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EPIGRAFE

* — Presta bem atencéo. Suponhamos que a vida é um touro que todos temos de enfrentar.
Como procederia, por exemplo, o teu avé Licurgo Cambara, homem pratico e despido de
fantasia? Montaria a cavalo e, com auxilio de um pedo, simplesmente trataria de lagar o
animal. Agora, qual € a atitude de seu neto Floriano Cambard? Tu saltas para a frente do touro
com uma capa vermelha e comecas a provoca-lo. De vez em quando fincas no lombo do
bicho umas farpas coloridas... mas quando o touro investe, tu te atemorizas, foges, trepas na
cerca e de la continuas a manejar a capa, para dar aos outros e a ti mesmo a impressao de
ainda estar na luta... E uma atitude um tanto esquizofrénica, com grande contetido de fantasia.

Certo? Bom. Toma agora o teu tio Toribio... qual seria a atitude dele?

— Pegaria o touro a unha.

— Exatamente. Levaria a loucura e a fantasia até suas ultimas consequéncias!”

(Erico Verissimo, O tempo e o vento — 0 arquipélago)



RESUMO

A disforia de género (DG) cursa com marcada incongruéncia entre o sexo atribuido ao
nascimento e a identidade de género expressa, podendo ocorrer desde a infancia até a vida
adulta (DSM-5-APA 2013). O tratamento clinico compreende terapia hormonal cruzada
(THSC) e cirurgia de afirmacdo sexual (CAS) para adultos e supressdo da puberdade para
criangas, com o proposito de reduzir o sofrimento psiquico. Em criangas, o tratamento
consiste na administracdo de analogo parcial de liberacdo de gonadotrofina (GnRHa) nos
estagios iniciais de desenvolvimento sexual (Tanner 1-2), a fim de evitar a aquisicdo de
caracteres sexuais secundarios que geram sofrimento & pessoa com DG. E um tratamento
considerado reversivel. No Brasil, a indicacdo é manter o uso de GnRHa até os 16 anos,
quando apenas entdo € indicado o tratamento hormonal cruzado. Em adultos e adolescentes, a
THSC (>16 anos) e a CAS (>21 anos) sdo complementares. O procedimento cirargico
consiste em reconstrucdo genital e gonadectomia. A partir desse momento, um estado de
hipogonadismo é instaurado caso seja interrompida a terapia hormonal cruzada. Este estudo
propde-se a avaliar (1) o impacto da supressao gonadal sobre a cognicdo e o desenvolvimento
cerebral em uma crianca com DG (homem para mulher) e (2) os efeitos neuroplésticos da
THSC em mulheres transexuais ap6s CAS. No primeiro caso, antes da supressdo gonadal,
foram realizadas ressonancia nuclear magnética (RNM), avaliacdo cognitiva e testagem
neuropsicoldgica. A RNM e avaliacdo cognitiva foram repetidas 22 e 28 meses ap0s 0 inicio
do GnRHa. Em mulheres transexuais p0s-CAS, o protocolo de pesquisa incluiu RNM
(estrutural e funcional), dosagens laboratoriais e testagens cognitivas 30 dias apds a suspensao
da THSC e, entdo, 60 dias apds introducdo de THSC com estradiol (E,). Durante o bloqueio
puberal, o estudo constatou declinio do coeficiente intelectual total as custas de uma queda de
9 pontos do subitem memoria operacional (IMO). Paralelamente, a fracdo de anisotropia (FA)
do corpo caloso, fasciculo hipocampal e cingulado permaneceu inalterada. Nas mulheres
transexuais, a THSC correlacionou-se com mudangas na conectividade funcional durante
resting state (rs-FC) e com variacfes da espessura cortical (EC). A THSC promoveu aumento
da rs-FC entre tdlamo esquerdo e cortex sensorio-motor (CSM) direito e esquerdo
(respectivamente, p=0.0027 e p=00196); variacGes de E, foram preditoras de mudancas na
conectividade entre: (1) nacleo caudado direito e CSM-esquerdo (BAE,=0.13, pFDR=0.0066);
nacleo caudado direito e CSM-direito (BAE,=0.12, p-FDR=0.0066); (2) tdlamo esquerdo e
CSM-esquerdo (BAE»=0.13, p-FDR=0.0094); talamos esquerdo e CSM-direito (BAE>=0.09,
p-FDR=0.0320). A pesquisa demonstrou correlacdo inversa entre variacdes de estradiol sérico
e EC no: (1) giro temporal médio esquerdo (BAE,=-0.7035; p-B-ajustado=0.0023; p-modelo-
ajustado=0.0091); (2) giro frontal superior esquerdo (BAE,=-0.6827; p-p-ajustado=0.0049; p-
modelo-ajustado=0.0248); (3) precuneus direito (BAE»=-0.7335; p-B-ajustado=0.0028; p-
modelo-ajustado=0.0216); (4) giro temporal superior direito (BAE,=-0.7045; p-B-
ajustado=0.0029; p-modelo-ajustado=0.0235); (5) parsopercularis direito (BAE,=-0.7327; p-
B-ajustado=0.0013; p-modelo-ajustado=0.0055). No mesmo experimento, as variacbes do
volume do hipocampo esquerdo entre E,-CSHT associaram-se a mudangas do IMO
(BAomi=0.60; p-BAomi=0.005; p-modelo=0.0082). Portanto, em ambos 0s experimentos, a
terapia hormonal colaborou com mudangas na arquitetura e/ou conectividade cerebral,
associando-se parcial ou indiretamente ao desfecho cognitivo.

Palavras-chave: Cognicdo. Disforia de género. Estrdgenos. Hipogonadismo. Memoria.
Plasticidade neuronal.



ABSTRACT

Gender dysphoria (GD) is a condition marked by the incongruence between the sex-at-
birth assigned and the expressed gender identity, which can occur from childhood to adult life
(DSM-5-APA 2013). The clinical treatment comprises cross-sex hormone therapy (CSHT)
and gender affirming surgery (GAS) for adults and puberty suppression for children, to reduce
psychic suffering. In children, the treatment consists in the administration of partial analogue
of gonadotropin release (GnRHa) in the early stages of sexual development (Tanner 1 and 2)
to avoid the acquisition of secondary sexual characteristics that causes suffering to the person
with GD. The treatment is considered reversible. In Brazil, the indication is maintaining
GnRHa until 16 years old, only then cross-sex hormone therapy is indicated. For adults and
adolescents, CSHT (>16 years) and GAS (>21 years) are complementary. The gender
affirming procedure consists in genital reconstruction and gonadectomy. From this moment
on, a hypogonadism state is induced if cross-sex hormone therapy is interrupted. This study
seeks to evaluate (1) the impact of gonadal suppression on cognition and brain development
in a child with GD (male-to-female) and (2) the neuroplastic effects of CSHT in transgender
women after GAS. In the first case, magnetic resonance imaging (MRI), cognitive and
neuropsychological assessment were performed before gonadal suppression. MRI and
cognitive assessment were repeated 22 and 28 months after beginning GnRHa. In post-GAS
women, the research protocol included MRI (structural and functional), laboratory assays and
cognitive assessment 30 days after suspending CSHT and then 60 days after introducing
CSHT exclusively with estradiol formulations (E;). During pubertal suppression, there was a
decline on intelligence coefficient due to a reduction of 9 points on operational memory
subitem (OMI). At the same time, corpus callosum anisotropy fraction (FA), hippocampal and
cingulate fasciculus remain unchanged. In women post-GAS, CSHT correlated with neuronal
connectivity during resting state (rs-FC) and to variations of cortical thickness (CTh). CSHT
promoted rs-FC coupling between left thalamus and either the right and left sensorimotor
cortex (SMC) (respectively p-FDR=0.0027; p-FDR=00196); E, variations were predictors of
connectivity changes between (1) right caudate nucleus and left-SMC (BAE»=0.13, p-
FDR=0.0066); right caudate nucleus and right-SMC (BAE,=0.12, p-FDR=0.0066); (2) left
thalamus and left-SMC (BAE,=0.13, p-FDR=0.0094); left thalamus and right-SMC
(BAE2=0.09, p-FDR=0.0320). We demonstrated an inverse correlation between estradiol
concentration and CTh in (1) left medium temporal gyrus (BAE,=-0.7035; p-B-
adjusted=0.0023; p-adjusted-model=0.0091); (2) left superior frontal gyrus (BAE,=-0.6827; p-
B-adjusted =0.0049; p-adjusted-model=0.0248); (3) right precuneus (BAE,=-0.7335; p-B-
adjusted=0.0028; p-adjusted-model=0.0216); (4) right superior temporal gyrus (BAE;=-
0.7045; p-pB-adjusted=0.0029; p-adjusted-model=0.0235); (5) right parsopecularis (BAE;=-
0.7327; p-P-adjusted=0.0013; p-adjusted-model=0.0055). In the same experiment, left
hippocampus volume variations between washout and E,-CSHT phase were correlated with
changes in OMI (BAom=0.60; p-BAomi=0.005; p-modelo=0.0082). Hence, in both
experiments, hormone therapy collaborated on brain architecture and/or connectivity, partial
or indirectly associating to cognitive outcome.

Key-words: Cognition. Estrogens. Gender dysphoria. Hypogonadism. Memory. Neuronal
plasticity.
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APRESENTACAO

Este trabalho consiste na tese de doutorado intitulada “Neuroplasticidade na disforia

de género: bloqueio puberal, e terapia hormonal cruzada apos cirurgia de afirmacéo sexual”,

apresentada ao Programa de Pds-Graduagdo em Psiquiatria, da Universidade Federal do Rio

Grande do Sul, em 14 de setembro de 2018. O material € dividido em seis partes, na ordem

que se segue:

1.

2
3
4.
5

Introdugéo

. Justificativa

Objetivos
Métodos

Resultados

Artigo 1 — Brain Maturation, Cognition and Voice Pattern in a Gender Dysphoria Case

under Pubertal Suppression

Artigo 2 — Cross-Sex Hormone Therapy after Gender Affirming Surgery: How

Estradiol Modulates Resting-State Functional Connectivity of the Sensorimotor

Cortex

Artigo 3 - The Link between Estradiol, Brain Structure, and Memory Performance in

Women with Gender Dysphoria after Gender-affirming Surgery

6.

Consideracdes finais e conclusédo

Nos apéndices e anexos, encontram-se 0s documentos de apoio, incluindo uma breve

explicacdo qualitativa dos métodos de andlise de ressonéncia estrutural e funcional, assim

como o Termo de Consentimento Livre e Esclarecido e as escalas de humor e de ansiedade.
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1 INTRODUCAO
1.1 CEREBRO, O DIMORFISMO SEXUAL CEREBRAL E 0S HORMONIOS SEXUAIS

A disforia de género (DSM-5-APA-2013)" é uma condigdo marcada por incongruéncia
entre o corpo fisico e o género ao qual o individuo identifica-se. As suas manifestacGes
variam de incongruéncia de género leve a intensa, essa ultima levando os individuos a
procurarem apoio médico para prescricdo de hormonios sexuais cruzados (THSC) e cirurgia
de afirmacdo sexual (CAS). A incongruéncia entre 0 sexo atribuido ao nascimento e o0 género
identificado tem intrigado os pesquisadores ao longo das ultimas décadas, levando-os a
investigar diferencas sexuais cerebrais como uma potencial explicacdo para a diferenca
observada entre a autopercepcéo corporal e a identidade sexual experimentada. Sera utilizada
nesta tese a denominagédo recomendada pela World Professional Association for Transgender
Health (WPATH), assim definida: denomina-se mulher transexual o individuo que nasce com
sexo biolégico masculino, mas identifica-se com o género feminino; denomina-se homem
transexual o individuo que nasce com o0 sexo bioldgico feminino, mas identifica-se com o
género masculino.

Atualmente, a ressonancia nuclear magnética (RNM) representa o padrdo-ouro em
técnicas ndo invasivas para estudos do sistema nervoso central (SNC). Quanto a disforia de
género (DG), teorias acerca do dimorfismo cerebral sexual motivaram pesquisas com o
emprego de diferentes modalidades de neuroimagem, predominantemente estudos anatémicos
e funcionais*®>. Embora a etiologia da DG permaneca inconclusiva, achados
neuroimaginoldgicos sugerem que algumas estruturas cerebrais em pessoa com DG sejam
morfologicamente mais semelhantes ao padréo observado nos individuos do género ao qual se
identificam devido & THSC*®. Por muito tempo, esses achados também respaldaram a nocéo
de que o processo de masculinizagdo ou feminizagdo fosse uma consequéncia quase que
absoluta da exposicao aos hormdnios sexuais durante perfodos criticos do desenvovlimento”®,

A passagem para a adolescéncia e a transi¢cdo para a menopausa sao dois exemplos da
associacdo entre modificacbes fisiologicas do ambiente hormonal e alteracOes
anatomofisioldgicas no cérebro. Embora haja achados de RNM que sugiram a existéncia de
discretas diferencas entre os efeitos da testosterona e do estradiol no cérebro durante a
puberdade, ambos mostram-se igualmente importantes para o processo de maturacdo cerebral
durante essa passagem®. Durante a menopausa, foi demonstrada a ocorréncia de uma reducéo

do volume do hipocampo, que parece ser corrigida com a reposicao de estradiol™®. A despeito
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da inexisténcia de um periodo fisiol6gico semelhante a menopausa em homens, a supressao
androgénica com analogos de gonadotrofina (GnRHa) para tratamento do cancer de prostata
também parece cursar com reducdo do volume de substancia cerebral cinzenta em algumas
regides, como no cortex pré-frontal dorso-lateral, polo frontal e cértex motor primério**.

Os efeitos dos esteroides sexuais sobre o cérebro podem ser parcialmente explicados
por suas propriedades bioquimicas e biofisicas. A testosterona, sendo uma potente
fosforilizadora das proteinas microtubulares localizadas dentro de axénios, € capaz de
promover diferencas nas propriedades biofisicas da substancia branca entre cérebros
masculinos e femininos™. In vivo, essas diferencas ocorrem concomitantemente aos primeiros
picos de testosterona em homens, promovendo, por exemplo, o aumento da fragdo de
anisotropia (FA) em alguns fasciculos da substancia branca'®**. Por outro lado, o estrogénio
mostra-se associado a diminui¢do da FA nos mesmos fasciculos e ao aumento de difusividade
axonal e radial em outros feixes/fasciculos axonais*. Embora atualmente se acredite que a
masculinizacdo do cérebro inicie antes do desenvolvimento gonadal com a expressdo da
regido cromossémica relacionada ao sexo (SRY), a participacdo dos hormonios sexuais nesse
processo ndo pode ser desconsiderada.

Existem estruturas cerebrais potencialmente candidatas a biomarcadores do
dimorfismo sexual, como o cerebelo e o corpo caloso. O dimorfismo nessas regides foi
associado a exposi¢do aos hormodnios sexuais, tanto em individuos com DG quando na

populacéo geral®®

. O volume do giro frontal superior (GFS) ¢ maior em mulheres quando
comparado ao de homens; igualmente, mulheres transexuais apresentam maior volume do
GFS quando comparadas a homens — e mesmo quando comparadas a mulheres sem DG, Em
contrapartida, o volume do cortex da insula em mulheres transexuais parece ser menor do que

em homens®>®

, independentemente da exposicéo & terapia hormonal®®, o que a torna um dos
mais promissores marcadores em neuroimagem para DG.

Assim sendo, nota-se que uma das bases do tratamento da DG, a terapia hormonal
cruzada, tem potencial de causar mudancas estruturais e metabolicas no cérebro, ndo se

tratando apenas de um tratamento que afeta o fendtipo corporal, mas também o cerebral.
1.2 POSSIVEIS ASPECTOS ETIOLOGICOS DA DG
Apesar de o dimorfismo sexual cerebral figurar ente os potenciais fatores associados a

DG, ele nédo ¢ suficiente para explicar a incongruéncia entre género e sexo bioldgico. Além

disso, a maioria dos estudos conduzidos para o investigar foi executada ap0s exposi¢do a
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THSC. Estudos com RNM funcional evidenciaram que areas ligadas a autoimagem e
percepgdo corporal, como o cortex sensorial primario, o cortex sensorial associativo (parietal
inferior e superior), o cerebelo e a insula, sdo ativadas durante tarefas de reconhecimento
corporal. Ocorreu um aumento da atividade neuronal funcional quando solicitado aos
individuos que visualizassem imagens corporais do género ao qual se identificam, e uma
reducdo da atividade neuronal quando imagens de corpos com sexo de seu nascimento foram
apresentadas (ou seja, imagens do género ao qual ndo se identificam)'"*%. Assim, é possivel
que conectomas que incluem essas regides cerebrais possam ser mediadoras da etiologia da
DG, independentemente de essas areas serem sexualmente dimarficas.

Estudos sobre transtorno dismorfico corporal e outros transtornos relacionados a
percepcao corporal, como xenomelia e anorexia, apontam para a existéncia de um “erro de
integracdo” entre as informacg6es oriundas do corpo e 0 seu processamento junto ao cortex

sensério-motor e parietal inferior®%,

Comparativamente, o ndo reconhecimento dos
caracteres sexuais e/ou o sofrimento face a sua percep¢do suportam a hipdtese de que
conexdes neurais entre as areas sensoriais e cognitivas superiores contribuam com a etiologia
da DG**%,

Quanto ao papel da interacdo genética e hormonal, pouco é sabido sobre a sua
dindmica e a sua contribuicdo na determinacdo do fenotipo morfoldgico e funcional do
cérebro, tampouco se conhece o0 seu papel na percep¢do da identidade de género. A
descoberta de uma regido do cromossomo sexual Y relacionada ao sexo (SRY) foi
significativa na evolucdo das teorias acerca do dimorfismo sexual cerebral. A regido
cromossémica parece determinar a masculinizagdo do cérebro mesmo antes do surgimento
dos primeiros picos de testosterona, conforme observacdes em modelos animais®. Tal
descoberta abriu um campo para 0 questionamento sobre a interagcdo entre 0S Cromossomos
sexuais e 0 ambiente hormonal na determinacdo do dimorfismo sexual e da expressdo de
género.

Savic e Arver®® e Lentini et al.?’

investigaram diferencas sexuais entre mulheres (XX),
homens (XY) e homens portadores da sindrome de Klinefelter (XXY) utilizando técnicas de
volumetria e espessura cortical. No primeiro estudo, os pesquisadores demonstraram que o
volume da amigdala, do giro parahipocampal e do cortex occipital dependia do nivel de
testosterona em homens®®, enquanto que diferencas no volume do cértex cerebelar e do giro
pré-central estariam associadas ao duplo cromossomo X, sem relacdo com o0s niveis de
testostona. Assim também, menores volumes do cortex insular, temporal, do caudado e da

amigdala estariam associados ao cromossomo X extra em homens com sindrome de
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Klinefelter, demonstrando provével interacdo testosterona-dosagem de cromossomo X.

Posteriormente, Lentini et al.?’

mostraram que a espessura do cortex motor em homens com
sindrome de Klinefelter parece estar relacionada, novamente, ao cromossomo X adicional.
Assim sendo, pode-se admitir a hipotese de que 0S cromossomos sexuais carreguem
informacdes prévias sobre o fendtipo cerebral e de que a exposicdo a horménios gonadais seja
capaz de ativar transcri¢Oes proteicas “latentes” que interfiram na anatomia, na funcionalidade
€ NOS processos mentais.

Um estudo recente, de Savic et al.?®

, com individuos portadores da sindrome de
insensibilidade completa ao androgénio (SICA), investigou a espessura cortical, a fragcdo de
anisotropia e a conectividade cerebral em repouso (rs-FC) nesses individuos, comparando-as
ao observado em controles masculinos e femininos sob condicGes fisioldgicas. A espessura
cortical do giro pré-central e de parte do giro pés-central demonstrou-se menor em individuos
com SICA, quando comparada a de mulheres do grupo controle, evidenciando um padréo
semelhante ao observado no masculino. Por outro lado, a despeito da presenca do
cromossomo Y, a espessura do cortex parietal e occipital aparentou ser maior em pessoas com
SICA, indo ao encontro de um padrdo considerado “feminino”. Além disso, individuos com
SICA apresentaram conectividade funcional entre o cdrtex cingulado posterior e 0 precuneus
maior do que a aferida em homens, sendo os valores constatados na SICA semelhantes aos
demonstrados em mulheres do grupo controle.

Assim, é plausivel a existéncia de dimorfismo cerebral sexual mesmo anteriormente
aos picos de horménios sexuais ou a implantacdo da THSC. Também, mostrou-se provavel a
acentuacdo do sentido do dimorfismo sexual cerebral em pessoas com DG quando é
introduzida a THSC®*®%. Além disso, os achados de neuroimagem em pessoas com desordem
da diferenciacdo sexual reforcam a hipotese do envolvimento dindmico entre genética e
exposi¢cdo hormonal no que concerne a definicdo da percepcdo da autoimagem corporal.
Finalmente, é possivel que, em pessoas com DG, os horménios gonadais enddgenos sejam
ativadores da transcricdo de proteinas cerebrais envolvidas na percepcdo da identidade de
género, dada a existéncia da enzima aromatase no cérebro®®, mesmo intradtero ou nas

primeiras semanas pos-parto, em que picos de horménios sexuais sdo liberados.

1.3 PROBLEMAS DE SAUDE MENTAL RELACIONADOS AOS HORMONIOS
SEXUAIS
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A relacéo entre saude mental e horménios sexuais tem recebido importancia nas duas

Gltimas décadas®2,

Modelos experimentais com exposicdo ao estresse demonstraram
associacdo entre maiores niveis de estradiol na fase pré-ovulatoria do ciclo menstrual e
melhor regulacdo emocional no processo de extincdo do medo e de habituacdo a estimulos
negativos®®. Outro estudo demonstrou a associacdo entre estradiol e diferencas na
conectividade cerebral do chamado “circuito do medo”, ao comparar homens e mulheres®*.
Além disso, a menor desativacdo do hipocampo decorrente de altos niveis de estradiol
pareceu ser um dos mecanismos associados a menor estresse clinico experimentando por
mulheres no paradigma de RNM funcional em questdo®. Tal observacdo sugere que o
estradiol exerce fator protetor na fisiopatogenia de transtornos relacionados ao estresse,
especialmente no que concerne a transicdo para estados de hipogonadismo. A resposta ao
estresse € uma variavel pertinente ao modelo de vulnerabilidade em saide mental, e estudos
de RNM parecem ser capazes de fornecer informagdes sobre a plasticidade adaptativa frente a
determinadas condic¢des adversas.

