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Abstract

Background: Consideredo be benign conditions, the commganetic generalised epilepsy
syndromes are now known to requentlyaccompanied by cognitive dysfunction. However
unresolved issues impede clinical management of this common comarimditigingwhich
cognitive abiities are most affected, whether there are differences between syndromes, and
how seizurgype and mood symptonaffect cognitive dysfunction. We provide a detailed
description.of cognitive ability anelivaluate factorsontributing to cognitive dysfunction.

Methods: 76 adults with GGE were assessed with the Woodcock Johnson IIl Tests of
Cognitive Abilities.

Results: Scores on tests of overall cognitive abiligquired knowledge, loAggrm retrieval

and speed of information processing were significantly below the normative mean. Long
term retrieval was aronouncedveakness with a large reduction in scores (d=0.84). Neither
GGE syndrome; seizure type nor the presence of recent psychopathology symptoms was
significantly,associatedognitive function.

Conclusions:This studyconfirms previous metanalytic findingswith a prospective study

offers new'insights regarding the cognitive comorbidity of these common epilepsy syndromes

and reinforces the need for cognitive interventions in people with GGE.

INTRODUCTION

Cognitive dysfunction has been consistently reported in people with genetialgeter
epilepsy (GGE); a cluster of epilepsy syndromes representing approximately 20% of al
epilepsieq1=3]«"A recent metaanalysis of 26 studies showed moderate to large redsction
across all cognitive factors, with the greatest deficits in information procespeer
acquired knowledgeand fluid intelligence, and working memof¢]. Questions remain
regarding the nature of cognitive dysfunction in this cluster of epilepsy syndnoakisg it
difficult to establish the best method of prevention and treatment of this common
comorbidity. It remains unclear whether patterns of cognitive impairment are similar across
the mainusyndromes: childhood absence epilepsy (CAE), juvenile absence eplipsy (
juvenile myoclonic epilepsy (JME) and GGE with generalised toluigic seizures (GTCS)
only (GGEGTCSO).

The lack ofobjective evidence for neuropsychological differences between these syndromes

may be attributable to samplifgasin previous studies, since the majority hdweusedon
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JME [4]. Studies that have included participants with a rabg&GE syndromes rarely
conducted comparisons between groups. One familial study of GGE compared CAE and
JME, showing few statistically significant differences in cognitive function, limited to some
tests of variability in response reaction time and attentional flexibdashlower in IME[5].
Cognitiverfunetioning in adults with GGE is also undardied. he estimated nature én
extent of dysfunction varies on the basis of sampling and methodological charestefist
individual studies. For example, few studies conducted comprehensive cognitivearesges
across allgareas of function due to the testing of specific hypothegasling executive
functioning_deficits- a practice which may haved to underestimation of the extent of

cognitive dysfunction [2, 4].

The cause /of 'cognitive dysfunction in epilepsy syndromes broadly and GGE more
specifically=isseonsidered multifactorial and remaingertain[2]. Possible causes include
neurobiologicalfactors such as duration of disease, acute and cumulative effects of seizures,
anti-epileptic drug AED) sideeffects, epileptorm discharges and psychopathology
comorbidities[6-8]. Tenyear followup of people with intractable epilepsy diverse types

has shown frequency ofyeneralised toniclonic seizures to be the strongest predictor of
cogntive decline[9], although changes in AED use during the foHawv period confound

this conclusie10]. A related finding is the evidenadevated rates of psychopatholoigy
GGE[11-43]. However, there are no studies to our knowledge that have evaluated the extent
to which cognitive dysfunction and psychopathology eaccur. With impoved
understanding, clinical management of psychological dysfunctioognitive and

psychopathelegical, and effects on quality of life coulcdressed

This study_aimed to provide a detailed characterisation of cognitive functidaGE.
Comprehensiveneasurement of cognitive ability factors and psychosocial functioning in a
large, prospectivesample of adults with GGE will enable assessment of areas of relative
strength and™weakness and comparison of cognitive ability between GGE subtypes.
Relationslpsbetween syndrome, seizure variablesychopathologgnd cognitiorwere also

measured
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METHODS

Participants and procedure

Patients were recruited prospectively as part of a larger ,stludyugh epilepsy specialist
clinics at two tertiary hospitals in Melbourne, Australia andiral clinic [14]. During the

period 201312015, 120 people with GGE were recruited into the larger prognostic study, 76
of whom underwent cognitive assessment as parteohéuropsychology component of the
study (seeQ@nline Figure 1) The remaining}4 of those in the larger study either declined to
participateqn cegnitive assessment or were not able to be seen by an investigator at the time
of their eleetreencephalogranEEG) appointment.There were no significant or clinically
meaningful differences between those people who took part in the current study and those
from the larger study with respect to demographic or epilepsy characteftiose(Table ).

