with
idiopathic/cryptogenic epilepsy, risks to age 40
years increased from 1.8% in parents to 3.2% in
siblings and to 6.7% in offspring, whereas among
relatives of probands with postnatal symptomatic
epilepsy, risks to age 40 years were similar among
parents (1.4%), siblings (1.3%), and offspring
(1.5%) (Fig. 1). Among all relatives of probands
with postnatal symptomatic epilepsy, cumulative
incidence of epilepsy to age 40 was 1.5%, which is
similar to the cumulative incidence in the general
population of Rochester, Minnesota (1.6%) (22).
Within the postnatal symptomatic category, the
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reference group, the RR for relatives of probands
with idiopathic/cryptogenic epilepsy was 1.4 in par-
ents, 2.6 in siblings, and 4.3 in offspring (Table 1).
For relatives of probands with neurodeficit, the RR
was 2.4 in parents and 5.9 in siblings. (Because
there were too few offspring of probands with neu-
rodeficit, we could not evaluate their risk.)

The remaining analyses were restricted to rela-
tives of probands with idiopathic/cryptogenic epi-
lepsy. Among relatives of probands with idiopathic/
cryptogenic epilepsy with partial onset seizures,
risks to age 40 increased in successive generations
(parents 1.6%, siblings 3.0%, offspring 7.1%),
whereas among relatives of probands with idio-
pathic/cryptogenic epilepsy with generalized onset
seizures there was less increase in risk in successive
generations (parents 3.2%, siblings 5.5%, offspring
4.3%) (Fig. 2). In parents and siblings, risks were
higher in relatives of probands with generalized on-
set seizures than in relatives of those with partial
onset seizures. This trend was reversed in offspring
(Fig. 2), although the lower risk in offspring of
probands with generalized onset seizures was not
statistically significant. With relatives of probands
with idiopathic/cryptogenic epilepsy with partial
onset seizures used as the reference group, the mul-
tivariate RR in relatives of probands with idio-
pathic/cryptogenic epilepsy with generalized onset
seizures was 1.8 in parents, 1.6 in siblings, and 0.5
in offspring (Table 2).

For comparison with previous findings in Roch-
ester, Minnesota (9), we also examined occurrence
of epilepsy in the relatives of probands with ab-
sence seizures specifically. In the present study,
unlike in the Rochester study, prevalence of a his-
tory of epilepsy was not higher (and was actually
slightly lower) if the proband had absence seizures

TABLE 1. RR for epilepsy in relatives of probands with
epilepsy by etiology of epilepsy in the probands
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FIG. 1. Cumulative incidence of epilepsy in relatives of all
probands by etiology of proband’s epilepsy. Relatives of
probands with idiopathic/cryptogenic epilepsy (squares), ep-
ilepsy associated with neurodeficit from birth (diamonds),
and postnatal symptomatic epilepsy (triangles). Parents (A),
siblings (B), offspring (C).

risks to age 40 did not differ substantially among
relatives of probands with different etiologies (vas-
cular 1.2%, trauma 2.1%, CNS infection 2.2%, neo-
plastic 0, other 1.4%). With relatives of probands
with postnatal symptomatic epilepsy used as the
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Class of No. of Relatives
relatives/etiology T
of epilepsy in With
the proband Total epilepsy RR (95% CI)
Parents
Idiopathic/cryptogenic 2,717 65 1.4 (0.73-2.78)
Neurodeficit from birth 49 2 2.4 (0.54-11.18)
Postnatal symptomatic 606 10 1.0 (Reference)
Siblings
Idiopathic/cryptogenic 3,681 108 2.6 (1.38-5.03)
Neurodeficit from birth 60 4 5.9 (1.86-18.94)
Postnatal symptomatic 892 10 1.0 (Reference)
Offspring
Idiopathic/cryptogenic 1,365 67 4.3 (1.56-11.81)
Neurodeficit from birth 14 0 — —
Postnatal symptomatic 327 4 1.0 (Reference)

