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RESUMO

Introducdo: Em criancas e adolescentes, o Transtorno de Humor Bipolar (THB) é
associado a danos devastadores no desenvolvimento. O Transtorno de Déficit de
Atencdo/Hiperatividade (TDAH), caracterizado por sintomas de desatencéo,
hiperatividade e impulsividade também causa prejuizo funcional significativo. O
diagndstico diferencial entre os dois transtornos é puramente clinico e, até 0 momento, ha
poucos estudos avaliando diferencas neurobioldgicas. Diversas pesquisas sugerem a
participacdo do Fator Neurotrofico Derivado do Cérebro (BDNF), cujo papel ndo foi
elucidado em criangas e adolescentes com THB e com TDAH. Apesar das altas taxas de
comorbidade entre o THB e o TDAH, de uma pior resposta ao tratamento e de um pior
funcionamento psicossocial quando da comorbidade, apenas dois estudos avaliaram a
resposta ao tratamento especificamente neste grupo de pacientes.

Obijetivos: O objetivo principal deste trabalho é avancar no entendimento do papel
do BDNF na psicopatologia do THB e do TDAH, visando sua diferenciacdo. O
tratamento da comorbidade com estimulantes tambem foi estudado.

Métodos: A transmissdo do alelo Val66 do BDNF foi avaliada em familias de
criancas e adolescentes com THB e TDAH, assim como o efeito do gene no nivel sérico
da proteina do BDNF entre os grupos. Foi realizada a comparacdo dos niveis séricos
entre pacientes com THB em comorbidade com TDAH e TDAH isolado. Um estudo
clinico cruzado com estimulantes foi realizado em criangas e adolescentes com THB e
TDAH em comorbidade que tinham apresentado remisséo dos sintomas de humor com o

uso de aripiprazol, mas persisténcia dos sintomas de TDAH. Os sintomas de mania,



depresséo, desatencgéo e hiperatividade foram acompanhados ao longo de quatro semanas
de tratamento, duas com placebo ou metilfenidato e duas com o tratamento inverso.

Resultados: Na investigacdo da transmissdao do gene do BDNF em criangas e
adolescentes ndo foi detectada diferenca significativa na transmissédo do alelo Val66.
Tampouco foi observada diferenca significativa nos niveis séricos da proteina do BDNF
entre os pacientes com THB em comorbidade com TDAH, quando comparados aos
pacientes com TDAH e controles. No estudo cruzado com criangas e adolescentes com
THB em comorbidade com TDAH, ndo houve diferencas entre os grupos com placebo ou
estimulantes na resposta ao tratamento nos sintomas de TDAH. Os sintomas de humor
mantiveram-se estaveis a despeito do uso de metilfenidato.

Conclus6es: Os achados quanto ao gene do BDNF nédo sugerem sua participacéo
na neurobiologia do THB ou no TDAH, ou que devido a heranca poligénica caracteristica
dos transtornos mentais, sua participacdo seja pequena. O achado de diferenca
significativa entre os niveis séricos do BDNF de criancas e adolescentes com
THB+TDAH e TDAH indica que esse tema deve ser mais estudado, e, caso seja também
encontrado de forma consistente por outros grupos, possa vir a ser utilizado como
marcador biolégico na diferenciagdo diagnostica entre essas condi¢cbes. No estudo de
tratamento da comorbidade entre THB e TDAH, a auséncia de resposta ao metilfenidato
nos sintomas de TDAH em pacientes que apresentam a comorbidade reforca a evidéncia
de que ha pior resposta ao tratamento neste grupo, dado o elevado tamanho de efeito do
metilfenidato no tratamento do TDAH em isolado.

O estudo de fatores bioldgicos para um melhor entendimento da psicopatologia e

consequente diferenciagdo dos transtornos mentais tem extrema relevancia porque a
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identificacdo destes fatores pode auxiliar na elaboracdo de tratamentos mais precisos,
urgentemente necessarios devido as graves consequéncias do THB e do TDAH nas vidas
dos pacientes e de suas familias. A criacdo de um programa especifico para Criancas e
Adolescentes com Transtorno Bipolar (ProCAB) e de uma linha de pesquisa com foco na
etiologia e tratamento possibilitam uma constante geracdo de conhecimento nesta area,
onde poucos estudos estdo disponiveis.

Palavras-chave: Transtorno de Humor Bipolar, THB, Transtorno de Déficit de
Atencdo/Hiperatividade, TDAH, criancas e adolescentes, tratamento, comorbidade,

diagndstico diferencial, Fator Neurotréfico Derivado do Cérebro, BDNF.
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ABSTRACT

Introduction: Bipolar Disorder (BD) in children and adolescents is associated to
devastating developmental deficits. Attention-Deficit/Hyperactivity Disorder (ADHD),
characterized by inattention, hyperactivity, and impulsivity, also promotes significant
impairment. Differential diagnosis between both conditions is purely clinical — currently,
there are scarce investigations on neurobiological differences. Several studies suggest the
participation of the Brain-Derived Neurotrophic Factor (BDNF) in these disorders, whose
role has not been elucidated in BD and ADHD in children and adolescents. Despite high
comorbidity rates between BD and ADHD, worse psychosocial functioning, and worse
response to treatment, only two studies addressed treatment response specifically in this
group of patients.

Objectives: promote advances in understanding the role of BDNF in the
psychopathology of BD and ADHD. The treatment of the comorbidity was also studied.

Methods: Transmission of the VVal66 allele at the BDNF was assessed in children
and adolescents with BD and ADHD, as well as the effect of the gene on the serum levels
of BDNF protein in both conditions. BDNF serum levels were compared between
patients with BD comorbid with ADHD, and ADHD. A crossover clinical trial with
stimulants and placebo was performed with children and adolescents preseting BD and
comorbid ADHD. Manic, depressive, inatention and hyperactivity symptoms were
assessed along a 4-week treatment, 2 weeks in each treatment arm (placebo or

stimulants).
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Results: There was no significant transmission of the Val66 allele at the BDNF
gene in children and adolescents with BD or ADHD. A significant difference in BDNF
protein serum levels between BD+ADHD when compared to ADHD alone and controls.
In the crossover trial with children and adolescents with BD and comorbid ADHD, we
did not observe differences between the placebo and stimulant treatment groups in the
response of ADHD symptoms. Mood symptoms remained stable despite the use of
methylphenidate.

Conclusions: our results regarding the BDNF gene do not suggest its participation
in the neurobiology of BD or ADHD, or that due to the polygenic characteristic of mental
disorders, that this gene confers a only a small risk, undetectable in our sample. The
finding of a significant difference in BDNF serum levels between BD comorbid with
ADHD, and ADHD alone warrants further investigation, and in case replication studies
with larger samples from other groups are positive, BDNF serum levels might be used as
a biological marker in the diagnostic difference between these conditions. In the
investigation of the treatment of the comorbidity between BD and ADHD, the absence of
different responses between placebo and methylphenidate in ADHD symptoms
strengthens the evidence that there is a worse response to treatment in this group, given
the large effect size of methylphenidate response in the treatment of ADHD alone.

The quest for biological markers for a better understanding of the
psychopathology and subsequent differentiation of mental disorders is extremely
relevant. The identification of these factors may facilitate the creation of more accurate
treatment regimens, urgently needed due to the severe developmental consequences of

BD and ADHD in the patients’ and families’ lives. In this sense, the creation of a specific
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outpatient program for children and adolescent BD (ProCAB), a research line with focus
on risk factors and treatment, will enable a Constant generation of knowledge in this area,
where scarce data is available.

Key-words: Bipolar Disorder, BD, Attention-Deficit/Hiperactivity Disorder,
ADHD, children and adolescents, treatment, comorbidity, differential diagnosis, Brain-

Derived Neurotrophic Factor, BDNF.
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INTRODUCAO

O transtorno de humor bipolar (THB) é caracterizado por graves oscilagfes de
humor. Os individuos podem apresentar periodos de mania ou hipomania (periodos de
elevagdo de humor) e também podem ser acometidos de episddios depressivos (APA,
1994). Essas oscilagdes ocorrem com intensidade tal que, com esses sintomas, ha grave
prejuizo para o individuo e seu meio.

O THB na Infancia e Adolescéncia (THBIA) é associado a um dano devastador
no desenvolvimento, causando déficits no desempenho escolar, problemas de
relacionamento interpessoal, dificuldades familiares e reducdo da qualidade de vida.

Além disso, 0s jovens com esse transtorno sdo mais propensos a alto risco de
suicidio, psicose, exposicdo a riscos sexuais, ou uso de drogas. Os individuos também
apresentam baixa taxa de recuperagdo completa dos sintomas e alta recidiva de novas
crises de humor (Birmaher et al., 2006; Biederman et al., 2004; Carlson et al., 2002;
Findling et al., 2001; Geller et al., 2000a; Geller et al., 2004a).

O Transtorno de Déficit de Atencao/Hiperatividade (TDAH) é um transtorno de
inicio na infancia, crénico, caracterizado por sintomas de desatencdo, hiperatividade e
impulsividade que causam prejuizo funcional significativo, cuja prevaléncia situa-se ao
redor de 5% em amostras de diversos paises (Polanczyk et al. 2007; Biederman et al.,
2005).

O diagnostico diferencial entre os dois transtornos é dificil devido a sobreposicao
de sintomas (pelo menos 3 dos sintomas de mania sdo 0s mesmos no TDAH), ao curso

do THB na infancia e adolescéncia (mais frequentemente cronico que episddico) e pela
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presenca de irritabilidade em cerca de 71% dos pacientes com TDAH (Biederman et al.,
1995; Craney et al., 2003; Gallanter & Leibenluft, 2008). Esta diferenciacdo tem impacto
importante nas decisdes diagnosticas e terapéuticas. No entanto, até 0 momento, ndo ha
marcadores bioldgicos que auxiliem nesta diferenciag&o.

Dentre os fatores etioldgicos bioldgicos estudados que podem ser estudados como
marcadores desses transtornos, os fatores genéticos tém grande importancia para o
estabelecimento do THBIA. Um quadro semelhante é encontrado no TDAH, onde
aproximadamente 78% da variancia pode ser explicada por fatores genéticos (Kato, 2007;
Faraone et al., 2005).

Um dos genes candidatos estudado em THB € o gene do Fator Neurotrofico
Derivado do Cérebro (BDNF). Essa molécula da classe das neurotrofinas é reconhecida
como tendo um papel importante na sobrevivéncia, diferenciacdo e crescimento neuronal
durante a infancia e vida adulta (Hashimoto et al., 2004). Alguns estudos demonstram
associagéo significativa entre um polimorfismo funcional do gene BDNF, causado pela
substituicdo de valina para metionina no cédon 66 do polimorfismo Val66Met (do
cromossomo 11p13), e o transtorno de humor bipolar (Neves-Pereira et al., 2002; Strauss
et al., 2004; Geller et al., 2004b).

Além dos achados do gene do BDNF como candidato para ser um marcador na
diferenciacdo de THB e TDAH, os niveis plasméaticos de BDNF apresentam correlagdo
com o nivel cerebral do BDNF, e se demonstraram diminuidos em pacientes adultos
deprimidos, evidenciando correlagdo negativa com o0s escores de depressdo e mania
(Cunha et al., 2006; Machado-Vieira et al., 2007). O Unico estudo que avaliou criangas e

adolescentes com THB, avaliando os niveis plagquetarios do BDNF (Pandey et al., 2008),
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demonstrou que, apds 8 semanas de tratamento, a expressdo génica do BDNF medida
através do RNAm dos linfocitos ficava mais elevada em niveis semelhantes aos de
individuos higidos. Esses dados sugerem que o BDNF pode ser um bom candidato para a
identificacdo do dano neuronal causado pelo THB, e que pode haver melhora e até
normalizacdo dos niveis desta neurotrofina com a realizagdo de tratamento. Também é
um dos primeiros marcadores biologicos a ser identificado, com potencial para auxiliar
na diferenciagdo entre criangas e adolescentes com THB e/ou TDAH.

H& prejuizo adicional no funcionamento e desenvolvimento das criangas e
adolescentes com THB devido a alta taxa de comorbidades (Kowatch et al., 2005). Uma
das comorbidades mais prevalentes é o Transtorno de Déficit de Atencdo/Hiperatividade
(TDAH). O TDAH ocorre em 29 a 98% das criangas e adolescentes com THB. Quando o
THB e 0 TDAH estdo presentes, predizem uma pior resposta ao tratamento e um pior
funcionamento psicossocial (Consoli et al. 2007, Strober et al. 1998). Entretanto, até o
momento apenas dois estudos avaliaram a resposta ao tratamento especificamente neste
grupo de pacientes (Scheffer et al., 2005; Findling et al., 2006).

O presente trabalho se propde a estudar o papel do Fator Neurotréfico Derivado
do Cérebro no THB e no TDAH, através do estudo de fatores genéticos e bioquimicos.
Acreditamos que sera possivel contribuir para um maior entendimento das bases
biologicas dos transtornos, tanto da comorbidade, quanto da sua diferenciacdo. A
estrutura que foi organizada e na qual foi realizada a coleta destes dados (Programa para
Criancas e Adolescentes com Transtorno Bipolar — ProCAB) proporcionou a criagéo de
uma linha de pesquisa em Transtorno Bipolar na Infancia e Adolescéncia. Trabalhando

em parceria com outros programas similares (como o Programa de Déficit de Atencdo e
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Hiperatividade - PRODAH) foi realizado um estudo do uso do metilfenidato em criancas
e adolescentes com THB e TDAH, estabilizados dos sintomas de THB, mas sintomaticos
do ponto de vista do TDAH, como sera visto no segundo artigo desta tese.

Para a revisdo bibliografica, foi realizada uma busca através do sistema Pubmed
até agosto de 2011, utilizando-se as palavras chaves “ADHD, Attention-
Deficit/Hyperactivity Disorder, Bipolar Disorder, treatment, comorbidity, differential

diagnosis, Brain-Derived Neurotrophic Factor, BDNF” e o cruzamento entre elas.
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REVISAO DE LITERATURA

2.1 Transtorno do Humor Bipolar na Infancia e Adolescéncia

O Transtorno do Humor Bipolar na Infancia e Adolescéncia (THBIA) sempre
causou controvérsia entre os pesquisadores. No inicio, sua existéncia era questionada.
Kraepelin (1921) citado por Weller et al.(1995) acreditava que mania existia em criancas
pré-puberes e que a ocorréncia aumentava com o inicio da puberdade. De 900 pacientes
com mania por ele estudados, 0,4% tiveram o inicio da mania antes dos 10 anos de idade.
Kraepelin também apresentou o caso de um menino de 5 anos de idade com mania.
Campbell, em 1955, publicou no Journal of the American Medical Association uma
revisdo da literatura existente na época sobre a psicose maniaco-depressiva em criancas e
encontrou também diversos autores que descartavam a possibilidade dessa doenca
ocorrer em criangas. Ha na literatura um caso que remonta aos 11 meses e meio de idade
(La Grone et al., 1981).

Ja em 1955, Campbell comentava que, se todos os casos fossem reconhecidos, a
doenca ocuparia uma prevaléncia significativa na populacdo psiquiatrica infantil
(Campbell, 1955). Em adultos, considerando quadros de THB do tipo | (THB-I), tipo Il
(THB-I1) e do tipo Sem Outra Especificagdo (THB-SOE), encontramos prevaléncias de 1
a 2.4% (Merikangas et al., 2007). Na infancia e adolescéncia, 0s estudos existentes até o
momento sugerem que cerca de 0.6 a 1% dos individuos nesta faixa etaria apresentam

THB (McClellan et al., 2007).
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De acordo com o recenseamento realizado em 2010 pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE), 25.77% da populacdo brasileira tem entre 5-19 anos no
Brasil (47,5 milhGes de criancas e adolescentes). Com uma prevaléncia de 0.6-1%, pode
haver de 285.000 a 475.000 criangas e adolescentes sofrendo deste grave transtorno
mental no Brasil.

Nos ultimos anos, o THBIA vem recebendo maior atencdo da comunidade
cientifica e da populacdo em geral. Em fungdo desse maior reconhecimento, observou-se
um grande aumento (cerca de 5 vezes) na quantidade das consultas ambulatoriais
destinadas ao atendimento de transtorno bipolar para criangas e adolescentes nos ultimos

10 anos (Moreno et al., 2007).

A medida que a existéncia do THBIA deixou de ser questionada, a discussio
passou a ser sobre quais o0s critérios que devem ser utilizados para um diagndstico preciso
(Carlson et al., 2001; Axelson et al., 2006). Considerando que 0s critérios diagndsticos
para THB do Manual Diagndstico e Estatistico dos Transtornos Mentais — Quarta Edigdo
(DSM-1V) foram estabelecidos baseados em pacientes em idade adulta e desconsiderando
as especificidades de cada estagio do desenvolvimento, questiona-se a necessidade de
elaboragdo de critérios proprios para o transtorno na infancia e adolescéncia, pois ha
varias diferencas entre a apresentacdo do THB em adultos e em idades precoces
(Tramontina et al., 2003). Em criangas, é mais freqiiente a ocorréncia de sintomatologia
mista, com sintomas maniacos e depressivos ocorrendo ao mesmo tempo, ou alternando-
se de forma muito rapida, muitas vezes em questdo de horas (Goodwin et al., 1990). Na
infancia € menos comum a ocorréncia de humor euférico, sendo a irritabilidade a

alteracdo de humor mais frequente, associada a uma pobre capacidade de regulacdo das
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emocOes e altas taxas de agressividade pela incapacidade de tolerar frustragdes. Em
relacdo a delimitacdo de episddios, foi observado que, na infancia, a dura¢do é muito
mais longa, podendo um Unico episddio durar mais de 2 anos. Outro aspecto verificado €
que as criancas com a doenca tem uma melhora menos significativa com o0 uso da
medicacdo que os adultos. Frequentemente, esses pacientes necessitam de duas ou trés
medicacOes para a estabilizacdo dos sintomas, mesmo apos o controle dos sintomas
agudos (Zeni e Tramontina, no prelo; Tramontina et al., 2007a). Em estudo que
comparou as caracteristicas clinicas do THB quando de inicio antes dos 18 anos e ap0s 0s
40 anos (58 pacientes e 39 pacientes, respectivamente), foi observado que o grupo de
pacientes com inicio precoce apresentou a forma mais grave da doenca, com mais
sintomas psicéticos (p=0.03), mais sintomas mistos (p=0.01), maior comorbidade com
transtorno de panico (p=0.01) e menor resposta profilatica ao litio contra novos episodios

(p=0.04) (Schirhoff et al., 2000).