We establisbd the diagnosis of GGE according to International League Against Epilepsy
(ILAE) criteria, namely, the combination of consistent clinical features and a positive EEG
showing generalized epileptiform discharges on at least one oc¢aSioh6] All patients

had EEG and brain magnetic resonance imagingl\M&formed as per routine practice of

the epileptologist.

GGE patients were classified into th@lowing categories: childhood absence, juvenile
absence, juvenile myoclonic, and generalized epilepsy with generalizedmmic seizures

only [15,716] Medical records including EEG and neuroimaging were reviewed
independentlyby two epilepsy specialists with any discordance on diagnosis resolved by
consensus, based on ILAE criteria. Exclusion criteria wematentially epileptogenic
structural abnormalite (such as hippocampal sclerosis), coexistent focal and generalized
epilepsies; 'secondary bilateral synchrony and single seizure with generalized epileptiform
abnormalities on EEG.

This research.was approved by the Human Ethics Research Committees of participating sites.
Participantsssprovided written informed consent as per the Declaration ofnliels
Investigators collecting cognitive data were blinded to diagnostic and eihiggpsy

information.
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Cognitive Assessment

The Woodcock Johnson 1l Tests obg@hitive Abilities (WJ3lll) were used to measure
cognitive functioning. These tests were developed on the basis of the compreRentsile
Horn-Carroll (CHC) model[17]. The CHC model has a demonstrated factor structure that
explains cognitive factors underlying the majority of validated cognitive, fiestading tests

of executive functioning [18, 19]Subtests of the WII are combined to form a brief
measure of overall intellectual ability (an estimate of I1Q), and broad CHGQrgaatquired
knowledge, longerm retrieval, fluid reasoning, processing spaed shorterm memory as
described in Tablé below. Longterm retrieval is synonymous with anterograde memory or
new learning=Shoitierm memory is also known as working megndParticipant test scores

were compared to Australian age and demographically adjusted normatiy20diata

[Insert Table 1]

Measurement of Psychopathology Symptoms

Following .cognitive assessmenparticipants were invited to complete a selport
psychopathology symptom questionnaire, the Adult-Belbort form of the Achenbach
System of Empirically Based Assessmiit]. The questionnaire yields six DSMriented
Subscalesmatched to the Diagnostic and Statistical Manual of Mental DisordeFRIWVhe
Achenbach Adult SelReport form definesl' scores65-69 to correspond to ‘borderline
clinical’ range, and scoresver 69 as ‘clinical’ range symptoms. This corresponds tosagi
97" percentile respectively, thus 7% of the normative reference group would beeexfect

endorse borderlinekinical or clinical levels of distress in each DSMientedSubscalg21].

Statistical Analysis

Distribution™plots and oneample ittests with Bonferroni corrections for multiple
comparisons were used to examine the distributional properties of standard scores on each
CHC factor. To test the hypothesis of specific areas of cognitive strength and deficit in GGE,
onewayswithin-subjects analysis of variance (ANOVA) analysis were employed to test for
differences between GG&ubgroupon each CHC factor, with followip pairwise ttests if

the annibus test was significaf22].
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Multivariate ANOVAs (MANOVA s) were used to test differences between GGE syndromes
and seizure types (absence and GTC seizures) on each cognitive factor. Univariate ANOVAs

followed when appropriate.

A series of MANOVAs wereused to compare scores on all CHC factors and a globalabili
index for patients with elevated (borderline clinical or clinical level) symptom scores on any
of the DSMOriented Subscales, with those who rate within the normal range on these

subscales=PRairwise analyses followed when appropriate.

RESULTS

A total of 76 adolescents and adults with GGE and their subsyndromes (CAE, JAE, JME,
GGEGTCS) completed thecognitive assessmerfsee Table 2)Two-thirds of the total
sample (50 of ¥6 patients) completed the psychopathology symptom questionnaire. The
remaining 26 did not return their questionnaire. The relative frequency of ‘bordemiieal’
and ‘clinical’ level symptom endorsement in each of the six B&nted Subscales

shown in TableS.