RR, rate ratio; CI, confidence interval.
RR and 95% CI calculated from Cox proportional hazards model, with
birth year of the relatives included as a covariate.
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FIG. 2. Cumulative incidence of epilepsy in relatives of
probands with idiopathic/cryptogenic epilepsy only, by sei-
zure type of proband’s epilepsy. Relatives of probands with
generalized onset seizures (squares), partial onset seizures
(triangles). Parents (A), siblings (B), offspring (C).

than if the proband had other generalized onset sei-
zures [relatives of probands with idiopathic/
cryptogenic epilepsy: parents 4 of 159 (3%) vs. 10 of
222 (5%); siblings 7 of 189 (4%) vs. 14 of 273 (5%);
offspring 0 of 70 (0%) vs. 5 of 105 (5%)].

Risk increased in successive generations in all

three strata defined by the proband’s age at onset
(Fig. 3). Risk of epilepsy in parents was not associ-
ated with the proband’s age at onset of idiopathic/
cryptogenic epilepsy (Fig. 3 and Table 2). Risk was
higher in siblings of probands with onset of idio-
pathic/cryptogenic epilepsy between the ages of 10
and 19 years than in those of probands with earlier
or later ages at onset (Fig. 3 and Table 2). Risk was
more than twice as high in offspring of probands
with onset of idiopathic/cryptogenic epilepsy <10
years as in offspring of those with later ages at onset
(Fig. 3 and Table 2).

DISCUSSION

The ICE established three etiologic categories,
based on the presumed importance of genetic sus-
ceptibility (16). The term idiopathic is used for syn-
dromes presumed to be of genetic origin; the term
cryptogenic is reserved for those that are presumed
to be symptomatic but that have no identified etio-
logic factors. The remaining cases, with identified
CNS lesions, are classified as symptomatic. Our
study population contains very few probands with
idiopathic epilepsy syndromes. Hence, the present
study was primarily a study of genetic contributions
to epilepsies that would be classified as either crypto-
genic or symptomatic in the syndrome classification.

Our findings suggest that the genetic influences
on postnatal symptomatic epilepsy are minimal. In
relatives of probands with identified postnatal CNS
insults, the risk of epilepsy was similar to risk in the
general population (24). Similarly, Schaumann et al.
(25) recently reported that seizure risk was not in-
creased in relatives of probands with posttraumatic
epilepsy. In their study, relatives of probands who
had seizures associated with alcohol had an in-
creased risk, whether the seizures were unpro-
voked and associated with chronic alcohol abuse,
or acute symptomatic and associated with alcohol
intoxication. We did not have sufficient data to ex-
amine this subgroup separately.

As in previous studies (1-5), risk of epilepsy was
higher in relatives of probands without identified
CNS insults (i.e., those with idiopathic/cryptogenic
epilepsies) than in relatives of those with symptom-
atic epilepsy. Because our idiopathic/cryptogenic
subgroup was primarily cryptogenic, this higher
risk suggests that genetic susceptibility contributes
to some forms of cryptogenic epilepsy. Therefore,
although cryptogenic epilepsy is defined in the syn-
drome classification as ‘‘presumed symptomatic
but without identified etiologic factors,”” patients
with cryptogenic epilepsy differ markedly from
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TABLE 2. RR for epilepsy in relatives of probands with idiopathic/cryptogenic epilepsy, by seizure type and age at
onset of epilepsy in probands

