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Abstract

Objectives: Little is known about the very long-term cognitive outcome in patients with childhood-onset epilepsy.
The aim of this unique prospective population-based cohort study was to examine cognitive outcomes in aging partici-
pants with childhood-onset epilepsy (mean onset age = 5.3 years) five decades later (mean age at follow-up = 56.5
years). Methods: The sample consisted of 48 participants with childhood-onset epilepsy and 48 age-matched healthy
controls aged 48-63 years. Thirty-six epilepsy participants were in remission and 12 continued to have seizures.
Cognitive function was examined with 11 neuropsychological tests measuring language and semantic function, episodic
memory, and learning, visuomotor function, executive function, and working memory. Results: The risk of cognitive
impairment was very high in participants with continuing seizures; odds ratio (OR) = 11.7 (95% confidence interval

[CI] (2.8, 49.6), p = .0008). They exhibited worse performances across measures of language and semantic function, and
visuomotor function compared to participants with remitted epilepsy and healthy controls. In the participants with
remitted epilepsy, the risk of cognitive impairment was somewhat elevated, but not statistically significant; OR = 2.6
95% CI1 (0.9, 7.5], p = .08). Conclusions: Our results showed that the distinction of continued versus discontinued
seizures was critical for determining long-term cognitive outcome in childhood-onset epilepsy. Few participants in remission
exhibited marked cognitive impairment compared to age-matched peers. However, a subgroup of participants with decades
long active epilepsy, continuous seizure activity and anti-epileptic drug (AED) medication, showed clinically significant
cognitive impairment and are thus in a more precarious position when entering older age. (JINS, 2017, 23, 332-340)
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INTRODUCTION Cognitive impairment is an important pathway through
which these less advantageous outcomes may emerge.
Impairment in cognitive abilities such as memory, executive
function, processing speed, and linguistic abilities exert an
overarching adverse effect on the adaptability of an indivi-
dual (Rudzinski & Meador, 2013).
Epilepsy syndromes are heterogeneous in etiology, natural
course and underlying pathogenic mechanisms. All these
] - factors are likely to contribute to the substantial variation in
Correspondence and reprint requests to: Mira Karrasch, Department of

Psychology, Abo Akademi University, FIN-20500 Turku, Finland. E-mail: € cognitive sequelae of epilepsy, reflected both in the
mira.karrasch@abo.fi. severity of impairment and number of domains affected

Epilepsy is a prevalent neurological disorder associated
with numerous comorbidities that threaten quality of life,
education, employment, and social adjustment (Beghi,
Camfield, & Camfield, 2014; Institute of Medicine, 2012;
Lin, Mula, & Hermann, 2012; Sillanpid & Schmidt, 2010).
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(Elger, Helmstaedter, & Kurthen, 2004; Farwell, Dodrill,
& Batzel, 1985; Hamiwka & Wirrell, 2009; Hommet,
Sauerwein, De Toffol, & Lassonde, 2006; Lin et al., 2012;
MacAllister & Schaffer, 2007; Speechley et al., 2012).

In children and adolescents, epilepsy and its treatment may
interfere with normal cognitive development and early age at
onset is a robust predictor of global cognitive impairment,
deficits in language function, and lower 1Q (Berg, Zelko,
Levy, & Testa, 2012; Elger et al., 2004; Schoenfeld et al.,
1999). Similarly, among adults with chronic localization
related epilepsies, childhood as opposed to adult onset of
recurrent seizures has been shown to be associated with
greater adverse impact not only on cognition but brain
morphology as well (Hermann et al., 2002; Hermann, Lin,
Jones, & Seidenberg, 2009; Kaaden & Helmstaedter, 2009;
Oyegbile et al., 2004).