Leibenluft e colaboradores propuseram uma divisdo fenotipica do transtorno de
humor bipolar na infancia e adolescéncia em quatro grupos, de acordo com 0s sintomas,
sua duracédo e presenca de episodicidade (Leibenluft et al., 2003a; Krieger et al., 2011),

visando a facilitagdo do dialogo entre clinicos e pesquisadores. S&o eles:

)] Fenotipo restrito: Presenca clara de episdédio de mania preenchendo todos

os critérios do DSM-IV, incluindo humor euférico e/ou expansivo como critério “A”.

i) Fenotipo intermediario — Mania Sem Outra Especificacdo (SOE): Presenca
dos critérios de mania, mas sem a duragdo necessaria dos sintomas, 7 dias para mania e 4

dias para hipomania.

1) Fendtipo intermediario — Irritabilidade como critério “A”: Presenca clara
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de episddio de mania preenchendo todos os critérios do DSM-1V e irritabilidade, mas nédo

euforia e humor expansivo como critério diagndstico “A”.

IV)  Fendtipo amplo — Severe mood dysregulation (SMD) ou Desregulacdo
Grave do Humor (DGH): Presenca de irritabilidade cronica, de curso ndo episddico,
sintomas de hipervigilancia e episddios de reatividade exacerbada a estimulos negativos.

Esta Ultima categoria tem sido alvo de muita discussao, e possivelmente constara
na proxima edicdo do Manual Diagndstico e Estatistico de Transtornos Mentais®, pois
alberga um grupo de pacientes com irritabilidade que até entdo ndo preenchia
especificamente critérios para Transtorno Bipolar, mas tampouco sua caracterizagdo era
adequadamente compreendida nos sintomas de Transtorno Desafiador Opositivo, ou de
Transtorno de Déficit de Atencdo e Hiperatividade. Essa proposta parece um grande
acréscimo no campo da psiquiatria da infancia e adolescéncia, mas também vai gerar
novas discussbes, até porque ha grande sobreposicdo de sintomas entre esta nova
entidade diagnostica (DGH) com outras, como o0 TDAH, uma vez que mais de 80% dos
pacientes com DGH também apresentam TDAH (Brotman et al., 2007; Krieger et al.,

2011).

2.2 Transtorno de Déficit de Atencdo/Hiperatividade (TDAH)

O Transtorno de Déficit de Atencao/Hiperatividade (TDAH) é um transtorno de

inicio na infancia, cuja prevaléncia situa-se entre ao redor de 5 % em amostras de

diversos paises (Polanczyk et al., 2007). E um transtorno cronico, caracterizado por

! http://mww.dsm5.org/proposedrevisions/pages/proposedrevision.aspx?rid=397
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sintomas de desatencdo, hiperatividade e impulsividade que causam prejuizo funcional.
(APA, 1994). A desatencdo se traduz em distratibilidade, em sonhar acordado e pela
dificuldade em terminar tarefas; a hiperatividade se manifesta na inquietacdo motora e
fala excessiva, enquanto que a impulsividade é observada na dificuldade em esperar, na
interrupgdo das conversas dos outros e intrusividade (Rohde et al., 1997). Os critérios sdo
apresentados a seguir:

Critérios Diagnosticos do TDAH (APA, 1994)

A. Ou (1) ou (2)

1) seis (ou mais) dos seguintes sintomas de desatencao persistiram por pelo menos 6
meses, em grau mal-adaptativo e inconsistente com o nivel de desenvolvimento:

Desatencéo:

(a) frequientemente deixa de prestar atencéo a detalhes ou comete erros por descuido em
atividades escolares, de trabalho ou outras

(b) com frequiéncia tem dificuldades para manter a atencdo em tarefas ou atividades
ludicas

(c) com frequiéncia parece ndo escutar quando Ihe dirigem a palavra

(d) com frequiéncia ndo segue instrugdes e ndo termina seus deveres escolares, tarefas
domeésticas ou deveres profissionais (ndo devido a comportamento de oposi¢ao ou
incapacidade de compreender instrucoes)

(e) com frequiéncia tem dificuldade para organizar tarefas e atividades

(f) com freqliéncia evita, antipatiza ou reluta a envolver-se em tarefas que exijam esforco
mental constante (como tarefas escolares ou deveres de casa)

(9) com freqliéncia perde coisas necessarias para tarefas ou atividades (por ex.,
brinquedos, tarefas escolares, lapis, livros ou outros materiais)

(h) é facilmente distraido por estimulos alheios a tarefa

(i) com frequéncia apresenta esquecimento em atividades diérias

(2) seis (ou mais) dos seguintes sintomas de hiperatividade persistiram por pelo menos 6
meses, em grau mal-adaptativo e inconsistente com o nivel de desenvolvimento:

Hiperatividade:

(a) freqlientemente agita as maos ou 0S pés ou se remexe na cadeira

(b) freqiientemente abandona sua cadeira em sala de aula ou outras situa¢des nas quais se
espera que permaneca sentado

(c) freqlientemente corre ou escala em demasia, em situagdes nas quais isto €
inapropriado (em adolescentes e adultos, pode estar limitado a sensagdes subjetivas de
inquietacédo)

(d) com frequiéncia tem dificuldade para brincar ou se envolver silenciosamente em
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atividades de lazer
(e) esta frequentemente "a mil" ou muitas vezes age como se estivesse "a todo vapor"
(f) frequentemente fala em demasia

Impulsividade:

(9) freqlientemente da respostas precipitadas antes de as perguntas terem sido
completadas

(h) com frequiéncia tem dificuldade para aguardar sua vez

(i) freqlientemente interrompe ou se mete em assuntos de outros (por ex., intromete-se em
conversas ou brincadeiras)

B. Alguns sintomas de hiperatividade-impulsividade ou desaten¢do que causaram
prejuizo estavam presentes antes dos 7 anos de idade.

C. Algum prejuizo causado pelos sintomas esta presente em dois ou mais contextos (por
ex., na escola [ou trabalho] e em casa).

D. Deve haver claras evidéncias de prejuizo clinicamente significativo no funcionamento
social, académico ou ocupacional.

E. Os sintomas ndo ocorrem exclusivamente durante o curso de um Transtorno Invasivo
do Desenvolvimento, Esquizofrenia ou outro Transtorno Psicotico e ndo s&o melhor
explicados por outro transtorno mental (por ex., Transtorno do Humor, Transtorno de
Ansiedade, Transtorno Dissociativo ou um Transtorno da Personalidade).

Os prejuizos causados geram importantes custos sociais, desgaste no
relacionamento familiar, assim como efeitos negativos na auto-estima das criancas e
adolescentes, que podem ser fatores de risco para inUmeros outros problemas de saude
mental como uso abusivo ou dependéncia de drogas (Biederman et al., 1991; Rohde et
al., 1999; Barkley et al., 2002).

Estudos sobre a evolugdo do TDAH na adolescéncia e vida adulta demonstram
que os sintomas persistem em pelo menos 70% dos acometidos na adolescéncia e 50%

dos pacientes na idade adulta (Wilens et al., 2002).
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2.3 Comorbidade e Diagnostico Diferencial entre 0o THB e o TDAH

Criangas e adolescentes com THB apresentam uma elevada da taxa de
comorbidades. (Tramontina et al., 2003; Pavuluri et al., 2005a; Findling et al., 2001;
Kafantaris et al., 2003). O transtorno mais comumente encontrado em pacientes com
Transtorno Bipolar é o Transtorno de Déficit de Atengdo/Hiperatividade (TDAH)
Kowatch et al., 2005). O TDAH ocorre em 40 a 90% dos pacientes nas amostras clinicas.
Outras comorbidades frequentes s@&o o Transtorno Desafiador Opositivo (TDO) e o
Transtorno de Conduta (TC), que existem em cerca de 25-79% e 11-30% dos pacientes
com THB, respectivamente. Esses Gltimos se caracterizam por um padrdo de sintomas de
hostilidade, desobediéncia e oposicdo a figuras de autoridade, como pais e professores,
no caso do TDO, ou por agressividade fisica, destruicdo de propriedades alheias, maus-
tratos contra pessoas ou animais, brigas com armas e fugas de casa, no caso do TC.
Especialmente em adolescentes, € comum a ocorréncia de Transtornos de Ansiedade (15-
43%), que se caracterizam por um padrdo de preocupacdo intensa com situacdes do
cotidiano, associado a sintomas fisicos (suor intenso, diarréia, taquicardia) e a evitacéo de
situacdes ansiogénicas (como ir a escola, ou encontrar um amigo). Também, nessa idade,
deve ser investigado o uso de substancias psicoativas, ja que os pacientes podem iniciar
seu uso durante os episddios afetivos (prevaléncia de 5-29%).

A presenca de comorbidades gera prejuizo adicional no funcionamento e
desenvolvimento das criancas e adolescentes e pode provocar uma pior resposta ao
tratamento (Consoli et al., 2007). Dadas as altas taxas de prevaléncia e o prejuizo,

estudaremos de forma mais pormenorizada este grupo de pacientes, com THB e TDAH.
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Além dos desafios impostos pela presenca da comorbidade, quando o THB e o
TDAH ocorrem isoladamente em criangas e adolescentes, pode ser muito dificil a sua
distingdo. Isso ocorre por vérias razdes, e a distin¢cdo entre THB e TDAH também foi
alvo de muitos estudos (Galanter et al., 2008; Kent et al., 2003; Post et al., 2004).
Salientamos algumas destas razoes:

a) sobreposicao de sintomas: alteracOes da atencédo, da atividade e da fala podem
acontecer em ambos transtornos.

Em 1995, Milberger et al. avaliaram o impacto da utilizagdo do método de
proporcionalidade na taxa de retencdo diagndstica em uma amostra clinica de
criancas e adolescentes com THB e TDAH. Para o diagnostico de THB, sdo
necessarios 3 de 7 sintomas (43%) para o diagndstico quando presentes euforia ou
grandiosidade, e 4 de 7 sintomas quando presente somente irritabilidade (57%);

Descartando 0s sintomas que se sobrepunham com TDAH (dos 7 critérios para
THB, retirava-se 0s 3 sintomas que se sobrepdem, e restam 4 sintomas— este é 0
meétodo de subtragdo), mantiveram o diagnostico de THB cerca de 47% dos casos de
THB.

Pelo método de proporcdo, quando h& euforia ou grandiosidade, 43% dos
sintomas seriam necessarios, ou seja, 2 dos 4 (50%) sintomas remanescentes. Na
presenca de irritabilidade, 2,5 (63%) de 4 sintomas. Com isto, se recria um limiar
proporcional aos critérios originais. Desta forma, mantiveram o diagnostico de THB
cerca de 80% dos casos de THB.

Nessa mesma amostra, cerca de 11% dos pacientes apresentavam a comorbidade

entre THB e TDAH. Ao aplicar-se 0 método de subtracdo, 6% mantinham a
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comorbidade, e pelo método de proporcdo, 10% seguiam com ambos diagndsticos
(Milberger et al., 1995).

Irritabilidade é um sintoma cardinal presente em mais de 90% dos pacientes com
THBIA, mas pode ndo auxiliar no diagndstico diferencial, uma vez que ndo é um
sintoma especifico, ocorrendo, por exemplo, em mais de 70% dos pacientes com
TDAMH, particularmente nos pacientes com TDAH que tem a comorbidade com o
Transtorno Desafiador Opositivo (TDO). Alguns grupos de pesquisadores consideram
os sintomas de elevacdo do humor e a grandiosidade essenciais para o diagnéstico do
THB de inicio precoce, enquanto que a irritabilidade isolada é aceita por outros,
continua ou episddica (Geller et al.,1998; Wozniak et al.,1995; Biederman et al.,
1995).

Os sintomas que facilitam a diferenciagdo s&o euforia, grandiosidade,
pensamentos rapidos/fuga de idéias, diminuicdo da necessidade de sono e
hipersexualidade (Geller et al., 2002). Além destes, psicose e ideac¢do ou tentativa de
suicidio sdo raros em quadros de TDAH (Post et al., 2004).

b) episodicidade:

H& uma premissa béasica da ocorréncia episddica do THB. Os pesquisadores que
defendem essa idéia ressaltam o fato de que ndo podemos fazer o diagnéstico de THB
se ndo houve clara mudanca no padrdo de funcionamento prévio ou se 0s sintomas
ndo sdo melhor explicados por questdes ambientais, como falta de limites no manejo
das criangas e adolescentes (Carlson et al.,1998; Petresco et al.,2008; Geller et al.,
2002). Por outro lado, alguns pesquisadores reportam que muitas criancas e

adolescentes com THB podem apresentar sintomas de forma continua (Wozniak et
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al.,1995; Biederman et al., 1995). Alguns estudos sugerem que até 83% dos pacientes

apresentem um quadro crdnico, ao invés de episddico (Wozniak e Biederman, 1997).

Esse quadro corresponde ao da mania atipica em adultos, que ocorre em cerca de 30%

dos pacientes, e é considerado uma forma mais grave de mania, ligado a uma pior

resposta ao tratamento, ao inicio mais precoce e ao uso de substancias.

c) sintomas residuais:

Como uma grande parte dos pacientes com THB segue apresentando sintomas entre

episodios, como irritabilidade e distratibilidade, pode ser dificil demarcar o inicio e o

fim das crises. Em nosso grupo, optamos por incluir o TDAH como comorbidade

quando os sintomas de TDAH tiveram inicio antes dos sintomas de THB, e quando
observou-se piora dos sintomas de TDAH durante episddios de humor (Zeni et al., em
preparacgéo).

d) Outros: como referido anteriormente, os estudos clinicos demonstram altas taxas
de comorbidade entre 0 TDAH e o THB. O local de condugéo do estudo, a idade
dos participantes, a idade de inicio do THB, a fonte de encaminhamento, e a
forma de avaliagdo diagndstica também podem influenciar estes resultados
(Kowatch et al., 2005; Jaideep et al., 2006). Como um exemplo baseado em nossa
observacdo, vemos que os familiares muitas vezes ddo uma informacéo na
entrevista de triagem, outra durante o questionario semi-estruturado, e ainda outra
na avaliacdo clinica que fazem parte de nosso ambulatorio. O diagndstico baseado
nos relatos traz dados ainda mais variaveis quando as entrevistas sdo conduzidas

com o pai ou a mée do paciente, ou quando o paciente participa da avaliacdo.
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Mesmo o uso de escalas ou técnicas estatisticas ndo supre a necessidade da
descoberta de fatores que possam auxiliar na diferenciacdo dos quadros. Estudos de
diferencas na neurobiologia entre os transtornos séo escassos. Especificadores genéticos,
neuropsicolégicos, bioquimicos, neuroanatdmicos, ou até a resposta aos psicofarmacos
podem também indicar as vias ou areas cerebrais que podem estar alteradas, orientando a
criacdo de terapéuticas especificas para os transtornos. Nas proximas paginas, serao
revisados os estudos que avaliaram fatores genéticos no THB e TDAH na infancia e

adolescéncia.

2.4 Papel da Genética nos estudos para a diferenciacdo do THB e TDAH

Atualmente, acredita-se que tanto fatores hereditarios quanto ambientais tenham
papel na etiologia dos transtornos mentais, pois ndo foi identificado um agente causal
isolado. Dentre os fatores etioldgicos estudados, o mais investigado foi a influéncia
hereditaria, apds a constatacdo de maior agrupamento familiar dos transtornos mentais.

Estudos familiares

Os primeiros estudos, entre 1929 e 1954, ja demonstravam que familiares de
pacientes com transtornos de humor apresentavam uma prevaléncia de transtornos de
humor maior que a da populagdo em geral (Tsuang e Faraone, 1990). Quando foram
avaliados familiares de criancas e/ou adolescentes com THB, o risco foi mais alto do que
nos estudos em adultos, como demonstrado na Figura 1 (Faraone et al., 2003; Mick et al.,
2009a; Brotman et al., 2007; Wilens et al., 2007; Findling et al., 2001; Dwyer et al.,

1987; Kutcher et al., 1991; Neuman et al., 1997). A presenca de uma maior agregacao
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familiar nos casos de THB em criangas e adolescentes sugere que esse grupo seja

particularmente informativo para estudos genéticos.

Figura 1. Risco de Transtorno Bipolar e Depressdo em Familiares de Criancas e

Adolescentes com Transtorno de Humor Bipolar

0,5+

O Transtorno Bipolar
@ Depressédo Unipolar

0,4

Duyer (1985) Strober (1988) Kutcher (1991) ~ Wozniak (1995)  Neuman (1997)  Findling (2001) Geller (2006) Wilens (2007) Brotman (2007) THB adulto

Estudos Moleculares

Tem por objetivo localizar a posi¢do de um locus responsavel por um transtorno
especifico. Em um estudo de mapeamento genético, um polimorfismo, cuja localizacdo
cromossdmica € conhecida, é usado para encontrar o gene que confere suscetibilidade.

Dois métodos sdo usados: os estudos de varredura genémica (onde 0 genoma é
escaneado na integra), e 0s estudos de genes candidatos: neste, 0s genes sao estudados de
acordo com sua possivel relagdo com os modelos de neurobiologia, de resposta a

farmacos, e também por modelos animais da doenca.
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Os estudos de associacdo comparam a frequéncia dos alelos de genes especificos
nos individuos afetados e os individuos controles, pareados para outras variaveis
relevantes (Arisoy et al., 2009). Esses estudos sdo usados quando ndo observamos grande
recorréncia familiar da doenca e a maior parte dos casos é dita isolada, seguindo um
desenho do tipo “caso-controle” (Bird et al., 2001).

Estudos de associacdo com genes candidatos

H& pouco mais de uma década que os estudos de associacdo com genes
candidatos vem sendo realizados em familias de criancas e adolescentes com transtorno
bipolar.

No primeiro estudo conduzido com uma amostra especifica de criancas e
adolescentes com THB (n=46 trios), ndo foi encontrada transmissdo preferencial dos
alelos curto/longo do gene codificador para o transportador da serotonina (SHTTLPR)
(Geller e Cook, 1999). Também ha achados negativos nos genes da catecol-O-
metiltransferase -COMT, AVPR1A (arginina-vasopressina), genes do receptor oOrfao
relacionado ao RAR (RORA) e beta (RORB) (Geller e Cook, 2000; Geller et al., 2005;
McGrath et al., 2009). Os achados dos dois principais grupos que investigaram os fatores
genéticos no THBIA foram agrupados e apresentados na Tabela 1.