No. of
. . relatives Univariate Mutltivariate
Class of relatives/seizure
type and age at onset With
of epilepsy in the proband Total epilepsy RR (95% CI) RR 95% CI)
Parents
Generalized onset 362 14 1.8 (0.97-3.18) 1.8 (0.99-3.27)
Partial onset 2,252 50 1.0 (Reference) 1.0 (Reference)
Age (yr)
<10 818 22 1.0 (0.52-1.83) 0.9 (0.48-1.75)
10-19 1,111 23 0.8 (0.41-1.40) 0.7 (0.39-1.33)
=20 780 20 1.0 (Reference) 1.0 (Reference)
Siblings
Generalized onset 457 21 1.7 (1.03-2.68) 1.6 (0.96-2.52)
Partial onset 3,063 85 1.0 (Reference) 1.0 (Reference)
Age (yr)
<10 1,168 25 0.8 (0.44-1.35) 0.8 (0.43-1.33)
1019 1,485 55 1.3 (0.84-2.15) 1.3 (0.80-2.06)
=20 1,017 28 1.0 (Reference) 1.0 (Reference)
Offspring
Generalized onset 171 0.5 (0.22-1.37) 0.5 0.20-1.27)
Partial onset 1,122 61 1.0 (Reference) 1.0 (Reference)
Age (yr)
<10 236 18 2 (1.234.07) 2.5 (1.374.68)
10-19 488 20 1.1 (0.63-2.01) 1.2 (0.65-2.10)
=20 640 29 1.0 (Reference) 1.0 (Reference)

Abbreviations as in Table 1.

RR and 95% CI calculated from Cox proportional hazards model. Univariate analysis includes only birth year of the relatives as a
covariate; multivariate analysis includes proband seizure type, proband age at onset, and birth year of the relatives.

those with symptomatic epilepsy in terms of the
role of a genetic susceptibility. This implies that
identification of a history of CNS injury provides
important information about genetic risk.

In relatives of probands with neurodeficits pre-
sumed present at birth, risk of epilepsy was as high
as in relatives of probands with idiopathic/
cryptogenic epilepsy. The increased risk of epilepsy
in relatives of probands with neurodeficit may re-
flect a shared genetic susceptibility to epilepsy and
cerebral palsy. The findings of two previous studies
provide support for this possibility. In the National
Collaborative Perinatal Project, incidence of cere-
bral palsy in offspring was associated with the
mother’s history of epilepsy (18) and incidence of
nonfebrile seizure disorders in offspring without ce-
rebral palsy was associated with a history of motor
deficits in siblings (19). Similarly, Rimoin and
Metrakos reported an increased prevalence of con-
vulsions and epileptiform EEG abnormalities in rel-
atives of children with hemiplegia, a specific form
of cerebral palsy (20).

Among relatives of probands without identified
CNS insults, the relations of familial risk to proband
age at onset and seizure type were similar in parents
and siblings but differed in offspring. In parents and
siblings, risks did not differ among the three strata
of proband age at onset we examined (<10 years,
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10-19 years, =20 years). In offspring, risks were
twice as high if the proband had onset <10 years
than if the proband had onset at older ages. These
findings are difficult to compare with those of pre-
vious studies because of differences in the proband
age-at-onset categories and the relative classes in-
cluded. Lennox (1) reported a gradient of risk in
first-degree relatives with proband age at onset,
with risks highest in relatives of probands with on-
set before age 5 vyears, intermediate in those of
probands with onset between the ages of 5 and 19
years, and lowest in those with older ages at onset.
Eisner et al. (2) reported the highest risks to be in
first-degree relatives of probands with onset before
age 4. Annegers et al. (6) reported that the RR of
unprovoked seizures was similar in relatives of
probands with onset of idiopathic epilepsy <10
years and 10-16 years. In the Minnesota Clinical
Epilepsy Research Program (5), epilepsy risks were
higher for siblings of probands with onset <23 years
than for siblings of those with later ages at onset.
Ounsted (7) reported higher risks of epilepsy in sib-
lings of probands with onset between 1 and 3.5
years than in siblings of those with either earlier or
later age at onset. In that study, however, children
with acute symptomatic seizures were included as
probands; therefore, many probands with onset be-
fore age 1 may have had neonatal seizures rather
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FIG. 3. Cumulative incidence of epilepsy in relatives of
probands with idiopathic/cryptogenic epilepsy only, by age
at onset of proband’s epilepsy. Relatives of probands with
onset at age <10 years (diamonds), age 10-19 years
(squares), and age =20 years (triangles). Parents (A), siblings
(B), offspring (C).

than epilepsy. From the data reported by Tsuboi
and Endo (3), we calculate that prevalence of a his-
tory of epilepsy was 3% in offspring of probands
with onset <10 years and 2.7% in offspring of those
with onset =20 years.

