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“The harmony of soul and body - how much that is!
We in our madness have separated the two, and have
invented a realism that is vulgar, an ideality that is
void.”

— Oscar Wilde, The Picture of Dorian Gray (1890)
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RESUMO

Transtorno bipolar (TB) e esquizofrenia (SZ) sao transtornos psiquiatricos graves
e persistentes (TMGP) com curso muitas vezes progressivo associado a
significativo prejuizo funcional para as atividades diarias. Individuos com esses
transtornos também apresentam prevaléncias muito aumentadas de sobrepeso
e obesidade e tém como principal causa de morte eventos cardiovasculares,
morrendo entre 10 e 20 anos mais cedo do que o restante da populagdo. Os
mecanismos fisiopatolégicos comuns a obesidade e TMGP s&o ainda muito
pouco estudados para uma comorbidade tdo prevalente e de morbimortalidade
tdo elevada. O objetivo desta tese foi estudar a obesidade em TMGP a partir da
perspectiva da neuroprogressdo. O primeiro estudo apresentado consiste na
revisdo dos achados clinicos e biolégicos que corroboram os modelos de
neuroprogressao e neurodesenvolvimento em SZ. A partir dessa perspectiva,
foram propostos dois estudos experimentais, um analisando a associagdo do
indice de massa corporal (IMC) com um marcador de conectividade cerebral em
TB e o outro com a funcionalidade na SZ, ambos comparados a um grupo
controle sem transtornos psiquiatricos (CTR). O IMC estéa associado a alteragdes
microestruturais do giro do cingulo direito em individuos com TB (AdjR?*=0,312
F3=5,537 p=0,004; p=-0,340 p=0,034), mas ndo em CTR, sugerindo que a
interagcdo entre TB e obesidade esteja associada a diminuicdo de conectividade
limbica. Ja no outro estudo, cerca de 22% da variagdo dos escores funcionais
em CTR (AdjR?= 0,225 F3,284)=28,79 p<0,001) foi descrito por um modelo com
efeito do IMC ($=0,509 t=9,240 p<0,001) e da idade (p=0,174 t=3,118 p=0,002),
enquanto que em individuos com SZ foram apenas os anos vividos com a doenca
que se associaram a pior funcionamento ($=0,197 t=2,615 p=0,009). Em
conjunto, demonstramos uma area cerebral possivelmente envolvida na
interacdo deletéria entre obesidade e TB, além de evidenciar que a obesidade
traz prejuizos ao funcionamento diario na populagdo em geral. Ambas embasam
a importancia de estratégias de combate a obesidade para a promog¢ao da saude
mental na comunidade. Além disso, dada a inquestionavel associacdo do
excesso de peso com aumento da morbimortalidade, sua identificagdo e manejo
devem ser prioridades dos profissionais de saude.

Palavras-Chave: transtornos mentais graves, transtorno bipolar, esquizofrenia,
obesidade, neuroprogressao.



Abstract

Bipolar disorder (BD) and schizophrenia (SZ) are severe mental illnesses (SMI),
often with a progressive course leading to functioning impairment. This population
also deals with at least a 2-fold increase in the prevalence of obesity. The main
cause of death among patients with SMI are cardiovascular events, resulting in a
reduction in life expectancy of more than 10 years, reaching an alarming gap of
20 years in TB and SZ. There is still scarce research focused on the
pathophysiological mechanisms common to obesity and SMI considering its
morbidity and mortality. The aim of this thesis was to study obesity in SMI from
the perspective of neuroprogression. The first study is a review of the biological
findings that endorse neuroprogression and neurodevelopmental models in SZ.
From this perspective, two experimental studies were proposed, one analyzing
the association of body mass index (BMI) with a white matter integrity marker and
the other with SZ functioning, both compared to a control group without
psychiatric disorders (CTR). BMI is associated with the microstructure of the right
cingulate gyrus fibers in BD (AdjR?=.312 F(3=5.537 p=.004; =-.034), but not
among CTR. It suggests that the interaction between TB and obesity may be
associated with decreased limbic connectivity. In the other study, about 22% of
the functioning performance of CTR (AdjR*= .225F3.284=28.79 p<.001) was
described by a model with significant main effect of BMI (3=.540 p <.001) and age
(B=.174 t=3,118 p=.002). Among SZ, only years lived with the disease were
associated with daily functioning (3=.197 t=2.615 p=.009). Taken together, these
findings demonstrate a possible brain area related to the deleterious interaction
between obesity and TB, in addition to functioning impairment associated with
obesity in the general population. Both support the importance of strategies to
oppose obesity targeting promotion of mental health in the community.
Furthermore, given the unquestionable association of increased BMI with
increased morbidity and mortality, its identification and management should be a
priority for health professionals.

Keywords: severe mental disorders, bipolar disorder, schizophrenia, obesity,

neuroprogression.
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OBESIDADE E NEUROPROGRESSAO:
ESTUDOS DE ASSOCIACAO COM ENFOQUE NA
FUNCIONALIDADE

Little as we are yet able to account for the details of these occurrences, regular and continuous
weighings afford us an excellent means of judging of the general state of the disease in this as in
most other forms of insanity.

— Kraepelin E. Lectures on Clinical Psychiatry (1912)

1. APRESENTAGAO

Este trabalho surgiu do interesse em estudar a associagdo entre
obesidade, transtorno bipolar (TB) e esquizofrenia (SZ) sob a perspectiva de
neuroprogressao desses transtornos. A inspiragao veio da colaboragao com
outros pesquisadores ao longo da minha trajetéria junto ao Laboratério de
Pesquisa em Psiquiatria Molecular, com especial afinidade as teses de
doutorado de Aline André Rodrigues Wageck e Miréia Fortes Vianna Sulzbach,
que deram profundidade ao estudo das consequéncias multissistémicas e
cardiovasculares da neuroprogressao no TB.

A proposta foi dar continuidade a essa linha de investigagao e expandi-
la, explorando o comportamento dessas variaveis também na SZ e entre
pessoas sem histérico pessoal ou familiar de transtorno psiquiatrico, como um
grupo controle (CTR). A amostra avaliada foi proveniente de grandes projetos
de coortes de acompanhamento de SZ e TB, sob coordenagao da Professora
Clarissa Severino Gama, dos quais participei das etapas de elaboracéo,
submissao e coleta de dados, inicialmente como bolsista de Iniciacao Cientifica
e, nos ultimos 4 anos, como aluno de doutorado.

O resultado é esta tese de doutorado, intitulada “Obesidade e
Neuroprogressao: Estudos de Associacdo com Enfoque na Funcionalidade”,
apresentada ao Programa de Pdés-Graduagdo em Psiquiatria e Ciéncias do
Comportamento da Faculdade de Medicina da Universidade Federal do Rio

Grande do Sul em 30 de margo de 2022. A apresentacdo esta organizada na

12



ordem que segue: Introducao, Objetivos, Artigo #1 (Heterogeneous trajectories
in schizophrenia: insights of neurodevelopment and neuroprogression models),
Artigo #2 (Bipolar disorder: an association of body mass index and cingulate
gyrus fractional anisotropy not mediated by systemic inflammation), Artigo #3
(Psychosocial functioning impairment, aging and obesity in individuals with and
without schizophrenia) e Consideragdes Finais.

Na Introdugdo, propus-me a revisar a literatura existente sobre o tema,
inicialmente elencando parametros do neurodesenvolvimento ligados a uma
maior predisposicdo para obesidade e transtornos mentais. Em contraponto,
apresento outra perspectiva complementar a primeira, discutindo aspectos
associados a progressado da gravidade dos transtornos e das comorbidades
metabdlicas. A estrutura dos topicos da Introdugdo mimetiza a do primeiro
artigo, o Special Article publicado no Brazilian Journal of Psychiatry, que visa
apresentar de forma sintetizada as principais evidéncias dos modelos de
neurodesenvolvimento e neuroprogressdo na SZ com um enfoque nas
trajetérias de funcionalidade.

Ja nos outros dois artigos que compdem os resultados deste doutorado
parti diretamente para o estudo da obesidade e desfechos clinicos no TB e SZ.
No primeiro, busquei testar a hipotese de que a obesidade poderia estar
associada a integridade microestrutural da substancia branca no TB por um
dano inflamatorio subjacente. Esse artigo foi publicado na Trends in Psychiatry
and Psychotherapy. No segundo, submetido ao Journal of Psychiatric
Research, analisei diretamente a associagao entre obesidade e funcionalidade
na SZ crbnica, cenario em que os efeitos dessa associagdo ainda sao
controversos na literatura cientifica.

Ainda como produto desse doutorado, na se¢cdo Anexos, encontram-se
a tradugao ao portugués da brochura e algoritmo HeAL, do inglés Healthy Active
Lives (Vidas Ativas e Saudaveis). Trata-se de uma iniciativa do grupo de
trabalho International Physical Health in Youth para promover o cuidado com a
saude fisica e prevengao de obesidade em jovens com psicose. Fui convidado
a traduzi-la para o portugués por intermédio da pesquisadora Carmen Paz
Castaneda, responsavel pela tradugcao ao espanhol do mesmo material. Essa
colaboracéo foi viabilizada pela Rede Ibero-americana para Estudo da Psicose,
ANDES, que desde 2018 esta articulando a colaboracgéo entre pesquisadores e
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centros de pesquisa de toda América Latina. Também se encontram elencados
na segdo Anexos outros artigos que foram produzidos durante o periodo de
doutorado, decorrentes de colaboragdes que ultrapassam o escopo da presente

tese.
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2. INTRODUGAO
2.1 DESFECHOS CLINICOS E COMORBIDADE

O termo transtorno mental grave e persistente (TMGP) compreende o grupo
de condigbes psiquiatricas de curso cronico associado a prejuizo na funcionalidade
(1,2). Juntos, correspondem a 13% de toda carga de doenga no mundo medida em
anos de vida ajustados para disfungao (DALY), o bastante para colocar os TMGP no
mesmo patamar que as doencgas cardiovasculares em termos de custo para a
sociedade (3).

As condigdes que se enquadram como TMGP sdo fundamentalmente os
transtornos bipolar (TB), depressao maior grave, esquizofrenia (SZ) e outros
transtornos psicoticos (1,2). E alarmante constatar que essa populagdo tem uma
mortalidade média de 2-3 vezes a da populagdo em geral, o que se traduz em uma
redugdo da expectativa de vida de mais de 10 anos (4-6). Individuos com SZ e TB
tém em média de 11 a 20 anos a menos de vida, mesmo em paises com acesso
universal a atendimento de saude de exceléncia (Tabela 1).

Tabela 1. Traduzido e adaptado de: Laursen, 2013.

Reducgao na expectativa de vida de individuos com transtorno bipolar e esquizofrenia comparados com
a populagdo em geral na Dinamarca, Finlandia e Suécia.

HOMENS Dinamarca Finldndia Suécia
Expectativa de vida Diferenga Expectativa de vida Diferenga Expectativa de vida Diferenca
50.7 = 50.7 = 532 =
Populagio emgeral  °°’ s 632
Transtornoe Bipolar 47.1 136 409 128 50.5 12.7
Esquizofrenia 40.7 20.0 43.6 17.1 443 189
MULHERES
Populagio em geral 553 - 67.5 - 67.6 =
Transtorno Bipolar 54.3 11.0 513 16.2 55.0 12.6
Esquizofrenia 488 16.5 519 15.6 50 16

Pessoas com TMGP morrem mais cedo por esses transtornos estarem
associados a uma ampla gama de comorbidades clinicas que conferem aumento de
risco cardiovascular (7,8). A prevaléncia de obesidade é estimada em torno de 60%
tanto em TB e SZ (9,10), levando a alteragdes genericamente agrupadas no
constructo “sindrome metabdlica”, cujos principais fatores sdo o aumento da presséao
arterial sistémica e da resisténcia insulinica, levando inclusive ao diabetes. Quando
somada ao tabagismo, a sindrome metabdlica explica a alta mortalidade por eventos

cardiovasculares dessa populacao (11,12). A Figura 1 apresenta dados populacionais
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do Reino Unido estratificados por idade, comparando os dados da populagdo em geral
com o grupo de TMGP para obesidade, hipertensédo e diabetes, assinalando uma
razao de chances aumentada para essas comorbidades em praticamente todas as

faixas etarias de individuos com TMGP.

35 u TMGP
Populagio em geral

30

25

16 16
20 _ :
1.9

15

PREVALENCIA (%)

10 3.0

th

aT
3.2

i It
0
15-34 35.54 55-74 15-34 3554 5574 15-34 35-54 55-74
OBESIDADE HIPERTENSADO DIABETES

Comorbidades por grupo etario

Figura 1. Traduzido e adaptado de: Lachowycz, 2018.
Prevaléncia aumentada de obesidade, hipertensdo e diabetes entre individuos com transtornos
mentais graves e persistentes (TMGP) comparados com a populagdo sem transtornos psiquiatricos.

Apesar de diversos psicofarmacos comprovadamente contribuirem para o
ganho de peso e alteragéo do perfil metabdlico (14-16), € importante ressaltar que a
prevaléncia de complicacbes metabdlicas e cardiovasculares também encontra-se
aumentada mesmo em populacdes nunca expostas a medicagdo. A associagao
desses fatores com TMGP transcende o perfil de efeitos adversos farmacoldgicos,
envolvendo um intrincado panorama de fatores comportamentais de suscetibilidade
genética, como abuso de substancias, sedentarismo, padrdes de dieta hipercalorica
e tabagismo (17,18). Tais aspectos perfazem o aspecto mais distal de associagéao

entre obesidade e TMGP (Figura 2), dentro de uma perspectiva

16



neurodesenvolvimental no compartilhamento de suscetibilidade genética anterior as
manifestagdes psiquiatricas do transtorno em si (19-21). Corrobora ainda essa
perspectiva o fato de a instituicao de tratamento farmacolégico, mesmo considerando
os medicamentos associados a alteragdes metabdlicas, reduzir a mortalidade dessa

populagao por todas as causas - inclusive por eventos cardiovasculares (22,23).

NEURODESENVOLVIMENTO

Desfechos

Fatores Distais Fatores Proximais desfader Shaie

| Funcionalidade
Ambiente familiar

|Cognigao
‘ |Qualidade de vida
Regulagdo
epigenética Comorbidades t Hospitalizagbes
siquiatricas
Histérico - " £ . C .
familiar i e .  NEUROPROGRESSAO
Genética ' ‘
. ; 5 Ndmero de Comorbidades
ep?gﬁnl'i?fa episédios metabdlicas Refratariedade ao tratamento
| |Tempo inter-episédico
Trauma Precoce 1 Tentativas de suicidio

Figura 2. Traduzido e adaptado de: Passos, 2016.
Modelo de neuroprogressao no transtorno bipolar: fatores distais, proximais e desfechos clinicos.