O impacto de reposicdo hormonal na prevencdo de depressao e do declinio cognitivo
durante a perda de funcdo ovariana decorrente da menopausa tem sido vastamente
investigado®’. Recentemente, um ensaio clinico randomizado realizado por Gordon et al.®
investigou a eficacia da administracdo combinada de estrogénio transdérmico e progesterona
oral na prevencdo dos sintomas depressivos durante a menopausa. De acordo com o0s
resultados do estudo, a reposicdo hormonal precoce estd associada a menor risco de
desenvolvimento de depressdo apds doze meses de terapia. A mesma pesquisa demonstrou
que a presencga de estressores nos seis meses anteriores ao ingresso no estudo foi uma das
variaveis implicadas no desenvolvimento dos sintomas depressivos. Portanto, a corre¢do do
estado de hipogonadismo durante a menopausa mostra-se associada a prevencéo de desfechos
negativos em satide mental®**>38.

Embora individuos do sexo masculino ndo vivenciem uma transi¢do hormonal
fisiologica semelhante & menopausa, a privacdo androgénica com fins terapéuticos no cancer
de prostata induz um estado de hipogonadismo semelhante a menopausa.
Uma metanalise demonstrou a evidéncia de risco relativo aumentado em 1.41 vezes para o
desenvolvimento de sintomas depressivos em homens submetidos & privacdo androgénica
durante o tratamento de cancer de prostata®. Além disso, um estudo australiano de base
populacional realizado por Ng et al. (2018)*° demonstrou uma incidéncia de sintomas

depressivos maior em homens submetidos a supressdo androgénica quando comparados a
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controles. Identificou-se que, no primeiro ano, o risco relativo foi de 2.51 vezes nos
individuos expostos e de 1.86 vezes quando ajustado para os dez anos de seguimento.

No que diz respeito a DG, a THSC durante o processo de afirmacdo de género
mostrou-se um importante mediador de melhora na qualidade de vida e no alivio do
sofrimento psiquico associado a condi¢do. Obviamente, tal beneficio sobrepbe-se aos efeitos
benéficos decorrentes da atenuacdo da incongruéncia do corpo & medida que a THSC redefine
as caracteristicas fisicas no sentido do género autoidentificado®. Todavia, ndo hé estudos de
seguimento acerca da epidemiologia ou da sintomatologia de desfechos psiquiatricos apds a
CAS para auxiliar na tomada de decisao sobre a institui¢cdo da reposi¢cdo hormonal cruzada. A
importancia de buscar-se evidéncias adicionais sobre o papel da THSC apds a CAS recai
sobre o conhecimento prévio acerca dos efeitos dos hormonios sexuais na saude mental de
pessoas sem DG. Nesse sentindo, também a RNM apresenta-se como ferramenta auxiliar na
identificacdo de marcadores em neuroimagem associados a fisiopatogenia de desfechos

adversos em satide mental, pondo em evidéncia os mecanismos plasticos mal-adaptativos***,

1.4 TERAPIA HORMONAL CRUZADA E SAUDE MENTAL: A IMPORTANCIA DA
PLASTICIDADE NEURONAL NA DG

A maioria dos estudos de neuroimagem em DG tem sido dirigida a investigacdo do
dimorfismo sexual cerebral e a sua relagdo com os aspectos etioldgicos da disforia.
Entretanto, pode-se considerar o proprio dimorfismo como uma consequéncia da interagdo

4546 & mecanismos

entre exposicdo hormonal, predisposicdo genética®®, receptores hormonais
biomoleculares intrinsecos ao polinémio horménios-receptores-genes*’. Assim sendo, pode-se
dizer que o dimorfismo sexual cerebral aponta substratos anatdmicos e/ou funcionais
suscetiveis a interacdo hormonal em cada um dos sexos e/ou géneros. Portanto, a observacéao
macroscopica da interacdo entre sexo-hormoénios-neuroplasticidade pode auxiliar no
entendimento das diferencas existentes entre 0s sexos/géneros no que se refere a
vulnerabilidade para o adoecimento mental*. Isso explicaria, por exemplo, a diferenca entre a
prevaléncia de depresséao, esquizofrenia e doenca bipolar entre os sexos.

Como mencionado anteriormente, os efeitos da THSC em adultos com DG tém sido
associados a melhora de marcadores de satde mental. Acredita-se que 0 mecanismo para essa
melhora esteja para além do alivio do sofrimento psiquico secundario a atenuacdo da
incongruéncia de género. Algumas evidéncias suportam essa hipétese, como, por exemplo, a

6,16,49,50

resposta do cortex insular a THSC anteriormente descrita , uma vez que a insula tem
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sido igualmente citada como potencial biomarcador tanto nos processos de regulagdo

112 quanto na DG***. E possivel que a THSC aja em dois niveis sobre a fnsula: no

emociona
que concerne a redesignacdo sexual e a protecédo de fatores predisponentes a doengas mentais.
Portanto, é plausivel que, ao atuar sobre determinadas areas ou sistemas cerebrais, a terapia
hormonal cruzada atue também sobre sistemas relacionados a doengas mentais.

Em criancas e pré-adolescentes com DG, a terapia de supressdo hormonal com
analogos de gonadotrofina tem sido indicada como tecnica segura para prevenir o surgimento
de caracteres sexuais secundarios®®. Diversos beneficios relacionados & melhora dos
desfechos de satde mental t&m sido atribuidos a essa pratica®*™. Entretanto, no Brasil, a
hormonizagéo com terapia hormonal cruzada tem sido indicada apenas ao completar-se 16
anos, o que faz com que criangas e pré-adolescentes com DG que manifestem estagios de
Tanner 1 ou 2 precoces permanegam, aproximadamente, quatro anos sob supressdo gonadal.
A despeito da seguranca clinica quanto ao uso da supressdo hormonal para tratamento de
criangas com DG, alguns estudos tém alertado para possiveis efeitos dessa pratica sobre a
cognicéo.

Staphorsius et al.® discutiram o impacto do uso de GnRHa sobre o funcionamento
executivo (um medidor de desfecho cognitivo) de criancas e adolescentes com DG®. De
acordo com os resultados apresentados, houve uma reducdo do desempenho no teste “London
Tower” apenas nos individuos que ja apresentavam funcdo executiva limitrofe anterior ao

procedimento de bloqueio puberal. Algo similar foi demonstrado por Schneider et al.*’

em um
relato de caso em que se observou prejuizo no indice de memoria operacional (IMO) em uma
menina com DG tratada com GnRHa por 28 meses.

No relato de caso apresentado por Schneider et al.”’

, a piora do IMO foi associada, em
partes, ao ndo aumento de FA em alguns fasciculos cerebrais, 0 que seria esperado durante a
puberdade de meninos sob condicdes fisioldgicas®’. Outro fato importante é que essa menina
ja apresentava desempenho limitrofe no IMO anteriormente ao uso de GnRHa, o que remete

ao constatado por Staphorsius et al.”®

. Outros estudos também observaram prejuizo cognitivo
discreto em meninas tratadas com GnRHa para puberdade precoce no que concerne a
meméria de trabalho®®. Adicionalmente, modelos animais tém demonstrado um impacto

negativo do hipogonadismo sobre a meméria espacial de ovelhas®®.
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2 JUSTIFICATIVA

Esta tese visa investigar o impacto dos estados de hipogonadismo induzidos durante a
supressdo da puberdade e CAS por meio de avaliacbes de neuroimagem. Objetiva-se,
também, avaliar o impacto da THSC sobre a anatomia cerebral e a conectividade funcional
cortical apds a CAS.

A justificativa para este estudo recai nas evidéncias que associam o hipogonadismo a
efeitos adversos em saude mental na populacdo em geral, apontando o fendmeno da
plasticidade adaptativa como possivel mediador dessa associagéo.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Investigar o papel das terapias hormonais no cérebro de individuos com DG apds a

inducdo de estado de hipogonadismao.

3.2 OBJETIVOS ESPECIFICOS

a) Avaliar o desenvolvimento da substancia cerebral branca durante o bloqueio da
puberdade de uma crianga com DG por meio da medida de FA;

b) Investigar se o desempenho cognitivo durante o bloqueio da puberdade em uma
crianga com DG esté relacionado com a FA da substancia cerebral branca;

c) Investigar o impacto da terapia hormonal cruzada com estradiol na conectividade
cerebral de mulheres transexuais apds CAS;

d) Awvaliar os possiveis efeitos neurotréficos da terapia hormonal cruzada com
estradiol na espessura cortical cerebral de mulheres transexuais apds CAS;

e) Comparar os desfechos cognitivos durante a terapia hormonal cruzada com os
mesmos desfechos durante o estado de hipogonadismo apos CAS;

f) Investigar uma possivel curva de dose-resposta entre a terapia com estradiol e

mudancas na espessura cortical em mulheres transexuais apos CAS.
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4 METODOS

Os metodos aqui descritos serdo separados em subitens, facilitando-se, assim, a sua
compreensdo, uma vez que o0s artigos descritos na se¢éo de resultados sdo oriundos de dois
projetos diferentes. O primeiro artigo originou-se do seguimento do bloqueio da puberdade
em uma menina com DG. O segundo e o terceiro artigos originaram-se de um projeto para

avaliar a importancia da THSC em mulheres transexuais apos a CAS.

41 RELATO DE CASO DE SUPRESSAO GONADAL EM UMA MENINA
TRANSEXUAL (MASCULINO PARA FEMININO): INVESTIGACAO LONGITUDINAL

Uma crianca com 11 anos de idade com diagnostico DG na infancia (menino para
menina) foi referenciada para avaliacdo do bloqueio da puberdade como parte do tratamento
para resolucdo da DG. Apds discussdo com familiares, comité de ética, psiquiatria infantil e
psicologia infantil, decidiu-se iniciar o tratamento com GnRHa — leuprorrelina, com doses
ajustadas até a obtencédo da supressdo da testosterona. O procedimento foi iniciado em estagio
de desenvolvimento puberal Tanner 2, conforme diretrizes da sociedade internacional de
endocrinologia®>®.

Paciente e pais consentiram verbalmente e por escrito participar de um estudo de caso
com a finalidade de avaliar os efeitos do bloqueio da puberdade no desenvolvimento cerebral.
Consentiram também a publicacdo dos achados para fins cientificos. Foram coletados exames
de avaliacdo laboratorial, avaliagdes de memoria e intelecto global, assim como adquiridas
ressonancias do cérebro (RNM) para avaliagdo da substancia branca durante o seguimento do
bloqueio. Exames laboratoriais e de RNM foram adquiridos pré-bloqueio puberal e repetidos

22 e 28 meses apos instituicdo do tratamento.

4.1.1 Avaliacdo neuropsicologica

Avaliaram-se tracos de personalidade, estilo parental, presenca de sintomas
depressivos ao longo da vida e performance intelectual na admissdo do estudo. Os testes
utilizados foram Casa-Arvore-Pessoa (HTP), avaliacio de depressdo no passado e presente
(K-SADS-PL)*! e Inventéario de Estilos Parentais (IEP)®%. Para avaliacdo de inteligéncia,

utilizou-se a escala de Wechsler de Inteligéncia para Infancia (WISC-1V)®. Todos os
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instrumentos s&o traduzidos e validados para a populacdo brasileira. Apés a aplicacdo desses
instrumentos, foi iniciada a supressdo gonadal com leuprorrelina (GnRHa). Embora o K-
SADS-PL, o IEP e o HTP nédo tenham sido reaplicados ao longo do estudo, o WISC-1V foi

repetido apos 22 e 28 meses de tratamento pareado com a RNM.
4.1.2 Avaliacéo laboratorial

Estradiol e testosterona séricos foram medidos por imunoensaio de
eletroquimiluminescéncia (ECLIA, Roche Diagnostics, Mannheim, Alemanha), com
sensibilidade do teste a partir de 5.0 pg/mL e intra- e interteste CV de 5.7 e 6.4%,
respectivamente. Globulina carregadora de esteroides sexuais foi medida com
quimiluminescéncia (CLIA, Immulite 2000 Siemens). FSH e LH foram aferidos com

imunoteste de quimiluminescéncia (Centaur XP, Roche, Mannheim, Alemanha).
4.1.3 Protocolo de aquisi¢cdo de neuroimagem

As imagens foram adquiridas com um equipamento de RNM da marca Philips com
intensidade de campo del.5T (Bethesda/Holanda, 2009) e bobinas de 8 canais. Imagens com
difusor de tenséo (DTI) foram adquiridas usando um single-shot spin-echo-planar imaging
(SE-EPI), com a seguinte sequéncia: TR = 11.5 ms, TE = 80 ms, flip angle = 90°, pixel band:
1784 Hz; b-value de 0 e de 800 s/mm?. Tamanho de aquisicio de voxel de 2 x 2 x 2 mm?, com
reconstrucdo de matriz de 112 x 112 x 70, sem intervalos, e visdo de campo entre 224 x 224

mm. As aquisi¢Ges foram realizadas antes do bloqueio puberal e apds 22 e 28 meses.
4.1.4 Pré-processamento da imagem de DTI

As imagens com difusor de tensdo (DTI) foram pré-processadas e analisadas com o
FSL, versdo 5.0 (disponivel em https://fsl.fmrib.ox.ac.uk)®*®.

O pré-processamento envolveu as seguintes etapas: (1) criacdo de mascara cerebral
com os volumes adquiridos sem difuséo; (2) correcdo de movimentos “Eddy-current
correction”; (3) os seis componentes do tensor de difusdo originados pela alternancia de
campo foram extraidos utilizando o DTIFIT, parte do FSL: 3 autovetores (v1, v2 e v3) e 3
autovalores (A1, A2 e A3) (“eigen values e eigen-vector”)®; (4) extragdo do tecido cerebral

com a ferramenta chamada BET (BET - brain extraction tool)®’.
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Tratando-se de um estudo de um unico individuo, os tensores foram ajustados a um
atlas de substancia branca predeterminado (atlas de substancia branca da Universidade John
Hopkins), sem a geracdo de um template comum. Cada voxel teve tensor corregistrado
individualmente utilizando-se uma técnica de alinhamento ndo linear®. A partir do corregistro
entre 0s mapas originados de cada uma das aquisi¢des (0, 22 e 28 meses) com o atlas de
substancia da Universidade John Hopkins (JHU-ICBM-1 mm), extrairam-se as FA do joelho

do corpo, do fasciculo uncinado, hipocampal e do esplénio do corpo caloso.

4.2 INVESTIGACAO LONGITUDINAL COM ADULTOS

Este projeto foi aprovado junto ao comité de ética em pesquisa do Hospital de Clinicas
de Porto Alegre sob o nimero 15-0199. Foram convidados voluntarios que apresentavam DG
(mulheres transexuais) e selecionados dezoito candidatos dentre pacientes ativos e antigos no
Programa Ambulatorial Transdisciplinar de Identidade de Género do Hospital de Clinicas de
Porto Alegre (PROTIG).

Os critérios de inclusdo foram: (1) idade entre 18 e 59 anos; (2) concordancia em
permanecer durante um periodo minimo de 30 dias sem usar THSC; (3) ja ter realizado CAS.
Os critérios de exclusdo foram: (1) doencas neuroenddcrinas; (2) doengas neuropsiquiatricas,
como epilepsia, psicose, episddio atual de ansiedade ou depressdo; (3) psicose, depressdo ou
ansiedade nos noventa dias que antecederiam a pesquisa; (4) uso atual ou nos altimos 30 dias
de psicofarmacos; (5) transtorno por uso de substancias ou tabagismo com consumo superior
a 30 cigarros por dia; (6) trauma encefalico grave no passado ou com perda de consciéncia
nos ultimos trés anos; (7) carga viral detectavel ou CD4 baixo se portador de virus de
imunodeficiéncia humana (HIV). Todos os voluntarios assinaram o Termo de Consentimento
Livre e Esclarecido (TCLE) e foram avaliados para os referidos sintomas psiquiatricos por um
psiquiatra e um psicélogo de acordo com os critérios do DSM-5 (APA-2013)*, anteriormente
a retirada dos horménios (Tempo 0).

Ap0és a avaliacdo inicial, os individuos foram orientados a suspender o uso de qualquer
formulacéo de estrégenos ou de progestagenos por um periodo minimo de 30 dias (30 - 45
dias) e a permanecer sem terapia hormonal cruzada até o momento da primeira avaliagdo de
RNM e cognicdo. Os individuos também foram informados de que, em seu retorno, seriam
avaliados para sintomas de ansiedade e depressdo, a fim de controlar possiveis efeitos da
privacdo hormonal sobre o humor. Ainda, foram orientados a evitar o consumo de cafeina na

manha anterior aos exames de imagem e a permanecer, se possivel, oito horas sem fumar.
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Ao retornarem (no Tempo 1, washout), o estado hormonal dos pacientes foi
confirmado antes da realizacdo da RNM. Escalas de humor e ansiedade de Hamilton e de
Beck foram aplicadas na sequéncia. Seguiu-se com aquisicdes de RNM, em que foram
aplicados protocolos estruturais (T1), microestruturais (DTI), metabolismo basal por resting-
state (fMRI) e espectroscopia de protons em trés single voxels (SVS). As aquisi¢cGes foram
feitas no equipamento Philips Ingenia, 3.0 T, com bobina de 32 canais (Best, Holanda, 2015).
Apos a aquisicdo de RNM, procedeu-se com a coleta de amostras de sangue: uma primeira
amostra foi remetida ao laboratério central do HCPA, e outra foi preparada adequadamente
para posterior congelamento (amostras centrifugadas a 3500 rpm, a 4°C, por 15 minutos).
Sequencialmente a coleta de sangue, os participantes foram dirigidos a um consultério para
avaliacdes cognitivas. Ao final delas, novas prescricdes para terapia hormonal cruzada foram
fornecidas.

Por questdes de disponibilidade de contraceptivos orais junto a farmécia bésica
estadual, foram prescritos estrogenos conjugados (0.625 mg / comprimido), dose ajustada
conforme orientacdo do endocrinologista assistente. Aos que tinham, por ventura,
contraindicacdes a estrogenos por via oral, formulacGes topicas em gel ou adesivo foram
prescritos. Por questdes de padronizagdes, os participantes foram orientados a tomar a sua
medicacgdo a noite. Aplicacdes de deposito com Perlutan®, ou uso de estrogenos combinados
a progestagenos, foram contraindicadas tanto pelos riscos de tromboembolismo quanto por
questdes metodologicas, considerando-se os efeitos neurofisiologicos de composicoes
compostas com progestagenos. Aos pacientes também foi esclarecida a necessidade do uso
continuado da formulacdo de estradiol para se obter consisténcia metodologica e estabilidade
da dosagem sérica, sendo os voluntarios contatados periodicamente pela equipe para fins de
certificacdo de uso da medicacdo. Apds sessenta dias, eles retornaram para a segunda
avaliacdo constando dos mesmos instrumentos e protocolos, porém sob efeitos da terapia

hormonal cruzada, vide fluxograma abaixo.
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Figura 1 — Fluxograma indicando a logistica aplicada no recrutamento e na execucdo das etapas de avaliacdo da
pesquisa.
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Fonte: Elaborado pelo autor (2018).

4.2.1 Avaliacéo laboratorial

Amostras de sangue periférico foram coletadas entre 8 e 10h da manha no centro de
pesquisas clinicas (CPC), anexo ao HCPA. As aliquotas a serem analisadas no laboratério de
assisténcia foram diretamente encaminhadas pelo CPC. Estradiol e testosterona foram
aferidos por imunoensaio de eletroquimioluminiscéncia (ECLIA, Roche Diagnostcis,
Mannheim, Alemanha), com sensibilidade do teste a partir de 5.0 pg/mLm e intra- e interteste
CV de 57 e 6.4%, respectivamente. SHBG e S-DHEA foram medidos com
quimioluminescéncia (CLIA, Immulite 2000 Siemens). FSH e LH foram aferidos com

imunoteste de quimioluminescéncia (Centaur XP, Roche, Mannheim, Alemanha).
4.2.2 Avaliacado neurocognitiva

Os coeficientes de inteligéncia foram examinados com o Wechsler Adult Intelligence
Scale (WAIS-I11). O WAIS-I1I consiste em 13 subtestes com uma variedade de tarefas que
acessam habilidade intelectual e algumas fungdes especificas. Ele fornece um escore chamado
Quoficiente de Inteligéncia Total (QIT) e outros quatro indices: compreensdo verbal,

organizagéo perceptual, memdria operacional e velocidade de processamento®.
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Foi utilizado também o teste auditivo-verbal de Rey (RAVLT) ™, que consiste em
uma lista de palavras utilizadas para estimar a memoria verbal e os seus componentes, digam-
se: memoria imediata (A1, A5), capacidade de aprendizado (LOT), retencdo da memdria (A7)

e memoria para reconhecimento.

4.2.3 Ressonancia nuclear magnética

4.2.3.1 Protocolo de aquisicdo de imagens anatdmicas

As imagens estruturais foram adquiridas utilizando-se pulsos de magnetizacdo em
janela T1 com gradiente ECHOES (MPRAGE), numa sequéncia de duzentas aquisicdes de
orientagdo flip angle = 8", TE = 3.9 ms, TR = 8.5 ms, Tl = 900 ms, com uma matrix de 256 X
256, e tamanho da matrix de 272 x 272, tamanho de voxel de 0.94 x 0.94 mm no plano sagital,
e espessura do corte de 0.94 mm, sem intervalos, FOV = 256 mm, com duracdo de cinco

minutos e dois segundos.

4.2.3.2 Protocolo de aquisicdo de imagens funcionais

Utilizou-se uma sequéncia eco-planar de imagem (EPI) com 36 cortes adquiridos em
janela T2 com os seguintes parametros: TE = 30 ms, TR = 2000 ms, flip angle 90°, tamanho
de voxel de 3.5 x 3.5 no plano de aquisicdo, espessura dos cortex = 3.5 mm, com intervalo
entre cortex de 0.35 mm, sequéncia ascendente, nex = 1.0, com duracao de seis minutos e dois

segundos.

