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Termo de consentimento livre e esclarecido 

 
 
 
Eu _______________________________________________________________ entendo que 

fui convidado(a) a participar em um projeto de pesquisa envolvendo pacientes com epilepsia. O 
objetivo geral do estudo é o de aperfeiçoar os conhecimentos vigentes acerca da causa do meu 
tipo de epilepsia. O melhor conhecimento sobre a causa da Epilepsia Mioclônica Juvenil pode 
eventualmente facilitar o seu diagnóstico e levar a um melhor tratamento desta doença. As 
informações médicas a meu respeito que forem obtidas para esse estudo, poderão ser 
compartilhadas com outros pesquisadores que trabalham com epilepsia. 
        
      Estou ciente que, concordando em participar deste estudo, os pesquisadores participantes 
farão perguntas a respeito dos meus antecedentes médicos e de minha família.   

 
Fui esclarecido que minha participação será da seguinte maneira: 

• Uma entrevista com a médica responsável pelo estudo onde eu responderei a 
perguntas sobre o meu tipo de epilepsia; 

• Uma entrevista com uma psicóloga na qual farei testes neuropsicológicos, constituídos 
por perguntas orais que responderei utilizando lápis e papel; 

• Serei submetido a um exame chamado Ressonância Magnética, previamente 
esclarecido pela minha médica e que consiste basicamente de uma “foto” do meu 
cérebro;  

• Não vou pagar nada e também não receberei dinheiro por minha participação na 
pesquisa 

• Minha medicação não será suspensa ou diminuída em nenhum momento da pesquisa; 
 

1. O desconforto deste exame é representado pelos seguintes fatores: 
• Ter que ir para o hospital; 
• Ter de ficar aproximadamente 40 minutos dentro do aparelho de Ressonância 

Magnética; 
• Ter de responder aos testes neuropsicológicos, com a duração de aproximadamente 3 

horas 
 

2. Risco para o paciente: 
 

O exame de ressonância magnética é um exame comum, geralmente realizado por pacientes 
portadores de epilepsia, no qual terei que deitar na maca do aparelho e entrar em uma espécie de 
“túnel” onde está o aparelho que tirará uma “foto” do meu cérebro. Este exame não envolve risco 
algum já que não necessita do uso de radiação ionizante, anestesia e/ou qualquer tipo de 
contraste e eu não tenho nenhuma contra-indicação para a realização do exame, citados abaixo: 

• Usar marcapasso cardíaco, clipes de aneurisma, fixadores ortopédicos externos, 
implantes e/ou aparelhos oculares fixos; 

• Ser gestante de < 12 semanas; 
• Ter medo de lugares fechados (claustrofobia).  

 
3. Benefício para o paciente: 
 

Compreendo que a participação neste estudo não me trará nenhum benefício direto e que 
meu diagnóstico e meu tratamento não serão modificados. Contudo, os resultados deste estudo, 
podem, em longo prazo, oferecer vantagens para as pessoas com epilepsia, possibilitando um 
melhor diagnóstico e um tratamento mais adequado. 
 

Fui esclarecido que o estudo terá a duração de dois anos e terei a oportunidade de marcar 
outras consultas com a equipe para esclarecimento de eventuais dúvidas ou questões a discutir, 
refletir e pensar junto ao profissional responsável: Katia Lin, médica, registrada no Conselho 
Federal de Medicina de São Paulo sob o numero 113.782, que pode ser encontrada no 
ambulatório de Epilepsia do Hospital São Paulo, na rua Pedro de Toledo 650, andar térreo, sala 
11, Vila Clementino, São Paulo, telefones: ambulatório 5576-4139, Unidade de monitorização 
5576-4362, celular 8232-6085. Se você tiver dúvidas a respeito da ética do estudo, entrar em 
contato com o Comitê de Ética em Pesquisa, nos telefones 5571-1062 / 5539-7162. 
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É garantida a liberdade da retirada deste termo de consentimento a qualquer momento e 

deixar de participar do estudo, sem qualquer prejuízo a continuidade de seu tratamento na 
Universidade Federal São Paulo/Escola Paulista de Medicina. 
 

Foi-me garantido o direito de confidencialidade, ou seja, meu nome não aparecerá nos 
registros a pesquisa, porém concordo que as informações obtidas pelo estudo, assim como os 
resultados do exame, poderão ser utilizados para amostra em ambiente médico/científico. 
 

Serei mantido informado sobre os resultados parciais da pesquisa sempre que assim o desejar 
e solicitar, bem como serei informado sobre outros conhecimentos que possam influenciar na 
minha decisão de continuar na pesquisa. 
 

No dia da realização do exame e da entrevista com a médica e psicóloga, receberei um 
atestado médico comprovando minha participação no estudo. 
 

Não terei despesas e/ou compensações financeiras como participante desta pesquisa em 
qualquer fase do estudo. 
 

Em caso de dano pessoal, diretamente causado pelos procedimentos propostos neste estudo, 
terei o direito a tratamento médico na Instituição, bem como às medidas legalmente estabelecidas. 
 

Acredito ter sido suficientemente bem informado a respeito do estudo proposto, através das 
informações que li ou foram lidas para mim. Eu discuti com a doutora Katia Lin sobre minha 
decisão de participar nesse estudo. Ficaram claros para mim quais são os propósitos do estudo, 
os procedimentos a serem realizados, seus desconfortos e riscos, as garantias de 
confidencialidade e de esclarecimentos permanentes. Ficou claro também que minha participação 
é isenta de despesas e que tenho garantia do acesso a tratamento hospitalar quando necessário. 
Concordo voluntariamente em participar deste estudo e poderei retirar o meu consentimento a 
qualquer momento, antes ou durante o mesmo, sem penalidades ou prejuízo de qualquer 
benefício que eu possa ter adquirido. 
 
 
Nome do participante: _______________________________________________________ 

 
 

______________________________________________  Data: ____/____/______ 
assinatura do participante da pesquisa 

 
 
______________________________________________  Data: ____/____/______ 

assinatura da testemunha 
 
 Declaro que obtive de forma apropriada e voluntária, o Consentimento Livre e Esclarecido 
deste paciente ou representante legal para participação neste estudo. 
 
 

______________________________ 
Dra. Katia Lin 

CRM-SP 113.782 
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Language- and praxis-induced
jerks in patients with juvenile
myoclonic epilepsy
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ABSTRACT – Reflex traits have been described in patients with idiopathic
generalized epilepsy. We report on four patients with juvenile myoclonic epilepsy
in whom the coexistence of praxis- and language-induced jerks was documented
in video-polygraphic EEG recordings.
[Published with video sequences]
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The 2001 Proposal for a Diagnostic
Scheme for People with Epileptic Sei-
zures and Epilepsy duly identified the
different groups of various precipita-
ting stimuli for both reflex seizures
and reflex epilepsies (Engel 2001). The
recognition of reflex traits is funda-
mental to treatment, since avoidance
would be one of the determinant fac-
tors for seizure control.
Precipitating visual stimuli such as
photosensitivity, pattern sensitivity,
fixation-off and scotosensitivity, the
first being by far the most common,
represent the most well recognised
group of reflex epileptic traits. More
recently, some of those formerly
considered as rare, such as praxis in-
duction of myoclonic jerks in the arms
(Inoue et al. 1994) and the
talking/reading induction of perioral
myoclonia (Wolf and Mayer 2000),
have been broadly recognized in a
number of epilepsy syndromes, but
mainly in idiopathic generalized epi-
lepsies (IGE), particularly in juvenile
myoclonic epilepsy (JME).

Praxis-induction of myoclonic jerks
was suggested by Inoue et al. (1994)
who emphasized the sensitivity of
some patients to situations in which
they are required to consider compli-
cated spatial tasks in a sequential
fashion, specifically with the intention
of making decisions and responding
practically by using a part of their bo-
dies, under stressful circumstances.
Perioral myoclonia, brief and repeti-
tive jerks in the perioral region, the
hallmark of reading epilepsy, is seen in
both primary and secondary forms of
this epilepsy syndrome. In the first,
seizures would be exclusively precipi-
tated by reading, while in the second,
they could occur in other conditions
(Bickford et al. 1956).
We have documented four cases of
JME with concomitant signs and
symptoms of these two reflex traits. All
patients presented normal physical
and neurological examinations, as
well as routine blood tests and 1.5T
MRI. A video-polygraphic EEG using
the 10-20 International Electrode Sys-
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tem, in addition to perioral and deltoid electrodes, was
recorded with activation by hyperventilation and photic
stimulation. A specific neuropsychological protocol inclu-
ding reading, speaking, writing, calculating, drawing and
playing games, plus performing spatial tasks involving
sequential processing and complicated movements and
decision-making was also undertaken.

Case reports

Case 1

A 25-year-old journalist presented her first and only gen-
eralized tonic-clonic (GTC) seizure in the morning, pre-
ceded by myoclonic jerks in the right arm at the age of 14.
Carbamazepine (CBZ) led to seizure control for four years.
Then, at 18 she noticed repetitive, arrhythmic and irregu-
lar myoclonic jerks predominantly in the right arm when
writing, typing, drawing and handling small objects. Clon-
azepam (CNZ) partially diminished the seizures. More-
over, at 22, in her locution-training laboratory she ob-
served perioral myoclonic jerks while reading, silently or
aloud, as well as while talking. The myoclonic jerks per-
sisted at times associated with speech impairment. Val-
proate (VPA) improved the myoclonia induced by some
actions but not those occurring when she talked or read
quickly. VPA (900 mg/day) and CNZ (2 mg/day) partially
reduced seizure frequency, nevertheless, she still pre-
sented very frequent episodes of isolated, abrupt, involun-
tary jaw jerks while talking or reading, although these
were more frequent when reading out loud rather than
silently, and was associated with difficulty in pronouncing
words.
Occasional episodes of speech arrest as well as myoclonic
jerks induced by praxis, were also noticed. Adding lamot-
rigine 50 mg/day to VPA and CNZ resulted in improve-
ment in these symptoms. On the EEG, the background
activity was normal, with some biphasic discharges of
sharp waves mainly after closing the eyes. During somno-
lence and phase II sleep, the discharges were rare, appear-
ing as isolated, occipital sharp waves and fast spikes
bilaterally in the central areas. Silent reading and reading
aloud, both in Portuguese and English, and spontaneous
stressful speaking, brought about single complexes of a
minute spike followed by a slow wave appearing asym-
metrically in frontocentroparietal areas, some of them
accompanied by perioral myoclonia. Activities such as
writing, written calculation and games, as well as thinking
and spatial decision-making, precipitated myoclonic jerks
in both arms, but still prevailing in the arm involved in the
action. During writing, the myoclonic jerks were accom-
panied by perioral myoclonia. The succession of the tasks
exacerbated the symptoms, which were minimized by
interruption of the activities and relaxation maneuvers.
During the planning of spatial tasks without manual re-
sponses and also during the execution of spatial motor

tasks, there were isolated fast spikes followed by slow
waves, which were morphologically similar to those re-
corded while reading and involving the same areas (fig-
ure 1).

Case 2

A 35-year-old, right-handed man, of Japanese origin, with
no remarkable medical history himself, had however, a
sister with epilepsy. At the age of 14, he presented his first
GTC seizure during sleep. By the age of 16 he started
presenting myoclonia during awakening mainly in the
morning, sometimes provoking falls or leading to GTC
seizures. At 17 there was an increase in seizure frequency,
intensity and also precipitation by sleep deprivation, fast-
ing, stress, sexual activity, flashing lights, speaking in
public, hand activities, planning and decision-making,
and calculating. Photosensitivity was confirmed by his
EEG recordings obtained at this time, before the use of
antiepileptic medication. Since then, he had been treated
with multiple antiepileptic drugs in different combina-
tions, including CBZ, VPA, phenobarbital (PB), phenytoin
(PHT) and piracetam, with poor clinical control,. His
present treatment regimen includes VPA (2,000 mg/day),
clobazam (20 mg/day) and topiramate (200 mg/day). His
neuropsychologically-activated video-polygraphic EEG
showed rare paroxysms of generalized spike and
polyspike waves exacerbated by reading out loud and
silently, calculating, writing, drawing, and during praxis
activities involving finger manipulation and decision-
making (figure 2). Yet, there was no photosensitivity.

Case 3

A 32-year-old, left-handed man, with unremarkable ante-
cedents, including no family history of epilepsy, reported
involuntary jerking of the arms while playing checkers and
dominoes since the age of 12. The myoclonia appeared
after playing for prolonged periods when he felt over-
whelmed by the game, and obliging him to stop the action.
At 14, during a checker game immediately after lunch,
these jerks evolved to a GTC seizure. Since then he has
avoided playing these games but has noticed spontaneous
jerks in the arms after awakening, sometimes followed by
a GTC seizure. PB was ineffective and, at 28, he noticed
jaw jerking and abnormal sensations in the abdomen and
throat, described as an ascendant shock-like feeling, when
reading. These symptoms were so marked he had to stop
studying. Sometimes, especially when anxious, there were
hesitations and stuttering while talking and reading. PHT
led to a worsening in seizure frequency. At 30 years of age,
PB was switched to VPA (1,500 mg/day). As a result, there
was a significant improvement since he only presented
occasional GTC seizures not preceded by any myoclonic
jerks when exposed to precipitant factors such as sleep
deprivation. He stopped exposing himself to the already
identified precipitants such as games and prolonged read-
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ing. Normal background activity and spontaneous gener-
alized spike and wave complexes, with anterior predomi-
nance, sometimes asymmetric, were seen in his
neuropsychologically-activated video-polygraphic EEG.
The only task that precipitated bilateral perioral myoclo-
nia accompanied by the shock-like ascending sensation
and interruption of speech was when reading Portuguese
aloud. Generalized spike-wave complexes were recorded
on the EEG at this time (figure 3). The construction of a
tower with plastic blocks led to a shock-like sensation in
both arms.

Case 4

A 16-year-old, right-handed man with a strong family
history of IGE in two aunts and three cousins, presented a
cluster of myoclonic jerks on awakening following sleep
deprivation due to prolonged exposure to a video-game,
leading to a GTC seizure. Four months before he noticed
jerks, mainly in his right arm, occurring at no particular
time, but more often when tired. Occasionally, there was

involvement of the lower limbs which resulted in falling.
He noticed perioral myoclonia and an abnormal sensation
in the throat that caused stuttering and interruption of the
action especially when reading aloud or speaking in pub-
lic during stressful situations. Treatment with CBZ was not
successful, while VPA (750 mg) promoted control of the
myoclonia and TCG seizures, although the perioral myo-
clonia persisted when exposed to precipitating factors. His
neuropsychologically-activated videopolygraphic EEG
showed normal background activity and generalized par-
oxysms of spike and polyspike waves exacerbated during
sleep, praxis- and reading-induction. The clinical and
video-polygraphic EEG findings are summarized in
table 1.