Middle-aged and older individuals with chronic
childhood-onset epilepsy are subsequently exposed to the
cumulative effect of several factors that could conceivably
lead to an increased risk for accelerated cognitive decline and
brain aging. These factors include, but are not limited to,
increasing number and severity of epileptic seizures,
increased exposure to adverse antiepileptic medication
effects, and chronic epileptiform discharges (Baxendale,
Thompson, & Duncan, 2012; Dodrill, 2004; Helmstaedter &
Elger, 2009; Hermann, Meador, Gaillard, & Cramer, 2010;
Hermann et al., 2009; Lin et al., 2012). There are no long-
term population-based studies with control groups spanning
decades and thus very little is known about the mid/later life
cognitive outcome of childhood-onset epilepsy.

The aim of this unique prospective cohort study was to
examine cognitive outcome 50 years later in aging participants
with  childhood-onset epilepsy and matched healthy
controls. The present study is based on the Turku Aging in
Childhood-Onset Epilepsy (TACOE) project (Sillanpéi et al.,
2015; Sillanpad, Jalava, Kaleva, & Shinnar, 1998; Sillanpiid &
Schmidt, 2010). The present study is the first time that
long-term cognitive outcome determined by formal neu-
ropsychological assessment has been studied in a prospective
population-based cohort of childhood-onset epilepsy.

METHODS

The baseline study of this prospective population-based
cohort in 1964 included all children aged less than 16 years
(mean age 8.0 years; SD 4.8) who were living in the
catchment area of Turku University Hospital, Turku, Finland
(source population n = 108, 199) and met the criteria for
epilepsy (two or more unprovoked seizures) (Commission on
Revised Classification of Seizures, 1981; Guidelines for
Epidemiologic Studies on Epilepsy, 1993). Subjects were
identified on the basis of hospital and primary health care
records complemented by a review of the National Health
Service records, a registry of all patients in Finland. The
recruitment and data collection processes have previously
been described in detail (Sillanpdd et al., 1998; Sillanpid,
1973).
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The cohort has been prospectively followed since 1964
including ongoing review of the medical records and a
regular, comprehensive evaluation over 5-year intervals.
In 1992, the cohort of 176 surviving subjects with epilepsy
and sufficient data for evaluation were divided into two
groups: those who had any major neurological impairment at
epilepsy onset, and those who had no neurological impair-
ment at onset, that is, they were regarded as subjects with
uncomplicated epilepsy. The present study originated from
the 1992-year data and the source population of the present
study comprised the latter group of 99 subjects with uncom-
plicated epilepsy who were surviving in 1992 and to whom a
matched control pair was selected from the nationwide
population registry (Sillanpéd et al., 1998). These subjects
and their controls were invited to participate in 2012.

Of the original 99 participants with uncomplicated
epilepsy, 26 were not available (9 died, 2 had non-Finnish
mother tongue, and 15 emigrated or were otherwise
untraceable), 51 of the remaining 73 (70%) participated. Of
the original 99 controls, 21 were not available (1 died, 1 had
non-Finnish native language, and 19 were not traceable). Of
the remaining 78 controls, 52 (67%) participated. While the
subject-control pairs were no longer complete, the controls
effectively continued to serve as a control group. The overall
study design, seizure outcome, and comorbidity are
described in detail in another report (Sillanpii et al., 2015).

Comparison between the participating and non-
participating individuals with epilepsy showed no differ-
ences in seizure variables including age of onset, remission
status, or medication status. No differences in demographic
variables (sex, marital status, education, working status) were
observed between participants and non-participants either
within healthy controls or participants with epilepsy.

Seven further participants (four controls and three partici-
pants with epilepsy) were excluded from data analyses due to
two or more extreme outlier cognitive scores due to disease
(e.g., stroke, schizophrenia) or test taking factors (suboptimal
effort). The exclusion criteria were identical for participants
with epilepsy and controls. The remaining 48 participants
with childhood-onset epilepsy (PWE) and 48 healthy
controls (HC) were included in the analyses.