O primeiro resultado positivo foi publicado em 2004 (Geller et al., 2004b). Em 53
criangas e adolescentes com THB, foi detectada a transmisséo preferencial do alelo Val66
no polimorfismo Val66Met do gene do Fator Neurotréfico Derivado do Cérebro - Brain-
Derived Neurotrophic Factor — BDNF, no cromossomo 11p13 - rs6265G > A. O

polimorfismo funcional val66met afeta o empacotamento intracelular do BDNF, assim
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como a sua atividade secrecdo-dependente. Sua funcdo serd descrita em detalhes
posteriormente.

Apos este primeiro resultado positivo, também foram publicadas transmissao
preferencial do alelo A do GAD1 (sem interacdo com o Val66 BDNF), e associagéo do
JBD com o rs40184 no gene do transportador da dopamina (Geller et al., 2008; Mick et
al., 2008).

Este grupo de investigadores também tentou replicar os achados das pesquisas
genéticas de associacdo anteriores, porém nao teve resultados na mesma direcédo (Mick et
al., 2009a; Mick et al., 2009b). Além disso, quando as amostras foram combinadas, o
valor da associacdo inicial deixou de ser significativo. E importante salientar uma
diferenca entre as amostras: o fendtipo proposto pelo grupo de Barbara Geller abrange
apenas criancas e adolescentes que apresentem sintomas cardinais de euforia e
grandiosidade, enquanto o fendtipo estudado pelo grupo de Boston (estudos de Mick e
McGrath) apresenta também irritabilidade como sintoma cardinal. Mesmo ambos grupos
tendo delimitado que seria avaliado apenas THB do tipo I, s&o amostras bastante
diferentes. Cerca de 85% dos pacientes do grupo da Harvard também apresentam a
comorbidade com TDAH.

Para o esclarecimento do papel dos fatores genéticos no estabelecimento dos
quadros, serd indispensavel replicacdo dos estudos anteriores fazendo uma comparagao
direta entre os grupos de pacientes com THB, THB em comorbidade com TDAH e
TDAH. Tal comparacdo é extremamente dificil na pratica devido as altas taxas de

comorbidade.
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Tabela 1. Resultados dos estudos de associagdo com genes candidatos para o THBIA

WASH-U Harvard/MGH Resultados combinados

Gene Polimorfismo | Alelo T:U OR p T:U OR p T:U OR p
(95% ClI) (95% ClI) (95% ClI)

COMT Val158Met COMT-I* | 23:28 | 0.82 0.48 | 85:67 1.27 0.14 | 108:95 | 1.14 0.74
(0.47-1.42) (0.92-1.75) (0.86-1.50)

BDNF Val66Met Val66* 21:9 2.3 0.01 | 43:35 1.23 0.37 | 64:44 1.45 0.12
(1.09-4.98) (0.79-1.92) (0.99-2.13)

SLC6A4 | HTTLPR Short* 26:25 | 1.04 0.89 | 73:84 0.87 0.38 |99:109 | 0.91 0.85
(0.60-1.80) (0.63-1.19) (0.69-1.19)

SLC6A3 | rs41084 T - - - 103:68 1.51 0.03 |- - -

(1.12-2.05)

GAD1 rs2241165 A 29:14 | 2.07 0.02 |- - - - - -

(1.11-3.87)

Legenda: OR (95% Cl), razéo de chances e intervalos de confianca de 95% a partir do TDT; T:U, contagem de
transmitidos: ndo-transmitidos (untransmitted) dos Testes de Desequilibrio de Transmisséo.

* COMT-I Low activity allele (alelo de baixa atividade - Met158: alelo A no rs4680); Val66 (alelo G no
rs6265); Curto (alelo de 14 repetigdes).
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No TDAH, os estudos de transmissdo familiar, de gémeos e de adocdo indicam
um importante papel de componentes genéticos na etiologia do transtorno. O conjunto
dos estudos atuais sugerem que sua herdabilidade é de 0.78 (Rohde et al., 2004; Faraone
et al., 2005). A hipdtese atual é que diversos genes de pequeno tamanho de efeito
confiram uma vulnerabilidade bioldgica ao individuo, e que essa vulnerabilidade somada
a estressores ambientais parecem ocasionar o estabelecimento da doenga (Smalley et al.,
1997 Faraone et al., 2005).

Quando avaliamos os genes que ja foram estudados em THB e TDAH na infancia
e adolescéncia, observamos que ndo ha estudos que foquem na comorbidade ou na
diferenciagéo entre os dois transtornos.

Partindo dos achados positivos em THBIA, localizamos na literatura os seguintes
estudos:

- Gene do Fator Neurotrofico Derivado do Cérebro (BDNF): Ha diversos estudos
que avaliam a associagéo entre genes do BDNF e o TDAH (para uma reviséo, ver Gizer
et al., 2009; Forero et al., 2009). Uma metanalise agrupou 12 estudos do SNP rs6265
(Val66Met) do BDNF. Nd&o detectou resultados significativos quando as amostras foram
agrupadas (Forero et a., 2009).

- Gene da GAD1: Nao foram encontrados estudos em TDAH.

- Gene do transportador da dopamina (SLC6A3, DAT1):

rs40184: Quatro estudos com pacientes com TDAH, incluindo um de
nosso grupo (Genro et al., 2008). Baseando-nos no primeiro estudo realizado, o alelo “G”

foi considerado o de risco. Na metanalise com modelo efeito fixo, foi identificada uma
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tendéncia de associacdo modesta entre este alelo e 0 TDAH (OR = 1.10, 95% CI = 0.99-
1.21, X2:3.25, P =0.036), e a heterogeneidade n&o foi significativa (Gizer et al., 2009).
Neste trabalho, teremos como foco o gene do BDNF, dados o resultado positivo
encontrado anteriormente nos pacientes com THB e os achados negativos no TDAH,
assim como pelo seu potencial papel na neurobiologia desses transtornos, que passaremos

a apresentar.

2.5 Fator Neurotréfico Derivado do Cérebro (Brain-Derived Neurotrophic Factor —

BDNF)

O BDNF é uma molécula da classe das neurotrofinas ligada a plasticidade
neuronal, ou seja, promove a diferenciacdo e a sobrevivéncia neuronal durante o
desenvolvimento e na vida adulta. O BDNF esta associado aos processos de memdria e
cognicdo, devido a sua participacdo na neurogénese no hipocampo (que também é uma
regido envolvida na patogénese dos transtornos de humor), a resposta aos antidepressivos
e ao carbonato de litio (Cowansage et al., 2010; Hashimoto et al., 2004; Neves-Pereira et
al., 2002; Skibinska et al., 2004).

Conforme relatado anteriormente, alguns estudos demonstram associagcéo
significativa entre um polimorfismo funcional do gene BDNF (rs6265) e THB em adultos
com idade de inicio precoce, ou mesmo em uma amostra de criangas e adolescentes com
THB (Strauss et al., 2004; Geller et al., 2004b). A substituicdo neste SNP no nucleotideo

196 (sequéncia G/A), causado pela substituicdo de valina para metionina no cédon 66 do
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polimorfismo Val66Met, altera o trénsito e empacotamento celular do proBDNF e,
consequientemente, a secrecdo do peptideo maduro (Lang et al., 2009).

Os fatores neurotréficos podem modificar a sinalizagdo glutamatérgica
diretamente, mudando a expressdo das subunidades receptoras de glutamato e das
proteinas reguladoras do Ca™ e, também, indiretamente induzindo a producdo de enzimas
antioxidativas, proteinas reguladoras de energia e membros das familias anti-apoptoicas
Bcl2. A ativagcdo excessiva dos receptores do glutamato, sob condicGes de estresse
metabdlico e oxidativo, pode contribuir para a disfuncdo neuronal que é observada nos
transtornos psiquiatricos (Kacpzinski et al., 2011; Mattson, 2008).

Por outro lado, 0 aumento da sinalizagdo dos fatores neurotroficos pode otimizar a
sinalizacdo glutamatérgica, exercendo efeito neuroprotetor por meio de fatores
ambientais como exercicio fisico e restricdo por dieta, assim como substancias quimicas
(antidepressivos, anticonvulsivantes e outros) (Mattson, 2008).

A interacdo gene-ambiente foi examinada em um trabalho que abordou a interface
entre o polimorfismo Val66Met do gene do BDNF e eventos de vida estressores em
adultos com THB. (n=1085, 487 pacientes com THB-I e 598 controles sem transtornos
mentais) (Hosang et al., 2010). O alelo Met foi significativamente associado ao THB. Os
casos de THB relataram mais eventos de vida estressores antes de episodios depressivos
ou maniacos que os controles nos 6 meses antes da entrevista, mas a interacdo entre a
presenca do alelo Met e eventos de vida estressores foi associada significativamente
apenas aos piores episodios de depressao bipolar.

Somando-se os fatores: papel fisiologico do BDNF na neuroplasticidade, sua

diminuicdo em situacBes estressoras, seu aumento com o uso de timolépticos e os
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achados positivos dos estudos anteriores, (mesmo que necessitem ser replicados) conclui-
se que o BDNF pode ter um papel importante na génese e curso das doengas mentais, e
deve ser mais estudado. Estes estudos podem ser muito importantes no entendimento da
neurobiologia dos transtornos, sobretudo quando falamos de criancas e adolescentes,

cujas vias cerebrais ainda estdo em desenvolvimento.

2.6 Niveis Periféricos de BDNF e sua Relagdo com THB e TDAH

O gene do BDNF codifica uma proteina cujo papel também vem sendo estudado
no Transtorno Bipolar. O BDNF é a neurotrofina mais abundante no cérebro, altamente
expressada no cortex cerebral e no hipocampo, areas ligadas a regulacdo da memoria e
das emocoes (Dias et al., 2009).

Os niveis periféricos de BDNF apresentam correlagdo com seu nivel cerebral, e 0s
achados atuais indicam que ele pode ser um marcador de atividade de doenca. Ha
inimeros achados em estudos com adultos com THB. O BDNF periférico apresentou-se
alterado em adultos com THB que se apresentavam em episddios afetivos (Machado-
Vieira et al., 2007; Karege et al., 2002; Cunha et al., 2006; Hashimoto et al., 2004;
Oliveira et al., 2009). Outros estudos mostram que h& aumento nos niveis séricos de
BDNF com o tratamento (Palomino et al., 2006; Tramontina et al., 2009). Achados na
mesma direcdo mostram que pacientes com maltiplos episddios apresentam niveis mais
baixos de BDNF sérico que pacientes em seu primeiro episodio (Kauer-Sant’Anna et al.,

2009).
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Estes achados sugerem que o nivel sérico do BDNF possa ser um marcador da
resposta farmacoldgica, ou entdo, estar associado ao estado de humor. Também sugerem
que os niveis de BDNF estejam mais ligados ao estado de humor que ao traco de doenga.
Alguns estudos avaliaram se havia relacdo entre o genotipo do polimorfismo Val66met
do BDNF e o nivel sérico (Tramontina et al., 2007b). Cento e sete pacientes com THB
em eutimia foram comparados a 137 controles, e néo foi detectada interagéo significativa
entre o polimorfismo do BDNF (Val/Val versus portadores do alelo Met) e os niveis
séricos de BDNF (p=0.34), indicando que o polimorfismo ndo afeta os niveis séricos de
BDNF, tanto em pacientes (mesmo com controle estatistico para sintomas de mania ou
depressdo) como em controles. Esse resultado € muito interessante, tendo em vista que 0s
polimorfismos do BDNF estdo ligados a uma maior ou menor atividade do sistema do
BDNF. Mas os polimorfismos, pelo menos neste estudo, ndo foram responséveis pelos
niveis periféricos da proteina. Mas ha dados controversos quanto ao papel do
polimorfismo Val66Met e os niveis séricos do BDNF. Em um estudo com 114 sujeitos
higidos, foi detectada uma associacdo entre os individuos com o genétipo Val/Val do
BDNF e niveis mais baixos de BDNF, quando comparados aos portadores do gendtipo
Val/Met (Lang et al., 2009).

Uma metanalise dos estudos dos niveis periféricos de BDNF publicada
recentemente, compreendendo 13 estudos e 1113 individuos (entre pacientes e controles),
concluiu que os niveis de BDNF estavam diminuidos tanto na mania quanto na depressao
em adultos com THB, quando comparados a controles (Tamanho de efeito -0.81, 95% ClI
-1.11 a -0.52, p < 0.0001 e Tamanho de Efeito -0.97, 95% CI -1.79 a -0.51, p = 0.02,

respectivamente) (Fernandes et al., 2011). Os niveis de BDNF ndo eram diferentes em
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pacientes com THB eutimicos, quando comparados a controles (Tamanho de efeito -0.20,
95% CI -0.61 a 0.21, p = 0.33). A analise de meta-regressdo demonstrou que a idade e a
duragdo da doenca influenciavam a variacdo do tamanho de efeito em pacientes
eutimicos. Foi observado um aumento nos niveis de BDNF ap0s o tratamento da mania
aguda. (Tamanho de Efeito -0.63, 95% CI -1.11 a-0.15, p = 0.01).

Quanto aos dados de criangas e adolescentes, os achados em individuos saudaveis
sdo de que a concentracdo sérica do BDNF aumenta ao longo dos primeiros anos de vida,
tem um pequeno pico ao redor dos 30 anos, e posteriormente diminui levemente ao longo
da vida adulta (Katoh-Semba et al., 2007).

Até 0 momento, apenas um estudo avaliou os niveis séricos de BDNF em criancas
e adolescentes com THB (Pandey et al., 2008). Nesse estudo, criangas e adolescentes
com THB receberam tratamento por 8 semanas com estabilizadores de humor, e foram
comparadas a controles pareados por sexo, idade e etnia (n=21) antes do tratamento
(n=26) e depois do tratamento (n=19). Foi deterninado o nivel de expressdo de mMRNA
(RNA mensageiro) do BDNF nos linfocitos, nestes trés grupos, e o nivel plaguetério da
proteina do BDNF foi aferido entre o grupo controle e o grupo de pacientes com THB
antes do tratamento. Os pacientes apresentavam niveis plaquetarios (que servem de
depdsito) de BDNF mais baixos que os controles, antes do tratamento. Os niveis de
MRNA do BDNF estavam diminuidos nos linfocitos dos pacientes com THB em relacéo
aos controles, mas apds 8 semanas de tratamento com estabilizadores de humor (litio,
divalproato, risperidona ou aripiprazol), os niveis de mRNA de linfdcitos (que produzem
perifericamente o0 BDNF) nos pacientes com THB eram semelhantes aos dos controles.

Né&o foi observada correlacdo entre os sintomas de mania ou depressdo, mas sim, entre a
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melhora nos sintomas de mania e os niveis de mMRNA do BDNF. Cabe observar que 0s
niveis plaquetarios podem ndo representar os niveis cerebrais do BDNF, pois 0 BDNF
plaquetério é captado do plasma, e também de linfécitos, células endoteliais, células
musculares lisas e macrofagos.

Trata-se de um achado altamente relevante, pois documenta o prejuizo causado
pelo THB em criangas e adolescentes, que pode causar dano ao longo de todo o
desenvolvimento do individuo. Também permite observar o qudo fundamental é o
tratamento, que neste grupo trouxe os niveis de BDNF para valores proximos ao de
controles higidos. Também é uma das primeiras evidéncias de fatores bioldgicos que
podem ser marcadores do transtorno bipolar, tanto em termos de diagnéstico, como em
termos prognosticos, apesar de que, para tanto, estes achados devem ser replicados em
outras amostras.

No TDAH em criancas e adolescentes, apenas um estudo foi encontrado (Shim et
al., 2008). Nessa investigacao, foram comparados os niveis plasméaticos de BDNF em 41
pacientes com TDAH virgens de tratamento e 107 controles higidos. Os niveis
plasméaticos de BDNF dos pacientes com TDAH apresentaram-se significativamente
aumentados em relacdo aos controles, e foi encontrada uma correlagdo entre os niveis
plasméticos de BDNF e erros por omissdo em um teste que mede desatencéo.

Né&o foram realizados até o momento pesquisas destes marcadores em popula¢fes
brasileiras de criancas e adolescentes. E bastante reduzido o ndmero de estudos em
criangas e adolescentes, quando comparamos com as investigagdes em adultos. Devido
ao inicio precoce, acredita-se que o THBIA possa ser uma forma mais organica e severa

do THB, e pode ser extremamente Gtil para a identificacdo de fatores genéticos e
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bioquimicos responsaveis pelo quadro. Esses fatores fazem fundamental a realizagdo de

estudos na infancia e adolescéncia.

2.7 Tratamento do THB na Presenga da Comorbidade com TDAH

Os medicamentos usados no tratamento do THB na infancia e adolescéncia
incluem principalmente dois tipos:

* 0s estabilizadores de humor (carbonato de litio, valproato de sddio,
carbamazepina, oxcarbazepina, topiramato, lamotrigina): sdo medicagdes utilizadas no
tratamento de episddios maniacos, hipomaniacos ou mistos, e também na prevengdo de
novos episddios.

* 0s antipsicéticos atipicos (risperidona, olanzapina, ziprasidona, clozapina,
aripiprazol): além de tratar os sintomas psicéticos (alucinagdes e delirios), sdo
medicacOes usadas como estabilizadores de humor, no tratamento de episddios maniacos
ou mistos, ou em quadros de maior agressividade e irritabilidade (Rohde et al., 2005).

Quanto ao TDAH, a farmacoterapia também € parte fundamental do tratamento.
Os estudos demonstraram que 0s tratamentos medicamentosos isolados ou combinados
com terapia comportamental sdo mais efetivos que os tratamentos psicossociais isolados
(MTA, 1999). H& mais de 160 ensaios clinicos demonstrando a efetividade dos
estimulantes, sendo que o Unico disponivel no Brasil é o metilfenidato (MFD) (Spencer et
al., 1996; Swanson et al., 1995; Greenhill et al., 2002). O MFD ¢ o estimulante mais
estudado e utilizado no tratamento do TDAH, apresentando na maior parte dos casos uma

reducdo estatistica e clinicamente significativa dos sintomas do TDAH, assim como
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melhora do funcionamento dos pacientes em véarios outros dominios (Greenhill et al.,
2002).

A recomendacdo clinica atual para o tratamento da comorbidade de THB com
TDAH ¢ iniciar a estabilizagdo do humor e, assim que se atingir a melhor estabiliza¢do
possivel dos sintomas do THB, se houver persisténcia de sintomas do TDAH, associar
estimulantes. Entretanto, essa recomendacdo ndo é baseada em evidéncias cientificas.