4.2.4 Processamento de imagens anatdmicas e processamento longitudinal

Utilizou-se protocolo de pré-processamento longitudinal do Freesurfer, versdo 5.3.0
(http://surfer.nmr.mgh.harvard.edu). Inicialmente, processamentos individuais de cada um dos
dois tempos foram feitos (washout/terapia hormonal). Brevemente, o processo inclui correcao
de movimentos e centralizagdo das diversas imagens adquiridas em cada uma das aquisi¢oes
T1-weighted™; extragdo de tecido ndo cerebral, transformag&o para o espaco neuroradiolégico
(Talairach), seguida de segmentacdo automética da substancia branca e subcortical’?;
normalizagdo de intensidade de voxels’, construcdo dos limites da substancia branca e

correcéo automatica de defeitos topolégicos’™. A partir desse ponto, processos de deformagéo
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da superficie sdo iniciados para melhor definir os limites entre os trés tecidos: liquido
cefalorraquidiano (LCR), substancia subcortical branca e substancia cinzenta, levando em
consideracdo as mudancas locais de intensidade dos voxels™’®. Uma vez completo esse
processo, inicia-se uma série de processos deformantes adicionais, que inclui posterior
inflacdo e registro da superficie em um atlas esférico’’. O cortex cerebral passa a ser
parcelado em unidade respeitando as estruturas dos giros e sulcos cerebrais, criando
informag®es sobre a curvatura e profundidade dos sulcos’™. A partir do parcelamento cortical,
informacOes da representacdo da espessura do cortex sdo obtidas estimando-se a menor
distancia entre a linha formada pela superficie “tecelar” e substancia branca-cinzenta e o
limite externo marcado pela presenca de liquido cefalorraquidiano™. Os mapas ndo sdo
restritos ao voxel da imagem original®, isso faz com que diferencas submilimétricas possam
ser detectadas para analises entre sujeitos ou longitudinais, sendo sua acurarcia superior,
inclusive, & do parcelamento manual ™.

A linha de processamento longitudinal foi utilizada para extrair modificagdes de
espessura mais confidveis e reprodutiveis entre os dois tempos de avaliagdo™.
Especificamente, foi criado um template ndo enviesado para estimar, a partir dele, a variacéo
percentual da espessura cortical entre as duas condi¢Ges experimentais (timepoints). Essa
metodologia confere maior robustez aos modelos e resultados, processo chamado de “registro

inverso consistente” .

O corregistro dos mapas corticais de ambas as condigdes
experimentais (washout e terapia hormonal) sob a mesma base desse template também
aumenta significativamente a confiabilidade e o poder estatistico da reconstrucdo®. A partir
de entdo, é disponibilizada a informac&o do percentual da variagdo em espessura cortical entre
0s dois timepoints observados (SPC).

Todas as regides cerebrais (whole brain analysis) foram analisadas com uma técnica
voxel-wise para avaliar a correlacdo entre a E,-THSC e a variagcdo SPC da EC. Um modelo
linear generalizado foi utilizado para predizer o percentual de mudancas na EC (SPC) entre 0s
dois tempos (terapia hormonal > washout), empregando-se as variagdes dos niveis de
estradiol (AE,) como varidvel preditora de interesse. Para tanto, controlaram-se fatores como

idade e niveis de ansiedade ao longo do experimento.

4.2.5 Processamento dos dados de ressonancia funcional

O protocolo de imagens de RNM funcional gerou informag6es sobre o metabolismo

basal cerebral, chamado resting-state. O sinal obtido no resting-state € originado pela
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diferenca de sinal emitido pela hemoglobina oxigenada e a desoxigenada (BOLD). Para tal
processamento, utilizou-se o0 programa chamado CONN-toolbox, versdo 18.0
(https://www.nitrc.org/projects/conn). Foi utilizada a sequéncia de processamento padrdo. Ela
consiste em: realinhamento e distor¢do das imagens funcionais; estimativa dos parametros de
movimento e correcdo destes; processo de translacdo para centralizar as imagens funcionais;
correcéo do atraso entre o sinal BOLD e o tempo de aquisi¢do de cada volume; deteccdo de
outliers de movimento e de sinal considerando os parametros de movimento estimados; e
normalizacdo de intensidade de sinal para posterior segmentagdo da imagem funcional. Para
identificacdo de outliers, o limiar para movimentos de cranio estabelecido foi de 0.9
milimetros, com distribuicdo normativa do sinal BOLD da amostra ajustada para 97%°". As
variaveis de movimento foram estimadas utilizando-se o Artifact Rejection Toolbox (ART-
toolbox). Um processo de atenuacdo chamado functional smoothing foi empregado até 8 mm
de FWHM (Full width half maxima). As imagens adquiridas em janela T1 também foram
processadas para melhorar o registro anatdbmico do sinal BOLD adquirido na aquisi¢cdo
funcional. O pré-processamento anatémico foi feito utilizando-se a linha do SPM12
incorporada pelo CONN; empregaram-se: procedimento de translacédo para recentralizar todas
as imagens nas coordenadas (0,0,0), normalizacdo de intensidade de voxels e posterior
segmentacao de tecidos.

Foram utilizados parametros de movimento oriundos do ART-toolbox (scrubbing)
como variaveis de primeiro nivel para eliminacdo da influéncia do movimento sobre o sinal
de interesse®, assim como também empregados os parametros de realinhamento para
regressdo do ruido gerado por esse processo. Para eliminagdo adicional de ruido sobre o sinal
hemodindmico de interesse, empregou-se a estratégia diferencial do CONN chamada corre¢édo
do componente anatémico (aCompCor)®. Tal estratégia reduz o sinal hemodinamico oriundo
da substancia branca e do LCR por meio da identificacdo de suas caracteristicas faixa e
localizacdo. Pelo tratamento estatistico adicional, elimina-se esse contaminante adicional,
deixando-se mais acurado e limpo o sinal BOLD atribuido ao cértex. Sumariamente, esse
tratamento realiza tratamento estatistico por meio de processo de ortogonalizacfes entre o
sinal do cortex e da substancia branca. Foi aplicado um filtro de banda de 0.008 a 0.90 Hz
para eliminar ruido adicional resultante dos processos fisiologicos (pulsacdo de vasos
cerebrais e respiracéo)®”.

Ap0s as etapas inicias, para prosseguir com o processamento de imagem e posterior
inferéncia estatistica, foram definidas regides anatbmicas, a partir do atlas de Harvard-Oxford

disponibilizado com 0 CONN"™, e estipulados como condicdes experimentais longitudinais o
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washout e a THSC. Foi criado o contraste entre THSC > washout para a estimativa das
variagoes longitudinais do metabolismo basal (BOLD rs-FC). Diferengas entre os sujeitos,
como idade e variagdes de sintomas de ansiedade, foram introduzidas como variaveis de
segundo nivel para regressao dos efeitos destas. Os niveis séricos de E2 foram considerados
como a variavel preditora da mudanca no sinal hemodindmico.

Utilizaram-se duas modalidades complementares para a anélise funcional. A primeira
é chamada ROI-to-ROI (regido-de-interesse-para-regido-de-interesse), em que uma semente
localizadora (ROI) e escolhida como fonte de BOLD para localizar variacdes de sinal
pareadas a oscilagdo do seu prdprio sinal. Esse procedimento demanda uma hipdtese a priori,
reduzindo-se assim a taxa de falsos positivos, quando se compara ao tipo de analise chamada
global (whole-brain analysis). A segunda modalidade foi empregada como anélise
complementar do tipo data-driven, intitulada multipattern voxel analysis (MPVA). Essa
abordagem n&o demanda hip6tese previamente definida. E uma anélise do tipo classificatoria
ndo supervisionada de Machine Learning, que visa identificar a area cerebral que abriga os
voxels com a maior diferenca de ativagdo (BOLD) quando comparadas as condicGes
experimentais (THSC > washout). E uma analise guiada pelos proprios dados, muito
semelhante a um omnibus test que aplica testes do tipo F®. Apés identificar-se a regido
anatdmica que contém esses voxels com poder classificatorio, ela foi inserida como semente
para uma busca final de conectividade funcional modulada pelo estradiol (seed-to-voxels).

Todas as andlises foram corrigidas para taxa de descoberta de falsos positivos 0.05 (p-
FDR < 0.05).
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ABSTRACT

Introduction: Gender dysphoria (GD) (DMS-5) is a condition marked by increasing
psychological suffering that accompanies the incongruence between one's experienced or
expressed gender and one's assigned gender. Manifestation of GD can be seen early on during
childhood and adolescence. During this period, the development of undesirable sexual
characteristics marks an acute suffering of being opposite to the sex of birth. Pubertal
suppression with gonadotropin releasing hormone analogs (GnRHa) has been proposed for
these individuals as a reversible treatment for postponing the pubertal development and
attenuating psychological suffering. Recently, increased interest has been observed on the
impact of this treatment on brain maturation, cognition and psychological performance.
Objectives: The aim of this clinical report is to review the effects of puberty suppression on
the brain white matter (WM) during adolescence. WM Fractional anisotropy, voice and
cognitive functions were assessed before and during the treatment. MRI scans were acquired
before, and after 22 and 28 months of hormonal suppression.

Methods: We performed a longitudinal evaluation of a pubertal transgender girl undergoing
hormonal treatment with GnRH analog. Three longitudinal magnetic resonance imaging
(MRI) scans were performed for diffusion tensor imaging (DTI), regarding Fractional
Anisotropy (FA) for regions of interest analysis. In parallel, voice samples for acoustic
analysis as well as executive functioning with the Wechsler Intelligence Scale (WISC- 1V)
were performed.

Results: During the follow-up, white matter fractional anisotropy did not increase, compared
to normal male puberty effects on the brain. After 22 months of pubertal suppression,
operational memory dropped 9 points and remained stable after 28 months of follow-up. The
fundamental frequency of voice varied during the first year; however, it remained in the
female range.

Conclusion: Brain white matter fractional anisotropy remained unchanged in the GD girl
during pubertal suppression with GnRHa for 28 months, which may be related to the reduced
serum testosterone levels and/or to the patient's baseline low average cognitive performance.
Global performance on the Weschler scale was slightly lower during pubertal suppression
compared to baseline, predominantly due to a reduction in operational memory. Either a
baseline of low average cognition or the hormonal status could play a role in cognitive
performance during pubertal suppression. The voice pattern during the follow-up seemed to
reflect testosterone levels under suppression by GnRHa treatment.
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INTRODUCTION

Gender dysphoria (GD), according to DMS-5 (APA-2013), is a condition marked by
increasing psychological suffering that accompanies the incongruence between one's
experienced or expressed gender and one's assigned gender. Diagnostic criteria consider the
individual’s developmental history and fit it for two different diagnoses: childhood (pre-
pubertal) and adolescence or adulthood, the last share the same DSM-5 (APA-2013)
diagnostic criteria. Clinical management is focused on therapy for attenuating dysphoric
feelings about the body, as well as body incongruence. These interventions range from
biopsychosocial approaches to hormonal treatment and sex-reassignment surgery in
adulthood™.

Childhood and adolescence is a critical time for the development of mental disorders.
In this period, GD youths are at high risk of having a clinical diagnosis of depression?,
suicide, self-harm and eating disorders®*, which are strongly related to dysphoric feelings and
to different levels of transphobia exposition®.

Preventing the development of secondary sex characteristics is a crucial part of the
treatment for alleviating gender inconformity in adolescence®®. It is considered a transient and
reversible intervention’ and should be prescribed to GD individuals in the Tanner 2 to 3
stages of puberty development under parents’ consent'®°. Recently, increased interest has
been observed on the impact of pubertal suppression on brain maturation, cognition and

10,11,12

psychological performance . In our study, we aim to evaluate the WM fractional

anisotropy and the 1Q scale in a longitudinal case during pubertal suppression.
Case presentation

An 11-year-old individual, designated a boy at birth, was referred to the Gender
Identity Program (PROTIG). The patient fit the criteria for male-to-female (MtF) GD (DSM-
5) and gender incongruence (ICD-11 inventory)*®, which was translated and adapted for the
Brazilian population®**. At admission, current psychosis, mood disorders, anxiety and global
development disorders were excluded.

The patient was born at term, of normal weight, displayed a male phenotype, and
experienced no intercurrences during pregnancy. The parents confirmed normal

neuropsychomotor development for each of the developmental milestones. At age three, they
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noticed some female behaviors and sought out psychological treatment. They were informed
about a possible DG diagnosis, and the child was kept in psychotherapy to “reverse the desire
of belonging to the opposite sex” until age seven. The patient and parents report that she made
efforts to behave as a boy during this treatment. At nine, she assumed her gender identity and
reported believing that she was born the wrong sex, and she wanted to be a girl.

At 11 years and 11 months old, she weighed 35.5 kg, was 145.5 cm in height and was
in Tanner stage 2, according to male characteristics. The patient’s bone age-was compatible
with the chronological age for both male and female standards. The biochemical and
hormonal laboratory tests were normal for age, born-sex and Tanner stage (testosterone 182
ng/dl, LH 3.3 and FSH 2.2 1U/L). After written consent of the parents and patient for using
GnRHa and for publication of data to scientific article, she started receiving Leuprorelin
3.75mg IM/every 28 days. In the next months, the GnRHa doses were adjusted according to
the clinical signs and hormone levels (last testosterone under GnRHa 29 ng/dl). The affective
and social domains improved during the GnRH treatment; however, the teachers and school
counselors reported some difficulties, specifically in math and exact sciences.

This study was carried out in accordance with the recommendations of the Endocrine
Society Clinical Practice Guideline for the Endocrine Treatment of Transsexual Persons
(2009, updated in 2017), the Standards of Care for the health of transsexual, transgender and
gender-nonconforming people, of the WPATH, (World Professional Association for
Transgender Health), 7th ed, 2012, and the local Research Ethics Committee from Hospital
de Clinicas de Porto Alegre, with written informed consent from all subjects and their
caretakers. All subjects gave written informed consent in accordance with the Declaration of
Helsinki. The protocol was approved by the local Research Ethics Committee from Hospital

de Clinicas de Porto Alegre.
Physical exams and laboratory results

Before treatment and during different periods of follow-up, in addition to
endocrinological monitoring, specific assessments were performed to evaluate the

neuropsychiatric status during GnRHa administration.

Psychological Evaluation
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A standard psychological protocol and psychiatric evaluations were applied for
personality traits, parental style, life-long depressive symptomatology, and overall intellectual
performance assessment at study admission. House-Tree-Person (HTP)®; Kiddie-Sads-
Present and Lifetime (K-SADS-PL) Brazilian version 1.0™; Parental Styles Inventory (PIS)*';
Wechsler Intelligence Scale for Childhood (Brazilian validated version) (WISC-1V)'® were
the chosen instruments.

The K-SADS-PL matched only for major depressive disorder at five, which was the
age of the “conversion therapy”. The HTP was normal for age, signaling the desire to belong
to the opposite sex (female), and the PIS was at percentile 95, which is the optimal parental
style. During the clinical follow-up, that included weekly appointments with a
psychotherapist, the patient did not match clinical criteria for psychiatric comorbidities.

Three evaluations were performed for the WISC-1V: TO, prior to GnRHa treatment,
T1, 22 months and T2, 28 months after pubertal suppression. The same version of the test was
applied by the same professional, and they were performed in the same environment at all set

points.
Longitudinal cognitive WISC-1V evaluation

Comparing the periods of follow-up, a reduction on Global 1Q (GIQ) during pubertal
suppression was observed. In T1, the GIQ was lower than before hormonal treatment (TO0),
and this finding was sustained by the third WISC-IV evaluation. (Table 1).

Table 1

The results of the longitudinal evaluation of the Weschler Scale of Intelligence. A Global 1Q
reduction is observed. At the end of 28 months of treatment, speed processing and memory
remain lower than before GnRHa treatment.

TO- Admission (11 years and 10 months old)

Composite Percentile Confidence Qualitative
Scaled Rank Interval 95% Description
Score
Global 1Q (GIQ) 80 9 76-86 Low Average
Comprehension Index (VCI) 101 53 94-108 Average

Perceptual Reasoning Index (PRI) 79 8 73-88 Borderline
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Working Memory Index (WMI) 83 13 77-91 Low Average
Processing Speed Index (PSI) 68 2 63-81 Extremely Low
T1- (13 years and 3 months old)

Global 1Q (GIQ) 71 3 67-77 Borderline
Comprehension Index (VCI) 91 27 84-99 Average
Perceptual Reasoning Index (PRI) 73 4 68-82 Borderline
Working Memory Index (WMI) 68 2 63-77 Extremely Low
Processing Speed Index (PSI) 74 4 68-86 Borderline

T2- (14 years and 2 months old)

Global 1Q (GIQ) 70 2 66-76 Borderline
Comprehension Index (VCI) 86 18 80-94 Low Average
Perceptual Reasoning Index (PRI) 77 6 71-86 Borderline
Working Memory Index (WMI) 74 4 69-83 Borderline
Processing Speed Index (PSI) 64 1 59-77 Extremely Low

According to the results obtained through the cognitive evaluations, the patient
presented a decrease in their overall intellectual performance after the onset of pubertal block,

pointing to immaturity in her cognitive development (Table 1).

Neuroimaging

A DTI protocol was used to assess the brain’s white matter FA, which is an indirect
evaluation of neuronal fascicule integrity and maturation. The WM microstructure maturation
during puberty was previously reported™®?. The Magnetic Resonance Imaging (MRI) scans
were done on a Philips Achieva 1.5T (Bethesda/Netherlands, 2009) with a dedicated 8
channels head coil. The diffusion weighted MRI images were acquired using a single-shot
spin-echo echo-planar imaging (SE-EPI) sequence: TR/TE/Flip, angle/Pixel Band with
(11,500 ms/80ms/90/1784 Hz); b-value of 0 and 800 s/mm?2 with 32 directions; voxel sizes:
2x2x2mm? (high resolution); matrix sizes 112x112x70, no gaps between slices; and Field of
View between 224x224 mm. The data were collected at TO, T1 and T2.



36

The images weighted by the diffusion tensor were initially inspected for the
identification of possible artifacts generated during acquisition. After the quality control, the
diffusion images and non-weighted diffusion images were co-registered for the correction of
movement and distortions caused by eddy currents. From the co-registered images, non-
cerebral tissue was removed with the brain extraction tool (FMRIB’s Software Library, FSL
version 5.0). The six diffusion tensor elements (3 auto-vectors: v1, v2 and v3 and 3 auto-
values 11, A2 e A3) and consequent fractional anisotropy (FA) maps were calculated using the
DTIFIT, adjusting the data for a tensor diffusion model for each voxel. The colored FA map
was used for visualization of the tensor orientation, respecting the white matter tract anatomy.

To extract the mean FA value of the genu of the corpus callosum (CC), the white
matter (WM) John Hopkins University Atlas JHU-ICBM-labels-1mm was co-registered with
each individual FA map (from TO, T1 and T2). The JHU-FA image, which the JHU-ICBM-
labels-1mm is aligned with, and the FSL FA template were co-registered using an affine
transformation to reduce any misalignment between the chosen atlas and the FSL FA
template. The JHU atlas was co-registered to this template by applying the resulted affine-
registration matrix to the JHU-ICBM-labels-1mm (Figure 1). After non-linearly registering
the FA template to each individual FA map, the genu of the CC from the template-aligned
JHU-ICBM-labels-1mm could also be non-linearly transformed to each individual FA space.
Finally, the mean FA from this region of interest (ROI) at each time point could be extracted

and compared.
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Figure 1. The DTI-based white matter atlas JHU-ICBM-labels-1mm (colored in
transparency) before (a) and after (b) affine-co-registration with the FSL FA template (in gray
scale): co-registration corrected the misalignments (white arrow) between the two images
before the atlas transformation to the individual space.

Similarly, further mean FA estimates were performed for the hippocampal cingulate
fascicule and the splenium of the CC, bilateral, using the JHU-ICBM-labels-1mm. The FA
estimates were also performed for the bilateral uncinate fascicule from the WM atlas JHU-
ICBM-tracts-prob-1mm, which has better fascicule representation, following the steps
described above. Figure 2 presents similar FA values for the different ROIs during the follow-
up. The mean FA values of the CC’s splenium was 0.710+0.159 before treatment,
0.707+0.166 for T1, and 0.704+0.162 for T2. The mean FA values for the hippocampal
cingulate fascicule for TO, T1 and T2 were: 0.356+0.141 (l:left) 0.371+£0.151 (r:right);
0.374+0.143 (1), 0.381+0.164 (r); and 0.394+0.143 (l) 0.383£0.150 (r), respectively. For the
uncinate fascicule, the results of mean FA values for TO, T1 and T2 were: 0.409+0.180 (I),
0.418+0.183 (r); 0.443+0.202 (), 0.454+0.175 (r); and 0.410+0.179 (1), 0.412+0.179 (r),

respectively.
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Figure 2. The longitudinal FA variation for different regions of interest. The atlas showing the
locations for the (a) genu of the CC, (b) splenium of the CC, (c) uncinate fascicule right r/l,
and (d) cingulate hippocampal fascicule r/I.

The FA of the genu of the CC, using the JHU tract probe in MATLAB, presented
small variations between TO, T1 and T2 (T,=0.523473; T,=0.507267; T3=0.491564), toward
FA reduction. After adjusting by the JHU tract probe FSL, the analyses were similar among
the periods of assessment (T,=0.504+0.216; T,=0.493+0.205; T,=0.502+0.2066), as well as
after the JHU/Labels, Imm (T,=0.59+0.221; T;=0.583%0.210; T,=0.591+0.207), without a

reduction trend (Figure 2).

Voice evaluation

The voice collections were performed at four time points (before treatment and the
eighth, seventeenth and twentieth month of treatment) by means of a sustained vowel/a/. The
voice was recorded directly on the computer. The microphone was positioned at an angle of

90 degrees from the mouth, and the same distance of four cm between the microphone and
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mouth was maintained to avoid signal interference. The patient was instructed to emit the
vowel sound in a usual tone and intensity. For the acoustic analysis, the first five seconds of
the vowel/a/ were used, excluding the beginning of the broadcast so that the vocal attack did
not interfere with the data analysis.

The measurements were obtained through the Multidimensional Voice Program
Advanced software (MVDPA), Kay Pentax®. We considered the following measures: the
mean fundamental frequency (f0) that corresponds to the velocity of the vocal fold vibration
(number of glottal cycles per second), the maximum fundamental frequency (FHI), and the
minimum fundamental frequency (flo). This measure is directly related to the length, tension,
rigidity and mass of the vocal folds during their interaction with the subglottic pressure,
which reflects the biomechanical characteristics of the vocal folds. Normal values vary
according to sex, age, and physical and laryngeal structures. In Brazil, the reference values
are: 80 to 150 Hz for men, 150 to 250 Hz for women and above 250 Hz for children®.