Finnish versions of well-established and validated neuro-
psychological tests were used (Table 1) (Lezak, Howieson,
Bigler, & Tranel, 2012). The tests cover several cognitive
domains, including language and semantic function, learning
and memory, visuomotor function, executive function, and
working memory. The tests have Finnish norms, but they
stem from different normative samples and standardized
scores are not available for all tests. Raw scores were thus
deemed more valid to be used in the present study. The
neuropsychological assessments were conducted at the Turku
PET-center by a licensed psychologist (P.T.) and a research
assistant with a BA in psychology (J.P.) under the super-
vision of a clinical neuropsychologist (M.K.). The tests were
administered in the same order for all participants. All
assessments were conducted during a single visit ranging
between 1.5 and 2.5 hr.
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Table 1. Cognitive functions and tests administered

M. Karrasch et al.

Cognitive function Test used

Language/semantic function
Naming
Semantic processing
Verbal concept formation

Episodic memory and learning
Free recall
Memory consolidation
Learning

Visuomotor function
Visual-motor coordination
Visual scanning

Executive function
Set-shifting
Production

Working memory
Auditory working memory

Boston Naming Test, items 30-60 (Laine et al., 1997)
COWAT Semantic fluency, animals, 60 seconds (Benton & Hamsher, 1976)
WAIS-R Similarities (Wechsler, 1992)

WMS-R Logical memory immediate free recall, part A (Wechsler, 1996)
WMS-R Logical memory delayed free recall, part A, savings%* (Wechsler, 1996)
RAVLT Learning trials 1-5 (Schmidt, 1996)

WAIS-R Digit symbol (Wechsler, 1992)
Trail Making Test A®, time to completion (Poutiainen et al., 2010)

Trail Making Test B®, time to completion (Poutiainen et al., 2010)
COWAT Phonemic fluency, letter S, 60 seconds (Benton & Hamsher, 1976)

WAIS-R Digit span, sum score of span forward and backward (Wechsler, 1992)

ISavings% = delayed free recall/immediate free recall x 100.

®in both Trail Making Test A and B errors were corrected by the test administrator.

The epilepsy group was further divided into participants
with continuing seizure activity (PWE-A, seizure activity
within the past 5 years and/or AED use) and participants with
epilepsy in remission (PWE-R, no seizure activity within the
last 5 years and no AED use).

The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant
national and institutional committees on human experi-
mentation and with the Helsinki Declaration of 1975, as
revised in 2008. The Institutional Review Board of the
Hospital District of Southwest Finland approved the study
design (Diary No. 120/2008/26.1.2009 §454). Written
informed consent was obtained from all subjects about
participation and access to their medical records.

Data were analyzed using one-way analyses of variance
(ANOVAs), ¢ tests, Mann-Whitney U tests, and > (Fisher’s
exact test, two-tailed) for the demographic, clinical, and
background variables, as appropriate. Spearman correlation was
used to analyze correlations between age, education, and
cognitive test scores. Group effects (PWE vs. HC) on
neuropsychological data from 10 tests measuring different
cognitive domains were analyzed using a multivariate analysis
of covariance (MANCOVA) and subsequent ANCOVAs.
Rey Auditory-Verbal Learning Test (RAVLT) was analyzed
separately to allow for studying learning effects with a repeated-
measures ANCOVA. A follow-up MANCOVA examined
possible effects of active versus remitted epilepsy on cognitive
test performances (PWE-A, PWE-R, HC). Subsequent
ANCOV As were performed for pairwise contrasts and Cohen’s
d was used to determine effect size for pairwise differences.

We also conducted a repeated measures ANCOVA to
examine possible differences between the groups (PWE-A,
PWE-R, HC) in learning over five trials on the verbal learn-
ing test (RAVLT) with subsequent pairwise comparisons
using Games-Howell post hoc.
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The 10 neuropsychological test scores used in the
MANCOVA were later z-transformed based on the distribu-
tion in the control group (RAVLT was excluded as it contains
five different scores). Impairment was defined as a z-score of
>—1.5 SD. Group- and test-wise calculations on the number
and percentage of participants showing impairment were
conducted. The sum of impaired tests (0—10) was also
calculated and differences between the groups were analyzed
using %> (Fisher’s exact test).