Entretanto, as comorbidades metabdlicas nos transtornos psiquiatricos nao
sdo apenas um desfecho paralelo de base compartilhada no neurodesenvolvimento.
Mais que isso, integram um processo circular de neuroprogressao que resulta em
agravamento do transtorno e perda da funcionalidade (24). Mesmo em populag¢des
sem historico de doengas psiquiatricas, a obesidade influencia negativamente os
desfechos funcionais e cognitivos (25,26). Achados consistentes demonstram déficits
em dominios de atencdo, memoria, fluéncia verbal, velocidade de processamento
psicomotor, possivelmente em decorréncia de dano a substratos neuroldgicos
(27,28). Dentre os individuos com TB, os obesos apresentam curso mais grave, com
aumento da frequéncia de episoédios de doencga, maior severidade de sintomas e
menor resposta aos tratamentos de primeira linha, muitas vezes com mais ideacgao e
tentativas de suicidio (29-31). Nao por coincidéncia, tais desfechos correspondem

exatamente aos mesmos marcadores clinicos de neuroprogresséo (Figura 2).

17



De forma analoga, nosso grupo demonstrou que o aumento de tempo de
doenca e histérico de hospitalizagdes, tradicionais marcadores de cronicidade, estao
correlacionados diretamente ao aumento do risco cardiovascular medido pelo escore
de calcio coronariano em pacientes com TB (Figura 3). Ja nesse trabalho discutimos
a hipotese de que o processo de neuroprogressao estava correlacionado a uma
repercussao sistémica, provavelmente por meio de um processo inflamatério crénico
(32).

100
p < 0.001

80

20

Escore de calcio coronariano

0 1 2 3 - 5 6 7 B 9 10

HospitalizagBes psiquiatricas prévias (n)

Figura 3. Traduzido e adaptado de: Wageck, 2018.
Correlagao entre o escore de calcio coronariano e o niumero de hospitalizagdes psiquiatricas prévias
em individuos com transtorno bipolar.
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2.2 INFLAMAGAO E RESPOSTA CRONICA AO ESTRESSE

Transtornos mentais ndo podem ser compreendidos de maneira desvinculada
do corpo (33). Por um lado, perturbagdes imunoldgicas parecem ser capazes de
induzir psicopatologia, como a exemplo dos quadros de ansiedade e depressao
subsequentes a infecgbes respiratérias (34). Por outro, os TMGP estéo
consistentemente associados a disfungdes inflamatérias e de aumento de estresse
oxidativo sistémico (35). Esse gradiente pro-inflamatorio, especialmente durante as
fases agudamente sintomaticas, constituem um padrdo pervasivo de toxicidade
sistémica definido como alostase dos transtornos mentais (36,37).

O aumento da carga alostatica, justamente, parece ser uma via comum tanto
do dano continuado no modelo de neuroprogressdo em TMGP quanto dos
componentes da sindrome metabdlica, responsaveis pelo aumento do risco
cardiovascular (Figura 4). Diversos estudos investigaram o desequilibrio da resposta

imunoloégica ao estresse com a produgdo de marcadores inflamatérios e de

MNeuroprogressao

Transtornos mentais
graves

Inflamacgao
Estresse oxidativo
Aterogenicidade

Comorbidade

Sindrome metabdlica
Risco cardiovascular
aumentado

Obesidade
Resisténcia insulinica
Dislipidemia
Hipertensao

Figura 4. Traduzido e adaptado de: de Melo, 2017.
Inflamagéo, estresse oxidativo e aterogenicidade: vias comuns do modelo de neuroprogressédo dos
transtornos mentais graves e sindrome metabdlica.
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estresse oxidativo em populagdes psiquiatricas e na obesidade, delimitando ambas
as condi¢gbes como pro-inflamatorias (39-41).

Tais processos incluem aumento dos niveis circulantes de citocinas pro-
inflamatorias e proteinas de fase aguda (como a Proteina C-reativa ultra-sensivel,
PCR-us), reducao nos niveis de antioxidantes como zinco e paraoxonase e aumento
de peroxidagdo lipidica com desbalango pro-aterogénico das lipoproteinas
carreadoras de colesterol (aumento dos niveis de lipoproteina de baixa densidade,

LDL, e diminuigdo dos niveis de lipoproteina de alta densidade, HDL) (38).

Ativagdo macrocitaria
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Figura 5. Traduzido e adaptado de: Srikakulapu, 2020.
Ativagdo macrocitaria no tecido adiposo disfuncional na obesidade levando a desequilibrio pro-
inflamatoério com aumento de aterosclerose.

O tecido adiposo per se desenvolve um papel modulador no sistema
imunoldgico (Figura 5). Em situagbes fisiolégicas, promove a sintese de moléculas
como a interleucina-10 (IL-10) e a adiponectina, resultando em uma acdo anti-
inflamatoria e antiaterosclerética. J& na obesidade e em resposta a estresse, reage
recrutando macréfagos ativados, levando a um aumento na producédo de fatores

inflamatorios como o fator de necrose tumoral alfa (TNFa), interleucina-6 (IL-6) e com
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maior resisténcia tecidual a leptina. Em conjunto, esse contexto disfuncional promove
maior formagao de placas de ateroma (42).

De maneira ilustrativa ao conteudo desta secéo, é relevante ainda apresentar
dados préprios que reproduzem os achados descritos na literatura cientifica quanto
ao painel pré-inflamatério vinculado a obesidade. Em uma amostra de 94 individuos,
cuja descrigdo completa encontra-se no Artigo #2 (Bipolar disorder: an association of
body mass index and cingulate gyrus fractional anisotropy not mediated by systemic
inflammation), verificamos a existéncia de correlagdes significativas entre o indice de

massa corporal (IMC) e os niveis séricos de PCR-us, Leptina e IL-6 (Figura 6).
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Figura 6. Fonte: dados do autor, ndo publicados.
Matriz de correlagdo entre o indice de massa corporal (IMC) e os niveis periféricos de proteina C-
reativa ultra-sensivel (PCR-us), leptina e interleucina 6 (IL-6) em individuos com transtorno bipolar.

Ao longo do processo de submissao e revisao por pares, foi sugerido que essa
analise nao constasse na versao final do manuscrito. O entendimento dos revisores

foi de que os demais marcadores ndo agregavam informacgdes relevantes a discussao
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dos objetivos especificos daquele artigo mais do que a PCR-us isoladamente. Outro
fator levado em conta foi a perda amostral de 16 individuos cujos valores de IL-6 e
Leptina ndo puderam ser analisados em conjunto por ter se excedido o periodo de
congelamento preconizado para este material bioldgico. De fato, a PCR-us apresenta
como vantagem sua padronizagao laboratorial, possibilitando que cada amostra seja
imediatamente analisada e seus valores registrados. Por sua alta reprodutibilidade, a
PCR-us vem ganhando espago como um dos biomarcadores mais promissores no
estudo de processos inflamatorios centrais e periféricos em TMGP, além do uso ja

consagrado na pratica clinica (43).
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2.3 CONTRIBUIGAO DOS ESTUDOS DE NEUROIMAGEM

Estudos de neuroimagem s&o outra forma ndo-invasiva de examinar a
fisiopatologia de transtornos mentais em populagdes clinicas de forma complementar
aos biomarcadores periféricos. Em um estudo de espectrometria pés-mortem tanto
de pacientes TB quanto SZ, Schwarz (2008) demonstrou alteragbes na composi¢céo
de acidos graxos de cadeia livre, fosfatidilcolina e ceramidas na substéancia cinzenta
e branca do cortex pré-frontal, com achados convergentes na composicao de células
na corrente sanguinea periférica (44). Da mesma forma, o aumento da inflamacéao
periférica foi consistentemente associado a perda de substancia branca e alteragdes
volumétricas corticais (45,46).

Episédios sintomaticos Resposta inflamatéria sistémica

agudos | neurotrofinas
t citocinas e estresse oxidativo

Eventos ; p—
estressores { 0% v Lesao celular
N =
o~ \-' -
NP >
(N 7 ]
Adaptabilidade reduzida v (4
P 3 W g Alteracbes de

conectividade cerebral

Alteragdes volumétricas cerebrais

Figura 7. Traduzido e adaptado de: Kapczinski, 2008.
Modelo de neuroprogressao por multiplos episédios: alteragbes volumétricas e microestruturais
induzidas por estado pré-inflamatério levam a menor adaptabilidade a eventos estressores.

O mapeamento de alteragbes nos substratos neurolégicos associadas aos
processos inflamatérios em TMGP consolida o modelo da neuroprogressao,
evidenciando as possiveis consequéncias da sobrecarga alostatica aos episddios
agudos desses transtornos (Figura 7). De forma semelhante na SZ e no TB, a
diminuicdo de neurotrofinas e o aumento do estresse oxidativo e das citocinas pro-

inflamatéri acarreta redugdo de plasticidade neuronal, resiliéncia celular e
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conectividade cerebral, diminuindo por sua vez a capacidade de adaptabilidade do
paciente aos eventos de vida estressores (47).

Para o TB, demonstramos no trabalho de Sartori (2018) que a funcionalidade
para as atividades dos individuos, medida pela Escala de Funcionamento Breve
(FAST), estava correlacionada ao volume cerebral de duas areas do cortex pré-frontal
(Figura 8). Achados como este validam o constructo de instrumentos acessiveis e de

facil aplicagdo na pratica assistencial e de pesquisa, como o da escala FAST,

conferindo correlatos estruturais para os marcadores clinicos de neuroprogressao
(48).
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Figura 8. Traduzido e adaptado de: Sartori, 2018.

Regibes cerebrais mais associadas a funcionalidade no transtorno bipolar.
A) Giro frontal rostral medial esquerdo (verde)

B) Giro frontal superior esquerdo (azul)

FAST: Escala Breve de Funcionamento

Outro estudo também do nosso grupo de pesquisa explorou o volume
hipocampal com os niveis séricos de leptina, hormdnio intimamente correlacionado
ao IMC (49). Em individuos com TB, mas n&do em controles sem historico pessoal ou
familiar de transtornos psiquiatricos (CTR), quanto maiores os niveis de leptina sérica,
menor o volume hipocampal direito (Figura 9).
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Figura 9. Traduzido e adaptado de: Vianna-Sulzbach, 2015.
Alteragdo volumétrica hipocampal associada aos niveis séricos de leptina em individuos com
transtorno bipolar (TB), mas ndo em controles (CTR).

Ambos os estudos apresentados baseiam-se em achados de Ressonancia
Magnética (RM) de substancia cinzenta (volume cortical e subcortical). Em TMGP,
bem como na literatura cientifica como um todo, grande enfoque € dado a substancia
cinzenta devido a presenga dos corpos neuronais (50). Mais recentemente, no
entanto, a substéncia branca tem ganhado terreno, deixando de ser vista como uma
simples estrutura de suporte para os neurbnios para ser compreendida como um
tecido intensamente ativo, de funcbes complexas e fundamentais para a
conectividade cerebral. Ademais, ela € muito sensivel a alteragbes sutis de
composicdo sanguinea, apesar da barreira hematoencefalica, em particular em
estados pro-inflamatorios (51).

A microestrutura e integridade dos feixes pode ser inferida por meio de RM
com estudo de tens&o de difusdo cerebral (DTI), analise baseada na ressonancia das

moléculas de agua e sua movimentacdo em sentidos preferenciais dentro da
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substancia branca, mapeando o esqueleto de vias de conectividade no cérebro e
possibilitando a comparagao de integridade dessas vias entre individuos vivos (52).

Substdncia branca: alta FA

Figura 10. Traduzido e adaptado de: Noguerol, 2017.

Estudo vetorial da difusdo das moléculas de agua: diferengcas na fracdo de anisotropia (FA) da
substancia branca e cinzenta e como indicador da integridade microestrutural na tractografia.

A. Integridade estrutural: alta FA

B. Lesao microestrutural: FA reduzida

A fracdo de anisotropia (FA), um dos principais valores de DTI para estudo
microestrutural da substéncia branca, € o resultado de um dos calculos vetoriais da
movimentagdo dessas moléculas (53). Na substancia branca integra, os axdnios
estdo organizados em feixes e revestidos pela bainha de mielina, fazendo com que
haja direcionalidade preferencial das moléculas de agua no sentido da fibra, e,
portanto, alta FA. Ja na substancia cinzenta, ndo ha um sentido preferencial de
difusado, resultando em baixa FA (Figura 10). O dado mais interessante para o estudo
de conectividade cerebral, no entanto, é a variancia de FA em fibras com perda de
integridade microestrutural, em que a FA reduz proporcionalmente a perda de
conectividade (53).

Apesar de explorada em pacientes TB em episddio depressivo (54), nao ha na
literatura, até o momento, estudos que tenham avaliado a associacdo do IMC com a

DTI de pacientes TB eutimicos, ou em pacientes com SZ.
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2.4 FUNCIONALIDADE COMO DESFECHO

Funcionalidade consiste na performance em atividades basicas para a vida
diaria, que requeiram planejamento e resolugado de problemas, bem como aspectos
do convivio social. Essencial enquanto desfecho psiquiatrico, o grau de
funcionalidade consiste na preservagao ou reabilitacdo dessas habilidades (55).
Apesar de guardar semelhangas e sobreposi¢gdes com o dominio de qualidade de
vida, a funcionalidade ndo tem por base central a percepgao subjetiva do individuo,
mas sim uma analise objetiva pelo examinador (56).

A Escala Breve do Funcionamento (FAST) foi desenvolvida com o intuito de
viabilizar essa avaliacdo de maneira estruturada e rapida, inicialmente no TB (57),
tendo sido posteriormente validada para uso também em individuos com SZ (58). A
versao brasileira da FAST (59), utilizada neste projeto, foi validada com manutengao
de boas propriedades psicométricas (validade, consisténcia interna e
reprodutibilidade inter-examinador), e encontra-se disponivel no Anexo 3. Sdo 24
itens para avaliar seis dominios especificos da funcionalidade: autonomia, trabalho,
cognigao, finangas, relagdes interpessoais e lazer. Cada item é pontuado usando uma
escala Likert de 4 pontos para o grau de dificuldade: (0) nenhuma, (1) pouca, (2)
bastante, (3) imensa, levando em consideracao o intervalo dos ultimos 15 dias. Os
escores finais sdo a soma dos escores em cada item, podendo variar de 0 a 72, em
que os escores mais altos indicam disfuncdo. Um manual semiestruturado é usado
para assegurar uniformidade no entendimento da pontuagao pelos avaliadores (58).