With respect to"education level, the majority of the sample had completed a tyidegsee
(n=31) or'seme vocational training (n=10), a smaller proportion completiygseabndary
(n=30) orelementay school (n=2). Most were employed (n=35) or studyingtiote (n=23)

theremaindemwere unemployed (n=11) or did not disclose employment status (n=7).
[Insert Table=2yTable 3]

Figure 1 andable 4show the sample mean of each cognitive aHlikty bdow the

normative population value in the relevant age-grevpeptfor shortterm memory. One
sample ttests.conducted on each cognitive factor using Bonfeadjuisted significance
value of 0:0083(0.05/6) revealed significantly lower scores in the GGE group on overall
cognitive ability,,.acquired knowledge, agpeed of iformation processin{gmall to medium

effects) andlongterm retrievallarge effecticompared to the norms.
[InsertFigure 1, Table 4]

Oneway within-subjects ANOVAcomparisons between CHC factor scores in the entire GGE
sampleshowed significandifferences between patient scores on the five cognitive factors
and the global ability index, F(5, 374)=18.22, p<0.001, 1?=0.19 (see Tablb). Bonferroni-
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corrected pairwise comparisons revealed signifianall to medium sized differences
between mean scores on a few of the CHC factor subscales. Thesesulijeict
comparisons support the inference from Tabthat longterm retrieval function is
significantly lower than other abilitiesxceptspeed of information processing, from which it

is not significantly different
[Insert Table 5]

A series o MANOVAswith clinical covariates as independent variables and the five
cognitive functioning factors and global ability index as dependent vasiedlealed no
significant effect of any of the following clinical covariates: GGE syndroipe (F(4,
70)=1.16, p=0.29;12=0.09), history of absence seizurBgl, 66)=0.30, p=0.94, n2=0.028), or
history of GFCS seizure$'(1,70)=1.24, p=0.30, n2=0.10). Online Table Il shows cognitive

functioning scoreseparately fothese clinical subgroups.

A series of*MIANOVAs with presence or absence thfe six types of psychopathology
symptoms=rasmsindependent variables revealed no statistically significant impact of
psychopathology symptoms on cognitive function. Specifically, the models were tested with
depressive, anxious, somatic, avoidant, attention deficitsanial and total sympton{see
Online Tables I1IFVIII). The same pattern ohull results was obtained when the

psychopathelogy independent variables were reported as continuous.

DISCUSSION

This study descrilscognitive function in adults with GGE. There were three key findings.
Firstly, there"was a pervasive reduction in cognitive function in people with é&@pared

to the local demographicalbgorrectednorms Performance on tests of overall cognitive
ability, and the constituent scores of acquired knowledgeed of information processing,
and longterm_retrieval fell significantly below the normative samipje.42 t00.84 standard
deviation units 4 to 13 intelligence index gints). Longterm retrieval wasa relative
weakness compared to other cognitive functionlslidRntelligence and sheterm memory
were not'significantly different from normative standards. Secondly, we didintbiafy
evidence for the effect of GGE syndrome, history of absencersginu history of GTCS
seizures on cognitivecores Nor was thereevidence ofpoorer cognitive functioning in

subgroups experiencing recent mood symptoms in any of the six DSM-Oriertsch®s.
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Reductions in cognitive functioning in the curr@nbspeadie cohortmirrored thoseeported
from a recentmetaanalysis in both size and directi¢#]. One exception relates tine
significantly greaterdeficit in anterograde memorseported by participants in the current
study, a commorsubjectivesymptom[23], but contrastingvith the metaanalytic findings

thatanterogradenemory was relatively sparédi.

In the current_ sample, smallesignificantreductions in wer@bservedor overall cognitive
ability, acquiredknowledgand speed of information processing. No significant recluct
was observedsfor sheterm memory or fluid intelligence. Shadrm memoryoverlaps with
measuresfoattention, and the lack of significargductionin our sample with GGEontrasts
with findings ofattention deficits in children with CAR] [24]. There are several possible
explanations' for this null finding. We may not have detected a difference intsimort
memory funetion because of the relatively small proportion of people with CAE iadulir
cohort. Alternatively, there may be differences in the tests used to measur¢éeshort
memory function across studigzb] [26]. While attentional deficits are commonly reported
in children with’ CAE, it is possible that attention problems may resolve in adulthood,

although thisrequires further investigation.