We also calculated odds ratios (ORs) for having cognitive
impairment, defined as a below normal (ie., z > -1.5 SD)
performance in 3 or more of 10 cognitive tests (>30%) in the
PWE-A and PWE-E groups. We chose to define cognitive
impairment this way to minimize the likelihood of false posi-
tives. It has been shown that when using —1.5 SD as criterion for
impairment on 10 separate tests, the likelihood of obtaining at
least two impaired scores by chance alone is approximately
20%, whereas the likelihood of having at least three impaired
scores by chance is less than 5% (Ingraham & Aiken, 1996).

Within the PWE-R group, Spearman correlation was used
to examine possible associations between age at epilepsy
onset, cumulative duration of seizure activity, cumulative
duration of seizure free years, number of years on AED
medication, and individual neuropsychological test scores.
Linear regression was used to examine the effect of the same
background and clinical variables on the number of impaired
tests within the PWE-R group. PASW Statistics Version 18
(SPSS Inc., 2009) was used to conduct the analyses.

RESULTS

Within the epilepsy group, 12 (25%) continued to have
seizures (PWE-A) and 36 (75%) were in remission for 5
or more years (PWA-R). There were no significant differ-
ences between the three groups (PWE-A, PWE-R, HC) in
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Table 2. Demographic and clinical data on the participants with continuing seizure activity (PWE-A), participants with epilepsy in remission
(PWE-R), all participants with epilepsy (PWE) and healthy controls (HC), a < .05

PWE-A
(n = 12)

PWE-R
(n = 36)

HC
(n = 48)

PWE
(n = 48)

M (SD, min-max) M (SD, min-max) M (SD, min-max)

M (SD, min-max)  Stat. sign.

Age 59.1 (3.3, 52-63) 55.7 (4.3,48-63) 56.5 (4.2, 48-63)
Age at epilepsy onset 8.0(4.2,1-14) 4.4 4.3,0-13)
Cumulative seizure duration  25.9 (12.4, 3-40) 3.4 (1.9, 1-11)
(years)
Sex 33/99 1437229
Education in 2012*
Low 7 (58%) 11 (30%)
Medium 3 (25%) 19 (53%)
High 2 (16%) 6 (17%)
Epilepsy syndrome (n, % of
resp.group)
Temporal lobe epilepsy 6 (50%) 6 (16.7%)
Benign Childhood Epilepsy 1 (8.3%) 8 (22.2%)
with Centrotemporal
Spikes (BECTS)
Common gener. tonic- 2 (16.7%) 7 (19.4%)
clonic epilepsy
Not localizable epilepsy 1 (8.3%) 4 (11.1%)
Not classifyable epilepsy 0 3 (8.3%)
Awakening grand mal 0 3 (8.3%)
Occipital lobe epilepsy 1 (8.3%) 1 (2.8%)
Childhood absence epilepsy 0 2 (5.6%)
Juvenile absence epilepsy 1 (8.3%) 0
Juvenile myoclonic epilepsy 0 1 (2.8%)
Frontal lobe epilepsy 0 1 (2.8%)

9.06 (11.6, 1-40)

55.5(3.9,49-63) PWE-A>PWERp =.023
PWE-A >HCp = .013
PWE-A >PWE-Rp = .018

PWE-A >PWE-R p<.001

5.3(4.5,0-14)

1731319 198/299 n.s.
18 (38%) 10 (21%) PWE-A <HC p = .014
22 (58%) 23 (48%)

8 (16%) 15 (31%)

“Low education = less than or only primary school with or without at least 1 year of professional education, Medium education: middle school/comprehensive
school with or without at least 1 year of professional education, High education = high school, college, or university. Educational attainment in the cohort was
previously assessed in 1992, many participants had acquired more education since 1992.

sex distribution. PWE-A were older than PWE-R (p = .023)
and HC (p = .013). There were no significant differences
between the PWE and HC groups in education, but when the
two patient groups were analyzed separately, the PWE-A
group had lower education than the HC group (Fisher’s exact
p = .014). PWA-R had a significantly earlier disease onset
age than PWE-A (p = .018). PWE-A had a significantly
longer cumulative seizure duration, t = 6.257, p <.001, and
duration of AED use, t = 17.541, p<.001, than PWE-R.
There was a clear separation and hardly any overlap in
cumulative seizure duration and duration of AED use
between the PWE-R and PWE-A groups which allowed a
relatively clean comparison between the two. The demo-
graphical data are presented in Table 2.

