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RESUMO 

Evidências sugerem o envolvimento de um estado de inflamação crônica de baixo grau na 

fisiopatologia do transtorno bipolar (TB). Os estudos apresentados nesta tese tiveram como 

objetivo explorar o papel da inflamação crônica nos mecanismos fisiopatológicos do TB através 

da avaliação dos níveis séricos de proteína C-reativa (PCR). A PCR é um marcador de 

inflamação sistêmica comumente utilizado na prática clínica, sendo considerado fator de risco 

para várias patologias, incluindo câncer e doença cardiovascular. O primeiro artigo, através de 

um estudo de meta-análise, teve como objetivo avaliar o tamanho de efeito da associação entre 

níveis de PCR em pacientes bipolares nas diferentes fases de humor (n=730) comparado a 

indivíduos controles (n=888). Pacientes bipolares apresentaram níveis de PCR significativamente 

elevados em comparação ao grupo controle, com moderado tamanho de efeito (effect size, ES = 

0.39; 95% IC, 0.24 – 0.55; P < 0.0001). Níveis de PCR foram significativamente maiores em 

pacientes maníacos (ES = 0.73; 95% IC, 0.44 – 1.02; P < 0.001) e em eutímicos (ES = 0.26; 95% 

IC, 0.01 – 0.51; P = 0.04). O segundo artigo se propôs a revisar dados da literatura relacionados a 

biomarcadores periféricos potencialmente implicados na progressão do TB. Pacientes em 

diferentes estágios do TB apresentaram níveis alterados de marcadores de estresse oxidativo, 

neurotrofinas e de inflamação, incluindo a PCR, o que reforça a hipótese da inflamação crônica 

exercer um papel importante na fisiopatologia do TB. Em seguida, considerando a abordagem 

multidimensional no TB, o terceiro artigo avaliou a reatividade emocional como uma dimensão 

relevante para caracterizar pacientes bipolares apresentando sintomas subclínicos de humor 

durante a fase de remissão (N=613). Apesar de todos pacientes estarem em remissão, a maioria 

deles (68%) apresentou reatividade emocional anormal (hipo ou hiper-reatividade emocional). 

Esse estudo avaliou, também, o funcionamento psicossocial nesses pacientes e os níveis de PCR 

ultra-sensível como um possível marcador objetivo de hiper-reatividade emocional no TB. Os 

pacientes com hiper-reatividade emocional, em comparação aos pacientes com hipo- ou normal 

reatividade emocional, apresentaram prejuízo cognitivo e níveis de PCR significativamente mais 

elevados (P < 0.001). Esses resultados provêm de um estudo transversal e, portanto, conclusões 

sobre causalidade dessas associações não podem ser inferidas, já que outros fatores, além dos 

níveis de PCR, podem também contribuir para o estado inflamatório crônico observado nesses 

pacientes. 

Em suma, os resultados desta tese sugerem que a inflamação crônica de baixo grau, evidenciada 

pelas alterações nos níveis de PCR, parece estar implicada na fisiopatologia e na progressão do 

TB. Novas intervenções terapêuticas com alvo em mecanismos inflamatórios e na modulação dos 

níveis de PCR devem ser priorizados em estudos futuros. 

 

Palavras-chave: transtorno bipolar. proteína C-reativa. inflamação crônica. abordagem 

multidimensional. reatividade emocional. funcionamnento cognitivo. funcionamento 

psicossocial. 

 



ABSTRACT 

Evidence suggests that chronic low-grade inflammation appears to be involved in the 

pathophysiology of bipolar disorder (BD). The studies presented in this thesis aimed at exploring 

the role of chronic inflammation in the BD pathophysiological mechanisms by assessing serum 

levels of C-reactive protein (CRP). CRP is a marker of low-grade inflammation widely used in 

clinical practice, and a risk factor for cardiovascular and malignant diseases. The first article, a 

meta-analysis, aimed at evaluating the effect size of the association between CRP levels in 

bipolar patients (n=730) compared to healthy subjects (n=888). Overall, CRP levels were 

significantly elevated in patients with BD versus controls (effect size, ES = 0.39; 95% CI, 0.24 to 

0.55; P < .0001). CRP levels were significantly higher in manic (ES = 0.73; 95% CI, 0.44 to 

1.02; P < 0.001) and euthymic (ES = 0.26; 95% CI, 0.01 to 0.51; P = 0.04). The second paper 

aimed at reviewing the scientific literature regarding peripheral biomarkers potentially 

implicated in the progression of BD. Bipolar patients within different disease’s stages presented 

altered levels of oxidative stress, neurotrophins and inflammatory markers, including PCR. These 

findings reinforce the hypothesis of the potential role of the chronic inflammation in BD 

pathophysiology. Regarding the multidimensional approach in BD, the third article assessed 

emotional reactivity as a major dimension for better characterizing remitted bipolar patients with 

subthreshold mood symptoms (N=613). Although all patients were in remission, most of them 

(68%) showed abnormal emotional reactivity (hipo- or hyper-reactivity). In addition, this study 

assessed the psychosocial functioning in these patients as well as the levels of high-sensitivty 

PCR (hsCRP) as an objective marker of emotional hyper-reactivity in BD. Patients with 

emotional hyper-reactivity had higher levels of PCR and cognitive impairment compared to 

patients with emotional hypo or normal emotional reactivity (P < 0.001). This was a cross-

sectional study of emotional reactivity, hsCRP levels and functional status in remitted bipolar 

patients, and no conclusions regarding the causality of these associations can be substantiated. 

Others factors could also be contributing to the chronic inflammatory state in these patients. 

In conclusion, the results of this thesis suggest that low-grade chronic inflammation, as 

evidenced by alteration in CRP levels, may be implicated in the pathophysiology as well as in the 

BD progression. Novel therapeutic interventions targeting inflammatory mechanisms and the 

modulation of CRP levels should be prioritized in future studies. 

 

Keywords: bipolar disorder. C-reactive protein. chronic inflammation. multidimensional 

approach. emotional reactivity. cognitive functioning. psychosocial functioning.  
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1 INTRODUÇÃO 

O transtorno bipolar (TB) é uma doença crônica, de etiologia multifatorial, que afeta em 

torno de 1-2% da população mundial (World Health Organization, 2008; Ferrari, Baxter, and 

Whiteford, 2011; Merikangas et al., 2011). O TB é classificado como subtipo I, definido por 

episódios de elevação de humor (mania) e de depressão, ou subtipo II, determinado pela 

alternância entre episódios hipomaníacos e depressivos (American Psychiatric Association, 2000; 

Phillips and Kupfer, 2013). Além da alta prevalência, o TB inicia, em média, em torno dos 20 

anos de idade (Merikangas et al., 2011), afetando o indivíduo em uma das fases mais produtivas 

da vida (Chisholm et al., 2005; Alonso et al., 2011). Dados recentes apontam o TB entre as cinco 

primeiras causas de “Anos Vividos com Incapacidade” (Disability-Adjusted Life Years, DALYs) 

em pessoas entre 25 e 34 anos (World Health Organization, 2008; Whiteford et al., 2013). O 

número de anos vividos com incapacidade no TB é maior do que o de doenças clínicas como 

infarto, asma, epilepsia, demência ou doenças infecciosas, o que contribui para a incapacitação 

funcional do indivíduo, acarretando considerável prejuízo econômico para a sociedade 

(Whiteford et al., 2013). No Reino Unido, por exemplo, o custo estimado do TB para a sociedade 

no ano de 2010 foi de 5,2 bilhões de libras (Abdul Pari et al., 2014). 

O diagnóstico do TB pode ser particularmente difícil, tendo em vista a apresentação 

heterogênea da doença (Hirschfeld, 2014). A sintomatologia pode variar desde alterações do 

comportamento e do sono até sintomas de humor inespecíficos e desregulação emocional 

persistente (Phillips and Kupfer, 2013). O tempo médio entre o início dos sintomas clínicos até o 

estabelecimento do diagnóstico correto de TB pode variar entre 5 e 10 anos (Hirschfeld, 2014). 

Em atenção primária, por exemplo, estudos relatam que apenas 20% dos indivíduos com 



11 

sintomatologia sugestiva de TB avaliados pelo clínico geral recebem um diagnóstico compatível 

com TB no primeiro ano (Hirschfeld, Lewis, and Vornik, 2003; Gazalle et al., 2005). 

Apesar do tratamento farmacológico, a maioria dos pacientes com TB permanece 

sintomática por mais da metade da vida mesmo aqueles considerados em fase de remissão (Judd 

et al., 2012). Nessa fase, também denominada período inter-episódio, os pacientes podem 

apresentar instabilidade emocional transitória ou persistente (Broome et al., 2015) e sintomas de 

humor subclínicos, principalmente sintomas depressivos (Judd et al., 2012), os quais têm sido 

fortemente associados ao prejuízo no funcionamento psicossocial, à disfunção cognitiva e à 

redução na qualidade de vida (Rosa et al., 2008; Bonnín et al., 2012; Henry et al., 2015 (ANEXO 

A); Strejilevich, Samamé, and Martino, 2015). Contudo, os métodos diagnósticos utilizados na 

prática clínica para avaliar sintomas de humor são baseados essencialmente em categorias e lista 

de sintomas (Phillips and Kupfer, 2013), apresentando baixa sensibilidade para detectar variações 

sutis de humor e da reatividade emocional em pacientes bipolares (Henry and Etain, 2010; 

Marwaha et al., 2014). 

O funcionamento psicossocial está relacionado à habilidade de um indivíduo de viver de 

maneira independente, de desempenhar atividade laboral e de se relacionar socialmente (Ustün 

and Kennedy, 2009). Pacientes com TB apresentam, muitas vezes, prejuízo importante em 

diversas áreas do funcionamento psicossocial como, por exemplo, relacionamento interpessoal, 

produtividade no trabalho e autonomia (Rosa et al., 2008, 2010; Kauer-Sant’Anna et al., 2009; 

Strejilevich, Samamé, and Martino, 2015). Um estudo prospectivo conduzido nos Estados Unidos 

constatou que 98% dos pacientes bipolares atingiram remissão clínica em um período de 02 anos 

após o primeiro episódio maníaco, ao passo que apenas 38% desses pacientes recuperaram o 

funcionamento psicossocial nesse mesmo período (Tohen et al., 2000). O prejuízo no 

funcionamento psicossocial pode aparecer desde os estágios mais precoces do TB, porém tende a 
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ser mais severo nas fases tardias da doença (Rosa et al., 2014). Isso pode estar relacionado a 

fatores indicativos de uma maior carga da doença, tais como número episódios prévios, recidivas 

frequentes e início precoce, os quais parecem impactar o funcionamento (Rosa et al., 2014) além 

de estarem associados a uma maior probabilidade de comorbidades clínicas (Magalhães et al., 

2012).  

Evidências demonstram que o TB está intimamente associado com patologias clínicas, 

dentre as quais a doença cardiovascular e a síndrome metabólica são as mais prevalentes 

(Roshanaei-Moghaddam and Katon, 2009; Magalhães et al., 2012). A doença cardiovascular, por 

exemplo, é a primeira causa de excesso de mortalidade em pacientes bipolares (Kupfer, 2005). 

Ainda que as doenças cardiometabólicas nesses pacientes sejam vistas como consequência de um 

estilo de vida pouco saudável e, principalmente, dos efeitos colaterais dos medicamentos 

psicotrópicos (Kupfer, 2005), os mecanismos fisiopatológicos dessa associação ainda não são 

conhecidos e a inflamação sistêmica parece exercer um papel importante nesse processo 

(Goldstein et al., 2009; Berk et al., 2011). Tal fato reforça a ideia do TB como uma doença multi-

sistêmica (Goldstein et al., 2009; Leboyer et al., 2012). 

Indivíduos com infecções severas ou doenças autoimunes apresentam, de forma 

transitória ou persistente, níveis sanguíneos elevados de marcadores inflamatórios (Benros et al., 

2013). Esses indivíduos parecem apresentar risco significativamente elevado de desenvolver 

patologias psiquiátricas, incluindo TB (Benros et al., 2013). Estudos mostram que, pacientes 

bipolares nas diferentes fases da doença apresentam níveis alterados de diversos marcadores 

inflamatórios, incluindo citocinas (Brietzke et al., 2009; Modabbernia et al., 2013) e proteínas de 

fase aguda, como a proteína C-reativa (PCR) (Dickerson et al., 2007; Cunha et al., 2008). A PCR, 

um marcador de inflamação crônica comumente utilizado na prática clínica, é fator de risco 

independente para várias doenças, incluindo câncer e patologia cardiovascular (Pepys and 
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Hirschfield, 2003; Emerging Risk Factors Collaboration et al., 2010; Allin and Nordestgaard, 

2011). Recentemente, estudos prospectivos demonstraram associação entre níveis aumentados de 

PCR e risco de desenvolver esquizofrenia (Wium-Andersen, Ørsted, and Nordestgaard, 2014) 

como também ansiedade generalizada (Vogelzangs et al., 2013) em indivíduos da população 

geral com idade acima de 40 anos . Apesar de alguns estudos reportarem alterações nos níveis de 

PCR em pacientes bipolares, esses resultados são provenientes de estudos com pequeno tamanho 

amostral (Wadee et al., 2002; Huang and Lin, 2007; Cunha et al., 2008) ou com grupos 

heterogêneos de pacientes (Dickerson et al., 2007; Hope et al., 2011; Vuksan-Cusa et al., 2013) o 

que limita a extrapolação dos resultados. Entretanto, os dados relatados acima apontam a 

inflamação sistêmica crônica como um componente importante da fisiopatologia do TB. 

A inflamação periférica parece atingir o sistema nervoso central, modulando algumas funções 

cerebrais (Dantzer et al., 2008). Marcadores pró-inflamatórios da periferia (p. ex. citocinas) 

parecem ativar as células gliais (micróglia) do sistema nervoso central (Dempsey, Vaidya, and 

Cheng, 2003; Harry and Kraft, 2008). A micróglia, quando sofre ativação crônica e persistente, 

perde a sua função protetora, o que contribui ainda mais para o aumento de citocinas pro-

inflamatórias no cérebro (Harry and Kraft, 2008). A neuroinflamação pode impactar o 

funcionamento do sistema neuroendócrino e de circuitos neuronais e, consequentemente, a 

plasticidade do cérebro (Harry and Kraft, 2012). Esses processos podem estar relacionados com o 

comprometimento progressivo das funções neurocognitivas no TB (Stertz, Magalhães, and 

Kapczinski, 2013). Contudo, os mecanismos biológicos relacionados à neuroinflamação no TB, 

incluindo alterações nos níveis de PCR, ainda não foram elucidados (Stertz, Magalhães, and 

Kapczinski, 2013). 

Desse modo, o melhor entendimento do papel da PCR e da inflamação crônica de baixo 

grau no TB poderá contribuir para elucidação dos mecanismos fisiopatológicos dessa doença. 
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2 FUNDAMENTAÇÃO TEÓRICA 

2.1 Inflamação: aspectos gerais 

A inflamação é um dos primeiros mecanismos de defesa do corpo em resposta a uma 

lesão ou infecção (Abbas, Lichtman, and Pillai, 2015). A inflamação aguda é uma resposta não 

específica caracterizada por calor, dor e inchaço. Nesse processo, denominado resposta 

inflamatória, os leucócitos migram para a área da lesão e tornam-se ativados, ocorrendo, também, 

um aumento da permeabilidade vascular e do fluxo sanguíneo para a área lesada permitindo a 

passagem de células dos vasos sanguíneos ao tecido lesado. A resposta inflamatória desencadeia 

a produção local e sistêmica de diferentes citocinas (Abbas, Lichtman, and Pillai, 2015). 

As citocinas são componentes-chave do sistema imunológico e regulam diversas funções 

celulares, como proliferação, sobrevida e maturação celular (Dempsey, Vaidya, and Cheng, 

2003). Essas moléculas são produzidas por diversas células do sistema imunológico ou fora 

desse. Embora diversas citocinas estejam implicadas no processo inflamatório, o fator de necrose 

tumoral-alfa (TNF-alfa), a interleucina-1 (IL-1) e a interleucina-6 (IL-6), são consideradas os 

principais mediadores desse processo (Tabela 1) (Dempsey, Vaidya, and Cheng, 2003). 

Tabela 1 - Fontes mais importantes e atividades das principais citocinas 

Citocina Fonte primária Atividade biológica primária 

IL-1 Macrófagos 
Mediador inflamatório, reagente de fase aguda, 

amplificação da resposta imune 

IL-2 Linfócitos T Ativação das células T 

IL-6 Macrófagos e linfócitos T 
Diferenciação de células B, reagente de fase 

aguda 

IL-10 Linfócitos T 

Inibição da resposta celular, inibição de 

citocinas produzidas pelos monócitos e 

macrófagos 

TNF-alfa 
Macrófagos, linfócitos T, 

mastócitos, células natural killers 

Sobrepõe-se à atividade da IL-1; expressiva 

atividade antitumoral 

INF-alfa, 

INF-beta e 

INF-gama 

Linfócitos B, macrófagos, 

fibroblastos, células epiteliais, 

linfócitos T 

Atividade antiviral e antitumoral, ativa 

macrófagos, aumenta atividade de linfócitos T 

citotóxicos e células NK 

Fonte: Dempsey, Vaidya, and Cheng, 2003. 
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Conjuntamente, os eventos da resposta inflamatória caracterizam a “reação de fase 

aguda” (Gabay and Kushner, 1999). Durante essa fase ocorre a síntese maciça de citocinas e de 

várias proteínas, denominadas proteínas da fase aguda. Em resposta à inflamação, pode ocorrer 

um aumento na concentração plasmática dessas proteínas, denominadas proteínas da fase aguda 

positiva, por exemplo, PCR, fatores do complemento, ferritina e haptoglobina; ou redução na 

concentração, proteínas da fase aguda negativa, por exemplo, albumina, transferrina, anti-

trombina (Figura 1) (Gabay and Kushner, 1999). 