Discussion

We describe four patients with reflex seizures induced by
complex stimuli, language and praxis, triggered by com-

Reading

Fp1-AVG

F3-AVG

C3-AVG

P3-AVG

Fp2-AVG

F4-AVG

C4-AVG

P4-AVG

Fz-AVG

Cz-AVG

Pz-AVG

Fp1-AVG

F3-AVG

C3-AVG

P3-AVG

Fp2-AVG

F4-AVG

C4-AVG

P4-AVG

Fz-AVG

Cz-AVG

Pz-AVG

Praxis Praxis

150uV
1 sec

Figure 1. Fragments of EEG recorded during reading and praxis showing remarkable similarities between the fast spikes followed by slow waves
in the frontocentroparietal areas. They were seen as isolated or short volleys of low amplitude, poorly formed, very fast and brief spike and wave
complexes maximum sometimes on the left, sometimes on the right, mainly involving anterior areas.
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bined specific activities such as visual-spatial tasks, praxis,
decision-making and emotional components. These pa-
tients demonstrated common electroclinical characteris-
tics such as onset at adolescence, family history of epi-
lepsy, normal neurological examination, presence of two
or three types of generalized seizures, normal background
activity and generalized interictal discharges on EEG.

These findings are suggestive of IGE or more specifically,
JME. All the patients presented myoclonic jerks during
reading, speaking, planning and performing motor activi-
ties. When reading, characteristic perioral myoclonias, as
classically described in reading epilepsy, were docu-
mented. These were accompanied by an abnormal sensa-
tion or movement in muscles which were involved in
reading and talking, and sensations in parts of face such as
twitching and interruption of the action, and stuttering.

On the other hand, there were also myoclonic jerks in-
duced by motor and action-programming activities, which
were reproduced in the video-polygraphic study. Interest-
ingly, language- and praxis-induction were documented
simultaneously. Usually these are considered independent
symptoms of verbal and nonverbal cognitive cortical acti-
vation of generalized (or at least bilateral) ictogenesis,
which are often a part of JME, and their coexistence is rare,
although already described previously (Salas-Puig et al.
2001).

Considered uncommon, reflex seizures may occur in
about 4-7% of the epilepsies in general (Panayiotopoulos
1996). Matsuoka et al. (2000) reported the results of neu-
ropsychological EEG activation in 480 Japanese patients
with different types of epilepsy, verifying induction of
epileptic discharges in 38 (7.9%). This procedure was

Perioral myoclonic
jerk

Myoclonic jerk

Fp1-F3

F3-C3

C3-P3

Fp2-F4

F4-C4

C4-P4

Fz-Cz

Cz-Pz

PO

Fp1-F3

F3-C3

C3-P3

P3-O1

Fp2-F4

F4-C4

C4-P4

P4-O2

Fz-Cz

Cz-Pz

Deltoid

Figure 2. Brief paroxysms of very fast spikes followed by a slow wave, mainly in the central areas accompanied by jaw-jerking phenomenon
while the patient was reading English aloud. Similar discharges during praxis were seen when the patient was doing puzzles. Once more notice
the similarities between the epileptiform discharges during reading and praxis induction (70lV 1 sec).
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effective in 36 (24.7%) of 146 IGE patients, especially in
JME (22 of 45, 49%). Talking/reading induction was
present in 14 (23%) of the 62 JME patients reported by
Wolf and Mayer (2000), who described praxis-induction
in 19 (31%) of them. Nine patients reported precipitation
by both praxis and talking/reading. In Japan, Inoue and
Kubota (2000) described 213 JME cases of which 27 (12%)
were placed into in the praxis-sensitive group. Only in two
patients did reading or speaking also induce a seizure.

An important fact however, is the observation that our
patients continued having perioral myoclonia and praxis
induction despite the use of VPA and other drugs consid-
ered reasonably effective in IGE and JME. This, therefore,
suggests that the presence of reflex traits could represent
an aggravating factor, especially when more than one is
present in the same patient (Matsuoka et al. 2002). In

agreement with this supposition, Inoue and Kubota (2000)
reported that the rate of seizure-control over more than
three years in patients with JME, had dropped from 69%
when they presented only general precipitating factors, to
48% in praxis-sensitive patients.
Matsuoka et al. (2002) described the long-term course of
seizure susceptibility in two patients with JME in whom
the provocative effect of higher mental activities (praxis-
induction) persisted, despite a decrease in spontaneous
myoclonic seizures under the same drug regimen. These
observations suggest that the pathophysiology of JME im-
proves with time, but does persist for a long time. In these
patients, a neural network involved in higher mental ac-
tivities mainly associated with use of the hands might be
predominantly involved rather than the circuits processing
other physiological factors such as sleep deprivation, sud-

perioral
myoclonia

ascendent abnormal
sensation

Fp1-F3

F3-C3

C3-P3

P3-O1

Fp2-F4

F4-C4

C4-P4

P4-O2

Fz-Cz

Cz-Pz

PO

100uV
1 sec

Figure 3. EEG tracing showing generalized spike wave complexes with consistent onset in the frontal regions while the patient was reading
aloud, associated with perioral myoclonic jerks. The first arrow points to the perioral myoclonic jerks and the second to the moment at which
the patient reported an abnormal, shock-like, ascendant sensation from the stomach to the throat.
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den awakening, fatigue and flickering lights emphasized
in prior reports. However, these circuits could also acti-
vate hyperexcitable rolandic areas.

In support of this hypothesis, there were quite localized,
frontocentroparietal epileptiform discharges on the EEG in
three patients, despite bilateral jerks. Interestingly, in these
patients, both reading- and praxis-induction were accom-
panied by brief paroxysms of very fast spikes followed by
a slow wave, mainly in the frontocentroparietal areas.
These findings had already been observed by Matsuoka
(1990) who reported that mental activity involving the
hands, provoked central-dominant discharges with unilat-
eral myoclonic seizure as well as generalized discharges
with bilateral myoclonic seizures. Conversely, Chiafari et
al. (2004) reported reflex writing seizures in two siblings
with JME who obtained good control with VPA. We could
postulate that the presence of only one of these reflex traits
might represent a more benign epileptic vulnerability.

The results of this study further support the notion that
“language- and praxis-induced” reflex seizures precipi-
tated by specific stimuli occur in the context of JME. All the
patients described here presented both language- and
praxis-induced jerks, a rare coexistence in epileptol-
ogy. M
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Summary

Purpose: To assess self-perception of factors that precipitate or inhibit seizures in
patients with juvenile myoclonic epilepsy (JME).
Patients and methods: Thirty-six males and 39 females with JME and mean age of
25.8 � 8.7 years were analysed. All patients completed a standardized questionnaire
to assess for the presence or absence of precipitant or inhibitory factors for their
seizures in a face-to-face interview. These data were statistically analysed through
logistic and linear regression models and Phi coefficient.
Results: Ninety-two percent of the patients identified at least one precipitating
factor (PF). In order of frequency the following PFs were recorded: stress (83%), sleep
deprivation (77%), specific thoughts/mental concentration (23%), performance of
hand activities and complex finger movements (20%), flashing lights and playing games
(15%), speaking out in public (11%) and alcohol intake (11%), reading (7%), calculating
and writing (5%), playing musical instruments (4%), drawing (3%), and specific types of
music (1%). Menstrual cycle was the third most important PF in the women (33%).
Although PFs were easily recognized, 77% of the patients stated that they were unable
to avoid the occurrence of the seizures.
Conclusions: Structured questionnaire is useful in stimulating patients to self-report
seizure precipitants. Patients with higher education and uncontrolled seizures iden-
tified them more easily. The presence of a significant number of uncommon PFs, such
asmental andmotor hand tasks, considered uncommon for other epileptic syndromes,
suggests that the role of these factors may be under-recognized in JME.
# 2005 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.
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Introduction

Previously neglected and restricted to reflex forms
of seizures and epileptic syndromes, precipitant
factors (PFs) have been object of renewed interest
during recent decades. Characterization of factors
involved in triggering or inhibiting epileptic seizures
as well as their prevalence in distinct epileptic
syndromes might lead to a better understanding
of their physiopathological mechanisms.1

Defined as any endogenous or exogenous factors
that promote the occurrence of seizures,1 PFs have
already been well defined for juvenile myoclonic
epilepsy (JME).2—10 Several factors are known to be
effective in precipitating seizures in this epileptic
syndrome. Janz and Christian2 initially recognized
sleep deprivation, excess of alcohol intake, prema-
ture awakening, menstruation, psychological stress,
physical exhaustion and photic stimulation as trig-
gering factors. Emotions, surprises, fatigue in eve-
ning hours and prolonged fasting were subsequently
recognized.3 With the renewed interest in JME dur-
ing the 1980s, photic stimulation, menstruation and
fatigue were confirmed as PFs,4 and new factors,
such as auditory precipitation, were additionally
identified.5 Inoue et al.6 later characterized in a
group of 21 patients with JME, reflex seizures
related to calculating or performing mathematics,
constructing or drawing, writing, playing cards or
chess, performing complex finger tasks, reading and
speaking. Mental precipitants such as concentrating
and thinking, television or video games were further
described.7,8 More recently, a structured question-
naire survey in JME patients included other PFs
considered unusual, such as praxis, reading, writing,
calculating, making decision, speaking and playing
musical instruments.10 Other series11—14 and case
reports15,16 have confirmed these factors. Praxis
induction was observed in 31% of 62 German
patients10 and in 12.6% of 213 Japanese individuals.9

The aim of this study was to evaluate the self-
perception of precipitant and inhibitory factors in
75 Brazilian JME patients.

Patients and methods

In this study we included 75 JME patients followed
between January 1st, 2000, and June 1st, 2004 at
Hospital São Paulo Epilepsy Outpatient Clinic, Fed-
eral University of São Paulo, São Paulo, Brazil.

Inclusion criteria were: (a) unequivocal diagnosis
of JME based on criteria defined in the revised
Classification of Epilepsies and Epileptic Syn-
dromes17; (b) age over 12 years old; (c) no evidence
of neurological or intellectual deficits and (d) being

able to read and write. We excluded those patients
with intellectual, psychiatric or emotional distur-
bances that could affect the reliability of their
responses.

Written consent was obtained from all partici-
pants prior to the interview. During one of their
regular outpatient visits all patients then underwent
a face-to-face semi-structured interview answering
a questionnaire applied by one of the investigators
(P.S.S.). Each patient included had been followed up
regularly at the Epilepsy Outpatient Clinic where
socio-demographic data were recorded. Epilepsy
characteristics (seizure types, onset, antecedents,
medication and therapeutic response) were
obtained directly from the patients. The question-
naire was prepared based on the format adopted by
Antebi and Bird18 and Spector et al.,19 and included
three questions: (a) Have you noticed any situations
or states which will cause you to havemore seizures?
(b) Can you identify these PFs on this list: stress,
sleep deprivation, specific thoughts/concentration,
flashing lights, performing hand activities and com-
plicated finger manipulation, playing games, calcu-
lating, speaking in public, drinking alcohol, playing
musical instruments, listening to music, reading,
writing, drawing, menstrual cycle and others? And
finally, (c) Can you identify some factors or situa-
tions that would stop or inhibit your seizures?

In order to compare our data with previously
published articles, we performed a bibliographic
survey through Medline that identified 18 publica-
tions referring to the prevalence of each PF in series
of patients with JME.

Statistical methods

For data analysis five variables were considered:
number of PFs, stress, sleep deprivation, specific
thoughts/concentration and motor activity. The
number of PFs was analysed through a multiple
linear regression model. Each one of the others
was examined using a logistic regression model. In
both models we considered the following clinical
factors: age, gender, schooling and seizure control.

The association among all PFs mentioned by the
patients was analysed using Phi coefficient. We
considered significant p < 0.05.

Data were evaluated using the SPPS for Windows,
version 10.0, statistical software.

Results

A total of 75 patients (39 women, 36 men) were
interviewed. The mean age at the time of interview
was 25.8 � 8.7 (13—54 years). See Table 1 for
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detailed clinical data. Despite appropriate doses of
valproate, topiramate, phenobarbital, clonazepam
and lamotrigine, 43 continued presenting infre-
quent seizures while 32 were seizure free.

Overall 92% of the participants could identify at
least one PF, including in order of frequency: stress
(83%), sleep deprivation (77%), specific thoughts/
concentration (23%), performing hand activities and
complicated finger manipulation (20%), flashing
lights and playing games (15%), speaking in public
and alcohol intake (11%), reading (7%), calculating
and writing (5%), playing musical instruments (4%),
drawing (3%), and listening to specific types of music
(1%). Menstrual cycle was the third most important
precipitant in women (33%). In relation to gender
these numbers are shown in Fig. 1.

Although most patients reported at least one PF,
when asked whether they could avoid seizures, 77%

of them said there was nothing they were aware of,
22% reported keeping calm and 1% said that practi-
cing sport and sleeping were the best strategies. Ten
percent of women and 6% of men could not identify
any PF.

Patients often mentioned multiple factors, up to
9 (mean 2.9 � 1.7). There was no significant statis-
tical association between the number of PFs per-
ceived and age, gender, schooling and seizure
control. The final model is shown in Table 2.

Stress was the most common PF (83%) and female
patients were the most likely to identify it. This
factor was cited more commonly in patients older
than 30 years (94%), than in those who were younger
than 30 (79%). Age was the only statistically signifi-
cant variable (a = 0.05, p = 0.03), and the chances
of citing stress increased on average 1.14 times each
year.
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Figure 1 Distribution of precipitant factors according to gender.

Table 1 Clinical and demographic data of juvenile myoclonic epilepsy patients.

Total Males Females

JME patients (n) 75 36 39
Mean age (years)a 25.8 � 8.7 (13—54) 26.7 � 8.6 (13—53) 24.9 � 8.9 (14—54)
Age at onset (years) a 13.3 � 4.3 (1—31) 13.3 � 4.9 (3—31) 13.3 � 3.8 (1—23)
Age of diagnosis (years) a 23.2 � 8.0 (11—51) 23.6 � 7.8 (12—50) 22.7 � 8.3 (11—51)
Duration of epilepsy (years) a 12.5 � 9.6 (1—43) 13.4 � 9.7 (2—43) 11.6 � 9.6 (1—39)
Positive family history (%) 51 (68.0) 24 (66.7) 27 (69.2)
a Expressed as mean � S.D. (range).



Sleep deprivation was the second most common
PF (77%). Younger patients frequently reported this
precipitant (31/36, 86%). However, the inferential
analysis showed no statistically significant correla-
tion between sleep deprivation and age, gender,
schooling and seizure control (a = 0.05).

Men and women recognized different factors.
Specific thoughts/concentration, especially when
they were older (60% > 30 and 11% < 30), were
perceived as most important to men, while the
menstrual cycle, especially the premenstrual phase
(33%) in women. These factors were followed by
performing motor hand activities, particularly
among younger male patients (25% up to 30 years
of age versus 6% above). Overall, 15 (20%) patients
recognized praxis induction but there was no sta-
tistical difference ( p = 0.91) between those with
controlled (7/32, 22%) or uncontrolled seizures
(8/43, 19%).

Statistical analysis failed to identify significant
association among the five variables above men-
tioned. However, in spite of the p-value of 0.08
for seizure control and specific thoughts/concentra-
tion, the odds ratio showed that patients with
uncontrolled seizures (35% male; 27% women) had
3.23 times greater chance of self-reporting this PF
than those seizure free (Table 3).

There was statistically significant association
among the following PFs: sleep deprivation and
stress (Phi = 0.425), motor hand activities and play-

ing games (Phi = 0.452), motor hand activities and
calculating (Phi = 0.475), and finally, reading and
speaking (Phi = 0.427) (Table 4).

Discussion

In this study we investigated the self-perception of
seizure precipitant and inhibitory factors in 75
patients with JME comparing them to the data
regarding PFs of all the 18 series surveyed
(Table 5). The results showed that 92% of the parti-
cipants could clearly describe and identify at least
one PF compared to 61—100% reported in other
series.7,8,20,21 Several PFs clustered together, sug-
gesting a common mechanism for triggering sei-
zures. Although the recognition of these factors
was possible for most of the patients, only 23% of
themwere able to use this knowledge in their favour
setting up strategies to avoid them.