Correlational analyses showed that age was associated with
performances on 7 out of 10 cognitive test scores (most corre-
lations were at the p < .05-level), education was associated with
8 of 10 test scores (mostly at the p <.01-level). Both age and
education were thus entered as covariates into a MANCOVA,
which revealed that the covariate education significantly
explained variance in overall cognitive test performance,
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F(2,83) 2.359, p<.001, partial cta® = 221, whereas age did
not. The analysis also revealed a significant main effect of group
on overall cognitive test results when controlling for the effect of
education and age, F(1,83) 2.358, p = .017, partial eta’ = 221,
as the PWE group performed worse than the HC group.

Education was entered as a covariate in subsequent
analyses, whereas age was not, as entering weak covariates
decrease the statistical power of the analyses. Subsequent
ANCOVAs revealed differences between the two groups,
controlling for education, on two tests of language and
semantic function: naming, F(1,92) 6.733, p = .011, partial
eta’ = .068, and verbal concept formation, F(1,92) 7.373,
p = .008, partial eta® = .074; and two tests of visuomotor
function: visual scanning, F(1,92) 6.535, p = .012, partial
eta’> = .066, and visual-motor coordination, Fi (1,92) 4.636,
p = .034, partial eta® = .048 (Table 3). No significant group
differences were observed in tests of episodic memory,
executive function, or working memory.

A second MANCOVA, subsequent ANCOVAs and pair-
wise contrasts were conducted to examine whether the cogni-
tive impairment stemmed more from the active (PWE-A) than
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Table 3. Effects of group (PWE-R, PWE-A, HC) on cognition (corrected for age* and education).

Main effect

Effect size

Effect of education Effect size

of group (partial eta’) (covariate) (partial eta?)
Language/semantic function
Naming p = .001 148 p = .001 120
Semantic processing p =.002 128 p =.033 .048
Verbal concept formation p = .005 .108 p = .006 .081
Episodic memory
Free recall n.s. p<.001 215
Memory consolidation n.s. n.s.
Visuomotor function
Visual-motor coordination p = .001 136 p = .001 112
Visual scanning? p = .003 116 n.s.
Executive function
Set-shiftingt p =.013 .090 p =.025 .054
Production n.s. p<.001 185
Working memory
Auditory working memory n.s. p = .015 .063

*Not statistically significant.
FTime to completion.

the remitted (PWE-R) epilepsy group. As expected, the sig-
nificant effect of group, F(2,92) 2.130, p = .005, partial eta”
= .202, for overall cognitive test performances controlling for
education, was replicated. Subsequent ANCOVAs, controlling
for education, showed significant effects of group on all three
tests of language and semantic function: naming, F(2,92) 7.979,
p = .001, partial eta® = .148, semantic processing, F(2,92)
6.776, p = .002, partial eta® = .128, and verbal concept for-
mation, F(2,92) 5.549, p = .005, partial eta® = .108. Also, in
line with the corresponding analyses conducted over PWE
versus HC, significant group effects were observed for both
indices of visuomotor function: visual scanning, F(2,92) 6.032,
p = .003, partial eta® = .116, and visual-motor coordination, F
(2,92) 7.243, p = .001, partial eta®> = .136. Group differences
were also observed in one measure of executive function,
namely set-shifting, F(2,92) 4.529, p = .013, partial eta’ =
.090. Again, as in the PWE versus HC comparisons between,
no group differences were observed in measures of episodic
memory and working memory (Table 3).

