
 

Volume 338 Number 24

 

·

 

1715

 

LONG-TERM PROGNOSIS OF SEIZURES WITH ONSET IN CHILDHOOD

 

LONG-TERM PROGNOSIS OF SEIZURES WITH ONSET IN CHILDHOOD

 

M

 

ATTI

 

 S

 

ILLANPÄÄ

 

, M.D., P

 

H

 

.D., M

 

ERJA

 

 J

 

ALAVA

 

, M.D., P

 

H

 

.D., O

 

LLI

 

 K

 

ALEVA

 

, B.S

 

C

 

., 

 

AND

 

 S

 

HLOMO

 

 S

 

HINNAR

 

, M.D., P

 

H

 

.D.

 

A

 

BSTRACT

 

Background

 

The long-term prognosis of seizures
that begin in childhood is uncertain.

 

Methods

 

We prospectively studied 245 children
from the catchment area of Turku University Hospital
in Turku, Finland, who had active epilepsy diagnosed
between 1961 and 1964. Sixty-eight patients (28 per-
cent) had idiopathic seizures (presumed to have a
genetic origin), 54 (22 percent) had cryptogenic sei-
zures (occurring in otherwise normal persons with
no clear cause), and 123 (50 percent) had remote
symptomatic seizures (with no immediate cause but
occurring in persons with a prior brain injury or a
static encephalopathy).

 

Results

 

At the final follow-up in 1992, we had suf-
ficient data on 220 patients (90 percent), 176 of
whom were alive and 44 of whom had died; the re-
maining 25 had emigrated, could not be traced, or
declined to participate. Thirty-nine patients who died
were not free of seizures at the time of death, and 33
had remote symptomatic seizures. Among the sur-
viving patients, 112 (64 percent) had been seizure-
free for at least five years, including 83 (47 percent)
who were not taking antiepileptic medications. The
most important predictors of being seizure-free for
at least five years were a rapid response to therapy
(defined as a reduction in the frequency of seizures
of 75 to 100 percent within three months of begin-
ning treatment) and a diagnosis of idiopathic sei-
zures. As compared with a matched control group,
99 patients with epilepsy but no other initial neuro-
logic impairment were of similar socioeconomic sta-
tus and had similar rates of passing an examination
given after 12 years of school. Significantly more pa-
tients, however, had completed only six years of
school (relative risk, 2.13), were unemployed (relative
risk, 3.76), were not married (relative risk, 3.50), and
did not have children (relative risk, 3.00).

 

Conclusions

 

Although the majority of patients
with epilepsy in childhood are free of seizures by the
time they become adults, they are at increased risk
for social and educational problems. Patients whose
epilepsy does not remit also have an increased risk
of death. (N Engl J Med 1998;338:1715-22.)
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OST studies of the prognosis of epi-
lepsy focus on short-term remission of
seizures in patients with newly diag-
nosed epilepsy.

 

1-5

 

 Outcomes after long-
term remission of seizures have been reported in
well-designed retrospective studies in Minnesota,
Sweden, and Japan.

 

5-7

 

 With a few notable excep-
tions,

 

7,8

 

 data on mortality have been obtained from
reviews of medical records and death certificates or

M

 

from studies of patients with refractory epilepsy.

 

9-14

 

The long-term social, educational, and employment
outcomes of people with childhood-onset epilepsy
have not been a focus of study with the exception of
a few reports of patients with refractory epilepsy
who were seen in tertiary care centers.

 

9,15

 

 We report
the long-term outcomes of a population-based co-
hort of 245 patients with epilepsy in childhood who
were prospectively followed for several decades.

 

METHODS

 

Patients

 

The study group included all children under 16 years of age
who were living in the catchment area of University of Turku
Hospital, Turku, Finland, at the end of 1964 who met the criteria
for epilepsy (two or more unprovoked seizures).