Apesar de existirem muitos estudos avaliando tratamentos para THB e para
TDAH isoladamente, apenas dois ensaios clinicos randomizados e duplo-cegos foram
realizados no tratamento de pacientes com a comorbidade (Scheffer et al. 2005, Findling
et al. 2007).

O estudo pioneiro foi conduzido em duas fases: na primeira, 40 criangas e
adolescentes com THB+TDAMH receberam divalproato de sddio por 8 semanas. Aqueles
que melhoraram dos sintomas maniacos, mas ndo melhoraram do TDAH, eram
convidados para a segunda fase (n=30, idade entre 8 e 17 anos), na qual recebiam sais
mistos de anfetamina (ndo disponiveis no Brasil) por 4 semanas em um estudo cruzado
(Crossover). O grupo que recebeu os sais mistos de anfetamina teve uma melhora
significativa dos sintomas de TDAH (de acordo com a Clinical Global Impression-
Improvement, que mede a impressdo clinica do entrevistador quando & mudanca do
quadro), e ndo houve mudancgas importantes nos sintomas de THB (Scheffer et al., 2005).
Os sais mistos de anfetamina foram considerados seguros, pois ndo houve
desestabilizagdo dos sintomas de THB. Salienta-se como limitagdo deste estudo a

auséncia de uma medida especifica para os sintomas de TDAH.
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Em um estudo mais recente, 16 criangas e adolescentes participaram de um ensaio
clinico cruzado duplo-cego de 4 semanas usando metilfenidato ou placebo (Findling et
al., 2007). Foi determinada a melhor semana-dose de resposta ao tratamento (5mg-10mg-
15mg), e essa foi comparada a placebo. Os pacientes medicados apresentaram uma
reducédo significativamente maior que os ndo medicados nos sintomas de TDAH e ndo
houve diferenca nos sintomas de mania (de acordo com a Young Mania Rating Scale) ou
depresséo (de acordo com a Children Depression Rating Scale-Revised). As limitagdes
deste estudo foram o uso de medica¢Ges concomitantes, como benzodiazepinicos, e a
inclusdo de pacientes com THB-SOE, o que gera heterogeneidade significativa em um
trabalho com reduzido tamanho amostral.

Um cuidado importante no diagndstico e no tratamento da comorbidade é que ha
relatos sugerindo que o uso de estimulantes pode ser um fator de risco para o
desenvolvimento de mania e psicose (Koehler-Troy et al. 1986; Cherland e Fitzpatrick
1999). Entretanto, as pesquisas mais recentes ndo corroboram que estes relatos sejam o
que ocorre mais frequentemente (Carlson et al. 1992; Biederman et al. 1999; Kowatch et
al. 2003; Pavuluri et al. 2004). Como relatado nos paragrafos anteriores, tanto no estudo
de Scheffer et al. (2005) quanto no estudo de Findling et al. (2007), ndo houve piora
significativa do humor apds a instituicdo dos estimulantes.

Devido as altas taxas de comorbidade entre os grupos, a maior gravidade do
quadro, ao pior desfecho clinico e a escassez de estudos, investigaces adicionais s&o
necessarias para elucidar o efeito dos psicoestimulantes em pacientes que possuem a
comorbidade entre THB e TDAH, tanto em relagdo a resposta ao tratamento dos sintomas

do TDAH neste grupo, quanto ao efeito nos sintomas de humor.
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OBJETIVOS

Objetivo geral

O presente estudo visa avaliar o papel do BDNF na diferencia¢do neurobioldgica
entre TDAH e THB e a resposta ao tratamento na presenca da comorbidade em uma

amostra clinica de criancas e adolescentes brasileiros de 6 a 17 anos.

Objetivos especificos

a) Avaliar se ha transmissdo preferencial do alelo VVal66 do BDNF no THB e no TDAH;
b) Avaliar se ha diferenca entre os niveis séricos do BDNF em pacientes com TDAH, e
com THB em comorbidade com TDAH.

c) Avaliar a resposta ao tratamento com estimulantes, em pacientes que apresentam a

comorbidade entre THB e TDAH, ja estabilizados em seus sintomas de humor;
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Abstract

Background: Frontiers between Juvenile Bipolar Disorder (JBD) and Attention-
Deficit/Hyperactivity Disorder (ADHD) are not well defined. Few studies have addressed
potentially different neurobiological factors between the two disorders. Brain-Derived
Neurotrophic Factor (BDNF) has been increasingly recognized for its etiologic and
prognostic role in adult BD studies. We assessed transmission of the Val66Met
polymorphism at BDNF gene and BDNF serum levels in children and adolescents with
BD comorbid with ADHD (BD+ADHD), ADHD alone, and healthy subjects.

Methods: children and adolescents were extensively assessed for psychiatric
diagnoses by K-SADS-PL and clinical evaluation. The val66met polymorphism at BDNF
was genotyped, and BDNF protein serum levels were measured in drug-free patients.

Results: No preferential transmission of the Val allele was observed in BD (n=66;
Z=0.52 p=0.60) or ADHD (n=144; Z=0.12 p=0.91). In the ANCOVA, we detected a
significant group effect (patients with BD+ADHD had higher serum levels than those
with ADHD - Fgp7=4.09, p=0.03), after adjusting for severity (CGI) scores . We did not
observe significant effects of the Val66Met polymorphism and any significant difference
between both ADHD/BD groups and healthy controls on BDNF serum levels.

Conclusions: Although BDNF gene does not seem to play a significant role in
differentiating children and adolescents with ADHD + BD from those with ADHD,
BDNF serum levels deserve further attention in future research on neurobiological

aspects of BD and ADHD.
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Introduction

Although the recognition of Juvenile Bipolar Disorder (JBD) has increased
exponentially over the last years, it remains the most controversial diagnosis in child
mental health due to challenges in its clinical characterization (1, 2). High comorbidity
rates are found in JBD, especially with Attention-Deficit/Hyperactivity Disorder
(ADHD), ranging from 25-98% in clinical samples. The comorbidity determines worse
functional outcome and even worse response to treatment (3, 4).

Clinical differentiation from ADHD is difficult because of symptom overlap,
uncertainties about diagnostic criteria for BD in children, with high rates of interepisodic
symptom, among others (5). Even the use of sophisticated assessment instruments or
statistical techniques has not supplied sufficient evidence for differentiating these
disorders (6).

In this context, one interesting approach to disentangle this dilemma may be the
search for different neurobiological underpinnings between the disorders. In an fMRI
study of cognitive control of emotion processing comparing children and adolescents
with BD, ADHD and controls, the ADHD patients showed decreased ventrolateral
prefrontal cortex engagement relative to both control and BD patients (7). Other pioneer
studies have approached neuropsychological, neurological, brain structure and chemistry
factors searching for differentiation in the neurobiological basis of these two disorders (8-
11).

Advances in the understanding of the neurobiological complexities of BD have
suggested a potential role of the Brain-Derived Neurotrophic Factor (BDNF) in the

etiology and course of BD (12). BDNF is the most widely distributed neurotrophin in the
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central nervous system and participates in oxidative stress mechanisms, having many
critical important biological functions including neuronal survival, differentiation, and
synaptic plasticity (13, 14).

Genetic association studies in adults suggest an association between the VVal66Met
polymorphism at the BDNF gene and BD (15). In this SNP, a valine-to-methionine
substitution at position 66 in the coding region (rs6265) reduces activity-dependent
BDNF secretion through disruption in the BDNF-sortilin interaction. In JBD, Geller et al.
(2004) observed a preferential transmission of the VVal66 Allele in families of 53 children
and adolescents with Bipolar Disorder (16). In ADHD, a meta-analytic investigation
including eight studies did not detect a significant association with the Val66Met
polymorphism (17).

Current research in adults with BD has demonstrated that BDNF protein serum
levels (which are correlated to brain levels) are influenced by mood symptoms (18, 19).
A pioneer study showed that BDNF protein serum levels are decreased in bipolar patients
in depressive or manic episodes when compared to controls and to euthymic subjects
with BD (20). A recent meta-analysis (n=1113 subjects from 13 studies) confirmed these
results, including an increase of BDNF levels after mania treatment, and BDNF levels
similar to control subjects in euthymic BD (19). We were able to find only one study
investigating the association between BD and BDNF serum levels in children and
adolescents (21). The mRNA levels of BDNF in lymphocytes of children and adolescents
with BD (n=26) were significantly decreased compared with normal control subjects
(n=21). After 8 weeks of treatment, subjects with BD presented a significant increase in

MRNA BDNF levels, that became similar to controls. Platelet levels of BDNF were also
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decreased in patients with JBD. One investigation addressed BDNF serum levels in
children and adolescents with ADHD (n=41) and healthy controls (n=107) (22).
Significantly higher BDNF plasma levels were observed in ADHD subjects. The studies
reported in the literature on BDNF and BD/ADHD assessed only each condition against
controls. No previous study assessed the role of BDNF in subjects with ADHD with or
without comorbidity with BD.

Given the need for further understanding whether BDNF plays a role in
differentiating the neurobiology of ADHD and ADHD comorbid with BD, we assessed
samples of children and adolescents with these two diagnostic statuses (BD+ADHD and
ADHD). Our objective was to evaluate whether the comorbidity poses differences in
BDNF Val66Met polymorphism transmission and BDNF serum levels. Our hypothesis
were that the Val66 allele would be over transmitted in subjects with JBD but not in those
with ADHD, and that BDNF serum levels would be significantly different between both

groups.

Methods and Materials

Sample

Recruitment was performed from different sources: a) from the community
through press releases; b) from our ADHD outpatient program; and c) from our Child and
Adolescent Bipolar Disorder Outpatient Program (ProCAB), both from the Hospital de
Clinicas de Porto Alegre, a tertiary university hospital in the capital of the Southernmost
state of Brazil. The ProCAB design is registered at www.clinicaltrials.gov under the

identifier NCT00116259.
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Inclusion criteria for BD and ADHD patients were: a) age ranging from 5 to 17
years; and b) diagnoses of BD and ADHD according to DSM-1V criteria (23). Exclusion
criteria were: a) diagnoses of Pervasive Developmental Disorder, Schizophrenia and
Substance Dependence; b) severe suicide/homicide risk counter indicating outpatient
treatment; and c) current medication use, for BDNF serum levels. Control subjects were
included if they did not present any DSM-IV current or past mental illness or history of
mood disorders in first-degree relatives. Parental written informed consent and children
verbal assent were obtained. This study was approved by the ethical committee of the
Hospital de Clinicas de Porto Alegre (approved as an IRB by the “Office for Human
Research Protections, United States of America - IRB 00000921"), and it is in accordance
with the Helsinki Declaration of 1975.

Diagnostic assessment

Diagnostic assessment in our Child and Adolescent Bipolar Disorder Outpatient
Program was conducted through a three-stage process. First, a child and adolescent
psychiatrist with extensive training (GFP) interviews primary caregivers assessing the
presence of DSM-1V mood symptoms, and family history of psychiatric disorders. If
subjects fulfill DSM-1V criteria for Bipolar I, Bipolar I1, or Bipolar NOS, they go through
neuropsychological and learning disorders assessments. In addition, subjects were
assessed with the K-SADS-PL (Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and Lifetime Version) by trained interviewers (24). The K-
SADS-PL training process in our center consisted in several seminars about both child
psychopathology in general and the structure of the instrument, live observation of 5

interviews performed by trained research assistants, and live administration of the K-
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SADS-PL interview in 5 patients with the presence of trained observers. Finally, research
assistants performed reliability analyses based in previous K-SADS interviews recorded
in videotape. Kappa coefficient was calculated as 0.93 for mood disorders in a previous
study (25). Patients and parents answer separately the mood and substance use modules,
and together the other modules. Then, another child and adolescent psychiatrist performs
a clinical evaluation of BD and comorbid conditions using DSM—IV criteria with parents
and subjects, checking also the positive diagnoses derived from K-SADS-PL. Finally,
after the entire clinical assessment, a discussion with the whole research group is
conducted for final diagnoses and treatment planning. Priority is always given for the
final clinical diagnoses formulated if a diagnostic disagreement occurred in this process.
Of note, comorbidities like Disruptive Behavior Disorders were only considered present
when they occurred before or despite the mood symptoms. The diagnostic approach in
the sample from the community follows the same diagnostic flow and a very similar
procedure was taken in the sample from our ADHD outpatient program (26).

Symptom Measures

Mania symptoms were assessed with the Young Mania Rating Scale (YMRS)
(27). This is an 11-item scale for the assessment of severity of mania symptoms that has
similar efficiency across the age groups, including youth age 4-17. The YMRS was
translated and validated into Portuguese (Kappa 0.32-0.91, intraclass correlation
coefficient 0.8) (28). Presence and severity of depressive symptoms were rated using the
Brazilian version of the Children Depression Rating Scale — Reviewed (CDRS-R) (29,
30) ADHD symptoms were assessed through the Swanson, Nolan and Pelham Scale —

Version 1V (SNAP-1V). The SNAP-1V is a likert scale measuring inattention,
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hyperactivity, and oppositional symptoms. It is also validated in Portuguese, and the
internal consistency of the SNAP-1V varies from good to excellent (Cronbach coefficient
0.74) (31).

Mood states were defined as follows: mania (YMRS >7 and CDRS-R < 28),
depression (YMRS < 7 and CDRS-R > 28), and euthymia (YMRS < 7 and CDRS-R <
28) (20, 30). In order to assess disorder severity, Clinical Global Impression — Severity
score (CGI-S) was used. The CGI-S scale rates severity of the patient clinical
presentation ranging from 1 (not at all ill) to 7 (extremely ill) (32).

The genotyping of val66met polymorphism was done with PCR method as
described by Neves-Pereira et al. (33). DNA was extracted by use of the high-salt method
(34).

BDNF serum level concentration

Four milliliters of blood were withdrawn from each subject by venipuncture into a
free-anticoagulant vacuum tube. The blood was centrifuged at 4000rpm for 10 min and
serum was kept frozen at 80 °C until assayed. BDNF serum levels were measured with
sandwich-ELISA, using a commercial kit according to the manufacturer’s instructions
(Millipore, USA). Briefly, microtiter plates (96-well flat-bottom) were coated for 24 h at
4 °C with the samples diluted 1:100 in sample diluent and standard curve ranging from
7.8 to 500 pg of BNDF. Plates were then washed four times with wash buffer followed by
the addition of biotinylated mouse anti-human BNDF monoclonal antibody (diluted
1:1000 in sample diluent), which was incubated for 3 h at room temperature. After
washing, a second incubation with streptavidin- horseradish peroxidase conjugate

solution (diluted 1:1000) for 1 h at room temperature was carried out. After addition of
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substrate and stop solution, the amount of BDNF was determined (absorbance set in 450
nm). The standard curve demonstrates a direct relationship between optical density (OD)
and BDNF concentration. Total protein was measured by Bradford’s method (samples

diluted 1:200) using bovine serum albumin (BSA) as a standard.

Statistical Analyses

The association between genetic markers and diseases was performed by a
family-based association test (Transmission Disequilibrium Test) using the FBAT
program (35). Other statistical Analyses were performed using the software SPSS for
Windows, version 18.

Clinical and demographic characteristics were considered confounders if they
were associated with both the independent factor (presence or absence of the met allele at
Val66Met polymorphism or diagnostic status) and the outcome measures (BDNF serum
levels) for a flexible p value of 0.1. Besides our statistical definition of confounders, we
also checked the role of potential conceptual confounders (illness duration and severity,
symptom severity, Intelligence Quotient). To evaluate normality distribution of the
variables, the Shapiro—-Wilk test was applied. Differences between groups were assessed
by Student’s t-test or ANOVA in case of normal distribution or otherwise by the
nonparametric Kruskal-Walli’s test. Correlations with serum levels were tested with
Pearson’s r or Spearman’s rho. The effect of diagnostic status
(BD+ADHD/ADHD/Controls), genotypes, and their interaction on BDNF serum levels
were examined with analysis of covariance (ANCOVA), including covariables when
appropriate. A backward elimination procedure was used for nonsignificant interactions.

A two-sided alpha=0.05 was accepted for analyses.
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Results
e BDNF Val66Met Polymorphism Transmission

The sample was composed by 66 children and adolescents with BD from 63
families (22 informative), and 144 ADHD subjects from 143 families (61 informative)
for the BDNF Val66Met polymorphism TDT test. Genotype frequencies are presented in
Table 1. Since the Met allele is considered to promote a functional change in BDNF and
homozygosity for the Met allele was observed in only 3 patients with BD and 6 with
ADHD, Met/Met and Val/Met carrier groups were merged and classified into Met
carriers. The distributions of genotypes did not deviate from Hardy—Weinberg
equilibrium in the whole sample (x*=2.66, p=0.26), BD (4°=3.18, p=0.2), ADHD
(x°=0.59, p=0.75), or control (x*=2.54, p=0.28) groups. In patients with BD, we did not
observe a significant transmission of the Val allele in the TDT (Z=0.52 p=0.60). No
significant transmission of the Val allele (Z=0.12 p=0.91) was observed in ADHD as
well.

INSERT TABLE 1 HERE
e BDNF Serum Levels

There were respectively 26 and 22 drug-free patients with BD and ADHD from
whom gene and serum levels were available, and 32 healthy controls. Sample
characteristics are presented in Table 2. Of note, as expected, age, CGI-S, YMRS,
CDRS-R, SNAP-1V scores, gender, socioeconomic status, and comorbid anxiety and
other disruptive disorders differed among groups, since we included a group of healthy

subjects in the comparisons. However, only illness severity assessed by CGI-S scores was
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considered a confounder (association with both independent and dependent factors for a p
<0.1), and it was included in the ANCOVA model as a covariable.
INSERT TABLE 2 HERE

No BD specifier affected significantly BDNF serum levels. We did not detect any
significant correlation between serum levels and 1Q (r=0.21, p=0.32), age at onset of BD
(r=0.31, p=0.13), disorder duration (r=-0.37, p=0.07), manic symptoms (r=0.26, p= 0.20),
depressive symptoms (r=-0.12, p=0.5), or association with psychosis (Z=-0.07, p=0.94),
BD Subtype (x262=2.56, p=0.28) or BD mood state (y%52=0.83, p=0.45). Thus, subjects
with BD were treated as group in analyses of BDNF serum levels.