Figura 1 - Alterações nas concentrações plasmáticas de algumas proteínas da 

fase aguda após um estímulo inflamatório moderado 

 
Fonte: Gabay and Kushner, 1999. 

 

A resposta de fase aguda não é específica de uma determinada doença, podendo ocorrer 

em resposta a vários estados patológicos, como infecções bacterianas, sepse, cirurgias, infarto do 
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miocárdio, doenças inflamatórias e câncer (Epstein, Gabay, and Kushner, 1999; Gabay and 

Kushner, 1999; Pepys and Hirschfield, 2003).  

Por outro lado, a inflamação crônica subclínica caracteriza-se por uma resposta 

inflamatória de baixo grau, podendo ser sistêmica em vez de localizada, na qual os sinais de 

inflamação aguda, geralmente, não são visíveis (Gabay and Kushner, 1999). Esse tipo de 

inflamação desempenha um papel na fisiopatologia de muitas doenças crônicas, incluindo 

doenças cardiovasculares, diabetes, doença de Alzheimer e câncer, nas quais a PCR tem sido 

amplamente utilizada como um biomarcador de inflamação crônica (Pepys and Hirschfield, 2003; 

Emerging Risk Factors Collaboration et al., 2010; Allin and Nordestgaard, 2011). 

2.2 Inflamação crônica e proteína C-reativa 

Em 1930, William Tillet and Thomas Francis, observando pacientes com pneumonia 

pneumocócica durante a fase aguda, detectaram uma proteína plasmática que reagia com o 

polissacarídeo-C da parede do pneumococos, a qual denominaram proteína C-reativa (Tillett and 

Francis, 1930). 

A PCR, um componente do sistema imune inato, é produzida essencialmente no fígado 

em resposta às citocinas pró-inflamatórias como a IL-1, o TNF-alfa e, principalmente, a IL-6 

(Ballou and Lozanski, 1992). A principal função da PCR, ao ligar-se à fosfocolina, é a sua 

capacidade de reconhecer alguns patógenos estranhos ao organismo bem como os componentes 

fosfolipídicos de células lesadas. Outras funções pró-inflamatórias da PCR incluem a indução de 

citocinas inflamatórias e, em monócitos, do fator tecidual (Ballou and Lozanski, 1992; Cermak et 

al., 1993). 

A PCR é um dos marcadores inflamatórios mais comumente utilizados na prática clínica 

(Pepys and Hirschfield, 2003; Black, Kushner, and Samols, 2004; Allin and Nordestgaard, 2011). 
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Durante processos inflamatórios agudos (p. ex. infecção bacteriana) os níveis sanguíneos de PCR 

podem aumentar significativamente, podendo ultrapassar em até 100 vezes os valores basais. Em 

indivíduos aparentemente saudáveis, os níveis de PCR variam, geralmente, abaixo de 3 mg/L. 

Níveis de PCR ligeiramente elevados (> 3mg/mL e < 10 mg/L), refletem inflamação crônica de 

baixo grau (Gabay and Kushner, 1999). Rotineiramente, a PCR sérica é medida por meio de 

métodos com limites de detecção entre 3mg/L e 8 mg/L, e o limite de referência para a PCR é de 

< 10 mg/L. No entanto, métodos com alta sensibilidade para detecção de PCR (PCR ultra-

sensível) apresentam limites de detecção entre < 0,3 mg/L e 350mg/L (Roberts et al., 2001). 

2.3 Inflamação e alterações comportamentais: aspectos evolutivo-fenomenológicos 

Do ponto de vista evolutivo, através de séculos de exposição à infecções virais dos mais 

variados tipos, a inflamação é um processo vantajoso (Abbas, Lichtman, and Pillai, 2015). Por 

outro lado, as alterações de comportamento e de humor, muitas vezes, parecem não ter vantagens 

evolutivamente (Hart, 1988). Portanto, pode-se questionar por que a resposta inflamatória 

continua sendo um processo vantajoso através de séculos de seleção natural.  

Hart (Hart, 1988) foi um dos primeiros autores a postular uma razão para os sintomas 

psicológicos e comportamentais resultantes de uma resposta inflamatória (Hart, 1988). Esse autor 

argumentou que os sintomas comportamentais associados à inflamação ou doença "[...] não 

seriam um processo de mal-adaptação ou um efeito indesejável da doença, mas sim uma 

estratégia altamente organizada, por vezes fundamental para a sobrevivência do indivíduo se o 

mesmo fosse viver em estado selvagem” (Hart, 1988). Ele postulou também que os animais e os 

seres humanos se beneficiariam de sintomas neurovegetativos, tais como letargia, redução do 

apetite, diminuição do humor, aumento do sono, menor interesse em atividades exploratórias e 

sexuais, possibilitando, dessa forma, ao organismo concentrar energia no processo de cura e para 
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proteção contra ataques futuros (Hart, 1988). Posteriormente, este fenômeno foi definido como 

“sickness beahvior”, isto é, alterações comportamentais associados à inflamação ou doença (Kent 

et al., 1992; Dantzer et al., 2008). Em um nível populacional, essas alterações comportamentais 

podem ser benéficas para evitar a propagação de doenças infecciosas, ou seja, os indivíduos 

doentes que apresentam sintomas neurovegetativos, muitas vezes, se afastam dos outros 

indivíduos (Anders, Tanaka, and Kinney, 2013). 

Embora os sintomas comportamentais associados à inflamação possam ser úteis no 

contexto da infecção aguda, no caso das doenças inflamatórias crônicas não relacionadas à 

infecção, tais como doenças autoimunes, doenças cardiovasculares e diabetes, esses sintomas 

podem ser prejudiciais (Pepys and Hirschfield, 2003). No caso dos transtornos de humor, a 

desregulação emocional pode induzir uma resposta inflamatória, o que poderia agravar ainda 

mais os sintomas de humor do indivíduo (Raison and Miller, 2013). Além disso, se a 

sintomatologia psico-comportamental (sickness behavior) decorrente de uma patologia clínica for 

mediada por uma resposta inflamatória, o controle dessa resposta poderia auxiliar na redução dos 

sintomas psicológicos e comportamentais independentemente da resolução da doença clínica 

(Dantzer et al., 2008; Capuron and Miller, 2011). 

2.4 Inflamação sistêmica no transtorno bipolar
1
 

Evidências crescentes demonstram que pacientes com TB apresentam disfunções 

imunológicas, as quais parecem estar relacionadas à severidade dos sintomas, ao número de 

episódios prévios de humor; à alta prevalência de comorbidades clínicas; aos efeitos adversos do 

_______________ 
1
 Texto extraído e adaptado do Artigo 2: Biomarkers in illness progression in bipolar disorder. In: 

Kapczinski, Flávio ; Vieta, Eduardo ; Magalhães, Pedro ; Berk, Michael. Neuroporgression and 

Staging in Bipolar Disorder. Oxford: Oxford University Press, 2015. P. 175-196. 
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tratamento farmcológico, e, também, à progressão da doença (Brietzke et al., 2009; Berk et al., 

2011; Kapczinski et al., 2011; Fries et al., 2012; Pfaffenseller et al., 2013) . 

Recentemente, dois estudos de meta-análise encontraram um aumento significativo dos 

níveis periféricos de citocinas pró-inflamatórias (IL-2, IL-4, IL-6, IL-1, e TNF-alfa) em pacientes 

durante episódios agudos do TB (mania ou depressão) (Modabbernia et al., 2013; Munkholm, 

Vinberg, and Vedel Kessing, 2013). Além disso, esses autores reportaram níveis aumentados de 

receptores de TNF-alfa e de IL-2 em pacientes maníacos comparado a controles saudáveis 

respectivamente (Modabbernia et al., 2013; Munkholm, Vinberg, and Vedel Kessing, 2013). 

Outro estudo demonstrou alterações dos níveis de receptores-1 de TNF-alfa entre os diferentes 

subtipos de TB (TB-I e TB-II) e, também, entre as diferentes fases de humor (hipomania, eutimia 

e depressão). Esses autores apontaram o receptor-1 de TNF-alfa como um potencial biomarcador 

para o estadiamento do TB (Bai et al., 2014). O efeito cumulativo de múltiplos episódios de 

humor bem como o tempo de duração da doença parecem influenciar os níveis de citocinas pró-

inflamatórias, o que parece contribuir para a progressão do TB (Berk et al., 2011; Pfaffenseller et 

al., 2013). Evidências relatam que os níveis de IL-10, a qual tem atividade anti-inflamatória, 

reduzem significativamente em estágios tardios do TB (Kauer-Sant’Anna et al., 2009; Remlinger-

Molenda et al., 2012). Vale ressaltar que a IL-1-beta, o TNF-alfa e, principalmente, a IL-6 

induzem a síntese hepática de PCR (Gabay and Kushner, 1999). 

Diversos estudos têm relatado alterações nos níveis de PCR em pacientes com TB 

(Dickerson et al., 2007; Huang and Lin, 2007; Â. B. Cunha et al., 2008; Vuksan-Ćusa, Šagud, 

and Jakovljević, 2010; Vuksan-Cusa et al., 2013). No entanto, os resultados de muitos estudos 

baseiam-se em um pequeno tamanho amostral (Aksoy et al., 2010; Fontoura et al., 2012), em 

grupos heterogêneos de pacientes (Huang and Lin, 2007; Hope et al., 2011; Tsai et al., 2012) ou 

não controlaram para fatores que, potencialmente, influenciam os níveis de PCR (p .ex. etnia, 



20 

doenças cardiometabólicas e tabagismo) (Cunha et al., 2006; Dickerson et al., 2007). Um estudo 

prospectivo em pacientes com depressão unipolar demonstrou associação entre níveis elevados de 

PCR e risco aumentado desses pacientes desenvolverem sintomas maníacos após dois anos de 

acompanhamento clínico, sugerindo que a inflamação sistêmica de baixo grau poderia ter um 

papel no deslocamento entre fases do TB bem como na diferenciação entre depressão unipolar e 

bipolar (Becking et al., 2013). Recentemente, estudos prospectivos em indivíduos da população 

geral demonstraram associação significativa entre níveis elevados de PCR e risco aumentado de 

desenvolver TB (Wium-Andersen, Orsted, and Nordestgaard, 2016), esquizofrenia (Wium-

Andersen, Ørsted, and Nordestgaard, 2014) ou ansiedade generalizada (Vogelzangs et al., 2013)
 

tardiamente ao longo da vida (após 40 anos de idade).  

 Contudo, o papel da PCR na fisiopatologia do TB ainda não está esclarecido. Pesquisas 

futuras são necessárias para explorar vias imuno-inflamatórias subjacentes e as relação entre PCR 

e outros marcadores inflamatórios a fim de entender melhor o caráter sistêmico do TB (Goldstein 

et al., 2009; Kapczinski et al., 2010; Berk et al., 2011).  

2.5 Proteína C-reativa e comorbidades clínicas no transtorno bipolar
2
 

Diversas doenças crônicas como doenças cardiovasculares, diabetes e obesidade – nas 

quais a inflamação sitêmica exerce um papel fundamental nos mecanismos fisiopatológicos 

(Couzin-Frankel, 2010) - são altamente prevalentes no TB (Magalhães et al., 2012; Vancampfort 

et al., 2013; Godin et al., 2014). Dados recentes mostram que mais de 50% dos pacientes 

avaliados no Programa de Tratamento Sistemático para TB (STEP-BD; Systematic Treatment 

Enhancement Program for Bipolar Disorder) apresentavam pelo menos uma comorbidade clínica 

associada (Magalhães et al., 2012). Recentemente, um estudo de meta-análise demonstrou que 

_______________ 
2
 Texto extraido e adaptado do Artigo 1: C-reactive protein alterations in bipolar disorder: a meta-analysis. 

J Clin Psychiatry. 2015;76(2):142-50. 
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pacientes bipolares apresentaram risco duas vezes maior de apresentar síndrome metabólica em 

relação a controles saudáveis (OR = 1,98, 95% IC, 1,74-2,25; P < 0,0001) (Vancampfort et al., 

2013). Vale ressaltar que a PCR é um marcador independente de risco de doença cardiovascular. 

Níveis aumentados de PCR (Pepys and Hirschfield, 2003; Emerging Risk Factors Collaboration 

et al., 2010) têm sido associado a risco aumentado de doença cardiovascular e diabetes em 

indivíduos com síndrome metabólica (Brooks, Blaha, and Blumenthal, 2010). Além disso, a PCR 

tem sido considerada como marcador epidemiológico de diabetes do tipo-2 (Spranger et al., 

2003), patologia altamente prevalente em pacientes bipolares (Sharma et al., 2014). 

A obesidade tem sido caracterizada como um estado inflamatório crônico de baixo grau 

evidenciado pelos níveis ligeiramente elevados de fatores pró-inflamatórios como fibrinogênio, 

homocisteína e, principalmente, PCR (Brooks, Blaha, and Blumenthal, 2010). A adiposidade 

visceral, em particular, está relacionada com níveis elevados de PCR, a qual parece
 
desempenhar 

um papel importante na fisiopatologia da obesidade (Brooks, Blaha, and Blumenthal, 2010). As 

células gordurosas (adipócitos) produzem e liberam PCR, a qual se liga à leptina na circulação 

periférica. Esse processo parece impedir o transporte da leptina por meio da barreira hemato-

encefálica, impossibilitando, então, a leptina de exercer uma das suas principais funções no 

organismo: controlar o apetite e promover a quebra de triglicerídeos nos adipócitos (Hsuchou et 

al., 2012). A obesidade, principalmente a visceral, é muito frequente em pacientes bipolares o que 

reforça a hipótese de uma relação bidirecional entre TB e obesidade (McElroy and Keck, 2012; 

Lackner et al., 2015), potencialmente mediada por mecanismos imuno-inflamatórios (Rosenblat 

et al., 2014). 

Esses achados, conjuntamente, sugerem que TB e comorbidades clínicas compartilham 

uma base biológica comum, reforçando a ideia de que o TB é uma doença inflamatória multi-

sistêmica (Leboyer et al., 2012; Mansur, Brietzke, and McIntyre, 2015) onde a inflamação 
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crônica subclínica parece exercer um papel importante (Goldstein et al., 2009; Stertz, Magalhães, 

and Kapczinski, 2013; Rosenblat et al., 2014). 

2.6 Neuroinflamação e transtorno bipolar 

A presença de marcadores de inflamação na periferia pode estar relacionada com um 

estado inflamatório no sistema nervoso central. Citocinas pró-inflamatórias produzidas na 

periferia parecem atravessar a barreira hemato-encefálica, ocorrendo, dessa forma, a propagação 

dos sinais pró-inflamatórios periféricos para o sistema nervoso central. Tal fato reforça a ideia de 

uma possível comunicação, via sistema imunológico, entre a periferia e o cérebro (Dantzer et al., 

2008; Dantzer, 2012). No cérebro, a resposta imunológica pode ativar a micróglia (macrófagos 

residentes do cérebro), a qual, através da liberação de mediadores do estresse oxidativo e de 

inflamação, amplifica a resposta inflamatória. Esse processo acarreta mudança na função 

astroglial, com redução nos níveis de neurotrofinas, incluindo o fator neurotrófico derivado do 

cérebro (BDNF) e o fator neurotrófico derivado de células gliais (GDNF); e aumento de 

metabólitos neurotóxicos (p. ex. glutamato) (Miller et al., 2008; Miller, Maletic, and Raison, 

2009; Miller et al., 2013). O glutamato se liga aos receptores N-metil-d-aspartato (NMDA) extra-

sinápticos, causando a supressão da síntese e a ativação da cascata pró-apoptótica de BDNF 

(Maletic and Raison, 2014). Além disso, as citocinas pró-inflamatórias aumentam a expressão 

dos receptores de serotonina e de dopamina, contribuindo, também, para uma desequilíbrio na 

sinalização monoaminérgica (Felger and Lotrich, 2013), o qual parece estar relacionado com a 

gravidade dos sintomas de humor (Lindqvist et al., 2009). 

Estudos recentes apontam que a neuroinflamação parece estar envolvida na 

fisiopatologia do TB (Stertz, Magalhães, and Kapczinski, 2013; Maletic and Raison, 2014). 