Other measures used were those of frequency disturbance (jitter). The measure of jitter
is the fundamental frequency variation in consecutive cycles that reflects the irregularity of
the mucosa vibration of the vocal folds. There are different ways to extract these measures,
such as those used in this study: Jitter percentage (Jitt), average relative frequency of
disturbance (RFD), and pitch perturbation quotient (PPQ). The intensity or shimmer
disturbance corresponds to the amplitude variation in consecutive cycles that is present to a
certain degree in all vocal samples.

The period of collection of the vocal samples and the results of the acoustic
measurements of the voice are shown in Table 2. The voice fO varied during the first
seventeen months of treatment, with a decrease of approximately 30 Hz. Then, in the last
assessment there was an increase in the f0. The shimmer was not modified. The other
measures (jitter and PPQ) also confirmed the variability in the fundamental frequency that

occurred during the evaluation period.

Table 2
The longitudinal vocal acoustic measures according to the period of collection of the vocal
sample

Voice Acoustic Timel Time 2 Time 3 Time 4 Threshold
Measures Before GnRHa  After 8 mo After 17 mo After20mo  Value
GnRHa GnRHa GnRHa

Mean 218.682 192.181 187.643 222.98 Average in



fundamental
frequency (Hz)

maximum 229.100
fundamental

frequency (Hz)

minimum 207.321
fundamental

frequency (Hz)

Jitter 1.196 %
percentage (Jitt)

(%)

Average 0.718%
relative

frequency  of
disturbance

(RFD) (%)

pitch 0.725%
perturbation

quotient (PPQ)

(%)

Shimmer (dB) 0.343

217.98

174.799

0.943%

0.488%

0.682

0.356

278.979

91.64

1.341%

0.781%

0.868%

0.528

242.234

214.564

0.729%

0.435%

0.438%

0.232

Brazil: 150-
250 Hz for
women; 80 -
150 Hz for
men; above
250 Hz for
children.

1.040*

0.680*

0.840*

0.350*

*Threshold Value: mean values offered by the acoustic analysis program.

40
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BACKGROUND

Hypothesis of puberty suppression impact in brain white matter

Several studies have been performed in recent years regarding brain changes during
puberty, especially when evaluating sex differences'®?®?*%_ The DTI approaches are a useful
tool for evaluating WM microstructure regarding brain maturation. Sex steroids have been

observed to impact axons myelinization and WM microstructure?24?®

, In part due to their
effects on axonal protein synthesis®. Previous studies have found a positive correlation
between age and FA in boys during puberty®®, which can be related to the effects of
testosterone in axons®’. Other DTI measures, such as the mean diffusivity (MD) and magnetic

transfer ratio (MTR) are similarly related to WM maturation™®®

regarding pubertal
development. In addition, MD and FA show a trend to be inversely correlated®?®. Taken
together, these findings suggest a role between puberty and brain maturation, and WM
maturation related to androgen exposure during puberty may, at least in part, be accessed by
FA. Although there is not a consensus about FA, several studies used it as an experimental

measurelg,23,26,27,28.

Cognitive skills from childhood to adolescence under normal circumstances

The Wechsler tests are among the most widely used instruments for ascertaining
intelligence in different populations®*. Evidence for Wechsler Scale validation, considering
age as a criterion, is grounded on a theoretic and practical presuppose that intelligence grows
between the ages of 8 and 16. The validation for the Brazilian population demonstrated that
most of the WISC-IV subtests had a positive and significant correlation with age, indicating
that there is a trend for 1Q augmentation*® with aging. The 1Q temporal stability between the

test and re-test is more reliable according to the individual’s age at the first testing.

Review of similar cases: pubertal suppression

Staphorius et al. (2015)* conducted a study in a GD adolescent group under hormonal
suppression to investigate the impact of pubertal suppression on executive function (EF).
They compared GD adolescents under GnRHa treatment to GD adolescents undergoing

physiological puberty and compared them to male and female control groups. They used the
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Tower of London test and found a negative impact of pubertal suppression on EF. However,
they also associate this outcome with a lower 1Q before GnRHa treatment.
Recently, studies have shown additional data regarding the impact of steroid

113031 In an animal study with pre-pubertal castrated sheep™’,

deprivation during puberty
researchers reported an impairment in long-term spatial memory that was not reversed by
subsequent hormone replacement treatment. Additionally, a global 1Q decrease (WISC-III)
was reported in a longitudinal follow-up of girls with central precocious puberty® treated with
GnRHa. Finally, a third study correlated verbal skill impairment to pubertal suppression in a

GD group®.

DISCUSSION

In the present study, we report the lack of significant variation in brain WM FA during
pubertal suppression with GnRHa treatment for 28 months in a GD girl. WM brain maturation
in some areas during physiological pubertal progression in boys has been previously
reported*®?°. However, the effects of blocking puberty on brain development and cognition in
GD youths still lack conclusive studies®*2. The differences in the cognitive skills of boys,
girls and GD individuals were previously partially attributed to sexual steroid arousal®. To
our knowledge, this is the first case reporting brain WM and WISC-1V variations during
pubertal suppression in a GD youth.

The white matter’s FA augmentation during adolescence was previously related to the
pubertal stage in male groups®’. Furthermore, Herting et al., 2017 have recently reported a
robust statistical model investigating the age-by-sex interaction and gonadal correlation with
Fractional Anisotropy, and FA seems to be associated with pubertal development®. The
above-mentioned ROIs were chose considering prior publications. The splenium and genu of
the CC show an earlier and more rapid increase in FA approximately 11 years old, while
variations in FA in other areas are slower, such as for the uncinate and cingulate?”. Other DT
studies also identified continuous WM microstructural developmental changes during
adolescence to adulthood®. The Tanner stage is an accurate parameter for pubertal evaluation.
Prior studies associated this scale to CC’s structure and morphology*®. The results presented
here show no increase in the WM FA in a GD girl with suppressed serum testosterone on
brain plasticity during male puberty.

The patient’s GIQ (global 1Q) was further slightly reduced during the follow-up with
GnRHa treatment. In fact, the low average GIQ together with impairment in the perceptual
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organization of intelligence and processing speed index presented even before treatment (TO)
suggest that any neurodevelopmental immaturity may have been potentiated by pubertal
suppression. Some changes at the functional levels in 1Q (e.g., operational memory and EF)
can be generally explained by the psychosocial environment or psychopathological

Status37,38,39,40,41

. However, the GD girl did not fully meet any criteria for psychiatric
comorbidity during the evaluations. Furthermore, she has shown an improvement in her
affective and social life due to the prevention of sexual secondary characteristics arousal.

Some questions emerge from these findings, especially regarding the influence of sex
steroids on cognition during puberty. It is likely that the structural and microstructural
changes in the brain during adolescence, as discussed above, may interfere on the
achievement of complete cognitive potential. Indeed, IQ was recently associated with inter-
hemispheric and intra-hemispheric connectivity. Children with high 1Q were also those who
presented higher FA in some bundles, such as the CC genu and splenium®. These findings
highlight the importance of gonadal steroids in brain structure and cognition, and seems to be
in accordance with prior study?®. Neuronal plasticity conferred from sex steroids during
puberty may be critical, especially during this period.

Also, it is well known that the brain has different androgen receptor (AR) density, or
even lack of AR, along specific areas of white matter and grey matter***. In addition, there
might be a synchronism between gray matter and WM development during adolescence®, and
these substances might response intrinsically to sex steroids during physiological puberty. In
this sense, a plausible explanation for the GIQ decrease should consider a disruption of the
synchronic development of brain areas by pubertal suppression. Nevertheless, this is only a
speculative discussion about cognition and testosterone. Cognition is more than WISC-IV
subtests, and at the present the mechanism for the GIQ decrease observed in this case remains
uncertain.

Finally, the patient described here presented a decrease of approximately 30 Hz in the
fundamental frequency of the voice during the first year of GnRHa treatment, remaining in
the female range. Sex hormones have a substantial influence on voice quality, and
testosterone may induce chances in vocal folds, which are parallel to voice pattern changes
for fundamental frequencies. At puberty, boys' vocal fold grows up to 1 cm, leading to an
average lowering of the fundamental frequency by one octave. In girls, the vocal fold grows
less than 4 mm. In this case, the fundamental frequency variation occurred mainly in the first
year, and the mean fundamental frequency maintained in the female range during the pubertal

suppression. Thus, the testosterone influences over the fundamental frequency results in
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changes in the voice tone*®*’.

One limitation of the present study is the lack of a paired control without hormone
intervention. However, this case report points out the timing interactions between brain
maturity, as assessed by FA, cognition and pubertal suppression, and provides us some clues

that brain maturation depends also on sex steroids.

CONCLUSION

Brain white matter fractional anisotropy remained unchanged in a GD girl during
pubertal suppression with GnRHa treatment for 28 months, which may be related to reduced
serum testosterone levels. The global performance in the Weschler scale was slightly lower
during pubertal suppression compared with baseline, predominantly due to the reduction in
operational memory. Either a baseline of a low average cognition or the hormonal status
could play a role in cognitive performance during pubertal suppression. The variation in voice
frequency was consistent with the testosterone levels and peripheral testosterone effects, as
seen in vocal folds. Further longitudinal clinical studies comparing DTI parameters and
cognition among TG adolescents under puberty suppression and age-matched controls with
physiological pubertal development are needed in order to confirm the present findings and
support the hypothesis on the impact of sex hormones on cognition and brain maturity during

developmental stages.
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ABSTRACT

Background: The extreme incongruence between sex and gender identity leads
individuals with gender dysphoria (GD) to seek cross-sex hormone therapy (CSHT) and
gender-affirming surgery (GAS). While a few studies investigated the effects of CSHT on
brain before GAS, there are no studies evaluating its impact during transient hypogonadism in
post-GAS individuals. Here, we aimed to understand the effects of CSHT in resting-state
functional connectivity (rs-FC) of the sensorimotor cortex (SMC) following surgical
hypogonadism. Methods: To fulfil this purpose, eighteen post-GAS (male-to-female)
volunteers underwent functional magnetic resonance imaging (fMRI), neuropsychiatric and
hormonal assessment at two time-points (t1: hormonal washout/t2: CSHT re-introduction).
Based in literature, thalamus and right caudate were selected as seeds and sensorimotor cortex
as a target for seed-based investigation using Principal Component Analysis (PCA).
Complementary data-driven approach using multivoxel pattern analysis (MVPA) was
conducted to identify a seed for further rs-FC analyses. Results: Increased coupling between
left thalamus—SMC was found during CSHT. Furthermore, estradiol levels affected rs-FC
between right caudate-SMC and left thalamus—SMC. MVPA identified a cluster within the
Subcallosal Cortex (SubCalC) to represent the greatest variation in functional activation
between time-points. Setting it as seed, seed-to-voxel analysis showed a decoupling between
SubCalC-MidFC during CSHT. Conclusions: These results indicate that CSHT after GAS
seems to modulate rs-FC in regions engaged in cognitive, emotional and sensorimotor
processes. Therefore, this study might provide additional evidences of the role of sex

hormones in neuroplastic compensation regarding sex hormones deprivation.

INTRODUCTION

Gender dysphoria (GD) is characterized by incongruence between the sex assigned at
birth and the gender identity perceived by the individual. People who experience profound
gender incongruence are referred to cross-sex hormone therapy (CSHT) and gender affirming
surgery (GAS). CSHT avoids the surge/decrease the expression of secondary sex

characteristics via inhibitory feedback on the hypophysis and hypothalamus, while
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stimulating the desired secondary sex characteristics in peripheral tissues. Apart from its
peripheral effects, sex hormones are also known to be neuroactive, with several studies
demonstrating the impact of CSHT on the white matter and gray matter structure'™,
Furthermore, CSHT has been associated with increased quality of life, improved mood
symptoms(1; 2), reduced suicidal ideation and improved depressive symptoms during the
gender affirming process(3). These benefits might go beyond the attenuation of dysphoric
feelings, since sex hormones exert large scale effects over neuronal networks, including
networks involved in cognitive and emotional regulation(4; 5).

Although there is concern about the role of sex hormones in depression and cognitive
decline(6; 7), there is a lack of literature investigating the impact of the transient state of
hypogonadism that follows GAS, specifically with regards to resting state functional
connectivity (rs-FC). Kenna et al. (2008) demonstrated that menopause-related estrogen
decline was associated with a disruption in the integrity of the cholinergic and dopaminergic
synapsis within the thalamus(8). In this experiment, estradiol therapy was followed by an
increase in functional connectivity in the thalamus(8). Despite the paucity in the literature
regarding the impact of hormonal suppression on rs-FC in men, androgenic suppression with
gonadotrophin release hormone analogue (GnRHa) has been correlated with reduction in
GMV in the primary sensory cortex, dorsolateral prefrontal cortex, and frontal pole in men
treated for prostatic cancer(9). After GAS, some individuals describe experiencing
hypogonadal and anxiety-like symptoms in the absence of CSHT. We speculate that these
symptoms may be related to changes in rs-FC of regions prone to the influence of sex
hormones, such as the somatosensory cortex (SMC) and thalamus(8; 10).

Resting state functional magnetic resonance imaging (rs-fMRI) is a powerful tool used
to map brain functional activity for several purposes, such as per-operative mapping for
neurosurgery(11; 12), and studying neurological and psychiatric conditions(13)(14). Resting
state functional connectivity (rs-FC) is a modality of fMRI analysis that investigates blood
oxygen-dependent levels (BOLD) in two or more brain regions looking for temporally
correlated changes in BOLD signal, hereby referred as “functional connectivity”. Discrete
brain regions may have correlated or coupled connectivity, or anticorrelated or decoupled
connectivity. In the field of neuroendocrinology(15)'(16), fMRI has been applied to research
in gender unconformity(17), because it is a suitable measure to investigate dynamic changes
in both physiological and pathological conditions. Although we are unaware of any studies
evaluating the impact of CHST on rs-FC after-GAS, one study by Nota et al. (2017)*
investigated the effects of CSHT on rs-FC during gonadal suppression. When GD individuals
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were exposed to GnRHa, the functional connectivity values of the right caudate in transgender
individuals had a trend to be in-between the values presented by men and women under
normal hormonal conditions (within working memory network).

Given the abundance of estrogen receptors (ER) in the primary SMC and the increase
in functional connectivity in the thalamus following estradiol therapy in menopause(8), these
brain regions are of potential interest when investigating the modulatory effects of CSHT
after GAS. Additionally, the SMC has been claimed as regions more susceptible to sex
hormones than to sex differences, given the importance of the effects of CSHT in this
network(18). Anatomically, the SMC receives afference from peripheral sensorial stimulus,
such as thermic, tactile and vibratory sensations, after they pass thru the thalamic relay(19).
Notably, interoceptive processes perceived during anxiety states share clinical features with
hypogonadism symptoms with respect to sweating and vasomotor symptoms, symptoms that
have been associated with rs-FC of the thalamus(20). A second region of particular interest is
the right caudate, given that Nota et al. (2017)* showed that it seemed to be influenced by sex
hormones suppression.

The main objective of the present study is to evaluate the impact of CSHT after GAS
in the rs-FC of the SMC. To fulfil that purpose, a functional connectivity analysis was
performed using the bilateral thalamus and the right caudate as seed regions, while the SMC
was used as target. We used a seed-based approach employing Principal Component Analysis
(PCA) to investigate rs-FC in region-of-interest to region-of-interest (ROI-to-ROI) analysis.
Functional data analysis was complemented using a multivoxel pattern analysis (MVPA) to

generate a seed for further seed-to-voxel analysis.

METHODS

Patients: Eighteen transwomen (male-to-female) who had undergone GAS were
selected from a specialized outpatient program for gender incongruence (Programa
Ambulatorial Transdisciplinar de Identidade de Género - PROTIG) from the Hospital de
Clinicas de Porto Alegre, from February 2017 to February 2018. Participants were between
the ages of 21 and 60 years old. Exclusion criteria included 1) the use of antidepressant, mood
stabilizer, antipsychotic, or anticonvulsant drugs in the last 90 days; 2) presence of depressed
mood, anxiety, panic or obsessive-compulsive disorder, as assessed through clinical
interviews conducted by psychiatrists; 3) current substance use disorder; 4) history of head

injury with loss of consciousness or sequels; 5) any contraindication to MRI. Five
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participants were current cigarette smokers, but they agreed to reduce tobacco consumption as
tolerable for the last week, and to avoid smoking 24 hours before the MRI scans, if no
withdrawal symptom was presented. None of the individuals were HIV positive with
detectable viral load or decreased CD4; HIV serologic and treatment status was confirmed by
clinical records. Participants were also instructed to avoid caffeine intake within 12 hours
before the MRI scans. One participant was excluded due to brain anatomical variation. All the
patients were right handed according to the Edinburg Handedness Inventory(21).

This project was approved by the ethics review board of the Hospital de Clinicas de
Porto Alegre, and participants gave signed informed consent according to the Helsinki
declaration. Participants agreed to stop CSHT for at least 30 days prior to the MRI scans: this
relatively short period took into consideration ethical concerns regarding depriving patients
from hormonotherapy.

MRI scans, cognitive evaluations, mood and sleep evaluation, laboratorial
assessments: Participants underwent at least 30 days of wash out period of CSHT. Three
participants were evaluated 60 days after interrupting CSHT because they were using depot
intramuscular formulations when accepted to enroll in the study. After completing the
hormonal washout period, participants underwent MRI scan, mood and cognitive assessment,
as well as and blood sampling (washout, time-point 1). Blood sample collection and MRI
scans were done in the same day; and cognitive assessments were done within the same week
of the MRI scans. After the baseline MRI scan, participants received estradiol prescription for
60 days (estradiol valerate or conjugated equine estrogen) depending on availability in the
public health care system. Two participants received transdermal 17p-estradiol. Dosages were
individualized according to clinical response. The same imaging, clinical, neuropsychological
and laboratory assessments were repeated after 60 days of CHST (post-treatment, second
time-point).

Neuropsychological evaluation: At the first and second time-point, participants were
evaluated for anxiety and depressive symptoms with Hamilton Rating Scales for anxiety and
depression(22; 23). Although participants did not present with mood and anxiety disorders
when evaluated by a psychiatrist, this scale application was used to account for potential
somatic anxiety symptoms frequently reported by the subjects during CSHT adjustment. Full
scale intelligence coefficients (FSIQ) were measured in the two time points using Wechsler
Adults Intelligence Scale (WAIS-111)(24).

MRI protocol: All subjects were scanned in a Philips Ingenia 3.0 T MR system (Best,
Netherlands, 2015) using a 32-channel head coil. A rs-fMRI and a high-resolution structural
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sequence were acquired from each individual before and after CSHT. The rs-fMRI sequence
was an echo planar imaging (EPI) with 36 slices of T2* weighted images with the following
acquisition parameters: TE = 30 ms, TR = 2000 ms, flip angle 90°, 80 x 80 matrix, in-plane
voxels size = 3.5 x 3.5 mm, slice thickness = 3.5 mm, gap slice spacing = 0.35 mm, FOV =
240 mm, lasting for 6:12 min. Structural images were acquired using a T1l-weighted 3D
magnetization prepared rapid acquisition with gradient echoes (MPRAGE) sequence with 200
sagittal orientation slices, flip angle=8°, TE = 3.9 ms, TR = 8.5 ms, T1 = 900 ms, flip angle =
8°, 256 x 256 matrix, matrix size = 272 x 272, in-plane voxel size 0.94 x 0.94 mm, slice
thickness 0.94 mm, no gap, FOV =256 mm, lasting for 5:02 min.

Laboratory Analysis: Venous blood samples were collected between 8 a.m. and
10 a.m. Estradiol was measured by electro-chemiluminescence immunoassay (ECLIA, Roche
Diagnostics, Mannheim, Germany), with assay sensitivity of 5.0 pg/mL and intra- and
interassay CV of 5.7 and 6.4% respectively. Dehydroepiandrosterone-sulfate (DHEA-S) was
measured by chemiluminescence (CLIA, Immulite 2000 Siemens), with sensitivity of 0.10
pg/dL, intra- and interassay coefficients of variation (CV) of <5%. Follicle Stimulating
Hormone (FSH) and Luteinizing Hormone (LH) were measured by chemiluminescence
immunoassay (CentaurXP, Roche Diagnostics, Mannheim, Germany), with sensitivity of 0.10
mIU/mL, intra-assay coefficient of variation (CV) of <3% and interassay CV of <5%.

Functional MRI data preprocessing: Resting state functional connectivity (rs-FC) data
was analyzed with CONN toolbox (version 18)(25). The default pipeline was used for
functional realignment and unwarp for subject motion estimation and correction; functional
images were centered to (0,0,0) MNI coordinates applying a translation process; slice-time
correction was applied for ascending slices acquisition according to the acquisition set,
avoiding delay in the activation signal due to delayed acquisition. ART-toolbox was used for
functional outlier detection, using an intermediate setting of 97th percentile, with a 0.9 mm
threshold for motion. The structural and functional images were segmented and normalized
with a simultaneous segmentation and normalization for Gray/White matter and CFS, and
normalization to MNI maps. The respective structural and functional target resolution were of
1 mm and 2 mm. Functional smoothing was used to spatial convolution with Gaussian-Kernel
of 8 mm. First levels covariates originated from this process were checked for quality of the
data, so motion and outliers could be added as first level covariates. No participant had to be
excluded due to excessive motion or excessive number of invalid scans. A block design
(Washout/Estradiol) was used to compare conditions. Primary Component analysis (PCA)

with additional anatomical component-based noise correction method
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(aCompCor)(26),(27),(28) was applied to obtain signal from the CSF and WM. Harvard-
Oxford Atlas available with CONN (Desikan et al. (2006))(29) was used to extract signal
from the regions of interest using average time series extraction. The confounds during the
denoising process included white matter, CSF, realignment, QA time series and scrubbing. By
default, CONN orthogonalizes subject’s specific ROI noise (WM ad CSF) to decrease type |
error. A Band-pass filter (0.008 — 0.09); linear detrending was applied during noise filtering
from physiological sources as additional denoising step. Functional connectivity analysis was
carried out using a GLM weighted model, with a zero-lagged bivariate linear correlation in
order to prepare data for seed-based connectivity analysis second level analysis. Also, data
driven analysis were prepared for voxel-to-voxel first level analysis in order to perform
group-MVPA (multivoxel pattern analysis)(30; 31), a machine learning classificatory
approach. Group-MPVA was done using 4 factor and 64 dimensionality reduction,
considering group differences between pre and post CSHT conditions and adjusting just for
age differences. The rational for this additional step is to confer new brain regions candidates
for posterior studies from data.