We tested the effects of two main variables (Val/Met polymorphism and
diagnostic status), one co-variable (CGI-S scores) and all possible interactions on BDNF
levels in the ANCOVA model with a backward procedure to eliminate non-significant
interactions. Both the third-order interaction and the second-order interactions were not
significant (group x gene x CGI-S: Fg15=0.87, p=0.43; group X gene: Fgp1=0.001,
p=0.97; group x CGI-S: Fg4=0.89, p=0.42; gene x CGI-S: Fg,=1.00, p=0.37), so that
interactions were removed from the final model. We detected a significant group effect
on BDNF serum levels (Fgp1=4.09, p=0.047). In the Post Hoc analyses, we observed that
patients with BD+ADHD had higher serum levels than ADHD (p=0.03), but did not
present differences between BD+ADHD and controls (p=1.00) or ADHD and controls
(p=0.13). We did not observe significant effects of the Val66Met polymorphism or CGI-
S (respectively Fgp1=0.95, p=0.33, and Fg4=0.79, p=0.53).

INSERT FIGURE 1 HERE
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Discussion

This was the first investigation comparing the role of Brain-Derived Neurotrophic
Factor gene and serum levels between children and adolescents with Bipolar Disorder
comorbid with ADHD and those with ADHD without BD. We observed no preferential
transmission of the Val allele for BD or ADHD, and no effect of the Val66Met
polymorphism in BDNF serum levels. We also did not observe any difference in BDNF
serum levels according to BD specifiers. A significant difference was detected in the
BDNF serum levels between BD+ADHD and ADHD groups.

The absence of a preferential transmission of the Val allele at the BDNF gene
replicates previous negative findings from other groups in children with BD and ADHD
(36, 17). In both disorders, a first positive association result was detected, but all
following replication investigations failed to find significant associations. Despite
methodological differences between studies, false-positive results caused by chance in
initial studies have been considered the chief cause for negative replications (37). Also,
although our sample comprised BD-I, BD-IlI, and BD-NOS, no difference in the
Val66Met transmission was observed in our sample even when we assessed only BD-I
subjects (Z=-0.78, p=0.47).

BDNF serum levels were not associated to the Val66Met polymorphism in
subjects with BD, ADHD or controls. Similar results were observed in adult studies in a
comparison between BD and controls (38). We also detected absence of interaction
between gene and conditions on serum levels. We did not find any study addressing this
issue in children and adolescents with BD+ADHD, or ADHD. Based on previous studies

in adults and animal models, we can speculate that changes in BDNF secretion are the
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consequence of an interaction between the gene and the many facets of BD (it is, the
Val66Met may be a functional modulator), since BDNF Met variant is believed to
decrease only the activity-dependent but not the constitutive BDNF secretion (39).

Our study failed to replicate some positive results in investigations with adults
with BD on differences in BDNF serum levels according to mood state, disorder duration
and age at onset, symptom severity, comorbidity with ADHD or psychosis (13, 18-20).
Although our sample may have been too small to detect such differences, it is possible
that associations between those BD specifiers in BDNF serum levels are not present in
early age. Disparities between pediatric and adult BD are also seen in symptom
presentation, comorbidity profile, and neuroimaging studies, among others (2, 40, 41).
For example, smaller hippocampal volumes have been reported in children and
adolescents with BD when compared to controls (40), but comparisons between adult
subjects with BD and controls revealed larger hippocampus volumes in BD (41). These
discrepancies could be the result of ongoing brain normal development, or to a
progressive failure in the adult brain to maintain normal BDNF levels because of the
damage caused by multiple manic and depressive crises, and by chronic stress caused by
environmental factors (42).

We detected lower levels of serum BDNF in subjects with ADHD when
compared to BD+ADHD, and, more surprisingly, BDNF serum levels similar to controls
in patients with BD+ADHD. This finding suggests the dysregulation in neurotrophic
factors may not be present in early age or early stages of both disorders, but different
patterns of neuroplasticy between BD+ADHD and ADHD are observed. We may suspect

that higher BDNF levels in the patients with the comorbidity reflect a larger reaction to
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additional brain insult and distress caused by the comorbidity, and that compensatory
mechanisms such as antioxidant enzymes and brain metabolism markers may maintain
normal BDNF levels, as observed in patients with schizophrenia (43). However, our
results contrast with previous studies (18, 19, 21, 22). The disparities may be the result of
methodological differences between studies, but a comparison is difficult since
description of BD subtype, 1Q, and comorbidities is not available (21, 22). However, we
conducted a very thorough statistical control for those variables through confounder
inclusion in the models, which was not conducted in the previous investigations. Another
important limitation in the comparison of the results is the BDNF source. BDNF levels
may behave differently according to its source — whole blood, serum, plasma or platelets.
Serum levels include free BDNF and platelet-stored BDNF (this latter is not released into
plasma), so that serum levels may be more a more direct and representative measure of
the peripheral (and, consequently, central) BDNF activity (44). Also, since peripheral
BDNF levels are not specific to any regions of the brain, the differences detected may
also reflect different brain areas and networks affected by these conditions when BD and
ADHD are comorbid (7,10,11).

Some limitations of our study should be acknowledged. Our sample did not
include patients with BD alone, and we also had a low rate of euthymic subjects. In an
ideal research world, a large group of unmedicated patients with BD without ADHD
should be included. However, the greatest challenge in investigations of the neurobiology
of child mental disorders is to find specific neurobiological underpinnings for disorders
that are difficult to differentiate phenotypically. High rates of comorbid ADHD are

commonplace in all clinical samples of JBD (5). Finally, our sample sizes in both
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diagnostic groups might have been too small for detecting an effect of the Val/Met
polymorphism, but our sample size of JBD was one of the largest assessed and
comparable to the only study in which an association was detected (16).

We would like to emphasize that the difference detected in BDNF serum levels in
our study is one of the few clues currently available to draw a better understanding of
neurobiological differences between BD+ADHD and ADHD. Although by this time we
cannot make clinical inferences from our findings, further exploration of the role of

BDNF serum levels in the pathophysiology of JBD is needed.
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Table/Figure Legends, and Appendices
Table 1. Allelic and Genotypic Frequencies in Children and Adolescents with Bipolar

Disorder, Attention-Deficit/Hyperactivity Disorder, and Healthy Subjects

Genotype
Group Val/Val Val/Met Met/Met
Bipolar Disorder n= 66 49 (74.2%) 14 (21.2%) 3 (4.6%)
Attention-Deficit/Hyperactivity Disorder n= 144 97 (67.4%) 41 (28.4%) 6 (4.2%)
Controls n=32 25(78.1%) 6(18.8%) 1(3.1%)

Total n=242 171 (70.7%) 61 (25.2%) 10 (4.1%)




Table 2. Sociodemographic and Clinical Characteristics of the Sample
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. . . Controls Attention-Deficit/
Bipolar Dlsorfier with ADHD (n=32) Hyperactivity Disorder p
(n= 26) —
(n=22)
Mean + SD Mean + SD Mean + SD
Age (years) 12.38+3.18 12.19+43.38 10.4143.49 0.08
IQ 89.58+13.43 84.43+14.17 95.24+17.29 0.13
BD age at onset (years) 8.4+3.92 - -
ADHD age at onset (years) 5.65+2.44 - 5,89+1,56 0.70
Duration of Disorder (years) 4.2+£2.77 - 4.57+3.71 0.93
Clinical Global Impression — 48.32+8.31 10 54.23+8.61 <0.01
Severity Score
gg;r;g Mania Rating Scale 21.12+13.94 0.6320.35 2.8142.56 <0.01
Chilaren’s Depression 40.8115.49 17.72+1.08 21.43+4.20 <0.01
Rating Scale, Revised Score
SNAP-IV Total Score 1.77+0.67 0.16+0.15 1.46+0.53 <0.01
Frequencies Frequencies
n (%) n (%)
Gender (Male) 16 (61.5%) 15 (46.8%) 17 (77.3%) 0.08
B: 13 (50%) B: 5 (15.6%) B: 7 (31.82%) 0.06
Socioeconomic Status C: 13 (50%) C: 24 (75%) C: 12 (54.55%)
D:0 D: 3 (9.4%) D: 3 (13.63%)
Ethnicity (Caucasian) 21 (80.8%) 27 (84.4%) 15 (68.2%) 0.24
Family History of BD 16 (61.5%) - 4 (18.8%) 0.01
Current Comorbidities
Anxiety Disorders 9 (36%) - 5 (22.7%) <0.01
Other Disruptive 14 (70%) - 10 (47.6%) <0.01

Behavior Disorders

BD Specifiers
BD Subtype

Baseline Mood State

Type 1-15 (57.7%)
Type 11-5 (19.2%)
Type NOS-6 (23.1%)
Euthymia: 2 (7.7%)
Mania: 20 (76.9%)
Depression: 4 (15.4%)
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Figure 1. Mean BDNF Serum Levels According to Disorder and BDNF Val66Met
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Abstract

In clinical samples, Juvenile Bipolar Disorder (JBD) is frequently accompanied
by comorbid Attention-Deficit/Hyperactivity Disorder (ADHD). Clinical trials assessing
combined psychopharmacological interventions in this population are scarce, and
methylphenidate may worsen manic symptoms. We conducted a randomized crossover
trial with methylphenidate and placebo (2 weeks each) combined to aripiprazole in
children and adolescents (n=16; 8-17 years-old) with JBD and ADHD who had a
significant response in manic symptoms with aripiprazole but still presented clinically
significant symptoms of ADHD. ADHD, manic and depressive symptoms were assessed
by means of standard scales. Fourteen out of the 16 subjects completed the trial. No
significant differences between the effects of methylphenidate and placebo were detected
in ADHD (F1, 43.22=0.00; p=0.97) or manic (F1, 40.19=0.93; p=0.34) symptoms.
Significant improvement in depressive symptoms was observed in the methylphenidate
group (F1,19.03=7.75;p=0.01). One patient discontinued the trial due to the onset of a
severe mixed episode. No other significant adverse events were observed. Although
methylphenidate did not worsen manic symptoms, it was not more effective than placebo
in improving ADHD symptoms in children and adolescents with JBD comorbid with
ADHD stabilized with aripiprazole. Further investigations are warranted.

Registered at www.clinicaltrials.gov under the identifier NCT00305370.

Key-words: Bipolar Disorder, ADHD, children, adolescents, aripiprazole,

methylphenidate, crossover trial.
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INTRODUCTION

Juvenile Bipolar Disorder (JBD) is a severe mental disorder characterized by
mood swings causing significant distress in social, academic, and peer
functioning.(Axelson et al. 2006, Wilens et al. 2004) The available data suggest it affects
1% of the children and adolescents.(McLellan et al. 2007) Comorbidity with Attention-
Deficit/Hyperactivity Disorder (ADHD) is frequent in JBD, ranging from 29-98% in
clinical samples.(Kowatch et al. 2005a, Wozniak et al. 1995, Tramontina et al. 2003) The
presence of ADHD in subjects with JBD may confer worse functional outcome and
response to treatment.(Consoli et al. 2007, Strober et al. 1998)

In spite of the several studies trying to differentiate clinical manifestations
peculiar to JBD and ADHD, studies assessing interventions for the dual diagnoses are
scarce. (Galanter & Leibenluft 2008) Mood stabilizers and/or atypical antipsychotics are
the main agents to treat BD in children and adolescents, (McLellan et al. 2007) and
stimulants, like methylphenidate, are first line treatment for ADHD. (AACAP 2007)

Some old reports suggest that the use of stimulants in children and adolescents
might be a risk factor for the development of mania (see Koehler-Troy et al. 1986) and
psychosis. (Cherland and Fitzpatrick 1999) However, more recent literature addressing
treatment of ADHD in patients with JBD have suggested a positive response to
stimulants, not supporting the idea that stimulant use predicts mania or psychosis.
(Carlson et al. 1992, Kowatch et al. 2003, Biederman et al. 1999, Pavuluri et al. 2004,
Kowatch et al. 2005b)

Two previous randomized clinical crossover trials have been published to our

knowledge on this issue. (Scheffer et al. 2005, Findling et al. 2007) Scheffer et al.
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conducted a 2-stage trial, where the first phase was an 8-week open trial of divalproex
sodium. (Scheffer et al. 2005) Patients with JBD+ADHD (n=40) who presented
improvement of manic symptoms according to the Young Mania Rating Scale (YMRS),
but no significant improvement of ADHD symptoms according to Clinical Global
Impression — Improvement scale (CGI-1) were invited to join a 4-week randomized,
double-blind, placebo controlled crossover trial of Mixed Amphetamine Salts (MAS)
(n=30, age range 8-17 years-old). Significant improvement in ADHD symptoms was
observed in the MAS group, while no significant between-group change in the YMRS
was detected. MAS were considered safe and effective without promoting destabilization
of BD. However, this study presented some limitations, such as the absence of a specific
measure of ADHD.

Findling et al. conducted a 4-week double-blind, placebo controlled crossover
trial of methylphenidate in 16 children and adolescents with the comorbidity. (Findling et
al. 2007) Best dose week of treatment (5mg-10mg-15mg) was compared to placebo, and
a significant difference was observed between medicated and non medicated groups in
the ADHD rating scale-1V (ARS-1V) and Connors Parent Rating Scale. No significant
difference was observed in the changes in scores of the YMRS and the Children
Depression Rating Scale-Revised (CDRS-R). These findings should be understood in the
context of some limitations. For example, the use of concomitant medication and the
inclusion of BD-not otherwise specified (BD-NOS), allowing significant heterogeneity in
such a small sample.

Due to both the high comorbidity rates of ADHD among JBD patients and the

scarcity of studies investigating the treatment of both conditions, our objective was to
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assess response to methylphenidate in children and adolescents with JBD+ADHD
previously stabilized with aripiprazole. Our hypothesis was that patients would present a
significantly higher response to MPH than to placebo in ADHD symptoms while no
significant mood changes will be detected during the trial.

METHODS

Subjects

Subjects were recruited from two previous investigations: a) a double-blind
placebo-controlled clinical trial of aripiprazole (Registered at www.clinicaltrials.gov
under the identifier NCT00116259) (Tramontina et al., in press); b) an open trial
following that study allowing patients who used placebo to switch to aripiprazole (See
figure 1). (Tramontina et al. 2007) Shortly, 710 subjects were recruited from community
through press releases and were extensively assessed for JBD and ADHD. Out of 43
subjects with confirmed dual diagnoses, 18 were randomized to receive aripiprazole, and
10 presented improvement in the manic symptoms but not in the ADHD symptoms. In
the placebo arm, 12 out of 25 enrolled subjects participated in the open trial of
aripiprazole after finishing the 6 weeks with placebo, and 6 out of these 12 were eligible
for the crossover trial.

INSERT FIGURE 1 HERE

Inclusion criteria for the trials were: a) age ranging from 8 to 17 years; b)
diagnoses of BD Type I or Il comorbid with ADHD according to DSM-1V criteria; (APA
1994) c) clear reports of ADHD symptoms onset preceding any mood symptomatology;
d) at least 30% improvement in mood symptoms in the previous trials of aripiprazole; e)

residual attention, hyperactivity, and opposition symptoms defined as a SNAP-IV score >
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1.5. Exclusion criteria were: a) estimated 1Q lower than 70 - assessed using the Wechsler
Intelligence Scale for Children, 3rd edition — WISC-IIl — by a trained psychologist;
(Wechsler 1991) b) use of any medication 10 weeks before entering the study, besides
aripiprazole; c) diagnoses of Pervasive Developmental Disorder, Schizophrenia,
Substance Abuse or Dependence; d) severe suicide/homicide risk counter indicating
outpatient treatment; €) history of hypersensitivity to aripiprazole or methylphenidate; f)
any other acute or chronic disease that may interfere in the study; g) pregnancy.

Parental written informed consent and children verbal assent were obtained. This
study was approved by the ethical committee of the Hospital de Clinicas de Porto Alegre,
and it is registered at www.clinicaltrials.gov under the identifier NCT00305370.

Diagnostic Assessment

The initial assessment comprised a telephone interview conducted by a child
psychiatrist for identification of eligible candidates. When primary caregivers endorsed
symptoms of BD and ADHD according to DSM-IV criteria in their children and
exclusion criteria were ruled out, children and adolescents underwent a confirmatory
three-stage process, described in Tramontina et al., 2007. Shortly, the evaluation was
composed by: a) a semi-structured interview (Schedule for Affective Disorders and
Schizophrenia for School-Age Children, Epidemiological Version — K-SADS-
E)(Orvashel 1985), modified to assess DSM-IV criteria and applied to parents by trained
research assistants; b) review of each diagnosis derived through the K-SADS-E in a
clinical committee; c) clinical evaluation by an experienced child psychiatrist who
previously received the results of the K-SADS-E. Priority was always given for the final

clinical diagnoses if a diagnostic disagreement occurred in this three stage process.
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Treatment Protocol

An independent third party randomized patients into groups A and B and prepared
weekly pill pack supplies of aripiprazole (with the same dose from the previous double-
blind or open trial - ranging from 5-20mg; mean 12.81; standard deviation 6.32) and
methylphenidate or placebo. Aripiprazole was administered once a day. Methylphenidate
immediate release (IR) was supplied in fixed doses, according to weight.
Methylphenidate IR and Placebo were administered twice a day. Patients from Group A
followed the sequence (PLA — PLA — MPH 0.3mg/kg/day — MPH 0.7mg/kg/day), and
group B received MPH 0.3mg/kg/day — MPH 0.7mg/kg/day — PLA — PLA). A pharmacist
packaged methylphenidate and matching placebo in capsules, so that they could not be
differentiated by shape, color, smell, weight or taste.

Patients were assessed weekly for 4 weeks after the baseline evaluation. No
concomitant medication was allowed during the study period. Compliance was checked
by self-report, mother’s report and pill counting in the blister packs returned at the end of
each week. After all the four assessments were completed, the study blind was broken.

Efficacy Measures

Primary outcome measures: between-group differences in weekly scores in the
Brazilian versions of the Swanson, Nolan, and Pelham Scale — IV Version (SNAP-1V),
and of the Young Mania Rating Scale (YMRS). (MTA 1999, Mattos et al. 2006,
Youngstrom et al. 2002, Vilela et al. 2005) The SNAP-IV is a likert scale ranging from 0
to 3, and it has been frequently used to assess clinical interventions in ADHD. (MTA
1999, Mattos et al. 2006) The YMRS is an 11-item scale to assess changes in manic

symptoms along time. It has been the most used instrument in clinical trials with children
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and adolescents with JBD. (Youngstrom et al. 2002) Changes in depressive symptoms
were evaluated with the Brazilian version of the Children Depression Rating Scale —
Reviewed (CDRS-R).(Poznanski et al. 1979, Barbosa et al. 1997) This instrument isa 17-
item clinician administered scale that assesses presence and severity of depressive
symptoms.