Dentro da perspectiva de neuroprogressao em TMGP, a escala FAST revelou-
se um instrumento capaz nao apenas de quantificar o grau de disfungéo do individuo
com transtorno em relagdo ao grupo CTR, como também de estratificar o grau de
deterioro funcional no TB em 4 niveis de estadiamento clinico (Figura 11). Dessa
maneira, € possivel integrar uma avaliagdo clinica objetiva de funcionamento aos
biomarcadores periféricos e de neuroimagem, separando grupos heterogéneos de
individuos que possam se beneficiar de intervengdes distintas (60,61).
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Figura 11. Traduzido e adaptado de: Rosa, 2014.
Déficits funcionais progressivos medidos pela Escala Breve de Funcionamento (FAST) no transtorno
bipolar por estadiamento (estagios I-IV) e em controles.

Dado o exposto, é legitima a hipétese de que o ganho de peso, enquanto
condigao pro-inflamatdria crénica, poderia afetar a performance dos individuos. Na
mesma linha, se o paciente sofrer de ambas as condi¢gdes (TMGP e obesidade)
potencializar-se-ia 0 dano neuroprogressivo (62,63).

Em relagado aos desfechos funcionais da obesidade na populagdo em geral,
estudos consistentes sugerem que o aumento no peso corporal, ainda que moderado,
pode estar associado a prejuizo funcional (64,65). De forma similar, entre pacientes
com TB, o aumento do IMC também é associado a pior performance em desfechos
funcionais (66,67). Ja na SZ, o aumento de IMC foi, na verdade, repetidas vezes
descrito em associagao com melhora da funcionalidade quando seguindo a introdugao
de antipsicéticos (vinculados a ganho de peso) em pacientes recém diagnosticados
(68-72). Em individuos em tratamento cronico, a literatura é escassa e inconclusiva
(73,74).
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2.5 INTERVENGOES PERSONALIZADAS

Apesar de reconhecidamente apresentarem maior morbidade e redugao
na expectativa de vida em funcdo da prevaléncia aumentada de comorbidades
fisicas, individuos com TMGP enfrentam baixo acesso e qualidade precaria dos
servigos de saude (7,75). Mesmo para fatores relativamente faceis de medir,
como obesidade e pressao arterial, sdo sub-reconhecidos e subtratados tanto
por clinicos quanto por psiquiatras (76-79). Taxas de nao-tratamento variam de
30,2% para diabetes, 62,4% para hipertensao e até 88,0% para dislipidemia
(80).

Prevengdo e monitoramento s&o a base estratégia proposta pela
Organizagdo Mundial da Saude para mudar essa realidade, definindo
recomendacgoes de intervencdes personalizadas para informar politicas publicas
e profissionais de saude de como se podem melhorar as condi¢des de saude
fisica de individuos com TMGP para que, em relagdo a mortalidade precoce,
ninguém seja “deixado para tras” (75).

As recomendacdes preconizadas devem ser implementadas usando uma
abordagem integrada e centrada na pessoa, em quatro niveis: (1) rastreio e
deteccdo precoce de comorbidades fisicas, (2) aconselhamento sobre fatores
de risco comportamentais, (3) avaliagdo e manejo do risco de doencga
cardiovascular e (4) manejo das comorbidades existentes. (81)

Para todos os individuos com TMGP que estido sob risco de desenvolver
ou que ja desenvolveram sobrepeso ou obesidade, devem ser consideradas as
opcoes de promover mudancas no estilo de vida, com aconselhamento
nutricional e promogao da pratica de atividade fisica regular. Quando possivel
pelo julgamento clinico, recomenda-se priorizar medicagées menos associadas
a ganho de peso e alteragbes metabdlicas, e na falha ou impossibilidade de
implementagdo dessas recomendacgdes, considerar o uso de metformina
adjuntiva ao tratamento (Figura 12). Em individuos com TMGP com sobrepeso
ou obesidade, intervencdes focadas na reducdo do peso a niveis saudaveis
resultaram em melhora da saude e qualidade de vida (82-83).

As recomendacbes para populagdes que apresentam alteracdes
cardiovasculares ou diabetes mellitus seguem a mesma estrutura, com a

recomendacao de rastreio frequente para identificagao precoce, manejo nao-
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farmacolégico preventivo e encaminhamento para intervengdo precoce
farmacoldgica quando identificada a comorbidade, com especial cuidado com
as interacbes medicamentosas que podem ocorrer com 0 uso concomitante de

outros tratamentos continuos (75).

i ™
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estimulo a pratica de atividade fisica
e
Pricrizar medicacdes menos
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Figura 12. Traduzido e adaptado de: Gronholm, 2021.
Intervencbes baseadas em evidéncia preconizadas para 0 manejo de sobrepeso e obesidade em
individuos com transtornos mentais graves e persistentes (TMGP).

Os anexos 1 e 2 desta tese consistem na traducao e adaptagdo de um
algoritmo de rastreio e intervengdo precoce em jovens com psicose, que

sintetiza as recomendagdes da OMS para individuos com TMGP.
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3. JUSTIFICATIVA

Encontra-se bem documentada na literatura cientifica a associagdo de
obesidade com desfechos clinicos desfavoraveis no TB e SZ, incluindo a reducio da
expectativa de vida. Quanto aos desfechos psiquiatricos como gravidade dos
sintomas e necessidade de internagao, estdo bem estabelecidos no TB, enquanto que
sdo inconclusivos na SZ.

Para ambos os transtornos, o entendimento da fisiopatologia dessa alteracéo
ainda esta por ser mais bem elucidado. Esse dado é relevante ndo apenas para o
entendimento neurologico de possiveis vias de dano a longo prazo nesses dois
transtornos, mas também porque corrobora a importdncia de intervencdes
preventivas em nivel primario e secundario, tanto para melhora nos desfechos
psiquiatricos quanto na redu¢ao da mortalidade e aumento da qualidade e expectativa

de vida nesta populacao.
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4. OBJETIVOS

4.1 Objetivo Geral

Investigar a obesidade em uma amostra heterogénea composta por pacientes com
TB, SZ e CTR sem doenca psiquiatrica, explorando a associagao do IMC com

desfechos de funcionalidade, integridade da substancia branca e status inflamatério.

4.2 Objetivos Especificos

a) Revisitar e sintetizar as evidéncias de pesquisa translacional da evolugao da
funcionalidade na SZ, compilando os marcadores inflamatorios e achados de
neuroimagem que sustentam o modelo neurodesenvolvimental e de
neuroprogressao. (Artigo #1)

b) Investigar a associagao entre a integridade da substancia branca, IMC e inflamacao
em individuos com TB e CTR. (Artigo #2)

c) Investigar a associacao entre o IMC e funcionalidade diaria em individuos com SZ
e CTR. (Artigo #3)
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5. ASPECTOS ETICOS E LEGAIS

Os resultados apresentados nesta tese séo fruto de trés projetos de pesquisa
devidamente submetidos e aprovados pelo Comité de Etica em Pesquisa do Hospital
de Clinicas de Porto Alegre, sob os numeros 15-0282, 11-0144 e 10-0348. Foram
seguidos os principios de boas praticas clinicas e de ética em pesquisa com seres

humanos, de acordo com a Declarag¢ao de Helsinki.

Todas as participagdes foram voluntarias. Os procedimentos relacionados ao
estudo so6 foram realizados apds a assinatura no termo de consentimento informado,
realizada seguindo a descrigao completa do estudo, dos possiveis riscos envolvidos

e de tempo habil para sanar quaisquer duvidas dos participantes.
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Abstract: The notion that schizophrenia (SZ) is a neuroprogressive disorder lies in a
clinical perception of cumulative impairments over time, endorsed by neuroimaging
and biomarkers research. Nevertheless, increasing evidence has indicated that SZ
first emerges as a neurodevelopmental disorder that could follow various pathways,
some of them neuroprogressive. The objective of this review is to revisit basic research
focusing on cognitive processes and neuroimaging findings as candidate central keys
to understanding the intricate connections between neurodevelopment and
neuroprogression in SZ. The complete panorama pictures schizophrenia as a
neurodevelopmental disorder, possibly associated with an additional burden over the
course of the disease throughout pathological accelerated aging. Finally, cognitive

heterogeneity may explain the different trajectories followed by each patient.
Keywords: schizophrenia, cognition, aging, neurodevelopment, neuroprogression
Introduction

Decades of extensive research have shed some light on one of the most
challenging clinical conditions in psychiatry: schizophrenia (SZ) '4. A better
understanding of the biological process of the inflammatory response and oxidative
stress in individuals living with the disorder endorsed accelerated aging models in a
neuroprogressive course®. However, the existence of different trajectories of the
disorder associated with premorbid alterations resulted in a critical turnabout in SZ's

neuroscience, with an escalating emphasis on a neurodevelopmental perspective 12,

Although this might sound conflicting at first glance, cumulative evidence has
supported the notion that SZ first emerges as a neurodevelopmental disorder that
could eventually follow a neuroprogressive course °. Ultimately, neurodevelopment is
suggested to act as one of the most important variables to predict outcomes
associated with preserved functioning despite the iliness . We believe that cognitive
processes and neuroimaging findings may be keys to understanding the intricate

connections between neurodevelopment and neuroprogression in SZ 78,

Therefore, in this review, we summarize current knowledge of SZ's
neurobiology and cognition, revisiting neuroimaging and peripheral biomarkers
research. We aim to discuss the role of neurodevelopment and neuroprogression

models in SZ as distinct trajectories, each associated with particular outcomes. Finally,
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we discuss the applicability of the concept of heterogeneous trajectories to the

development of personalized interventions.
Disease Outcomes and Health Burden

With an estimated prevalence of about 1% of the population, SZ remains one
of the top ten causes of health burden in the world °. Even before the diagnosis, the
functionality could be impaired. People who develop SZ tend to show slight cognitive,
social, and motor deficits early in childhood, in the premorbid phase 7'°. This is
followed in adolescence and early adulthood by anxiety, depressive symptoms and
social withdrawal, and then the emergence of prodromal symptoms leading to the first
episode of psychosis (FEP) °. Clinically, it is logical to assume that, at least in part,
there is a neurodevelopment component related with premorbid and prodromal

presentation and early deficits. However, it is difficult to unravel its magnitude °.

After the FEP, positive symptoms have a course marked by relapses and
remissions. Available treatments (antipsychotic medications) are effective against
positive symptoms, although some patients can still present long term residual
manifestations 7. Negative and cognitive symptoms tend to be chronic and with poor
response to current treatment options °, resulting in devastating deficits in social and
occupational functioning °. As much as 30 to 50% of individuals with the disorder
follow a progressive course with cumulative residual symptoms, suggesting that there
may be a neuroprogressive component in addiction to the neurodevelopmental one
310 Unraveling the pathogenesis of the disorder is crucial to design more appropriate
and effective treatment strategies '*12.

Further, offering better treatment might be a matter of life and death: if
compared to the general population, individuals with SZ have the life expectancy
reduced by 15 to 20 years '>-'¢, and the relative risk (RR) of all causes of death in SZ
is 2.54, which is significantly higher than in the mood and anxiety disorders '7. The
reasons for the higher mortality in those patients can be related to late diagnosis and
insufficient treatment of somatic diseases, detrimental side effects of antipsychotics,
and unhealthy lifestyle (smoking, poor diet, excessive alcohol consumption, and
sedentarism), besides suicidal and accidental risks -6
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Vulnerability and Somatic Response to Stress

There is growing evidence about the biological underpinnings of increased
physical morbidity and early mortality seen in SZ. Biomarkers are the objective
measures of these biological processes, thereby having the potential to be used for
diagnostic, prognostic, and therapeutic response assessments ®. No matter how
diverse and complex are the changes observed in individuals diagnosed with SZ °,
there is consistent evidence of dysfunctions in the immune system 2° and changes in
oxidative stress 2'. Such immune alterations were reported from the FEP 22 to chronic

populations 23.

There are also findings of early inflammatory unbalance even preceding FEP,
while associated with impaired functioning in individuals with ultrahigh risk of
developing psychosis 2*. Indeed, long before the diagnosis, known risk factors for SZ
may influence neurodevelopment and result in vulnerability to psychosis later in life,
such as pre and perinatal (infection, placental pathology, low birth weight), and
premorbid exposure to stress (urban environment, childhood trauma, ethnic minority,
migrant status) 2. For instance, transcriptome and methylome studies in schizophrenia
point towards alterations in immune system related genes, pathways and cells
involved in neurodevelopment and neural functioning 25. Although heterogeneous,
immune-related genes alterations could lead to candidates for diagnostic biomarkers,

at least for a subset of patients 6.

The continuous pro-inflammatory state in individuals with SZ appears to be the
result of a genetic vulnerability and somatic response to stress, described in the
vulnerability-stress-inflammation model of SZ ?7. The pattern of serum oxidative stress
and inflammatory cytokines appears to be similar among patients early after the
diagnosis and late in the course of illness, supporting the notion of an early
degenerative component preceding the illness onset in SZ 28, This low inflammatory
status level is a constant neurotoxic insult that possibly accelerates the biological
aging of individuals with SZ estimated by telomere length 2°:3° (Figure 1). Telomeres
are structures at the ends of chromosomes crucial to preserving DNA information and
being consumed at each cell division. When they reach a minimum size, the cells enter
in senescence or apoptosis. Therefore, the telomere length can be understood as a

“biological clock” related to the cell’s and the organism’s life spans. It indicates the
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speed of biological aging 3! and the body's ability to absorb damage over time 32. Such
process is consistent with a comprehensive meta-analysis that showed that telomere
length is slightly decreased in SZ compared to controls 33. Although the length of
telomeres is an inherited trait, it can be influenced by epigenetics, environment 34,

inflammation, and oxidative stress 3536,

Moreover, telomere shortage in individuals with SZ was associated with illness
duration, memory deficits, reduced gray matter, and increased chemokine levels,
suggesting that, at least to some extent, the cognitive impairment in SZ is the result of
pathological accelerated aging in a neuroprogressive way 3°. In summary, biomarkers
research unravels an early neurodevelopmental trajectory leading to increased
vulnerability to stress that follows neuroprogressive courses with unbalanced

inflammatory response 273,

Neuroimaging Insights

Beyond blood measurements, neuroimaging findings could also act as
candidate biomarkers. Although not sufficiently specific yet to be of diagnostic value,
substantive evidence of brain structural, functional, and neurochemical alterations in
SZ corroborates both neurodevelopmental and neurodegenerative models of this

illness 7.