In parents and siblings, we confirmed the finding
of previous studies that risks were higher if the
proband had generalized onset seizures than if the
proband had partial onset seizures (8). We did not
observe this pattern in offspring, however. The re-
sults in offspring were similar to those in our pre-
vious analysis of risks in offspring of probands with
epilepsy in Rochester (9). However, in that study,
risks were higher in offspring of probands with ab-
sence seizures than in offspring of probands with
other generalized or partial seizures, a finding not
observed in the current study.

For many of the subgroups in this analysis, risks
were lowest in parents, intermediate in siblings, and
highest in offspring (Figs. 1-3). In a previous anal-
ysis, we showed that this apparent increase in risk
in successive generations disappeared after we con-
trolled for birth year of the relatives (23). Because
incidence rates of epilepsy have not increased dur-
ing the time periods we investigated among persons
aged <40 years (24), we concluded that the appar-
ent ‘‘cohort effect’” was likely to be due to under-
reporting of epilepsy was present at young ages in
older relatives. If the cohort effect were entirely
due to underreporting, however, we would expect it
to have a similar magnitude in different subgroups
defined by clinical features in the probands. We
noted instead that the apparent increase in inci-
dence in successive generations was greater in some
subgroups than in others. The greater increase in
risk in some subgroups may reflect a true biological
effect, possibly compatible with ‘‘anticipation’’
(26). The dramatic increase in risk in successive
generations in relatives of probands with partial on-
set seizures makes this subgroup of interest for fur-
ther investigation in this regard.

The differential cohort effect in families of
probands with partial as compared with generalized
onset seizures may explain the different relation of
proband seizure type to epilepsy risk in offspring as
compared with parents and siblings. On the other
hand, the influences on risk in offspring may differ
from those in parents and siblings. Risk of epilepsy
is approximately twice as high in offspring of af-
fected women as in offspring of affected men
(27,28). This ‘“maternal effect’’ is inconsistent with
any conventional genetic model (25) and may reflect a
maternally transmitted influence on susceptibility that
affects risk in offspring but not in parents and siblings.

Members of the same family are expected to be
correlated in terms of risk of epilepsy (whether due
to shared genes or shared environment) and follow-
up time. Because we treated each offspring or sib-
ling as an independent observation, our analysis did
not control for these intrafamilial correlations. This

Epilepsia, Vol. 37, No. 4, 1996

8SUBD| SUOWIWIOD BAIER1D) 3|qedl|dde ays Aq pausenob ee sajone O (88N JO SaINJ 104 A%eiqIT 8UIIUO AB]IM UO (SUO R PUOD-PUe-SWUYW0D" A3 1M AReiq 1 julUO//SanyY) SUORIPUOD pue Swiie L 8U3 89S *[9202/T0/9T] uo Ariqiiauluo A|im ‘sereiqi] AN eIqwn|oD AQ X T2G000¥966T ZSTT-82ST [/TTTT 0T/I0p/w00"AB| 1M AReiq1jouluo//Sdny wioly pepeojumod ‘v ‘966T ‘L9TT8ZST



360 R. OTTMAN ET AL.

lack of control would not be expected to bias our
point estimates of the RR but would lead to some
underestimation of the confidence intervals of the
RR for siblings and offspring. This underestimation
of the confidence intervals is probably not very
great, however, because most sibships did not con-
tain more than one affected sibling or offspring.