Secondary outcome measures: between-group differences in weekly scores of: a)
the Child Mania Rating Scale-Parent Version (CMRS-P), a parental report on severity of
manic symptoms. (Pavuluri et al. 2006) Since there was not any Portuguese validated
version of the CMRS-P when the study was conceptualized, we conducted a process of
translation and back-translation of the instrument by independent teams, and the final
version was approved by the authors of the scale (consistency and test-retest reliability of
the original version are both 0.96); b) Clinical Global Impression-Severity (CGI-S), an
instrument widely used in psychopharmacological interventions (its scores range from 1 -
not at all ill - to 7 - extremely ill), was applied to rate severity of patients’ clinical
presentation (Guy 2000); c¢) the Kutcher Adolescent Depression Scale (KADS).(Brooks
et al. 2003) This scale is an 11-item self report instrument to detect and monitor
depression in adolescents. Its mean correlation with clinician administered depression
rating scales is 0.69. Since no previous Portuguese validated version of the KADS was
available, we again conducted a process of translation and back-translation of the
instrument by independent teams and the final version was approved by the authors of the
scale.

Adverse events
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Stimulants adverse events were also checked weekly through Barkley Stimulants
Adverse Events Rating Scale (SAERS), an instrument frequently used in trials of
methylphenidate. (Barkley et al. 1990; Zeni et al. 2007) Adverse events were also
assessed using an open question (“Have you felt anything different since last week?”).
According to recommendations from experts, (Greenhill et al. 2004) we complemented
the assessment of adverse events with a checklist of all forty-nine adverse events
associated with the use of aripiprazole described in the literature. Weight was assessed
weekly.

Statistical analyses

Analyses of primary and secondary outcome measures were performed using a
Mixed-Effects Model (MEM) approach which provides a flexible framework for the
analysis of repeated measures while accounting for missing data (i.e., lost to follow-up).
For each analysis, the best covariance structure fitting the data was selected using
Akaike's Information Criterion (AIC).

Treatment, period, sequence and dose-within-treatment were fixed variables.
Covariates were baseline scores for each instrument. A significance level of 5% was set
for all analyses. Analyses were carried on using the software SPSS for Windows, version
15. No carry-over effect was expected, since MPH is suitable for crossover designs due to
its clinical response limited to no more than 4-5 hours, avoiding carry-over effects.
(Szobot et al. 2008)

RESULTS
Fourteen out of the 16 patients enrolled completed the trial. Baseline

characteristics of the sample are presented in Table 1. Of note, patients presented low



98

rates of manic symptoms (YMRS scores of 11.14 + 9.32 in the whole sample; 14.66 *
10.34 in the group receiving placebo followed by methylphenidate; 8.5 + 8.14 in the
other group) due to the previous use of aripiprazole, and moderate ADHD symptoms
(SNAP-1V baseline scores of 1.64 + 0.54 for the whole sample; 1.83 + 0.61 in the group
receiving placebo followed by methylphenidate; SNAP-IV baseline scores of 1.50 + 0.45
in the other group).

INSERT TABLE 1 HERE

One patient using aripiprazole and methylphenidate left the protocol in the second
week due to the need of hospitalization, and was excluded from the analyses. Another
patient using aripiprazole and placebo did not present for the final assessment and was
also excluded from the analyses. Complementary analyses were conducted including the
subject who did not show up for the final visit (data available under request), but no
significant change was detected from the results described below.

Twenty-four pills of aripiprazole out of 420 were returned in the blisters (5.71%).
Twelve out of 422 (2.76%) pills were returned in the placebo group, and 18 out of 406
pills (4.43%) were returned in the methylphenidate group during the study. No significant
difference was detected (p=0.27). Results for all outcomes are reported in Table 2.

Primary Outcomes:

ADHD: The MEM analyses revealed no significant treatment (p=0.97), period
(p=0.42), or sequence (p=0.93) effects over ADHD symptoms according to SNAP-IV
score changes. Baseline SNAP-IV scores were significantly associated with response to

treatment (p < 0.05 for all SNAP-IV subscales).



99

Mania: No significant treatment (p=0.34), period (p=0.16), or sequence (p=0.81)
effects were observed in YMRS score changes. The baseline YMRS score was
significantly associated with response to treatment (F1, 12.03 = 16.44; p <0.01).

Depression: CDRS-R score changes were not significantly associated to treatment
(p=0.54), period (p=0.81) or sequence (p=0.98) effect in MEM analyses. We also did not
find the effect of the CDRS-R baseline score (p = 0.63)

INSERT TABLE 2 HERE

Secondary outcomes:

Mania: According to parental report in the CMRS-P, MEM analyses revealed no
significant treatment (p=0.09), period (p=0.19), or sequence (p=0.43) effect over manic
symptoms. Significant dose-within-treatment effect (F1, 34.7 = 4.05; p = 0.05) was
detected. Baseline CMRS-P scores were also associated to response in manic symptoms
(F1, 14.23 = 189.22; p<0.001).

Depression: According to the youth’s self report, a significant treatment effect
was observed (F1, 19.03 = 7.75; p = 0.01). No significant period (p=0.92), sequence
(p=0.3) or dose-within-treatment differences (p=0.87) were detected. Also, baseline
KADS score was associated with changes in KADS scores (F1, 14.98 =5.14 p = 0.04)

Global Impression: no significant treatment (p=0.6), period (p=0.68), or sequence
(p=0.97) effect on global functioning was observed according to the CGI-S score. The
baseline CGI-S score had a significant effect in the outcome (F1, 15.06 = 15.20;
p=0.001).

Adverse Events: The MEM analyses revealed no significant treatment (p=0.26),

period (p=0.42), or sequence (p=0.77) effect on the onset of adverse events related to
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stimulants as measured by the SAERS. Baseline SAERS score had a significant effect on
final scores (F1, 15.10 = 45.02 p<0.01). See Table 3 for detailed frequency of adverse
events related to stimulants along the trial. Also, no significant treatment (p=0.12), period
(p=0.35), or sequence (p=0.89) effect was detected on the onset of adverse events related
to the addition of stimulants in the frequency of adverse events related to the use of
aripiprazole. Baseline adverse events count had a significant effect on final results (F1,
13.40 = 13.6; p<0.01).

Moreover, no significant treatment (p=0.35), period (p=0.29), or sequence
(p=0.08) effect of methylphenidate over weight was observed, when compared to
placebo.

INSERT TABLE 3 HERE
DISCUSSION

In a 4-week crossover trial of methylphenidate vs. placebo in children and
adolescents presenting Bipolar Disorder comorbid with Attention-Deficit/Hyperactivity
Disorder previously stabilized with aripiprazole, we found no significant between-group
differences in changes in attention, hyperactivity, mania symptoms, and weight. A
significant response in depressive symptoms was observed, according to a secondary self-
report measure.

Our findings regarding ADHD differ from those found in previous studies. The
trial with MAS in patients previously treated with divalproex (Scheffer et al. 2005)
reported stimulants to be more effective than placebo. However, no specific ADHD
instrument was used in that trial to measure improvement in these symptoms, so that the

observed “attentional” effect may be related to changes in mania. The only RCT
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conducted with methylphenidate showed a significant effect of methylphenidate over
placebo in ADHD symptoms in patients previously treated with lithium and/or divalproex
using a “best dose week” statistical approach (Findling et al. 2007). However, that study
also included BD-NOS subjects, and permitted use of concomitant medication. The
current study may have a methodologically more sound design to assess outcomes in
such a heterogeneous condition as JBD, since we only allowed the inclusion of BD | or
Il. The open trial conducted by Carlson et al. (1992) also reported improvement of
inattention symptoms with the use of the combination of lithium and low doses of
methylphenidate (5 or 10mg).

Our results concur with findings from previous studies regarding exacerbation of
mania or onset of psychosis with the use of stimulants. The other RCT using the same
psychopharmacological agent (methylphenidate) provided in this trial also found no
significant changes in mood symptoms (Findling et al. 2007) according to the same
instruments (YMRS and CDRS-R). This strengthens the hypothesis that methylphenidate
may preferentially not precipitate or exacerbate manic or psychotic symptoms in patients
treated with antimanic or antipsychotic agents (Carlson et al. 1992; Scheffer et al. 2005;
Findling et al. 2007). In all the trials, worsening of symptoms is seen as an exception
more than as a rule. However, although significant changes in mood in the sample as
whole were not detected, one patient needed hospitalization due to the onset of a severe
mixed episode (YMRS=43, CMRS= 55) after the introduction of MPH 0.3 mg/kg/day.
The severity of this episode suggests clinicians should be careful when both medications
are used concomitantly, even though the episode may have been triggered by the natural

course of the disorder itself, and not by MPH use.
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Improvement of depressive symptoms was only observed by self-report measures.
That is not an unexpected finding, due to a more appropriate report of internalizing
symptoms by subjects themselves, unlikely of manic symptoms. (Herjanic & Reich 1982)
Although this result was only found in a secondary measure making it impossible to
exclude Type | error, this finding may warrant future studies of methylphenidate in
unremitted bipolar depression after an antimanic agent has stabilized manic symptoms.

Methylphenidate was well tolerated, similarly of previous reports from ADHD
studies (MTA 1999), and no particular side effect was responsible for dropouts in the
trial. Weight changes did not significantly differ between methylphenidate and placebo.
Aripiprazole did not significantly change weight in the early stages of this trial either,
suggesting this combination may not promote significant weight changes, a very
important clinical issue in the treatment of these subjects.

Our results should be seen in the context of some limitations: the small sample
size may not have allowed us to detect significant differences between placebo and
methylphenidate. However, it is important to note that other trials have also been
conducted with the same sample size and found significant differences between
methylphenidate and placebo (Findling et al. 2007). Important differences in the study
design (methylphenidate doses, statistical analyses approach, use of antimanic agents
other than atypical antipsychotics) may not enable us to compare ours to the results from
those studies. The short-term duration of this trial may also be an important limitation for
the observation of significant differences in adverse events between therapeutic agents.

This is the first randomized clinical trial assessing the effect of stimulants

combined to atypical antipsychotics in the treatment of children and adolescents with
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Juvenile Bipolar Disorder comorbid with Attention-Deficit/Hyperactivity Disorder.
Methylphenidate was not more effective than placebo in reducing attention or
hyperactivity symptoms in this short-term trial. A secondary finding suggests that
depressive symptoms can be ameliorated with the addition of methylphenidate to
aripiprazole. Although methylphenidate was found not to destabilize bipolar disorder, its
use should be considered with caution due to the fact one patient presented a severe
mixed episode needing hospitalization during MPH treatment. Clearly, more studies are
needed assessing use of methylphenidate combined to other antimanic agents in the quest

for effective treatment for these very impairing comorbid conditions.
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Table 1: Sociodemographic and clinical characteristics of the participants

Characteristic

Sample (n=16)

mean (SD) % (N)
Age (in years): 10.94 (1.91)
Ethnicity: (European-Brazilian): 75 (12)
Socioeconomic level: A+ B+C 87.5 (14)
D+E 12.5(2)
Divorced parents: 62.5 (10)
School (mean grade): 3.31(1.62)
School repeats (years) 0.94 (1.06)
Gender: (male) 62.5 (10)
Bipolar Disorder Type | 68.8 (11)
Type Il 31.2 (5)
ADHD - Inattentive subtype 6.3 (1)
— Hyperactive subtype 12,5 (2)
— Combined subtype 81.3 (13)
Comorbidities:
Anxiety Disorders 56.3 (9)
Conduct Disorder 56.3 (9)
Oppositional Defiant Disorder 81.3 (13)
Psychosis 43.8 (7)
Estimated 1Q: 91.16 (12.56)
Bipolar Disorder age at onset 6.56 (2.39)
ADHD age at onset 4.13 (2.09)
Baseline scores:
YMRS 10.69 (9.00)
CMRS-P 15.88 (11.58)
SNAP-IV: Total score 1.59 (0.52)
Inattention score 2.09 (0.44)
Hyperactivity score 1.40 (0.65)
Opposition score 1.25 (0.92)
CDRS-R 29.75 (9.37)
KADS 5.25 (3.89)
CGI-S 2 (0.97)
Adverse Events Count 4.81 (4.78)
Barkley SAERS 40.19 (24.03)
Weight 47.43 (15.68)

Legend: ADHD: Attention Deficit/ Hyperactivity Disorder; 1Q: Intelligence Quotient;
YMRS: Young Mania Rating Scale; CMRS-P: Child Mania Rating Scale — Parental
Version; SNAP-1V: Swanson, Nolan and Pelham Scale — version IV; CDRS-R: Children
Depression Rating Scale — Reviewed; KADS: Kutcher Adolescent Depression Scale;
CGI-S= Clinical Global Impression — Severity Scale; Barkley SAERS: Stimulant

Adverse Events Rating Scale.
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Table 2. Mixed Effect Model Analyses for Effects of Methylphenidate vs. Placebo Combined
to Aripiprazole on Outcome Measures in Children and Adolescents with Both Bipolar

Disorder and Attention-Deficit/Hyperactivity Disorder (n=14)

Primary Outcome Measures Treatment Period Sequence Dose-within- treatment
SNAP-1V Total Score F1,43.22 =0.00 F1,43-13 =0.66 Fl, 1467 = 0.01 Fl, 311=4.28
p value =0.97 pvalue=0.42 pvalue=0.93 p value = 0.05
YMRS F1V40_1g =0.93 F1V40_1g =2.09 Fl, 12,01 — 0.06 F1,40.23 =0.64
pvalue=0.34 pvalue=0.16 pvalue=0.81 p value = 0.43
CDRS-R Fl, 13.15 — 0.41 Fl, 2358 — 0.06 Fl, 10.56 — 0.01 Fl, 2355 — 0.15
p value=0.54 pvalue=0.81 pvalue=0.98 p value =0.71
Secondary Outcome
Measures
CMRS-P Fl, 35.46 — 3.08 Fl, 34.60 — 1.83 Fl, 1291 — 0.68 Fl, 347= 4.05
p value=0.09 pvalue=0.19 pvalue=0.43 p value = 0.05
KADS Fl, 19.03 — 7.75 Fl, 37.44 = 0.01 Fl, 10.37 — 1.17 Fl, 24.76 — 0.03
pvalue=0.01 pvalue=0.92 pvalue=0.30 p value = 0.87
CGI-S Fl, 278 — 0.28 Fl, 2268 — 0.17 Fl, 14.95 = 0.00 Fl, 34.36 — 2.65
pvalue=06 pvalue=0.68 pvalue=0.97 p value =0.11
Adverse Events Count Fl, 2707 = 2.61 Fl, 379 = 0.91 Fl, 1480 = 0.02 Fl, 3038 = 1.08
pvalue=0.12 pvalue=0.35 pvalue=0.89 p value = 0.31
SAERS F1,46.27 =1.33 Fl, 5182 — 0.65 Fl, 1341 — 0.09 Fl, 36.62 — 2.04
pvalue=0.26 pvalue=0.42 pvalue=0.77 p value = 0.16
WE|ght Fl, 46.64 — 0.9 Fl, 4374 = 1.17 Fl, 1573 = 3.44 Fl, 325= 0.84
pvalue=0.35 pvalue=0.29 pvalue=0.08 p value = 0.37

SNAP-IV: Swanson, Nolan and Pelham Scale — version IV; YMRS: Young Mania Rating
Scale; CDRS-R: Children Depression Rating Scale — Reviewed; CMRS-P: Child Mania
Rating Scale — Parental Version; KADS: Kutcher Adolescent Depression Scale; CGI-S=
Clinical Global Impression Scale — Severity Subscale; SAERS: Barkley Stimulant
Adverse Events Rating Scale.
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Group A
Baseline Week 1 Week 2 Week 3 Week 4
Adverse Event Placebo Placebo MPH MPH
0.3mg/kg/day | 0.7mg/kg/day
Insomnia or trouble falling asleep 0.00 (0.00) 5.00 (3.74) 3.83 (4.45) 6.17 (4.88) 3.67 (3.67)
Nightmares 2.33 (3.83) 1.67 (1.97) 1.83 (3.60) 1.33(3.27) 0.00 (0.00)
Stares or “dreams awake” 3.33 (2.66) 2.00 (3.52) 2.33 (3.50) 3.33(3.08) 4.83 (4.36)
Speaks less to others 3.00 (3.35) 0.00 (0.00) 0.00 (0.00) 0.83 (2.04) 1.33 (2.16)
Uninterested by others 2.83 (2.32) 0.00 (0.00) 0.00 (0.00) 0.83 (2.04) 3.33 (3.61)
Appetite Loss 0.83 (2.04) 4.83 (3.97) 4.00 (4.43) 3.33 (4.18) 4.00 (4.52)
Irritable 3.83 (3.06) 5.33 (4.27) 3.67 (3.44) 4.67 (3.50) 6.17 (4.07)
Stomachaches 1.00 (2.45) 1.33 (2.80) 1.17 (2.40) 2.83 (3.76) 2.67 (4.18)
Headaches 2.00 (2.76) 1.33 (2.80) 1.00 (1.26) 1.67 (3.61) 0.50 (1.22)
Sleepiness 3.67 (2.34) 2.50 (3.21) 0.67 (1.21) 2.17 (2.48) 1.17 (2.86)
Sad/Unhappy 1.50 (2.35) 1.17 (2.86) 0.50 (0.84) 1.50 (3.67) 1.50 (3.67)
Cries easily 3.00 (3.35) 2.83 (3.66) 3.17 (4.22) 3.00 (3.46) 2.33 (3.01)
Anxious 2.33 (3.83) 0.50 (0.84) 2.50 (3.99) 2.50 (3.73) 4.50 (4.04)
Nail biting 2.17 (3.25) 0.83 (2.04) 0.00 (0.00) 1.50(3.67) 0.83 (2.04)
Euphoric/Excessively happy 3.50 (3.45) 3.00 (4.65) 2.17 (3.71) 2.67 (3.67) 3.33 (4.46)
Dizziness 1.83 (2.99) 1.50 (3.67) 1.00 (2.00) 2.50 (3.89) 0.83 (2.04)
Tics 2.33 (3.83) 4.50 (4.93) 4.00 (4.52) 3.17 (3.97) 5.33 (4.13)
SAERS Total Score 39.50 (26.70) 39.17 (33.25) 31.83 (29.98) 42.50 (32.04) 46.33 (27.08)
Group B
Baseline Week 1 Week 2 Week 3 Week 4
Adverse Event MPH MPH Placebo Placebo
0.3mg/kg/day | 0.7mg/kg/day
Insomnia or trouble falling asleep 0.00 (0.00) 0.88 (2.48) 2.13(3.27) 0.00 (0.00) 0.38 (1.06)
Nightmares 0.29 (0.76) 0.63 (1.19) 0.38 (1.06) 0.00 (0.00) 2.00 (3.74)
Stares or “dreams awake” 3.57 (2.99) 5.00 (2.73) 4.13 (2.85) 4.63 (3.54) 3.88 (4.22)
Speaks less to others 4.57 (3.69) 4.13 (3.64) 2.13 (3.23) 3.13(3.72) 3.88 (3.48)
Uninterested by others 2.86 (3.76) 3.50 (3.82) 3.00 (3.74) 3.50 (3.63) 3.50 (3.63)
Appetite Loss 4.14 (4.38) 1.38 (2.56) 1.00 (2.83) 1.63 (3.29) 2.63 (3.78)
Irritable 2.57 (2.99) 5.75 (3.06) 4.25 (4.13) 3.75 (4.17) 4.63 (3.62)
Stomachaches 0.00 (0.00) 0.00 (0.00) 1.75 (3.28) 0.38 (1.06) 1.75 (3.41)
Headaches 1.29 (1.98) 2.63 (3.66) 1.50 (2.78) 0.50 (1.41) 1.75 (3.41)
Sleepiness 1.14 (3.02) 1.88 (3.56) 1.25 (3.15) 3.50 (4.04) 2.50 (3.55)
Sad/Unhappy 2.14 (2.85) 1.50 (2.98) 2.13 (3.64) 1.88 (3.04) 4.88 (4.09)
Cries easily 3.14 (4.02) 3.25 (3.65) 2.25 (3.41) 3.13 (3.09) 3.25 (3.99)
Anxious 5.43 (3.41) 4.13 (3.76) 3.25 (3.69) 4.38 (3.62) 3.00 (3.30)
Nail biting 2.29 (3.95) 4.13 (4.52) 3.38 (4.66) 6.00 (3.82) 4.50 (4.81)
Euphoric/Excessively happy 2.86 (3.08) 2.00 (3.16) 1.50(2.83) 2.25 (3.41) 0.00 (0.00)
Dizziness 0.00 (0.00) 0.00 (0.00) 0.38 (1.06) 0.00 (0.00) 0.25(0.71)
Tics 1.43 (2.70) 3.00 (3.34) 3.13 (4.09) 3.13 (3.80) 2.00 (3.07)
SAERS Total Score 39 (24.63) 43.5 (16.52) 38.12 (18.59) 41.75 (22.49) 44.75 (29.05)