Among all PFs, stress (62/75; 83%) was the most
frequently reported. Often cited although not quan-
tified4,10,12 this rate is much higher than the 7—
46.5% reported in the 18 series of JME surveyed.
This difference might be attributable to regional
genetic and environmental differences with the
lowest figures observed in countries like India,
7%14 and 7.6%,8 an intermediate range in Germany,
10.6%,2 Saudi Arabia, 12.3%7 and Turkey, 18.4%,20

and the highest prevalence in those such as Italy,
45%22 and Norway, 46.5%.23 Older patients recog-
nized stress more frequently. Although this associa-
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Table 3 Logistic regression for the precipitating factor specific thoughts/concentration (a = 0.05).

Factor B S.E. p Odds ratio 95.0% C.I. for odds ratio

Lower Upper

Gendera �0.34 0.62 0.58 0.71 0.21 2.40
Age 0.03 0.03 0.30 1.03 0.97 1.10
Education level 0.48
Secondary education �0.57 0.64 0.38 0.57 0.16 1.99
University level 0.41 0.91 0.65 1.50 0.26 8.86
Seizure control b �1.17 0.67 0.08 0.31 0.08 1.16

B, regression coefficient and S.E., standard error.
a Male = 0, female = 1.
b Controlled = 1, uncontrolled = 0.

Table 4 Phi coefficient statistically significant for
association between precipitant factors.

Factor 1 Factor 2 Correlation

Phi p

Sleep deprivation Stress 0.425 <0.001
Motor activity Games 0.452 <0.001
Motor activity Calculating 0.475 <0.001
Reading Speaking 0.427 <0.001

Table 2 Multiple linear regression model for the num-
ber of precipitant factors (a = 0.05).

Factors Coefficients S.E. p

Constant 2.108 0.848 0.015
Gendera 0.153 0.415 0.714
Age 0.012 0.023 0.599
Secondary education 0.612 0.426 0.155
University level 1.008 0.650 0.126
Seizure control �0.066 0.411 0.872
a Male = 0, female = 1.
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Table 5 Results of all the series surveyed.

First author
(reference number)

Year Country Precipitant factors Patients

Janz2 1957 Germany Lack of sleep (85.1%), menses (42.1%), excessive alcohol
intake (40.4%), sudden/provoked awakening (38.3%),
psychological stress (10.6%), physical exhaustion (6.4%),
intermittent light stimulation (2.1%)

47

Castells 3 1958 Uruguay Menstruation (51.4%), awakening (47.1%), stress (17.1%),
sleep deprivation (12.8%), emotion (11.4%), alcohol intake (8.6%)

70

Asconapé5 1984 USA Photic stimulation (33%), auditory stimuli, loud noise
with elements of surprise (8.3%)

12

Panayiotopoulos7 1994 Saudi Arabia Sleep deprivation (89.5%), fatigue (73.7%), photosensitivity
(36.8%), menstruation (24.1%), thinking and concentration
(22.8%), stress, expectation, frustration (12.3%), television
or video-games (8.8%)

66

Atakli 20 1998 Turkey Sleep deprivation (85.5%), photic stimulation (25%),
stress (18.5%), fatigue (11.8%), menstruation (2.6%)

76

Kleveland23 1998 Norway Sleep deprivation (83.7%), stress (46.5%), alcohol
intake (39.5%), flickering light (37.2%), changed
sleeping habits (30.2%), menstruation (28.1%),
intense light (23.2%), physical activity (20.9%),
being anxious (16.3%), being expectant (11.6%)

43

Murthy8 1998 India Sleep deprivation (54.2%), menstruation (20%),
fatigue (9.2%), stress (7.6%), concentration (6.9%),
photic stimulation (1.5%), TV/video (1.5%)

131

Pedersen21 1998 Denmark Lack of sleep (83.7%), alcohol intake (51.2%),
flashing light stimuli (37.2%)

43

Canevini 22 1992 Italy Lack of sleep (60%), stressful situations (45%),
sudden awakening (35%), menstrual cycle (10%),
relaxed evening and TV-watching (1.6%)

60

Wolf 10 2000 Germany Praxis (31%), talking/reading (23%), thinking (12.9%),
writing (11.3%), intermittent light stimuli (11%),
decision-making (6.4%), computer tasks and
video-games (9.7%), calculation/playing piano (1.6%)

62

Inoue9 2000 Japan Sleep deprivation (61%), praxis activity (12.7%),
photosensitivity (10.8%), writing/typing (9.4%),
playing cards or chess (7.5%), calculating (7%),
construction/drawing/complicated finger manipulation (5.2%),
playing video-games (2.8%), reading/speaking (0.9%)

213



tion has not been previously mentioned in series of
patients with JME, it has already been described in
other forms of epilepsy.1,18

Sleep deprivation was the most frequently
reported PF in past series, varying from 52.4 to
89.5%,2,3,7—9,11,13,14,20—27 but it was the second most
common PF in the present study (58/75; 77%). Sleep
deprivation was more frequently reported by
patients who had also reported stress. There was
a strong correlation between sleep deprivation and
stress. There has been some speculation that stress
might lead to physiological changes in the corticos-
teroid levels as well as in the cerebral blood flow
facilitating seizure occurrence.19

Factors such as specific thoughts/concentration,
not commonly mentioned in other publications,
occupied the third place in our series, being reported
by 23% of the patients. It was quantified in only three
other series of patients: in India, 6.9%,8 Germany,
12.9%10 and Saudi Arabia, 22.8%7 and additionally in
two case reports, where it was suggested that the
presence of this PF could be related to difficulty in
treatment and seizure persistence.15,16 Our data
appear to confirm this association, since most of
the patients (76% of those with uncontrolled seizures
versus 52% of those seizure free) self-reporting this
PF continued presenting seizures.

There has been much discussion about the impor-
tance of proprioceptive factors in triggering sei-
zures in JME.9,10 Praxis induction was observed in
20% of our patients, compared with 31% of the
German10 and 12.6% of the Japanese cases.9 It has
been suggested that these factors could precipitate
seizures.6,15 However, we were unable to assess this
adequately because of the small number of cases.
Young male patients were more prone to report this
PF. This might have been because older Brazilian
patients with a lower level of education, most of
them coming from rural areas, had not been
exposed as much as the younger generation to
activities that demand fine finger movements such
as game playing and computer manipulation.

Specific thoughts/concentrationhadno significant
correlationwith other PF and socio-demographic and
anamnestic variables. Some PFs appeared more fre-
quently together: sleepdeprivationandstress,motor
hand activities and playing games, motor hand activ-
ities and calculating, reading and speaking. The
recognition of these associations could probably be
of considerable therapeutic importance in JME, a
syndrome in which drug therapy should necessarily
be accompanied by PFs prevention.

Although this study was based on a self-percep-
tion basis and did not have a control group, it shows
that the use of structured questionnaire is useful in
stimulating patients to self-report seizure precipi-
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tants and inhibitors. Confirming previous data,
stress and sleep deprivation were the most encoun-
tered PFs. Non-habitual precipitants such as mental
and complex motor tasks were also reported.
Furthermore, this study shows that there are fac-
tors, which cluster together.
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Abstract

In this cross-sectional study, the neuropsychiatric profiles of 42 patients with juvenile myoclonic epilepsy (JME) who were treated with
valproate (VPA) or topiramate (TPM) in monotherapy were compared with the aim of verifying the relationship between cognitive dys-
function, psychiatric disorders, and factors related to epilepsy. Patients with JME taking VPA 500–1750 mg/day or TPM 50–175 mg/day
were selected. For all patients, psychiatric profiles were evaluated with the Scheduled Clinical Interview, axes I and II (SCID I and SCID
II), or the Brazilian version of the Schedule for Affective Disorders and Schizophrenia for School-Aged Children (K-SADS-PL). Neu-
ropsychological measures included intellectual functions, attention, memory, executive functions, and language. Patients taking TPM
exhibited worse neuropsychological performance on attention, short-term memory, processing speed, and verbal fluency functions relat-
ed to frontal lobes, which may be dysfunctional in JME. Anxiety disorders were associated with lack of seizure control and having had
more than 20 lifetime generalized tonic–clonic seizures.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Juvenile myoclonic epilepsy (JME) treatment has been a
matter of discussion in recent years. Valproate (VPA) is con-
sidered the antiepileptic drug (AED) of choice and results in
good seizure control in about 80% of cases [1,2]. Because of
adverse effects, seen mainly in females, therapeutic alterna-
tives to VPA have been considered, among them topiramate
(TPM), a broad-spectrum AED with good efficacy in gener-
alized epilepsies [3,4]. This drug, however, has been associat-
ed with impaired attention and concentration and poorer
performance on cognitive speed, memory, and language
tasks [5–7]. Both AEDs have been used in psychiatric disor-
ders. VPA has been indicated for the treatment of bipolar
disorder and psychomotor agitation related to personality
disorders and dementia; TPM is useful in the treatment of

certain types of alcohol dependence, binge eating disorder,
affective instability, and anger outbursts in patients with
posttraumatic stress disorder. No psychiatric side effects
have been associated with VPA, whereas emotional liability,
depression, and psychosis have been linked to TPM [8–10]. It
is possible that lower initial dosage and gradual titration of
TPM could minimize adverse effects, while maintaining effi-
cacy in seizure control [6,7]. To verify this hypothesis, we
employed a cross-sectional study to evaluate the cognitive
and psychiatric profiles of a series of 42 patients with JME
treated with VPA or TPM in monotherapy.

2. Methods

2.1. Subjects

All patients attended the outpatient clinic in the Epilepsy Section of
the Universidade Federal de São Paulo, São Paulo, Brazil, from May to
December 2004. After consent was obtained, 42 patients of both sexes,
paired by age and duration of epilepsy, who had been taking VPA or
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TPM in monotherapy were analyzed. The inclusion criteria were pres-
ence of electroclinical diagnosis of JME based on ILAE classification
[11] and use of VPA or TPM as the only AED for at least 6 months
at stable doses. We excluded patients taking other AEDs, those with
clinical illnesses besides epilepsy, and patients treated with VPA and
TPM simultaneously. None of the patients had had seizures, taken anti-
histamines, or consumed alcohol within 72 hours prior to the evalua-
tion. Use on the day of testing of caffeine or nicotine in amounts
different from those usually consumed was also considered an exclusion
criterion.

2.2. Procedures

A clinical and sociodemographic questionnaire eliciting such informa-
tion as sex, age, schooling, duration of epilepsy, family neurological and
psychiatric antecedents, previous psychiatric treatment, type and frequen-
cy of seizures, occurrence of status epilepticus, and drug treatment was
administered. As most of the patients experienced occasional absences
and myoclonic seizures, making seizure counting difficult, a good response
to treatment was considered control of generalized tonic–clonic seizures
(GTCSs) for at least 1 year. Number of GTCSs was classified as >20 or
<20 lifetime. All patients underwent neuropsychological and psychiatric
assessments.

2.3. Neuropsychological tests

The test battery comprised 20 tests with 27 items and was designed
to measure a broad range of abilities. For intellectual function, 13 sub-
tests from the WAIS III were included: Vocabulary, Similarities, Arith-
metic, Digit Span, Information, Comprehension, Letter–Number (L-N)
Sequence, Picture Completion, Digit Symbol, Block Design, Matrix
Reasoning, Picture Arrangement, and Symbol Search. The Full Scale
IQ was also calculated [12]. Logical Memory and Visual Reproduction
from the WMS were used to evaluate verbal and visuoperceptual mem-
ory, respectively. Three language tasks were used: the Boston Naming
Test, FAS Test for verbal fluency, and Animal Naming for category flu-
ency. Executive functions, attention, and inhibitory control were ana-
lyzed with the Stroop Test; attention and mental flexibility with the
Trail Making Test; and working and short-term memory with two
WAIS III subtests, L-N Sequence and Digit Span (backward and
forward).

2.4. Psychiatric evaluation

Patients over 18 were assessed through structured questionnaires: the
Schedule Clinical Interview for DSM-IV, axes I and II (SCID I and SCID
II, respectively) [13,14]. Those younger than 18 were evaluated with the
Brazilian version of the Schedule for Affective Disorders and Schizophre-
nia for School-Aged Children (K-SADS-PL) [15]. These psychiatric scales
are based on DSM-IV [16] and have been used worldwide to evaluate psy-
chiatric disorders.

2.5. Statistical methods

Statistical analyses were performed with SPSS 10.0 software. Some
sociodemographic characteristics were presented as one-sample propor-
tions and with confidence intervals. For statistical analyses, patients were
divided by age into <18 and P18. Because of the small number of
patients under 18 evaluated with a different instrument (K-SADS-PL),
their results could not be statistically analyzed, and the findings are only
described. Fisher’s exact test was used to calculate the differences
between the groups (VPA vs TPM) and sociodemographic and epilepsy
variables. WAIS III subtest results were analyzed as scaled scores,
whereas results of the other tests were analyzed as raw scores. Student’s
t test was used to calculate the difference between the averages obtained
in neuropsychological tests of the two groups. A P value <0.05 was con-
sidered significant.

3. Results

Forty-two patients with JME were selected. Twenty-six
of them (62%) had been treated with VPA and 16 (38%)
had received TPM. VPA dosage varied from 500 to
1750 mg/day (mean = 992.8 mg/day); TPM dosage ranged
from 50 to 175 mg/day (mean = 98.3 mg/day). Drug effica-
cy was similar for the two groups based on the number of
patients who did not have GTCSs for more than 1 year.
Clinical and demographic characteristics are listed in
Table 1.

Patients treated with VPA and TPM performed similarly
on most of the WAIS III subtests. However, in Digit Span
(forward) and Symbol Search evaluating short-term memo-
ry, attention, and speed processing and the FAS Test assess-
ing verbal fluency, patients in the TPM group performed
significantly worse (P < 0.05). Neuropsychological results
are summarized in Table 2.

Psychiatric disorders were diagnosed in 26 patients
(62%). Ten patients had anxiety disorders (seven treated
with VPA and three with TPM) and eight patients had
depression (five in the VPA group and three in the
TPM group). Anxiety disorders were associated with lack
of seizure control (P < 0.039) and having had >20
GTCSs (P < 0.029) during their lifetime. Among the
patients under 18, two (one in each group) had depres-
sive disorders and one (in the TPM group) had general-
ized anxiety disorder.

Other disturbances included two cases of attention
deficit disorder, one case of alcohol and drug abuse,
and one case of schizophrenia. Four patients (9.2%)
fulfilled criteria for personality disorders: two (one in
each group) were passive-aggressive, one (TPM group)
was histrionic, and one (VPA group) was borderline.
There were no significant differences between psychiatric
disorders in either group. Fig. 1 shows the prevalence of
psychiatric disorders in the patients with JME treated
with VPA and TPM.