Pairwise comparisons revealed that the group differences
mostly stemmed from the fact that the PWE-A group had
worse performances than the HC group and in most cases
also the PWE-R group (Table 4).

When the analysis was conducted over three groups (PWE-
A, PWE-R, HC), a significant interaction between group and
learning, controlling for education, emerged, F(2,92) 2.282,
p = .022, partial eta® = 047. Pairwise comparisons did not
reveal significant differences between any two groups when
controlling for education, thus low education likely explains
some of the low performance in the PWE-A group (Figure 1).

The percent of individuals with impaired z-transformed test
scores (< —1.5 SD) was calculated across the three groups (Figure
2A). In the PWE-A group, 40-50% were impaired in the
semantic/language, visual-motor and executive tests, whereas
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impairment in memory tests was observed in 15-18%. In the
PWE-R group, the corresponding percentages ranged between 5
and 20%, and in the control group only 5-10% were impaired.

The number of impaired tests was calculated for the three
groups (Figure 2B), and the distributions differed significantly,
x> 17.143, Fisher's exact p<.0l. Pairwise comparisons
revealed that there were significant differences between the
PWE-A and HC groups, )(2 13.889, Fisher’s exact p <.01, as
well as between the PWE-A and PWE-R groups y? 4.907,
Fisher’s exact p = .041, and a trend toward significance
between the HC and PWE-R groups, y> 9.420, Fisher’s exact
p = .080. For the PWE-R group, the OR for having cognitive
impairment (i.e., impairment in >30% of the tests) was non-
significant, OR = 2.6 (95% CI [0.9, 7.5], p = .0830), but for
the PWE-A group it was highly significant, OR = 11.7, (95%
CI [2.8, 49.6], p = .0008).

Finally, we conducted correlation analyses within the PWE-
R group to examine whether age of onset, cumulative duration
of seizure activity before remission, cumulative duration of
years without seizures, and years of AED use would be related
to cognitive functioning. For the individual cognitive tests, the
only significant association was between cumulative seizure
duration and semantic processing, r = .298, p < .05, all other
correlations were non-significant. We also conducted a linear
regression analysis within the PWE-R group to examine the
possible effect of the same clinical and background variables
on the number of impaired tests. The model fit was, however,
non-significant (p = .357).

DISCUSSION

This study investigated cognitive outcome in a population-
based cohort of participants with childhood-onset epilepsies
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Table 4. Pairwise comparisons of cognitive test performances (M, SD) in participants with active epilepsy (PWE-A), epilepsy in remission

(PWE-R), and healthy controls (HC), controlling for education

PWE-A (n = 12) PWE-R (n = 36) HC (n = 48)

M (SD) M (SD) M (SD) Pairwise comparisons Effect size (Cohen’s d)
Language/semantic function
Naming 22.4 (4.9) 25.8 (3.1) 273 (29) PWE-A< HC p<.001 1.22
PWE-A<PWE-R p = .005 0.82
Semantic processing 149 4.1) 21.1 (5.2) 222 (58) PWE-A< HCp<.001 1.32
PWE-A<PWE-R p = .002 1.45
Verbal concept formation 22.7 (4.7) 25.3(3.7) 27.1 33) PWE-A<HCp =.002, 1.08
PWE-R<HC p = .055 trend 0.51
Episodic memory
Free recall 9.1 3.7) 10.7 (4.5) 10.6 3.8) n.s.
Memory consolidation 69.6 (21.5) 77.3 (24.6) 84.3 (18.9) n.s.
Visuomotor function
Visual-motor coordination 31.2 (10.8) 42.8 (10.8) 46.5 (10.5) PWE-A< HC p<.001 1.07
PWE-A<PWE-Rp = .003 1.44
Visual scanning* 77.2 (23.4) 59.9 (27.5) 50.9 (16.2) PWE-A>HCp =.001 1.31
PWE-A >PWE-R p<.05 0.67
Executive function
Set-shifting* 124.1 (50.3) 94.6 (27.6) 90.3 (25.4) PWE-A >HCp = .004 0.85
PWE-A >PWE-Rp = .008 0.73
Production
Working memory 11.2 (7.0) 14.4 (4.9) 153(5.0) ns.
Auditory working memory 11.7 (3.4) 12.2 (3.0) 11.729) n.s.