Níveis elevados de IL-1-beta foram encontrados no líquor de pacientes bipolares que 
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apresentaram episódios (hipo-)maníacos um ano antes do estudo em comparação com pacientes 

que não tiveram episódios (hipo-)maníacos no mesmo período (Söderlund et al., 2011). Estudo 

post-mortem encontrou aumento da ativação da via do receptor da IL-1 em córtex pré-frontal de 

pacientes com TB, reforçando a hipótese de haver ativação microglial nessa patologia (Rao et al., 

2010). A PCR, ainda que não atravesse a barreira hemato-encefálica, parece aumentar a 

permeabilidade dessa barreira para moléculas pequenas tais como citocinas pró-inflamatórias e 

anticorpos, o que tornaria o cérebro mais susceptível aos efeitos da inflamação sistêmica 

(Kuhlmann et al., 2009). Desse modo, os níveis séricos de PCR poderiam indicar, ainda que 

indiretamente, um estado inflamatório no cérebro. Além do mais, a inflamação sistêmica no TB 

parece interferir no mecanismo de plasticidade neuronal (Maletic and Raison, 2014), o que 

poderia explicar, em parte, a expressão dos sintomas da doença (Grande et al., 2010) e o prejuízo 

cognitivo-funcional encontrado em pacientes bipolares (Martínez-Arán et al., 2004; Goodwin et 

al., 2008; Rosa et al., 2010). 

2.7 Funcionamento cognitivo e psicossocial no transtorno bipolar 

A disfunção cognitiva em pacientes com TB parece estar presente desde o início da 

doença (Goodwin et al., 2008), podendo persistir, também, durante o período de remissão 

(Bonnín et al., 2012; Martinez-Aran and Vieta, 2015). Estudos com pacientes bipolares têm 

constatado prejuízo nas áreas de habilidades executivas, da memória verbal, da atenção 

sustentada como também em áreas relacionadas com a abstração e com a mudança de contexto 

(Bonnín et al., 2014; Solé et al., 2016). Os déficits em funções executiva e de memória verbal, 

por exemplo, indicam danos nos córtices pré-frontal e temporo-medial, respectivamente (Lee et 

al., 2014). A frequência elevada de episódios de humor e o tempo de duração da doença parecem 
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agravar o prejuízo cognitivo em pacientes bipolares, o que contribui para a progressão do TB 

(Cardoso et al., 2015).  

Estudos reportam associações entre níveis elevados de PCR e comprometimento 

cognitivo em indivíduos com doença cardiovascular (Gunstad et al., 2006) como também em 

indivíduos aparentemente saudáveis (Dimopoulos et al., 2006). Tendo em vista que níveis 

elevados de PCR parecem induzir disfunção endotelial na barreira hemato-encefálica (Kuhlmann 

et al., 2009; Hsuchou et al., 2012), tal fato poder estar relacionado com o comprometimento 

cognitivo apresentado por indivíduos com níveis aumentados de PCR. Recentemente, estudos 

demonstraram associações significativas entre níveis aumentados de PCR e disfunção cognitiva 

em pacientes com esquizofrenia (Dickerson et al., 2012) ou com TB (Dickerson et al., 2013). 

Entretanto, faz-se necessário um maior número de estudos, avaliando cognição e níveis de PCR 

em pacientes bipolares em diferentes fases da doença a fim de elucidar o papel da PCR na 

neuroinflamação e a sua relação com o prejuízo cognitivo e psicossocial nesses pacientes.  

Prejuízo no funcionamento psicossocial tem sido frequentemente encontrado em 

pacientes bipolares independentemente do tipo de episódio (mania ou depressão) ou da fase da 

doença (período de remissão) (Rosa et al., 2008; Solé et al., 2015). Um estudo prospectivo 

conduzido nos Estados Unidos constatou que, após o primeiro episódio maníaco, 98% dos 

pacientes bipolares atingiram remissão clínica em um período de 02 anos, ao passo que apenas 

38% desses pacientes recuperaram o funcionamento psicossocial nesse mesmo período (Tohen et 

al., 2000). O prejuízo no funcionamento psicossocial em pacientes bipolares pode aparecer em 

diferentes áreas do funcionamento psicossocial, como por exemplo, atividade laboral, autonomia, 

organização financeira e relacionamento interpessoal (Rosa et al., 2007, 2012). Além disso, 

disfunção psicossocial pode estar presente desde as fases mais precoces do TB, podendo, 

contudo, agravar-se em estágios mais avançados da doença (Judd et al., 2005; Rosa et al., 2014). 
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Recentemente, Rosa e colaboradores (Rosa et al., 2014) encontraram correlação inversa entre os 

níveis de funcionamento psicossocial e os estágios clínicos do TB (Rosa et al., 2014). Esses 

autores constataram que pacientes em estágios mais avançados da doença apresentavam um 

declínio funcional significativamente maior em comparação aos pacientes em estágio inicial do 

TB, os quais apresentaram padrões de funcionamento semelhante ao grupo controle (Rosa et al., 

2014). Esse mesmo estudo observou, também, déficit neurocognitivo importante nos pacientes 

em estágios avançados da doença (Rosa et al., 2014). Esses achados reforçam a hipótese da 

toxicidade sistêmica no TB (Kapczinski et al., 2010) decorrente do acúmulo de múltiplos 

episódios de humor e do longo período de doença, o que poderia impactar o funcionamento 

neurocognitivo e psicossocial dos pacientes, contribuindo com a ideia do TB ser uma doença 

crônica e progressiva (Berk, 2008; Kapczinski et al., 2008; Pfaffenseller et al., 2013). Até o 

momento, nenhum estudo avaliou o possível a associação entre níveis de PCR e funcionamento 

psicossocial em pacientes bipolares.  

2.8 Abordagem dimensional no transtorno bipolar: reatividade emocional e níveis de 

proteína C-reativa
3
  

Evidências demonstram que a capacidade de regular as emoções está intimamente 

correlacionada com a saúde física e psíquica do indivíduo (Kiecolt-Glaser et al., 2002; 

Kubzansky et al., 2011). Déficits persistentes no processo de regulação emocional bem como 

reatividade emocional desproporcional são frequentemente observadas em indivíduos com TB 

(Phillips, Ladouceur, and Drevets, 2008; Gruber, Harvey, and Purcell, 2011). Reatividade 

emocional é definida pela amplitude de variação de um estado emocional de base em resposta a 

um estímulo emocional (Gross, 1998). Estudos de neuroimagem em pacientes bipolares 

_______________ 
3
 Texto extraído do Artigo 3: Emotional reactivity, functioning, and C-reactive protein alterations in 

remitted bipolar patients: clinical relevance of a dimensional approach. J Clin Psychiatry, submitted. 
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demonstram instabilidade no mecanismo de regulação emocional, caracterizado por hipo-

ativação do córtex pré-frontal (responsável pela regulação voluntária das emoções) e por hiper-

ativação do sistema límbico, principalmente da amígdala (responsável pela detecção do estímulo 

emocional) (Phillips, Ladouceur, and Drevets, 2008; Wessa, Kanske, and Linke, 2014). Esse 

desequilíbrio entre as regiões cerebrais implicadas na regulação emocional evidencia, 

clinicamente, a reatividade anormal, a instabilidade de humor e a alteração de motivação 

frequentemente observadas em pacientes bipolares (Phillips, Ladouceur, and Drevets, 2008; 

Houenou et al., 2011; Van Rheenen, Meyer, and Rossell, 2014; Wessa, Kanske, and Linke, 

2014). 

Henry e colaboradores, utilizando uma abordagem multidimensional para avaliar 

pacientes bipolares, demonstraram existir um continuum que varia desde um estado de inibição 

até um estado de ativação global do cmportamento (i.e.: variando desde episódios depressivos 

maiores, depressão com sintomas maníacos até episódios maníacos e estados mistos, 

respectivamente) (Henry et al., 2008; Henry et al., 2010). Esses autores demonstraram também 

que essa abordagem multidimensional permitiu distinguir dois tipos de depressão bipolar: uma 

caracterizada por inibição global do comportamento e hipo-reatividade emocional e outra 

caracterizada por ativação global do comportamento e hiper-reatividade emocional (Henry et al., 

2007). A reatividade emocional, portanto, parece ser uma dimensão relevante para melhor 

caracterizar pacientes com perfil clínico distintos o que poderia implicar em intervenções 

terapêuticas mais individualizadas para esses pacientes. 

Estudos em indivíduos saudáveis demonstraram associação entre a desregulação 

emocional níveis aumentados de PCR (Steptoe, Hamer, and Chida, 2007; Appleton, et al., 2013). 

Um estudo reportou associações entre níveis de PCR e alterações anátomo-funcionais em áreas 

cerebrais como a amígdala, o córtex pré-frontal, e o núcleo accumbens) (Miller et al., 2013). 
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Essas regiões cerebrais estão diretamente envolvidas na regulação das emoções, do humor e da 

resposta ao estresse em pacientes bipolares (Kempton et al., 2008; Wessa, Kanske, and Linke, 

2014).  

2.9 Tratamento e resposta inflamatória no transtorno bipolar 

Evidências crescentes relatam que medicamentos comumente utilizados para o 

tratamento do TB, como os antipsicóticos e os estabilizadores de humor, parecem influenciar os 

níveis de marcadores inflamatórios (Knijff et al., 2007; Hefner et al., 2016). Estudo in vitro 

demonstrou que antipsicóticos podem suprimir a ativação da micróglia através da inibição de 

mediadores inflamatórios tais como citocinas e óxido nítrico (Kato et al., 2007). Resultados de 

estudos pré-clínicos indicam que o lítio e o valproato (estabilizadores de humor) parecem inibir 

as ciclooxigenases (COX-1 e COX-2), reduzindo assim a degradação do ácido araquidônico em 

prostaglandinas inflamatórias (Bosetti et al., 2002; Bosetti et al., 2003).  

Por outro lado, estudos recentes demonstram o benefício de alguns agentes anti-

inflamatórios no tratamento da esquizofrenia e dos transtornos de humor (Berk et al., 2013; Fond 

et al., 2014 (ANEXO C)). Um ensaio clínico avaliou a eficácia do celecoxib (inibidor da COX-2) 

como tratamento adjuvante em pacientes bipolares com episódios depressivos ou mistos (Nery et 

al., 2008). Esse estudo demonstrou que o grupo de pacientes que recebeu o anti-inflamatório 

associado ao tratamento padrão em uso apresentou melhora sintomática significativa quando 

comparado ao grupo que recebeu apenas o tratamento padrão (Nery et al., 2008). A minociclina, 

um antibiótico da classe das tetraciclinas, tem sido bastante investigada como tratamento 

adjuvante no TB (Savitz et al., 2012). Esse antibiótico, o qual permeia a barreira hemato-

encefálica, parece inibir a liberação de citocinas pró-inflamatórias (IL-1b, TNF-alfa, IL-6), e 

promover a liberação de citocinas anti-inflamatórias (IL-10) (Savitz et al., 2012; Burke et al., 
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2013). Outros agentes com propriedades anti-inflamatórias, como, por exemplo, os anticorpos 

monoclonais, também têm sido explorados como tratamento adjuvantes nos transtornos de humor 

(Raison et al., 2013). O infliximab, um anticorpo monoclonal TNF-alfa específico, parece estar 

associado a redução de sintomas depressivos em pacientes em tratamento de condições 

inflamatórias como por exemplo psoríase, doença de Crohn e artrite reumatoide (Persoons et al., 

2005; Ertenli et al., 2012). Raison e colaboradores (Raison et al., 2013), utilizando infliximab 

como adjuvante no tratamento de pacientes com depressão resistente, relataram melhora 

significativa dos sintomas depressivos apenas nos pacientes que apresentaram níveis elevados de 

PCR ( > 5mg/L) no início do estudo (Raison et al., 2013). Com base nos achados desse estudo 

(Raison et al., 2013), a PCR poderia ser útil para estratificar pacientes bipolares apresentando 

diferentes níveis de sintomas e de resposta terapêutica.  

Embora o uso de agentes anti-inflamatórios como adjuvantes ao tratamento padrão 

parece ser uma alternativa interessante no TB, ainda faltam estudos prospectivos para demonstrar 

a eficácia e dose adequada desses agentes. Dado que a inflamação sistêmica crônica parece estar 

envolvida na progressão do TB, os moduladores da resposta inflamatória poderiam ser uma 

alternativa terapêutica relevante nessa patologia. 
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3 JUSTIFICATIVA 

A investigação sobre as bases biológicas do TB tem avançado consideravelmente na 

última década (Kapczinski et al., 2008; Berk et al., 2011). Contudo, os resultados das pesquisas 

ainda são insuficientes para explicar os mecanismos fisiopatológicos dessa patologia e, 

consequentemente, com um impacto discreto no desenvolvimento de tratamentos mais eficazes 

para os pacientes. Isso pode estar associado a um conjunto de fatores, incluindo a característica 

multissistêmica do TB que compromete não somente o sistema nervoso central como também 

diversos outros sistemas, incluindo o imunológico, o cardiovascular e o endócrino (Leboyer et al., 

2012; Stertz, Magalhães, and Kapczinski, 2013). Pacientes com TB apresentam uma série de 

doenças clínicas, e, frequentemente, um estado inflamatório sistêmico crônico evidenciado por 

alterações persistentes em marcadores inflamatórios periféricos, como, por exemplo, a PCR 

(Goldstein et al., 2009; Modabbernia et al., 2013; Munkholm, Vinberg, and Vedel Kessing, 

2013). 

A PCR é um biomarcador de inflamacão largamente utilizado na prática clínica, sendo 

considerado um fator de risco isolado para doença cardiovascular (Pepys and Hirschfield, 2003). 

Níveis elevados de PCR tem sido encontrados em patologias psiquiátricas, incluindo autismo 

(Brown et al., 2014), esquizofrenia (Wium-Andersen, Ørsted, and Nordestgaard, 2014) e 

depressão (Wium-Andersen et al., 2013). Além disso, níveis aumentados de PCR têm sido 

encontrados em indivíduos aparentemente saudáveis, mas que apresentam desregulação 

emocional (Appleton et al., 2013), a qual é uma das principais características do TB (Henry and 

Etain, 2010). Nesse sentido, um melhor entendimento do papel da PCR e da inflamação crônica 

subclínica no TB poderá contribuir, em parte, para elucidação de mecanismos fisiopatológicos do 

TB e, portanto, para o desenvolvimento de intervenções terapêuticas mais efetivas. 
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4 OBJETIVOS 

4.1 Objetivo geral 

O objetivo geral desta tese foi avaliar o papel da proteína C-reativa como um marcador 

de inflamação crônica em indivíduos com transtorno bipolar.  

4.2 Objetivos específicos 

A pesquisa teve como objetivos específicos: 

a) examinar a associação entre os níveis de proteína C-reativa e transtorno bipolar 

por meio de um estudo de meta-análise a partir dos dados da literatura. 

b) investigar, através de uma revisão sitemática da literatura, os potencias 

biomarcadores periféricos, incluindo neurotrofinas, marcadores de estresse 

oxidativo e de inflamação associados a progressão do transtorno bipolar. 

c) examinar a concentração sérica de proteína C-reativa em pacientes bipolares com 

diferentes níveis de reatividade emocional durante a fase de remissão. 

d) examinar a associação entre funcionamento psicossocial em pacientes bipolares 

com diferentes níveis de reatividade emocional durante a fase de remissão; 
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5 MÉTODOS 

5.1 Revisão sistemática e meta-análise
4
  

Uma extensa revisão sistemática e meta-análise foi realizada para avaliar o tamanho de 

efeito da associação entre níveis de PCR e as diferentes fases do TB (mania, depressão e eutimia) 

comparado a indivíduos saudáveis. 

Os critérios de inclusão para essa meta-análise foram: i) estudos transversais 

comparando níveis plasmáticos de PCR em pacientes bipolares e indivíduos saudáveis ambos 

com idade acima de 18 anos; ii) diagnóstico de TB através de critérios diagnósticos válidos; iii) 

estudos publicados em língua inglesa. 

Os critérios de exclusão foram: i) estudos que não incluíram grupo controle ou que não 

compararam pacientes bipolares e indivíduos controles; ii) estudos onde os níveis de PCR não 

foram avaliados em mais de 50% da amostra; iii) estudos que não forneceram valores de média e 

desvio-padrão para os níveis de PCR. 

As análises estatísticas foram realizadas com o software R (versão 2.11.1).  

5.2 Mecanismos biológicos associados à progressão do transtorno bipolar
5
 

Uma ampla revisão da literatura foi realizada para identificar potenciais biomarcadores 

periféricos, incluindo neurotrofinas e marcadores de estresse oxidativo e de inflamação 

associados a progressão do TB.  

_______________ 
4
 Artigo 1: C-reactive protein alterations in bipolar disorder: a meta-analysis. J Clin Psychiatry. 

2015;76(2):142-50. 
5
 Artigo 2: Biomarkers in illness progression in bipolar disorder. In: Kapczinski, Flávio ; Vieta, Eduardo ; 

Magalhães, Pedro ; Berk, Michael. Neuroporgression and Staging in Bipolar Disorder. Oxford: Oxford 

University Press, 2015. P. 175-196. 
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5.3 Estudo transversal com pacientes bipolares
6
  

Os participantes foram 613 pacientes bipolares ambulatoriais com idade acima de 18 

anos selecionados de uma coorte de 1451 pacientes avaliados na Rede Nacional Francesa de 

Centros Especializados em Transtorno Bipolar (FACE-BD) (Henry et al., 2011, 2015). FACE-

BD é um programa nacional, multidisciplinar especializado em avaliação, acompanhamento e 

tratamento de pacientes bipolares.  