Table 1
Demographic and clinical data of patients treated with VPA or TPM

VPA TPM

Number of patients 26 16
Gender (% females) 10 (38.5%) 13 (81.2%)

Age
Range 17–39 14–38
Mean ± SD 24.8 ± 3.5 22.1 ± 7.3

Duration of epilepsy (years)
Range 3–27 1–24
Mean ± SD 11.3 ± 2.8 9.8 ± 4.1

Antiepileptic drug dosage (mg/day)
Range 500–1750 50–175
Mean 992.8 98.3

No GTCSs for >1 year 10 (38.5%) 6 (37.5%)
>20 GTCSs during lifetime 12 (46.1%) 5 (31.2%)
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4. Discussion

Negative effects of TPM on cognition have been
described in the literature [5–7,19,21]. Impairments in word
fluency, list learning, and verbal IQ [5], as well as declines
in verbal fluency, attention, processing speed, and working
memory [6], have been reported in studies of patients with

epilepsy in which TPM was add-on treatment [5]. On the
other hand, reviews have suggested that the cognitive
effects of VPA are mild to moderate and do not have a
large clinical impact on patients’ daily lives [17,18].

There have, however, been few studies describing the
effects of TPM on cognition of patients with JME, a syn-
drome in which this drug has been used in monotherapy
and low dosage [3,4]. Yet, TPM-induced cognitive dysfunc-
tion has been associated with neurological deficits and
symptomatic epilepsies [20,21].

Despite the classification of JME as an idiopathic gener-
alized epilepsy, it has been suggested that the frontal lobes
are possibly dysfunctional in this epileptic syndrome [22].
In our series, despite the small cognitive differences
observed between the two groups, patients on TPM mono-
therapy at a mean dosage of 98.3 mg/day performed worse
on three tasks related to the frontal lobes: short-term mem-
ory, attention, and speed processing. Patients also per-
formed worse, although not significantly different from
those in the VPA group, in other tests measuring frontal
functions, such as Stroop I, II, and III and Trail A and
B. These deficits in cognitive performance observed with
TPM could correspond to the more affected parts of the
brain. However, significant differences were observed in
only 3 of 11 tests related to frontal functions. Therefore,
the differences between the groups cannot be unequivocally
attributed to TPM.

In the present study, verbal fluency, as evaluated with
the FAS Test, was also significantly impaired in the TPM
group. Meanwhile, there were no differences between the
two groups in other tests related to language. The reason
language processing was preserved may be low dosage,
monotherapy, and, possibly, the presence of language
impairment mainly in patients with temporal lobe seizure
onset and symptomatic epilepsies [20]. According to
Gross-Tsur et al. [21], patients with language disorders
associated with other neurological deficits may be particu-
larly vulnerable to TPM-induced language impairment.
Mula et al. [20] reported a higher frequency of word-find-
ing difficulties in patients with epileptic activity involving
the left temporal lobe and simple partial seizures.

The overall prevalence of depressive and anxiety disor-
ders in patients with epilepsy can run as high as 55 and
25%, respectively [23]. Despite insufficient data in the liter-
ature regarding the prevalence of psychiatric disorders in
JME, the rates of these disorders in patients with JME
may be high. Personality disorders, generalized anxiety,
psychosis, and depressive disorders have been described
[24,25]. In the present study, we found anxiety in 23% of
patients and depressive disorders (major depression and
dysthymia) in 18.4%. Mula and Trimble [8] suggested a
positive correlation between high seizure frequency and
occurrence of psychiatric symptoms in generalized epilep-
sies. In this series, generalized anxiety disorder, indepen-
dent of drug therapy, was associated with lack of seizure
control (<1 year of seizure control) and having had >20
GTCSs during their lifetime. No association was detected

Table 2
Neuropsychological performance of patients with JME treated with VPA
or TPM

Neuropsychological test VPA TPM P value

Total IQ 102.1 ± 14.7a 98.6 ± 5.6 0.281
Vocabulary 8.0 ± 0.7 8.1 ± 0.7 0.655
Similarity 10.3 ± 2.1 10.4 ± 2.1 0.881
Arithmetic 9.9 ± 2.9 9.1 ± 3.5 0.569
Digit Span (forward) 5.3 ± 0.7 4.8 ± 0.7 0.046b

Digit Span (backward) 3.9 ± 1.3 3.7 ± 0.7 0.672
Information 11.0 ± 3.0 9.6 ± 2.4 0.212
Comprehension 7.3 ± 2.0 7.2 ± 1.3 0.889
LN Sequence 9.9 ± 0.7 9.66 ± 1.4 0.510
Picture Completion 12.13 ± 2.0 12.1 ± 2.6 0.992
Digit Symbol 10.3 ± 2.3 11.1 ± 1.4 0.141
Block Design 12.0 ± 2.9 9.8 ± 3.8 0.149
Matrix Reasoning 11.3 ± 2.7 10.2 ± 2.5 0.314
Picture Arrangement 11.2 ± 2.6 11.0 ± 2.2 0.832
Symbol Search 12.3 ± 2.8 9.0 ± 3.5 0.048b

Boston 51.5 ± 5.6 49.6 ± 6.3 0.468
FAS 25.6 ± 2.1 18.0 ± 0.7 0.001b

Animal Naming 14.6 ± 2.1 12.0 ± 7.7 0.366

WMS Visual Reproduction
Immediate Recall 27.6 ± 14.1 28.6 ± 11.3 0.843
Delayed Recall 24.3 ± 14.8 23.6 ± 19.0 0.924

WMS Logical Memory
Immediate Recall 18.4 ± 2.8 17.8 ± 12.0 0.889
Delayed Recall 15.7 ± 3.5 15.0 ± 14.8 0.895

Stroop I 16.6 ± 4.5 19.9 ± 3.9 0.067
Stroop II 19.0 ± 9.5 21.9 ± 6.1 0.349
Stroop III 28.4 ± 10.4 37.9 ± 17.2 0.156
Trail A 53.0 ± 22.4 60.1 ± 21.1 0.430
Trail B 98.5 ±33.7 140.7 ± 99.4 0.245

a Mean ± SD.
b P < 0.05.
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Fig. 1. Psychiatric disorders in patients with JME treated with VPA and
TPM.

608 G.M. de Araujo Filho et al. / Epilepsy & Behavior 8 (2006) 606–609



between any psychiatric disorder and VPA or TPM treat-
ment, despite the different psychiatric profiles of both med-
ications. In JME, these conditions have also been
attributed to frontal lobe dysfunction [22]. However, more
studies of this epileptic syndrome comparing psychiatric
profiles and cognitive impairment are needed.
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Abstract

The purpose of this study was to verify possible cognitive dysfunction in patients with juvenile myoclonic epilepsy (JME) and its rela-
tionship to factors related to epilepsy and schooling. Fifty subjects diagnosed with JME and 50 controls underwent neuropsychological
assessment evaluating intellectual functions, attention, memory, executive functions, and language. The patients were further divided
into two subgroups on the basis of educational level: 611 and >11 years of formal education. Participants diagnosed with JME scored
significantly below age-, education-, and gender-matched controls on neuropsychological measures of attention, immediate verbal mem-
ory, mental flexibility, control of inhibition, working memory, processing speed, verbal delayed memory, visual delayed memory, nam-
ing, and verbal fluency. A positive correlation was observed between duration of epilepsy and cognitive decline. However, in the group of
patients with >11 years of education, this correlation was not significant. In this series of patients with JME, neuropsychological
evaluation suggests widespread cognitive dysfunction outside the limits of the frontal lobes. The duration of epilepsy correlated with
cognitive decline, and patients with higher education manifested less progression of deficits.
� 2006 Elsevier Inc. All rights reserved.

Keywords: Juvenile myoclonic epilepsy; Neuropsychology; Cognitive impairment; Schooling; Frontal lobes

1. Introduction

Cognitive impairment is a frequent secondary conse-
quence of epilepsy [1]. Memory impairment, mental slow-
ing, and attention deficits are the most frequently
reported disorders in patients with epilepsy [2,3]. The
majority of earlier neuropsychological investigations have
concentrated on determination of the localization and
lateralization of the epileptogenic abnormality in focal
epilepsies [4]. Recently, interest has shifted to the neuropsy-
chological investigation of nonlesional, so-called idiopath-
ic, epilepsies [5]. Intellectual abilities in idiopathic
generalized epilepsy (IGE) are usually within the normal
range, but tend to be somewhat lower than in the general

population [6–8]. Bailet and Turkey [9], in a study of chil-
dren with idiopathic epilepsy, reported reduced memory
performance and psychomotor speed despite normal intel-
ligence. Impairment in executive functions has been
described in several patients with IGE, including subjects
diagnosed with juvenile myoclonic epilepsy (JME) [10].
Cognitive correlates of JME have received little attention
despite the extensive literature on cognition in other types
of epilepsy. JME is a clinically well-defined age-related gen-
eralized epilepsy syndrome [11]. Neuropsychological stud-
ies have demonstrated impairment in some frontal
functions of subjects diagnosed with JME, such as mental
flexibility, concept formation, cognitive speed, working
memory, verbal fluency, perseveration, and planning [12–
16]. Impairment in verbal and visual memory and visuo-
spatial tasks has also been related to JME [14]. In addition,
functional and structural dysfunction in the frontal lobe of
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subjects diagnosed with JME has been suggested in the
literature [17–22].

In this study we compared cognitive function in a group
of 50 subjects diagnosed with JME with that of 50 healthy
controls selected from the community with the aim of
verifying the neuropsychological dysfunction and possible
correlation with disease and sociodemographic variables,
for example, schooling and duration of epilepsy.

2. Methods

2.1. Subjects and procedures

All patients were followed up in the outpatient clinic of the Epilepsy
Section of the Universidade Federal de São Paulo, São Paulo, Brazil, from
January to June 2006. After receipt of informed consent, 50 patients of
both genders were analyzed. A control group of 50 healthy volunteers were
consecutively selected from the community to be the normative group. All
signed an informed consent. To be included in the control group, a subject
had to be P17 years of age and sociodemographically similar to members
of the JME group; none of the controls dropped out. The exclusion criteria
were neurological or psychiatric disorder, alcoholism, history of drug
abuse, and use of any medication. Groups were paired according to gender,
age, and schooling. Patients had to be P17 years of age, to have been elec-
troclinically diagnosed with JME based on ILAE classification [10], and to
have been on valproate (VPA) monotherapy for at least 6 months. We
excluded patients with abnormal brain magnetic resonance imaging
(MRI) scans, alcoholism, a history of drug abuse, clinical illnesses besides
epilepsy including psychiatric and neurological disorders, and treatment
with other antiepileptic drugs (AEDs). None of the patients had had any
seizures within the 24 hours preceding the day of neuropsychological eval-
uation, nor had they consumed antihistamines or alcohol within the 72
hours prior to the evaluation. Caffeine or nicotine use on the day of testing,
different from that usually taken, was also considered an exclusion criteri-
on. Patients had to complete a questionnaire eliciting such clinical and soci-
odemographic information as gender, age, schooling, duration of epilepsy,
type and frequency of seizures, and drug treatment.

2.2. Neuropsychological tests

The evaluation comprised 20 tests intended to measure a broad range
of neuropsychological domains that are often used in neuropsychological
practice to evaluate patients diagnosed with epilepsy. These tests can be
broken down into the following categories:

2.2.1. Intellectual functions

Thirteen subtests from Wechsler Adult Intelligence Scale III (WAIS-
III) adapted and validated for the Brazilian population [23] were available
for analysis: Picture Completion, Vocabulary, Digit Symbol, Similarities,
Block Design, Arithmetic, Matrix Reasoning, Digit Span, Information,
Comprehension, Picture Arrangement, Letter–Number (L-N) Sequence,
and Symbol Search. The values used for statistical analyses were scaled
scores. Full Scale IQ (FSIQ), Verbal IQ (VIQ), and Performance IQ
(PIQ) index scores were obtained for each participant.

2.2.2. Memory tests

Logical Memory I and II (immediate and delayed recall) from the
Wechsler Memory Scale Revised (WMS-R) were used to measure verbal
memory, and Visual Reproduction I and II (immediate and delayed recall)
from the WMS-R were used to assess visual memory. These tests were
selected from a compendium of neuropsychological tests [24].

2.2.3. Language and fluency

Three verbal tasks were used: the Boston Naming Test (BNT), to
assess visual naming ability; the FAS test, to assess phonemic fluency;
and Animal Naming, to assess semantic fluency [24].

2.2.4. Attention and executive functions

We evaluated attention, mental flexibility, control of inhibition, and
cognitive speed with the Stroop Test and Trail Making Test [24].

As these tests do not have a conversion value for the Brazilian popu-
lation, raw scores were used.

2.3. Statistical methods

Statistical analyses were performed with SPSS 10.0 software. Raw
scores for all neuropsychological tests for control subjects were converted
to adjusted (age, gender, years of education) z scores (mean = 0, SD = 1)
using multiple regression techniques. Adjusted z scores provide a compar-
ison of cognitive performance, assessed by neuropsychological evaluation,
between control subjects and patients with epilepsy. After initial calcula-
tion, outliers, defined as exceeding ±3SD were deleted, and the regression
equations were recomputed for the controls and then applied to the raw
scores of the patients with epilepsy.

Relative performance across the various cognitive domains could be
compared directly by placing all test scores on a common metric scale,
and definitions of dysfunction could be applied uniformly across tests.
A summary impairment index, which represents the proportion of test
scores (from a total of 20 measures) that are outside normal limits, repre-
senting the degree of cognitive morbidity, was calculated for each subject.
The definition of an impairment index limits the total number of compar-
isons conducted, therefore reducing the probability of type 1 error [25].

Adjusted z scores (control subjects and patients) were compared by
means of Student’s t test. Correlations between duration of epilepsy,
cognitive impairment, and schooling were evaluated with Spearman’s test.
P values <0.05 were considered statistically significant.

3. Results

Fifty patients with JME were compared with 50 healthy
controls matched on the basis of age, gender, and school-
ing. Twenty-one patients had had epilepsy less than 10
years, 19 had had epilepsy between 11 and 19 years, and
10 patients had had epilepsy more than 20 years. Among
the patients, 34 (68%) had myoclonic and generalized ton-
ic–clonic seizures (GTCS); 13 (26%) had myoclonic sei-
zures, GTCS, and absences; 2 (4%) had myoclonic
seizures and absences; and 1 (2%) had only myoclonic sei-
zures. As most of the patients experienced occasional
absences, the frequency of seizures was counted using only
myoclonic seizures and GTCS in the last year. The mean
number of GTCS was 1.38, and the mean number of
myoclonic seizures was 2.74. Clinical and demographic
characteristics are summarized in Table 1.

Table 2 lists the mean (and SD) scores on each neuro-
psychological test for both populations, those with JME
and the controls. These are the initial data from which
the mean adjusted z scores were calculated.

Cognitive dysfunction associated with JME was exam-
ined by comparing adjusted z scores for patients with epi-
lepsy with those for healthy control subjects across test
measures. With the control group used as a reference, the
presence of cognitive dysfunction across cognitive abilities
was observed in the JME group. Participants diagnosed
with JME performed significantly worse on several cogni-
tive tests: Vocabulary, Digit Symbol, Arithmetic, Digit
Span, Comprehension, Symbol Search, and L-N Sequence
from WAIS-III, which evaluated oral definitions for words,
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attention, immediate memory, working memory, under-
standing of concepts and social practices, and processing
speed. They also manifested impairment in Visual Repro-
duction (delayed recall), Logical Memory (immediate and
delayed recall), Stroop color, name, and interference, Trail
A and Trail B, BNT, FAS, and Animal Naming, which
correspond to delayed visual memory, immediate and
delayed verbal memory, attention, control of inhibition,
cognitive speed, mental flexibility, visual naming ability,
and phonemic and semantic fluency. The JME group had
worse FSIQ, VIQ, and PIQ scores than the control group.
Table 3 summarizes the neuropsychological performance
of subjects diagnosed with JME compared with that of
the control group (mean adjusted z scores).