A comprehensive meta-analysis with more than 18.000 individuals
demonstrated a reduction in brain volumes compared with controls, both globally (total
volumes) and specifically in several cortical and subcortical structures. Curiously,
findings were similar in patients that have never used antipsychotics 38. Optimized
treatment with antipsychotic medication appears to reduce such processes with a
neuroprotective effect 4, although there is also evidence of decrease in gray matter

with chronic antipsychotic exposure 3°.

Brain change is most severe during the early stages of the illness and are not
homogeneously distributed among patients 0. The greater effect sizes were total gray
matter and cortical gray matter volumes reduction, and lateral ventricles enlargement
3 The subcortical structures analysis shows that individuals with SZ had smaller
hippocampus, amygdala, thalamus, accumbens #', while caudate, putamen, and

pallidum were increased in volume compared to healthy controls 4'42. Moreover,
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individuals with SZ can have a brain age eight times older, reinforcing reinforces the
hypothesis of accelerated aging “3. The evolution of progressive brain loss over time
is highly variable among patients, and more pronounced shortly after onset and with

the acceleration rate slowing down to almost zero in five years #4.

There is also evidence of functional change in neural networks in individuals
with SZ 4. The ENIGMA consortium efforts of compiling data showed that global
structural connectivity is significantly compromised in patients compared with healthy
controls, and that such alterations are associated with impaired cognitive ability 46.
Nevertheless, it is unclear if such alterations are the markers of a compromised

neurodevelopment or cumulative damage of neuroprogression.

There are subtle differences among the reductions in brain volume if we
consider the intellectual and cognitive performances. Although SZ patients with current
cognitive impairment might show reduction in gray matter volume, only those with
lower estimated premorbid crystallized intelligence quotient (IQ) may have diminished
total intracranial volume (ICV). Those with intact estimated premorbid 1Q, even when
presenting with cumulative cognitive deficits after the diagnosis, do not differ in ICV
from controls 47. This suggests that abnormal neurodevelopment is associated with
brain hypoplasia, while neuroprogression would lead to localized atrophy in gray

matter volume consistent with later cerebral dysmaturation 4.

In typical development, ICV and whole-brain volumes (WBV) increase between
early childhood and early adolescence. ICV then remains relatively stable across the
life course, while WBV starts to reduce during adulthood. Thus, changes in ICV vs.
WABYV relative to ICV can be thought of as neurodevelopmental and neurodegenerative

impairment indexes, respectively 4°.
Cognitive Trajectories

Individuals with SZ can present global and heterogeneous impairments in
several cognitive domains 5%°', These changes appear similar to those of other severe
mental illnesses such as bipolar disorder, but with a greater extent and severity 5253,
A consistent aspect of the literature is that most cognitive impairments seem to have
their origin during neurodevelopment, that is, in the process of the acquisition of the

skills and not in the loss of it. Therefore, heterogeneity could result from different
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impacts that occurred during the development of the individual with SZ 4. A possible
marker of this change in development would be intellectual functioning, which may

also be reduced in these patients 955,

General cognition is impaired in individuals who later develop SZ even before
the FEP 57-%°, with consistent 1Q deficits %6, Previous studies have established an
increase in the risk of SZ onset of around 3.8% per 1-point decrease in 1Q from national
samples % and meta-analysis 2. Further, the risk of developing SZ was strongly
related to the deviation in school performance based on family cognitive aptitude and
not to the cognitive performance itself 83, indicating environmental impacts to
neurodevelopment. Specific cognitive functions are also impaired before psychosis
onset, such as executive functioning, attention, memory, and processing speed 064,
Processing speed seems to be a particularly crucial function, as it has been implicated
as a central component of cognition in SZ 8 that possibly mediates other cognitive

functions such as executive functioning 6.

Another domain widely studied in SZ due to its relationship with functional
outcomes is the verbal episodic memory, which may be considered an endophenotype
for SZ 6768 This ability is potentially vulnerable to aging and is responsible for storing
facts and events, having a crucial role in different aspects of everyday life, such as
study, work, independent living, and interpersonal relationships 8°. Verbal episodic
memory is impaired in SZ, early following the diagnosis and worsening with time 3.
This progression pattern in deficits is corroborated by neuroimaging and biomarker
studies that show signs of accelerated aging associated with such impairment 30-47.70,
Notwithstanding this progressive course of memory deficits, a more comprehensive
assessment of cognition in SZ appears to be already moderately impaired long before
diagnosis, supporting the neurodevelopmental model of the disorder 43. Overall, as
these results are reported even in drug-naive individuals 7, the association between
neurodevelopment, cognition, and their role in psychosocial functioning in SZ are

virtually undeniable 69,

A classic discussion has taken place over the years on whether cognitive
deficits in SZ are stable during the iliness or progressively worsen over time. Overall,
studies tend to favor the former rather than the latter 6472, For instance, the

performance by individuals early in the course of SZ on the MATRICS Consensus
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Cognitive Battery (MCCB) is similar to those with a chronic course of illness 73. No
progressive course was found among SZ when looking at subjects with exceptionally
long duration of untreated psychosis as chronic sample with no treatment effect 7.
Likewise, a 10-year follow up study since onset observed a stable course of cognitive
functioning over time 7°. On the other hand, longitudinal studies had also found some
evidence of cognitive decline after onset %, even when individuals with SZ were
already impaired at baseline. Further findings show that over half of individuals with
SZ display a difference of 10 points or more between estimated premorbid and current
IQ 7677, However, the course of cognitive changes is still controversial in the literature,

mainly due to the heterogeneity of their presentations 78.

Indeed, different cognitive profiles in SZ have been established 7°, even among
individuals with high premorbid intellectual functioning 6. A recent systematic review
showed that the results vary widely concerning cognitive subtypes, ranging from 3 to
5 clusters with different profiles. The most consistent findings point to 3 clusters (Figure
2): 1) cognitively globally impaired, 2) intermediate impairment, and 3) a subtype close
to normal, with few impairments and a more preserved cognitive profile 8. A similar
classification was observed in a large sample of individuals with SZ (n=534) based on
estimated premorbid 1Q. Nearly half of the sample (44%) presented a decline from
premorbid cognitive functioning, followed by preserved intellectual functioning (29%)
and compromised group (26%) &'. Thus, cognitive heterogeneity seems to be an
essential aspect of SZ, with crucial markers during development that might explain
these individuals' different trajectories.

Functional Outcomes

Individuals with SZ have been consistently reported to experience impairment
in everyday functioning, and lower quality of life, including difficulties in cognitive,
social and real-world activities 8283, Functioning reflects the objective perspective of
health and health-related domains, while the quality of life is an individual’s
perceptions of these domains . Even though SZ is known to have its onset during
adolescence or young adulthood, social functioning changes appear even earlier, long
before the first episode °.
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A couple of decades ago, associations with social adjustment in young children
many years before SZ’s onset were reported. A higher incidence of poor premorbid
social adjustment in childhood was associated with an increased risk of developing SZ
85 Furthermore, at that time, one of the first studies that compared social functioning
in childhood and adolescence of patients with SZ, bipolar disorder, and healthy
subjects found that both patient groups exhibited functional deterioration in
adolescence. The study results established a clear association between poor social
functioning in childhood and adult psychosis, as well as significant differences in
premorbid social ability and school functioning between patients with SZ and healthy
controls. Individuals with SZ were found to have social impairments from a young age,
experiencing significant deterioration during adolescence, while also showing poor
school adjustment, even when differences between groups in premorbid IQ were taken
into account 8. Since then, the neurodevelopmental aspect of SZ has been well
researched and established, being found to have an important role in predicting
functional outcomes, and making it possible to suggest that poor social adjustment in
childhood and adolescence can be seen as an early manifestation of vulnerability to

adult psychotic ilinesses.

Thinking forward to disease’s onset, the premorbid impairments can later be
affected by the severity of symptoms, disease course, and medication side effects.
Both negative and positive symptoms of SZ are long-lasting throughout the illness
course and are associated with the diagnosis since the time of the first episode,
negatively impacting cognitive and social functioning, along with side effects of some
antipsychotics 8287, More specifically, cognitive deficits and negative symptoms have
been established as stable over time and have a persistent impact in patients’
functional outcomes 88. It appears that as the disease progresses, patients’ functional

outcomes are even more related to neurocognitive deficits than before onset 8990,

Literature from the past decades has already demonstrated a connection
between cognition and everyday functioning, with cognitive deficits being relevant
determinants of impairments in most functional domains °"92. For example, verbal
memory impairments are reported to impact in real-world functioning of the patient. At
the same time, the speed of processing correlates with several measures of

functioning, including daily life activities, occupational functioning, and independent
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living status 3. Additionally, impairment in social cognition is shown to largely mediate
the effects of neurocognition on the functional outcome %. Longitudinal studies have
explored long-term data to assess the disease’s neuroprogression regarding the
association between cognition and functioning. In a Norwegian longitudinal study of
FEP, the relationship between neurocognition, remission, and recovery was assessed
with multiple follow-up points (baseline, 6 months after, and subsequently once a year
for 10 years). It was found that attention/vigilance and working memory scores at
baseline significantly predicted social functioning outcomes since adapting to social
settings requires flexibility and the ability to process and maintain a large amount of
information, skills to which these cognitive domains are essential. Also, attention and
vigilance were related to role functioning (activities of daily living, performance in
school, at work or managing a home) at follow-up, demonstrating the crucial role of
attention in daily problem solving and skill acquisition, as well as its progress
throughout the illness .

Personalized Interventions

These characteristics of neurodevelopment and neuroprogression of SZ and
the relationships between them are being explored, studied, and evaluated
continuously to search for the best possible treatment for the patients who live with the
disease. According to Beck et al. 5, a higher functioning level was achieved by some
patients with SZ when they were motivated to engage in meaningful, enjoyable, and
social activities. Furthermore, another study has found that exercise showed beneficial
effects on clinical symptoms, quality of life, global functioning, and depressive
symptoms in patients with SZ %. Therefore, the goals of current treatments should be
to facilitate recovery by improving the functioning of patients past remission of
psychotic symptoms, which brings to light the importance of focusing on the patient’s
subjective well-being, quality of life, real-world adaptation, and addressing motivation
and beliefs, as well as social functioning, including independent living skills, and

capacity to work or study 9798,

Individuals with SZ, even those with moderate disabilities, maintain the ability
to learn %3. A recent systematic review reported that an increased cognitive reserve,
which is the ability to maintain skills developed throughout life, could be a protective

factor in SZ and decrease the severity of symptoms related to better functional
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outcomes - To that end, cognition in SZ should not be viewed as a “lost cause” but a
potential target for clinicians to encourage rehabilitation and remediation techniques

as promissory treatment for psychiatric patients 1.

Such interventions tailored for a specific cluster of patients could only be
properly tested if we recognize the concept of different trajectories in SZ 78. Further
research on this field would help to consolidate the concept and test targeted
interventions for each trajectory. This idea is in consonance with stratified psychiatry
or personalized medicine, looking for the best treatment possible for each patient
rather than average treatment response '°'. Nonetheless, there is not enough
evidence to date to endorse particular interventions according to cognitive trajectory.

Conclusion

In conclusion, it is suggested that SZ is a neurodevelopmental disorder that
leads to early impairments. However, there is also an additional burden over the years
of disorder that could lead to accelerated aging. The different possible influences could
explain the heterogeneity that individuals could suffer in their development and aging

processes. These differences would lead to distinct trajectories of the disorder.

The present review aimed to contribute to a better understanding of SZ’s
pathophysiology, considering biological and cognitive variables. We hope that the
proper comprehension of such variables could make it possible to develop

individualized treatments and more effective interventions for each patient.
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ABSTRACT

Objective: To investigate body mass index (BMI) associations with white matter fractional
anisotropy (FA) and C-reactive protein (CRP) in individuals with bipolar disorder (BD) during
euthymia in comparison with a control group of healthy subjects(CTR).

Methods: The sample consisted of 101 individuals (BD n=35 and CTR n=66). Regions of
interest (ROI) were defined through machine learning approach. For each ROI, a regression
model tested the association of FA and BMI controlling for covariates. Peripheral levels of
CRP were dosed, correlated with BMI and included in a mediational analysis.

Results: BMI predicted FA of the right cingulate gyrus in BD (AdjR?=.312 F3=5.537 p=.004;
B=-.340 p=.034), while in CTR, there was no association. There was an interaction effect of
BMI and BD diagnosis (F5=3.5857 p=.012; Fchange=.227 AdjR?=.093; 3=-1.093, p=.048).
Furthermore, there was a positive correlation between BMI and CRP in both groups
(AdjR2=.170 F(3=7.337 p<.001; B=.364 p=.001), but it did not act as a mediator of the effect
on the FA.

Conclusion: Higher BMI is associated with right cingulate microstructure in BD, but not in
CTR, and this effect could not be explained by an inflammatory mediation only.

Keywords: bipolar disorder, obesity, white matter, diffusion tensor imaging

Manuscript Text

Introduction

Obesity is disquietingly common among individuals living with bipolar disorder
(BD)."2 Higher body mass index (BMI) is not only associated with increased cardiovascular
risk,® but also associated with illness severity, worse global functioning status and cognitive
impairment,**° possibly through damage to neural substrates.® Compromised white matter
(WM) integrity estimated by fiber fractional anisotropy (FA) could be a candidate pathway for
such deficits.”®

The association of BMI and FA has been previously explored in the context of mood
episodes in BD.%'° During depression, BMI associates with structural connectivity in cortico-
limbic networks.® Following the first episode of mania, the main findings are disruptions in
right parietal, temporal and occipital regions of overweight and obese patients.'® To our
knowledge, there are no studies in euthymic patients. Although less expressive, alterations
during euthymia seem to reflect long-term and possibly irreversible structural damage and
act as more stable markers in BD.""
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Although the association of BMI and WM microstructure have been previously
described,®'° the neurobiological pathway linking the conditions remains unclear. The
authors discussed a possible inflammatory process, but no inflammatory marker was
effectively dosed.®'° C-Reactive Protein (CRP) is a sensitive marker of peripheral
inflammation that has been extensively reported in obesity.'? Also, it has already been
associated with WM microstructural damage in severe mental illness,' so a promising
candidate to test the hypothesis of an inflammatory damage in obese bipolar patients.