*Time to completion, higher value indicates worse performance

(PWE), who have been followed prospectively for 50 years.
The exceptionally long follow-up period provides an extra-
ordinary opportunity to characterize the very long term
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6 -
5 -
4 . . . ;
1 2 3 4 5
Trials
—— HC (n=48) — = PWE-R (n=36)
~~~~~~ PWE-A(n=12)  eeee PWE (n=48)

Fig. 1. Mean performances in the five trials of the Rey Auditory-
Verbal Learning Test (RAVLT). Error bars represent SDs. No
significant differences were observed between the PWE and HC
groups, but when the PWE-A and PWE-R groups were separated
in the analysis a significant interaction (p = .003) was found due
to the worse performances of the PWE-A group in the fourth and
fifth trials as compared to the HC and PWE-R groups.
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impact of epilepsy on eventual cognitive outcomes. The
natural history and the social, occupational, and psychiatric
outcomes of childhood epilepsy have been the subject of
considerable investigation (Camfield & Camfield, 2014;
Jalava, Sillanpdd, Camfield, & Camfield, 1997; Sillanp&a
et al., 1998; Sillanpdi, Haataja & Shinnar, 2004), but never
has cognitive function been studied in detail with con-
temporary measures of human cognition in such a controlled
manner as characterized here.

Two core findings emerge from this investigation. First,
the results indicate that, on an overall group-level, persons
with childhood-onset epilepsy exhibit several cognitive
impairments compared to matched controls in late middle
age, affecting mainly language and semantic functions, as
well as visuomotor functions. This is in line with the many
earlier life neuropsychological investigations of children
showing cognitive abnormalities even in epilepsy syndromes
previously believed to be benign and uncomplicated (e.g.,
benign childhood epilepsy with centrotemporal spikes or
absence epilepsy) (Hommet et al., 2006).

Second, from the viewpoint of long-term cognitive prog-
nosis, the continuation or discontinuation of epilepsy is a
critical distinction. The group of participants with active
epilepsy, that is, continuing seizures and medication over the
whole life-span, had completed less formal education and
also clearly performed cognitively worse than both healthy
controls as well as participants with remitted epilepsy.
When cognitive impairment was defined as performing
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Fig. 2. A: Percentage of participants with impairment (>-1.5 SD)
in the tests measuring different cognitive functions. B: Number of
impaired tests in the three groups shown as percentages of
respective group.

below 1.5 SD on >30% of the cognitive tests, the OR for the
PWE-A group was very high, OR = 11.7, (95% CI [2.8, 49.6],
p = .0008). Previous studies with much shorter follow-up per-
iods have indicated that uncontrolled seizures do increase the
likelihood of cognitive impairment (Dodrill, 2004; Seidenberg,
Pulsipher, & Hermann, 2007), and our long-term outcome data
substantiate that. The cognitive domains most impaired in the
active epilepsy group included language and semantic function,
speeded visuomotor functions, the ability to learn information,
and set-shifting. Impairment in these domains has been detected
in previous cross-sectional and short follow-up studies
(Hermann et al., 2009; Vingerhoets, 2006).

Visuomotor and executive impairment has also been
shown in adults with partial and generalized epilepsy even
before AED use (Pulliainen, Kuikka, & Jokelainen, 2000),
indicating that these functions may be particularly vulnerable
to epileptic seizure activity. Impairment in the ability to
encode information, learn over trials and consolidate episodic
memories has been reported particularly in patients who had
temporal lobe epilepsy (TLE) with left (dominant)
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hemisphere onset (Loring et al., 2008). More specifically,
impaired learning in an auditory word list learning task has
been observed in adult TLE patients (Aikis, Salmenperi,
Partanen, & Kailvidinen, 2001), but in contrast to our find-
ings, the learning curve in the adult patients did not asymp-
tote as it did for the participants with active epilepsy in our
sample who were unable to benefit from repetitions.

Similar inability to benefit from repeated exposure has also
been shown in preclinical Alzheimer’s disease (Bédckman,
Jones, Berger, Laukka, & Small, 2005). This inability may