We also evaluated cognitive impairment on the basis of
the average proportion of abnormal tests per patient, using
different z-score estimates. With the use of a conservative
estimate (z < �2.0), approximately 15% (14.88%) of the
test measures were abnormal for the average patient with
epilepsy. A slightly less conservative estimate (z < �1.5)
demonstrated that 22.08% of test measures per patient with
epilepsy were outside normal limits (Fig. 1).

The relationship between degree of cognitive impair-
ment and duration of epilepsy (in years) revealed an
increase in the proportion of test scores outside normal
limits per patient with an increase in the duration of epilep-
sy (Spearman r = 0.284, P = 0.048). Fig. 2 shows that
when z < �1.5 is used, as the duration of epilepsy increases,
the impairment index does too. A similar relationship
between cognitive impairment and duration of epilepsy
was observed using z < �1.0, although no correlation was
observed using z < �2.0.

Subjects diagnosed with JME were divided into two
groups based on years of formal education (611 and >11
years of education), to investigate the association between
duration of epilepsy and cognitive impairment and its rela-

Table 1
Demographic and clinical data of patients and controls

JME Control group

Number of patients 50 50
Gender (% females) 50 50
Age range 17–54 17–54

26.2 ± 7.4a 26.3 ± 7.45
Schooling 10.8 ± 2.88 10.9 ± 2.95
Duration of epilepsy 13.8 ± 8.51
Generalized tonic–clonic seizures 1.38 ± 0.9
Myoclonic seizures 2.74 ± 2.70

a Mean ± SD.

Table 2
Neuropsychological performance of subjects diagnosed with juvenile
myoclonic epilepsy compared with the control group: mean (SD) scores on
tests

Neuropsychological test Control group JME group

Picture Completiona 12.4 (1.64) 12.0 (2.34)
Vocabularya 9.6 (1.55) 8.6 (1.90)
Digit Symbola 11.8 (2.41) 10.7 (2.84)
Similaritiesa 10.7 (1.46) 10.5 (1.58)
Block Designa 12.1 (2.87) 11.5 (3.16)
Arithmetica 10.7 (2.56) 9.6 (2.84)
Matrix Reasoninga 11.7 (2.30) 11.1 (2.61)
Digit Spana 11.0 (2.47) 9.9 (2.63)
Informationa 10.7 (2.52) 10.8 (2.91)
Comprehensiona 11.6 (1.86) 11.0 (2.39)
Picture Arrangementa 8.5 (1.18) 7.8 (1.74)
L-N Sequencea 10.9 (2.72) 10.2 (2.86)
Symbol Searcha 13.0 (2.65) 11.5 (2.92)
Boston Naming Testb 55.9 (4.28) 53.7 (4.48)
FASb 33.6 (5.93) 26.6 (7.85)
Animal namingb 18.7 (4.01) 15.7 (9.68)
Visual Reproduction: immediate recallb 33.0 (3.79) 32.0 (5.51)
Visual Reproduction: delayed recallb 30.4 (4.68) 28.1 (8.36)
Logical Memory: immediate recallb 22.3 (5.28) 19.6 (6.58)
Logical Memory: delayed recallb 20.0 (6.44) 17.0 (7.19)
Stroop colorb 14.4 (2.95) 16.9 (4.48)
Stroop wordb 16.5 (3.60) 19.0 (7.63)
Stroop interferenceb 23.1 (5.26) 30.2 (12.29)
Trail Ab 37.5 (9.52) 54.3 (22.99)
Trail Bb 71.0 (16.06) 104.7 (37.62)

a Scaled scores.
b Raw scores.

Table 3
Neuropsychological performance of subjects diagnosed with juvenile
myoclonic epilepsy compared with the control group: mean (SD) adjusted
z scores

Neuropsychological test Control
group

JME group P

values

Full Scale IQ 0.000 (1.000) �0.601 (1.367) 0.001a

Verbal IQ 0.000 (1.000) �0.661 (1.296) 0.001a

Performance IQ 0.000 (1.000) �0.427 (1.428) 0.016a

Picture Completion 0.000 (1.000) �0.268 (1.427) 0.078
Vocabulary 0.000 (1.000) �0.644 (1.221) 0.002a

Digit Symbol 0.000 (1.000) �0.431 (1.176) 0.003a

Similarities 0.000 (1.000) �0.150 (1.080) 0.338
Block Design 0.000 (1.000) �0.216 (1.100) 0.090
Arithmetic 0.000 (1.000) �0.438 (1.109) 0.002a

Matrix Reasoning 0.000 (1.000) �0.286 (1.131) 0.073
Digit Span 0.000 (1.000) �0.429 (1.063) 0.01a

Information 0.000 (1.000) �0.048 (1.157) 0.754
Comprehension 0.000 (1.000) �0.533 (1.496) 0.005a

Picture Arrangement 0.000 (1.000) �0.300 (1.280) 0.0640
L-N Sequence 0.000 (1.000) �0.272 (1.053) 0.040a

Symbol Search 0.000 (1.000) �0.575 (1.105) 0.001a

Boston Naming Test 0.000 (1.000) �0.527 (1.045) 0.010a

FAS 0.000 (1.000) �1.181 (1.324) <0.001a

Animal Naming 0.000 (1.000) �0.744 (0.913) <0.001a

Visual Reproduction:
immediate recall

0.000 (1.000) �0.269 (1.452) 0.066

Visual Reproduction: delayed
recall

0.000 (1.000) �0.496 (1.788) 0.014a

Logical Memory: immediate
recall

0.000 (1.000) �0.512 (1.247) 0.017a

Logical Memory: delayed
recall

0.000 (1.000) �0.551 (1.322) 0.013a

Stroop color 0.000 (1.000) �0.867 (1.517) <0.001a

Stroop word 0.000 (1.000) �0.695 (2.121) 0.019a

Stroop interference 0.000 (1.000) �1.346 (2.335) <0.001a

Trail A 0.000 (1.000) �1.760 (2.414) <0.001a

Trail B 0.000 (1.000) �2.098 (2.342) <0.001a

a P < 0.05.
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tionship to years of education. Among patients with a high-
er educational level (>11 years), the association between
cognitive morbidity and epilepsy duration was attenuated
and nonsignificant (Spearman r = 0.086, P = 0.752) com-
pared with that observed in patients with fewer years of
education in whom the relationship was strong (Spearman
r = 0.439, P = 0.011), as illustrated in Fig. 3.

4. Discussion

Some authors have already described cognitive dysfunc-
tion in JME. Meencke and Janz [10] suggested the presence
of a ‘‘dysexecutive’’ syndrome in several patients with IGE,
including JME. Among the signs of executive impairment,
some authors emphasized difficulties in mental flexibility,
concept formation, cognitive speed, perseverations, and
planning [13,15,16]. Swartz et al. [12], in a study of subjects
diagnosed with JME and patients with frontal lobe epilep-
sy, described deficits in working memory almost equally
severe in both. In agreement with these previous data, in
our series of 50 patients with JME, we observed impair-
ments in attention, immediate and working memory, pro-
cessing speed, control of inhibition, cognitive speed, and
mental flexibility. The tests used to obtain these data are
sensitive to frontal lobe functions, suggesting that these
manifestations correspond to frontal lobe dysfunction.
Functional and structural frontal lobe dysfunction has
been described in the literature in subjects diagnosed with
JME [17–22]. Among the first, Savic et al. [19] observed a
selective reduction in N-acetylaspartate concentration in
prefrontal cortex in JME. In a further study, the same
authors mentioned that patients with JME with low frontal
lobe N-acetylaspartate levels performed more poorly on the
Trail Making Test [20]. Among the structural abnormali-
ties, gray matter concentrations were abnormal in the
mesiofrontal regions of patients with JME [18,22].

In this series, patients manifested normal intelligence;
however, their FSIQ, VIQ, and PIQ were in the lower
average range, whereas the control subjects scored in the
average range (P = 0.001, P = 0.001, and P = 0.016,
respectively). In previous studies of children with IGE, low-
er FSIQ scores were observed compared with a control
group [6,7]. Cutting et al. [8], analyzing the IQ of subjects
with IGE and seizure onset in adulthood and that of
control subjects, observed normal intelligence in patients
with lower IQs than the controls. A significant difference
in IQ was recently reported between patients with IGE
and controls in the WAIS-R [26].

In relation to language and fluency, it was demonstrated
previously that subjects diagnosed with JME scored worse
on a word list generation test used to assess verbal fluency,
perseverance, and verbal memory [14]. De Toffol et al. [15]
compared a control group and patients with JME patients
matched for age, education, gender, and handedness and
observed that the subjects diagnosed with JME had deficits
in verbal fluency. In our series, patients showed impairment
in tests evaluating fluency, an observation that also sup-
ports frontal dysfunction. On the other hand, naming
and semantic fluency were also impaired, suggesting broad-
er functional damage. In this sense, Bailet and Turk [9],
studying children between 8 and 13 years of age with idio-
pathic epilepsy, verified that patients performed worse than
controls with respect to memory. Dickson et al. [26] dem-
onstrated, through magnetic resonance spectroscopy,
reductions in N-acetylaspartate:choline and N-acetylaspar-

Fig. 1. Average proportion of abnormal adjusted z scores per patient
across the assessment of 20 cognitive measures in participants diagnosed
with juvenile myoclonic epilepsy (JME). , Patients with JME; ,
controls.

Fig. 2. Relationship between cognitive impairment and duration of
epilepsy based on z < �1.5 years.

Fig. 3. Years of formal education moderates the association between
duration of epilepsy and cognitive impairment. m, Patients with JME with
611 years of education; d, patients with JME with >11 years of education;
—, education adjustment611 years; –––, education adjustment >11 years.
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tate:creatine ratios in the temporal lobes of patients with
IGE, suggesting neuronal dysfunction secondary to epilep-
tic activity itself in the absence of any macroscopic lesions
in these areas. Our study confirms this premise, because the
subjects diagnosed with JME performed more poorly on
tasks that evaluated verbal memory and delayed visual
memory.

As executive functions involve complex cognitive pro-
cesses that require coordination of several subsystems, cog-
nitive impairment in naming and verbal and visual memory
could also be explained by this network dysfunction [27].

Duration of epilepsy was very slightly correlated with
cognitive performance. Sonmez et al. [14] mentioned that
even though the literature suggests there is a link between
duration of epilepsy and cognitive function in patients with
epilepsy, they could not find such a correlation in their ser-
ies of patients with JME. According to the latter study,
there was a significant association between educational
level and increased WMS scores, as well as ability in com-
prehension and naming, and a weak, although not statisti-
cally significant, correlation between educational level and
elevated Mini-Mental State Examination scores [14]. How-
ever, a relationship between number of years of schooling
and results on these tests was not discerned in their work.
Importantly, in our subjects diagnosed with JME, school-
ing exerted a protective role, as patients with >11 years
of education performed significantly better than those with
611 years of formal education. In a series of patients with
chronic temporal lobe epilepsy, Oyegbile et al. [25] verified
that in patients with 612 years of formal education, the
association between degree of cognitive morbidity and
duration of epilepsy was stronger than that among those
with more education. Our series confirms the importance
of a ‘‘cognitive reserve’’ of greater education in JME, an
idiopathic epilepsy.

In conclusion, in this series of patients with JME,
neuropsychological assessments suggest that there is
widespread cognitive dysfunction outside the limits of the
frontal lobes and that schooling has an impact on cognitive
performance.
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Abstract

In this controlled study we evaluated the frequency of psychiatric disorders (PDs) in 100 patients with juvenile myoclonic epilepsy
(JME) and compared it with that of 100 healthy controls matched with respect to age, gender, schooling, and socioeconomic status.
Our aim was to quantify the frequency of PDs and evaluate the relationship between PDs and factors related to epilepsy. Subjects were
evaluated with the Structured Clinical Interview for DSM-IV Axis I disorders (SCID-I) and Axis II disorders (SCID-II). Patients with
JME presented with significantly more PDs (P < 0.01) and psychosocial problems (P < 0.01) than the controls. PDs were diagnosed in 49
patients with JME. Anxiety and mood disorders, present in 23 and 19 patients, respectively, were the most frequently observed. Twenty
patients fulfilled criteria for personality disorders; 17 (85%) patients had cluster B personalities comprising the behavioral characteristics
impulsivity, humor reactivity, emotional instability, and difficulty in accepting social rules, similar to those cited in the earliest mentioned
description of this syndrome. PDs were more frequently observed in patients with higher seizure frequency (P < 0.05).
� 2007 Elsevier Inc. All rights reserved.

Keywords: Idiopathic generalized epilepsy; Juvenile myoclonic epilepsy; Personality disorders; Psychiatric disorders; Structured clinical interview for
DSM-IV disorders

1. Introduction

The complex relationship between epilepsy and psychi-
atric disorders (PDs) has been an important area of study
and research in patients with epilepsy because of the high
rate of occurrence of PDs and the consequent worsening
in prognosis [1]. Even though the association of PDs with
all types of epilepsy has been recognized for centuries, stud-
ies have concentrated mainly on patients with temporal
lobe epilepsy (TLE) [1–4].

Juvenile myoclonic epilepsy (JME) is a clinically well-de-
fined age-related epilepsy syndrome [5]. Past studies have
highlighted the difficulties in treatment of these patients,
which were attributed to some specific psychiatric,
psychological, and psychosocial aspects [1,6–9]. Janz and

Christian [7], in their pioneer article on ‘‘impulsive petit
mal,’’ stated:

As described by us earlier in patients with awakening
epilepsy, and contrary to ‘‘typical epileptic behaviour,’’
their mental behaviour is very often characterized by
unsteadiness, lack of discipline, hedonism and indiffer-
ence towards their disease.... They promise more than
they can deliver.... Their behaviour often has effects on
their therapy. They will declare that they adhere to all
prescriptions, but in fact they forget to attend control
visits and to take their medication regularly.... Their
mood changes rapidly and frequently.... They are easy
to encourage and to discourage; they are gullible and
unreliable.

In recent decades, there has been increased interest in
confirming and characterizing these traits. Among these,
a higher frequency of mild to moderate personality
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disorders and depressive and anxiety disorders, as well as a
few cases of psychosis, has been reported [10–12]. Howev-
er, there is an absolute lack of controlled studies in the lit-
erature regarding the prevalence of PDs in JME and its
association with a higher frequency of psychosocial dys-
functions [13]. In this study we aimed to evaluate, with spe-
cific instruments, the frequency of PDs in a series of 100
patients with JME, comparing their data with those of a
control group of 100 healthy subjects matched with respect
to age, gender, schooling, and socioeconomic status.
Another objective was to characterize the relationship of
PDs, psychosocial problems, and global functioning to
sociodemographic and clinical data, such as type and fre-
quency of seizures, degree of seizure control, duration of
epilepsy, and antiepileptic drug (AED) treatment.

2. Methods

2.1. Subjects

All patients were followed up in the outpatient clinic of a tertiary cen-
ter (Epilepsy Section of the Universidade Federal de São Paulo, São
Paulo, Brazil), from July 2005 to April 2006. After providing consent,
100 patients of both genders were analyzed. A control group of 100
healthy volunteers from the community were matched with the patients
with respect to age, gender, schooling, and socioeconomic status. The
inclusion criteria for the patient group were an electroclinical diagnosis
of JME based on ILAE classification [5] and treatment, with stable doses
of AEDs, in our unit for at least 6 months. We excluded patients with clin-
ical illnesses besides epilepsy. None of the patients included had seizures,
taken antihistamines, or consumed alcohol within the 72 h prior to the
evaluation. Different from usual consumption of caffeine or nicotine on
the day of testing was also considered an exclusion criterion.