Os critérios de inclusão para esse estudo foram: i) diagnóstico de TB (tipo I; tipo II ou 

NOS, não especificado); ii) não ter apresentado episódio agudo de humor (conforme os critérios 

do DSM (American Psychiatric Association, 2000) pelo menos três meses antes do início do 

estudo; iii) escores < 15 na escala de avaliação de depressão MADRS (Montgomery-Asberg 

Depression Rating Scale) (Montgomery and Asberg, 1979), e escores < 8 na escala de avaliação 

de mania YMRS (Young Mania Rating Scale) (Young et al., 1978). Todos os participantes 

estavam em período de remissão, apresentando ou não sintomas sub-clínicos de humor (Tohen et 

al., 2009). Foram excluídos do estudo os pacientes: i) com níveis de CRP > 10mg/L; ii) 

apresentando comorbidades clínica como doenças autoimunes, patologias infecciosas, doenças 

hepáticas ou câncer tendo em vista que inflamação sistêmica e ativação do sistema imunitário são 

achados comuns nessas doenças (Gabay and Kushner, 1999); iii) que não tinham dosagem de 

PCR sérica. A coleta de dados clínicos e sócio-demográficos bem como a aplicação das escalas 

foram realizadas por psiquiatras treinados. O estudo foi aprovado pelo Comitê de Ética em 

Pesquisa em seres humanos (CPP-Ile de France IX) e uma carta com informação sobre o estudo 

foi fornecida a cada participante. 

_______________ 
6
 Artigo 3: Emotional reactivity, functioning, and C-reactive protein alterations in remitted bipolar 

patients: clinical relevance of a dimensional approach. J Clin Psychiatry, submitted. 
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A avaliação multidimensional dos estados de humor foi realizada através do instrumento 

MAThyS (Multidimensional Approach of Thymic States) (Henry et al., 2008). A MAThyS é uma 

escala de auto-avaliação, composta por 20 itens que avalia, de forma quantitativa, cinco 

dimensões do comportamento que são: reatividade emocional, rapidez cognitiva, atividade 

psicomotora, motivação e senso-percepção. O escore total da MAThyS varia entre 0 e 200; 

escores < 91 indicam inibição global do comportamento, enquanto que escores >108 indicam 

ativação global do comportamento, através das diferentes fases de humor (Henry et al., 2008). A 

dimensão reatividade emocional é um sub-score da MAThyS total com escores variando entre 0 e 

40. Para o artigo 3 dessa tese, os pacientes foram agrupados de acordo com os pontos de corte 

(previamente validados (Atzeni et al., 2013)) para os níveis de reatividade emocional: < 16 = 

hipo-reatividade emocional; 16-24 = reatividade emocional normal > 24 = hiper-reatividade 

emocional.(Atzeni et al., 2013) A escala MAThyS apresenta boas propriedades psicométricas 

(Coeficiente alfa de Cronbach = 0.95) (Henry et al., 2008). 

O funcionamento psicossocial foi avaliado através do Escala de Avaliação do 

Funcionamento Psicossocial (FAST, Functioning Assessement Short Test) (Rosa et al., 2007). 

Esse instrumento é composto de 24 itens, incluindo seis áreas específicas do funcionamento: 

autonomia, funcionamento ocupacional, lazer, relacionamento interpessoal, auto-gerenciamento 

de finanças e funcionamento cognitivo. A cotação de cada item é realizada através de uma escala 

Likert de 4 pontos: 0 = sem dificuldade, 1 = dificuldade leve, 2 = dificuldade moderada, 3 = 

dificuldade severa. O escore global da FAST varia entre 0 e 72, onde escores > 11 indicam 

prejuízo funcional importante e quanto maior o escore, maior o déficit funcional (Rosa et al., 

2007).  

As amostras de sangue para a dosagem de PCR foram coletadas entre 7h e 9h da manhã, 

com os pacientes em jejum. Imunoturbidimetria foi o método utilizado para quantificar a 
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concentração sérica da PCR ultra-sensível via análises bioquímicas realizadas com o 

equipamento Cobas8000 (Roche Diagnostic, Meylan, France). Reagentes e calibragens foram 

utilizadas de acordo com o manual do fabricante, o qual indica limites de detecção de PCR ultra-

sensível entre 0.3 e 350mg/L. 

Os testes estatísticos ANOVA e Qui-quadrado for utilizados para analisar variáveis 

contínuas e categóricas, respectivamente. O teste post-hoc de Cohen foi utilizado para calcular a 

diferença de tamanho de efeito nas variáveis do funcionamento entre os três grupos de pacientes. 

Os tamanhos de efeito foram calculados pela diferença das médias dos três grupos dividida pelo 

desvio-padrão. Um tamanho de efeito < 0.3 é considerado pequeno; entre 0.3 e 0.8, médio; e > 

0.8 grande (Kazis, Anderson, and Meenan, 1989). O programa utilizado para as análises 

estatísticas foi o SPSS (Statistical Package for Social Science, v.21, Chicago, IL). O nível de 

significância estatística para todos os testes foi P < 0.05. 



35 

6 RESULTADOS: ARTIGOS CIENTÍFICOS 

6.1 Artigo 1: C-reactive protein alterations in bipolar disorder: a meta-analysis 

C-reactive protein alterations in bipolar disorder: a meta-analysis 
Dargél, Aroldo A.; Godin, Ophelia; Kapczinski, Flávio; Kupfer, David J.; Leboyer, Marion  

Publicado em Journal of Clinical Psychiatry. 
 

 
 



   

C-Reactive Protein Alterations in Bipolar Disorder:  
A Meta-Analysis
Aroldo A. Dargél, MD, PhD; Ophelia Godin, PhD; Flávio Kapczinski, MD, PhD; 
David J. Kupfer, MD; and Marion Leboyer, MD, PhD

Individuals su ering from severe infections and autoimmune diseases 
have acute or persistently increased levels of markers of in ammation 

in their blood,1 and such individuals are found to have an increased 
risk of developing mood disorders, including bipolar disorder (BD).2 
Recently, 2 meta-analyses con rmed that patients with BD, across 
the di erent mood phases of the disease, have abnormal blood levels 
of several in ammatory markers, including cytokines.3,4 Cytokines 
are multifunctional signaling molecules of the immune system that 
act as key mediators in both central and peripheral in ammation.5 
Proin ammatory cytokines, such as interleukin-1β (IL-1β), tumor 
necrosis factor-α (TNF-α), and particularly interleukin-6 (IL-6), are 
the chief inducers of acute-phase proteins, including haptoglobin, 

brinogen, and C-reactive protein (CRP),1 which are associated with 
BD.6 ese ndings indicate that in ammation may be involved in the 
pathophysiologic mechanisms of BD.7

C-reactive protein, which is synthesized by hepatocytes, is a classic 
acute-phase protein1 and one  of the most commonly used markers of 
in ammation. Normal levels of CRP are < 3 mg/L, and the high-sensitivity 
CRP (hsCRP) assay has a lower limit of detection < 0.1 mg/L.8 During 
acute in ammatory processes (eg, bacterial infection), circulating blood 
levels of CRP can increase up to 1,000-fold.9 Subjects who are apparently 
healthy have CRP levels that are usually below 3 mg/L, but such levels can 
be up to 10 mg/L.9 Levels of CRP that are slightly elevated (> 3 mg/L to 
< 10 mg/L) re ect low-grade in ammation,1 which has been linked with 
a range of conditions, including vascular and malignant diseases,10 as 
well as autism11 and depression.12 Furthermore, prospective studies have 
recently demonstrated an association between elevated levels of CRP 
and increased risk of late-onset schizophrenia13 and anxiety disorder.14

Growing evidence has been reported that BD is consistently 
associated with clinical comorbidities15 in which cardiovascular illness 
and metabolic syndrome are highly prevalent.16 Of note, elevated levels 
of CRP can independently predict several conditions, such as cancers17 
and respiratory illnesses, as well as cardiovascular diseases,18 which are 
known to be the leading cause of excess mortality in BD.19 Although 
cardiometabolic conditions in BD have been considered as a consequence 
of an unhealthy lifestyle and/or of psychotropic medications, the 
systemic mechanisms underlying this relationship are still unclear, and 
in ammation might be implicated.7,20

Several studies have reported an association between elevated levels 
of CRP and BD,21–34 however, they have frequently been limited to 
small21,25,27,34 and/or heterogeneous samples24,26,33,34 and have failed to 
control for relevant confounding factors.22,25,31,32 Moreover, previous 
studies were inadequately powered to assess the size of association 
between CRP levels and the di erent mood phases of BD (mania, 
depression, and euthymia).22,25,30 erefore, we conducted a meta-
analysis to estimate the overall e ect size of the association between 
CRP levels and BD. We also examined the in uence of BD phases (mania, 
depression, or euthymia) and of medication (antipsychotics and lithium) 
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Chenevier, Pavillon Hartmann, 40, rue de Mesly, F-94000, 
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Objective: There is growing evidence that bipolar
disorder (BD) is associated with inflammation,
including abnormal levels of acute-phase C-reactive
protein (CRP). Our meta-analysis was conducted
to estimate the size of the association between
CRP levels and BD, accounting also for subgroup
differences (mood phases and treatment).

Data Sources: MEDLINE, EMBASE, PsycINFO, and ISI
Web of Science and references of identified articles
were searched up to June 2013 using the keywords
(bipolar disorder) AND (C-reactive protein OR CRP).
Study Selection: English language studies
measuring blood levels of CRP in patients with BD
and control subjects were selected, 136 abstracts
were reviewed, 20 articles retrieved, and 11 studies
included.

Data Extraction: Two independent reviewers
extracted data. All studies were included in the
primary analyses, and between-group differences for
subanalyses were also reported. This meta-analysis
was performed using random-effects models.

Results: Eleven studies comprising 1,618 subjects
were eligible for inclusion. Overall, CRP levels were
significantly elevated in patients with BD versus
controls (standardized mean difference [SMD] = 0.39;
95% CI, 0.24 to 0.55; P < .0001). CRP levels were
significantly higher in manic (SMD = 0.73; 95% CI,
0.44 to 1.02; P < .001) and euthymic (SMD = 0.26;
95% CI, 0.01 to 0.51; P = .04), but not in depressed
(SMD = 0.28; 95% CI, −0.17 to 0.73; P = .22) patients
with BD compared to controls. CRP levels were
unrelated to use of lithium or antipsychotic
medication.

Conclusions: This meta-analysis supports an
association between increased CRP levels and
BD. Given that an elevated level of CRP is a
marker of low-grade inflammation and a risk
factor for cardiovascular and malignant diseases,
measurement of CRP level might be relevant to the
clinical care of bipolar patients.



 

 ■ Increased levels of C-reactive protein (CRP), a marker of 
syst ation and an established risk factor for 
cardiovascular disease, appear to be associated with bipolar 
disorder.

 ■ ation may be implicated in the pathophysiology 
of bipolar disorder; thus, healthy lifestyle interventions 
(smoking cessation, dietary measures, and physical activity), 
which appear to reduce levels of pr atory markers 
(eg, CRP), might help to assuage severity of bipolar disorder.

 ■ Measurement of CRP levels in patients with bipolar disorder 
should be considered as a possible strategy to motivate them 
toward healthy body-brain interventions.

   

on the levels of CRP in patients with BD and whether the 
ndings corroborate the in ammation hypothesis in BD, 

including CRP as a biomarker.

METHOD
Data Source and Study Selection

To identify relevant studies, we searched MEDLINE, 
EMBASE, PsycINFO, and ISI Web of Science from their 
inception to June 2013. Keywords utilized included 
(C-reactive protein OR CRP) AND (bipolar disorder OR 
bipolar illness OR manic depression OR manic-depression OR 
manic-depressive illness OR bipolar depression OR mania OR 
manic episode OR hypomania OR bipolar a ective disorder 
OR bipolar psychosis OR manic disorder OR manic psychosis 
OR dysphoric mania OR hypomanic OR mixed mania OR 
cyclothymic disorder OR cyclothymia). e reference lists 
from identi ed studies were also hand searched for any 
additional studies.

A priori criteria for inclusion in the meta-analysis were 
(1) cross-sectional studies comparing blood levels of CRP 
in adult BD patients (aged > 18 years) and healthy controls 
(psychiatrically healthy subjects), (2) diagnosis of BD with 
well-validated diagnostic criteria, and (3) studies published 
in English. Exclusion criteria were (1) studies without a 
control group (ie, not comparing BD patients with control 
subjects), (2) studies in which CRP levels were not detectable 
for > 50% of subjects, and (3) unavailability of mean and 
standard deviation (SD) for CRP levels in the article.

Data Extraction and Meta-Analysis
Two independent authors (A.A.D. and O.G.) screened 

articles by their titles and abstracts, and those eligible were 
retrieved. e Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE)35 checklists were used 
to create the data extraction forms, which were completed 
for each eligible study. Any di erence in abstracted content 
was discussed with a third author (M.L.) and was resolved 
by consensus. Extracted data included source (author names, 
year of publication, and country), study design, participants 
(sample, control, demographic, and clinical characteristics), 
assay methods (CRP or hsCRP), and inclusion/exclusion 
criteria. We also extracted mean and SD for CRP levels in 

each study. Requests for additional data were sent to authors 
for original studies, and, of the 9 contacted, a reply was 
received from 1 author.

For cases in which a sample was repeated (partially or 
totally) in more than 1 publication, the data from the study 
with more details on the subgroup of patients (or, if not 
applicable, the study with larger sample size) were included 
in the analysis. A study that evaluated symptom severity of 
BD in outpatients, using the score of Young Mania Rating 
Scale (YMRS) ≤ 6 versus YMRS > 6 to categorize manic versus 
euthymic patients, was included.23 is cuto  is a standard 
one that has been used in studies of outpatients with BD to 
distinguish between patients who are euthymic and those 
who have manic symptoms.36 For a study that measured CRP 
levels in psychiatric outpatients in remission (potentially 
having subsyndromal conditions), the BD population was 
included in the analysis as euthymic patients.24 Lastly, in 
a study including patients in an elevated and a depressed 
state, not stating whether these patients ful lled diagnostic 
criteria for mood episodes, the symptom rating scale results 
provided were estimated to ful ll criteria, and the study was 
included.26 Considering there were di erent classi cations 
for euthymic phase and remission (including subsyndromal 
conditions) among the studies included, we grouped these 
de nitions together under “euthymia” subgroup to avoid 
increase in the number of subgroups.

To combine studies, the DerSimonian and Laird random-
e ects model37 was used in all cases to calculate e ect size 
estimates, considering that individuals in this meta-analytic 
study tended to be heterogeneous and methodological 
di erences (eg, di erent assays employed) across studies 
could generate e ect size di erences. Since it was considered 
likely a priori that not all trials would produce exactly 
equal underlying e ect sizes, a random-e ects model was 
considered preferable to a xed-e ects model. e random-
e ects model includes both within-study and between-study 
variance and is usually more realistic and conservative 
than the xed-e ects model.37 e results are presented as 
standardized mean di erence (SMD) and 95% con dence 
intervals (CIs). is association measure (SMD) is a useful 
method that allows the pooling of data measured with 
di erent techniques (eg, di erent CRP assays). An e ect size 
< 0.3 is considered small; from 0.3 to 0.8, medium; and > 0.8, 
large.37 We quanti ed between-study heterogeneity using 
Cochran Q and the I2 statistic.38 I2 can be interpreted as the 
proportion of the total variance due to heterogeneity between 
studies and may be categorized as a low (I2 = 25%), moderate 
(I2 = 50%), or high (I2 = 75%) degree of heterogeneity.39 
Additionally, we conducted subgroup analyses to assess the 
in uence of BD phases (mania, depression, or euthymia), 
as well as of medication use (antipsychotics or lithium) on 
the levels of CRP in patients with BD. We visually inspected 
funnel plots portraying estimates of SMD from individual 
studies against their standard error to assess for potential 
publication bias using Egger regression-based test.40 Given 
that statistically nonsigni cant ndings may have a lower 
probability of being published, which could lead to an 
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overestimation of the e ect size, we used the trim-and- ll 
method that estimates corrected e ect sizes a er imputing 
possible lacking e ect sizes.41 Statistical analyses were 
performed with the metaphor package in R (2.11.1).42

RESULTS
Search and Study Characteristics

e computerized search yielded 84 references a er 52 
duplicates were removed. We excluded 64 studies on the 
basis of title and abstract review. Of the remaining 20 studies, 
9 additional articles were excluded a er full-text review (2 
studies that had no  control group or did not compare BD 
patients with control subjects,33,43 2 studies in which CRP 
levels were not detectable in > 50% of subjects,44,45 2 studies 
without available mean and SD values of CRP levels in the 
article,32,46 and 3 studies that reported results of CRP levels 
from the same population47–49). In total, we included 11 
articles21–31 in the meta-analysis (Figure 1).