* Scores are presented as means (standard deviation). Scores in each item of the SAERS
range from O (absent adverse event) to 9 (severe).
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CONCLUSOES E CONSIDERACOES FINAIS

Estudamos, nessa tese, o papel de fatores biolégicos (no caso, o Fator
Neurotréfico Derivado do Cérebro - BDNF) na diferenciacdo entre Transtorno de Humor
Bipolar e o transtorno mental comorbido mais frequente (Transtorno de Déficit de
Atencdo e Hiperatividade). Foram avaliadas diferencas na transmissdo do gene e nos
niveis sericos do BDNF entre pacientes com THB+TDAH, TDAH e controles. Também
foi avaliada a resposta ao tratamento com estimulantes quando da presenca da
comorbidade entre THB e TDAH.

E importante salientar que a presenca de altas taxas de comorbidade nas
populagdes psiquiatricas demonstra a limitagdo dos sistemas classificatérios atuais. A
auséncia de caracteristicas biolégicas mensuraveis como critérios diagnosticos gera
heterogeneidade e consequentes incertezas e artefatos na interpretacdo dos resultados. A
constante evolugdo do DSM e da CID e a busca por marcadores especificos podem, em
longo prazo, fornecer respostas sobre cada um dos transtornos. Devido & superposicao
dos sintomas, a tentativa de avalia-los dimensionalmente (ao invés da visdo categdrica
atual) pode ser valida. Entretanto, sd8o necessarios imensos tamanhos amostrais,
provavelmente impossiveis sem estudos colaborativos multicéntricos, na tentativa de
avaliar a associagéo entre cada um dos sintomas e um correlato neurobiologico.

Apontamos que o BDNF provavelmente ndo deverd tornar-se um marcador
especifico para algum dos transtornos mentais como o0s classificamos atualmente. Ha
pesquisas com pacientes com Esquizofrenia, Transtorno Bipolar, Estado de Estresse Pos-
Traumatico e Uso de Substéncias, entre outros, demonstrando diferencas significativas

entre os grupos de pacientes e individuos higidos. N&o é observada especificidade para
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transtorno ou regido cerebral, apesar da alta correlagdo dos niveis cerebrais e periféricos
do BDNF. Além desses fatores, apesar da sua ligacdo direta com o glutamato, também ha
interacdo com sistemas serotonérgicos e dopaminérgicos. Muito h& por ser desvendado
em relacdo a essa neurotrofina.

Pelas questdes expostas acima, apesar do grande esfor¢o de varios grupos de
pesquisadores, ainda ndo chegamos ao ponto no qual a medicina translacional possa fazer
uma contribuicéo significativa aos sistemas classificatorios. Modelos animais podem ser
extremamente valiosos na busca de maior conhecimento das alteracbes de regides
cerebrais especificas.

Na investigagéo da transmissao do polimorfismo Val66Met no gene do BDNF em
criangas e adolescentes com THB, nédo foi detectada uma diferenga significativa na
transmissdo alélica. Tampouco houve diferencas quando avaliamos pacientes com
TDAH. Nossos resultados somam-se aos de outros pesquisadores sugerindo que este
polimorfismo pode n&o estar associado ao THB ou ao TDAH.

Apesar de ndo termos detectado diferenca significativa nos niveis séricos da
proteina do BDNF de acordo com os gen6tipos do BDNF nos pacientes com THB, os
niveis séricos diferenciaram significativamente pacientes com THB+TDAH dos pacientes
com TDAH. Esse é um dos primeiros achados que pode auxiliar no entendimento das
diferencas neurobioldgicas do THB+TDAH e do TDAH. Esses resultados indicam que o
BDNF deve ser mais estudado também nesta faixa etéria, e, caso haja uma replicacao
consistente deste achado, que possa vir a ser utilizado como marcador biolégico na
diferenciacdo diagnostica entre essas condi¢Bes. Sugere-se, ainda, a realizagdo de estudos

com enzimas oxidativas ou outros marcadores do metabolismo cerebral. Também deve
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ser investigado o papel de marcadores ligados a dopamina, como o CDNF (Cerebral
Dopamine Neurotrophic Factor), cujo papel é proteger e restaurar a funcdo de neurénios
dopaminérgicos em vérias regibes cerebrais, dada a importdncia dos circuitos
dopaminérgicos no TDAH.

No estudo de tratamento da comorbidade entre THB e TDAH, a auséncia de
resposta ao metilfenidato nos sintomas de TDAH em pacientes que apresentam a
comorbidade reforca a evidéncia de que ha pior resposta ao tratamento neste grupo, dado
0 elevado tamanho de efeito do metilfenidato no tratamento do TDAH em isolado. E
possivel que o aripiprazol, por ser um agonista parcial dopaminérgico, possa ter
interferido na agdo do metilfenidato.

Nosso trabalho apresentou algumas limitagdes. Grande parte dos pacientes
apresentava-se em episddios de humor, assim como muitos ja estavam medicados quando
da entrada nos estudos. A alta taxa de comorbidade do THB com TDAH, também
observada, é regra nos estudos do THBIA. Entretanto, acreditamos que a alta taxa de
comorbidade possa ser um ponto forte de nossa investigacao, pois possibilita o estudo da
diferenciagéo de condigdes fenotipicamente semelhantes.

Os resultados destes estudos nos levaram a tentar replicar em criangas e
adolescentes outros trabalhos realizados com o gene do BDNF em adultos com THB.
(Ver Artigo suplementar) A participacdo do BDNF nos processos de memoria e
cognicdo, e sua associagdo com o THB, sugerem que as medidas nestes processos
mediados pelo gene possam constituir um endofenétipo do THB. Foi comparado o
desempenho no Wisconsin Card Sorting Test, que avalia o funcionamento das areas

frontal e pré-frontal através de testes de memaria de trabalho e funcbes executivas, entre
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os portadores do alelo Met e os homozigotos no alelo Val do polimorfismo Val66Met no
gene do BDNF. Nos estudos em adultos, os portadores do alelo Met apresentaram pior
performance. Em criancas e adolescentes, encontramos que o gene do BDNF n&o exerceu
impacto significativo no resultado do Wisconsin Card Sorting Test. Entendemos que,
assim como ocorreu com 0s niveis séricos e os especificadores to THB, é possivel que as
alteracOes dos testes neuropsicologicos ndo estejam presentes ou ndo sejam mensuraveis
através do teste utilizado devido ao desenvolvimento cerebral, que esta em andamento
nesta faixa etéaria.

Concluimos que a pesquisa de fatores biol6gicos para um melhor entendimento da
psicopatologia e conseqiente diferenciacdo dos transtornos mentais tem extrema
relevancia porque a identificacdo destes fatores tem o potencial de auxiliar na elaboragéo
de tratamentos mais precisos, urgentemente necessarios devido as graves consequéncias
do THB e do TDAH nas vidas dos pacientes e de suas familias.

A criacdo de um programa especifico para Criancas e Adolescentes com
Transtorno Bipolar (ProCAB) e de uma linha de pesquisa com foco na etiologia e
tratamento possibilitam uma constante geracdo de conhecimento nesta area, onde poucos
estudos estdo disponiveis. Atualmente com trés anos de funcionamento, o ProCAB
promove avaliacdo de fatores ambientais e genéticos, avaliagdo multidisciplinar e
acompanhamento longitudinal. Como parte de meu trabalho de doutorado, participei da
organizacdo do programa, da criacdo do protocolo e do planejamento das pesquisas
realizadas. Atualmente, estd sendo escrito um artigo para a Revista Brasileira de

Psiquiatria com a descricdo do processo de avaliacdo e acompanhamento do ProCAB,
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que tem a parceria e execugdo simultdnea de outro grupo em Sdo Paulo (PROMAN),
visando criar uma rede para a geracdo de dados.

Nosso trabalho, que inclui essa tese, tem por objetivo ajudar a amenizar os graves
prejuizos que criancas e adolescentes podem apresentar ao longo de todo o seu
desenvolvimento, seja através do atendimento clinico ou da presente produgdo de
conhecimento, visando um melhor entendimento da doenca. Esperamos ter gerado

avancos nessa diregéo.
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ANEXOS

Anexo a. Artigo Suplementar

Titulo em Portugués: O Polimorfismo Val66Met do Gene Fator Neurotréfico Derivado do
Cérebro ndo Influencia os Resultados no Wisconsin Card Sorting Test em Criancas e
Adolescentes com Transtorno Bipolar

Titulo em Inglés: The Val66Met Polymorphism at the Brain-Derived Neurotrophic Factor Gene
does not influence Wisconsin Card Sorting Test Results in Children and Adolescents with
Bipolar Disorder

Em segunda revisao na Revista Brasileira de Psiquiatria
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Abstract and key words

Objectives: to assess the role of the Val66Met polymorphism at the Brain-Derived
Neurotrophic Factor (BDNF) gene on the performance of children and adolescents with Bipolar
Disorder (JBD) in the Wisconsin Card Sorting Test (WCST).

Methods: children and adolescents were assessed by the K-SADS-PL and clinical
evaluation for BD and comorbid conditions. Manic and depressive symptoms were assessed with
the Young Mania Rating Scale and the Children Depression Rating Scale — Reviewed. A blood
sample was collected, and the Val66Met polymorphism at the Brain-Derived Neurotrophic
Factor was genotyped. Patients had their 1Q estimated and executive functions assessed by a
standard frontal lobe test (WCST).

Results: Fifty-three subjects were included in the study. No significant difference was
observed between the Val/VVal and Val/Met+Met/Met groups on any WCST scores in the
MANCOVA (F48,5=0.76; p=0.59; specific categories: Perseverative Errors — p=0.66;
Nonperseverative Errors — p=0.58; Categories Completed — p=0.34; Attempts to Reach First
Category — p=0.64; and Percentage of Conceptual Level Responses — p=0.99).

Conclusions: Our findings in children and adolescents with BD do not replicate results
from adult studies, reinforcing the existence of differences in the neurobiology of the disorder
across the life cycle. Investigations of larger samples are necessary to confirm these data.

Key words: BDNF, Bipolar Disorder, Children, Adolescents, Wisconsin Card Sorting

Test
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Resumo e palavras-chave

Objetivo: avaliar o papel do polimorfismo Val66Met do gene Fator Neurotréfico
Derivado do Cérebro (BDNF) no desempenho de criancas e adolescentes com Transtorno
Bipolar (THB) no Wisconsin Card Sorting Test (WCST).

Meétodos: criangas e adolescentes foram avaliados através do K-SADS-PL e de
acompanhamento clinico para THB e comorbidades. Sintomas maniacos e depressivos foram
avaliados pela Young Mania Rating Scale e pela Children Depression Rating Scale — Reviewed.
Amostras de sangue foram coletadas e o polimorfismo Val66Met no gene BDNF foi genotipado.
Os pacientes tiveram seu QI estimado e a fungdo executiva avaliada por um teste standard do
lobo frontal (WCST).

Resultados: cinqlenta e trés individuos foram incluidos no estudo. Néo foi observada
diferenca significativa entre os grupos Val/Val e Val/Met + Met/Met em nenhuma das categorias
do WCST na MANCOVA (F48,5=0.76; p=0.59; categorias especificas: Erros Perseverativos —
p=0.66; Erros Nao-Perseverativos — p=0.58; Categorias Completadas — p=0.34; Numero de
Tentativas para Atingir a Primeira Categoria — p=0.64; e Porcentagem de Respostas de Nivel
Conceitual — p=0.99).

Concluséo: nossos achados em criangas e adolescentes com THB nédo reproduziram os
resultados de estudos com adultos, reforcando a existéncia de diferencas na neurobiologia do
transtorno ao longo do ciclo de vida. Estudos com amostras maiores sd0 necessarios para
confirmar esses dados.

Palavras-chave: BDNF, Transtorno Bipolar, Criangas, Adolescentes, Wisconsin Card

Sorting Test
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Introduction

Children and adolescents with Bipolar Disorder (Juvenile Bipolar Disorder — JBD)
present disabling affective and behavioral dysregulation, aggressiveness, and irritability.®?
These severe mood swings cause significant impairment along development. Current studies
estimate BD prevalence in around 0,6-1% of children and adolescents.®’ The early-onset
population (Juvenile Bipolar Disorder-JBD) presents a higher propensity to suicidality,
psychosis, exposure to sexual risks and drug use.*>® JBD is also associated to a low symptom
remission rate and elevated mood crises recurrence.’®

Neuropsychological studies of adults with BD have helped to understand the
neurobiological underpinnings of the disorder revealing deficits in set shifting, planning,
working memory, resistance to interference, sustained attention, verbal learning, and memory.®
Neuroimaging investigations suggest some brain areas such as frontolimbic cortex to be
implicated in these alterations. (19 Tests like the Wisconsin Card Sorting Test (WCST), which
assess the prefrontal lobe activity, may confirm the neural circuitry involved in BD deficits.
Some investigations on JBD were conducted using this neuropsychological tool.®*? A recent
investigation of 15 euthymic JBD Type | or Il subjects (mean age: 16,4 years) reported they had
a significantly higher score in nonperseverative errors in the WCST when compared to healthy
controls (n=15) (p = 0.038).(“) Another group of investigators compared differences in the
WCST performance between JBD children and adolescents (n=57) and controls (n=46), and
reported trends for differences in perseverative errors, nonperseverative errors and categories
completed in WCST subtests, after controlling for Attention-Deficit/Hyperactivity Disorder.
(Doyle et al., 2006)

The Brain-Derived Neurotrophic Factor (BDNF) is acknowledged as having an important

role in neuronal growth, survival, and differentiation during the development.“? 1t is also



123
involved in the learning and memory processes. A positive association has been detected

between the BDNF gene and JBD.

The BDNF Val66Met polymorphism seems to influence the performance of adult
patients in the WCST, suggesting that this measure can be used as an endophenotype for BD. In
a previous study, adult patients with BD (n=54) presenting the Met allele (n=10) showed a worse
performance in the WCST in all of its subtests than patients homozygous for the Val allele
(n=44). “ A subsequent study with an enlarged sample corroborated the previous conclusions
and suggested specificity of the effect of the Met allele in WCST for BD in a comparison with
schizophrenic patients (n=129) and a control group (n=160). The Met allele was also associated
to a worse WCST performance only in BD patients (n=111). ®>*©)

Despite the differences identified in the neuropsychological profile of the JBD subjects
according to BDNF genotype and the potential of BDNF in neurodevelopment, few studies
addressed these issues, and to our knowledge no previous research investigated the association of
cognitive performance in JBD and the BDNF gene. The aim of this investigation was to assess
the performance of children and adolescents with BD in the WCST according to their BDNF
Val66Met polymorphism status. Our hypothesis is that subjects presenting the Met allele at the

BDNF will show a worse performance in the WCST than those who present the homozygosity of

the Val allele.
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Patients, Materials, and methods

Recruitment was performed in different ways: a) from the community through press
releases; b) from other ongoing JBD studies; c) from the ProCAB (Outpatient Program for
Children and Adolescents with Bipolar Disorder). Inclusion criteria were: a) age ranging from 5
to 17 years; and b) diagnoses of BD according to DSM-1V criteria;\*” Exclusion criteria were: a)
diagnoses of Pervasive Developmental Disorder, Schizophrenia and Substance Abuse or
Dependence; and b) severe suicide/homicide risk counter indicating outpatient treatment.
Parental written informed consent and children verbal assent were obtained. This study was
approved by the ethical committee of the Hospital de Clinicas de Porto Alegre (approved as an
IRB by the “Office for Human Research Protections, United States of America - IRB
00000921™), and is in accordance with the Helsinki Declaration of 1975. The ProCAB is
registered at www.clinicaltrials.gov under the identifier NCT00116259.