2.2. Procedures

Subjects completed a clinical and sociodemographic questionnaire
including age, gender, schooling, family income, duration of epilepsy, neu-
rological and psychiatric family history, previous psychiatric treatment,
type and frequency of seizures, occurrence of status epilepticus, and drug
treatment. As most of the patients continued to experience occasional
absences and myoclonic seizures, making seizure counting difficult, a good
response to treatment was considered the control of generalized tonic–
clonic seizures (GTCS) for at least 1 year. Number of GTCS was classified
as >20 or <20 lifetime. All patients and controls had psychiatric
assessments.

2.3. Psychiatric evaluation

Patients and controls were evaluated by the same psychiatrist
(G.M.A.F.) using two structured questionnaires: the Schedule Clinical
Interview for DSM-IV Axis I (SCID-I) and Axis II (SCID-II) [14,15] dis-
orders. These are psychiatric scales based on the DSM-IV (Diagnostic and

Statistical Manual of Mental Disorders, fourth edition) and DSM-III-R
(Diagnostic and Statistical Manual of Mental Disorders, third edition,
revised), respectively, and have been used internationally to evaluate
PDs. Each patient could have had more than one psychiatric diagnosis
in each axis (I and II). We also applied the Global Assessment of Func-
tioning scale (GAF), which is part of the multiaxial evaluation of DSM-
IV (Axis V) [16] and measures global functioning on a hypothetical mental
health–illness continuum (0–100). This evaluation was made at the time of
the appointment to obtain a global idea of the general functioning of the

individual in most domains of life (social, emotional, affective, profession-
al, physical, and mental health). The higher the score, the better the sub-
ject’s global functioning.

2.4. Statistics

Statistical analyses were performed with SPSS 10.0 software. Some
sociodemographic characteristics were presented as one-sample propor-
tions and with confidence intervals. v2 was used to calculate the majority
of differences between the patient and control groups. Fisher’s exact test,
the generalization of Fisher’s exact test, and Student’s t test for unequal
variances were used to calculate both the differences between the patient
and control groups and the relationship between the patient group and
sociodemographic and epilepsy characteristics. P values <0.05 were
considered significant.

3. Results

One hundred patients with JME and 100 healthy con-
trols were selected. In the JME group, the mean age at sei-
zure onset was 12.8 ± 3.5 years, and the mean age at
diagnosis, 23.5 ± 8.7 years. Eighty-seven patients were tak-
ing only one AED at the time of the study. The most com-
mon AED used was valproate (VPA) in 58 patients,
followed by topiramate (TPM) in 19 and phenobarbital
(PB) in 10. Of the 13 patients using more than one AED,
6 were taking VPA and clonazepam (CLN); 4, TPM and
CLN; and 3, VPA and TPM. Fifty-eight had been free of
GTCS for more than 1 year, and 45 had >20 GTCS
lifetime. Forty patients had gone >10 years without being
diagnosed, and 50 had been treated with their present
medications for more than 2 years.

Groups were matched with respect to age (P = 0.114),
gender (P > 0.99), schooling (P > 0.99), and socioeconomic
status (P > 0.99). More patients in the JME group had a
psychiatric history (P < 0.01) and family history of both
PDs (P < 0.01) and epilepsy (P < 0.01). They also had sig-
nificantly more PDs (P < 0.01) and personality disorders
(P < 0.01) and worse global functioning (P < 0.001) and
family, economic, and occupational problems (P < 0.01)
than the control group. Unemployment was the main psy-
chosocial problem in the JME group (33 patients), being
significantly higher than in controls, among whom only
10 individuals were unemployed (P < 0.01). The controls’
GAF scores were a mean of 23.3 ± 3.5 higher than those
of the patients with JME. Table 1 outlines the differences
between the JME and control groups.

Forty-nine patients with JME had Axis I PDs. Anxi-
ety and mood disorders, (present in 23 and 19 patients,
respectively) were the most frequently observed. Among
the anxiety disorders, 19 patients had generalized anxiety
disorder, three had specific phobias, and one had obses-
sive–compulsive disorder; with respect to mood disorders,
there were 17 cases of major depression and 2 of dysthy-
mia. There were also 7 cases of somatoform disorders, 6
of them being conversive disorders (nonepileptic events)
and 1 somatization, 3 cases of schizophrenia, and 2 cases
of alcohol abuse. Five patients fulfilled criteria for two
Axis I diagnoses.
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Of the 100 patients with JME evaluated with SCID-II,
20 fulfilled criteria for mild to moderate personality disor-
ders (Axis II). The most frequent were histrionic (7) and
passive–aggressive (6), followed by 4 borderline, 2 depen-
dent, and 2 obsessive–compulsive personalities. There were
17 cases (85%) of Axis II diagnoses of cluster B personali-
ties (histrionic, borderline, and passive–aggressive) in the
JME group. Two patients fulfilled criteria for two Axis II
diagnoses.

In the control group there were 18 individuals with PDs.
The most prevalent were anxiety (8) and mood (6) disor-
ders. There were also 3 cases of alcohol abuse and 1 case
of schizophrenia. We found 4 cases of personality disorder:
2 histrionic, 1 passive–aggressive, and 1 borderline. The
distribution of psychiatric diagnoses in the JME and con-
trol groups is illustrated in Fig. 1.

For the JME group, clinical data on PDs (for the group
and individually) were compared with some clinical and
sociodemographic characteristics of this group. For all
comparisons, adequate statistical tests (v2, Student’s t test,
or Fisher’s exact test) were employed. Psychiatric and per-
sonality disorders, as a group and individually, were asso-
ciated with higher seizure frequency (P < 0.02), >20 GTCS

lifetime (P < 0.02), psychosocial problems (P < 0.01), and
lower GAF scores (P < 0.01). Mood disorders alone were
associated with higher seizure frequency (P < 0.003), psy-
chosocial problems (P < 0.003), and low GAF scores
(P < 0.01). Generalized anxiety disorder alone was associ-
ated with >20 GTCS lifetime (P < 0.03). Treatment with
AED for more than 2 years appeared to be a factor protect-
ing against PDs (P < 0.007) as well as generalized anxiety
disorder (P < 0.03). GAF scores were lower in patients
with any kind of PD (P < 0.001) and in those with cluster
B personality disorders (P < 0.001). GAF scores were also
lower in patients who had >20 GTCS lifetime (P < 0.05)
and in those with higher seizure frequency (P < 0.05).
There was no association between duration of epilepsy,
type of medication, or time without treatment and any
PD or worse GAF scores.

4. Discussion

The aim of this study was to conduct a controlled eval-
uation of PDs in patients with JME treated in a tertiary
center using standardized instruments based on modern
psychiatric nosography, estimating the frequency of PDs
and correlating this information with sociodemographic
and clinical variables such as seizure frequency, time with-
out treatment, number of AEDs, and duration of epilepsy.
We also aimed to correlate the data with the global impact
on patients’ lives. We could not find references in the liter-
ature to the use of SCID-I and SCID-II in the evaluation of
PDs in a normal control group, as well as to the correlation
of such variables with some social and functional disabili-
ties in patients with JME. The control group was selected
from the general population using specific matching criteria
so as to make all comparisons reliable.

Accurate estimates of psychiatric comorbidity in epilep-
sy are hard to find because of its heterogeneity and vari-
ability according to the type of study, severity and
chronicity of epilepsy, methodology applied (e.g., diagnos-
tic instruments), population setting, and subgroup of
patients with epilepsy studied (e.g., focal or primary

Table 1
Demographic and clinical data of patients with juvenile myoclonic
epilepsy and a control group

JME group Control group P value

Number of patients 100 100 >0.99
Age

Range 18–54 18–51 >0.99
Means ± SD 19.5 ± 2.1 20.5 ± 3.5

Gender (females) 60 60 >0.99
Past psychiatric history 22 7 0.007
Familial psychiatric history 32 14 0.005
Familial epilepsy history 68 5 0.003
Psychiatric disorders (Axis I) 49 18 0.007
Personality disorders (Axis II) 20 4 0.008
Psychosocial problems 38 12 0.004
Global assessment of functioning

Range 42–96 52–96 0.005
Means ± SD 61.2 ± 16.0 84.5 ± 12.1
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Fig. 1. Psychiatric disorders in patients with juvenile myoclonic epilepsy and a control group.
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generalized epilepsies) [17,18]. Nevertheless, there is evi-
dence that epilepsy places a person at increased risk of
developing PDs, and the few adequate controlled studies
in the literature report a higher risk in relation to normal
control groups, although this was not confirmed when
patients with epilepsy were compared with patients with
other chronic medical conditions [18]. Other studies have
emphasized that those with TLE are at increased risk of
developing PDs compared with persons with extra-TLE
or primary generalized epilepsies, probably because of the
limbic system’s involvement in the regulation of emotional
behavior. Although some investigators have reported a
higher frequency of PDs in TLE, others have not found
such differences [19–21]. It might appear that variables
other than or in addition to TLE are important determi-
nants of PDs, like seizure frequency, number of seizure
types, mechanisms and numbers of AEDs used, duration
of disease, and age at onset [18]. More controlled studies
are necessary to clarify how important the contribution
of the epilepsy condition itself is in predisposing to PDs.

It is possible that rates of PDs among persons with JME
are high [11–13]. In a comparison of a group of patients
with TLE and a control group, anxiety scores were signif-
icantly higher in persons with JME and TLE than in con-
trols [11]. Different types of anxiety and mood disorders,
like generalized anxiety disorder, phobias, major depres-
sion, dysthymia, and somatization disorders, have been
described [12]. In a recent study, we found anxiety in
23% and mood disorders in 18.4% of 42 persons with
JME; in this series, we confirmed our previous findings
[11–13]. Considered common in TLE, psychotic disorders
have rarely been mentioned in studies of JME using
nonsubjective modern rating scales [11–13].

Psychiatric effects of AEDs are recognized to be of
importance in predisposing to or protecting against PDs,
and may be predictable based on the patient’s preexisting
mental status [22]. Kanner et al. reported that almost a
third (28%) of the depressive disorders diagnosed in
patients with epilepsy are iatrogenic, provoked by AEDs
[23]. The mechanisms that may be involved in the patho-
genesis of these adverse events are pharmacodynamic prob-
lems associated with polytherapy, dosage-related toxic
effects, dosage-unrelated idiosyncratic effects in predis-
posed patients, and effects related to efficacy of treatment,
like forced normalization and drug withdrawal [22]. Emo-
tional liability, depression, and psychosis have been associ-
ated with TPM, whereas few psychiatric side effects have
been seen with VPA in the treatment of patients with epi-
lepsy [1,24]. Possibly because of its strong GABAergic
properties, PB has been historically related to depressive
and sedative symptoms [25]. In our study, there were no
differences between numbers and types of AEDs and prev-
alence of PDs, but a large number of patients were taking
VPA and a very small number were using more than one
AED, which made these comparisons unreliable.

As mentioned above, an association between JME and
some personality traits has already been suggested by Janz

and Christian [7]. These traits were emotional instability
and immaturity, unsteadiness, lack of discipline, hedonism,
frequent and rapid mood changes, and indifference to their
disease [7–9]. Clinical and electroencephalographic studies
have historically referred to these ‘‘typical’’ traits and ‘‘psy-
chiatric symptoms,’’ present in 12 of 35 (34%) and 116 of
399 (29%) patients [6,26]. Difficulties in social integration
and in communicating skills have also been emphasized,
as have ‘‘neurotic’’ traits [27,28]. Gelisse et al. reported
mild to moderate personality disorders in 24 of 170 cases
(14%), also suggesting that those traits described in the past
would today correspond to borderline personality disorder
[12]. Similarly, we observed mild to moderate personality
disorders in 20% of our 100 patients. Among them were
17 cases of cluster B personality disorders (histrionic, bor-
derline, and passive–aggressive), which represent 85% of
Axis II diagnoses in this series. The clinical characteristics
of this specific group were a marked impulsivity, humor
reactivity, emotional instability, and difficulty in accepting
social rules [16]. The symptoms and clinical manifestations
described by authors in the past [6–9] could correspond,
currently, to all of the cluster B personality disorders
described in DSM-IV and not only to a particular person-
ality type, because these patients share almost the same
patterns of behavior mentioned above.

These manifestations may indicate frontal lobe impair-
ment; it has been suggested that there are functional and
structural frontal lobe dysfunctions in patients with JME
[12,29–32] and these types of behavioral abnormalities in
patients with other types of frontal lesions [32,33]. These
characteristics could be a constituent of JME or at least
be present in more serious forms of this syndrome
[12,29]. All cases in this study were mild to moderate,
agreeing with other studies of PDs in JME [12,13]. Howev-
er, the prevalence of personality disorders in the general
population is high (5–20%) [16], and we have no studies
correlating personality traits with frontal lobe dysfunctions
in this epileptic syndrome. Anyway, such disorders were
significantly more prevalent in patients with JME (20%)
than in the control group (4%).

PDs, as a group and, in particular mood, anxiety, and
personality disorders, are correlated with a higher seizure
frequency. On the other hand, treatment with AEDs for
more than 2 years appears to be a factor protecting against
all PDs and specifically generalized anxiety disorder.
Therefore, seizure control, as well as compliance with treat-
ment, is very important to the mental health of these
patients. Some studies have suggested a positive correlation
between high seizure frequency and psychiatric symptoms
in persons with generalized epilepsies [3,34]. We also
observed worse function, as indicated by the GAF, among
patients who had >20 GTCS lifetime and in those with
poorer seizure control. It is already known that quality of
life is considered worse in patients who experience more
frequent seizures [35].

There was a statistical association between PDs and more
psychosocial familial, economic, and occupational problems
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and worse GAF scores in the JME group. The high rate of
family history of epilepsy among persons with JME has been
described in the literature [12]. There was also a significant rate
of unemployment (31%), higher than in controls (10%)
(P < 0.01), and this could be attributed to the adverse effects
of AEDs, higher seizure frequency, and stigma associated with
the disease. GAF scores were lower in patients with any kind
of PD or personality disorder and in those with cluster B
personality disorders, and this might be a consequence of dis-
rupted behavior, which could originate in the same circuits
involved in seizure generation [29,32]. Despite the accumulat-
ed knowledge, we still cannot answer this question and more
studies are necessary. Among them, functional neuroimaging
studies may help clarify this premise [32].
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Abstract

We evaluated the frequency of psychiatric disorders (PDs) in a homogenous series of patients with temporal lobe epilepsy with mesial
temporal sclerosis (TLE-MTS), as compared with patients with juvenile myoclonic epilepsy (JME), aiming to determine possible differ-
ences in psychiatric diagnoses between these two epileptic syndromes. Data from 170 patients with refractory TLE-MTS and from 100
patients with JME were reviewed and compared. The prevalence of PDs was high in both groups of patients with epilepsy: PDs were
present in 85 patients with TLE-MTS (50%) and 49 patients with JME (49%). Among the TLE-MTS group, mood (25.8%), psychotic
(15.8%), and anxiety (14.1%) disorders were the most frequent diagnoses, whereas anxiety and mood disorders (23 and 19%, respectively)
were the most common among patients with JME. Psychoses were significantly associated with MTS (P < 0.01) and anxiety disorders
with JME (P < 0.05). These findings suggest the existence of an anatomic correlation between PDs and brain structures involved in both
epilepsy syndromes.
� 2008 Elsevier Inc. All rights reserved.