We ascertained our probands by sampling adults
with epilepsy who had sought services from volun-
tary organizations. As a result of this ascertainment
scheme, the probands in our study are unrepresen-
tative of the general population of persons with ep-
ilepsy with respect to seizure type and duration of
illness. The proportion with partial onset seizures
(84%) is higher than that in prevalent cases of all
ages in Rochester (59%) (11). However, the distri-
bution of etiology and age at onset was similar to
that of Rochester prevalent cases (Rochester vs.
EFSCU: 24 vs. 20% symptomatic and age at onset
<10 years 31 vs. 28%, 10-19 years 33 vs. 39%, and
=20 years 36 vs. 33%) (11).

Among incident cases of epilepsy in Rochester,
the probability of remission (=5 consecutive years
seizure-free) within 10 years after diagnosis was
65% overall, and was greater for patients with gen-
eralized onset as compared with those with partial
onset seizures (~70 vs. ~60%), and for those with
childhood onset epilepsy (age <10 years 75%, 10-19
years 68%, =20 years 63%) (29). Persons with child-
hood onset epilepsies that remit before adulthood
were essentially excluded from the EFSCU sample
of probands because they were unlikely, as adults,
to have sought services from voluntary organiza-
tions. Therefore, probands with childhood onset ep-
ilepsies that were included in our series represent
the relatively small proportion of such patients
whose epilepsy fails to remit. Because many of the
idiopathic generalized epilepsy syndromes have
childhood onset and a benign course, our sample
contains few probands with these syndromes. Un-
derrepresentation of subjects with familial, early
onset, remitting epilepsies may have led to a lower
apparent effect of age at onset than would have
been observed in a proband sample of incident
cases. Selection of subjects with epilepsies of long
duration may also have contributed to the lack of
association between absence seizures and familial
risk in our series; e.g., if the genetic contributions
were smaller in absence epilepsies that fail to remit
than in the more typical absence epilepsies that do
remit, familial risks would be lower for probands
with absence seizures in our series than in Roches-
ter.

All but one of the probands in our study who
were classified as having neurodeficit from birth
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had cerebral palsy. Furthermore, none of the
probands in this subgroup had severe intellectual
impairment, because participation required suffi-
ciently high intelligence for the subjects to be able
to answer the interview questions. This factor re-
duces comparability of our series with other series
of patients with epilepsy associated with neurolog-
ical deficit presumed present at birth.

Although our study population differs from the
general population of epilepsy cases in terms of
clinical characteristics, it is not seriously biased
with respect to family history of epilepsy. Partici-
pation rates were high (84%), and we circumvented
selection bias related to family history by avoiding
mention of genetic factors when subjects were in-
vited to participate (10). Furthermore, our esti-
mates of epilepsy risks in siblings and offspring are
similar to the findings of family studies in the pop-
ulation-based series of Rochester (12,30). The
slightly lower risks in our series than in the Roch-
ester series are probably primarily due to underre-
porting of epilepsy in relatives (23). This underre-
porting may be greater for some epilepsies (e.g.,
benign childhood epilepsies) than for others, espe-
cially in older relatives.

The EFSCU probands are likely to be similar to
patients treated in adult epilepsy clinics in many
respects (seizure type, etiology, age at onset, clin-
ical course); e.g., the proportion of subjects with
partial onset seizures in the EFSCU series is similar
to that in other series of adults with epilepsy ascer-
tained from clinical care settings (74-83%) (31-34).
Because of this similarity, our results are likely to
be generalizable to most adult clinical series. There-
fore, the cumulative incidences shown in Figs. 1-3
have practical utility for estimation of the risks of
epilepsy in relatives of patients being treated in
adult epilepsy clinics.

Our results demonstrate that identification of
CNS lesions provides important information about
familial risk of epilepsy. Genetic susceptibility is
likely to contribute to risk of some forms of cryp-
togenic epilepsy and of epilepsy associated with
neurological deficit presumed present at birth,
whereas it is unlikely to contribute to risk of epi-
lepsy associated with postnatal CNS insults. Sei-
zure type and age at onset of epilepsy were predic-
tors of familial risk even in a study population that
contained very few patients with idiopathic epilepsy
syndromes. Among relatives of probands without
identified CNS lesions, the influences on risk in off-
spring may differ from those in parents and siblings.
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