Diagnostic ascertainment

Diagnostic assessment was conducted through a three-stage process. First, a child and
adolescent psychiatrist with extensive training (GFP) interviews primary caregivers assessing the
presence of DSM-IV mood symptoms, and family history of psychiatric disorders. If subjects
fulfill DSM-1V criteria for Bipolar 1, Bipolar Il, or Bipolar NOS, they go through
neuropsychological and learning disorders assessments. In addition, subjects were assessed with
the K-SADS-PL (Schedule for Affective Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version) by trained interviewers."® The K-SADS-PL training process in
our center consisted in several seminars about both child psychopathology in general and the
structure of the instrument, live observation of 5 interviews performed by trained research
assistants, and live administration of the K-SADS-PL interview in 5 patients with the presence of
trained observers. Finally, research assistants performed reliability analyses based in previous

KSDAS interviews recorded in videotape. Kappa coefficient was calculated as 0.93 for mood
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disorders in a previous study.®® Patients and parents answer separately the mood and substance

use modules, and together the other modules. Another child and adolescent psychiatrist performs
a clinical evaluation of BD and comorbid conditions using DSM—IV criteria with parents and
subjects, checking also the positive diagnoses derived from K-SADS-PL. Finally, after the entire
clinical assessment, best estimate diagnoses are achieved through a discussion with the whole
research group. Priority is always given for the final clinical diagnoses formulated if a diagnostic
disagreement occurred in this process.

Symptom Measures

Mania symptoms were assessed with the Young Mania Rating Scale (YMRS).?® This is
an 11-item scale for the assessment of severity of mania symptoms that has similar efficiency
across different age groups, including youths aged 4-17 years. The YMRS was translated and
validated into Portuguese (Kappa 0.32-0.91, intraclass correlation coefficient 0.8).“ Presence
and severity of depressive symptoms were rated using the Brazilian version of the Children
Depression Rating Scale — Reviewed (CDRS-R). ¢2%)

Mood states were defined as follows: mania (YMRS >7 and CDRS-R < 28), depression
(YMRS < 7 and CDRS-R > 28), and euthymia (YMRS < 7 and CDRS-R < 28). @2

Genotyping

The genotyping of Val66Met polymorphism was done with PCR method as described by
Neves-Pereira et al.®® Blood (5 ml) was drawn from each subject, and DNA was extracted by
use of the high-salt method.®® Subjects were genotyped for the BDNF Val66Met SNP that
determines a valine-to-methionine substitution at position 66 in the coding region. The SNP for
the G—A (valine—mehionine) variation at position 758 of the BDNF coding sequence was
selected from the National Center for Biotechnology Information SNP database (reference
number rs6265). A 113-bp segment was amplified by PCR, using the following primers: 5-

GAGGCTTGACATCATTGGCT-3 and 5-CGTGTACAAGTCTGCGTCCT-3. Target sequences
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were amplified in a 25-ml reaction solution containing 125 ng genomic DNA; 1 U Taq

polymerase (Sigma-Aldrich); 20 mM Tris-HCI (pH 8.4); 50 mM KCI; 1.5 mM MgCI2; 200 mM
each of dATP, dCTP, dGTP, and dTTP; and 10 pmol of each primer. After an initial denaturation
of the DNA templates for 5 min at 95°C, 30 cycles were performed, each consisting of 94°C for
30s, 60°C for 30s, and 72°C for 30s. After the last cycle, samples were incubated at 72°C for 5
min. Samples were then digested overnight with 3 U of Eco721 (MBI Fermentas). The fragments
were separated on a 3.5% agarose gel at 100V, and fragments were visualized with ethidium
bromide. The uncut product size was 113 bp (allele A), and allele G comprised the cut bands of
78 and 35 bp.

Neuropsychological Assessment

Intelligence Estimation (1Q). The Vocabulary and Block Design subsets of the Wechsler
intelligence scale for children — Third Version (WISC-111) was used to estimate Full Scale 1Q. ¢”

The Wisconsin Card Sorting Test (WCST) is a neuropsychological test that addresses
functions mostly connected with the prefrontal lobe activity.(28) The ability to change the reaction
due to unawareness of relevant stimuli is measured by the percentage of perseverative errors
(WCST-P), the attentional inability to avoid distraction is given by the percentage of
nonperseverative errors (WCST-NP), the ability to utilize new information and previous
experiences is measured by the number of correctly completed categories (WCST-CC), the set to
the first category informs the ability to formulate a logical conception (WCST-1stCAT), and the
ability to form a conceptual thinking is measured by the percentage of conceptual level responses
(WCST-%CONC). This set of executive functions evaluates abstract thinking and the ability to
create problem-solving strategies in response to changing stimuli conditions. The test has been

adapted for the Brazilian population.®®

Statistical Analyses
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Statistical Analyses were performed using the software SPSS for Windows, version 18.

Clinical and demographic characteristics were considered confounders and entered as
covariables in models when associated with both the independent factor (presence or absence of
the met allele at the BDNF gene) and the outcome measure (WCST subtest scores) for a flexible
p value of 0.2. To evaluate normality distribution of the variables, the Shapiro-Wilk test was
applied. Differences between the two groups of patients were assessed by the Student’s t-test in
case of normal distribution or otherwise by the nonparametric Mann-Whitney test. Correlations
were tested with Spearman’s rho or Pearson’s r, according to the sample distributions.
Differences between the Val/Val and the Val/Met-Met/Met carriers at the BDNF Val66Met
polymorphism were analyzed using Multiple Analysis of Covariance (MANCOVA) models,

which included terms for covariables. All tests of hypotheses used a two-sided alpha = 0.05.
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Results

A total of 53 subjects were included in the study. Demographics and clinical
characteristics, as well as measures of symptom severity are presented in Table 1. No significant
difference was observed between genotype groups. Due to the design of our outpatient program
(a naturalistic setting), patients usually perform neuropsychological testing symptomatic.
However, symptom rates or mood states did not differ between groups. One third of the patients
(16 out of 53) were using either mood stabilizers or atypical antipsychotics by time of evaluation
(data available under request).

INSERT TABLE 1 HERE

The Val/Val genotype composed 75.5% of the sample (40 subjects), the Val/Met
genotype 22.6% (12 subjects), and Met/Met only 1.9% (1 subject). In male subjects (n=33), 26
presented the Val/Val genotype, 6 presented the Val/Met, and 1 presented the Met/Met. In the
female group (n=20), Val/VVal was seen in 14 subjects, Val/Met in 6 patients, and no Met/Met
case. Since the Met/Met genotype at the BDNF was present in only one subject, Met/Met and
Val/Met carrier groups were merged and classified into Met carriers, as done by other
investigations.*” The distributions of genotypes did not deviate from Hardy—Weinberg

equilibrium (x*=2.74, p=0.26).

Wisconsin Card Sorting Test scores presented asymmetrical distribution, and their values
were normalized using log transformation. Data from WCST-T1C and WCST-%CLR from five
patients was not available, and so they were excluded from the MANCOVA. The current use of
medication was not associated to any WCST subtest scores (WCST-P p=0.32; WCST-NP
p=0.83; WCST-CC p=0.31; WCST-%CONC p=0.28; WCST-1stCAT p=0.90) and was not

included in the MANCOVA model.
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No significant difference was observed between the Val/VVal and Val/Met+Met/Met

groups and the WCST results in the MANCOVA (F455=0.76; p=0.59- Partial Eta Squared=0.08),
or WCST specific categories (Perseverative Errors — p=0.66 - Partial Eta Squared<0.01;
Nonperseverative Errors — p=0.58 - Partial Eta Squared<0.01; Categories Completed — p=0.34 -
Partial Eta Squared=0.02; Attempts to Reach First Category — p=0.64 - Partial Eta Squared<0.01;
and Percentage of Conceptual Level Responses — p=0.99 - Partial Eta Squared<0.01). Results
are presented in Table 2. Even though comorbidity with ADHD was not considered a confounder
in our comprehensive approach, its inclusion in the model did not change significantly our

findings (p=0.49).
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Discussion

This was the first investigation to assess the role of a gene on neuropsychological tests in
children and adolescents with Bipolar Disorder. We were not able to detect any differences in a
test of the frontal lobe function (Wisconsin Card Sorting Test) and the Val66Met polymorphism

at the BDNF gene.

Our findings differ from results in adult samples with Bipolar Disorder, where a worse
performance in the Wisconsin Card Sorting Test was observed for BDNF Met allele carriers,
even when comparing subjects with BD and those with schizophrenic and typical

development. #1516

In adults with schizophrenia, other groups also reported no association
between the BDNF Val66Met polymorphism and performance in the WCST in a quantitative
transmission disequilibrium test (QTDT) analyses,®® and in a comparison of schizophrenic

()

homicidal and non-homicidal male adults. Since this is a pioneer study in children and

adolescents, we cannot draw age-specific comparisons.

Although BDNF has been widely implicated in the neurobiology of adult BD, it is
possible that its measurable effects on neuropsychological functions are not present in early age,
due to ongoing development of prefrontal and frontal areas (and consequently executive
functions) through adolescence, as has been suggested by other neuropsychological studies of
JBD.®233)  This speculation is partially supported by findings in our sample, since subjects

presented a positive correlation between age and performance in all WCST categories.

There are robust data suggesting that children and adolescents with BD present deficits in
executive functions, such as abstract thinking, problem-solving skills, and cognitive flexibility,
which can result in maladaptive behavior.®® We cannot rule out that WCST was not able to
detect these deficits, since executive functions weaknesses in JBD are milder and less consistent

than in other childhood disorders like ADHD.®¥ Also, some patients were using mood
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stabilizers and antipsychotics, and we cannot specify their effect on test results. However, current

findings in Juvenile Bipolar Disorder are that neuropsychological persist regardless of illness
state or medication status, although findings are limited and inconclusive.® Futures studies may
address these issues through the use of different neuropsychological tests and on drug-naive

subjects.

Our findings should be interpreted considering some limitations: the met allele frequency
in our sample was lower than in the other previous studies, and so was the frequency of females
in our sample. However, no change resulted from the inclusion of gender in the model. Although
our sample size was comparable with the original study in adults (n=54), we can not completely
exclude that lack of power affected our results. Our effect size estimates for all WCST scores
(eta partial squares) were extremely small suggesting no relevant effects of this polymorphism in
the WCST scores. In addition, in order to reach 80% power in all WCST subtests, with the
means and standard deviations found in our sample, the minimum sample size we would need for
statistical significance would be 1113 subjects in WCST-PE, 31005 subjects in WCST-NP, 3339
in WCST-CC, 1680 in WCST-1stCAT, and 100800 in WCST-%CLR. These extremely elevated
numbers strengthen the nonsignificance of the difference between the genotypes. Statistic control
for sociodemographic and clinic potential confounders was wide and strongly suggests our

findings are not influenced by other variables.

Further investigations with larger samples and including a more comprehensive battery
may provide a better understanding of neurobiological pathways involved in this highly disabling

disorder.
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Table 1. Demographics and Clinical Characteristics of the Sample

136

Val/Val (n=40)

Val/Met (n=12) or

Met/Met (n=1)

MeanzStd.Deviation MeanzStd.Deviation p
Age 11.90+2.61 10.07+3.01 0.07
Duration of Disorder 5.03+2.87 5.25+2.54 0.84
Intelligence Quotient 86.27+14 90.25+16.2 0.45
Children’s Global 47.78+11.96 51.00+10.80 0.38
Assessment Scale
Young Mania Rating Scale 24.41+13.45 27.22+9.08 0.46
Children's Depression Rating 41.84+14.52 39.55+14.8 0.68
Scale, Revised
Frequency: n (%) Frequency: n (%)

Socio-economical status C: 25 (62.5%) C: 11 (84.6%) 0.37
Gender Male 26 (65%) 7 (53.8%) 0.52
Ethnicity Caucasian 34 (85%) 12 (92.3%) 0.6
Bipolar Disorder Subtype Bipolar Disorder- 26 (65%) 11 (84.6%) 0.41

Type |

Bipolar Disorder- 6 (15%) 1 (7.7%)

Type 1l

Bipolar Disorder-Not 8 (20%) 1 (7.7%)

Otherwise Specified
Comorbidities Attention- 35 (87.5%) 10 (77%) 0.39

Deficit/Hyperactivity

Disorder

Disruptive Disorders 25 (62.5%) 8 (61.5%) 0.5

Anxiety Disorders 21 (52.5%) 5 (38.5%) 1.00

Enuresis 7 (17.5%) 4 (30.8%) 0.43
Current Medication Use 10 (25%) 6 (46.1%) 0.18
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Table 2. Comparison of the VVal66Met polymorphism at the BDNF gene in the results of the
Wisconsin Card Sorting Test in children and adolescents with Bipolar Disorder *

Val/Val Val/Met (n=9) or
(n=38) Met/Met (n=1)
Wisconsin Card Sorting Test MeanzStd. Deviation p Partial
EtaSquared

Percentage of Perseverative Errors 20.39£10.95 18.90 + 10.64 0.66 <0.01
Percentage of Nonperseverative Errors 22.37+£12.24 24.50£12.68 0.58 <0.01
Number of Correctly Completed Categories 3+1.98 3.60+2.01 0.34 0.02
Set to the First Category 34.07 £ 35.67 25.5+18.22 0.64 <0.01
Percentage of Conceptual Level Responses ~ 44.15 + 20.36 44.61 + 24.05 0.99 <0.01

* Multivariate Analysis of Variance (F4s5=0.76; p=0.59- Partial Eta Squared=0.08).
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Legends

Table 1. Demographics and Clinical Characteristics of the Sample

Table 2. Comparison of the VVal66Met polymorphism at the BDNF gene in the results of the

Wisconsin Card Sorting Test in children and adolescents with Bipolar Disorder *

* Multivariate Analysis of Variance (F4s5=0.76; p=0.59- Partial Eta Squared=0.08).



ANEXO b. Termo de Consentimento Informado
TERMO DE CONSENTIMENTO INFORMADO:

Nome: Data de Nascimento:
Médico Supervisor: Cristian Zeni

Antes de participar deste estudo, gostariamos que vocé tomasse conhecimento
do que ele envolve. Damos abaixo alguns esclarecimentos sobre duvidas que
vocé possa ter. Em caso de qualquer outra divida quanto ao estudo e o que ele
envolve e sobre os seus direitos, vocé devera contatar o Dr. Cristian Zeni pelos
telefones (051)3359-8094 ou (51) 3331-9216.

Muitas criancas tém problemas de humor ficando muitas vezes deprimidas e
outras vezes irritadas, com explosdes de humor. Podem apresentar também
euforia, grandiosidade, diminuicdo da necessidade de sono, agitacao,
pensamento muito rapido mudando de um assunto para outro, aumento do
interesse por assuntos ligados a sexo, entre outros. Este problema de saude
chama-se Transtorno de Humor Bipolar (THB).

Muitas criancas também tém problemas de atencéo, ficam facilmente distraidas,
inquietas, esquecem coisas que se propdoem a fazer, movimentam-se
constantemente e excessivamente em suas atividades, sdo impulsivas e se
intrometem nos assuntos dos outros. Este problema de salde mental chama-se
Transtorno de Déficit de Atencao e Hiperatividade (TDAH).

Qual o objetivo desta pesquisa?

Conhecer caracteristicas clinicas dos pacientes e sua possivel relagdo com
alteracbes genéticas (um local do gene do Fator Neurotréfico Derivado do
Cérebro, chamado val66met). Existe uma possibilidade de associacdo dessa
alteracdo genética com o transtorno bipolar, mas mais estudos devem ser feitos
para constatar tal afirmacdo. Além disso, pretendemos saber se a proteina
codificada por este gene tém niveis mais baixos nas criancas e adolescentes
com THB, TDAH do que em criangas sem estes problemas. Ou seja, este estudo
tem por objetivo, de uma forma geral, conhecer um pouco melhor como
“funciona” o transtorno bipolar.

O que acontecera neste estudo?

Apés as criancas e adolescentes e seus pais responderem as questfes em
estudo através de questionarios, sera feito um exame de sangue com a
crianca/adolescente e seus pais bioldgicos. Este exame sera utilizado para
observar uma alteracdo chamada polimorfismo em um local do gene chamado
val66met, se o0s pais também tém esse polimorfismo, e para determinar os niveis
da proteina codificada por este gene no sangue.

Podera ser solicitado a vocé e a seu filho que a aplicacdo dos questionarios seja
filmada, para treinamento dos assistentes de pesquisa, e para avaliacdo da
confiabilidade dos dados. Caso isto seja necessario, sera realizado um convite
pelo pesquisador, que vocé pode aceitar ou ndo, sem prejuizo para sua
participagcao neste estudo.




Quais os beneficios em participar deste estudo?

A sua participacdo neste estudo podera proporcionar, no ambito pessoal, a
identificacdo de algum problema n&o antes conhecido com posterior
encaminhamento para atendimento, e no ambito coletivo, poderd ajudar no
desenvolvimento de maior conhecimento do transtorno bipolar principalmente
em relacdo as causas da doencga e como ela funciona.

Quais s&o os direitos dos participantes?

Os pesquisadores deste estudo podem precisar examinar oS seus registros, a
fim de verificar as informacgdes para o objetivo deste estudo. No entanto, os seus
registros médicos serdo sempre tratados confidencialmente. Os resultados deste
estudo poderéo ser enviados para publicagcdo em um jornal cientifico, mas vocé
ndo sera identificado por nome. Sua participacdo no estudo € voluntaria, de
forma que caso vocé decida ndo participar, isto ndo afetard a sua avaliagédo e
encaminhamento.

Quais sdo os riscos que envolvem este estudo?
Este estudo possui riscos minimos que sao inerentes do procedimento de coleta
de sangue.

Quais séo as responsabilidades dos participantes?

Os participantes deste estudo comprometem-se a comparecer as consultas
marcadas, bem como responder fidedignamente as escalas aplicadas pelos
médicos pesquisadores e as escalas auto-aplicaveis.

Declaro que entendi os objetivos, riscos e beneficios de minha
participagao na pesquisa e concordo em participar.

Nome do paciente:
Nome do responsavel Legal do paciente:
Grau de parentesco com o paciente:
Médico Supervisor:

Assinatura do paciente: Data: [/ [

Assinatura do familiar responsavel pelo paciente: Data: [/ [

Tenho pleno conhecimento e expresso minha anuéncia quanto a
gravacdo em video da minha participacédo, podendo ser a mesma utilizada pelos
pesquisadores para fins de estudo e treinamento, ndo podendo haver divulgacéo
deste material para outros fins sem consentimento adicional.

Assinatura do paciente: Data: [/ [

Assinatura do familiar responsavel pelo paciente: Data: [/ [