Overall, 3 studies were conducted in Taiwan27–29; 2 
studies each in the United States23,24 and Brazil22,25; and 1 
each in Croatia,30 Norway,26 South Africa,31 and Turkey.21 

e available data were too limited to include analysis on 
ethnicity or geographical di erences. e data set comprised 
1,618 individuals (730 patients with BD and 888 control 
subjects), and the studies included in this meta-analysis 
involved sample sizes that ranged from 13 to 192 bipolar 
patients, of which 56.7% were female (n = 414; 9 studies). 
All of the studies included were published between 2007 
and 2013 and used DSM-IV50 diagnostic criteria for BD, and 
most of those used DSM-IV criteria to de ne manic and/or 
depressive episodes.22,25,27–31

Nine studies reported using a clinical protocol 
to screen control subjects,22–30 5 of those used the 
Structured Clinical Interview for DSM-IV Axis I 
Disorders–Non-Patient Edition.22–24,27,30 Of the 
11 studies included, 5 were conducted among 
inpatients (n = 166),27–31 4 were conducted in 
outpatient settings (n = 372),21,23–25 and 2 were 
conducted in mixed samples (n = 192).22,26 To 
avoid multiple hypothesis testing, we decided 
not to perform a subgroup analysis based on type 
of setting (inpatient or outpatient). However, 
we performed subgroup analysis strati ed by 
phases of BD and medication use (antipsychotics 
and lithium) related to CRP levels that might 
be more relevant in this clinical context. Seven 
studies22–26,29,30 provided data on medication 
status, although none of them reported CRP levels 
strati ed by type of treatment. e majority of 
studies measured morning-drawn serum or plasma 
levels of hsCRP.21,22,24–29 In fact, low heterogeneity 
was observed when pooling studies that used 
di erent CRP assays (CRP and hsCRP). Overall, 
the studies included in the meta-analysis reported 
excluding participants with clinically signi cant 
medical disorders, such as neurologic, infectious, 
and autoimmune diseases. Only 4 studies,21,25,27,31 

however, reported exclusion of individuals with a wide 
range of medical comorbidities, including metabolic and 
cardiovascular disorders. Six studies reported controlling 
for potential confounding factors of CRP levels, such as 
age, gender, and body mass index.24,26–30 ree studies were 
adjusted for age, gender, and smoking21,24,26; and 2 of these 
also accounted for other relevant confounding factors (ie, 
race, educational level, use of antipsychotics, and alcohol/
substance abuse).24,26 Two studies, however, did not report 
clearly controlling for any potential confounders related to 
CRP levels.25,31 A summary of included studies is shown in 
Table 1.

CRP Levels
ere were signi cantly higher levels of CRP in BD 

patients compared with control subjects, with an overall 
e ect size of 0.39 (SMD = 0.39; 95% CI, 0.24 to 0.55; 
P < .0001) (Figure 2). Overall, between-study heterogeneity 
was moderate (I2 = 47.6%; P < .039).

In the subgroup analysis based on di erent mood 
phases of BD, CRP levels were extracted from 7 studies that 
included 188 manic BD patients and 557 control subjects. 
Manic bipolar patients had signi cantly higher levels of CRP 
compared with control subjects, with a large e ect size of 
0.73 (SMD = 0.73; 95% CI, 0.44 to 1.02; P < .001) (Figure 3A).

ere were 399 BD patients in euthymic phase and 735 
control subjects from 6 studies for which CRP was measured. 
CRP levels were signi cantly increased in euthymic bipolar, 
albeit with a slight statistical di erence (SMD = 0.26; 95% CI, 
0.01 to 0.51; P < .04) (Figure 3B). Four studies measured CRP 
levels in depressed bipolar patients (n = 107) and control 

136 Potentially relevant articles through databases search

52 Duplicate articles

84 Unique articles identi ed and screened

64 Articles excluded based on title/abstract

20 Full-text articles retrieved for detailed evaluation

11 Articles included in the meta-analysis

9 Articles excluded because they did not
meet inclusion criteria:
! 2 without control group

! 3 repeated sample 

! 2 without detectable CRP levels in > 50%
of subjects

! 2 without mean and/or SD for CRP levels

Figure 1. Flowchart of Study Selection Process

Abbreviations: CRP = C-reactive protein, SD = standard deviation.
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subjects (n = 297), and CRP levels did not di er signi cantly 
between such groups (SMD = 0.28; 95% CI, −0.17 to 0.73; 
P = .227) (Figure 3C). However, it is worth mentioning that 
the SMD was greater in BD depressed patients than in BD 
euthymic patients (0.28 vs 0.26, respectively), suggesting 
that the lack of statistical signi cance for CRP levels may be 
explained by the smaller sample size in the BD depression 

group. In the meta-regression to evaluate the in uence of use 
of antipsychotic (any or atypical) or lithium on the CRP levels, 
no signi cant associations were identi ed (data not shown). 
Nevertheless, the small number of studies that provided data 
on use of antipsychotic or lithium has potentially limited the 
analysis. It is important to mention that larger e ect sizes 
were observed in smaller studies with signi cant asymmetry 

Table 1. Characteristics of Studies Included in the Meta-Analysis

Study,Year 
 Country

N
Age, y, Mean 

(SD)
Female, 

%

Illness 
Duration, y/ 

Age-at-Onset,c 

y

Current 
Smoker, 

%

BMI  
(kg/m2),  

Mean (SD) CRP  
Assay

Antipsychotic 
Use,c %

Antidepressant 
Use,c %

Lithium 
Use,c %

Any/Typical/
AtypicalBD/Ca BD/Ca BD/Ca BD/Ca BD/Ca

Aksoy et al, 2010
 Turkey21

30/30 32.8 (7.55)/ 
34.2 (10.29)

60/56.7 NA/25.4 (7.55) 26.7/16.7b NA/NA hsCRP NA/NA/NA NA NA

Cunha et al, 2008
 Brazil22

80d/32 40.3 (11.26)/ 
40.6 (12.12)

57.5/65.6 16.1 (11.90)/ 
24.1 (11.97)

NA/NA NA/NA hsCRP NA/NA/NA 63.7 NA

Dickerson et al, 2007
 USA23

122/165 40.7 (12.34)/ 
34.3 (12)

71.3/74 21.1 (12.6)/ 
19.8 (9.2)

NA/NA NA/NA CRP 49/NA/49 NA 29

Dickerson et al, 2013
 USA24

192/228 34.8 (13)/ 
32.2 (11.4)

71/63 17.2 (12.9)/ 
17.2 (8.9)

36/16 28.3 (7.8)/ 
27.8 (6.8)

hsCRP NA/NA/71 40 34

Fontoura et al, 2012
 Brazil25

28/12 38.67 (7.22)/ 
37 (10.39)

78.5/50 NA/NA NA/NA NA/NA hsCRP 73/40/33 NA 83

Hope et al, 2011
 Norway26

112/239 36.2 (12)/ 
36 (10)

60/56 NA/NA 53/20e 25.7 (5)/ 
24.3 (3)f

hsCRP 45/NA/NA 41 60

Huang et al, 2007
 Taiwan27

13/31 36.9 (10.1)/ 
30.5 (3.9)

38.4/42 NA/NA NA/NA 25.9 (3.0)/ 
22.6 (3.7)

hsCRP NA/NA/NA NA NA

Hung et al, 2007
 Taiwan28

15/14 23.8 (2.71)/ 
23.8 (2.24)

NA/NA NA/NA NA/NA 22.2 (1.93)/ 
22.7 (3)

hsCRP NA/NA/NA NA NA

Tsai et al, 2012
 Taiwan29

33/33 31.6 (6)/ 
28.9 (3.9)

36.4/NA NA/23.2 (7.0) 36.4/12.1 24.9 (3.9)/ 
23.5 (4.4)

hsCRP 48.5/30.3/18.2 NA 33.3

Vuksan-Cusa et al, 2013
 Croatia30

60/59 44.4 (15.8)/ 
42.2 (8.7)

NA/NA 10.9 (9.47)/NA NA/NA 27.3 (5.0)/ 
24.9 (3.3)

CRP 100/NA/100 NA NA

Wadee et al, 2002
 South Africa31

45/45 32.7/31.2g 46.6/46.6 NA/NA NA/NA NA/NA CRP NA/NA/NA NA NA

aPatients without any psychiatric disorder.
bTotal sample.
cPatients with bipolar disorder.
d30 euthymic patients, 30 manic patients, 20 depressed patients.
en = 162 C nonsmokers (N = 239).
fn = 168 C nonsmokers (N = 239).
gSD values unavailable.
Abbreviations: BD = bipolar disorder, BMI = body mass index, C = control subjects, CRP = C-reactive protein, hsCRP = high-sensitivity C-reactive protein, 

NA = not available, SD = standard deviation.

Bipolar Disorder Control
Study Total Mean SD Total Mean SD SMD 95% CI Weight
Aksoy et al, 201021 30 3.74000 2.70000 30 2.4300 1.10000 0.63 0.11 to 1.15 6.5%

Cunha et al, 200822 80 5.81000 8.99000 32 1.6000 2.24000 0.54 0.13 to 0.96 8.7%
Dickerson et al, 200723 122 4.80000 6.97000 165 4.4000 7.70000 0.05 −0.18 to 0.29 14.9%
Dickerson et al, 201324 192 1.32000 1.80000 228 0.9910 1.15000 0.22 0.03 to 0.41 16.7%
Fontoura et al, 201225 28 0.35700 0.46000 12 0.1000 0.07000 0.65 −0.05 to 1.34 4.2%
Hope et al, 201126 112 1.20000 2.50000 239 0.8000 1.20000 0.23 0.01 to 0.46 15.3%
Huang et al, 200727 13 5.80000 9.60000 31 1.5000 1.80000 0.79 0.12 to 1.46 4.4%
Hung et al, 200728 15 0.50000 0.70000 14 0.3820 0.23000 0.22 −0.51 to 0.95 3.8%
Tsai et al, 201229 33 0.00358 0.00298 33 0.0014 0.00117 0.95 0.44 to 1.46 6.7%
Vuksan-Cusa et al, 201330 60 4.24000 4.09000 59 2.5900 2.79000 0.47 0.10 to 0.83 10.2%
Wadee et al, 200231 45 11.42200 18.24000 45 4.6780 3.67000 0.51 0.09 to 0.93 8.6%

Over ect
P = .0001
Heterogeneity: I² = 47.6%, 
tau² = 0.0291, P = .0394

730 888 0.39 0.24 to 0.55 100%

−1 −0.5 0 0.5 1

Figure 2. Meta-Analysis of C-Reactive Protein Levels in Bipolar Disorder

Abbreviations: CI = con dence interval, SD = standard deviation, SMD = standardized mean di erence.
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in the funnel plot test (P < .006), thus indicating a high 
probability of publication bias (Figure 4). A er adjustment 
for publication bias, the association between elevated CRP 
levels in BD patients remained statistically signi cant with 
only a slight reduction in the e ect size (SMD = 0.28; 95% CI, 
0.11 to 0.44; P = .001), which reinforces the study ndings.

DISCUSSION
We found a signi cant elevation in CRP levels in 

patients with BD compared to control subjects, with a 
small-to-moderate e ect size of 0.39. is meta-analytic 

nding strengthens the evidence that BD is associated 
with in ammation. However, the mechanisms underlying 
the relationship between BD and in ammation are still 
unknown.20 Consistent evidence has demonstrated elevated 
levels of cytokines, including IL-1β, IL-6, and TNF-α, in the 

serum of BD patients.3,4 As these proin ammatory cytokines 
are known inducers of CRP,1 it is reasonable to hypothesize 
that CRP levels would also be increased in BD patients. 

ree studies included in this meta-analysis simultaneously 
measured blood levels of CRP and cytokines.26,28,29 
Altogether, these data reinforce the hypothesis of peripheral 
in ammation in BD.51

Furthermore, a recent study reported the involvement 
of central in ammation in BD by demonstrating that 
markers of neuroin ammation are signi cantly increased in 
postmortem frontal cortex from BD patients.52 In particular, 
this study found an important activation of the IL-1 receptor 
cascade,52 which is involved in several regulatory process 
of in ammation.52 Importantly, CRP itself seems to play a 
causal role in neuroin ammation. Elevated levels of CRP 
may induce a disruptive e ect in the blood-brain-barrier, 

A. Mania
Bipolar Disorder Control

Study Total Mean SD Total Mean SD SMD 95% CI Weight
Cunha et al, 200822 30 11.81000 12.29000 32 1.6000 2.24000 1.16 0.62 to 1.70 14.2%

Dickerson et al, 200723 41 7.20000 9.50000 165 4.4000 7.70000 0.35 0.00 to 0.69 20.2%
Fontoura et al, 201225 9 0.80000 0.60000 12 0.1000 0.06920 1.71 0.67 to 2.75 6.1%
Hope et al, 201126 17 1.40000 2.40000 239 0.8000 1.20000 0.46 −0.04 to 0.95 15.5%
Huang et al, 200727 13 5.80000 9.60000 31 1.5000 1.80000 0.79 0.12 to 1.46 11.2%
Tsai et al, 200229 33 0.00358 0.00298 33 0.0014 0.00117 0.95 0.44 to 1.46 15.0%
Wadee et al, 200231 45 11.42200 18.24000 45 4.6780 3.67000 0.51 0.09 to 0.93 17.7%

Overall
P < .001
Heterogeneity: I² = 53.8%, 
tau² = 0.0779, P = .0434

188 557 0.73 0.44 to 1.02 100%

B. Euthymia
Bipolar Disorder Control

Study Total Mean SD Total Mean SD SMD 95% CI Weight
Cunha et al, 200822 30 2.14 2.580 32 1.600 2.2400 0.22 −0.28 to 0.72 13.3%

Dickerson et al, 200723 81 3.60 4.900 165 4.400 7.7000 −0.12 −0.38 to 0.15 21.6%
Dickerson et al, 201324 192 1.32 1.800 228 0.991 1.1500 0.22 0.03 to 0.41 24.5%
Fontoura et al, 201225 10 0.10 0.126 12 0.100 0.0692 0.00 −0.84 to 0.84 6.7%
Hope et al, 201126 26 2.10 4.400 239 0.800 1.2000 0.73 0.32 to 1.14 16.1%
Vuksan-Cusa et al, 201330 60 4.24 4.090 59 2.590 2.7900 0.47 0.10 to 0.83 17.8%

Overall
P < .04
Heterogeneity: I² = 64.6%, 
tau² = 0.0556, P = .0148

399 735 0.26 0.01 to 0.51 100%

C. Depression
Bipolar Disorder Control

Study Total Mean SD Total Mean SD SMD 95% CI Weight
Cunha et al, 200822 25 2.3 2.23 32 1.600 2.2400 0.31 −0.22 to 0.84 27.5%

Fontoura et al, 201225 9 0.2 0.09 12 0.100 0.0692 1.22 0.26 to 2.18 14.8%
Hope et al, 201126 58 0.7 1.10 239 0.800 1.2000 −0.08 −0.37 to 0.20 37.3%
Hung et al, 200728 15 0.5 0.70 14 0.382 0.2300 0.22 −0.51 to 0.95 20.4%

Overall
P = .227
Heterogeneity: I² = 60.3%, 
tau² = 0.1201, P = .0559

107 297 0.28 −0.17 to 0.73 100%

−2 −1 0 1 2

−1 −0.5 0 0.5 1

−2 −1 0 1 2

Figure 3. Subgroup Analysis of CRP Levels According to Phases of Bipolar Disorder

Abbreviations: CI = con dence interval, SD = standard deviation, SMD = standardized mean di erence.
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as shown in animals.53 is barrier-disrupting e ect of CRP 
may increase the permeability of the blood-brain-barrier, 
making the brain susceptible to the e ects of proin ammatory 
cytokines and/or autoantibodies, both of which are associated 
with BD.2 Although the interrelationship between di erent 
in ammatory markers is complex, level of CRP may be a 
marker of in ammation to be considered in everyday 
practice in BD. Since it is a relatively low-cost biomarker 
and widely available in clinical settings, measurement of 
CRP levels might be an easy, cost-e ective way to obtain 
information about the in ammatory pattern in BD patients, 
and, indirectly, on alterations in proin ammatory cytokines, 
which are known to modulate CRP levels. Further research 
pooling CRP with other markers of in ammation is needed 
to better elucidate the relationship between these markers 
across the di erent phases of the disease.

In BD, immune dysregulation has been associated 
with severity of symptoms and mood episodes. Acutely ill 
bipolar patients have an activation of immune response 
accompanied by increased levels of in ammatory markers, 
including proin ammatory cytokines54 and hsCRP,22 
particularly during manic episodes. Our meta-analysis 
adds to the literature that shows that manic BD patients 
have signi cantly higher levels of CRP than control subjects 
(SMD = 0.73; 95% CI, 0.44 to 1.02; P < .001). Of note, a recent 
study demonstrated an association between elevated CRP and 
manic symptoms in patients having a depressive disorder.55 
Additionally, these authors, in prospective analyses, found 
that CRP was an important risk factor for the onset of 

manic symptoms in depressed men during 2 years 
of follow-up.55 A proin ammatory state, thus, 
seems to be strongly related to manic symptoms, 
contributing to the idea that CRP could be a marker 
of state in BD. Although explanatory mechanisms 
of this relationship are still unclear, one possible 
mechanism might be linked to sleep dysfunction, 
which is o en present in manic56 BD patients, and 
is known to be associated with elevated cytokines 
and CRP levels.57

A very interesting nding in our study was 
also that CRP levels were signi cantly elevated 
in euthymic BD patients compared to controls, 
indicating there is an in ammatory component 
in nonacutely ill BD patients. Our meta-analysis, 
therefore, reinforces evidence showing that 
activation of the in ammatory response persists 
a er remission,58 suggesting that CRP could also 
be a trait marker in BD. However, it is important 
to bear in mind that many studies included in 
our subgroup analysis used di erent criteria to 
characterize the di erent mood phases of BD, 
raising the idea that some BD patients categorized 
as euthymic had subsyndromal symptoms, which 
could also in uence CRP levels. However, the small 
number of studies providing data on subsyndromal 
conditions did not allow more in-depth subgroup 
analysis. Further studies stratifying patients by 

clinical status (including subsyndromal conditions) are 
needed to better evaluate the potential impact of mood 
symptoms on CRP levels.