We hypothesize obese individuals with BD in a euthymic phase present WM
microstructural damage related to BMI, as a possible consequence of an unbalanced
allostatic and pro-inflammatory profile.* Therefore, this is a proof-of-concept study that aims
to: 1) investigate BMI associations with FA in individuals with BD during euthymia in
comparison with a control group of healthy individuals (CTR), and 2) test if a possible
association is mediated by inflammation measured by CRP.

Material and Methods

This is a cross-sectional observational study that includes 101 subjects, 35 BD and
66 CTR. To be included in the study, all participants needed to be adults (age > 18 years) at
the time of enroliment and sign an informed consent. The project was approved by the
Research Ethics Committee of Hospital de Clinicas de Porto Alegre (HCPA, Project ID 10-
0348), according to the Declaration of Helsinki.

BD patients diagnosed with type | BD receiving outpatient psychiatric care in HCPA
were eligible for entering the study if euthymic. A trained psychiatrist confirmed the diagnosis
by structured clinical interview for DSM-IV (SCID), and euthymia was defined as Hamilton
Rating Scale for Depression™ and Young Mania Rating Scale'® scores less than 7.
Recruitment of CTR followed the same logistics among companions of individuals attending
outpatient care of another medical specialty in the HCPA or community volunteers from the
same socioeconomic background of cases. For each CTR, the psychiatrist performed a
clinical interview to rule out personal or first-degree relatives’ history of mental iliness.

For both groups, the following exclusion criteria were applied: 1) age > 70 years; 2)
pregnancy; 3) substance abuse or addiction (other than smoking); 3) endocrine or
cardiovascular disease requiring medical attention or treatment adjustment; 4)
rheumatological, neurological, autoimmune, infectious or chronic inflammatory diseases; 5)
immunosuppressive therapy; and 6) any Magnetic Resonance Imaging (MRI) scan
contraindication.

Weight and height were obtained for each individual to calculate BMI
(weight/height*height; kg/m?). The same instruments (scale and height ruler) were used for
all participants, with light clothes but no shoes. A trained technician collected five milliliters of
blood by venipuncture from each subject. High sensitivity CRP was measured using a latex
particle-enhanced immunoturbidimetric assay following the manufacturer’s instructions
(Roche Diagnostics, Indianapolis, IN).

MRI images were acquired by a Philips Achieva 1.5T (Bethesda/Netherlands, 2009)
with a dedicated 8 channel headcoil. The diffusion weighted MRI images were acquired
using single-shot spin-echo echo-planar imaging (SE-EPI) sequence: TR/TE/Flip, angle
(10000 ms/124 ms/90); b-value of 0 and 1000 s/mm2 with 15 directions; voxel sizes:
2x2x3mm? (high resolution). A trained researcher was responsible for processing and
verifying all the volumetric segmentation through Freesurfer image analysis suite v.5.1.0,
(http://surfer.nmr.mgh.harvard.edu/). TRACULA, a toolbox package within Freesurfer,
segmented major WM tracts in an automated way.'®
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T-test for independent samples assessed group differences in age, BMI and years of
education, and chi-square test was applied for sex and smoking status. Continuous variables
are described as mean and standard deviation and categorical variables as percentage
unless otherwise specified. Lithium use, age and sex were included as covariates in all
subsequent analyses because they are intimately related with brain microstructure. '” The
Kolmogorov-Smirnov test checked the parametric distribution of the variables, including the
residues of the regressions. Because serum levels CRP were not normally distributed, we
used the parametric distribution of logarithmic-transformed data for all analysis of this
variable.

To avoid multiple comparisons problem, we applied a feature selection algorithm
titled least absolute shrinkage and selection operator (LASSO) to select the most important
regions of interest (ROI), using leaving-one-out cross validation (LOOCV). Afterwards, we
ran Linear Regression Models of BMI main effect on ROl FA included by the LASSO, and
then a mediation analysis by CRP serum levels. The statistical program IBM SPSS Statistics
18.0 was used for compiling and statistical analysis of the data in the regression models,
while statistical software R version 3.6.1 and the package caret version 6.0 was used to the
feature selection algorithm.

Results

The sample groups did not differ in age, smoking status and years of education, as
summarized at Table 1. As expected, the average BMI was greater among patients with BD.
Nineteen (54%) of the individuals with BD were taking lithium. Other medication in use by
patients included valproate and atypical antipsychotics.

The LASSO feature selection model consisted of 4 variables: sex (male as
reference), left corticospinal tract FA, right cingulate gyrus endings FA and forceps major of
the corpus callosum FA with coefficients —0.5, 0.16, -0.08, -0.06, respectively. The area
under the curve was 0.62, sensitivity 0.63, specificity 0.62, balanced accuracy 0.63.

Each of the tracts that were identified in the LASSO model were considered ROI for
further analysis and were entered into linear regression models. BMI and left corticospinal
tract FA were positively associated in the overall sample (BD + CTR), controlled for
covariates (AdjR?=.319 F4=10.841 p<.001; =.247 t=2.460 p=.016).

In the right cingulate gyrus, BMI showed a trend but did not reach statistical
significance to predict the FA of the overall sample (AdjR?=.139 F=4.396 p=.003; B=-.209
t=-1.855 p=.067). There was an interaction effect of BMI and diagnostic group (F=3.5857
p=.012; F change =.227; AdjR?=.093; BMI*Group effect: t=-2.011,  =-1.093, p = .048). This
effect was not mediated by inflammation measured by CRP, since the direct effect of
BMI*Group on right cingulate gyrus (¢’= -.0009 p=.0086) was greater than the total effect
counting the indirect effect of CRP (c=-.0008 p=.0203). In the BD subgroup analysis, BMI
showed a negative correlation (AdjR?=.312 F(3=5.537 p=.004; f=-.340 t=-2.235 p=.034),
while in CTR there was no association (Figure 1).

The forceps major of the corpus callosum showed no significant correlation with BMI
of the sample (AdjR?=.088 F4=3.015 p=.023; 3=.118 t=1.014 p=.313).

In the overall sample, BMI was strongly correlated with higher levels of CRP (AdjR?=
170 F(3=7.337 p<.001; B=.364 t=3.549 p=.001). In the analysis by group, this effect was
prominent and probably driven by CTR group (AdjR?= .268 F3) = 8.327 p <.001; p=.418
t=3.092 p=.003). Among BD individuals, however, there was no significant correlation
(AdjR?= -.003 F3=.095 p = .422; 3=.289 t=1.622 p=.116).
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Discussion

The results of this study point to an association between BMI and decreased FA in
the right cingulate gyrus of individuals with BD, but not CTR. This association could indicate
a WM microstructural damage in this region.'® Decreased cingulate FA is one of the most
consistent findings in BD."®'°® The loss of integrity in this structure is highly deleterious
considering its central role of connection in the limbic system.'® Its posterior portion
subserves an integrative network of cognitive tasks, top—down attentional control, visual
processing and memory systems for recognition,? while the anterior portion is fundamental
for the processing of executive functions related to emotional and visceromotor stimuli.?!
The cingulum indeed links together regions critical for these processes, including the
cingulate cortex, the ventral visual stream and the hippocampal complex.?° In sum,
decreased FA in association fibers such as the cingulate gyrus provide evidence of WM
dysconnectivity in BD'?, and our findings suggest that it may be associated with BMI.

Accelerated aging of the WM, especially in limbic communication structures, could be
the pathway underlying such microstructural damage associated with BMI in BD, but with
uncertain etiology.” Chronic inflammatory status is a good candidate for the
neuroimmunological abnormalities that occur in severe psychiatric disorders® and could
mediate the deleterious effect of BMI in WM.%'° In our study, higher BMI was indeed
correlated with increased pro-inflammatory cytokines in our population measured by CRP,
but this correlation was not seen in BD but only among CTR.

Different from what we expected, the right cingulate fibers decrease in FA in BD was
not mediated by CRP. This suggests that a metabolic process other than inflammation may
be playing a role in the structures we studied, conferring microstructural damage or
protection related to changes in BMI. Cholesterol, triglycerides and glucose levels also had
been correlated with FA structures in BD.® Insulin resistance has a prominent role in obese
BD, modulating white matter abnormalities and synaptic plasticity alongside inflammatory
dysfunction and oxidative stress.* Furthermore, adipose tissue hormonal secretion, and
behavioral challenges such as food intake and exercise balance had been consistently
reported among obese BD patients?® and could be mediating WM microstructural damage.®

A possible explanation for the lack of mediation effect of CRP in the FA of cingulate
fibers is that our BD sample was out of episode during the assessment, when inflammation
may decrease.®!" Our hypothesis was that even in recovery obese patients present higher
inflammatory status, which was not confirmed.

We also find a positive association of BMI and the left corticospinal tract among BD
and CTR. Contrarily to right cingulate fibers, corticospinal tracts in BD are reported to have
higher FA than the general population.?? Higher FA in this essentially motor tract could
perpetuate deficits in motor inhibition,"” which in turn can contribute to behavioral features
observed in obese BD as they struggle with inhibition of exaggerated physical and emotional
responses. %

There are important limitations to address in the present study. The lack of
association of BMI in CTR should be interpreted with caution, because of limited variability of
BMI among CTR. Compromised WM had been described in larger obese non-psychiatric
populations.” The cross-sectional design of this study allows no inferences about causality,
and this limitation cannot be adequately mitigated without a longitudinal follow-up. Sample
size was modest, which limited the possibility to include more covariates and perform
sensitivity analyses. Also, patients were in continuous use of medications that might
influence the integrity of the neural bundles,?* such as anticonvulsants and antipsychotics,
that we could not control for because of the small sample size. Nonetheless, we were able to
control for lithium use.
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In summary, we found that BMI was associated with WM microstructure of euthymic
bipolar patients. Such results reinforce the hypothesis that there are convergent pathways
between BD and systemic alterations associated with obesity, contributing to the
understanding of both conditions and their bilateral relations. Furthermore, our findings do
not corroborate an inflammatory pathophysiology to this association, and future efforts in this
field may include the endocrine profile beyond inflammatory markers.
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Figure 1. Regression analysis of BMI and FA of the right cingulate fibers across groups
Values shown are corrected for age and sex.

BD: Bipolar Disorder patients, CTR: control group.

BMI: body mass index (kg/m?) FA: Fractional Anisotropy
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Table 1. Sociodemographic data of the sample across groups

Individuals with bipolar Unaffected controls Group comparisons

disorder (N=35) (N=66)
Age? Mean (SD) 42.35 (15.05) 37.58 (14.05) t(100= -1.57 p=.119
Sex® M/F n (%) 11 (31) / 24 (69) 38 (58) /28 (42) X?1)= 6.26 p=.012*
Smoking Status® n (%) 8 (23) 8(12) X*1)=1.70 p=.192
Education years? 9.94 (3.02) 10.88 (3.52) t(100=1.31 p=.193
Mean (SD)
BMI? kg/m? Mean (SD) 29.70 (6.55) 25.54 (4.24) t(as.57)= -3.34 p= .002*
Obese individuals® n (%) 14 (40) 11 (16) X2(1)= 6.26 p=.012*
YMRS Median (IR) .50 (3.00) : =
HAM-D Median (IR) 2.0 (5.00) - -
Lithium users n (%) 19 (54) - -
Valproate users n (%) 15 (42) - -
Atypical antipsychotic 22 (63) - -

users n (%)

M, Male; F, Female; SD, standard deviation; IR, Interquartile Range; BMI, body mass index, YMRS, Young Mania

Rating Scale; HAM-D, Hamilton Depression Rating Scale.
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Abstract

Early weight gain following the diagnosis of schizophrenia (SCZ) has been associated
with improved daily functioning. Conversely, in the general population and in other
psychiatric conditions such as bipolar disorder, increased body mass index (BMI) has
been associated with worse functioning. The data of this association in chronic
individuals with SCZ is still scarce. Our objective was to evaluate the association
between BMI and psychosocial functioning in chronic outpatients with SCZ and in
healthy individuals. The sample consisted of a total of 600 individuals, 312 patients
with schizophrenia (SCZ) and 288 individuals with no personal or family history of
severe mental illness (CTR). All underwent weight, height and psychosocial
functioning score (FAST) assessment. Linear regression models tested the
association between FAST as dependent variable and BMI as independent variable,
controlling for age, sex, use of clozapine and years of illness. In the CTR group, the
highest BMI could predict a worse result in FAST, explaining about 22% of the variation
found (Model: AdjR?= .225 F(3,284)=28.79 p<.001; BMI main effect: p=.509 t=9.240
p<.001). In the SCZ group, there was no statistically significant association. Our
findings corroborate the perception that increased BMI is associated with worse
functioning status in the general population. In chronic SCZ, whatsoever, there is no
association. These results suggest that patients with a higher BMI could be more
adherent and responsive to the prescribed psychopharmacological treatment, with
better control of psychiatric symptoms, being able to compensate for the possible
impairment of functionality due to increased body weight.

Key-words: obesity, daily functioning, psychosocial performance, chronic
schizophrenia, healthy population

Introduction

The prevalence of obesity among people living with schizophrenia (SCZ) is
twice as high as the general population (Dickerson et al., 2006). The putative causes
are numerous: premorbid genetic vulnerabilities, psychosocial and socioeconomic risk
factors, adverse effects of antipsychotics, higher intake of calories in the form of high-
density food, and lower energy expenditure (Manu et al., 2015). The major concern is
because obesity itself and related disorders such as adult-onset diabetes mellitus,
dyslipidemia, and metabolic syndrome are unequivocal risk factors for cardiovascular
disorders (Manu et al., 2015; Ayerbe et al., 2018), the cause of death of more than two
thirds of patients with SCZ (Hennekens et al., 2005). In the same direction the life
expectancy of individuals with SCZ is reduced by 15 to 20 years compared with the
general population (Dickerson et al., 2006; Chang et al., 2011).
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In addition to its physical health hazards, obesity damages psychological well-
being and may compound the effects of mental illness (Pendlebury et al., 2007), being
associated with non-adherence with pharmacological interventions, quality of life, and
psychiatric readmissions (Manu et al., 2015). Indeed, consistent results suggests that
even a moderate increase in body weight may be associated with a decrease in
executive performances in the general population (Favieri et al., 2019; Sellaro and
Colzato, 2017). In bipolar disorder, increased body mass index (BMI) is associated
with worse performance in functional outcomes (Calkin et al., 2009; Bond et al., 2010;
Bonnin et al., 2015). In SCZ, however, higher BMI has already been associated with
improved functionality early in the course of illness (Meltzer et al., 2003; Ascher-
Svanum et al., 2005; Kemp et al., 2013; Hui et al., 2015; Hermes et al., 2011). In
chronic patients the literature is scarce and the relationship is still controversial
(Salokangas et al., 2007; Kimhy et al., 2014).