Statistics: Clinical and laboratorial data were analyzed with R software

(http://www.R-project.org/, v 3.4.1). Normality of the variables was assessed by the Shapiro-

Wilk test. Paired T test was used for normally distributed variables, and Wilcox Rank test was
used to analyze non-parametric data.

Rs-FC second level analyses were done with CONN graphic interface user using two
complementary approaches: Seed-based (1) ROI-to-ROI analysis for seed(8; 32; 33) and
targets a priori defined from literature(10; 19; 34), and (2) seed-to-voxel analysis using a seed
originated from data-driven group-MPVA classificatory strategy. In the first approach (1), we
first designed a contrast between washout and CSHT condition to conduct t-tests; further, we
proceed with regression analysis using estradiol serum levels to predict changes in rs-FC in
ROI-to-ROI analysis. A priori, bilateral thalamus(8) and the right caudate(34) were defined as
seeds, and the somatosensory cortex was defined as target of interest. Age and anxiety levels
were added as variables of no interest in t-test and regression analysis. For both T-test and
regression analysis, Hamilton anxiety scores were added as variable of no interest. Although
anxiety scores medians did not differ between time-points, this was considered a reasonable
approach because seven participants showed moderate HAM-A levels during washout. Thus,
we aimed to control the effects of physical anxiety over the sensorimotor cortex. All the
results were corrected for multiple comparisons for False Discovery Ratio (FDR). At last, we

ran a second level (2) seed-to-voxel analysis using the subcallosal cortex (SubCalC) as seed,
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entering age as a variable of no interest. SubCalC (-4 +26 -16) selection was based on the
cluster originated from the analysis of the first component of MVPA. Briefly, MPVA
implemented by CONN uses PCA to classify voxels with the greatest differences in peak-
activation between the experimental conditions; here, MPVA was done using group
comparison between pre and post CSHT conditions adjusting for age (t-test). Statistical
significance for both MVVPA and seed-to-voxel analysis was thresholded at <0.001 for height,

with further cluster-size correction adjusted at 0.05 (cluster-size p-FDR<0.05).

RESULTS

Sociodemographic features

Table 1 presents clinical, hormonal and psychological profile of participants. The
mean age of participants was 40.2 years (£ 8.9 years); mean years of education was of 10.2
years (x 3.3 years). All participants were right-handed. As expected, estradiol, DHEA-S, and
FSH serum levels changed significantly during CSHT. The FSIQ mean in admission of the
study was 96.5 (x 6.0). Two participants completed GAS 8 weeks before the study, while the
others completed GAS more than 6 months prior to the study.

~-- Table 1 ---

Neuropsychologic assessment

Anxiety and depression scores after the washout (WO) period and the re-introduction
of CSHT are presented in Table 1. No significant changes in HAM-D or HAM-A scores were
observed after CSHT. There was a slight increase in FSIQ after CSHT (p=0.04), which is
probably attributed to learning bias.

Resting State Functional Connectivity

ROI-to-ROI:
ROI-to-ROI analysis revealed a significant effect of CSHT on rs-FC (Table 2).
Compared to washout, CSHT showed significant increase in the rs-FC between the left

thalamus and bilateral sensorimotor cortex (p-FDR_e=0.0027; p-FDRRrign=0.0196). Further,
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including the variation in estradiol levels as a predictor, bilateral correlated rs-FC were seen
between (1) the right caudate and right (p-FDR= 0.0066) and left (p-FDR 0.0066)
sensorimotor network (Fig 1.A-B); (2) between left thalamus and the left (p-FDR 0.0094) and
right (p-FDR 0.0320) sensorimotor network (Fig 1.C-D) (Table 2). Full scale intelligence
coefficient inclusion did not affect the analyses. In addition, excluding the two participants
that completed GAS 8 weeks before the study did not change the results.

- Table 2 ---

--- Figure 1 ----

Multi-voxel pattern analysis (MVPA):

The MVPA classificatory analysis identified a cluster within the subcallosal cortex
(SubCalC) as the most useful for classification between washout versus CSHT (p-FDR=
0.0017). Figure 2 shows T-test effect size the and the contribution of each participant on

BOLD signal reduction in a cluster within the SubCalC.

--- Figure 2 ---

Seed-to-voxel:

Using seed-to-voxel analysis, we defined the SubCalC as seed in a whole brain
analysis and found decreased rs-FC between the subcallosal cortex and the medial frontal
cortex (MNI coordinate: -04 +50 -24; voxel size 313, p-FDR 0.001; T min 4.07) (Table 3)

(Fig 3).

--- Table 3 ---

--- Figure 3 ---

DISCUSSION

We investigated the effects of CSHT on brain connectivity after-GAS in women with

GD pre and post-CSHT. The hypothesis that E; modulates the somatosensory network post-

GAS was confirmed with changes in the rs-FC in right and left sensorimotor cortex. These
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results are aligned with previous studies that showed estradiol influence over the functional
connectivity of the somatosensory network(18) and thalamus(8) in people without GD. Also,
our data-driven analysis suggests that SubCalC, a brain region related to emotional
processing(35), is under the influence of sex hormones. This finding contributes to further
seed-based investigations, as well as therapeutic targets, regarding plastic mechanisms for
emotional regulation in people with GD. To our knowledge, only one previous study
evaluated the effects of CSHT in adult’s brain functional connectivity during
hypogonadism(32).

Nota et al. (2017)(32) investigated rs-FC in a priori defined brain networks. In the first
part of the experiment, they aimed to assess the influence of sex hormones in rs-FC, therefore
suppressing endogenous sex hormones with GnRHa. During this condition, although not
significant, the rs-FC of the right caudate of individuals with GD fell in-between the
connectivity values presented by men and women. This was no more observed after CSHT
introduction. Therefore, they suggested that the caudate was prone to sexual dimorphism.
Beyond brain dimorphism, we provide a complementary hypothesis according to our findings:
changes in the right caudate connectivity might be a compensatory mechanism to deal with
sex hormones deficiency. Furthermore, there are a few considerations to do when comparing
the studies. First, Nota et al. (2017) searched for differences in connectivity within the
selected networks, rather than looked for ROI-to-ROI connectivity outside those networks.
Second, we investigated effects of hormonal deprivation without introducing potential
confounding factors (eg, GnRHa), what could itself interfere with rs-FC, as stated by authors
of that study.

In addition to a possible role on brain sexual dimorphism, the caudate has been
implicated in motricity(36) and in cognitive tasks performance(37; 38). Functional and
anatomical studies correlated better cognitive outcomes to an increase in functional
connectivity of caudate nucleus(39), while worse cognitive performance was correlated to
gray matter atrophy(37). Further, age-related decline in caudate volume is associated to
poorer outcomes in memory tests(38). In this regard, Kenna et al. (2008) demonstrated that
estradiol therapy in menopaused women was correlated to an augmentation in the thalamus-
caudate functional connectivity, probably due to maintenance of cholinergic and
dopaminergic synaptic integrity (8). This finding was considered a possible link to explain
age-related cognitive decline in menopause.

The dopaminergic agonist pramipexol showed to effectively modulate the functional

connectivity between the caudate and SMC(40). This modulation is probably related to the
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high concentration of dopamine receptors in these areas(41). The coupling between SMC
and the right caudate promoted by CSHT in our experiment also creates the opportunity for
further discussion regarding the contribution of motor neurons in synaptic feedback during
learning process(33). More superior performance in finger-tapping task in post-menopausal
women using estrogen hormone therapy suggests that E; may exert a protective role over
motor cortex, probably due to the attenuation of aging effect in motor networks(42; 43).
Therefore, this might indicate estradiol-related neuroplastic effects that are propagated to
connectomes encompassing motor networks. Among the possible neuroprotective
mechanisms of E, therapy in the SMC, the glutamate re-uptake system is a potential
candidate, given the existing background originating from research in animal models(43; 44).

The thalamus is involved in the integration and modulation of motor and sensory
information from the body(33). Due to its role as a gateway for contralateral body
information, and projection to major sensory cortical areas(45; 46), there is a plausible
rational for the increase in functional connectivity between SMC and thalamus observed
during the correction of hypogonadism in our participants. Plastic adaptations in this rs-FC
seems to reflect neuroplastic and neuroprotective effects of sex hormones, therefore allowing
the thalamus to emerge as a promising research target extended for people without GD as
well.

As an alternative hypothesis, there has been a recent discussion about the presence of
sexual dimorphism in the rs-FC of the somatosensory network and the postcentral gyrus.
Ritchie et al (2018)(47) analyzed a populational data-base consisting of 5216 individuals for
sex differences in brain connectivity. When compared to men, women presented with
decreased rs-FC in the somatosensory and greater rs-FC in the dorsal part of the anterior
cingulate cortex, the posterior cingulate cortex and some cerebellar areas. Similarly, sex
differences for the somatosensory cortex were previously detected by Biswal and cols (2010)
also indicating decreased rs-FC in the SMC of women(48). Thus, it is plausible that CSHT
after GAS approximates the values of the rs-FC in the SMC to values similar of those
presented by cis-women.

Finally, using a classificatory analysis with MVPA to compare brain activation
between time-points, we identified a decreased resting state activity within the SubCalC
during CSHT. The SubCalC lays between the anterior cingulate cortex and is a part of the
limbic lobe. It mediates cognitive and emotional processing — making it a central component
of emotional regulation(49), as well as a potential biomarker to predict neurocognitive

outcomes during treatment of depressive disorders(35), and potential target for treatment
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resistant depression(50). Using the SubCalC as a seed to investigate rs-FC in seed-to-voxel
analysis, we found it to be functionally decoupled with the middle frontal gyrus (MidFG)
under CSHT. Interestingly, the deactivation of SubCalC(51) and portions of medial frontal
cortices(52) are part the mechanism associated to emotional and cognitive regulation in
individuals with depressive disorder(53).

The existence of studies associating the SubCalC and MidFG to emotional cognitive
processes in individuals with depression might flag neuroplastic adaptation promoted by
CSHT. Considering evidences showing increased relative risk for depression in men and
women after sex hormones deprivation(7; 54; 55), we reinforce the hypothesis that
neuroplastic adaptations in the level of rs-FC might be related to compensatory mechanisms
concerning emotional and cognitive processes, as consequence of the correction of acute and
short-lasting hypogonadism. This adaptation could partially explain the emotional
improvements(2; 3) following the beginning of gender affirming process (even before
surgical transition) by means of deactivation of SubCalC, or by means of decoupling
SubCalC-MidFG rs-FC.

A strength of this study is its longitudinal design. This is the first longitudinal study
demonstrating the impact of CSHT on the rs-FC of somatosensory cortex after GAS. In
addition, all participants were off medications at baseline. On the other hand, some limitations
must be considered: although heart and respiratory rates were not altered while HAM-A were
assessed, these parameters were not measured during MRI acquisitions. Further, this is a pilot
study to test the modulation of CSHT over the somatosensory network in transwomen post-
GAS, and these results cannot be extrapolated to transmen. Future studies with larger samples
using biofeedback or appropriate scales to evaluate hypogonadal symptoms would be
informative. The sample size is modest, which limits our ability to perform secondary
analyses.

In conclusion, we found that CSHT in transgender women after gender affirming
surgery impacted on resting-state functional connectivity over the 3 major systems of the
brain: cognitive, emotional and sensorimotor. Sensorimotor networks and subcallosal cortex
seem to respond to CSHT in a manner to compensate neurophysiological processes after

gonadectomy and subsequent hypogonadism.
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Tables/Figures Titles and Legends

Table 1. Clinical and laboratorial data of participants.

Table 2. Seed-based analysis: a priori selected Region-of-Interest to Region-of-Interest
analysis

Table 3. Seed-to-voxel whole brain analysis using the Subcallosal Cortex as seed.

Figure 1. ROI-to-ROI analysis for main effects of estradiol in rs-FC changes, regressing out
age differences and changes in HAM-A (t2-t1). Fig A and B display the right caudate (seed)
in correlated rs-FC with bilateral sensorimotor cortex in anterior and superior view,
respectively. C and D display the left thalamus (seed) in correlated rs-FC with bilateral
thalamus, also in frontal and superior view, respectively.

Figure 2. (A) Multivoxel pattern analysis showing effect size of paired t-test comparing the
activation of a cluster within the SubCalC between washout and CSHT; and (B) plot showing
functional deactivation of the same cluster within the SubCalC for each of the participants.
SubCalC = subcallosal cortex.

Figure 3. From seed-to-voxel analysis, the middle frontal cortex is shown in blue. This target
was found setting the SubCalC as seed, after originating it from Multi-voxel Pattern Analysis
(MVPA). Blue means decoupled connectivity between SubCalC and the MidFG. SubCalC=

subcallosal cortex; MidFG= middle frontal gyrus; MVVPA= multivoxel pattern analysis.
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Table 1. Clinical and laboratorial data of participants.

Clinical and laboratorial characteristics (N=17)

Age (years, mean/sd) 41.59 (8.66)
Beginning CSHT (years, mean/sd) 22 (7.98)
Handedness (mean/sd) 35.93 (0.27)
t1 t2 p-value
E2 pg/mL (median/Iql) < 5.0 (0-0) 93.23 (25.8-135.30) 0.0002*
DHEA-S ng/dL(median/Iql) 194.4 (112.3-234.0) 89.6 (52.05-203.15) 0.20
LH mUI/mL (mean/sd) 50.85 (22.01) 30.7 (22.99) 0.10
FSH mUI/mL (mean/sd) 91.75 (38.01) 56.56 (33.61) 0.02*
FSIQ (mean/sd) 98.53 (6.68) 100.59 (7.16) 0.04*
HAM-D (median/Iql) 4.0 (1-10) 2(1-6) 0.51
HAM-D (median/Igl) 5(1-12) 2(1-10) 0.16

GD: Gender dysphoria; CD: Cross-dressing; CSHT: Cross-sex hormone therapy; SHBG: Sex hormone binding
globulin; LH: Luteinizing hormone; FSH: Follicle stimulant hormone; DHEA-S: Dehydroepiandrosterone
Sulfate; FSIQ: Full Scale Intelligence Quotient; HDRS: Hamilton Depression Rating Scale; HARS: Hamilton
Anxiety Rating Scale; Igl: Interquartile interval; sd= standard deviation. t1 stands for washout, and t2 stands for
CSHT. Significance *p < 0.05.

Table 2. Seed-based analysis: a priori selected Region-of-Interest to Region-of-Interest analysis

Model Seed Target Beta T(13) p-unc  p-FDR
GLM
R Caudate L lateral Sensorimotor 0.13 3.39 0.0044  0.0066*
R lateral Sensorimotor 0.12 3.46 0.0038  0.0066*
S sensorimotor 0.01 0.28 0.7856  0.7856
L Thalamus L lateral Sensorimotor 0.13 3.56 0.0031  0.0094*
R lateral Sensorimotor 0.09 2.59 0.0214  0.0320*
S sensorimotor 0.05 1.14 0.2749  0.2749
R Thalamus L lateral Sensorimotor 0.12 2.41 0.0300 0.0900
R lateral Sensorimotor 0.08 1.65 0.1222  0.1833
S sensorimotor 0.01 0.03 0.9782 0.9783
T-test
R Caudate L lateral Sensorimotor 0.08 1.36 0.1942  0.2913
R lateral Sensorimotor 0.08 1.36 0.1937  0.2913
S sensorimotor 0.01 0.16 0.8782 0.8782
L Thalamus L lateral Sensorimotor 0.19 412 0.0009 0.0027*
R lateral Sensorimotor 0.12 2.81 0.0130 0.0196*
S sensorimotor 0.06 1.22 0.2421 0.2421
R Thalamus L lateral sensorimotor 0.16 2.39 0.0302  0.0905
R lateral Sensorimotor 0.13 2.02 0.0613  0.0920
S Sensorimotor 0.01 0.13 0.8967  0.8987

Table displays GLM regression analyses showing main effects of estradiol levels in rs-FC changes (t2>t1), and
T-test comparing rs-FC between CSHT and washout (t2>t1). Both analyses were performed controlling for age
differences and changes in HAM-A. L: left; R: right. Rs-FC= resting-state functional connectivity; unc=
uncorrected for multiple comparisons. FDR= false discovery ratio. t1 stands for washout, and t2 stands for
CSHT. *statistical significance after FDR < 0.05.
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Table 3. Seed-to-voxel whole brain analysis using the Subcallosal Cortex as seed.

Seed-to-Voxel
SubCalC (-4 +26 -16) MidFC (-04 +50 -24) 313 4.07 0.001

The effect of age was controlled. Seed selection was based on previous Multi-voxel Pattern Analysis (MPVA).
SubCalC = subcallosal cortex; MidFC= middle frontal cortex. FDR= false discovery ration.
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e Transgender women post gender affirming surgery underwent hormonal washout

e Data were acquired two months apart, before and after estradiol re-institution

e Higher estradiol levels correlated with decrease in cortical thickness

e Lower estradiol levels correlated with increase in cortical thickness

e Working memory variation was correlated to plastic adaptations in left hippocampus

Declaration of conflicting interests: There are no conflicts of interest.

Abstract

For transgender individuals, gender-affirming surgery (GAS) and cross-sex hormone therapy
(CSHT) are part of the gender transition process. Scientific evidence supporting the
maintenance of CSHT after GAS (e.g., to prevent hypogonadism and positively affect bone
mineral density) is accumulating. However, few data are available with respect to the impact
of CSHT on brain structure and function. Thus, the aim of this study was to investigate links
between hormones (estradiol), brain morphology (cortical thickness and hippocampal
volumes), and cognitive performance (memory) in 18 post-GAS transgender women using a
longitudinal design. For this purpose, transgender male-to-females underwent a voluntary
period of CSHT washout of at least 30 days, followed by CSHT with estradiol for 60 days.
High-resolution T1-weighted brain images, hormonal measures, as well as other data of
interest (e.g., working memory and verbal memory) were collected at two time points: on the
last day of the washout (t1) and on the last day of the two-month CSHT period (t2). Between
these two time points, cortical thickness increased within the left precentral gyrus and right
precuneus but decreased within the right lateral occipital cortex. However, those findings did
not survive corrections of multiple comparisons. There was a significant negative correlation
between changes in estradiol levels and changes in cortical thickness. This effect was evident
in the left superior frontal gyrus, the left middle temporal gyrus, the right precuneus, the right
superior temporal gyrus and the right pars opercularis. There was also a significant positive
correlation between changes in memory performance and changes in the volume of the left
hippocampus. Altogether, these findings suggest that there is close link between estradiol,

cortical thickness, hippocampal volume, and memory performance.

Key words: Gender dysphoria; estradiol; cross-sex hormone therapy; cortical thickness;
neuroplasticity; hippocampus.
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1 Introduction

Gender-affirming surgery (GAS) is one of the treatment steps for individuals with
gender dysphoria (GD) who perceive extreme incongruence between their bodies and the
constructed gender(F Beek et al., 2016). The procedure generally involves gonadectomy for
both assigned-at-birth males and females in order to avoid the physiological effects of sex
hormones and to correct primary sexual characteristics. After gonadectomy, transgender
individuals usually require hormone therapy and surveillance to prevent the adverse effects of
chronic hormone deficiency(Hembree et al., 2017). Even though sex hormones are known to
be neuroactive, evidence is still sparse regarding the impact of continuous cross-sex hormone
therapy (CSHT) after GAS on the brain and cognition.

Both androgens and estrogens are important for the maturation of white and gray
matter tissue during brain development(Chavarria et al., 2014). For example, testosterone has
been linked to changes in cortical thickness in both males and females in an age-by-sex
interaction(Nguyen et al., 2013; Savic et al., 2017). Moreover, in females, estradiol has been
linked to decreases in gray matter volume, a non-linear effect that varies over the first years
after puberty(Koolschijn et al., 2014). Although brain morphology and metabolism seem to
become more stable in males and females after puberty, adults with GD undergoing CSHT
were reported to present with changes in gray matter(Spizzirri et al., 2018; Zubiaurre-Elorza
et al., 2014), white matter(Kranz et al., 2017), and resting state metabolism(Mueller et al.,
2016). Moreover, a study evaluating the impact of hypogonadism(Albert et al., 2017a) (albeit
not in GD individuals) suggests that menopause is accompanied by an increase in
hippocampal gray matter following a three-month treatment of daily estradiol replacement
(the latter was also related to the prevention of menopausal-related memory decline).
Although there are no studies investigating hormonal replacement therapy in men with
androgen deprivation, the use of gonadotropin releasing hormone analogue (GnRHa) in men
for prostatic cancer has been associated with gray matter loss as a consequence of testosterone
suppression(Chao et al., 2013).

To further extend this largely under-studied field of research, the main goal of this
study was to investigate if there is a significant link between estradiol and brain morphology
in transgender women after GAS, following a washout period. Our primary hypothesis was
that estradiol exerts neuroprotective effects that can be measured by means of gray matter

tissue increases, specifically hippocampal volumes and cortical thickness , similar to those
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observed in women during hormone therapy for menopause(Albert et al., 2017a), and
opposite to the effects of cortical thinning that occurs during androgen suppression in
men(Chao et al., 2013). In addition, given that working memory has been described as an
indirect marker of hippocampus integrity(Patai et al., 2015) and neuroplastic
mechanisms(Leuner et al., 2006), we set out to examine possible links between changes in
hippocampus volume and changes in memory performance due to CSHT with
estradiol(Foster, 2003; Hartley et al., n.d.). We hypothesized that changes in hippocampus

volumes would be positively related to changes in memory performance.