 

6,16-18

 

 Patients
were identified on the basis of hospital records and a review of
the National Health Service records, a registry of all persons re-
siding in Finland. Of the 245 patients identified, 223 (91 per-
cent) were seen at University of Turku Hospital. The remaining
22 patients (9 percent) were seen at other hospitals and institu-
tions in southern Finland. In Finland in the 1960s, all children
with seizures were referred for evaluation. Ongoing surveillance
of the national registry since that time has identified only three
other patients who on review met the inclusion criteria and would
have been included if identified at the proper time. Thus, the
sample represents a population-based cohort of children under 16
years of age with epilepsy.

The 245 patients included 150 (61 percent) whose initial visit
for evaluation of seizures occurred between January 1961 and
December 1964 (incident cases). The remaining 95 (39 percent)
were initially seen before 1961, but they were evaluated at least
once during the study period of 1961 to 1964 and had had at
least one seizure during the three years before that visit. All 245
were examined in 1972 by one pediatric neurologist,

 

19

 

 enrolled in
a prospective, longitudinal study of outcomes, and followed for
an additional 20 years. Follow-up included ongoing review of
the medical records and a comprehensive reevaluation every five
years. The final follow-up in 1992 consisted of a structured inter-
view and a clinical examination. There were sufficient data for
evaluation in the case of 176 patients who were alive in 1992 and
44 patients who had died (total, 90 percent). Of the remaining
25 (10 percent), 7 had emigrated, 10 could not be traced, and
8 declined to participate in the final follow-up.

 

Control Subjects

 

Of the 176 surviving patients with sufficient data for evalua-
tion, 100 (57 percent) had uncomplicated epilepsy, which was de-
fined as epilepsy without other initial neurologic impairment. For
these 100 patients, a matched control group was selected from
the nationwide population registry. We used stratified random
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sampling to choose four potential control subjects for each pa-
tient, matched for sex, age, and place of birth. Of the first 100
potential control subjects, only 5 declined to participate, and the
appropriate 5 from the second 100 potential controls were then
substituted. One control subject who had erroneously been iden-
tified as male was subsequently excluded. The remaining 99 pairs
of patients and control subjects were all given detailed question-
naires and interviewed.

The study design was approved by the joint ethics committee
of the Turku University Medical School and the University of
Turku Hospital. Oral informed consent was obtained from all
subjects.

 

Definitions

 

For this report, the types of seizures, epileptic syndromes, and
the causes of seizures were reclassified according to the current
classification schemes and the guidelines for epidemiologic re-
search of the International League against Epilepsy.

 

16-18

 

 These
guidelines

 

16

 

 classify seizures as remote symptomatic, cryptogenic,
or idiopathic. Remote symptomatic seizures are those without an
immediate cause in a patient with either an identifiable prior brain
injury such as major head trauma, meningitis, or stroke or a static
encephalopathy, such as mental retardation or cerebral palsy, that
is known to be associated with an increased risk of seizures. Cryp-
togenic seizures are those occurring in otherwise normal persons
with no clear cause. Until recently, cryptogenic seizures were also
called idiopathic seizures. In the new classification, the term “id-
iopathic” is reserved for seizures occurring in patients with epi-
lepsy with a presumed genetic origin, such as benign rolandic ep-
ilepsy and childhood absence epilepsy.

 

16,18

 

A favorable early response to antiepileptic drugs was defined as
a reduction of 75 to 100 percent in the frequency of seizures
within three months after the initiation of treatment. Any patient
who had been seizure-free for five years with or without medica-
tions was considered to be in remission.

 

6

 

 Patients were assessed
to determine whether they had ever been in remission and wheth-
er they were in remission at the time of the last follow-up or
death.

A patient with an IQ below 70 before the age of 18 years was
considered to have mental retardation.

 

20

 

 Cerebral palsy was de-
fined as a chronic, nonprogressive cerebral disorder in young chil-
dren that resulted in impaired motor function.

 

21

 

 The results of a
neurologic examination were classified as abnormal if definite ab-
normalities such as hemiparesis, bilateral paresis, ataxia, or cogni-
tive impairment were present. The presence of clumsiness, learn-
ing disabilities, or other “soft” neurologic signs was not sufficient
to classify a patient as having neurologic abnormalities.