As much as 30 to 50% of the people with SCZ follow a progressive course
(Mller, 2017). Although the biology of chronification in SCZ is still open for debate
(Muller, 2017; Reckziegel et al., 202) it has been consistently associated with a chronic
inflammatory status shared with obesity (Shelton and Miller, 2010; Lopresti and
Drummond, 2013). White fat tissue secrete adipocytokines (leptin, resistin, vistatin,
interleukin-6, tumor necrosis factor-a and chemokines) that lead to a chronic pro-
inflammatory status (Shelton and Miller, 2010; Das, 2001; Gregor and Hotamisligil,
2011). Obesity is also associated with oxidative stress, demonstrated by elevations in
lipid and protein peroxidation (Furukawa et al., 2004; Vincent et al., 2007). Potentially,
suffering from both conditions may increase inflammatory pathways and lead to
worsening treatment outcomes, relapse or treatment resistance (Lopresti and
Drummond, 2013; Morris et al., 2019).

Therefore, our objective was to evaluate the association between BMI and
psychosocial functioning in chronic outpatients with schizophrenia and in healthy
individuals as a control group (CTR). We hypothesized that BMI would be associated
with worse functioning status both in SCZ and CTR. As a secondary objective, we aim
to investigate the effect of age and years of illness in functioning scores in a
neuroprogressive perspective.

Methods

This is an observational cross-sectional study that includes a total of 600
individuals, 312 patients with schizophrenia (SCZ) and 288 individuals with no
personal or family history of severe mental illness (CTR). To be included in the study,
each participant needed to be an adult (age>18years) at the time of enrollment and
sign an informed consent. The project was approved by the Research Ethics
Committee of Hospital de Clinicas de Porto Alegre (HCPA, Project ID 15-0282)
according to the Declaration of Helsinki.

64



Individuals diagnosed with schizophrenia, confirmed by structured clinical
interview for DSM-IV (SCID), receiving outpatient psychiatric care in HCPA were
eligible to SCZ group if they had stable doses of oral antipsychotic drugs for at least
12 months before enrollment. Recruitment of CTR followed the same logistics among
companions of individuals attending outpatient care of another medical specialty in the
HCPA or community volunteers from the same socioeconomic background of cases.
For each CTR, a psychiatrist performed a clinical interview to rule out personal or first-
degree relatives’ history of mental iliness.

For both groups, the following exclusion criteria were applied: 1) age > 70 years;
2) pregnancy; 3) substance abuse or addiction (other than smoking); 4) endocrine or
cardiovascular disease requiring medical attention or treatment adjustment.

Sociodemographic, clinical and pharmacologic data were collected by using a
structured interview and examining the patients’ clinical records. BMI was calculated
by dividing each participant’s weight (in kilograms) by the square of the height (in
meters). The same instruments (scale and height ruler) were used for all participants,
barefooted and standing upright in light indoor clothing. BMI alone has been criticized
as not sufficient to properly assess or manage the cardiometabolic risk associated with
increased adiposity in adults (Ross et al., 2020), being suggested to be completed by
waist circumference in populations with SCZ (Kato et al., 2005). Such measurements
were obtained following the WHO protocol, at the midpoint between the lower border
of the rib cage and the iliac crest (Ross et al., 2020).

Functional Status

Functioning was assessed using the Functioning Assessment Short Test
(FAST), an instrument primarily developed to assess functional impairment in bipolar
disorder (Rosa et al., 2007) and later structurally validated for SCZ (Zortea et al.,
2012). The Brazilian version of the FAST scale has 24 items to assess six specific
domains of functioning: autonomy, occupational functioning, cognitive functioning,
financial issues, interpersonal relationships, and leisure time. Items are rated using a
4-point Likert scale, where (0) no difficulty, (1) mild difficulty, (2) moderate difficulty,
and (3) severe difficulty in performing different tasks in the preceding 15 days. Final
scores are the sum of the scores for individual items. They may range from 0 to 72
with high scores indicating greater disability. A semi-structured manual is used to
ensure uniform understanding of item scoring (Cacilhas et al., 2009). The FAST has
been validated for use in the Brazilian population, with good psychometric properties
(validity, internal consistency, and interrater reliability) (Viertio et al., 2012). Although
not exhaustive, FAST assesses the most relevant functioning domains and may,
therefore, provide a reliable index of functioning. Its simplicity, availability and short
duration also contribute to its popularity and applicability, in both clinical and research
settings (Rosa et al., 2007).

Statistical analysis
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We conducted t-test for independent samples to assess for group differences
in continuous variables, while chi-square test was applied for categorical variables.
Continuous variables are described as mean and standard deviation and categorical
variables as percentage unless otherwise specified. Sex was included as covariate in
all subsequent analyses because the male-female ratio was different across groups,
and it is intimately related with BMI and waist circumference. We used the
Kolmogorov-Smirnov test to check for variables’ parametric distribution, including the
residuals of the regressions.

First, we conduct a linear regression model of the whole sample (SCZ and CTR)
considering FAST scores as the dependent variable and group (SCZ or CTR), BMI,
and age as independent variables. Then we repeated this analysis including the group
by BMI interaction. Subsequently, we ran separate analyses for each group,
maintaining FAST scores as the dependent variable and BMI and age as independent
variables. Analyses for the SCZ group also included years living with the illness and
clozapine use, besides BMI and age. Finally, we explored the results by subdomains
of the FAST scale, using each subscore as the dependent variable. All steps were
repeated changing BMI values for waist circumference. Values of p<0.05 were
considered significant.

Results

The sample groups differed in age and sex distribution, as summarized at Table
1. As expected, the average BMI and WC were greater among patients with SCZ. Two
hundred six (66%) of the individuals with SCZ were taking clozapine. Other
antipsychotics in use by the remaining patients (n=106) included haloperidol,
risperidone, quetiapine and olanzapine.

FAST total scores were positively associated with BMI in the overall sample (Model:
AdjR?=.693 F4,594)=274.71 p<.001; BMI main effect: 3=.089 t=3.843 p<.001). Group
(SCZ or CTR) had the greater main effect in the model (3=.838 t=33.70 p<.001). The
interaction analysis corroborated the impression that BMI association with FAST
scores was dependent to the diagnostic group (Model: AdjR?=.696 F(5,593=339.331
p<.001; Fchange=64.62; BMI*Group interaction effect: 3=.327 t=2.375, p=.018).

After stratified by each group (Figure 1), there was a positive association of higher
BMI and worse FAST scores among CTR, explaining about 22% of the variation found
(Model: AdjR?= .225 F(3,284)=28.79 p<.001; BMI main effect: 3=.509 t=9.240 p<.001).
Age also had a significant main effect in the model (Age main effect: 3=.174 t=3.118
p=.002). Among SCZ, the model including BMI, age, sex, use of clozapine and years
of illness was significant (Model: AdjR?*= .040 F3,306=6.602 p=.004), but with no
statistically significant main effect of BMI (B=.074 t=1.323 p=.187). Different from CTR,
age was not associated with FAST scores among patients, but years of illness were
(B=.197 t=2.615 p=.009).

The analyses by FAST subdomains are presented in the Table 2. BMI main effects
were statistically significant for each one of the scale subdomains among CTR, but no

66



association was significant among SCZ. The results did not differ significantly when
using waist circumference rather than BMI. These results are available as
supplementary material.

Discussion

To the best of our knowledge, our study is the first to investigate whether BMI
associates with daily functioning in chronic patients with schizophrenia with a control
group for comparison. Our findings showed that functioning performance associated
differently with clinical variables in SCZ and CTR, indicating that BMI is more important
to predict functioning outcomes for CTR than SCZ.

In the model that included the whole sample, the diagnosis of SCZ was the
most important factor associated with higher FAST scores, meaning that patients have
much more difficulty than CTR in daily functioning tasks. This is consistently supported
by the literature, particularly for chronic patients (Viertio et al., 2012). With smaller
effect, but still reaching statistical significance, higher BMI contributed to worse
functioning in the whole sample.

There is indeed growing evidence supporting that high BMI is associated with
impaired functioning status (Favieri et al., 2019; Sellaro and Colzato, 2017). So the
next step was to stratify the sample by diagnosis (SCZ and CTR) to investigate the
specificity of associations in each group. Among CTR, BMI was undisputedly
associated with worse functioning. Even not reaching criteria for a psychiatric disorder,
obese CTR tended to have higher difficulty in daily activities than those with normal
weight, consistent with a recent meta-analysis that found significant associations
between higher BMI and poorer performance on measures of memory, attention and
executive functioning among non-clinical individuals (Siervo et al., 2011). The
underlying pathway is suggested to be a vicious circle through which excess weight
contributes to poor health outcomes via inflammatory activity and changes in cognitive
processes (Shields et al., 2021). In our sample, individuals with SCZ displayed
significantly higher mean BMI and waist circumference than CTR, which is in
consonance with published reports (Dickerson et al., 2006; Manu et al., 2015; Ayerbe
et al., 2018; Hennekens et al., 2005). Interventions to reduce weight to healthy levels
would result in both improved health and quality of life among patients with SCZ
(Vancampfort et al., 2012; Soundy et al., 2015).

Also of note, age was independently associated with poorer functioning status
in CTR in our sample. It is not surprising that when individuals become old, they may
lose their abilities of performing tasks well and their functioning decreases (Harada et
al., 2013). Furthermore, BMI differs across age, and it has been suggested that obesity
may accelerate the cognitive aging process (Kirton and Dotson, 2016). Among
individuals with SCZ, however, there was a positive association between higher FAST
scores (i.e, dysfunction in daily activities) and years of illness rather than age. This
finding is consistent with the idea of a neuroprogressive course in schizophrenia
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(Reckziegel et al., 2022), with chronic unbalanced inflammatory response to stress
leading to accelerated aging and functioning impairment (Muller, 2017). Growing
evidence suggests that a process of pathological accelerated aging occurs in SZ,
leading to early development of severe clinical diseases and worse morbimortality
(Rebougas et al., 2021).

Contrary to what we expected, higher BMI did not associate with worse
functioning in SCZ. A possible explanation for this is that the diagnosis of SCZ, as well
as years living with it, had such a strong association with functioning status that it
mitigated its association with other variables such as BMI. Moreover, our sample was
under medication, and antipsychotic treatment does influence psychosocial function
in a way that a higher dose strengthens patients’ psychosocial functioning (Schaub et
al., 2010). Patients with a higher BMI could be more adherent and responsive to the
prescribed psychopharmacological treatment, with better control of psychiatric
symptoms, being able to compensate for the possible impairment of functionality due
to increased body weight.

Some limitations of the present study need to be pointed out. As the given
design only permits a cross-sectional analysis, further studies need to have a closer
look on how weight gain or reduction impacts on psychosocial functioning in the course
of SCZ. Nevertheless, the respectable size of our sample is enough to show and
discuss associations. As already mentioned in the methods, the use of BMI as a
measure of obesity has been criticized because it is not an accurate indicator of
regional fat distribution (Rothman, 2008; Nuttal, 2015). As waist circumference has
been proposed to be a better predictor of cardiovascular risk factors in patients with
SCZ (Kato et al., 2005), we decided to use both metrics in our study to reduce its
individual limitations.

Interestingly enough, our study showed that increased BMI is associated with
worse functioning status in the general population. It adds evidence to the growing
notion that the dangers of obesity and the importance of weight loss in mental health
prevention and treatment should be better recognized (Lopresti and Drummond,
2013). Although in chronic SCZ we found no association with functioning impairment,
obesity is undisputedly associated with increased morbimortality and needs to be
addressed by the health professionals taking care of this population.
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FIGURE 1. Regression analysis of BMI and Functioning Assessment Short Test
(FAST) scores across groups.

SCZ: Individuals with Schizophrenia, CTR: Control Group.

BMI: Body Mass Index (kg/m?)
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TABLE 1. Sociodemographic data of the sample across groups

SCz

(n=312)

CTR

(n=288)

statistics

Age 38.29 (11.61) 40.51 (14.36) t(55232=-2.08 p= .038
Mean (SD)

Sex 220 (70) /92 (30) 112 (39) /176 (61)

0,

M/F (%) ¥X21= 60.59 p< .001
FAST Scores 39.27 (13.94) 7.06 (6.06) t431.02=37.18 p< .001
Mean (SD)

Waist Circumference 97.72 (13.62) 92.58 (9.71) t(563.02=5.35 p< .001

Mean (SD) M/F 101.93(13.84)/90.20(13.14) 97.20(8.68)/82.51(10.35)

BMI kg/m? 27.14 (5.52) 25.56 (3.90) t(s60.38)=4.09 p< .001
Mean (SD)

BMI category

Obese (%) 89 (29) 30 (10) _

Overweight (%) 100 (32) 117 (41) X*@= 30.90 p<.001
Normal (%) 123 (39) 141 (49)

lliness years 15(13) - -

Median (IR)

Medication

Clozapine (%) 206 (66) - -

Other (%) 106 (34)

SCZ: individuals with schizophrenia, CTR: control group, M: male, F: female, SD: standard
deviation, IR: interquartile range, BMI: body mass index (kg/m?).

73



TABLE 2. Body Mass Index Main Effects in Functioning Assessment Short Test (FAST)

Scores Subdomains

Total Scores

Autonomy

Occupational
Functioning

Cognitive
Functioning

Financial Issues

Interpersonal
Relationships

Leisure Time

SCZ: Individuals with Schizophrenia, CTR: Control Group.

SCZ

(n=312)

B=.074 t=1.323 p=.187

B=.044 t=.734 p=.464

B=.031t=.520 p=.603

B=.022 t=.370 p=.712

B=.057 t=.957 p=.340

B=.114 t=1.936 p=.054

B=.085 t=1.429 p=.154
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CTR

(n=288)

B=.509 t=9.240 p<.001

B=.186 t=3.093 p=.002

B=.407 t=7.026 p<.001

=.349 t=5.891 p<.001

B=.204 t=3.332 p=.001

B=.283 t=4.690 p<.001

=.322 t=5.509 p<.001



TABLE S1. Waist Circumference Main Effects in Functioning Assessment Short Test (FAST)

Scores Subdomains

Total Scores

Autonomy

Occupational
Functioning

Cognitive
Functioning

Financial Issues

Interpersonal
Relationships

Leisure Time

SCZ: Individuals with Schizophrenia, CTR: Control Group.