In ammation is thought to underlie the pathogenesis of 
several chronic diseases, such as coronary artery disease, 
diabetes mellitus, and obesity,59 that are highly prevalent 
in patients with BD.16 Strong evidence has shown that CRP 
is an independent predictor of cardiovascular disease,18 
the leading cause of excess mortality in BD patients.19 
In addition, CRP levels are associated with increased risk 
of cardiovascular disease and diabetes among subjects 
with metabolic syndrome.60 A recent meta-analysis found 
that BD patients had almost twice the risk of developing 
metabolic syndrome compared to age- and gender-
matched healthy controls (OR = 1.98; 95% CI, 1.74 to 2.25; 
P < .0001), and approximately one-half of these patients 
had at least 1 component of metabolic syndrome, including 
abdominal obesity, hypertension, fasting hyperglycemia, or 
an abnormal lipid pro le.61 Four studies included in our 
meta-analysis reported signi cant associations between 
hsCRP levels and metabolic syndrome components. In a 
study by Vuksan-Cusa et al,30 the prevalence of metabolic 
syndrome was 31% in the BD group of patients (versus 15% 
in the control group), and hsCRP levels were signi cantly 
positively correlated with waist circumference and diastolic 
blood pressure in the euthymic BD patients. In the 3 other 
studies, elevated hsCRP levels were signi cantly associated 
with higher body mass index in manic27,29 and euthymic24 
BD patients compared to control subjects. Because we 
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had limited metabolic syndrome data on CRP levels, we 
were not able to draw any conclusions on the association 
between levels of CRP and cardiometabolic risk in this 
population. Although metabolic syndrome components and 
cardiovascular diseases have been strongly associated with 
persistent low-grade in ammation, re ected by increased 
CRP levels,62 the mechanisms are still unknown. Visceral 
adiposity triggers in ammatory cascades that in turn yield 
increased secretion of proin ammatory factors, including 
IL-1β, IL-6, and TNF-α, and appear to be a potential 
mechanism linking abdominal obesity and cardiovascular 
disease.62 In addition, unhealthy diet and physical inactivity 
also contribute to the accumulation of abdominal obesity 
predisposing subjects to chronic conditions, such as 
mood disorders and cardiometabolic diseases. In contrast, 
growing literature has shown that physical exercise63 and 
dietary habits,64 both related to signi cant decreases in 
CRP levels, are associated with improvement in depression-
like behavior and depressive symptoms.63,65 erefore, a 
substantial overlap seems to exist between psycho-immuno-
endocrinologic mechanisms in BD and cardiometabolic 
illnesses, as well as between mediators of the systemic toxicity 
and biological changes (eg, dysregulation of the immune-
in ammatory response) observed in BD,66 suggesting that 
shared psycho-immuno-endocrinologic mechanisms may 
exist between these diseases. In summary, cardiometabolic 
risk is a key factor in the long-term health of BD patients, 
and CRP levels may provide more objective information 
on the metabolic-in ammatory status of a bipolar patient. 
Moreover, abdominal obesity is a reversible condition, and 
simple measurements (eg, waist circumference) associated 
with CRP levels may help psychiatrists to motivate their 
BD patients to improve their lifestyles (ie, lose weight 
and exercise), thus reducing cardiovascular disease risk. 
Measurement of CRP levels associated with parameters 
commonly used in clinical care (eg, blood pressure and lipid 
and glucose levels) may be a useful biomarker in BD patients 
at risk for cardiovascular disease, as well as in individuals 
who are otherwise healthy but su er from BD.

Despite studies that have suggested that antipsychotics 
and lithium may exert di erent e ects on CRP levels,6,33,54 
we could not draw any conclusions in this meta-analysis 
as to the association between medication use and CRP, as 
the available information was limited. Given that increased 
CRP levels re ect the presence of in ammation, therapeutic 
regimens to modulate in ammatory response, reducing CRP 
levels,67 may be useful in the treatment of BD patients. In 
keeping with this view, randomized, double-blind, placebo-
controlled studies have reported substantial antidepressant 
e ects following adjunctive treatment with celecoxib (an 
anti-in ammatory drug) in individuals with BD68 and 
depression.69 Remarkably, recent ndings suggest that 
patients with high in ammatory activity may respond 
less to antidepressants and better to anti-in ammatory 
medication.70 Moreover, there is some evidence suggesting 
bene cial e ects for aspirin in mood disorders, as well 
as in schizophrenia.71 Disturbances in in ammation, 

however, are prominent only in a subset of subjects with BD. 
Recently, a study evaluated the e ect of in iximab, a TNF-α 
antagonist currently used in the treatment of rheumatic and 
in ammatory bowel diseases,72 in patients with treatment-
resistant depression. In iximab was superior to placebo 
in mitigating depressive symptoms only in individuals 
who exhibited elevated in ammation (hsCRP > 5 mg/L) 
at baseline.70 In this vein, measurement of CRP levels in 
BD patients might be useful to stratify those patients who 
may respond to a speci c immune or anti-in ammatory 
treatment, reinforcing the idea of CRP as a potential 
biomarker in BD. is hypothesis is still in its infancy, and 
studies are lacking.

To the best of our knowledge, this is the rst, formal 
meta-analysis on CRP levels in BD. Our search, focusing 
on quality and stricter inclusion criteria, potentially 
contributed to limiting the heterogeneity of results. Given 
the large sample size of BD patients with measured blood 
CRP levels (n = 730), our analyses had enough power to nd 
case-control dissimilarities, as well as to estimate a precise 
e ect size. Another potential strength of our study was its 
2 series of subgroup analyses (phases of disease and use of 
antipsychotic or lithium), which reduced heterogeneity in 
most cases. In addition, most of the studies included used 
hsCRP assay to measure CRP concentrations. Currently, 
hsCRP assay is the standard in clinical practice, and it 
has the ability to measure CRP levels accurately (ie, lower 
detection limits of 0.1 mg/L), which may be useful to better 
discriminate states of low-grade in ammation.60

Nevertheless, our ndings must be interpreted in light 
of certain limitations. First, CRP alterations in BD do not 
necessarily re ect an underlying pathophysiologic process 
and may be secondary to alterations in biological pathways 
or presence of comorbidities. Second, we could not account 
for several confounding factors (body mass index, medical 
comorbidities, alcohol/drug abuse, or smoking) in the meta-
analyses. Although all of these factors are known to in uence 
CRP levels,73 only a few (age, body mass index, smoking, 
and absence of in ammatory diseases) were controlled in 
most of the studies. Also, we cannot rule out that other 
confounding/moderator variables not examined in the 
included studies, such as health-related behaviors (ie, diet 
and physical activity),73 chronic diseases,17 psychological 
stress,74 and sleep disturbances,56 may also explain the 
association between elevated levels of CRP and BD. rd, 
in addition to variations due to age, gender, and lifestyle 
factors, CRP may also vary across di erent geographies 
and ethnic groups (eg, populations of African descent 
have higher average CRP levels than European-descended 
populations).75 However, the available data were too limited 
to draw meta-analytic conclusions on ethnicity and/or 
geographical di erences associated with CRP levels in BD 
patients. Taking into account the wide range of potential 
confounding factors related to CRP levels in BD, these issues 
need to be addressed in more detail in future studies given 
their  clinical importance. Fourth, because our ndings 
were based on cross-sectional rather than on randomized 
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or longitudinal data, the directionality of the association 
between CRP and BD cannot be clearly inferred. It is possible 
that in ammation, which is known to be associated with 
increased levels of CRP, might lead to BD. In contrast, BD 
symptoms, acting as a stimulus for in ammatory response, 
might predict CRP levels. Fi h, in some cases, heterogeneity 
was not reduced a er subgroup analyses, suggesting that other 
factors such as clinical features (eg, subsyndromal conditions) 
or the di erences in assays might have yielded heterogeneity. 
Sixth, there were o en missing data on duration of illness 
and age-at-onset. Importantly, illness duration may re ect the 
duration of medication exposure and is related to both age-
at-onset of BD and patient’s age. Finally, the studies available 
for this meta-analysis included individuals with BD under 
various therapeutic regimens and did not provide strati ed 
data on concomitant medication (except for antipsychotics, 
antidepressants, or lithium), also known to in uence CRP 
levels. It is worth mentioning that conventional mood 
stabilizers (eg, lithium, antipsychotics, and anticonvulsants) 
act in varying capacities to down-regulate the production of 
proin ammatory mRNA and protein gene expression that 
might alter levels of cytokines and CRP.76

CONCLUSIONS
Our meta-analysis supports the association between BD 

and increased levels of CRP, which is a marker of systemic 
(low-grade) in ammation, as well as an established risk 
factor for cardiovascular disease. ese ndings could be 
clinically relevant, if tested and con rmed by future studies, 
also combining measurements of CRP levels with other 
in ammatory biomarkers (eg, cytokines) to obtain a more 
speci c parameter of systemic in ammation in BD patients. 
Considering that in ammation appears to be implicated in 
the pathophysiology of BD,7,20 healthy lifestyle interventions 
(smoking cessation, dietary measures, and physical activity), 
which appear to reduce levels of proin ammatory markers 
(eg, CRP),73 might help to assuage severity of BD. erefore, 
CRP measurement in individuals with BD should be 
considered as a possible strategy to motivate those patients 
toward healthy body-brain interventions.
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6.2 Artigo 2: Biomarkers in illness progression in bipolar disorder 

 
Capítulo de livro aceito para publicação. 

Dargél, Aroldo A. ; Leboyer, Marion. Biomarkers in illness progression in bipolar disorder. In: 

Kapczinski, Flávio ; Vieta, Eduardo ; Magalhães, Pedro ; Berk, Michael. Neuroprogression and 

Staging in Bipolar Disorder. Oxford: Oxford University Press, 2015. P. 175-196.

 

 



46 

 
 



47 

Biomarkers in illness progression in bipolar disorder 

Aroldo A. Dargél, MD 
1,2,3,4,

 and Marion Leboyer MD, PhD 
2,3,4 

Authors’Affiliations 
1
 Laboratório de Psiquiatria Molecular, Instituto Nacional de Ciência e Tecnologia – Translacional em 

Medicina (INCT), Hospital de Clínicas de Porto Alegre, Programa de Pós-Graduação em Psiquiatria, 

Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil 
2 
Université Paris-Est, INSERM U955, Psychiatrie Génétique – Eq. 15, F-94000, Créteil, France 

3 
AP-HP, Hôpital H. Mondor – A. Chenevier, Pôle de Psychiatrie, F-94000, Créteil, France 

4 
Fondation FondaMental, Fondation de Coopération Scientifique, F-94000, Créteil, France 

 

ABSTRACT 

Biomarker is an indicator of biological processes (normal or pathogenic) or pharmacologic responses to a 

therapeutic intervention, which can be measured accurately and reproducibly. In medicine, biomarkers are 

used to support the presence of a specific disease (diagnostic biomarker), to monitor illness progression 

(prognostic biomarkers), to measure therapeutic interventions (treatment biomarkers), and to predict the 

onset of future disease (predictive biomarkers). In psychiatry however, biomarkers with established 

clinical utility for mental illnesses such as bipolar disorder (BD) are still lacking. With an estimated 

worldwide prevalence of 2.4%, BD is associated with a wide range of detrimental effects on patient’s 

health and functioning, and is among the top 20 causes of disability worldwide. Currently, BD diagnosis is 

essentially based on patient interviews and self-report questionnaires, lacking objectivity and biological 

validation. Growing evidence has shown the frequency of symptomatic recurrence (i.e. mood episodes) 

have a negative impact in the illness progression, with marked cognitive and functional impairments, 

lower pharmacological and psychological treatment responsiveness and higher rates of medical 

comorbidities such as cardiometabolic and neurological diseases. Neuroprogression is a multifactorial, 

dynamic process, including biological pathways implicated in inflammation, oxidative stress and 

neuroprotection. Therefore, the aim of this chapter is to summarize the extant literature regarding the 

relevance of peripheral biomarkers such as neurotrophins, oxidative stress and proinflammatory markers 

in illness progression in BD. In addition, we outline some future perspectives through which peripheral 

biomarkers may contribute to better understanding the pathophysiology of BD and to design novel 

therapeutic strategies. 

 

Keywords: bipolar disorder – biomarkers – illness progression – inflammation – oxidative stress - 

neurotrophins 

 

INTRODUCTION 

 

Biomarker is an indicator of normal biological processes, pathogenic processes, or pharmacologic 

responses to a therapeutic intervention, which can be measured accurately and reproducibly.
1 

In medicine, 

biomarkers are used to support the presence of a specific disease (diagnostic biomarker), to monitor illness 

progression (prognostic biomarkers), to measure therapeutic interventions (treatment biomarkers), and to 

predict the onset of future disease (predictive biomarkers).
1 
Biomarker development is a multi-step process 

in which improvements in clinical care are evaluated at later stages. In oncology, for example, these 

phases have been outline as (1) preclinical; (2) assay validation in independent populations; (3) capacity of 

the biomarker to detect preclinical disease; (4) assessment of effects on patient management and 

outcomes; (5) biomarker cost-effectiveness.
2
 In psychiatry however, biomarkers with established clinical 

utility for mental illnesses such as bipolar disorder (BD) are still lacking.  
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Currently, BD diagnosis is essentially based on patient interviews and self-report questionnaires, lacking 

objectivity and biological validation.
3
 With an estimated worldwide prevalence of 2.4%,

4
 BD is associated 

with a wide range of detrimental effects on patient’s health and functioning, and is among the top 20 

causes of disability worldwide.
5 

Growing evidence has shown the frequency of symptomatic recurrence 

(i.e. mood episodes) have a negative impact in the illness progression, with marked cognitive and 

functional impairments, lower pharmacological and psychological treatment responsiveness and higher 

rates of medical comorbidities such as cardiometabolic and neurological diseases.
6
 Furthermore, 

epigenetic mechanisms environmentally mediated could interact with genetic mechanisms that each 

mediates earlier onset and/or a more severe course of illness.
7
  

 

The notion of neuroprogression in BD is a pathological brain rewiring process that appears to take place 

when clinical and cognitive deterioration are observed as a result of illness progression.
8
 The end-point of 

such neuroprogressive changes would be tissue injury, structural changes and functional sequelae that are 

the neural substrate of mood regulation, that has the potential to increase the risk of further recurrence and 

reduce the potential of treatment response.
8,9

 The neuroprogression is a multifactorial, dynamic process, 

including biological pathways implicated in inflammation, oxidative stress and neuroprotection.
10  

 

Previous reviews provide a detailed perspective regarding the current state of biomarkers in BD.
3,11

 

Therefore, the aim of this chapter is to summarize the extant literature regarding the relevance of 

peripheral biomarkers such as neurotrophins, oxidative stress and proinflammatory markers in illness 

progression in BD. In addition, we outline some future perspectives through which peripheral biomarkers 

may contribute to better understanding the pathophysiology of BD and to design novel therapeutic 

strategies. 

 

PERIPHERAL BIOMARKERS IN BIPOLAR DISORDER 

 

Neurotrophic factors 

 

Neurotrophins are proteins with a crucial role in neuronal development, plasticity and connectivity.
12,13

 

Growing evidence has demonstrated that patients with BD have abnormal blood levels of neurotrophic 

factors, such as brain-derived neurotrophic factor (BDNF),
14,15

 neurotrophin-3 (NT-3), neurotrophin 4/5 

(NT-4/5), glial cell-derived neurotrophic factor (GDNF), and nerve growth factor (NGF).
6,8

  

 

BDNF is a neurotrophin widely distributed in the nervous system, acting as a key-regulator of neuronal 

growth and synaptic activity/plasticity.
12,13

 Preclinical studies reported correlations between serum BDNF 

levels and BDNF expression in cortical and hippocampal areas,
13,16

 which are implicated in regulation of 

mood and emotion.
14-16 

Peripherally, BDNF is expressed at relatively high levels in vascular endothelial 

cells, lymphocytes, and smooth muscle.
16

 The BDNF val66met polymorphism, associated with low BDNF 

function, has been linked to prefrontal cortical morphometric and metabolic alterations in BD
17,18 

as well 

as with early-onset of the disease.
19,20

  

 

Several studies have shown that circulating levels of BDNF were significantly decreased during mania or 

depression.
21-24

 Pandey et al.
25

 have found decreased levels of mRNA lymphocyte-derived BDNF as well 

as of BDNF protein in platelets of drug-free manic children and adolescents compared to controls. 