The observed reductions in speed of processing;tkenmg retrieval ad acquired knowledge
may be related. For example, a possible mechanistic pathway could include a reiduction
speed of information processing and memory difficulty which together result irficultyf
retaining learned information, reflected in the reduaequired knowledge [27, 28This
combinationof _deficits has the potential for cumulative and-rieeiching educational and

vocational disadvantad29].

A novel aspect of this study involved examinatioretiéctsof GGE syndrome and seizure
type on cognitive ability. We found no evidence for differences in cognitive abilithen t
basis of GGE _syndrome. This replicates previous null findings of differencesdretCAE
and JME, and across other GGE syndrofdeS]. However the present study may have been
underpoweredsto detect the observed medium sized effect (0.7 statistical paggestisig

that futuresstudies should aim for recruitment of at least 25 per GGE syndrome group.

We found no relationship between seizure types and cognitive function. Mean differences in
cognitive functioning scores between groups with and without a history of absencese

were trivial and unlikely to be of clinical significance regardless of sample size. The
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relationship between nesonvulsive seizures such as absence, and history of GTCS and
cognition, therefore remains a point of debate [9, 30, 31]. It is of course possible that the

extent of seizure burden, rather than seizure type contributes to cognitive dgstunct

The lack of assaciation between mood disturbance and cognitive function isiagrgiven

ample evidenedor this relationship in depression and other health conditidgs Our
findings do, not support theonceptof shared underlying mechanisms of cognitive and
psychosocial™ecomorbidities, or that mood disturbance is a key contributor to cognitive
dysfunctionvingenetic generalisedpilepsy. Nonetheless, acute mood stateskaown to
impact retrospective symptom reports significantly due to recall biases, so the two are not

entirely independerj83].

This study has a number of methodological strengths: the availability of aveBldtrge,
prospective samplecomprehensive cognitive assessmemtd consideration of concurrent
mood symptems on cognition. Limitations include inadequate statistical powertetct de
significant.small.to medium sized differences in cognitive functiowdeth GGE syndromes
and different seizure histories. Although agatched local Australian norms were used, the
accuracy of our estimates of cognitive deficits may have been improvea Vathestudy-
recruited-control group. Future research should consider healthy and sibling gootrps
while retaining representation from all GGE syndromes. The inclusion of agsimintrol
group may enable consideration of potential underlying genetic factors unrelatedpsyepile

Assuminga noermal distribution, the reduction of overall cognitive functioning of six standard
score points n this GGE sample suggests the prevalence of intellectual disability
(intelligence“test score of less than or equal to 70) of approximately 5.5¢@cmito the
general populationrpvalence of approximately 2%. On this basis an estimated additional
12% of people. with  GGE would be expected to have ‘borderline’ range intellectual
functioning.__(intelligence test scores of -80), above the population prevalence of
approximately 7%. Thigstimated cumulative prevalence of cognitive ability in the range of
‘borderline’_orsintellectually disability of 17.5%. Our findings replicate prasianeta
analytic findings of cognitive dysfunction in GGE in a prospective sample. Thesresul
further renforce the need for screening of cognitive dysfunction in adults with GGE, even
after initial diagnosis, and the provision of support for memang other cognitive

difficulties.
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Table 1. Broad CHC Factors and corresponding Woodcock Johnson Il Subtests

Broad CHC Factor Narrow Abilities Cluster of WJ-111 Tests of Cognitive
M easur ed Abilities

Comprehension- Lexical knowledge, Test 1: Verbal Comprehension

Knowledge(Ge) Language development
General (verbal) Test 11: General Information
information

Long-Termi Retrieval (GIr) Associative memory  Test 2: VisualAuditory Learning

Test 10: Visual-Auditory Learning

Delayed
Ideational fluency Retrieval Fluency
Fluid Reasoning (Gf) Induction Test 5: Concept Formation

General sequential Test 15: Analysis Synthesis
reasoning

Processing. Speed (Gs) Perceptual Speed Test 6: Visual Matching
Attention and Test 20: Pair Cancellation

concentration

ShortTerm Memory Working memory Test 7: Numbers Reversed
(Gsm) Test 9: Auditory Working Memory
Memory span Test 17: Memory for Words

Table 2. Patient demographics n=76
Variables

Age (years)

Range 13-58

Mean (SD) 29.0 (11.2)
Gender n(%)

M 26 (34%)

F 50 (66%)
Syndrome n(%)

CAE 10 (13%)