2 Materials and Methods

2.1. Participants: Individuals were recruited from the outpatient program of GD from
Hospital de Clinicas de Porto Alegre (HCPA), Rio Grande do Sul, Brazil. Eighteen post-GAS
subjects were invited to participate in this research. Inclusion criteria were: (1) age from 18 to
59 years old; (2) post-GAS surgery; (3) agreement to remain without hormone therapy for a
minimum of 30 days. Exclusion criteria were: (1) neuroendocrine disease, (2) current
neuropsychiatric disease such as epilepsy, psychosis, moderate mood or anxiety disorder or its
occurrence within the last 90 days; (4) current or recent (last 30 days) use of psychotropic
medication, (5) current use of drugs, or smoking more than 10 cigarettes per day; (6) head
trauma in the last 3 years, or severe head trauma with loss of consciousness at any point in
life; (7) AIDS without treatment, or in treatment with low CD4 and high viral charge.
Psychiatric disorders were evaluated by an experienced psychiatrist and an experienced
clinical psychologist. All patients had undergone CSHT for at least 90 days prior to study
entry. Upon study entry, CSHT was temporally discontinued, and after 30 days of CSHT
washout, participants underwent MRI scanning, interviews to assess mood and anxiety, as
well as blood sampling and memory testing. One participant was excluded due to the presence
of encephalomacia. After completing these baseline assessments on the last day of the
washout period (t1), individuals received a prescription for CSHT for 60 days (oral or topic
formulations exclusively containing estradiol, no progestogens). Then, on the last day of this
two-month CSHT period (t2), patients were re-scanned, sampled for blood, re-evaluated for
mood and anxiety, and tested again in regard to their memory performance using the same

protocols.
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2.2. Neuropsychological evaluation: All tests and assessments were administered at each of
the two time points (t1: after 30-90 days of washout; t2: after 60 days of CSHT). The
Hamilton Anxiety Rating Scale (HAM-A)(HAMILTON, 1958) and Hamilton Depression
Rating Scale (HAM-D) (HAMILTON, 1960) were used to assess anxiety and depression. The
HAM-A was chosen to control for physical anxiety symptoms during hormonal fluctuations,
similar to the work from Mueller et al. (2017)(Mueller et al., 2017). To assess cognitive
functions, the Wechsler Adult Intelligence Scale (WAIS-III) and Rey Auditory-Verbal
Learning Test (RAVLT) were applied by a trained research assistant and scored by both a
trained research assistant and a blinded psychologist to improve reliability. Using WAIS-III,
we obtained full-scale intelligence and an operational memory index (OMI) score, which
reflects the capacity of working memory and has been reported to closely relate to
hippocampal volume(Helmstaedter et al., 2018; Lipska et al., 2002). The RAVLT, a word list
test(Salgado et al., 2011), was additionally used to assess components of verbal memory, such
as immediate recall (Al), retention (A7) and learning over trial capacity (LOT) in order to
compare outcomes to findings in the literature pointing to significant links between verbal

memory and estradiol(Oberlander and Woolley, 2016; Zimmerman et al., 2011).

2.3. Assays: Venous blood samples were collected between 8 am and 10 am at each of the
two time points (t1: after 30-90 days of washout; t2: after 60 days of CSHT). Estradiol was
measured by electro-chemiluminescence immunoassay (ECLIA, Roche Diagnostics,
Mannheim, Germany), with assay sensitivity of 5.0 pg/mL and intra- and inter-assay CV of
57% and 6.4% respectively. Sex hormone binding globulin (SHBG) and
dehydroepiandrosterone sulfate were measured by chemiluminescence (CLIA, Immulite 2000
Siemens). Follicle stimulant hormone (FSH) and luteinizing hormone (LH) were measured by

chemiluminescence immunoassay (CentaurXP, Roche Diagnostics, Mannheim, Germany).

2.4. MRI protocol: Structural images were acquired in a Philips Ingenia 3.0 T MR system
(Best, Netherlands, 2015) with a 32-channel head coil at each of the two time points (t1: after
30-90 days of washout; t2: after 60 days of CSHT). A T1-weighted 3D magnetization
prepared rapid acquisition with gradient echoes (MPRAGE) sequence with 200 sagittal
orientation slices was applied using the following parameters: TE=3.9ms, TR=85ms, Tl =
900 ms, flip angle = 8°, 256 x 256 matrix, matrix size = 272 x 272, in-plane voxel size 0.94 x

0.94 mm, slice thickness 0.94 mm, no gap, FOV = 256 mm-
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2.5. Image preprocessing: All T1-weighted images were preprocessed with FreeSurfer,
version 5.3.0 (https://surfer.nmr.mgh.harvard.edu) applying the following steps: skull

stripping, intensity normalization, segmentation, tessellation and inflation(Dale et al., 1999;
Fischl et al., 1999) and smoothing. Following those steps, longitudinal base-templates were
generated(Reuter et al., 2010) to allow for a common-space registration between the two time
points (t1; t2)(Reuter et al., 2012). All pre-processed and base-template images were
manually checked and corrected for labeling and segmentation errors if necessary. Vertex-
wise cortical thickness across the entire brain as well as the gray matter volumes of the left
and right hippocampal were calculated according to FreeSurfer standard routines. In addition,
the percentage of change in cortical thickness was estimated for each voxel(Reuter et al.,
2010).

2.6. Statistics: For laboratorial and neuropsychiatric measures, statistical analyses were
performed using R Studio version 5.0 (https://www.rstudio.com/products/rstudio). First,
normality was assessed using the Shapiro-Wilk Normality Test. Subsequently, paired T-tests
and Wilcoxon Rank Sum tests were used to compare measures of anxiety (HAM-A),
depression (HAM-D), full-scale intelligence (WAIS-I11), memory (WAIS-I1I; RAVLT) and
hormones between t1 and t2. In order to explore correlations between CSHT and memory,
estradiol levels were further correlated with both OMI and RAVLT at each of the two
timepoints. In addition, changes in estradiol (t2-t1) were correlated with changes in OMI and
RALVT (t2-t1). For the correlation analyses, age was set as variable of no interest. For all
analyses, statistical significance was thresholded at p=0.05.

With respect to cortical thickness, statistical analyses were performed in FreeSurfer
applying a paired t-test comparing measures at t1 and t2. In addition, a general linear model
was used to assess the correlation between changes in estradiol (t2-t1) and changes in cortical
thickness (t2-t1) measured in percentage. The correlation between estradiol and cortical
thickness was also assessed using point measures from t1 and t2. For all analyses, age and
variation in anxiety (between time-points) were adjusted using a multiple regression. Of note,
although anxiety scores were not different between t1 and t2, HAM-A covers several aspects
of physical anxiety (i.e., symptoms commonly reported by the participants during CHST
washout) and, as such, might impact cortical thickness (e.g., in the somatosensory cortex).
Correction for multiple comparisons were performed using Monte Carlo simulation with
10,000 permutations thresholded at a Z-score of 2.3 (p<0.005).
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For the hippocampal gray matter volumes, statistical analyses were performed using R

Studio version 5.0 (https://www.rstudio.com/products/rstudio). Mirroring the same approach
as taken for cortical thickness, hippocampal gray matter volumes were first compared
between t1 and t2 using a paired t-test. Then, a general linear model was used to assess the
correlation between changes in estradiol (t2-t1) and changes in hippocampal volume (t2-t1)
measured in percentage. The correlation between estradiol and hippocampal volume was
additionally assessed using point measures from t1 and t2. Finally, we tested whether changes
in OMI (t2-t1) could predict changes in hippocampal gray matter volumes (t2-t1), including
the changes in serum estradiol in the model, and tested for a moderation effect of estradiol in
the linear model. All analyses were adjusted for age and changes in anxiety using multiple

regression, and statistical significance was thresholded at p=0.05.

2.7. Ethics: This project was approved by the ethics board of Hospital de Clinicas de Porto
Alegre in accordance with the Helsinki declaration, under project number 15-0199. All

participants gave written consent before being enrolled in this study.

3 Results

3.1. Sample characteristics, hormonal values, memory measures, and clinical data: As
shown in Table 1, the mean age of the sample was 41.58 (sd=8.60) years. The mean age at
the beginning of CSHT was 22 (sd=7.98) years. All patients were right-handed according to
the standard Edinburgh handedness inventory. As expected, mean estradiol levels increased
significantly while mean FSH levels decreased significantly between t1 and t2. Interestingly,
full-scale 1Q as well as some RAVTL scores (Al and A7) increased significantly between t1
and t2. There were no significant correlations between estradiol and memory measures
(neither OMI nor RALVT) regardless of whether correlations were conducted using point
measures (t1; t2) or change measures (t2-t1). As further shown in Table 1, there were no
significant differences between t1 and t2 with respect to anxiety (HAM-A) and depression
(HAM-D) scores.

—Table 1 -

3.2. Neuroimaging: cortical thickness: There was a significant increase in cortical thickness

between t1 and t2 in the left precentral gyrus and right precuneus. In contrast, there was a
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significant decrease in cortical thickness in the right lateral occipital cortex. However, none of
these differences survived corrections for multiple comparisons. As shown in Figure 1,
cortical thickness change was negatively correlated to estradiol change in five major clusters.
The peak voxels of the clusters (also see Table 2) were located within the following
anatomical ROIs, as per the Desikan-Killiany atlas(Desikan et al., 2006): (1) left middle
temporal gyrus, (2) left superior frontal gyrus, (3) right precuneus, (4) right superior temporal
gyrus, and (5) right pars opercularis. Figure 2 shows the results of the linear fit for the
multiple regression model for each peak voxel location. That is, overall in those clusters, a
positive cortical thickness change (indicative of increase between t1 and t2) is related to lower
(or intermediate) levels of estradiol. In contrast, a negative cortical thickness change
(indicative of decrease between t1 and t2) is related to higher levels of estradiol. There was no

significant correlation between estradiol levels and cortical thickness at t1 or at t2.

—Figure 1 -

—Table 2 -

— Figure 2 -

3.3. Neuroimaging: hippocampal gray matter volumes

There was no significant change in hippocampal gray matter volumes between t1 and t2 (even
when the analysis was repeated while adjusting for intracranial volumes). Similarly, there
were no significant correlations between changes in estradiol and percent changes in right
hippocampus volume, although there was a trend of significance (p=0.06) for a negative
correlation between changes in estradiol and changes in left hippocampus. The model
predicting left hippocampus volume using both OMI and estradiol while controlling for age
and anxiety was significant at p=0.008; the moderation analysis for estradiol was not
significant. Specifically, accounting for the predictors of this last model, there was a positive
correlation between changes in OMI and changes of left hippocampus volume (p=0.005), and
a significant negative correlation between changes in estradiol and changes in left
hippocampus volume (p=0.029). Similar to what was demonstrated for cortical thickness,

lower to intermediate estradiol levels were correlated to an increase in left hippocampus
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volume, while higher levels of estradiol were correlated to a decrease in hippocampus volume
in this model (Figure 3). The same was not observed for the right hippocampus (p=0.222).
Finally, there was no correlation between estradiol levels and overall volume of bilateral

hippocampi at t1 or t2.

4 Discussion

We found that reductions in CTh of five clusters comprising frontal and temporal
structures are predicted by higher estradiol levels, while changes in the left hippocampus were
predicted by opposing changes in OMI. Those findings seem to suggest a dual role of CSHT
after GAS, showing that lower levels of estradiol replacement likely increased CTh, while
higher levels were associated to cortical thinning. Another role was observed with respect to
the left hippocampus, in that higher levels of estradiol were partially correlated to a decrease
in the left hippocampus volume, and vice-versa. Regarding the cognitive assessments, FSIQ
and memory recall after the first minute were higher following CSHT.

Previous studies have demonstrated a similar trend for reduction in various cerebral
morphometric parameters in individuals undergoing CSHT before GAS. Compared to the
results presented here, in Zubiaurre-Elorza et al. (2014)(Zubiaurre-Elorza et al., 2014),
estradiol therapy was also associated to a decrease in CTh in the left superior frontal gyrus
and right precuneus after 6 months of CSHT(Zubiaurre-Elorza et al., 2014). However, there
was no significant correlation between estradiol levels and the decrease in CTh. Similarly,
using voxel-based-morphometry (VBM), Pol et al. (2006) have shown a reduction in thalamic
and global gray matter volume (GMV) following estrogenic therapy(Pol et al., 2006).
Furthermore, a negative correlation between higher levels of estradiol and right hippocampus
volume was previously shown by Seiger et al. (2016)(Seiger et al., 2016).

However, literature is sparse regarding the effects promoted by CSHT after GAS on
cortical thickness in transgender women. To the best of our knowledge, there is only one
cross-sectional study conducted by Mueller et al. (2017)(Mueller et al., 2017) that
investigated the effects of CSHT therapy on gray matter in individuals after GAS. They found
higher GVM in transgender women in the left amygdala and right putamen that was
associated to estradiol, compared to women without gender dysphoria. Contrasting the result
of an increase in subcortical volumes in transgender women, the same study demonstrated

that the right fusiform area was significantly thinner and exhibited lower GMV in transgender
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men, compared to non-transgender men and women. Authors did not investigate whether
there was a correlation between estradiol levels and CTh/subcortical GMV in the transgender
women. To note, there were no differences observed in the hippocampus among people with
GD and non-GD controls.

So far, most of the neuroimaging studies in GD have focused on brain sexual
dimorphism. Spizzirri et al. (2018)(Spizzirri et al., 2018) found higher GMV in transgender
women undergoing CSHT compared to non-transgender women in a cluster comprising the
left SFG, paracentral and supplementary motor area, while bilateral insula exhibited smaller
GMV in both treated and CSHT-naive transgender women compared to controls. These
results support previous findings supporting sexual dimorphism. Further, in transgender men
(female-to-male), treatment with testosterone revealed an opposite effect in the insular cortex,
testosterone being associated to higher bilateral insular cortical thickness compared to
controls(Burke et al., 2017). The same study indicated longitudinal increases in CTh of the
right insula due to CSHT with testosterone, and in other non-classical dimorphic areas like the
left superior temporal gyrus, right lateral occipital and right superior frontal cortex after
testosterone introduction. Therefore, it is conceivable that sexual dimorphism of the brain is a
result of neuroplastic adaptation promoted by hormonal fluctuations.

The neuroplasticity hypothesis is supported by findings indicating that short-term
hormonal fluctuation during the menstrual cycle promotes variations in GMV in similar areas
described here and in other studies with GD individuals. For instance, a previous study found
that GMV in the left superior frontal gyrus and the medial frontal gyrus were negatively
correlated to higher estradiol levels in the pre-ovulatory phase, although the same study
reported an increase in the GMV of the right superior frontal gyrus(De Bondt et al., 2013).
These negative correlation between estradiol concentration and GMV are also in line with the
findings by Zubiaurre-Elorza et al. (2014), where they described reduction in CTh after
CSHT(Zubiaurre-Elorza et al., 2014), and both these studies converge to the findings we
report here. However, the thinning phenomenon is not yet completely understood, considering
the beneficial impact of estradiol replacement therapy shown in GMV during
menopause(Albert et al., 2017b). Furthermore, one in vitro experiment showed protective
effects of locally produced estradiol in the hippocampus, regardless of exogenous hormones
and sex(Prange-Kiel et al., 2006), which suggests that, at least for the hippocampus, estradiol
is implicated in neurotrophic processes.

Animal models demonstrated that the somatosensory cortex (SSC) and prefrontal

cortex (PFC) are brain areas known to be rich in estrogen receptors (ER) and highly
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susceptible to their effects(Ritchie et al., 2018). Notably, the precuneus is part of the
associative SSC and the superior frontal gyrus comprises part of the PFC area. In in vitro
models, estradiol increased the number of neuronal dendritic spines, glutamate receptor
numbers and transport vesicles in neurons from those regions, all of which are processes
related to synaptic plasticity, and increase in dendritic spines related to increase in CTh(Khan
et al., 2013). Similar neuroplastic effects have been described in the hippocampus, where
estradiol replacement was associated with an increase in synaptic density and a thickening of
neuronal layers in both sexes(Galea, 2008). In general, ERa and ERp activity is linked to
neuroplastic adaptations(Fester and Rune, 2014; Leuner et al., 2006), with substantial
literature  describing  the  potential relationship  between  estradiol  and
neuroplasticity/neuroprotection(Albert et al., 2015; Bromberger et al., 2007; Hwang et al.,
2015).

Nevertheless, to counter the general notion of estrogen’s trophic activity, in one
animal model, sex-specific findings of neuroprotective and neuroproliferative effects of
estradiol were only observed in female and not male rats regarding hippocampal
neurons(Barker and Galea, 2008). To note, the protective effects seen in females were related
to neurogenesis and prevention of cell death. As above mentioned, Seiger et al. (2016) have
already shown that higher levels of estradiol were associated to reduced hippocampal GMV.
Altogether, these findings challenge the notion that estrogens are equally neuroprotective in
males and females. Particularly relevant is how to interpret the neuroplastic response in male-
to-female individuals following CSHT, which can help clinicians in determining the ideal
estradiol serum range. Therefore, based on the observations we demonstrate here, we raise an
alternative hypothesis: there might be a neuroprotective effect following lower to intermediate
doses of estradiol, that can be assessed by means of an increase in CTh compared to untreated
individuals after GAS (see Figure 2).

Mechanistically, besides well-known neuroactive effects of estrogens via classic
nuclear receptors (ERa, ERp), estradiol can also act through transmembrane cell receptors
involved in dendritic spine expression(Kuroki et al., 2000). For instance, an in vitro study
demonstrated that there is an inverse U-shape response in estrogen-receptor kinase (ERK) in
hippocampal CAl1 and dentate gyrus, whose activity depends on estradiol
concentration(Kuroki et al., 2000). ERK is a membrane-bounded receptor that seems to share
a common pathway with the neurotrophic calpain cascade to promote neuroplasticity(Singh et

al.,, 1999). Therefore, this reinforces the finding that low to intermediate estradiol
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concentrations are linked to an increase in CTh, possibly via augmentation in dendritic spines
expression, which can be seen as a biomarker of neuroprotection(Hasegawa et al., 2015).

Lastly, the significant correlation between changes in left hippocampus volume and
OMI is also in line with the concept of neuroplasticity. This suggests that working memory is
a good predictor of neuroplastic adaptations in the left hippocampus. In addition, changes in
estradiol levels between time-points was also a significant predictor for changes in left
hippocampus volume in the same model. In other words, it is possible to speculate that there
is a close relationship between the concentration of estradiol, working memory performance
and neuroplastic adaptations in the left hippocampus. Despite a general assumption that in
menopause and androgenic suppression states a decrease in hippocampal GMV occurs, in
transgender women changes in gray matter seem to be estradiol dose-dependent.

Taking into account the dual role of estradiol levels in CTh after GAS shown here, the
vulnerability to psychiatric disorders demonstrated during hypogonadism in adults(Freeman
et al., 2014; Graham et al., 2017) and previous findings showing cognitive impairment in the
hypogonadal state(Berent-Spillson et al., 2012), the present results may indicate that CSHT
after GAS is advisable for transgender women (low to intermediate estradiol serum levels) not
only for maintaining the female phenotype and bone mass but also for healthy brain

functioning.

Limitations and strengths: One of the strengths of this study is that this is the first
longitudinal analysis showing a correlation between CSHT doses and cortical thickness. Also,
this is a highly homogeneous sample in terms of sexual orientation and handedness, and the
analysis showed high statistical power (power > 80%). The limitations of our work include
the modest sample size, and the lack of a comparison group. One could argue that the short
washout interval negatively interfered in the contrast between the two time-points, reducing
the magnitude of CTh changes over time. Also, regarding the short interval between washout
and estradiol replacement we cannot fully refute learning bias in cognitive tests. However,
while an increase in FSIQ and A1-7 from RAVLT may be attributable to re-test learning bias,
the re-test effect in the correlation between OMI and percentage changes in left hippocampus
volume is weaker, since it did not directly depend on assessment timepoints. Also, we must to
be careful when attributing learning bias to the changes observed in RALVT, since
improvement in verbal memory seems to be associated to estradiol(Hartley et al., n.d.;
Schmaal et al., 2016).
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Conclusion: In transgender women with GD post-GAS, we found that percentage changes in
CTh in the left superior frontal gyrus and middle temporal gyrus, and in the right superior
temporal gyrus, precuneus and pars opercularis were correlated with estradiol levels following
a period of CSHT, when compared to CTh after hormonal washout. Our findings suggest that
the impact of CSHT on CTh might be induced by a dual effect: lower to intermediate estradiol
doses are associated to cortical thickening, while higher doses are associated to cortical
thinning. This is of great importance regarding hormonal replacement protocols, as CTh is
considered a potential biomarker for several mental health issue(Schmaal et al., 2016). Future
studies should investigate the optimal hormonal levels for CSHT in GD individuals to
promote neuroprotection and avoid neuronal harm.

Funding: This work was supported by grants from Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico/Brazilian National Institute of Hormones and Women’s Health
(CNPg/INCT 465482/2014-7); Fundo de Incentivo a Pesquisa (FIPE-HPCA), Porto Alegre,
RS, BR; and Programa Nacional de Pds-Doutorado - Pro-Reitoria de extensdo (PNPD-
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Table 1: Sample characteristics, hormonal values, clinical data, and memory measures on the
last day of the washout (t1) and on the last day of the two-month cross-sex hormone therapy

(t2).

Sample characteristics (N=17)

Age (years, mean/sd) 41.58 (8.6)
Beginning of CSHT 22 (7.98)
Handedness 35.93 (0.27)

t1 t2 p-value
Estradiol pg/mL (median/Igl) < 5.0 (0-0) 93.23 (25.8-135.30) 0.0002*
S-DHEA (median/Igl) 194.4 (112.3-234.0)  89.6 (52.05-203.15) 0.202
LH mUI/mL (mean/sd) 50.85 (22.01) 30.7 (22.99) 0.10
FSH mUI/mL (mean/sd) 91.75 (38.01) 56.56 (33.61) 0.02*
HAM-D (median/ Igl) 4.0 (1-10) 2 (1-6) 0.51
HAM-A (median/ Igl) 5(1-12) 2 (1-10) 0.16

t2-t2 95% ClI

FSIQ (mean/sd) 98.53 (6.68) 100.59 (7.16) 2.06 0.07 - 4.04 0.0431*
OMI (mean/sd) 97.53 (8.77) 97.65 (9.37) 0.12 -3.35-3.59 0.9436
RAVTL-A1 (mean/sd) -0.77 (0.84) 0.03 (1.27) 0.80 0.32-1.28 0.0026*
RAVLT-A7 (mean/sd) -1.32 (1.83) -0.31 (1.98) 1.00 0.05-1.95 0.0402*
RAVLT-LOT (mean/sd) -0.50 (1.07) -0.68 (0.93) -0.17 -0.88 — (-0.53) 0.6113

CSHT: cross-sex hormone therapy, DHEA-S: dehydroepiandrosterone sulfate; LH:
Luteinizing hormone; FSH: Follicular stimulant hormone; HAM-D: Hamilton depression
rating scale; HAM-A: Hamilton anxiety rating scale; FSIQ: full scale intelligence coefficient;
OMI: operational memory index; RAVLT: Rey auditory-verbal learning test; AL/A7: RAVLT
time of repetition in minutes; LOT: learning over trial for RAVLT; CI confidence interval:
sd= standard deviation; Igl: Interquartile interval

*significant effect (corrections for multiple comparisons applied if indicated).