SCz

(n=312)

B=.054 t=.955 p=.340

B=.029 t=.476 p=.634

B=.042t=.701 p=.484

B=-.003 t=-.052 p=.959

B=.067 t=1.127 p=.261

B=.096 t=1.616 p=.107

B=.098 t=1.637 p=.103
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CTR

(n=288)

B=.367 t=6.082 p<.001

B=.084 t=1.342 p=.181

B=.307 t=4.993 p<.001

B=.193 t=3.060 p=.002

B=.136 t=2.143 p=.033

B=.243 t=3.901 p<.001

B=.313 t=5.231 p<.001



9. CONSIDERAGOES FINAIS E CONCLUSAO

Na frase de epigrafe da apresentacédo desta tese, completando 120 anos de
publicacdo, Emil Kraepelin destaca o registro regular do peso dos individuos como
um dos sinais clinicos de maior valia na avaliacao psiquiatrica. Essa pérola clinica,
entretanto, parece ter passado tempo demais adormecida. Os mecanismos
fisiopatoldgicos comuns a obesidade e TMGP s&o ainda muito pouco estudados para
uma comorbidade tao prevalente e com uma morbimortalidade tao elevada (62, 63).
Nao restam duvidas acerca da importancia da prevencao e tratamento da obesidade
nessa populacdo, devido a redugao da expectativa de vida e excesso de mortalidade
(4-6). Contudo, mesmo em paises desenvolvidos, a identificacdo e manejo de
comorbidades clinicas em TMGP seguem sendo injustificavelmente insuficientes (76-
80).

Na contram&o dessa tendéncia, o objetivo desta tese foi estudar a obesidade
em TMGP a partir da perspectiva da neuroprogresséo, analisando a associagéo do
IMC com um marcador de conectividade cerebral em TB e de funcionalidade na SZ.
A partir das revisdes da literatura e resultados obtidos nos estudos desenhados como
testes de hipdteses, novas evidéncias cientificas foram produzidas colaborando para
a compreensao da obesidade em TMGP.

Em sintese, os resultados desta tese podem ser assim apontados:

1) Tanto o modelo neurodesenvolvimental quanto o modelo de neuroprogressao
oferecem contribui¢des ao entendimento da fisiopatologia da SZ e de suas
trajetorias heterogéneas, no campo da vulnerabilidade e resposta inflamatodria
sistémica ao estresse, dos marcadores estruturais de neuroimagem e nos

desfechos cognitivos e funcionais.

2) O IMC esta associado a alteragao de conectividade na microestrutura do giro
do cingulo direito em individuos com TB, mas ndo em CTR, sugerindo que a
interagdo entre TB e obesidade esteja associada a diminuicdo de
conectividade limbica.

3) O IMC e a idade estdo associados a diminui¢gao da funcionalidade em CTR.
Em individuos com SZ, o IMC nao se correlacionou com a funcionalidade.
Corroborando o modelo de neuroprogressao, anos vividos com a doenga se

associaram a pior funcionamento.
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Tais resultados contribuem para o melhor entendimento do vinculo entre
TMGP e obesidade, incluindo variaveis objetivas no estudo dos mecanismos
fisiopatoldgicos dessa interagdo. O modelo de trajetérias heterogéneas em SZ
relacionado a achados neurodesenvolvimentais e de neuroprogressao parece um
bom ponto de partida para se ampliar a compreensao de alteragdes percebidas nas
trajetérias heterogéneas de outros TMGP, como a depressdo maior e o TB. O
aprofundamento da compreensao desses mecanismos € um passo fundamental para
que seja possivel desenvolver, testar e oferecer tratamentos e intervengdes mais
personalizadas a esses pacientes.

A luz desses modelos, o estudo com individuos com TB apontou que a
integridade do giro do cingulo direto, ja consistentemente implicada na fisiopatologia
do TB, (84) estava inversamente associada ao IMC dos pacientes. Tais resultados
reforcam a hipdtese de que existam vias convergentes entre TB e as alteragdes
sistémicas decorrentes da obesidade, embora ndo tenha sido corroborado que essa
associagao seja de natureza pré-inflamatéria. Menor integridade microestrutural da
substancia branca emerge como uma das possiveis vias fisiopatoldgicas subjacentes
a maior gravidade de sintomas psiquiatricos e a menor funcionalidade vistos em
individuos TB obesos (29-31).

Ja na SZ, os dados até entdo disponiveis na literatura apontavam na direcao
contraria, pelo menos seguindo a introdugdo de tratamento em individuos recém
diagnosticados (68-72). A relagao aparentemente positiva de IMC e funcionalidade na
SZ ndo se manteve em nossa amostra de individuos cronicamente medicados, ao
passo que, na populacdo CTR, foi significativamente deletéria. Provavelmente o
deterioro funcional associado a obesidade em CTR e no TB acaba n&o sendo
evidenciado entre individuos com SZ, em funcdo de ser pequeno se comparada a
disfungéo associada ao transtorno em si (62). Neste cenario, a ades&o ao tratamento
farmacolégico gera uma diferenca de tdo grande monta, que mesmo que esteja
associada a ganho de peso, o saldo final é a diminuicdo do estado inflamatério
sistémico (Figura 13).

E possivel que este efeito também possa ter contribuido para que ndo tenha
sido significativa a mediacdo da PCR-us no modelo de regresséo entre IMC e FA do
giro do cingulo descrita no Artigo #2 em individuos com TB. Além disso, € importante
ressaltar que nos dois trabalhos a populagdo em estudo era ambulatorial e
encontrava-se fora de episddio, em tratamento continuo estavel. E sabido que,
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nessas situagdes, a carga alostatica diminui quando comparada a das fases agudas
(51).

Transtornos
Mentais *
Graves L
Medicacao Recidivas/
psiquiatrica Resisténcia ao tratamento
\
\
|vias inflamatérias \
| estresse oxidativo \ Impacto psicolégico
\ e no estilo de vida
\
\
Melhora de saude \ . _
mental \ t vias inflamatérias

t estresse oxidativo

\ Ganho de .Y

peso

Figura 13. Traduzido e adaptado de: Lopresti, 2013.
Dupla associacdo do ganho de peso em transtornos mentais graves, integrando o processo
inflamatorio sistémico .e como marcador da adesao ao tratamento farmacoldgico.

Nao menos importante, o achado de que o aumento do IMC esta associado a
pior funcionalidade em CTR corrobora a impressao de que a obesidade traz prejuizos
ao funcionamento diario na populagcdo em geral, embasando a importancia de
estratégias de combate a obesidade para a promogdo de saude mental na
comunidade. Além disso, dada a inquestionavel associagao do excesso de peso com
aumento da morbimortalidade em todos os individuos (85), sua identificagdo e manejo
devem ser uma prioridade dos profissionais de saude que atendem essa populagao.

Outro resultado dessa tese visa colaborar com esse propdsito, consistindo na
tradugao e adaptacao da brochura Healthy Active Lives (HeAL) Keeping the body in
mind in Youth with Psychosis (Anexo 1) e do algoritmo Positive Cardiometabolic
Health (Anexo 2). Trata-se de uma iniciativa do grupo de trabalho International
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Physical Health in Youth, que sintetiza recomenda¢des baseadas em evidéncia (75)
para promover o cuidado com a saude fisica e prevengédo de obesidade em jovens
com psicose.

Por fim, este estudo se insere na crescente literatura explorando a associagao
de TMGP com o -carater inflamatério, focando o papel da obesidade na
neuroprogressado do TB e SZ. E desejavel que novos estudos busquem aprofundar a
compreensao desses mecanismos fisiopatolégicos e, nesse cenario, coortes
longitudinais seriam de extrema valia para verificar o comportamento dessa relagéo
ao longo de diferentes fases de vida e doenga psiquiatrica. Rastreio, diagnostico e
intervencédo precoce de comorbidades ja sdo preconizadas, mas precisam ser postas
em pratica pelos profissionais de saude para produzir novas estatisticas referentes a

mortalidade em individuos com TMGP.
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11. ANEXOS
ANEXO 1

Tradugédo para o portugués da brochura Healthy Active Lives (HeAL) Keeping the body in mind in
Youth with Psychosis; International Physical Health in Youth (iphYs) working group. Healthy Active
Lives (HeAL) consensus statement 2013. Disponivel em:

https://www.iphys.org.au/files/ugd/3536bf f4ab9a80cd0b4d07bf452274d394eb48.pdf

Vidas ativas e
saudaveis (HeAlL)

Mantendo em mente o corpo

de jovens com psicose

Imagine um mundo em que...

lovens com psicose tenham a
mesma expectativa de vida e as
mesmas cportunidades do que seus
pares sem psicose

Jovens com psicose, suas familias e
cuidadores saibam o que fazer,
recebendo auxilio para manter a
salide fisica e minimizar riscos
associados aos tratamentos

Preocupactes sobre os efeitos
adversos das medicacoes usadas
para tratar psicose, expressadas por
jovens com psicose, suas familias e
cuidadores, sejam respeitadas e
facam parte das decisdes quante ao
tratamento

Profissionais e instituicoes de
salide trabalhem em conjunto
para proteger emanter a
satide fisica de jovens com
psicose

Vidas ativas e saudaveis sejam
promovidas de forma rotineira
desde o infcio do tratamento,
com foco na nutricao e dieta
saudavel, atividade fisica e
reducao do use de cigarro




Introducao

Comparados com a populacio em geral,
jovens com psicose tém uma chance maior
de morrer prematuramente de doencas
cardiovasculares, disturbios metabélicos
como obesidade e diabetes mellitus,
doenca pulmonar obstrutiva crénica e
certos canceres e doengas infecciosas.

Apesar de n3o serem normalmente
ameacadoras 3 vida, também s3o mais
provaveis condigdes como disfungio sexual,
osteoporose e doencas dentdrias que levam
a0 estresse e isolamento social.

A combinacdo de altas taxas de tabagismo,
aumento de peso e perfil metabélico alterado
explicam por que as doencas cardiovasculares
s3o atualmente a causa mais comum de
morte prematura, superando inclusive o
suicidio. Essas alteracbes podem ser
explicadas pela soma dos efeitos adversos dos
tratamentos, natureza da propria doenca
psicética, adversidades sociais e, outras vezes,
simplesmente pelo fato de os cuidados

de salde para essa populacgio serem
inadequados ou discriminatérios.

Surpreendentemente, muitas dessas
mudancas aparecem cedo no curso da
psicose, proporcionando novas

oportunidades para abordi-las de maneira
preventiva. A Declaracio para Psicose Precoce
(Bertolote & McGorry, 2005) destacou a
importancia de fornecer ajuda e tratamento
nessa fase  critim do  tratamento.
Estender esses objetivos para abarcar
inclusive a sadde fisim é o propésito da
Declaracido de Healthy Active Lives (HeAL),
refletindo um consenso internacional com
respeito a um conjunto de principios-chave,
processos e diretrizes.

Para atingir os objetivos da iniciativa HeAL,
requer-se um compromisso de mudanca
no modo como trabalhamos em conjunto
com jovens com psicose, suas familias e
redes de apoio, para permitir que eles
desfrutem vidas ativas e saudaveis em
seu processo de recuperagao.
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Protagonismo

Os sistemas de saide mental devem nos
fornecer as ferramentas necessirias para
recuperar tanto nossa salde mental
quanto fisica, nos permitindo assumir, a
longo prazo, a responsabilidade por nosso
proprio bem-estar. Queremos educagio e
apoio para manter uma boa saude fisica
durante todo o caminho de recuperacio,
especialmente nas &dreas de nutricdo,
abandono do tabaco e atividade fisica.

“Apoio mental e fisico sao
criticos para nos permitir, como
jovens com um transtorno
mental, viver com alegria, paixao
e entusiasmo, em vez de
simplesmente existir.

“Melhorar minha saude fisica
melhorou minha saude mental,
0 que por sua vez melhorou
minha saude fisica ainda mais.
Por isso penso que as duas estao
sem duvida relacionadas.”

“Tudo isso foi me ocorrendo a
medida em que fui
amadurecendo. Ja n3o quero

apenas me ver bem, mas quero
me sentir bem tambeém.”




O Desafio

Comparados com seus pares, 0s jovens com

psicose acabam deparando

com um

conjunto de desigualdades em sadde que
seriam evitdveis:

Expectativa de vida em tomo de 153 20
anos menor.

Chance de duas a trés vezes maior de ter
uma doenca cardiovascular, sendo a
maior causa de morte precoce evitavel
(mais que o suicidio).
Chance de duas a trés vezes maior de ter
complicacbes metabdlicas (sindrome
metabdlica) na idade de 40 anos, e
portanto risco muito maior de
desenvolver doencas cardiovasculares.
Chance de duas a trés vezes maior de ter
diabetes tipo 2 durante a vida.

Chance de trés a quatro vezes maior de
ser fumante (até 59% j3 fuma tabaco
regularmente no momento do primeiro
diagnéstico de psicose).

Aumento de peso significativo e mudangas
metabdlicas nas primeiras semanas de
tratamento antipsicético:

A maioria das medicagtes antipsicoticas
podem causar aumento de peso.

Cerca da metade dos individuos ganhard
mais de 7% de seu peso inidal no
primeiro ano de tratamento
(dependendo do tratamento escolhido)
Perda de autoestima, menor qualidade
de vida, estigma e exclus3o sodal como
consequéncia do aumento de peso e
satde fisica precdria.

Apesar de tudo isso, muitos jovens ndo
recebem nenhuma intervencio para prevenir
e553s causas de desigualdades na sadde:

. Monitoramento inconsistente e
frequentemente inadequado dos fatores
de risco cardiovasculares e um
subtratamento dos fatores de risco sdo
frequentes, inclusive quando esses
sda0 evidentes para o profissional de
satde.

Nossas Metas

Combater o estigma, a discriminacdo e
0 preconceito que n3o permitem que
0S jovens com psicose possam levar
vidas ativas e sauddveis.

Fomentar atitudes profissionais que
inspirem otimismo e esperanca com
respeito 3 capaddade de os jovens
com psicose atingirem vidas
ativas e sauddveis, confrontando
ativamente a percepcio de que uma
ma salde fisica seja inevitdvel.
Fortalecer o0 processo de tomada de
colaboracdo com suas famflias, para
ajudalos a tomar a responsabilidade
pelas escolhas em seus tratamentos.