JAE 21 (28%)
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IME 20 (26%)

GTCSO 23 (30%)

Other 2 (3%)
Current AED n(%)

None 10 (13%)

1 34 (45%)

>1 32 (42%)

Lamotrigine 27

Valproate 39

Levetiracetam 14

Other AED* 17
History of absence seizures (n=69")

No 35 (51%)

Yes 34 (49%)
History of GTCS (n=73")

No 8 (11%)

Yes 65 (89%)
Days since last GTC;=69")

Range 3-9855

IQR 1340
Seizure free duration (days) (n=69")

Range 1-9855

IQR 633.5

* AEDs include: Clonazepam, Topiramate, Carbamazepine, Zonisamide, Piracetam, V

NB: some clinical information was unavailable for up to seven patients.

Table 3. Frequency of psychopathology symptoms n=5Qures refer tpercentages

Symptom type Clinical BorderlineClinical Normal
Depressive 6 18 76
Anxious 4 12 84
Somatic 10 4 86
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Avoidant 3] 10 84

ADHD 8 14 78
Antisocial Personality 6 6 94
Total problems 16 10 74

Table 4. Onesample itest and effect sizes for cognitive functioning in GGE n=76

GGE sample Normative 95% ClI

group for mean
Cognitive Domain M SD M SD difference t P Si
Cohen's D
(df) g.
Overall ability (BIA) 94.07 12.6 100 15 91.17 - 0.00 ** 04
7 96.96 40 01 * ; small
Crystallised intelligence (Gc) 94.75 12.5 91.8% - 0.00 ** 04
9 97.63 3.6 05 * ) small
Fluid intelligence (Gf) 97.70 121 94.93 - 0.10 - 01
2 100.47 1.6 19 small
5 9
Long-term retrieval and 87.82 145 84.48 - 0.00 ** 0.8
memory (Glr) 8 91.15 7.2 00 * 4 large
9
Shortterm/Werking memory 102.49 17.1 98.56 1.2 021 - 0.1 small
(Gsm) 0 10643 7 07 5
Speed of infermation 91.21 144 87.9% - 0.00 ** i
processing (Gs) 6 94,51 53 00 * 06 medu
0 1 m
Two-tailed significance -n.s.
*p<0.0
5
**p<0.
01
***n<0.001
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Table 5. Pairwise comparisons between CE#Ctor scores within the entire GGE sample,

with Bonferroni correction. (See Table 4 for CHC factor domain abbreviations).

Mean Sig
Mean 1 SD1 5 SD 2 t (df) p d
BIA 12.5 - (75 1.0 0.0
Gc 94.75
- 9 0.68 ) 0 - 8
BIA 12.1 - (75 0.0 0.4
Gf 97.70
- 2 4.14 ) 0 7
BIA 12.6 14.5 (75 0.0 0.5
Gilr 94.07 87.82
- 7 8 5.16 ) 0 9
BIA 14.4 (75 0.4 0.2
Gs 91.21
- 6 2.23 ) 3 - 6
BIA Gs 17.1 - (74 0.0 0.4
102.49
- m 0 4.02 ) 0 6
12.1 - (75 0.2 0.2
Gec- Gf 97.70
2 247) 4 - 8
14.5 (75 0.0 0.2
Ge- Gl 87.82
12.5 8 4.45 ) 0 8
94.75
9 14.4 (75 0.9 0.2
Gec- Gs 91.21
6 1.88 ) 6 - 2
Gs 17.1 - (74 0.0 0.4
Gc- 102.49
m 0 3.75 ) 1 *k 3
14.5 (75 0.0 0.7
Gf- GlIr 87.82
8 6.67 ) 0 6
12.1 14.4 - (75 0.0 0.4
Gf- Gs 97.70 91.21
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m 6 0 4.64 ) 0 4

Two-tailed
o *P<0.05

significance
**p<0.01

***p<0.001

Figure Legend
Figure 1. Distribution plots of each CHC factor The normative mean of 100 is indicated by a
red verticalJineswhile the mean and distributional properties of scores on each CHC factor

are indicated by the dotted line and shaded colours

Supplementary Material

Online Figure 1. Flow chart of recruitment and participation

Online Table I. Comparison of demographic and clinical information in sample with and
without cognitive assessment.

Online Tablekl=Cognitive functioning by GGE syndromes amikzare type

Online Table Th-VIII. Cognitive functioning in subgroups with and without borderline

clinical/clinical=symptoms
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