Socioeconomic status was defined according to the criteria of
the Central Statistical Office of Finland.

 

22

 

 The classification is
based, according to United Nations recommendations, on various
criteria such as occupation and employment status and includes
seven categories. Since the number of subjects in some categories
was very small, the upper three categories were combined and
considered to represent higher socioeconomic status, correspond-
ing to an income level of approximately $40,000 per year in the
United States. The lower four categories were also combined and
considered to represent lower socioeconomic status.

In the Finnish system of education, primary education is the
equivalent of elementary-school education in the United States
(kindergarten through sixth grade); a matriculation examination
is taken after the completion of 12 years of schooling and is ap-
proximately equivalent to 1 year of college in the United States;
and vocational training for specific occupations can begin after
the ninth grade. The patients’ levels of education were assessed
with the use of these terms.

 

Statistical Analysis

 

We used statistical methods that take into account the time-
dependent nature of the data

 

23-26

 

 using BMDP software.

 

27

 

 The
product-limit method was used to calculate the risk of death and

of remission at various times after the onset of the seizure disor-
der.

 

23,26

 

 Standard errors and 95 percent confidence intervals for
the point estimates were calculated with a modification of Green-
wood’s formula.

 

24,27

 

 The results are displayed by means of Kap-
lan–Meier curves.

 

23,24

 

 Univariate and multivariable analyses were
performed with the Cox proportional-hazards model.

 

24-27 

 

The
rate ratio was used as a measure of the magnitude of the associ-
ation between a variable and the risk of the measured outcome
(death, remission, or remission in the absence of medications).

 

24-27

 

For the comparison of social outcomes between subjects and
controls, relative risks were used.

 

26,27

 

 The 95 percent confidence
intervals were calculated from the logistic-regression models with
a formula based on the normal approximation.

 

26,27

 

 In addition,
Pearson’s chi-square test, with Yates’ correction when appropriate,
and Fisher’s exact test (two-tailed) were used. A P value of less
than 0.05 was considered to indicate statistical significance. All
P values are two-tailed.

 

RESULTS

 

Characteristics of the Subjects

 

The cohort included 134 male patients (55 per-
cent) and 111 female patients (45 percent). The
mean age at onset of epilepsy was 4.3 years (median,
3.0). At the time of the last follow-up, in 1992, the
mean age was 32.5 years in the entire cohort and
35.6 years in the group of 176 surviving patients for
whom data were available. During the period from
January 1961 to December 1964, a total of 108,019
children under the age of 16 resided in the catch-
ment area of University of Turku Hospital. The
estimated annual incidence of epilepsy in this popu-
lation was 0.35 per 1000 (95 percent confidence in-
terval, 0.24 to 0.49), and the estimated prevalence
of active epilepsy was 2.3 per 1000 (95 percent con-
fidence interval, 1.46 to 3.45). The seizures were
classified as idiopathic in 68 patients (28 percent),
cryptogenic in 54 patients (22 percent), and remote
symptomatic in 123 patients (50 percent). There
were no significant differences between the 150 pa-
tients with incident cases and the other 95 patients
with respect to cause or type of seizures and epilepsy
syndrome.

 

Mortality

 

Data on mortality are summarized in Table 1.
There were 44 documented deaths (18 percent),
yielding a mortality rate of 6.23 per 1000 person-
years (95 percent confidence interval, 5.72 to 6.71).
The overall probability of survival was 0.94 (95 per-
cent confidence interval, 0.91 to 0.97) 10 years after
the onset of seizures, 0.88 (95 percent confidence
interval, 0.84 to 0.92) 20 years after onset, and 0.75
(95 percent confidence interval, 0.64 to 0.86) 40
years after onset. The probability of survival as a func-
tion of age was 0.96 at 10 years of age (95 percent
confidence interval, 0.94 to 0.99), 0.89 at 20 years
of age (95 percent confidence interval, 0.85 to
0.93), and 0.80 at 40 years of age (95 percent con-
fidence interval, 0.76 to 0.86).