Table 2: Cluster-specific information and statistics.

Vertex maxima location ~ T-max  Coordinates Size (nm?) B AEstradiol R’ Significance*  Power

Left middle temporal -3.699  -58;-56;-1.5 750.80 -0.7035 0.5763 0.0091 94%
Left superior frontal -2.585 -34;-23; 44  575.48 -0.6827 0.5014 0.0248 85%
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Right precuneus -4.000 08; -53; 20 1524.08 -0.7335 0.5127 0.0216 87%
Right superior temporal ~ -4.000 56; -05; -09 1291.29 -0.7045 0.5055 0.0235 87%
Right pars opercularis -3.523 49; 20; 18 763.90 -0.7327 0.6092 0.0055 86%

Coordinates notation: (x, y, z). B: regressor coefficient — changes in Estradiol between time-
points (BAEstradiol). *Significance of the model (p <0.05).
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Figure 1. Significant negative correlations between changes in estradiol and percentage
changes in cortical thickness between t1 and t2. The color bar encodes significance (T)
thresholded at p < 0.005, with lighter colors indicating higher statistical significance. Gray
indicates regions of non-significance.
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Figure 2. Links between changes in estradiol and changes in cortical thickness in 5 major
clusters (see Figure 1).
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correlated with changes in the left hippocampus volume.
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6 CONSIDERACOES FINAIS E CONCLUSAO

A investigacdo aqui conduzida sobre os efeitos do hipogonadismo e da THSC em
pessoas com DG reforca a importancia dos hormdnios sexuais na organizagdo cerebral e na
plasticidade neural adaptativa. Esse fendmeno pode ser observado na inducdo do estado de
hipogonadismo durante o bloqueio da puberdade e, na vida adulta, com a corre¢cdo do
hipogonadismo cirdrgico apés reintroducdo da THSC. Em adultos, observou-se uma
correlagdo entre a concentracdo sérica de E2 e mudancas percentuais da espessura cortical
cerebral. Doses intermediarias de estradiol correlacionaram-se com aumento da espessura do
cortex em cinco clusters que envolvem os lobos frontal, temporal e parietal. Ao longo do
bloqueio da puberdade, a supressdo da testosterona pareceu estar associada a prejuizo na
memoria de trabalho e ao ndo aumento da fracdo de anisotropia em trés fasciculos cerebrais
relacionados a processos cognitivos.

Embora criancas e adultos com DG pertengam a extremos de uma mesma condicao,
presumem-se complementares os resultados em ambos os trabalhos por reforcarem a
importancia de serem evitados periodos estendidos de hipogonadismo. Uma leitura desatenta
e equivocada dos resultados apresentados em relacdo a supressdo puberal poderia induzir o
leitor a posicionar-se contra 0 emprego do procedimento. Ndo parece desejavel interferir
negativamente na maturacdo cerebral e no coeficiente intelectual de qualquer sujeito.
Entretanto, ndo se considera contraindicar o uso de GnRHa, visto o papel positivo do blogueio
da puberdade na reducdo de estigma em criancas acometidas pela DG. A despeito da
possibilidade de prejuizo cognitivo, sugere-se que o tratamento deve ser indicado aos casos
selecionados, devendo-se ponderar quanto a instituicdo da THSC antes dos 16 anos, visando a
correcdo de eventual prejuizo na cognicdo decorrente da supressdo dos hormonios sexuais.
Também, apesar da queda do indice de memoria (IMO) no relato em questdo, ressalta-se ter
havido melhora subjetiva na qualidade de vida de relagcdo social da menina transexual, assim
como melhora e aceitagdo da autoimagem corporal e do papel social.

O impacto dos estados afetivos negativos sobre a atencdo sustentada e motivacdo em
atividades intelectuais durante a infancia parece ser estabelecido®. Outrossim, sintomas
ansiosos e depressivos mostraram-se capazes de reduzir a ativacdo neuronal em areas
cerebrais relacionadas & atencdo, como, por exemplo, a network ventral da atencdo®’. O
estudo populacional canadense chamado TransYouth acompanhou setenta e trés criancas e
pré-adolescentes durante o seu processo de transicdo de género®®, demonstrando que criancas

e pré-adolescentes que recebem suporte familiar e médico desenvolvem taxas de depresséo e
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ansiedade similares as de individuos sem DG. Inclusive, 0 apoio a transi¢cdo de género com
medidas ndo farmacoldgicas esteve associado & autovalorizacdo social dos participantes, com
subsequente reducdo de sintomas psiquiatricos®®. Esses dados contrastam de maneira abismal
com a prevaléncia de tais sintomas em jovens com DG que ndo recebem suporte ao longo do
processo de transicdo de género®™. O ndo tratamento da disforia de género na infancia e
adolescéncia parece estar associado a um risco aumentado em, aproximadamente, quatro
vezes para sintomas depressivos e suicidalidade® "%,

Portanto, as evidéncias acima aparentam convergir em prol da prescri¢ao da terapia de
supressdao puberal, individualizadas as circunstancias. Essa convergéncia sustenta-se
igualmente pelo conceito de plasticidade adaptativa. A exposicdo repetida e crbnica ao
estresse, percebido pela incongruéncia de género desde a infancia até a vida adulta, pode
predispor circuitos neuronais ao aprendizado de “recompensas negativas”, dentro do conceito
hebbiano de aprendizado sinaptico. Portanto, considera-se possivel que, no caso em questao,
apesar da perda do IMO aferida durante o tratamento com GnRHa, houve melhora do
rendimento escolar, baseando-se nos ganhos pessoais e na reducdo dos estigmas relacionadas
a DG. Deve-se relembrar que, semelhantemente ao descrito por Staphorsius et al.>, o prejuizo
cognitivo ocorreu em um individuo que ja apresentava indices de inteligéncia limitrofes antes
da instituicdo do tratamento. Até o dado momento, desconhecem-se registros de prejuizo
intelectual em criangas com inteligéncia mediana submetidas ao procedimento.

Nesta pesquisa, na amostra de adultas, doses baixas a intermediarias de E,-THSC
tiveram impacto positivo sobre a EC de areas corticais importantes, como as que compdem 0
cortex dorsolateral pré-frontal, a area de Wernicke e de Broca. A saber, essas regides
anatdmico-funcionais estdo associadas a processos cognitivos®™®. Embora ndo se tenha
provado uma correlacdo significativa entre as variacdes da concentragédo de E, e o percentual
de mudanca no volume do hipocampo, as modificagbes do volume do hipocampo
correlacionaram-se com o desempenho da memaria de trabalho. A exce¢do da THSC, deve-se
ressaltar que nd&o houve outro fator manipulado que pudesse explicar as mudancas
volumétricas do hipocampo. De relevancia clinica extrema é o comportamento dual das
correlagdes entre concentracdes séricas de E, e espessamento/afinamento do cortex nessas
regides, que pode representar um relagdo ndo linear entre as concentragdes de E; e a atividade
de receptores de cinases ligados a estrégenos™”.

Observam-se também diferencas entre a localizacdo dos efeitos do E, sobre a
espessura cortical e a conectividade funcional ap6s a CAS. As regides cerebrais cuja rs-FC

sofre influéncia do E,-THSC néo estdo sobrepostas, nem sdo dependentes de mudancas da
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espessura cortical ou de volumes subcorticais. Portanto, a conectividade cerebral no estado
metabdlico basal ndo parece depender, nem ser influenciado, pelas variacbes de espessura ou
do volume da substancia cinzenta a curto prazo. A exemplo, ndo se encontraram diferencas de
volume do talamo ou do nucleo caudado entre as duas condi¢bes experimentais, embora a
conectividade dessas estruturas com o CSM mostrasse-se modulada pelas variagdes de E.

A ndo sobreposicdo entre os resultados das analises anatdmicas e funcionais pode
indicar dois fendmenos: (1) a existéncia de mecanismos compensatorios que visam a
manutencdo e integracdo dos processos cognitivos; e (2) a correcdo dos sintomas associados
ao hipogonadismo por meio de uma via independente da espessura cortical. Em relagdo ao
ultimo, pode-se propor que a correcdo da deficiéncia dos hormonios sexuais com subsequente
melhora na percepcdo dos sintomas vasomotores depende, majoritariamente, da conexao
funcional entre o relé talamico e os neur6nios sensoriais € motores. Quanto ao primeiro
fendmeno, uma melhor integracdo entre a atividade funcional do CSM e a do tadlamo/caudado,
hipoteticamente, parece também apontar um mecanismo de compensacdo cognitiva para
corrigir eventual déficit decorrente da reducao da espessura cortical.

Em termos de politicas publicas, esforcos devem ser feitos para garantir o
fornecimento, junto a rede de farmécia bésica, da THSC as pessoas com DG ap6s a CAS.
Também, a abertura de locais de atendimentos especializados em nivel secundario para
seguimentos de casos pds-cirdrgicos ao longo da vida deve ser pensanda dentro de programas
de saude focados na populacdo “trans”. Além disso, esforcos devem ser mantidos para
garantir o0 acesso precoce de criancas e adolescentes ao tratamento clinico da DG para o
bloqueio da puberdade e THSC aos casos elegiveis. No que diz respeito as medidas propostas,
é possivel afirmar que existem duas maneiras de induzir adapta¢des neuronais: uma individual
e bioquimica e outra governamental e sociopolitica. A ultima esta diretamente vinculada a
reducdo de barreiras de acesso a saude publica para pessoas com DG, vista como uma agéo
mediadora para a melhora da qualidade de vida. Isso geraria, portanto, uma reducdo na
internalizacdo do estresse percebido pela condicdo de género vulneravel e promoveria
condi¢des ambientais para o desenvolvimento de um “cerebral saudavel”.

Para fins de conclusdo, algumas consideracfes devem ser feitas quanto a forca e as
limitacGes desta tese. Tanto o relato de caso quanto o ensaio clinico aberto realizado com
adultos ndo possuiram grupo controle ou utilizacdo de placebo. Um relato de caso por si s6 é
uma evidéncia fraca, e, no estudo com uma série de adultos, o tamanho amostral pode ser
considerado igualmente uma limitacdo. Contudo, diante do desenho dos estudos e da

finalidade destes, seria eticamente questionavel e de efetivacdo imprevisivel o emprego de um
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grupo de individuos sob regime placebo. Quanto a forga dos estudos, pode-se dizer que, do
conhecimento que se tem, estes séo 0s primeiros realizados com seguimento longitudinal para
avaliar o impacto do hipogonadismo sobre a plasticidade das estruturas cerebrais. O relato de
caso apresentado aqui foi o primeiro publicado na literatura demonstrando alteracdes da
maturacdo da substancia durante o bloqueio puberal. Assim também, apresentaram-se 0s
primeiros estudos a demonstrar o impacto da THSC na conectividade do cértex sensorio-

motor e na espessura cortical apos redesignacdo sexual cirdrgica.
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APENDICE 1 - Principios basicos sobre o Fressurfer

Para pré-processamento, processamento longitudinal e andlise longitudinal das
imagens adquiridas com os protocolos de aquisicdo de RNM anatdmicos (janela T1), utilizou-
se o software Freesurfer, versdo 5.3.0. Freesurfer € um software disponibilizado gratuitamente
na internet. Quanto ao pré-processamento, as etapas descritas a seguir sdo realizadas: (1)
correcdo de movimentos de cabeca; (2) remocdo de tecidos ndo cerebrais por meio de um
processo hibrido e deformacdes de imagem’*; (3) transformacéo do espaco anatdmico nativo
em espaco “Talairach” seguido de segmentagcdo automatizada do tecido cerebral cinzento
cortical, subcortical e branco’®®; (4) normalizacdo de intensidade de cada voxel”; (5)
tecelagem dos limites com a substdncia cerebral branca e correcdo de defeitos
topoldgicos®*®; (6) classificacio de voxels seguida de rotulagem da superficie pial (distancia
ente os limites da substancia branca o liquor). Apo6s concluida essa cadeia de eventos, uma
série de processos de deformacdo com inflacdo/deflacdo da superficie cerebral € iniciada para
aumentar a acurécia da classificacdo de tecidos’”.

O processo de reconstrugdo da superficie é extremamente complexo e encara diversos
obstaculos que fazem com que apenas a classificacdo de voxels por intensidade ndo resolva a
questdo. Por conta da curvatura intrinseca da superficie cerebral e cortical, é necessario
introduzir algumas distor¢des métricas ou topologicas para exercer melhor representacdo de
superficie. Semelhantemente a mapas cartograficos tridimensionais, 0 mapa cerebral também
ndo € isométrico. O Freesurfer minimiza as distorcdes métricas oriundas da projecdo
bidimensional simples do cortex, ap6s o dobramento e o desdobramento associados a inflacdo
e a deflacéo repetida da imagem radioldgica. Assim, torna-se mais acurada a correspondéncia
da anatomia nativa e da radioanatdmica.

Esse processo vale-se do conceito de energia funcional minima para reconstruir
acuradamente a forma desejada. Basicamente, a constru¢do da imagem inicia-se por uma série
de modificacOes de cada vértice anatdmico originalmente composto pelo encontro de trés ou
mais voxels. 1sso ocorre de maneira dindmica e interativa, resultando em uma representacéo
mais fiel do espaco anatémico. Para regides “altamente dobradas”, é adicionado um processo
de atenuacgdo que tenta reter o maximo possivel de informagdo do espago anatémico. Esse
processo de atenuacgdo e reconstrucdo dos vértices funciona como “mola dindmica”, que tende
a economizar energia no processo de ajustamento entre inflacdo e deflacdo, conferindo alta

acurécia ao processo automatizado quando comparado & segmentagdo manual”’.
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Um processo combinado de forcas de atenuacdo versus forgas radiais € utilizado. A
forca de atenuacdo move cada vértice na direcdo ao centroide de seus vizinhos durante o
processo, enquanto projeta para fora vértices que estdo mais ao interior. A forca radial
simplesmente direciona cada vértice em direcdo a superficie de uma esfera. Durante esse
processo de inflagdo, os vértices sdo posicionados/realocados em topologias que respeitem o
conceito de energia funcional minima. Varios movimentos e interagfes de vértices sdo feitos
até que se alcance o melhor processo de inflagdo possivel. Parte-se, entdo, para a identificacao
de defeitos topoldgicos, e, posteriormente, um novo processo de tecelagem (“retecelagem”) é
iniciado.

A segmentacdo e posterior extracdo de volume das substancias subcorticais depende
em parte de uma primeira reconstrucdo anatdmica cortical. 1sso porque o preenchimento das
estruturas subcorticais comeca por uma espécie de projecdo algoritmica originada do campo
cortical, que objetiva conectar componentes corticais e subcorticais com projecbes que
perpassam a substancia branca. A normalizacdo da intensidade da substancia cinzenta cria
pontos que, supostamente, estdo na substancia branca. Uma etapa auxiliar para reconstrucéo
subcortical é a definicdo da intensidade de polarizagédo para a substancia branca. Apos defini-
la, normalizar-se-a para intensidade de 110 unidades, criando-se um maior contraste entre 0s
tipos de tecido (branco/cinzento). Facilita-se, assim, a classificacdo do tecido cinzento
subcortical que estd “sepultado” dentro da intensidade branca artificialmente manipulada,
diminuindo a chance de classificagcdo equivocada.

Em certo ponto do processo, por ajudar a resolver o problema com a classificacdo da
substancia cinzenta, a substancia branca acaba tornando-se o alvo da deformacdo de
inflag&o/deflac@o posterior. Isso auxilia principalmente a classificagdo dos voxels que estéo
muito proximos das fronteiras entre cortex e substancia branca. Entdo, um novo processo
classificatério semelhante ao da substancia cinzenta € comecado com a substancia branca,
com aplicacdo de deformacgdes geométricas que, de certo modo, interdepende da classificacéo
de intensidade. Para resolver a ambiguidade de alguns voxels, o formato da estrutura também
é utilizado como informacao classificatdria: formas planas indicam maior proximidade com o
cortex, uma vez que esse tecido possui apresentacdo mais laminar. Ou seja, se 0s voxels
ambiguos ndo formam uma superficie geométrica plana, provavelmente eles ndo estejam

préximos da fronteira cortex-substancia branca.
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Anélise longitudinal

Para andlise longitudinal, utilizou-se o fluxo linear disponivel com o pacote
Freesurfer. Esse processo faz uso de um template ndo enviesado, para gerar um espacgo
anatdmico comum de “meio caminho”. Esse template serve de espaco de corregistro para 0s
timepoints longitudinais. Assim, as imagens da linha de base ou do destino (ponto 1 ou 2 do
tempo) podem ser igualmente convertidas nesse modelo basico, de maneira simétrica para
registro inverso® (i.e., as distancias entre -1 e 0, 0 e -1, oude 0 a 1 e de 1 a 0 S&0 as mesmas).
A ideia é a criacdo de um espaco comum para reamostragem radioanatémica, levando em
conta a consisténcia inversa do processo do algoritmo®.

O fluxo de processamento longitudinal permite a prevencdo dos trés mais comuns
tipos de vieses: vies de registro, de espaco de reamostragem e de transferéncia de
informacéo'®. Basicamente, como referido por Reuter et al.'®, é criado um modelo de base
imparcial, considerando semelhanca de intensidade na rotulagcdo de voxels ao longo do tempo.
Esse modelo imparcial descreve a anatomia média do sujeito ao longo do tempo e garante que
havera um registro comum entre todas as imagens de um determinado sujeito que alimentam
o fluxo longitudinal. Isso reduz a influéncia externa e mantém a simetria ao longo do tempo
quando uma imagem € reamostrada internamente para o espago da imagem de destino,

diferentemente do que aconteceria com outra ferramenta de transformacao rigida.
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APENDICE 2 - Principios basicos sobre RNM funcional e 0 CONN toolbox

A ressonancia funcional magnética baseia-se na extragdo de informacGes sobre a
atividade neural pela mensura¢do do consumo de oxigénio local, uma técnica conhecida por
BOLD (blood oxigenation level-dependent imaging). O razoavel da técnica baseia-se na
diferenca entre as propriedades ferromagnéticas da oxi-hemoglobina e da desoxi-
hemoglobina. A maior concentracdo parcial de dioxido de carbono tecidual (pCO,) diante do
aumento da demanda metabdlica local implica o acimulo de desoxi-hemoglobina. Por sua
vez, a desoxi-hemoglobina reage diferentemente ao campo magnético, emitindo um sinal
radiomagnético em resposta ao “relaxamento do campo”, que é diferente do emitido pela oxi-
hemoglobina'®. A técnica tem sido desafiadora, uma vez que diversos fatores podem
influenciar o reconhecimento do sinal “BOLD”, além de ainda existirem dificuldades
inerentes & localizacio temporal e espacial do sinal'®.

Pode-se empregar o método BOLD tanto em analises com ativagdo funcional, em
tempo real, quanto em avaliacdo do metabolismo basal. Essa ultima é conhecida por resting-
state e independe da execucdo de alguma atividade para medir-se variacdes de atividade'®. O
resting state tem sido empregado na investigacdo de estados fisiologicos e de patologias
diversas'®, assim como tem sido Gtil no planejamento neurocir(rgico para mapeamento
funcional'®. Entretanto, a determinacéo da atividade neural por meio da BOLD ainda é tarefa
complexa e esta sujeita a diversas varidveis fisiologicas e a fatores contaminantes, designados
como ruidos. Os fatores que interferem no consumo de oxigénio neural, como, por exemplo, a
concentracdo de hematdcrito, o nivel de atividade fisica basal de cada individuo, o tabagismo
e a cafeina, sdo considerados criticos no planejamento de um estudo e no processo de anélise
de dados'®®.

Existem dois tratamentos estatisticos mais empregados para o processamento do sinal
BOLD na RNMf: o Principal Componente Analysis (PCA) e o Independent Component
Analysis (ICA). No que tange a aplicabilidade, o PCA é usualmente indicado para casos em
gue ha uma hipdtese predeterminada, como, por exemplo, em analises de ROI-to-ROl, teoria
gréafica (Graph theory) ou em analise de conectomas. O tipo de andlise para o qual se indica o
PCA é conhecida por “hypothesis driven”. Na auséncia de hipotese definida a priori, 0
emprego do ICA ¢ preferido, por ser uma analise mais exploratoria, podendo ser chamada de

data driven.
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O PCA identifica os componentes que sdo significativos pela comparacdo dos valores
associados a um componente principal com os valores de um componente principal
hipoteticamente derivados de dados normalmente distribuidos. Os valores ordenados que séo
resultantes de dados de distribuicdo normal tendem a apresentar um decréscimo acentuado
(primeiro componente), seguido de uma maior quebra de angulacdo dos segundos
componentes, 0 que lembra um “galho quebrado” *’. Geralmente, o segundo componente é o
ruido do sinal.

Existem diversos softwares disponiveis para analise de RNMf, como por exemplo
AFNI (afni.nimh.nih.gov), SPM (www.fil.ion.ucl.ac.uk/spm), MELODIC
(fsl.fmrib.ox.ac.uk/fsl/fslwiki/MELODIC), e o CONN (www.nitrc.org/projects/conn). Cada

software possui suas particularidades, vantagens e desvantagens. Entender os principios da

RNM funcional e os passos necessarios durante o pre-processamento para lidar melhor com o
ruido é necesséario. Deter-nos-emos a breve descri¢cdo do embasamento tedrica do CONN.