thus reflect possible progression of epilepsy-related neuro-
pathology or the addition of other comorbid neurodegenera-
tive processes. Cognitive follow-up and biomarker-analyses
will be needed to elucidate the neural underpinnings of
cognitive impairment in the participants with active epilepsy,
particularly in the case of impaired learning. It is also possible
that worse learning in the participants with active epilepsy is
mediated by lower educational attainment, in our sample
education was a strong predictor of episodic memory and
learning performances, and almost all group effects subsided
when education was controlled for.

The childhood-onset epilepsy participants in remission
exhibited modest differences compared to controls, with
10-20% demonstrating impairment on some cognitive tests.
Although not statistically significant (p = .08), they did show
an increased likelihood of cognitive impairment (OR = 2.6;
95% CI [0.9, 7.5]) and this may represent the persisting mild
consequences of early and remitted epilepsy. Previous
studies of younger individuals with epilepsy have shown that
well-controlled epilepsy predicts normal social functioning
and psychological well-being in young adulthood (Koponen
et al., 2007). Very near normal cognitive functioning has also
been shown in children with non-pharmacoresistant epilepsy
(mean IQ 95.9) (Berg et al.,, 2012) and in children with
a single (IQ 97) or less than ten seizures (IQ 94) (Sogawa,
Masur, O’Dell, Moshe, & Shinnar, 2010).

Fastenau et al. (2009) showed that, although up to 40% of
children show cognitive impairment at epilepsy onset, the
majority, in fact, do not. Our very long-term cognitive out-
come data should provide some reassurance, from a
population-based perspective, that if seizures remit relatively
early on, the cognitive prognosis several decades later will be
favorable. Although the cognitive repercussions of seizure
activity are present even years after remission, our results
indicate that absence of seizures over longer time periods
(several years or even decades) may allow for cognitive
functions to recover.

A limitation of the study is the lack of serial cognitive data
for the participants. Consequently, we cannot establish
whether the cognitive deficits observed constitute solely a
fixed developmental impairment that has reached a steady
plateau, or whether the impairment is progressive in nature.
It is likely that some aspects of the impairment particularly in
the participants with active epilepsy are developmental in
origin, as reflected also by the lower educational attainment.
We controlled for education in our analyses, and the results
indicate that poor performances on memory tests may be
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partly mediated by low education (and possibly, by proxy, by
cognitive impairments present at epilepsy onset), whereas
impairments in other domains seem less so. It is also of
interest to note that follow-up of adult patients with chronic
TLE showed progressive worsening over a four year period
in a subset of patients in many of the same tests/domains that
we report in our active epilepsy group (Hermann et al., 2006),
that is, speeded cognitive functioning, memory, and naming.

Strengths of the present study include the prospective
population-based cohort and very long-term follow-up,
extensive formal neuropsychological assessment, and a
matched control group. As a population-based cohort, it
provides the best estimate of the natural cognitive outcomes
of surviving patients with non-complicated childhood-onset
epilepsies.

To summarize, our results indicate that for participants
with childhood-onset epilepsy in remission, cognitive func-
tion is near-normal in late middle age and the risk for cog-
nitive impairment is low. However, individuals who continue
to have seizures and/or need continuous AED-medication do
show a significantly increased risk of cognitive impairment.
Based on the present study, it is not possible to determine
whether the observed changes are progressive and on-going
in nature, but it is clear that the participants with active
childhood-onset epilepsy will be entering their elder years at
a distinct cognitive disadvantage, that is, with less cognitive
reserve with which to withstand the adverse effects of aging
and disease. This is the first time that objective cognitive
evidence of this sort has been presented. Further follow-up
will elucidate their cognitive trajectory with advancing age.
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