The cause of the seizures strongly influenced
mortality. The probability of survival to the age of
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40 was 0.87 among patients with idiopathic seizures
(95 percent confidence interval, 0.77 to 0.96), 0.93
among those with cryptogenic seizures (95 percent
confidence interval, 0.86 to 0.99), and 0.73 among
those with remote symptomatic seizures (95 percent
confidence interval, 0.65 to 0.81; P<0.001 for the
comparison with the other two groups). The mor-
tality rate was also somewhat lower among patients
with incident cases (4.76 per 1000 person-years;
95 percent confidence interval, 4.38 to 5.25) than
among the other 95 patients (8.37 per 1000 person-
years; 95 percent confidence interval, 7.84 to 8.99);
the relative risk of death among those with incident
cases was 0.53 (95 percent confidence interval, 0.31
to 0.90; P=0.03). Thirty-nine of the 44 patients
who died (89 percent) were not in remission at the
time of death (relative risk of death among those not
in remission as compared with those in remission,
9.26; 95 percent confidence interval, 3.78 to 22.70;
P<0.001). Death was definitely or probably related
to a seizure in 20 cases. There were three cases of
sudden unexplained death in patients with idiopath-
ic epilepsy (at the ages of 13, 32, and 36) who were
not in remission.

 

Remission

 

The data on remission are shown in Figure 1. The
majority of patients who were alive at the time of the
last follow-up had had a remission or were still in re-
mission. Of 83 surviving patients who were in remis-
sion without medication at the last follow-up, 58
(70 percent) had been seizure-free for more than 20
years. Of the 176 surviving patients with sufficient
data for analysis, 143 (81 percent) were in remission
at some point. Of these 143, 67 (47 percent) sub-
sequently relapsed, 49 while receiving antiepileptic
medications. Thirty-six of the 67 who relapsed (54
percent) were in remission at the time of the last fol-
low-up.

Multivariable analysis showed that the cause of
the seizures, the response to anticonvulsant therapy,
the initial frequency of seizures, and the type of sei-
zures were all associated with a surviving patient’s
probability of being in remission at the time of the
last follow-up (Table 2). The results were similar
when the analysis was limited to patients with inci-
dent cases (Table 2). Patients with remote sympto-
matic seizures were significantly less likely to have a
remission (Fig. 2) or to be in remission at the time

 

*An incident case was one in which the initial visit for the evaluation of seizures occurred between January 1961 and December 1964.

†CI denotes confidence interval.

‡Death was definitely or probably related to a seizure.
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(N=123)

 

Outcome known — no. 220 137 56 48 116

No. of deaths 44 20 7 4 33

Deaths per 1000 patient-years
— no. (95% CI)†

6.23
(5.72–6.71)

4.76
(4.38–5.25)

3.42
(3.05–3.78)

2.44
(2.10–2.72)

9.76
(9.19–10.43)

Age at death — yr
Mean
Range

18.6
1–41

20.6
2–36

23.3
11–37

19.3
2–27

17.5
1–41

Remission status at time of death
— no. (%)

Not in remission
In remission

Medication
No medication

39 (89)
5 (11)
1
4

15 (75)
5 (25)
1
4

6 (86)
1 (14)
0
1

3 (75)
1 (25)
1 
0 

30 (91)
3 (9)
0 
3 

Death related to seizure — no. (%)‡
Witnessed seizure

Status epilepticus
Probable seizure
Drowning
Sudden unexplained death

20 (45)
9 (20)
3 (7)
4 (9)
4 (9)
3 (7)

9 (45)
4 (20)
2 (10)
3 (15)
1 (5)
1 (5)

4 (57)
1 (14)
0
0
0
3 (43)

2 (50)
2 (50)
1 (25)
0 
0 
0 

14 (42)
6 (18)
2 (6)
4 (12)
4 (12)
0 

Death not related to seizure — no. (%)
Pneumonia
Suicide
Other

23 (52)
12 (27)
2 (4)
9 (20)

11 (55)
4 (20)
1 (5)
6 (30)