Keywords: Temporal lobe epilepsy; Mesial temporal sclerosis; Juvenile myoclonic epilepsy; Psychiatric disorders

1. Introduction

The complex relationship between epilepsy and psychi-
atric disorders (PDs) has been recognized for centuries
and is a topic of interest today, with important studies
emphasizing this association [1–8]. Available data support
an increased risk for psychiatric comorbidity in patients
with epilepsy, indicating that it occurs in 20–40% of this
population, being even more frequent in patients with
refractory seizures, in whom the prevalence can be as high
as 70% [2]. Although there is a well-established link
between PDs, poor functional outcomes, and impaired
quality of life, systematic research in this area is still lack-
ing [1–4]. Some studies have highlighted patients with tem-

poral lobe epilepsy (TLE) as at increased risk for
developing PDs when compared with people with extra-
temporal or primary generalized epilepsies, relating this
phenomenon to the involvement of the limbic system,
implied in regulation of emotions and behavior [9–11].
However, this has not been confirmed by other studies
[12,13]. There is also a lack of data regarding the frequency
of PDs in specific etiologies of TLE such as mesial tempo-
ral sclerosis (MTS), a condition that compromises mainly
structures of the limbic system, particularly the hippocam-
pus and the amygdala. Behavioral changes in patients with
TLE can range from depression and anxiety to psychosis,
also including some specific personality traits that have
been referred to as interictal personality disorder of epi-
lepsy and Gastaut–Geschwind syndrome [9]. Few studies,
however, have performed adequate controlled analyses
using well-established diagnostic instruments for PDs
[2,8,13]. In addition, these studies have concentrated
mainly on patients with TLE [5–8], and there remains a
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lack of data regarding the prevalence of PDs in other epi-
leptic syndromes [8,13].

Juvenile myoclonic epilepsy (JME) is a well-defined pri-
mary generalized epileptic syndrome characterized by
myoclonic jerks and generalized tonic–clonic seizures
(GTCS) and typical findings of generalized 4- to 6-Hz
spike-and-wave or poly-spike-and-wave activity maximal
in the frontocentral regions on electroencephalograms
(EEGs) [2]. Five to eleven percent of patients with epi-
lepsy have JME. In people with this syndrome, high rates
of PDs, particularly anxiety, mood, and mild to moderate
personality disorders, have been described [14–18], as has
frontal lobe dysfunction [2,19,20]. To verify the frequency
and types of PDs in TLE-MTS and to compare these
characteristics with those for a primary generalized epi-
lepsy syndrome, we evaluated the frequency of axis I dis-
orders in a homogenous series of 170 patients with
refractory TLE-MTS and in 100 patients with JME, aim-
ing to investigate differences in the types of PDs in each
group and possible correlations to clinical and physio-
pathological variables, such as duration of disease, family
history of epilepsy, and laterality of MTS. We focused
our attention on analysis of the importance of the type
of epileptic syndrome (focal vs primary generalized epilep-
sies) to the development of PDs, discussing possible ana-
tomic correlations between the epileptic syndrome and its
psychiatric comorbidity [1,14].

2. Methods

2.1. Subjects

All patients were followed up in the outpatient clinic of a tertiary cen-
ter (Epilepsy Section, Universidade Federal de São Paulo, São Paulo, Bra-
zil), from July 2005 to July 2007. After consent was obtained, 100 patients
with JME and 170 with refractory TLE-MTS were recruited. The inclu-
sion criteria were electroclinical diagnosis of JME or TLE based on ILAE
classification [21] and treatment in our unit for at least 6 months. All
patients with TLE also had clear MRI findings consistent with unilateral
or bilateral MTS and concordant interictal and ictal EEG data. Patients
with JME had typical EEGs revealing generalized 3- to 6-Hz spike-and-
wave or poly-spike-and-wave activity maximal in the frontocentral
regions. Exclusion criteria were clinical illnesses other than epilepsy and
antihistamine or alcohol consumption within 72 h prior to the evaluation.
Caffeine or nicotine use on the day of testing, different from that usually
taken, was also considered an exclusion criterion.

2.2. Procedures

Patients with TLE underwent 2–6 days of continuous video/EEG
monitoring with 32-channel EEG recording, with electrodes placed
according to the 10–20 system on the temporal lobe, including sphenoidal
electrodes. MTS was defined if atrophy, an increased T2-weighted signal,
a decreased T1-weighted signal, and disrupted internal structure of the
hippocampus were present accompanied by atrophy of the amygdala
and/or temporal pole signal alteration on visual inspection of MRI scans.
The epileptogenic zone was determined by predominantly ipsilateral inter-
ictal epileptiform abnormalities (80% cutoff) and seizure onset recorded
during prolonged video/EEG monitoring. Patients with TLE were consid-
ered resistant to medical treatment when seizures persisted after the utili-
zation of at least two first-line medications for partial seizures at the
highest tolerated doses.

As most of the patients with JME continued to have occasional
absence and myoclonic seizures, making seizure counting difficult, a good
response to treatment was considered the control of GTCS for at least 1
year. For statistical analysis, patients with JME were divided into three
groups based on the presence of seizures: myoclonic plus GTCS, myo-
clonic plus absence, and myoclonic plus absence plus GTCS.

2.3. Psychiatric evaluation

Clinical and sociodemographic data on the patients were reviewed. All
patients were evaluated by the same psychiatrist (G.M.A.F.) through the
structured questionnaire Schedule Clinical Interview for DSM-IV, Axis I
(SCID I), which is a diagnostic instrument based on DSM-IV (Diagnosti-

cal and Statistical Manual of Mental Disorders, Fourth Edition) [22], and
has been used worldwide to evaluate the prevalence of PDs. For statistical
comparisons, because each patient could have had more than one axis I
psychiatric diagnosis, the number of patients diagnosed and all comorbid
PDs detected in each group were both considered and were analyzed sep-
arately. The temporality between epileptic seizures and psychotic symp-
tomatology was the criterion used to differentiate postictal psychosis
from interictal psychosis [23].

2.4. Statistics

Statistical analyses were performed with SPSS 10.0 software. Some
sociodemographic characteristics were presented as one-sample propor-
tions and with confidence intervals. v2 was used to calculate the majority
of differences between both groups. Fisher0s exact test, the generalization
of Fisher0s exact test, the Z test, and Student0s t test for unequal variances
were applied to calculate both the differences between the groups and the
relationship between the group of patients and sociodemographic and epi-
lepsy characteristics. A P value < 0.05 indicated significance.

3. Results

The TLE-MTS and JME groups were paired according
to age, gender, duration of epilepsy, and age at epilepsy
onset. MTS occurred more frequently on the left side
(113 cases, 66.5%); right-sided MTS occurred in 49 cases
(28.8%) and bilateral MTS in 8 (4.7%). Sixty patients had
a history of initial precipitant injury, febrile seizures being
the most frequent (34 cases, 56.6%). There were also 17
cases of head trauma, 6 of meningoencephalitis, and 3 of
perinatal hypoxia. The majority of patients with MTS
(128, 75%) had taken two or more AEDs. Carbamazepine
(CBZ), in monotherapy or in association with other drugs,
was the most frequent AED used (107 patients, 62.2%), fol-
lowed by phenytoin (PHT) (73 patients, 42.9%). Benzodi-
azepines, particularly clobazam, were the most frequently
associated drugs, being prescribed in 81 patients (47.2%).

In the JME group, there were 62 patients with myo-
clonic seizures and GTCS at the time of evaluation
(62%), whereas 29 (29%) had myoclonic seizures, absences,
and GTCS and 9 (9%) had myoclonic and absence seizures.
Eighty-seven patients were taking only one AED at the
time of the study, and the most common was valproate
(VPA) in 58 patients, followed by topiramate (TPM) in
19 and phenobarbital (PB) in 10. Of the 13 patients using
more than one AED, 6 were taking VPA and clonazepam
(CNZ); 4, TPM and CNZ; and 3, VPA and TPM. Fifty-
eight had been free of GTCS for more than 1 year, and
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50 had been treated with their present medications for
more than 2 years. Clinical and demographic data are sum-
marized in Table 1.

PDs were detected in 85 patients (50%) with MTS.
Mood disorders were the most frequent, being diagnosed
in 44 (25.8%). Among these, there were 38 with major
depression disorder, 4 with dysthymia, and 2 with type I
bipolar disorder. Psychotic disorders were observed in 27
patients (15.8%): interictal psychosis in 16 (9.4%) and post-
ictal psychosis in 11 (6.4%). Twenty-four patients (14.1%)
had anxiety disorders. Among these 24, 21 had generalized
anxiety disorder (GAD), 2 social phobia, and 1 obsessive–
compulsive disorder. There were also 8 patients (4.7%) with
somatoform disorders, all of them conversion disorders
(nonepileptic events). Eighteen patients fulfilled criteria
for two axis I disorders (10.5%): 11 had major depression
and GAD, and 7 had major depression and postictal
psychosis.

Forty-nine patients with JME had a PD (49%). Anxiety
and mood disorders, present in 23 (23%) and 19 (19%),
respectively, were the most frequently observed. Among
anxiety disorders, there were 19 cases of GAD, 3 specific
phobias, and 1 obsessive–compulsive disorder, whereas
among mood disorders, there were 17 cases of major
depression and 2 of dysthymia. There were also 7 cases
of somatoform disorders (6 conversion disorders (nonepi-
leptic events) and one somatization disorder), 3 cases of
psychotic disorders, and 2 cases of alcohol abuse. Five
patients fulfilled criteria for two axis I diagnoses. When
the prevalences of PDs in the groups were compared, psy-
chotic disorders, as a group and separately, were signifi-
cantly related to MTS (P < 0.01), whereas anxiety
disorders were associated with the JME group (P < 0.05).
We found no statistically significant differences in the num-
bers of patients with PDs or in the total number of psychi-
atric diagnoses, mood or somatoform disorders, between
the two groups. The psychiatric diagnoses are illustrated
in Fig. 1.

Clinical data on the presence of PDs and clinical and
sociodemographic characteristics were compared. This
was done by analyzing the presence of PDs (as a group
and individually) and the clinical and sociodemographic
variables. All comparisons were made through application

of an adequate statistical test (v2, Z test, or Fisher0s exact
test).

In the MTS group, psychotic disorders, whether ana-
lyzed separately (postictal pschosis, interictal psychosis)
or as a group, were significantly correlated with left-sided
MTS (P < 0.05). Mood disorders, however, were not asso-
ciated with lateralization. Also, we did not observe any
effect of lateralization when analyzing the total number
of PDs, as a group. There was no correlation between sei-
zure frequency, secondary generalization, presence of an
initial precipitant injury, or number and type of AEDs
and a higher frequency of PDs. In JME, mood disorders
and GAD were related to inadequate seizure control
(P < 0.02). Treatment with VPA for more than 2 years
appeared to be a factor protecting against PDs
(P < 0.01). There was no association between duration of
epilepsy, type of seizures, or time without treatment and
any specific PD or higher frequency of PDs.

4. Discussion

The aim of this study was to evaluate the frequency and
types of axis I PDs in two homogeneous series of patients
with specific epilepsy syndromes with different pathophys-
iology and clinical manifestations: a focal (TLE-MTS) type
and a primary generalized (JME) type. We also aimed to
compare and verify possible differences in the prevalence
of PDs between these groups. Statistical correlations of
PDs and sociodemographic and clinical variables such as
seizure frequency, type and number of AEDs, and duration
of epilepsy in each group, as well as the laterality of MTS
in TLE, were also performed.

Accurate estimates of psychiatric comorbidity in
patients with epilepsy are not easy to find, because of the
large variety of factors involved in this type of research,
such as the type of study, severity and chronicity of epi-
lepsy, methodology applied, population setting, and psy-
chosocial aspects involved in this very stigmatized disease
[1,2,14]. This variability could, in part, be responsible for
the difficulty in finding truly homogeneous patient groups
and adequate controls in the literature [24]. Although car-
ried out at a tertiary center, where more refractory patients
are treated, in this study we describe two homogeneous

Table 1
Clinical and demographic data of patients with mesial temporal sclerosis and juvenile myoclonic epilepsy

Clinical/demographic parameter Mesial temporal sclerosis Juvenile myoclonic epilepsy Statistical test P value

Age 30.6 ± 11.3a 24.5 ± 12.1 Z = 12 >0.05
Gender (% females) 101 (59.4)b 60 (60) v2 = 0.2 >0.05
Age at epilepsy onset 11.4 ± 8.6 12.8 ± 3.5 Z = 1.9 >0.05
Duration of epilepsy 22.9 ± 12.2 21.5 ± 10.6 Z = 1.6 >0.05
Family history of epilepsy 51 (30) 68 (68) v2 = 33.9 <0.01c

Patients with axis I psychiatric disorders 85 (50) 49 (49) v2 = 0.1 >0.05
Total axis I psychiatric disorders 103 (60.5) 54 (54) v2 = 1.9 >0.05

a Mean ± SD.
b Number (%).
c P < 0.05.
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groups paired according to age, gender, duration of epi-
lepsy, and age at epilepsy onset, and evaluated through
the use of standardized instruments based on modern psy-
chiatric nosography.

About 6% of epileptic patients in general appear to have
a PD. This proportion can rise to 20–40% in populations
with TLE and to 70% in populations with refractory epi-
lepsy [1,2]. Among these, mood disorders, particularly
depression, are the most common (24–74%), followed by
anxiety disorders (10–25%), psychoses (2–7%), and person-
ality disorders (1–2%). Although the importance of the
localization of epileptic discharges and the anatomical
lesions provoked by the disease in the development of
PDs remains unclear, there is strong evidence that epilepsy
places the patient at an increased risk of developing PDs,
and adequate controlled studies in the literature show a
higher risk in relation to normal control groups [13,24–
26]. In this study, we found in both groups high rates of
PDs, mainly mood and anxiety disorders, confirming the
high comorbidity of these PDs in epilepsy [3,13–18,27].
We could not evaluate the prevalence of attention-deficit
disorder (ADD), an entity possibly frequent among
patients with epilepsy but not covered by the diagnostic
instrument used (SCID-I); this was a limitation of our
study [28].

There were no statistically significant differences
between the two groups with respect to the number of
patients diagnosed with PDs or the total number of psychi-
atric diagnoses made. Previous studies have traditionally
highlighted the association between TLE and PDs [6–
9,24,27]. Limbic involvement has been suggested as a pos-
sible explanation for the high frequency of PDs, given the
role of these structures in the regulation of emotions and
behavior [1–3,6]. Other studies, however, failed to docu-
ment this association, inferring that TLE per se cannot

be considered a risk factor in the development of more psy-
chopathology and highlighting the importance of other
concomitant factors, such as duration of epilepsy, seizure
frequency, and particularly frontal lobe dysfunction [11–
13,24]. On the other hand, high rates of PDs among
patients with JME have also been described in more recent
literature, as have different types of anxiety and mood dis-
orders, like GAD, phobias, major depression, dysthymia,
and somatization disorders [14–18].