Assegurar que os resultados positivos
de saide fisica, como a cessacdo do
tabagismo, pritica de atividade fisica
regular, dieta saudivel e prevencdo do
aumento de peso sejam valorizados
na conquista da recuperacao.

Chamar a atencdo de especialistas e
profissionais de atencio primdria a
colaborar com a minimizac3o dos
riscos dos jovens com psicose de
deserwolver obesidade, doencas
cardiovasculares e diabetes.

Assegurar que, se os fatores de risco
se desenvolverem ou progredirem,
0 acesso a3 um cuidado efetivo para
a sadde fisica seja pelo menos t3o
bom quanto o de seus pares sem
psicose.
Zelar pelo registro de experiéncias dos
usudrios do servigo, descrevendo seu
caminho rumo ao bem-estar fisico.
Priorizar pesquisas que construam
uma base de evidéncia de tratamentos
eficazes para a prevencao do aumento
de peso, doencas cardiovasculares e
diabetes.




Principios-Chave

Como jovemn que teve um primeiro
episddio psicético, tenho os seguintes
direitos:

* N3o perderei a saude fisica
que tenho, como consequéncia de
meu transtomo mental ou de
meu cuidado e tratamento.
« Tenho direito a uma vida ativa e
saudavel.

« Tenho as mesmas expectativas de
uma boa sadde fisica e de cuidados
em salde que meus pares sem
psicose.

+ Eu, minha famflia e minha rede de
apoio somos respeitados, informados
e ajudados a tomar parte nas
decisbes de tratamento que afetem
minha saude fisica.

Processos de mudanca

e Valorizar a experiéncia daqueles
que ysam os servicos, envolvendo-
05 no projeto, refinamento e
garantia de qualidade dos servicos
que utilizam.

* Monitorar e documentar de maneira

rotineira os fatores de risco para
desenvolver obesidade, doencas
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cardiovasculares e diabetes, desde o
momento do diagndstico de psicose.
Minimizar os efeitos adversos e
complicactes de sadde fisica relacionadas
com 0 uso de medicamentos para tratar
psicose:

Oferecer baixas doses de tratamento,
evitar a polifarmacia, considerar mudancas
para antipsicoticos de menor risco.

Prover intervengtes para a melhora do
estilo de vida e, se necessdrio,
propor tratamentos baseados em
evidénda para prevenir o aumento de
peso (por exemplo, a metformina).

Revisar a idoneidade de tratamento
farmacolégico continuo, induindo a
diminuicdo de dose ou um ensaio de
tratamento sem medicagbes antipsicoticas
quando for apropriado.

Prover intervencbes baseadas em
evidénda para mitigar riscos
cardiovasculares, em colaboracdo com
servicos de atencao primaria e, quando
for necessario, com servicos de atencao
especializada.

Prestar atencao aos determinantes sociais
que contribuem para uma sadde fisica
precaria; por exemplo, mas condigbes de
moradia, desemprego, falta de habilidades
para cozinhar ou repertério limitado de
dietas e programas de exercicio.
Demonstrar como os servigos podem dar a
mesma prioridade 3 saude fisica e a
saude mental, mediante auditoria
e desenvolvimento profissional.

Criar incentivos e apoios a organizagoes
comunitarias para que promovam a saude
fisica e oferecam intervencbes precoces
focadas em ajudar os jovens a atingir o
objetivo de ter vidas ativas e saudaveis.
Construir programas de implementacao e
realizar pesquisa para a melhora da saude
fisica que incduam enfoques inovadores
centrados na recuperacao e derivados das
perspectivas do usuario e do cuidador.



Objetivos em 5 anos

Dentro dos préximos cinco anos todo jovem que apresente psicose deveria
esperar que o risco de futuras complicagbes em sua sadde fisica (particularmente a
obesldade, doencas cardlovasculares precoces e diabetes) seja equivalente a0

de seus pares sem psicose, quando seja avallado dols anos depols do

diagnéstico inidal.

1. 90% das pessoas que tiveram um
primeiro episédio de psicose, suas
famiflias e redes de apoio estejam
satisfeitas de ter tomado decisbes com
respeito ao tratamento partindo da
compreensao dos riscos de obesidade,
doencas cardiovasculares e diabetes
no futuro.

2 Dentro do primeiro més de
tratamento, 90% das pessoas que
tiveram um primeiro episédio de
psicose tenham wuma avaliacio
documentada que incua os riscos de
desenvolver obesidade, doencas
cardiovasculares [ diabetes:

- Indice de massa corporal (IMC) e/
ou drcunferéncia abdominal; glicemia
e perfil lipidico, pressao
arterial, histérico de tabagismo e
hist6ria familiar.

< desejavel que 0s
resultados sejam compartilhados
entre os profissionais envolvidos
no cuidado (e.g. profissionais
de atencdo primdria e especialistas).

Todas as pessoas que tenham um

primeiro episédio de psicose possam
esperar que, quando os farmacos
sejam utilizados para tratar a
psicose, estes sejam revisados
regularmente de acordo com as
normas de prescricao recomendadas
para a minimizacao do
desenvolvimento de  obesidade,
doencas cardiovasculares e diabetes.

4. 75% das pessoas que tenham um
primeiro  episédio psictico ndo

aumentem mais do que 7% de seu peso
prévio a enfermidade depois de dois anos
comecado a se tratar.

apés  ter
5. 75% das pessoas que tenham um
primeiro episédio psicético mantenham
intervalos normais de glicemia, perfil
lipidico e pressao arterial dentro de dois
anos ap6s ter comecado asetratar.

6. As desigualdades de sadde fisica
diminuam de maneira que, depois de
dois anos do comeco da psicose:

— 90% receba conselhos de promocio
de sande sobre alimentacdo
saudavel, uso de tabaco e drogas,
salide sexual, cuidado dental e 0s
beneficios de evitar o sedentarismo.

- Menos de 30% fumem tabaco.

- Mais de 50% se envolvam
em atividades fisicas de acordo com
sua idade, por exemplo a0 menos
150 minutos por semana de
atividade de moderada intensidade.

1 Para os menores de 16 anos, & mais aproprado o
monitoramento de mudancas no peso a partir das
curvas de crescimento.




Origem da Declaracao

O impeto para a declaracéo de HeAL surgiu a partir do trabalho internacional do
grupo iphYs (Corrente Internacional de Satide Fisica em Jovens), que se desenvolveu
na Conferéncia da Associacéo Internacional de Psicose Precoce de Amsterda (2010).
HeAL se consolidou nas sucessivas reunides daiphYs em Sydney (2011,2013) eem
Sdo Francisco {2012) com grupos formados por clinicos, consumidores, membros das
familias e pesquisadores de 11 paises.

Colaboradores para a declaracio de HeAL:

Mario Alvarez-limenez Eoin Killackey David Shiers
Jackie Curtis Helen Lester Philip Ward
Debra Foley Katherine Samaras Stephanie Webster

Para citar: International Physical Health in Youth (iphYs) working group.
Healthy Active Lives (HeAL) consensus statement 2013,

Estamos particularmente agradecidos de:

® JuliodelaTorre, Janelle Abbott e aos ® New South Wales Health pelo apoic e
jovens do Programa de Psicose Precoce de financiamento das reunites do iphYs em
Bondi, Sydney, por contribuir nesta Sidney e Séo Francisco.
declaracao. ® Carmen Paz Castafieda do Programa [TP

® Membros do grupo de trabalho iphYs. do Instituto Psiquidtrico Dr. J. Horwitz e

® Christoph Correll, Marc de Hert, Richard Mario Alvarez-Jimenez do Centro Nacional

de Exceléncia em Salide Mental para
Jovens Orygen pelatradugdo ao espanhol,

o Ramiro Reckziegel e Clarissa Severino
Gama do Laboratério de Psiquiatria
Molecular do Hospital de Clinicas de Porto
Alegre e Universidade Federal do Rio
Grande do Sul pela traducao ao
portugués,

Holt, Alex J Mitchell, Davy Vancampfort e
Jonathan Campion por seus comentarios
e revisdes técnicas.

® Janet Meagher da Comissio Nacional de
Saude Mental.

Em meméria de Helen Lester:

Pelo seu entusiasmo para formar a iphYs, sua contribuicdo a declaracdo HeAl e a sua
dedicacao para a melhora das vidas das pessoas afetadas pelos transtornos mentais e
suas familias.

Para maiores informacgoes sobre como apoiar e respaldar essa
declaracao de consenso internacional, por favor contatar:

Jackie Curtis {Australia) ou David Shiers (UK): info@iphys.org.au

A declaracao do consenso Heal e sua bibliografia podem ser
acessadas pelo site: www.iphys.org.au
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ANEXO 2

Tradugdo para o portugués e adaptagéo brasileira do algoritmo: HETI Positive Cardiometabolic
Health Algorithm. An early intervention framework for people on psychotropic medications (Curtis,
Newall & Samaras, 2011). Disponivel em:

https://www.iphys.org.au/_files/ugd/3536bf 55dacaec7479491084183abe042e6f26.pdf

ALERTA INTERVENGAO ALVO

Um algoritmo de intervengao precoce para jovens e adultos em tratamento
com psicofirmacos. Adaptado de Curtis J, Newall & Samaras K, (2011)

v

SAUDE CARDIOVASCULAR POSITIVA

IMC: indice de massa, corporal; PAS: press3o arterial sistélica; PAD: pressdo arterial diastélica; DM-2: diabetes mellitus tipo 2; ColTot: colesterol total; TG: Triglicerideos; Hb Alc: hemoglobina glicada.
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ANEXO 3

ESCALA BREVE DE FUNCIONAMENTO (FAST)

Nome:

Prontuario: Sexo:( )Feminino ( )Masculino

|dade:
Diagnéstico:

Medicagéo:

Tempo: min

Qual é o grau de dificuldade em relagdao aos seguintes aspectos?

Por favor, pergunte ao paciente ao paciente as frases abaixo e responda a que

melhor descreve seu grau de dificuldade, Para responder utilize a seguinte escala:
(0) nenhuma ; (1) pouca; (2) bastante; (3) imensa

AUTONOMIA
1, Ser responsave| pelas tarefas de casa

(0)

(1

(2)

(3

2. Morar sozinho ) (1) 2) (@3
3, Fazer as compras da casa 0) (1) (2) (3
4. Cuidar de si mesmo (aspecto fisico, higiene...) 0 (1) 2 (@3
TRABALHO
I5. Realizar um trabalho remunerado o) 1) 2 @3
6. Terminar as tarefas tao rapido quanto necessario ) (1) (2) (@3
7, Obter o rendimento previsto no trabalho 0) (1) (2) (3
8, Trabalhar de acordo com seu nivel de escolaridade ) (1) (2) (@3
9, Ser remunerado de acordo com o cargo que ocupa 0) (1) ((2) (3)
ICOGNICAO
10. Concentrar-se em uma leitura ou filme o) 1) 2 3
11. Fazer calculos mentais o) 1) 2 @3
12. Resolver adequadamente os problemas o) (1) 2 @3
13. Lembrar o nome de pessoas novas ©0) (1) 2) @3
14. Aprender uma nova informacao 0) (1) ((2) (3)
[FINANCAS
15, Administrar seu préprio dinheiro 0) (1) (2) (3)
16. Fazer compras equilibradas 0) (1) ((2) (3)
qRELAcéES INTERPESSOAIS
17. Manter uma amizade ) (1 @) (3
18, Participar de atividades sociais O) (1) (2) (@3
19. Dar-se bem com as pessoas a sua volta O) (1) (2) (@3
20, Convivéncia familiar 0) (1) (2) (@3
21, Relagbes sexuais satisfatorias o (1) 2 @3
22, Capaz de defender os proprios interesses 0) (1) (2) (3)
LAZER
t& Praticar esporte ou exercicio O) (1) (2) (@3
4. Ter atividade de lazer ) (1) (2) (3
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ANEXO 4

Além dos trés trabalhos que compdem essa tese, outros artigos foram produzidos durante o periodo
que compreendeu esse doutorado.

1. CROSSLEY NA, ZUGMAN A, REYES-MADRIGAL F, CZEPIELEWSKI LS,
CASTRO MN, DIAZ-ZULUAGA AM, PINEDA-ZAPATA JA, RECKZIEGEL R,
GADELHA A, JACKOWSKI A, NOTO C, ALLIENDE LM, IRURETAGOYENA B,
OSSANDON T, RAMIREZ-MAHALUF JP, CASTANEDA CP, GONZALEZ-
VALDERRAMA A, NACHAR R, LEON-ORTIZ P, UNDURRAGA J, LOPEZ-
JARAMILLO C, GUINJOAN SM, GAMA CS, DE LA FUENTE-SANDOVAL C,
BRESSAN RA; ANDES NETWORK. Structural brain abnormalities in
schizophrenia in adverse environments: examining the effect of poverty and
violence in six Latin American cities. Br J Psychiatry. 2020 Aug 18:1-7. [doi:
10.1192/bjp.2020.143]

2. KAUER-SANT'ANNA, M; FREY, BN; FIJTMAN, A; LOREDO-SOUZA, AC; DARGEL, AA;
PFAFFENSELLER, B; GAZALLE, FK; COLPO, GD; PASSOS, IC; BUCKER, J; WALTZ, JC;
JANSEN, K; MENDES CERESER, KM; BURKE, KP; SORIA, LS; KUNZ, M; PINHO, M;
KAPCZINSKI, NS; GOI, PD; MAGALHAES, PVS; RECKZIEGEL, R; BURQUE, RK;
CARDOSO, TA; KAPCZINSKI, FP. Adjunctive tianeptine treatment for bipolar disorder: A
24-week randomized, placebo-controlled, maintenance trial. Journal  of
Psychopharmacology, v.33, p.502-510, 2019. [doi:10.1177/0269881119826602]

3. SARTORI, JM; RECKZIEGEL, R; PASSOS, IC; CZEPIELEWSKI, LS; FIJTMAN, A; SODRE,
LA; MASSUDA, R; GOI, PD; VIANNA-SULZBACH, M; CARDOSO, TA; KAPCZINSKI, FP;
MWANGI, B; GAMA, CS. Volumetric brain magnetic resonance imaging predicts functioning
in bipolar disorder: A machine learning approach. Journal of Psychiatric Research, v. 103,
p.237-243, 2018. [doi: 10.1016/j.jpsychires.2018.05.023]
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