3 (43)
0
1 (14)
2 (29)

1 (25)
0 
1 (25)
0 

19 (58)
12 (36)
0 
7 (21)

Cause of death unknown — no. (%) 1 (3) 0 0 1 (25) 0 
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of the last follow-up, particularly in the absence of
medications (Table 2), than patients with idiopathic
or cryptogenic seizures (P<0.001 for the compari-
son among groups). Patients with remote sympto-
matic epilepsy were also more likely to continue tak-
ing medication despite being in remission. An early
response to drug therapy was the single best predic-
tor of remission both in the overall cohort and in the
three subgroups classified according to the cause of
seizures (Table 2). An initial seizure frequency of
less than once a month was also associated with a
more favorable prognosis, but the number of sei-
zures recorded before drug therapy was initiated was
not related to the probability of remission. The type
of seizure was also associated with the probability of
remission (Table 2). 

 

Social and Educational Outcomes

 

The relative risks of various social and educational
outcomes among 99 patients with uncomplicated
epilepsy, as compared with control subjects matched
for age, sex, and place of birth, are shown in Table
3. The patients with uncomplicated epilepsy had sig-
nificantly worse outcomes for all social and educa-
tional variables except the one related to passing the

matriculation examination. The results were similar
when the analysis was limited to patients with inci-
dent cases. All children with uncomplicated epilepsy
had at least a primary education. However, the pa-
tients were less likely than the control subjects to
have continued their education. Despite these differ-
ences in the level of education, the socioeconomic
status of the patients and the controls was similar.
Not surprisingly, the 76 patients with epilepsy and
other disabilities had poorer outcomes on each of
these measures than the 99 patients with uncompli-
cated epilepsy (data not shown).

Similar proportions of patients with uncomplicat-
ed epilepsy in remission without medication at the
time of the last follow-up and control subjects were
of higher socioeconomic status and held a driver’s li-
cense (Table 3). However, the patients were less like-
ly to be married or living with someone or have chil-
dren and had a marginally lower probability of being
employed. The findings were similar when the anal-
ysis was limited to patients with incident cases or to
those with idiopathic epilepsy. Of 66 patients with
uncomplicated epilepsy in remission without medi-
cation at the time of the last follow-up, 47 (71 per-
cent) had been in remission since the age of 20. Thus,

 

Figure 1.

 

 Kaplan–Meier Estimates of the Cumulative Probability of a Five-Year Remission in a Cohort
of 245 Finnish Patients with Onset of Epilepsy in Childhood.
The cumulative probability of ever being in remission with or without antiepileptic drugs, of being in
remission with or without antiepileptic drugs at the time of the last follow-up or death, and of being
in remission without antiepileptic drugs at the time of the last follow-up or death is shown.
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adverse social effects persisted even in patients who
entered adult life free of seizures and seizure medi-
cation.

There were too few patients with uncomplicated
epilepsy in remission who were taking medication
(nine) for a comparison with those in remission
without medication. However, 4 patients (44 per-
cent) who were in remission with medication had a
driver’s license, as compared with 52 patients (79
percent) in remission without medication (P=0.4)
and 88 control subjects (89 percent, P=0.003). In
Finland, patients with well-controlled epilepsy may
drive.

 

DISCUSSION

 

We assessed the long-term outcome of a popula-
tion-based cohort with epilepsy of childhood onset
that was prospectively followed for many years by a

single pediatric neurologist. The strengths of this
study are the long-term follow-up with a high rate
of retention of subjects, the availability of detailed
information permitting accurate classification of the
type of seizures, the epilepsy syndrome, and the
cause of seizures, as well as an assessment of social
and seizure-related outcomes.

The incidence and prevalence of epilepsy and sei-
zures are consistent with those reported in other
population-based studies.

 

9,28-30

 

 The proportion of pa-
tients with idiopathic seizures is also similar to that
in other series.