Statistical correlations between MTS and psychotic dis-
orders (P < 0.01) and between JME and anxiety disorders
(P < 0.05) were observed in this study. Previous reports
of psychosis have already pointed to a close relationship
between those disorders and TLE [29–32], but because psy-
choses associated with epilepsy cannot be defined as a sin-
gle or simple condition but as a complex entity with several
possible subcategories, the disease probably contributes in
different ways to the development of psychotic states
[27,28,32–34]. The laterality of the epileptogenic zone has
also been considered a potential risk factor for psychosis
in TLE [24], and a majority of the studies implicate the left
hemisphere [12,32–34] or report no effect of lateralization
[10]. The correlation of left-sided MTS with psychosis
found in this study was in accord with the literature, as
the left side had been related to a higher prevalence of epi-
leptic psychosis and patients with left temporal lobe epilep-
togenic lesions are particularly predisposed to develop
those disorders [32–34].

Anxiety disorders were significantly correlated with the
JME group (P < 0.05). A high frequency of anxiety disor-
ders among patients with JME has been observed in more
recent studies [14–18]. In a recent survey of 42 patients with
JME, we noted prevalences of anxiety and mood disorders
of 23 and 18.4%, respectively [16]. Although frequently
observed among patients with TLE [1–3,6,28], psychotic

Fig. 1. Psychiatric disorders in mesial temporal sclerosis and juvenile myoclonic epilepsy.
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disorders have rarely been mentioned in studies of JME
using nonsubjective modern rating scales [15–18].

The psychopathology of JME has been related to possible
dysfunction of the frontal lobes [26,27,29–32], as the pres-
ence of functional and structural frontal lobe dysfunction
in patients with JME has been suggested [19,20,35–38]. Anx-
iety disorders could also be a behavioral manifestation of
frontal lobe lesions [38,39], as well as specific personality
traits historically associated with JME and corresponding,
in modern psychiatric nosography, to cluster B personality
disorders described in DSM-IV [22,40–44]. All of these types
of behavioral abnormalities, also present in patients with
other types of diseases that compromise the frontal lobes
[38,39], could be a component of JME or be present in more
serious forms of this syndrome [15–19,40–44]. Thus, the
associations found between psychosis and MTS (P < 0.01),
as well as between anxiety disorders and JME (P < 0.05),
could correspond to the respective anatomical dysfunctions
found in each epilepsy syndrome, as part of the brain dys-
function provoked by the disease [16,19,20,37].

Mood and anxiety disorders were correlated with higher
seizure frequency in the JME group (P < 0.01). Seizure con-
trol and compliance with treatment are well recognized as
very important to the mental health of these patients [45–
47], and some studies have already suggested a positive cor-
relation between high seizure frequency and occurrence of
psychiatric symptoms in generalized epilepsies [46,47].
Although JME has been considered a benign condition with
good response to antiepileptic treatment [46,47], a large pro-
portion of patients with JME had not been free of GTCS for
at least 1 year (42%) at the time of the study, and this could
have led to a higher frequency of PDs in this group. Previous
treatment with VPA for more than 2 years appeared to be a
factor protecting against PDs (P < 0.01). This finding could
be due to more efficacious seizure control or to the well-
known therapeutic effects of VPA in psychiatry, as this drug
has been used for the treatment of various PDs [45].

We conclude that there was a high prevalence of PDs in
patients with TLE-MTS (50%). A high prevalence was also
observed in patients with JME (49%), a form of idiopathic
generalized epilepsy. Psychosis was significantly associated
with left-sided MTS (P < 0.01), whereas anxiety disorders
were associated with JME (P < 0.05). These findings are
consistent with data in current literature regarding the
prevalence of PDs in TLE [6–12,27,32–34] and JME
[15–18], and suggest the existence of possible anatomic
substrates for the development of specific PDs that could
correspond to brain dysfunctions caused by each epileptic
syndrome [16,19,20,37]. This question is yet to be
answered, so continued investigation of these factors is
certainly recommended [24,37].
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SUMMARY

Purpose: Personality traits characterized by emo-

tional instability and immaturity, unsteadiness,

lack of discipline, hedonism, frequent and rapid

mood changes, and indifference toward one’s dis-

ease have been associated with patients who have

juvenile myoclonic epilepsy (JME). Literature data

demonstrate worse seizure control and more psy-

chosocial dysfunctions among patients with JME

who have those traits. In this controlled study we

performed a correlation analysis of psychiatric

scores with magnetic resonance spectroscopy

(MRS) values across JME patients, aiming to verify

the existence of a possible relation between fron-

tal lobe dysfunction and the prevalence of person-

ality disorders (PDs) in JME.

Methods: Sixteen JME patients with cluster B

PDs, 41 JME patients without any psychiatric dis-

order, and 30 healthy controls were submitted

to a psychiatric evaluation and to a quantitative

multivoxel MRS of thalamus; insula; cingulate

gyrus; striatum; and frontal, parietal, and occipital

lobes. Groups were homogeneous according to

age, gender, and manual dominance. Psychiatric

evaluation was performed through the Scheduled

Clinical Interview for DSM-IV, Axis I and II (SCID I

and II, respectively).

Results: A significant reduction of N-acetyl-aspar-

tate over creatinine (NAA/Cr) ratio was observed

mainly in the left frontal lobe in the JME and PD

group. In addition, a significant increase in the glu-

tamate–glutamine over creatinine GLX/Cr ratio

was also observed in this referred region in the

same group.

Discussion: These data support the hypothesis

that PDs in JME could represent neuronal dysfunc-

tion and possibly a more severe form of this epilep-

tic syndrome.

KEY WORDS: Magnetic resonance spectroscopy,

Idiopathic generalized epilepsy, Juvenile myo-

clonic epilepsy, Personality disorders, Frontal lobe

dysfunction, Psychiatric disorders.

Juvenile myoclonic epilepsy (JME) is a well-defined
type of idiopathic generalized epilepsy (IGE) that com-
prises 5–11% of patients with epilepsy; it is characterized
by myoclonic jerks and generalized tonic–clonic seizures
(GTCS) and typical findings of generalized 4–6 Hz spike
and wave or polyspike and wave discharges on electro-
encephalography (EEG) (Commission on Classification

and Terminology of the International League Against
Epilepsy, 1989; Schmitz & Wolf, 1995). Modern neuro-
imaging techniques demonstrated evidence of frontal lobe
dysfunction among patients with JME (Woermann et al.,
1998, 1999; Gelisse et al., 2001; Koepp, 2005; Betting
et al., 2006). Neuropsychological evaluation of these
patients has confirmed those findings (Devinsky et al.,
1997; Pascalicchio et al., 2007), which could be related to
pathophysiologic mechanisms involved in the generation
of epileptic activity in this epileptic syndrome (Savic
et al., 2000, 2004; Bernasconi et al., 2003; Simister et al.,
2003; Haki et al., 2007).

Studies involving patients with JME had already
highlighted difficulties in their treatment, which were
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attributed to some specific psychological and personality
traits, described as emotional instability and immaturity,
unsteadiness, lack of discipline, hedonism, frequent and
rapid mood changes, and patient’s indifference toward
their disease (Janz & Christian, 1957; Simonsen et al.,
1976; Janz, 1985; Janz & Christian, 1994; Trimble, 2000;
Trimble et al., 2000; Swinkels et al., 2003). These obser-
vations were confirmed by studies utilizing modern psy-
chiatric criteria, which have disclosed a high frequency of
psychiatric disorders among patients with JME, particu-
larly anxiety, mood, and mild to moderate cluster B
personality disorders (PDs), such as histrionic, passive-
aggressive, and borderline PDs (Perini et al., 1996;
Sengoku et al., 1997; Gelisse et al., 2001; de Araffljo Filho
et al., 2006; Trinka et al., 2006; de Araffljo Filho et al.,
2007). Cluster B PDs are Axis II psychiatric diagnostic
categories presented in the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition, text revision
(DSM-IV-TR) with similar psychopathologic description
(American Psychiatric Association, 2000) and are clini-
cally characterized by a marked impulsivity, unsteadiness,
humor reactivity, emotional instability, and difficulty in
accepting social rules (American Psychiatric Association,
2000; Gelisse et al., 2001; de Araffljo Filho et al., 2007).
Studies have also shown that patients with those personal-
ity characteristics had worse seizure control and more psy-
chosocial dysfunctions (Doval et al., 2001; de Araffljo
Filho et al., 2007). In the last decades there has been an
increased interest in characterizing these manifestations
that could correspond to frontal lobe impairment, once
these behavioral abnormalities were described among
patients with different types of frontal lobe lesions (Doval
et al., 2001; Koepp, 2005; de Araffljo Filho et al., 2007). In
the present study we investigated the hypothesis of a rela-
tion between frontal lobe dysfunctions in JME and the
prevalence of those PDs already described in the litera-
ture, by using the technique of quantitative multivoxel
magnetic resonance spectroscopy (MRS), aiming to verify
a possible localization effect of those behavioral disorders.
Another objective was to characterize the relationship
between the presence of the referred disorder to clinical
data, such as type and frequency of seizures, degree of
seizure control, duration of epilepsy, and adequate anti-
epileptic drug (AED) treatment.

Methods

Subjects
All patients included in this study were followed in the

outpatient clinic of a tertiary center (Epilepsy Section of
the Universidade Federal de S¼o Paulo, S¼o Paulo, Brazil)
from July 2005 to July 2007. After approval from the ethi-
cal committee, advantages and risks for participation were
explained and informed consent was obtained. The inclu-
sion criteria for the patients’ group were the presence of

electroclinical diagnosis of JME based on ILAE classifi-
cation (Commission on Classification and Terminology of
the International League Against Epilepsy, 1989) and hav-
ing been treated in our unit for at least 6 months. JME
patients had typical EEG showing generalized 3–6 Hz
spike and wave or polyspike and wave activity maximum
in the frontocentral regions. We excluded patients with
clinical illnesses other than epilepsy. Caffeine or nicotine
use on the day of the psychiatric interview, different from
that usually taken, was also considered an exclusion criterion.

Psychiatric evaluation
A clinical and sociodemographic questionnaire includ-

ing age, gender, schooling, family income, duration of
epilepsy, neurologic and psychiatric family antecedents,
previous psychiatric treatment, type and frequency of sei-
zures, occurrence of status epilepticus, and drug treatment
was applied. The psychiatric evaluation was performed
through two structured questionnaires—Schedule Clinical
Interview for DSM-IV, Axis I and II (SCID I and SCID II,
respectively) (Spitzer et al., 1989; First et al., 1998). These
are diagnostic instruments based on Diagnostical and Sta-
tistical Manual of Mental Disorders—DSM-IV (American
Psychiatric Association, 2000) and have been internation-
ally used to evaluate psychiatric disorders. Axis I refers to
the evaluation of most psychiatric diseases (e.g., mood,
anxiety, and psychotic disorders), whereas Axis II refers
to the evaluation of all types of PDs. Each patient could
have had more than one psychiatric diagnosis in each axis
(I and II).

Procedures
One hundred JME patients were submitted to psychiat-

ric evaluation before imaging acquisition to eliminate pos-
sible bias in the study (de Araffljo Filho et al., 2007). The
MRS of 16 patients who fulfilled criteria for the diagnosis
of cluster B PDs only (histrionic, borderline, and passive–
aggressive) were compared to 41 patients without any
psychiatric diagnosis. The control group consisted of 30
age- and sex-matched healthy volunteers who were also
evaluated by the same psychiatrist (GMAF). None of them
presented any seizures, antihistamine administration, or
alcohol consumption within 72 h prior to the psychiatric
evaluation.

MRI and MRS protocol
Magnetic resonance imaging (MRI) examination of the

brain was obtained from all subjects using a 1.5 T (Magne-
tom Sonata [Maestro Class]–Siemens AG, Medical Solutions,
Erlangen, Germany) using an eight-channel head coil.
Two conventional sequences were performed to exclude
structural lesions: Axial T2-weighted fluid-attenuated
inversion recovery (FLAIR) and sagittal T1-gradient echo
volumetric acquisition for multiplanar reconstruction. All
patients had normal images on visual inspection.
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After scout images in axial, sagittal, and coronal planes
for localization of the structures of interest, these conven-
tional MRI images were used to perform a multivoxel
1H-MRS with two spectroscopic volumes of interest
(VOIs) of 80 · 80 · 15 mm positioned, one centered
on the thalamus and the other on frontal lobes. The first
VOI was oriented parallel to the anterior commisure -
posterior commisure (AC-PC) line plus 10 degrees to
eliminate susceptibility artifacts generated from the
frontobasal region, whereas the second VOI was posi-
tioned parallel to the AC-PC line, including primary motor
area, primary sensory area, and medial prefrontal cortex.
Spin-echo point-resolved spectroscopy (PRESS)—local-
ized automated water-suppressed spectra sequence was
obtained with the following acquisition parameters:
TR/TE = 1,500/30 ms, flip angle = 90 degrees, water
suppression BW 35 Hz, bandwidth 1,000 Hz, NEX = 4,
total acquisition duration = 07’12’’. The short echo time
was used to optimize detection of metabolites such as glu-
tamate. Each voxel, with a dimension of 10.0 · 10.0 ·
15.0 mm, was selected under identical conditions from
one subject to another and was located entirely within the
studied structures to minimize any metabolite contamina-
tion from adjacent cerebrospinal fluid or gray and white
matter outside the studied structures.

Before the acquisition, automated localized shimming
at the VOI was performed, followed by water-suppression
adjustment to ensure good field homogeneity and until the
1H signal from water within the VOI became as narrow as
possible. Spectra showing abnormal baseline due to major
artifact resonances, poor signal-to-noise ratio, broad

peaks, excessive line width or poor separation of individ-
ual peaks were excluded from the statistical analysis. Only
<5% of data was discarded as a consequence of poor-qual-
ity data. Postprocessing of the spectroscopy data was ana-
lyzed by using the MRI software package supplied by the
machine manufacturer (Leonardo, Syngo MR 2004 A,
Siemens AG, Medical Systems, Erlangen, Germany).
After zero-filling and baseline correction, metabolic reso-
nance intensities were determined automatically. Metabo-
lite signals were expressed as ratios of amplitude values of
N-acetyl-aspartate (NAA) at 2.01 parts per million (ppm)
and glutamate–glutamine (GLX) to creatine and phospho-
creatine-contained compounds (Cr) at 3.0 ppm, which is
relatively homogeneously distributed throughout the brain
and is not significantly influenced by the epileptic state
(Petroff et al., 1995).

A single operator unaware of the subject’s diagnosis
selected voxels in the right and the left hemispheres for
the following regions of the brain: thalamus, medial pre-
frontal, primary motor, supplementary motor, corpus
callosum, insula, striatum, cingulate gyrus, and parietal
and occipital cortices. Each voxel was located entirely
within the structures studied to minimize any metabolite
contamination from adjacent (cerebrospinal fluid) CSF or
gray and white matter outside the studied structures. The
number of spectra averaged for each structure in each
cerebral hemisphere in normal controls and patients was
as follows: thalamus 4, medial and lateral primary motor
cortex 1, medial and lateral supplementary motor cortex
(medial prefrontal cortex) 1, insula 2, striatum 1, cingulum
1, parietal cortex 2, occipital cortex 1 (Fig. 1). Spectral

Figure 1.

Axial T2-weighted magnetic resonance imaging (MRI) demonstrating the position of both volumes of interest and the

averaged voxels, and a representative spectrum. A, amplitude; NAA, N-acetyl-aspartate; GLX, glutamate plus

glutamine; Cho, choline-containing compounds; Cr, creatine plus phosphocreatine; ppm, chemical shift in parts per

million.
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