Recently, two meta-analyses have shown that BD patients had decreased plasmatic/serum levels of BDNF 

compared to healthy subjects, particularly during manic or depressive episodes.
15,26

 Fernandes et al.
26

 in a 

meta-regression analysis (n=548 BD patients; n=565 controls) have found decreased BDNF with large 

effect sizes (ES) for depression (ES -0.97) and mania (ES -0.81) versus controls.
26

 However, BDNF levels 

among euthymic BD patients compared to controls subjects were not significant, with a small magnitude 

(ES -0.20). There was a substantial variability in the results in euthymic phase, and both age and illness 

duration significantly influenced this variability.
26

 Of note, decreased BDNF levels have been reported in 
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euthymic patients at late stages of BD.
27,28

 Indeed, associations of lower levels of peripheral BDNF with 

age, illness duration
29

 and late-stage in BD
27

 contribute to the hypothesis of BD as a neuroprogressive 

illness.
8,10 

 

Other neurotrophic factors have also been studied in BD. Nerve growth factor (NGF) was the first 

neurotrophin to be discovered, by Rita Levi-Montalcini in 1951. Recently, one study in BD reported a 

negative correlation between the severity of manic episodes and NGF levels.
30

 Increased levels of 

neurotrophin 3 (NT-3), which share signal transduction pathways with BDNF, have been found in BD 

patients during mania and depression compared to euthymic patients and healthy controls.
31-33

 One study 

found increased circulating levels of neurotrophin 4/5 (NT-4/5) in BD, but no difference across mood 

phases.
34

 Under stress, astrocytes/microglial cells increase production of glial cell-line derived 

neurotrophic factor (GDNF) to avoid neuronal loss.
35

 Abnormal levels of GDNF have been found across 

the different BD mood phases.
37–39

 Additionally, increased plasma levels of vascular endothelial growth 

factor (VEGF) were found during major depressive or manic episodes in patients with mood disorders.
40

 

Other studies have indicated that VEGF could be one of the modulators for the therapeutic effect of mood 

stabilizers.
41,42

 Taken together, these findings reinforce the possibility that alteration in neurotrophin levels 

may be a compensatory response to restore neurogenesis in turn to the potential toxicity of mood episodes. 

Although further studies are needed to investigate the applicability of the neurotrophic factors as markers 

of illness progression in BD, in particular to identify individuals in the earlier stages of the disease, 

facilitating early intervention and potentially reducing the allostatic load in the early phase.
9 

 

Inflammatory biomarkers 

 

Growing evidence has shown that inflammatory mechanisms may exert a crucial role in BD 

pathophysiology,
43

 in particular via their regulation of synaptic transmission/plasticity and neuronal 

survival.
44,45

  

 

In BD patients, immune dysfunctions have been related to the severity and number of mood episodes;
36,46–

48
 high prevalence of comorbidities;

36,49
 medication effects,

50–52
 and illness progression.

8,11 

 

Several studies have reported increased peripheral levels of proinflammatory cytokines, including 

interleukins (IL-2, IL-4, IL-6 and IL-1) and tumor necrosis factor-α (TNF-α) during mania
28,30,47,48,53–55

 and 

depression.
47,54

 Compelling evidence have demonstrated increased levels of soluble receptors of TNF 

(sTNF-R1 and sTNF-R2) and IL2 (sIL-2) in manic patients compared to euthymic and controls.
28,30,53,56,57

 

Additionally, increased levels of sTNF-R1 and sTNF-R2 were positively correlated with patients’age and 

illness duration of BD,
28,30

 and BD patients with increased levels of TNFR1 had poor functioning in late 

adulthood.
58

 Preexisting increased levels of Il-1β and Il-1Ra might predict vulnerability for future mood 

episodes.
47

 Furthermore, a recent study have demonstrated that markers of neuroinflammation are 

significantly increased in postmortem frontal cortex from BD patients.
59 

In particular, this study found an 

important activation of the IL-1 receptor cascade,
59

 which is involved in several regulatory process of 

inflammation.
60

 IL-10 exerts a central role in immune response through down-regulation of 

proinflammatory cytokines, including TNF-a, IL-1β, and IL-6. Elevated levels of Il-10 have been 

demonstrated in BD patients in remission after manic
50,61

 or depressive episodes,
28

 while other reports did 

not find any significantly difference in IL-10 levels.
61

 Levels of IL-10 seem to reduce significantly from 

early to late-stages of BD.
27

 Therefore a cumulative effect of successive mood episodes and as well as 

illness duration appears to influence levels of proinflammatory cytokines, which act as key mediators in 

both central and peripheral inflammation, and may contribute to neuroprogression in BD.  

 

Its worth mentioning that TNF-α, IL-1β, and particularly IL-6 are the chief inducers of acute-phase 

proteins, including C-reactive protein.
63

 CRP is a marker of systemic, low-grade inflammation as well as 

an established risk factor for cardiovascular disease. In a recent meta-analysis (including 11 studies; 1618 
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individuals) to estimate the size of the association between CRP levels and BD, we found a significant 

elevation in CRP levels in BD patients compared to control subjects, with a moderate effect size 

(ES=0.39) (95% CI, 0.24-0.55; P < .0001).
64

 In the subgroup analysis by mood phases, we found that 

manic BD patients had levels of CRP significantly higher than control subjects with a large ES (0.74) 

(95% CI, 0.44-1.02; P < .001).
64

 A 2-years follow-up study demonstrated that increased levels of CRP 

were an important risk factor for the onset of manic symptoms in depressed men.
65

 Another study reported 

an association between severity of manic symptoms and high-sensitivity CRP as well as a negative 

association between serum IL-6 and BDNF protein levels in adolescents with BD.
66

 A pro-inflammatory 

state thus seems to be strongly related with manic symptoms, which contribute to the idea of CRP could 

be a state marker in BD. Although explanatory mechanisms to this relationship are still unclear, one 

possible mechanism might be linked to sleep dysfunction, which is often in manic
67

 BD patients, is known 

to be associated to elevated cytokines and CRP levels.
68

 In the same meta-analysis, differences in CRP 

levels among euthymic patients vs. controls were significantly higher (ES=0.26), albeit with a slight 

magnitude (ES=0.26) (SMD = 0.26, 95% CI, 0.01-0.51; P < .04)
64

, suggesting that there may be an 

inflammatory component in non-acutely ill BD patients. This meta-analytic results reinforces evidence 

showing that activation of the inflammatory response persists after remission,
68

 suggesting CRP as a 

potential marker of trait in BD
64

. However, it is important to bear in mind that many studies included in 

this subgroup analysis used different criteria to characterize the different mood phases of BD, raising the 

idea that some BD patients categorized as euthymic had residual symptoms (subsyndromal), which could 

also influence CRP levels.
64

 The burden of acute episodes appears to contribute to CVD mortality among 

individuals with BD.
70

 Compelling evidence have shown that CRP is an independent predictor of 

cardiovascular disease (CVD),
71

 which is the leading cause of excess mortality in BD patients.
72

 

Measurement of CRP levels associated with other parameters commonly used in clinical practice such as 

blood pressure, waist circumference, lipid and glucose levels may be a useful biomarker in BD patients at 

risk of CVD as well as in individuals who are otherwise healthy but suffer from BD. 

 

Hypothalamic-pituitary-adrenal (HPA) axis 

 

The HPA is the main system implicated in the response to physical or psychological stress.
73

 Various 

parameters of HPA function such as cortisol levels, dexamethasone suppression test (DST) and DEX/CHR 

have been related to severity of mood symptoms. In depression, for example, serum cortisol levels 

measured after the overnight 1 mg dexamethasone suppression test (DST) were related to severity of 

illness and were thought to discriminate severity of depression.
74

 Studies have demonstrated increased 

activity of the HPA axis and basal cortisol levels during depressive or manic episodes in BD patients.
74–76

 

as well as a trend to increased levels of cortisol in response to the DEX/CRH test during euthymia.
74,76

 

Measurements of HPA function, reflecting the severity of a particular disease state, might be putative 

biomarkers of illness progression in BD. 

 

Oxidative stress biomarkers 

 

The brain is susceptible to oxidative stress damage, due to high oxygen consumption and hence the 

generation of free radicals, and its low antioxidant capacity.
77

 An imbalance between oxidant/antioxidant 

mechanisms contribute to accumulation of oxidative species, which react with cell components, such as 

proteins, lipids, mitochondria and nucleic acid, contributing to neuronal degradation and dysfunctional 

neurogenesis.
78,79

 The mechanisms of oxidative injury have been reported in various conditions, including 

aging,
80

 cancer, cardiovascular and neurodegenerative diseases.
81

 In BD, significant alterations in 

antioxidant enzymes, lipid peroxidation, and nitric oxide (NO) levels have been reported.
82

 Altered 

oxidative stress parameters and activated antioxidant defenses have been associated with the different 

mood phases in BD and/or the number of the manic episodes.
83

  

 

It has been shown that NO levels increase during acute episodes mania
84

 and depression
85

 as well as in 
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euthymic BD patients.
83

 Altered activity of erythrocyte superoxide dismutase (SOD), an antioxidant 

enzyme, is another important finding in BD patients. Many studies have demonstrated a significant 

elevation in SOD concentration in manic and depressed BD patients compared to euthymic patients or 

controls.
78,86

 In contrast, other studies have reported reduced levels of SOD across all mood phases of 

BD
85,87,88

 as well as no significant difference in the SOD activity between BD patients and controls.
89

 

Despite NO levels have reduced after treatment of BD patients, SOD activity remained high.
85

 SOD 

increasing activity may be a defense-antioxidant mechanism against increased NO levels in BD. 

Additionally, high SOD activity in mood episodes may reflect a preceding cellular oxidative stress or 

serve as a compensatory mechanism, suggesting that SOD may be involved in neuroprogression in BD. 

Increased activity of serum catalase (CAT), another antioxidant enzyme, was found in manic patients
78

 

including those medication-free,
23

 with a reduced activity during euthymia.
78,88

 Despite normal levels of 

glutathione peroxidase were observed during mania,
78

 an increased oxidant/anti-oxidant ratio (SOD/GPx + 

catalase) was found in manic and depressive BD patients compared to euthymic patients and controls.
78

 

Several conditions related with aging (e.g. higher visceral adiposity, inflammation, abnormal glucose/lipid 

levels) have been linked to oxidative damage to lipids,
80

 which could be assessed by measuring 

serum/plasma levels of thiobarbituric acid reactive substances (TBARS). Elevated levels of TBARS have 

been reported across all mood phases of BD.
78,86

 Although Kunz et al. 
86

 demonstrated that only manic 

patients had significantly increased levels of TBARS in comparison to other patient’s groups (depressed, 

euthymic or schizophrenic).
86

 Magalhães et al.
90

 have found an association between current manic episode 

and abnormal concentrations of protein carbonyl content (PCC), which is a measure of oxidative damage 

to protein.
90

 Higher PCC levels have been associated to apoptosis and necrosis cellular as well as to 

adverse clinical outcomes (e.g. colorectal cancer).
80

 Moreover, oxidative stress may also lead to DNA 

damage in BD patients mainly in those with severe mood episodes.
78,82

 Oxidative damage therefore occurs 

during acute mood episodes, supporting the idea that mood episodes (mania in particular) might be toxic 

to patients with BD. However, the lipid and protein damage could be consequence of dysfunction in 

different pathways and further studies are needed to elucidate of oxidative stress biomarkers in BD illness 

progression. 

 

PERIPHERAL BIOMARKERS ASSOCIATED WITH THE TREATMENT OF BD 

 

Neurotrophins 

 

Studies reported that manic patients had significant increase in BDNF levels following treatment with 

mood stabilizers, in particular with lithium.
26,91,92

 In addition, BD patients non-responders to lithium had 

lower plasmatic levels of BDNF than those with a good response to lithium.
93

 Another study that 

examined changes in BDNF levels among BD patients, initially unmedicated, found increased levels of 

BDNF in depressed patients but a reduced level in patients during manic/mixed episodes after treatment 

with extended-release quetiapine.
94

 Given these findings, peripheral levels of BDNF may also be a 

potential marker of treatment response in BD. Longitudinal studies are needed to measure BDNF levels in 

the same patients experiencing different mood episodes as well as in those receiving multiple treatments.  

 

Oxidative stress and antioxidant defense markers 

 

Its important to highlight that the therapeutic effects of mood stabilizers may be related to their regulatory 

effect on oxidative stress pathways.
82

 BD patients medication-free treated with lithium during manic 

episodes exhibit reduced levels of SOD, CAT and TBARS.
95

 Similarly, first-episode psychotic patients 

treated with olanzapine or risperidone had decreased SOD activity and lipid peroxidation.
82,86,95

 Oxidative 

stress therefore might be implicated in illness progression in BD, and use of antioxidants can be a relevant 

therapeutic strategy on this disorder.  

 

N-acetyl-cysteine (NAC) is the precursor of glutathione (GSH), the most important nonenzymatic cellular 
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antioxidant, and is know to maintain the oxidative balance in the cell. Recent clinical trials have shown 

that adjunctive treatment with NAC to common medication for BD appears to be beneficial in patients 

with BD,
95,96

 in particular improving depressive symptoms
97,98

 and functioning.
98

 Preclinical evidence has 

demonstrated some antioxidant/neuroprotective properties of the ω-3 polynsaturated fatty acids 

(PUFAs).
99

 Recently, a meta-analysis of clinical trials using ω-3PUFAs associated with standard treatment 

in BD reported that ω-3 amended BD depressive symptoms.
100

 Of note, add-on supplementation of 

vitamin C, vitamin E, the combination of vitamin C and vitamin E, or the mixture of fish oil has been 

shown to reduce oxidative stress markers and improve clinical symptoms in schizophrenic patients.
101

 

Given these data, development of novel therapeutic approaches to reduce oxidative stress and repair 

membrane impairments may be useful in early intervention to prevent neuroprogression in BD. 

 

Inflammatory biomarkers 

 

Conventional mood stabilizers (e.g. lithium, antipsychotics, anticonvulsants) act in varying capacities to 

down-regulate the production of pro-inflammatory mRNA and protein gene expression that potentially 

alter levels of proinflammatory cytokines and CRP.
102

 Dargél et al.
64

, in a meta-regression analysis to 

examine the potential influence of lithium and antipsychotics (typical and atypical) in the CRP levels of 

BD patients did not find significant association, However, the authors could not draw any conclusion on 

the association between medication use and CRP, as the available data was limited.
64

 

 

Given that inflammatory pathways seem to be involved in illness progression of BD, adjunctive therapies 

to modulate inflammatory response seem to be another relevant therapeutic strategy to more accurate 

interventions in BD. In keeping with this view, a randomized, double-blind, placebo-controlled study 

reported substantial antidepressant effects following adjunctive treatment with celecoxib (cyclooxygenase-

2 inhibitor) in BD patients during depressive or mixed episodes
104

 beneficial effects of aspirin as an 

adjunctive treatment in BD.
105

 Interestingly, alterations in the arachidonic acid metabolism cascade were 

found in the postmortem brain of BD.
59

 

 

Disturbances in inflammatory response however can be prominent only in a subset of individuals with 

BD. Recently, a study have evaluated the effect of a TNF- antagonist (infliximab) in patients with 

treatment-resistant depression. Infliximab was superior to placebo in mitigating depressive symptoms only 

in individuals who exhibited elevated inflammation (hsCRP > 5mg/L) at baseline.
106

 This preliminary 

result support the idea that measurements of CRP levels may be useful to stratify BD patients who respond 

to a specific immune or anti-inflammatory treatment, suggesting that CRP may be a potential marker for 

enhancing treatment matching in BD.  

 

To date, several biomarkers that display potentially information about treatment response overlap with 

prognostic markers that could predict risk or progression of illness. Moreover, non-pharmacologic 

therapeutic approaches, such as psychotherapy and healthy behavior may modulate peripheral biomarkers 

of neuroprogression, including neurotrophins, inflammation and oxidative markers.
107,108

  

 

Evidences have shown that physical exercise
109

 and good dietary habits,
110

 are associated to significant 

reduction in CRP levels as well as to improvement in depression-like behavior and depressive 

symptoms.
109,111

 In pediatrics, poor sleep and unhealthy diet habits have been linked to unhealthy growth 

by modifying the architecture of the plastic brain.
112

 Moreover, smoking increases the risk of mood 

disorders, and appear to affect similar biological pathways.
113
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FUTURE PERSPECTIVES 

 

As discussed in this chapter, a number of neurotrophic, inflammatory and oxidative stress biomarkers are 

associated with BD.
11

 However, a question remains about how to implement these putative biomarkers in 

the clinical practice to identify individuals at risk or earlier stages of BD and to prevent illness 

progression. 

 

 

BD is a heterogeneous disorder, where different peripheral biomarker profile have been linked to 

particular characteristics of patients, specific mood phases, length of illness, or even different stages of 

disease thereby making generalised conclusions difficult. Heterogeneous populations used in most of the 

studies are also another critical point. Examining well-defined groups may enhance accuracy of peripheral 

biomarkers of illness progression in BD. Moreover, it may be necessary to shift focus away from a one-

size-fits-all approach and instead generate biomarkers profiles, highlighting core domains of dysfunction 

or strengths for each patient toward tailored interventions. 