 

31

 

 The higher proportion of patients
with remote symptomatic epilepsy in our cohort
than in other studies is due to the extensive analysis
of the patients, which led to a reclassification of the
cause in numerous patients and thus reduced the
proportion of patients with cryptogenic epilepsy.
Many patients initially considered to have crypto-

 

*The variables entered into the multivariable analysis with the Cox proportional-hazards model included the age at onset of seizures, the cause of seizures,
the type of seizures, the epilepsy syndrome, the initial frequency of seizures, early response to therapy, the number of seizures recorded before treatment
was initiated, the occurrence of status epilepticus, the occurrence of seizures during both waking hours and sleep, neurologic status, and IQ. CI denotes
confidence interval.

†Atonic seizures are most commonly seen in patients with remote symptomatic epilepsy.
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TOTAL

NO

 

. OF

PATIENTS

NO. IN

REMISSION

ON OR OFF

MEDICATION

(%)
RATE RATIO

(95% CI)
P

VALUE

NO. IN 
REMISSION

OFF MEDI-
CATION 

(%)
RATE RATIO

(95% CI)
P

VALUE

TOTAL

NO. OF

PATIENTS

NO. IN

REMISSION

OFF MEDI-
CATION 

(%)
RATE RATIO

(95% CI)
P

VALUE

Overall cohort 176 112 (64) 83 (47) 117 66 (56)

Early response 
to therapy

102 80 (78) 3.70
(2.04–6.68)

<0.001 64 (63) 10.43
(3.20–34.0)

<0.001 73 50 (68) 2.22
(1.24–3.96)

0.004

Complex partial 
seizures

74 35 (47) 0.30
(0.18–0.49)

<0.001 19 (26) 0.33
(0.15–0.71)

0.005 43 15 (35) 0.28
(0.13–0.59)

0.001

Atonic seizures† 14 3 (21) 0.22
(0.07–0.73)

0.002 2 (14) 0.46 11 2 (18) 0.26
(0.06–1.21)

0.05

Cause of epilepsy
Remote sympto-

matic
Cryptogenic

Idiopathic

83

44

49

37 (45)

30 (68)

45 (92)

0.31
16 (19)

25 (57)

42 (86)

1.00

3.03
(1.41–6.54)

3.15
(1.54–6.43)

<0.001
46

35

36

11 (24)

23 (66)

32 (89)

1.00

3.39
(1.57–7.31)

2.62
(1.21–5.66)

0.002

Idiopathic epilepsy 49 45 (92) 42 (86) 32 (89)

Early response 
to therapy

Initial seizure frequency 
<1/mo

38

24

37 (97)

21 (87)

6.06
(1.42–25.8)

0.002

0.06

35 (92)

18 (75)

8.43
(1.09–64.9)

2.04
(1.02–4.07)

0.006

0.04

28

18

26 (93)

14 (78)

3.21
(1.01–10.7)

0.03

0.57

Cryptogenic epilepsy 44 30 (68) 25 (57) 23 (66)

Early response 
to therapy

Complex partial
seizures

27

27

21 (78)

16 (59)

3.32
(0.98–11.3)

0.38
(0.16–0.88)

0.03

0.03

18 (67)

12 (44)

7.55
(1.00–57.0)

0.31
(0.12–0.79)

0.008

0.02

23

20

17 (74)

11 (55) 0.32
(0.13–0.80)

0.11

0.01

Remote symptomatic 
epilepsy

83 37 (45) 16 (19) 46 11 (24)

Early response 
to therapy

37 22 (59) 3.21
(1.52–6.79)

0.001 11 (30) 7.61
(1.66–34.9)

0.002 22 7 (32) 0.09
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genic epilepsy are subsequently found to have re-
mote symptomatic epilepsy.32

Mortality

Patients with epilepsy have an increased risk of
death, including sudden death.7-14 The high death
rate in our cohort may be partly accounted for by
the higher proportion of patients with remote symp-
tomatic epilepsy and by the fact that we counted all
deaths in the cohort whether or not they were at-
tributable to the seizure disorder. The lower mortal-
ity rate among our patients with incident cases was
not accompanied by differences in other outcome
measures in the surviving patients. In prior studies
of children with seizures, the children were rarely
followed into adulthood, when most of the deaths
occur.5,7-9 The mortality rates in this cohort were
similar to those reported in adults with refractory
epilepsy, many of whom first began to have seizures
in childhood.13,14