Algumas caracteristicas do CONN devem ser ressaltadas: a primeira € que ele se
aplica a analise da conectividade neuronal funcional (rs-FC); a segunda é que ele utiliza PCA
para localizagdo do sinal BOLD nas analises ROI-to-ROI; e a terceira € uma implementacéo
inovadora chamada de anatomical component correction (aCompCor), que é utilizada em
combinagdo com o PCA. Além das anélises PCA, o CONN ainda é capaz de implementar
analises de componentes individuais (ICA) dentro de uma regido de interesse, ou de uma
network conhecida para fins de parcelamento anatémico, conhecias como Group-ICA e Dyn-
ICA®,

A abordagem aCompCor fora anteriormente descrita por Behzadi et al.®. A flutuacio
de sinal BOLD oriundo da substancia branca e de fontes fisioldgicas (como grandes vasos) é
utilizada para modular o ruido presente na substéncia cinzenta. O PCA extrai o time series
dentro de uma area anatdmica considerada “ruidosa”. Entdo, esse time series confundidor é
inserido como um dos regressores em um modelo para predizer o sinal residual da substancia
cinzenta, de maneira que este Gltimo possa ser ajustado (limpado) adequadamente.
Resumidamente, o sinal BOLD da substancia branca e do LCR s&o introduzidos como
varidveis para determinacdo do sinal residual no cortex, para que se possa “limpar” o sinal
cortical daquilo que poderia ser explicado por se originar nessas regides “ruidosas”. A figura

abaixo foi extraida de Behzadi et al.®.


http://afni.nimh.nih.gov/
http://www.fil.ion.ucl.ac.uk/spm
http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/MELODIC
http://www.nitrc.org/projects/conn
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Figura 2 — Fluxograma do processo de depuragdo do sinal residual de interesse apds regressdo do ruido oriundo
dos confundidores.
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1) Anatomical noise ROl - White matter and CSF-only voxels

2)tSTD noise ROI - Top 2% of voxels per slice with
highest temporal standard deviation

Fonte: Behzadi et al.®.

O CONN foi escolhido considerando-se a definicdo a priori das regides de interesse
para as analises. Além de utilizar o aCompCor, 0 CONN combina-o com ferramentas
adicionais para rejeicdo de ruidos oriundos de movimentos de outras fontes fisioldgicas. Essa
ferramenta é conhecida como ART (artifact rejection tool), disponivel no SPM12. Apés o
emprego do ART e aCompCor®, um passo adicional para reducdo de ruido é iniciado — o
denoising, visando a eliminacédo de oscilagdes fisiologicas dentro do sinal do BOLD das areas
de interesse. Esse objetivo € cumprido pela filtragem de banda fisioldgica. Apds o pre-
processamento e o denoising, 0 CONN permite a sele¢do de quatro medidas de Conectividade
Funcional Linear para as analises de primeiro nivel. S8o estas: correlagdo bivariada com
defasagem zero; regressio bivariada; correlagdo sem parcial e correlagdo multivariada®.

A rs-FC define-se pela associacdo estatistica ou correlacdo temporal entre a atividade
basal de duas ou mais regides cerebrais e tem sido utilizada para caracterizar diferencas
funcionais entre populacfes clinicas. Neste estudo, foram aplicadas correlagdes bivariadas
para medir o nivel de associacdo linear da BOLD de cada par de regides determinadas a
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priori, conhecida como analise do tipo region-of-interest-to-region-o-interest (ROI-to-ROI).
Nessa analise, os niveis de estradiol plasmatico foram introduzidos como variavel preditora
para as mudancas de conectividade funcional. Utilizaram-se também testes T para avaliar
diferencas entre médias de conectividade, entre os pares de regides pré e pos-estradiol,
ajustando estatisticamente para as diferengas de idade entre os participantes. Uma
significancia estatistica de p < 0.0001 bilateral (ndo ajustada) foi utilizada com posterior
ajuste p < 0.05. Os ajustes para corregdes multiplas foram realizados com aplicacéo do false-
discovery ratio (FDR).

Por ultimo, realizou-se uma andlise Multi-voxel pattern analysis (MVPA) com
finalidade classificatoria. Foram classificados 0s voxels que representavam as maiores
oscilacbes de sinal BOLD entre duas condi¢cbes do experimento (maior ativacdo ou
desativacdo — peak activation). A regido anatdmica que abrigou o peak-activation voxel foi
rotulada e selecionada para posterior analise do tipo seed-to-voxel (seed-based connectivity).
Em ambas as anélises MPVA e seed-to-voxel, a significancia dos achados foi corrigida para
comparagOes maltiplas em duas etapas. Primeiro, os voxels foram selecionados utilizando-se
um height threshold (pico de ativacao), e, entdo, a significancia foi ajustada para o tamanho

do cluster com false-discovery ratio (p-FDR< 0.05).



111

ANEXO 1 - Termo de Consentimento Livre e Esclarecido

Termo de Consentimento Livre e Esclarecido
(Grupo de Casos femininos)

Vocé estd sendo convidado (a) a participar de uma pesquisa realizada pelo Servico de
Psiquiatria do Hospital de Clinicas de Porto Alegre (HCPA), chamada “Esteroides Sexuais
Neuroativos e sua Influéncia sobre Neurotransmissdo Glutamatérgica — Efeitos sobre
Cognicdo e Memoria em Transexuais”, que tem como objetivo compreender a influéncia que
os esteroides sexuais (hormonios) exercem sobre as funcBes cognitivas humanas, como, por
exemplo, fungdes que envolvem atencdo, percep¢do, memdria e raciocinio. A importancia
deste estudo d&-se pelo fato de que, até 0 momento, ndo existem pesquisas que esclarecam
quais efeitos os horménios sexuais tém sobre algumas funcdes do cérebro quando utilizados
por pacientes transexuais, ou seja, as consequéncias de horménios masculinos em pacientes
do sexo feminino, e vice-versa. Acredita-se que esses hormoénios podem influenciar a
capacidade cognitiva de seres humanos, podendo ser benéficos ou prejudiciais no
desempenho cognitivo. A pesquisa consiste em relacionar as doses de horménios e de uma
proteina cerebral medidas no sangue com os resultados de testes de cognicédo e do exame de
Ressonancia Magnética Cerebral. Para poder comparar os resultados do estudo, vocé
participara de um grupo chamado de Casos (grupo formado por pacientes do PROTIG —
Programa de Transtorno de Identidade de Género), que sera comparado a um Grupo de
Controles, que € composto por pessoas que ndo realizam o acompanhamento no PROTIG e
ndo fazem uso de hormonios. Caso vocé aceite participar, 0s seguintes procedimentos seréo
realizados, estando os tempos e procedimentos da pesquisa detalhados conforme abaixo e
divididos em 5 etapas (visitas de pesquisa):

Visita 1 — Realizada apds sua primeira consulta no PROTIG. Faz parte do processo de
ingresso no PROTIG a realizacdo de exames sanguineos de rotina. Aproveitaremos esse
momento de coleta para retirar 3 ml (equivalente a 1 colher de cha) de sangue a mais para
dosagem da concentracdo de uma proteina cerebral (que consideramos estar envolvida no
processo de cognicdo), e da quantidade de hormodnios circulantes. Nesse momento,
explicaremos duas coisas para vocé: que suspenda o uso dos hormdnios, mas que antes de
suspender nds da pesquisa Ihe aplicaremos uma injecdo (chamada Triptorrelina) para bloquear
a sua producdo de testosterona, 30 dias antes da suspenséo dos horménios, e ainda uma
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segunda ampola na semana em que suspendera os hormonios. Isso sera novamente explicado
para vocé quando for o momento.

O uso desta ampola de blogueador de testosterona nesta etapa é necessario tanto para
que vocé ndo sofra efeito eventual de um pico de testosterona produzido por seu corpo
guando o estradiol for suspenso, quanto para que a pesquisa se torne mais especifica.
Orientamos, entdo, a parada do uso dos hormonios envolvidos na transformacdo das
caracteristicas sexuais do corpo por um periodo de 30 dias, a contar desta etapa: ou seja, no
dia da segunda injecdo de “Triptorrelina” vocé comecara a suspensdo do estradiol que vinha
usando por mais 1 més). Se vocé for um voluntario (a) que jamais usou horménios, fara
igualmente a aplicacdo de Triptorrelina, uma ampola a cada 30 dias, totalizando duas
ampolas, e entdo podera partir direto para a etapa respectiva a “visita 2” - abaixo.

Se vocé for um voluntario de pesquisa que ja fez a cirurgia de Redesignacdo Sexual
(“transexualizador’”), vocé poder participar da pesquisa sem a necessidade de usar a
Triptorrelina. Vocé fard apenas os exames de sangue necessario nesta visita 1, e lhe sera
orientado suspender o uso do estradiol por um periodo de 1 més. Apds este 1 més, vocé
podera fazer a segunda visita de pesquisa.

Visita 2 — Realizada em 30 dias ap6s seu ingresso no estudo, quando vocé estara 1 més
sem usar horménios, e estara com bloqueio completo da testosterona natural do seu corpo por
ter usado Triptorrelina, caso ndo tenha feito cirurgia transexualidora. Se vocé for um
voluntario de pesquisa que nunca usou horménios, sera uma visita apos as duas ampolas de
Triptorrelina, conforme explicado acima.

Essa visita serd combinada com vocé perto da data necessaria. Sera realizada uma
Ressonancia Magnética no proprio HCPA. Este é um exame que dura cerca de 40 minutos e
estd detalhado a seguir neste termo. Momentos antes da ressonancia, aplicaremos um
questionario com perguntas sobre seu humor e ansiedade, isso no mesmo dia. Apds a
realizacdo destes exames, vocé tera uma consulta a ser agendada com um médico
endocrinologista, que lhe prescreverd novamente os hormonios para redesignagdo sexual, caso
voCcé ja estivesse usando, ou fagca uma primeira prescricdo caso nunca tenha usado. Nesse
momento também serd agendada uma testagem cognitiva a ser realizada em um periodo de até
1 semana, caso prefira ndo fazer todos os testes no mesmo dia por cansaco, e prefira voltar em
outro dia, ou no mesmo dia da ressonancia. Sdo perguntas e testes basicos, sem carater
reprobatdrio, que duram cerca de 2 horas e meia.

N&o se preocupe com suas caracteristicas sexuais quando suspender o uso do estradiol,

pois ndo é esperado que ocorram alteragBes dos caracteres femininos adquiridos em 30 dias
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com 0 uso preévio desta injegdo.

Gostariamos de fazer a observacdo de que se vocé jamais utilizou hormdnios, vocé
podera ja entrar nessa etapa da pesquisa conforme explicado acima, realizando os exames de
dosagem hormonal, Ressonéancia e Testagens Cognitivas nesse momento, desde que tenha
usado as duas ampolas de triptorrelina.

Visita 3 — Realizada 2 (dois) meses ap0s reintroducgdo, ou introducdo, dos horménios
conforme protocolo. Apds os 2 meses de uso dos horménios conforme prescricdo médica,
vocé realizard nova Ressonancia Magnética cerebral, e nova avaliacdo com o questionario
para humor e ansiedade. Uma nova testagem cognitiva — preferencialmente realizados na
mesma semana, com duracdo aproxima de 140 minutos para a testagem, sera agendada com
vocé. Quando vocé tiver sua consulta do PROTIG em data proxima a Ressonancia Magnética,
vocé ja realizaria um exame de sangue de controle solicitado pelo ambulatorio,
aproveitaremos esse momento de coleta para retirar 3 ml (equivalente a 1 colher de cha) de
sangue a mais para nova dosagem da concentracdo da uma proteina cerebral.

A pesquisa se realizara dentro do Hospital de Clinicas de Porto Alegre. A pesquisa néo
Ihe oferecera beneficios direitos, uma vez que vocé ja receberia acompanhamento no
ambulatério do PROTIG, mas o estudo podera contribuir para 0 aumento do conhecimento
sobre o assunto estudado e os resultados poderdo auxiliar a realizagéo de estudos futuros.

A Ressonancia Magnética € um exame em gue vocé tem que permanecer parado dentro
de um tubo (cadmara) fechado, por um periodo aproximado de 40 minutos, o que pode lhe
causar algum desconforto. A Ressonancia ndo oferece risco de exposic¢ao a radiacdo. Durante
esses 40 minutos dentro da camara de Ressonancia, vocé serd acompanhado pelos
profissionais técnicos da Radiologia, e por nds pesquisadores. O equipamento de Ressonancia
fica no segundo andar do HCPA, junto ao servico de Radiologia. O desconforto deste exame
esta relacionado ao tempo de demora do procedimento, sensacdo de estar dentro do tubo de
ressonancia, e pelo barulho que a maquina faz. Outros desconfortos que podem ser causados
sd0 a puncdo venosa (coleta de sangue) adicional que serd realizada na Visita 3 da pesquisa,
incluindo dor no momento da picada e a possibilidade de hematoma (macha roxa), que devera
desaparecer em alguns dias. A realizacdo dos testes cognitivos em dois momentos da pesquisa
também podera lhe trazer algum desconforto ao responder as perguntas, ou pelo tempo
necessario para realizacéo.

A sua participacdo no estudo é totalmente voluntaria, a ndo participacdo ou desisténcia
apos ingressar no estudo ndo implicara em nenhum tipo de prejuizo para vocé e ndo vai

interferir no seu atendimento no PROTIG ou nesta Instituicao.
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Nado sera oferecido nenhum tipo de pagamento ou ressarcimento ao integrante da
pesquisa, bem como vocé ndo tera nenhum custo com respeito aos procedimentos envolvidos.
Os pesquisadores se comprometem em manter a confidencialidade dos dados de identificacdo
pessoal dos participantes e os resultados serdo divulgados de maneira agrupada, sem a
identificacdo dos individuos que participaram do estudo.

Os pesquisadores estardo disponiveis em todos os momentos durante o estudo para
esclarecimentos de quaisquer davidas. Todas as duvidas poderdo ser esclarecidas antes e
durante o curso da pesquisa, através de contato com a pesquisadora responsavel, Dra. Maria
Inés Rodrigues Lobato ou com o pesquisador Dr. Maiko Abel Schneider, ambos no telefone
(51) 3359-8000 ou pelo e-mail maikoschneider@hcpa.ufrgs.br. O Comité de Etica do HCPA
também podera ser contatado para esclarecimento de ddvidas, no 2° andar do HCPA, sala
2227, ou atraveés do telefone 33597640, das 8h as 17h, de segunda a sexta.

Declaro que fui informado (a) dos objetivos da pesquisa acima de forma clara e
detalhada, assim como esclareci minhas eventuais ddvidas quanto a pesquisa. Sei que em
qualquer momento posso interromper minha participacdo sem necessidade de aviso prévio, e
esclarecer demais questdes sobre a pesquisa.

Este documento estd elaborado em duas vias, sendo uma delas entregue ao
participante e outra mantida pelo grupo de pesquisadores.

Nome do participante: Assinatura:

Nome do pesquisador: Assinatura:

Local e data: Porto Alegre, /[




ANEXO 2 - Escala de Ansiedade de Hamilton

Escores:

0 = auséncia

1 = intensidade leve

2 = intensidade média
3 = intensidade forte
4 = incapacitante

HUMOR ANSIOSO-inquietude, temor do pior, apreensdo quanto ao
futuro ou presente, irritabilidade.

TENSAO - sensacio de tensdo, fatigabilidade, tremores, choro facil,
incapacidade de relaxar, agitacao, reacdes de sobressalto.

MEDO - de escuro, de desconhecidos, de multiddo, de ser
abandonado, de animais grandes, de transito.

INSONIA - dificuldade de adormecer, sonhos penosos, Sono
interrompido, sono insatisfatdrio, fadiga ao acordar, pesadelos, terrores
noturnos.

DIFICULDADES INTELECTUAIS - dificuldade de concentracéo,
distdrbios de memodria.

HUMOR DEPRESSIVO - perda de interesse, humor variavel,
indiferenca as atividades de rotina, despertar precoce, depressao.

SINTOMAS SOMATICOS GERAIS (MUSCULARES) - dores e
lassiddo muscular, rigidez muscular, mioclonias, ranger de dentes, voz
insegura.

SINTOMAS SOMATICOS GERAIS (SENSORIAIS) - visdo turva,
ondas de calor ou frio, sensacdo de fraqueza, sensacdo de picada,
zumbidos.

SINTOMAS CARDIOVASCULARES - taquicardia, palpitacdes,
dores pré-cordiais, batidas, pulsacdes arteriais, sensac¢do de desmaio.

SINTOMAS RESPIRATORIOS -sensacdo de opressdo, dispnéia,
constri¢do toracica, suspiro, bolo faringeo.

SINTOMAS GASTROINTESTINAIS - dificuldade de engolir,
aerofagia, dispepsia, dor pré ou pos-prandial, queimacGes,
empanzinamento, nauseas, vomitos, colicas diarréias, constipacéo,
perda de peso.

SINTOMAS GENITO-URINARIOS - micgdes freqiientes, urgéncia de
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miccdo, frigidez amenorréia, ejaculacdo precoce, auséncia de erecéo,
impoténcia.

SINTOMAS DO SISTEMA NERVOSO AUTONOMO - secura na
boca, ruborizacao, palidez, tendéncia a sudacéo, vertigens, cefaléiade 0 1 2 3 4
tenséo.

COMPORTAMENTO NA ENTREVISTA -Geral: tenso, pouco a

vontade, agitacdo das méos, dos dedos tiques, inquietacdo, respiragcdo 01 2 3 4
suspirosa. Fisiologico: eructagdes, taquicardia em repouso, ritmo

respiratério > 20 rpm.
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ANEXO 3 - Escala de Depressdo de Hamilton

1. Humor deprimido (tristeza, desesperanca, desamparo, inutilidade)
0. Ausente.
1. Sentimentos relatados apenas ao ser inquirido.
2. Sentimentos relatados espontaneamente com palavras.
3. Comunica os sentimentos ndo com palavras, isto é, com a expressao facial, a
postura, a voz e a tendéncia ao choro.

4. Sentimentos deduzidos da comunicacdo verbal e ndo-verbal do paciente.

2. Sentimentos de culpa
0. Ausente
1. Auto-recriminacéo; sente que decepcionou 0s outros.
2. ldéias de culpa ou ruminacéo sobre erros passados ou mas agoes.
3. A doenca atual é um castigo.

4. Ouve vozes de acusagdo ou dendncia e/ou tem alucinagdes visuais ameagadoras.

3. Suicidio
0. Ausente.
1. Sente que a vida ndo vale a pena.
2. Desejaria estar morto ou pensa na probabilidade de sua prépria morte.
3. ldéias ou gestos suicidas.

4. Tentativa de suicidio (para qualquer tentativa séria, marcar 4).

4. Insonia inicial
0. Sem dificuldades para conciliar o sono.
1. Queixa-se de dificuldade ocasional para conciliar o sono, isto &, mais de meia hora.

2. Queixa-se de dificuldade para conciliar o sono todas as noites.

5. Insénia intermediaria
0. Sem dificuldades.
1. O paciente se queixa de inquietude e perturbacdo durante a noite.

2. Acorda a noite - qualquer saida da cama marcar 2(exceto p/ urinar).
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6. InsoOnia tardia
0. Sem dificuldades.
1. Acorda de madrugada, mas volta a dormir

2. Incapaz de voltar a conciliar o sono se deixar a cama.

7. Trabalho e atividades
0. Sem dificuldades.
1. Pensamento e sentimentos de incapacidade, fadiga ou fraqueza relacionada a
atividades, trabalho ou passatempos.
2. Perda de interesse por atividades (passatempos ou trabalho) quer diretamente
relatada pelo paciente, quer indiretamente por desatencdo, indecisdo e vacilagdo (sente
que precisa esforcar-se para o trabalho ou atividade).
3. Diminuicdo do tempo gasto em atividades ou queda de produtividade. No hospital,
marcar 3 se 0 paciente ndo passar ao menos 3 horas por dia em atividades externas
(trabalho hospitalar ou passatempo).
4. Parou de trabalhar devido a doenca atual. No hospital, marcar 4 se o paciente ndo se
ocupar com outras atividades, além de pequenas tarefas do leito, ou for incapaz de

realiza-las sem ajuda.

8. Retardo (lentiddo de ideias e fala; dificuldade de concentracdo; atividade motora
diminuida)

0. Pensamento e fala normais.

1. Leve retardo a entrevista.

2. Retardo Obvio a entrevista.

3. Entrevista dificil.

4. Estupor completo.

9. Agitacao
0. Nenhuma.
1. Inquietude.
2. Brinca com as méos, com os cabelos, etc.
3. Mexe-se, ndo consegue sentar quieto.

4. Torce as maos, roi as unhas, puxa os cabelos, morde os labios.
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10. Ansiedade psiquica
0. Sem dificuldade.
1. Tensao e irritabilidade subjetivas.
2. Preocupacdo com trivialidades.
3. Atitude apreensiva aparente no rosto ou na fala.

4. Medos expressos sem serem inquiridos.

11. Ansiedade somética
Concomitantes fisioldgicos de ansiedade, tais como:
- Gastrointestinais: boca seca, flatuléncia, indigestao, diarréia, colicas, eructacéo;
- Cardiovasculares: palpitacOes, cefaléia;
- Respiratdrios: hiperventilacao, suspiros; freqliéncia urinéria; sudorese
0. Ausente
1. Leve
2. Moderada
3. Grave
4. Incapacitante

12. Sintomas somaticos gastrintestinais
0. Nenhum
1. Perda de apetite, mas alimenta-se voluntariamente. SensacGes de peso no abdomen
2. Dificuldade de comer se néo insistirem. Solicita ou exige laxativos ou medicacGes

para 0s intestinos ou para sintomas digestivos.

13. Sintomas somaticos em geral
0. Nenhum
1. Peso nos membros, nas costas ou na cabeca. Dores nas costas, cefaleia, mialgias.
Perda de energia e cansaco.

2. Qualquer sintoma bem caracterizado e nitido, marcar 2.

14. Sintomas genitais
Sintomas como: perda da libido, distarbios menstruais

0. Ausentes
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1. Leves

2. Intensos

15. Hipocondria
0. Ausente
1. Auto-observagdo aumentada (com relagdo ao corpo)
2. Preocupacéo com a saude
3. Queixas freqlientes, pedidos de ajuda, etc.

4. Idéias delirantes hipocondriacas.

16. Perda de peso (marcar a ou b)
A - Quando avaliada pela historia clinica
0. Sem perda de peso.
1. Provavel perda de peso associada & moléstia atual.
2. Perda de peso definida (de acordo com o paciente)
3. Néo avaliada.
B - Avaliada semanalmente pelo psiquiatra responsavel, quando sdo medidas
alteracOes reais de peso
0. Menos de 0,5 kg de perda por semana.
1. Mais de 0,5 kg de perda por semana.
2. Mais de 1 kg de perda por semana.

3. Ndo avaliada.

17. Consciéncia
0. Reconhece que esta deprimido e doente.
1. Reconhece a doenca mas atribui-lhe a causa & ma alimentacéo, ao clima, ao excesso
de trabalho, a virus, a necessidade de repouso, etc.

2. Nega estar doente.

Pontuacgéo total:
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