Remission

The data on overall remission are consistent with
those reported in Rochester, Minnesota,6 and the
United Kingdom.33 As in other studies, the cause of
seizures was consistently associated with the proba-
bility of remission.5-7,33 The variable most strongly
associated with remission was an early response to
drug therapy. Other studies have reported that pa-
tients who have a response within the first year of

therapy have a better prognosis.1,2,6 These findings
suggest that in selected situations, children and ado-
lescents with persistent seizures may be candidates
for surgery34 after two years of appropriate medical
therapy. However, although those with an early re-
sponse did well, many of the children who did not
have early responses eventually entered remission, a
finding in agreement with a recent report on the
prognosis of refractory childhood epilepsy.35 These
data on the early response to treatment are from an
era that preceded the introduction of carbamaze-
pine, valproate, and other, newer medications.36 Al-
though we believe that an early response to treat-
ment is still valid as a predictor of favorable outcome,
a higher proportion of patients without an early re-
sponse than in our cohort may eventually enter re-
mission with the use of these newer medications.
The rate of remission without medication is less likely
to be affected by the availability of new drugs, since
it reflects the underlying course of the disorder.37

Social and Educational Outcomes

The occurrence of seizures in childhood appears
to have a long-term adverse impact on a patient’s
level of education and likelihood of employment,
marriage, and having children. These adverse effects
were found even in patients with idiopathic epilepsy
in remission without medication, a group that would
be expected to have the most favorable outcomes.
This difference is not due simply to discrimination,

Figure 2. Kaplan–Meier Estimates of the Cumulative Probability of a Five-Year Remission without
Antiepileptic Drugs in a Cohort of Finnish Patients with Onset of Epilepsy in Childhood, According to
the Cause of Epilepsy.
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since similar proportions of patients and control sub-
jects had passed the matriculation examination and
had higher socioeconomic status. Few data on edu-
cational outcomes in unselected groups of patients
are available for purposes of comparison.38 Studies of
patients attending seizure clinics have reported aca-
demic underachievement in relation to IQ39 and a
higher proportion of unfavorable educational out-
comes than in the general population.15,40-42

Several studies of adults with active epilepsy have
indicated they have lower rates of employment than
similar control subjects from the general popula-
tion.15,41,43,44 The differences were attributed to dis-
crimination and to problems related to the active sei-
zure disorder. Studies of patients who had refractory
epilepsy in childhood also reported poor long-term
employment outcomes even if the patients later be-
came seizure-free.15 Our study demonstrates that
even the mildest forms of childhood epilepsy can
have a lifelong effect on employment status.

As compared with the general population, adults
who had refractory temporal-lobe epilepsy as adoles-
cents15 and adults with active epilepsy who were at-

tending a seizure clinic41 were less likely to be mar-
ried. Decreased fertility has also been described in
patients with refractory epilepsy15,45 and in men and
women with active epilepsy.45 A younger age at onset
of epilepsy was associated with a decreased likelihood
of having children, even after adjustment for the low-
er marriage rates.45 The current data raise concern
about the long-term adverse effects on marriage and
fertility associated with the occurrence of even rela-
tively mild seizure disorders in childhood. It is un-
likely that more aggressive medical treatment would
have altered the clinical course in the majority of the
patients that we studied, since most had mild, self-
limited epilepsy that responded readily to therapy.

Conclusions

The majority of patients with epilepsy that begins
in childhood will become free of seizures by adult-
hood. Those who do not enter remission have an
increased risk of death. Although patients with
uncomplicated epilepsy have a favorable long-term
medical prognosis, they are more likely to have lower
levels of education and employment than the gener-

*In the Finnish system of education, primary education is the equivalent of elementary-school education in the United States (kindergarten through sixth
grade), a matriculation examination is taken after the completion of 12 years of schooling and is approximately equivalent to 1 year of college in the United
States, and vocational training for specific occupations can begin after the ninth grade. CI denotes confidence interval.

†Data on education were available for 95 patients.

‡Data on education were available for 63 patients.

§Data on education were available for 51 patients.

¶Data on education were available for 39 patients.

TABLE 3. RELATIVE RISKS OF VARIOUS SOCIAL AND EDUCATIONAL OUTCOMES AMONG 99 PATIENTS WITH UNCOMPLICATED EPILEPSY 
AS COMPARED WITH CONTROL SUBJECTS MATCHED FOR AGE, SEX, AND PLACE OF BIRTH.*

VARIABLE

CONTROL

SUBJECTS

(N=99) ALL PATIENTS (N=99)
PATIENTS IN REMISSION

WITHOUT MEDICATION (N=66)

PATIENTS WITH INCIDENT 
CASES IN REMISSION

WITHOUT MEDICATION (N=54)

PATIENTS WITH IDIOPATHIC

EPILEPSY IN REMISSION

WITHOUT MEDICATION (N=42)

NO. (%) NO. (%)

RELATIVE

RISK

(95% CI) P VALUE NO. (%)

RELATIVE

RISK

(95% CI) P VALUE NO. (%)

RELATIVE

RISK

(95% CI) P VALUE NO. (%)

RELATIVE

RISK

(95% CI) P VALUE

Primary 
education 
only

23 (23) 47 (49)† 2.13 
(1.41–3.21)

<0.001 29 (46)‡ 1.98 
(1.27–3.10)

0.004 22 (43)§ 1.86 
(1.15–2.99)

0.02 22 (56)¶ 2.43 
(1.55–3.82)

<0.001

Did not pass
matricu-
lation ex-
amination

74 (75) 76 (80)† 1.07 
(0.92–1.25)

0.48 50 (79)‡ 1.06 
(0.90–1.26)

0.63 40 (78)§ 1.05 
(0.87–1.26)

0.77 34 (87)¶ 1.17 
(0.99–1.38)

0.17

No vocation-
al training

51 (52) 66 (69)† 1.35 
(1.07–1.70)

0.02 42 (66)‡ 1.29 
(0.99–1.68)

0.08 32 (63)§ 1.21 
(0.92–1.62)

0.26 29 (74)¶ 1.44 
(1.11–1.88)

0.02

Not married 
or cohabit-
ing

10 (10) 35 (35) 3.50 
(1.84–6.67)

<0.001 19 (29) 2.85 
(1.42–5.74)

0.004 16 (30) 2.93 
(1.43–6.01)

0.004 12 (29) 2.83 
(1.33–6.03)

0.01

No children 16 (16) 50 (51) 3.00 
(1.84–4.88)

<0.001 28 (42) 2.52 
(1.49–4.27)

<0.001 22 (41) 2.92 
(1.39–4.20)

0.003 16 (38) 2.26 
(1.25–4.08)

0.01

No driver’s 
license

11 (11) 39 (39) 3.55
(1.93–6.51)

<0.001 14 (21) 1.91 
(0.92–3.94)

0.12 13 (24) 2.17 
(1.04–4.50)

0.04 9 (21) 1.93 
(0.83–4.31)

0.18

Not em-
ployed

8 (8) 31 (31) 3.76
(1.82–7.76)

<0.001 13 (20) 2.36 
(1.04–5.38)

0.03 11 (20) 2.44 
(1.05–5.70)

0.03 3 (7) 0.86 
(0.24–3.07)

0.81

Lower socio-
economic 
status

51 (52) 64 (65) 1.25 
(0.99–1.55)

0.08 40 (61) 1.18 
(0.90–1.55)

0.32 34 (63) 1.22 
(0.92–1.62)

0.23 28 (67) 1.29 
(0.97–1.72)

0.14
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al population and less likely to marry or have chil-
dren, even if they have been seizure-free without
medication for many years. Future interventions will
need to focus on the social aspects as well as the
medical aspects of treating seizures.
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