 

Although BD is associated with several inflammatory or oxidative stress biomarkers, 

confounding/moderator variables need to be accounted for. For example, despite CRP being commonly 

used as a marker of inflammation
63

 as well as a risk factor for cardiovascular disease,
71

 it levels may be 

influenced by (gender, BMI, medical comorbidities, alcohol/drug abuse, smoking, stressors),
114

 with an 

impact on the results. Further studies including within-subject comparisons and subgroup analyses (e.g., 

BD subtype, sex, family history of BD) are required to identify useful biomarkers of illness progression in 

BD. Moreover, it would be interesting to examine whether these peripheral biomarkers can inform our 

understanding, treatment, and prevention of crucial non-mood conditions in BD as cardiometabolic 

disorders and cognitive-functioning impairment.
115 

 

The effect of treating BD on biomarkers has primarily focused on pharmacological treatments. Research 

into other treatments such as psychological therapies and lifestyle interventions (sleep, diet, and exercise) 

are still scarce. The influence of more targeted anti-inflammatory treatments and antioxidant therapies on 
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mood symptoms and biomarkers levels are also required. Finally, while a selection of more commonly 

assessed biomarkers in BD research, specifically targeting inflammation, oxidative stress and 

neurotrophins, have been covered in this chapter, there remains an array of other potential options. These 

include measurements of amino acid levels which are the precursors to neurotransmitters;
116

 growth 

factors such as insulin-like growth factor-1,
117

 markers of associated with tryptophan pathways (e.g. 

kynurenic acid, quinolic acid)
118

 genetic polymorphisms associated with dopamine and serotonin 

transporters and receptors as well as with P450 metabolic pathways.
119,120 

 

CONCLUSION 

 

BD is complex, and a multidimensional approach its germane to guide disease diagnosis and therapeutic 

interventions Advances in research have identified promising biomarkers of illness progression, including 

neurotrophins, oxidative stress and inflammatory markers. However, more work is needed to elucidate the 

clinical utility of these biomarkers. Future studies combining different approaches, such as integrative 

omics (e.g. proteomics, epi/genomics, metabolomics), computational models as well as pooling various 

biomarkers, may contribute to the development of useful biomarkers in BD. Ultimately, more consistent 

nosology and accurate classification of biomarkers will be crucial to determine how these tests could help 

us to better understand pathophysiological mechanisms and to identify biological targets, providing 

individualized treatment and preventing illness progression in BD. 
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7 CONSIDERAÇÕES FINAIS  

A inflamação sistêmica crônica parece estar implicada na fisiopatologia do TB. Com 

base nos resultados dos artigos que compõem esta tese, os indivíduos com TB parecem apresentar 

um estado de inflamação crônica de baixo grau, evidenciado pelo aumento dos níveis séricos de 

PCR. 

7.1 Possíveis implicações clínicas dos achados dessa pesquisa 

              Os  resultados  dos estudos dessa tese parecem ter implicações relevantes para a prática 

clínica do TB.

7.1.1 Proteína C-reativa como biomarcador no transtorno bipolar 

Com base nos achados do artigo 1 dessa tese, pacientes bipolares apresentaram níveis de 

PCR significativamente maiores que os indivíduos controles com moderado tamanho de efeito 

(effect size, ES = 0.39; 95% IC, 0.24 – 0.55; P < 0.0001). Níveis de PCR foram 

significativamente maiores em pacientes maníacos (ES = 0.73; 95% IC, 0.44 – 1.02; P < 0.001) e 

em eutímicos (ES = 0.26; 95% IC, 0.01 – 0.51; P = 0.04). 

O primeiro artigo, através de um estudo de meta-análise, teve como objetivo avaliar o 

tamanho de efeito da associação entre níveis de PCR em pacientes bipolares nas diferentes fases 

de humor (n=730) comparado a indivíduos controles (n=888). Pacientes bipolares apresentaram 

níveis de PCR significativamente elevados em comparação ao grupo controle. Esses resultados 

confirmam haver um estado de inflamação crônica persistente no TB não somente nas fases 

agudas (mania ou depressão) mas também nos períodos inter-episódios da doença, indicando que 

a resposta inflamatória persiste ativada mesmo após remissão sintomática (Padmos et al., 2008). 

Isso reforça a ideia de existir um estado inflamatório crônico no TB. Ainda que os mecanismos 
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dessa associação não sejam totalmente conhecidos, a desregulação imunológica levando à 

inflamação crônica pode estar associada com o número de episódios e severidade dos sintomas, 

colaborando com a progressão da doença (Berk et al., 2011; Fries et al., 2012; Pfaffenseller et al., 

2013).  

Tendo em vista a PCR ser um biomarcador inflamatório largamente disponível, de custo 

relativamente baixo, e muito utilizado na prática clínica (Pepys and Hirschfield, 2003; Black, 

Kushner, and Samols, 2004; Ridker et al., 2008), a medida dos níveis de PCR parece ser uma 

forma acessível e custo-efetiva de obter informação sobre o perfil inflamatório sistêmico em 

pacientes com TB. Além disso, os níveis de PCR podem indicar, ainda que de maneira indireta, 

alterações nos níveis de citocinas pró-inflamatórias, as quais modulam os níveis séricos de PCR 

(Gabay and Kushner, 1999).  

Embora seja tentadora a ideia de considerar a PCR como um potencial biomarcador no 

TB, diversos fatores podem, também, influenciar os níveis de PCR, incluindo sexo, idade, etnia, 

dieta, tabagismo, uso de medicações, etc. Além do mais, os diferentes métodos de dosagem de 

PCR, podem, também, contribuir para resultados heterogêneos em relação à PCR. Estudos 

prospectivos utilizando métodos mais acurados de dosagens de PCR (p. ex. PCR ultrassensível) 

bem como a medida de outros marcadores inflamatórios, são necessários para elucidar o papel da 

PCR como biomarcador no TB. 

7.1.2 Níveis de proteína C-reativa e comorbidades clínicas no transtorno bipolar: 

oportunidades para o manejo clínico e prevenção 

Evidências recentes argumentam que o TB parece ser uma doença multissistêmica 

(Goldstein, Kemp, Soczynska, and McIntyre, 2009; Leboyer et al., 2012; Stertz, Magalhães, and 

Kapczinski, 2013). Vale ressaltar que cerca de um terço dos pacientes incluídos no estudo de 
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meta-análise (artigo 1 dessa tese) apresentou síndrome metabólica. Ao longo da vida, o risco 

cardiometabólico parece ser um fator crucial para a saúde dos pacientes com TB (Vancampfort et 

al., 2013; Godin et al., 2014). Além disso, a PCR é um marcador de risco independente para 

doença cardiovascular e para alguns tipos de câncer (Pepys and Hirschfield, 2003; Ridker et al., 

2008; Emerging Risk Factors Collaboration et al., 2010), além de apresentar alto valor 

prognóstico para doenças como síndrome metabólica e hipertensão arterial sistêmica (Albert, 

Glynn, and Ridker, 2003; Ridker et al., 2008). 

Esses dados reforçam a necessidade de implementação e consolidação de condutas já 

bem estabelecidas em medicina para o manejo clínico de pacientes: exame clínico detalhado 

associado a perfil laboratorial de rotina. Por exemplo, medidas dos níveis tensionais e da 

circunferência abdominal associadas a testes laboratoriais comuns, como glicemia de jejum, 

perfil lipídico e PCR poderiam ser condutas úteis no manejo não apenas de pacientes com TB 

com risco elevado para doença cardiometabólica, mas também de indivíduos aparentemente 

saudáveis que apresentam risco elevado para TB. 

O estilo de vida sedentário e hábitos alimentares pouco saudáveis, os quais são muito 

frequentes em pacientes bipolares, parecem estar relacionados com sintomas de humor e níveis 

aumentados de PCR (Alsuwaidan, Kucyi, Law, and McIntyre, 2009; Eyre, Papps, and Baune, 

2013). Por outro lado, estudos recentes demonstram que atividade física e dieta saudável auxiliam 

na redução de sintomas depressivos como também dos níveis PCR (King, Egan, and Geesey, 

2003; Alsuwaidan, Kucyi, Law, and McIntyre, 2009; Rees and Sabia, 2010; Cooney et al., 2013). 

O uso de um parâmetro objetivo como a PCR poderia auxiliar, ainda mais, os psiquiatras a 

motivarem seus pacientes para adoção de um estilo de vida saudável. 

Desse modo, intervenções relativamente simples, de baixo custo poderiam auxiliar no 

manejo e na prevenção do TB, tratando, de uma forma integrada, o corpo e o cérebro.  
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7.1.3 Reatividade emocional e níveis de proteína C-reativa em pacientes bipolares em 

remissão: relevância clínica de uma abordagem dimensional  

Evidência crescente mostra que a maioria dos pacientes bipolares durante a fase de 

remissão permanece com sintomas subclínicos de humor (Judd et al., 2012; Marwaha, Balbuena, 

Winsper, and Bowen, 2015), os quais estão associados com prejuízo funcional e cognitivo (Rosa 

et al., 2008; Bonnín et al., 2012; Van Rheenen and Rossell, 2014a). Contudo, os instrumentos 

utilizados atualmente para o diagnóstico de TB baseiam-se, essencialmente, em categorias de 

sintomas (Phillips and Kupfer, 2013), apresentando baixa sensibilidade para detectar 

sintomatologia subclínica de humor (Henry and Etain, 2010). 

Conforme os resultados do artigo 3 dessa tese, a reatividade emocional pareceu ser uma 

dimensão sensível para discriminar pacientes bipolares apresentando sintomas subclínicos de 

humor. Apesar de todos os pacientes estarem em remissão, eles apresentaram níveis de 

reatividade emocional significativamente diferentes, os quais não foram detectados pelos escalas 

tradicionais de avaliação de humor, as quais baseiam-se em lista de sintomas. Os pacientes com 

reatividade emocional anormal (hipo- ou hiper-) apresentaram níveis significativamente elevados 

de sintomas subclínicos de humor, os quais contribuem para a desregulação emocional, levando à 

hipo- ou hiper-reatividade emocional crônica. Os resultados desse artigo reforçam a nossa 

hipótese de que o TB não é uma doença caracterizada apenas por episódios recorrentes de humor, 

mas sobretudo por alteração global do comportamento que oscila desde a inibição até a ativação, 

variando desde alterações sutis e transitórias até episódios agudos de humor. 

Dessa forma, uma abordagem diagnóstica multidimensional parece ser útil no TB, pois 

permite capturar informações clínicas relevantes tais como variações sutis no humor e em 

dimensões comportamentais (p. ex. cognição, reatividade emocional e motivação), o que poderia 
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contribuir para diagnósticos mais próximos da fisiopatologia da doença e, consequentemente, à 

intervenções terapêuticas mais adequadas. 

No artigo 3 dessa tese investigamos, também, a PCR como um potencial marcador 

objetivo da reatividade emocional como uma dimensão importante no TB. Os pacientes com 

reatividade emocional anormal tiveram níveis de PCR significativamente mais elevados do que 

os pacientes com reatividade emocional normal. Entre os pacientes com reatividade emocional 

anormal, os pacientes com hiper-reatividade emocional apresentaram níveis de PCR 

significativamente mais elevados do que pacientes com hipo-reatividade emocional. Apesar de 

ter sido um estudo transversal, esse foi o primeiro estudo a avaliar a associação entre níveis de 

PCR e de reatividade emocional em uma grande amostra de pacientes bipolares em fase de 

remissão. Os achados desse estudo reforçaram nossa hipótese da PCR como um marcador da 

hiper-reatividade emocional em pacientes bipolares. O “proxy” reatividade emocional-PCR, se 

testado e confirmado em estudos futuros, poderia ser útil na prática clínica para discriminar, com 

mais precisão, pacientes bipolares com perfis clínicos diferentes. Clinicamente, a utilização de 

biomarcadores simples e de custo relativamente baixo como a PCR associados à dimensões 

relevantes como, por exemplo, a reatividade emocional poderia tornar o diagnóstico tradicional 

(baseado unicamente em categorias de sintomas) mais flexível.  

A implementação de uma abordagem integrada no TB, incluindo dimensões 

fundamentais do comportamento e marcadores biológicos, poderia contribuir para a melhor 

caracterização dos sintomas de humor em pacientes bipolares e, possivelmente, para identificar 

mecanismos fisiopatológicos comuns entre indivíduos com perfis clínicos distintos, onde a 

inflamação crônica de baixo grau parece ser um estado biológico. 
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7.1.4 Reatividade emocional e funcionamento psicossocial no transtorno bipolar 

Estudos relatam que o prejuízo no funcionamento psicossocial e cognitivo persiste 

durante a fase de remissão do TB (Rosa et al., 2008; Bonnín et al., 2012; Van Rheenen and 

Rossell, 2014b). Os resultados do artigo 3 dessa tese demonstraram que, apesar dos pacientes 

estarem em remissão, aqueles com desregulação emocional apresentaram maior prejuízo no 

funcionamento psicossocial. Pacientes com hipo-reatividade emocional apresentaram déficit no 

funcionamento global bem como em subdomínios de funcionamento, tais como autonomia, 

finanças e relações interpessoais. Por outro lado, os pacientes com hiper-reatividade emocional 

apresentaram prejuízo significativo no funcionamento cognitivo comparado aos pacientes com 

hipo-reatividade ou com reatividade emocional normal (P < 0.001). É importante lembrar que os 

pacientes com hiper-reatividade foram, também, os que apresentaram os níveis de PCR mais 

elevados em comparação aos outros pacientes incluídos no estudo. Se essa relação entre a 

reatividade emocional e funcionamento for confirmada em estudos futuros, um aspecto 

importante do tratamento dos pacientes bipolares seria, por um lado, a remediação emocional a 

fim de melhorar o funcionamento e, por outro, a remediação funcional (através da psicoterapia, 

suporte de serviço social, etc.) a fim de melhorar o controle emocional. 

Apesar do artigo 3 dessa tese ter sido um estudo transversal, esse foi o primeiro estudo a 

demonstrar uma associação entre níveis aumentados de PCR, desregulação emocional e prejuízo 

no funcionamento cognitivo em pacientes bipolares durante a fase de remissão. As razões dessa 

associação ainda não são conhecidas, mas poderiam estar relacionadas aos processos 

inflamatórios que ocorrem na vasculatura do sistema nervoso central, especialmente, na barreira 

hemato-encefálica (Kuhlmann et al., 2009; Hsuchou et al., 2012). Ainda que não atravesse a 
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barreira hemato-encefálica, a PCR parece aumentar a permeabilidade dessa barreira para 

moléculas tais como autoanticorpos e citocinas pró-inflamatórias (Kuhlmann et al., 2009; 

Hsuchou, Kastin, Mishra, and Pan, 2012). Seguindo esse racional, os níveis aumentados de PCR 

na periferia poderiam indicar, ainda que indiretamente, um estado inflamatório cerebral. Estudos 

prospectivos são necessários para elucidar o papel da inflamação sistêmica crônica na progressão 

do TB, incluindo o prejuízo cognitivo e funcional encontrado nesses pacientes.  

7.2 Perspectivas  

O papel do sistema imune do cérebro ainda é controverso, contudo parece ser afetado 

pelo sistema imune periférico. A vasculatura cerebral, especialmente a barreira hemato-

encefálica, é uma interface importante entre inflamação sistêmica periférica e o cérebro. Contudo, 

o papel dos níveis de PCR e, de maneira geral, da inflamação crônica no funcionamento da 

barreira hemato-encefálica ainda precisa ser elucidado. 

A ideia de que apenas um gene específico, um único mecanismo biológico como, por 

exemplo, a inflamação crônica persistente, ou ainda o cérebro per se, não representam a doença 

como um todo, parece ser um passo extremamente importante para uma perspectiva integrada no 

TB. Se, essa perspectiva irá traduzir-se na descoberta de formas mais homogêneas do TB é uma 

das grandes questões que desafiam o campo e poderá ter implicações importantes no que diz 

respeito ao tratamento dos pacientes bipolares, dado o fato de que tal descoberta poderia 

aumentar sensivelmente a nossa capacidade de individualizar e, por conseguinte, melhorar as 

intervenções terapêuticas no TB. 

A elucidação do papel da inflamação sistêmica crônica e da PCR no TB poderá oferecer 

intervenções inovadoras, integrando o manejo dos sintomas, das alterações sistêmicas e 

neuropatológicas, pondo em causa a persistente dicotomia cartesiana entre mente e corpo.  
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ANEXO A – BIPOLAR PATIENTS REFERRED TO SPECIALIZED SERVICES OF 

CARE: NOT RESISTANT BUT IMPAIRED BY SUBSYNDROMAL SYMPTOMS 

 

Bipolar patients referred to specialized services of care: Not resistant 
but impaired by sub-syndromal symptoms. 
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Objective:  A national network of expert centers for bipolar disorders was set up in France to provide support, mainly for 
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and to understand the most sig cant di culties encountered by practitioners dealing with bipolar disorder patients.
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Introduction
A national network of expert centers for bipolar disorders 
(BDs) (FondaMental Advanced Centres of Expertise for 
Bipolar Disorders; FACE-BD) was set up in France to pro-
vide support for psychiatrists who need help for managing 
BD patients. In some cases, patients can also be referred by 
general practitioners (GPs), when BD is suspected, allowing 
their orientation to a specialized care system (Henry et al., 
2011). The goals are to provide advice about potential treat-
ment targets that is based on an accurate evaluation and 
which enhances concordance between evidence-based med-
icine guidelines and clinical practice, thereby promoting a 
personalized medicine approach. The network represents a 
tertiary system of care open to all BD sub-types allowing a 
large spectrum of patients to be included. Traditionally, spe-
cialized services of care are usually considered only for 
severe and/or complex or resistant presentations meaning 
that research based on such severe BD presentations will not 
be representative of the population of BD patients.

However, several elements can influence access to spe-
cialized care. First, guidelines have become more complex, 
meaning that clinicians may become more prone to refer-
rals to a specialized care system. Moreover, even if guide-
lines exist for prophylactic treatment that are built on 
evidence-based medicine, we lack information on very 
long-term management of BD patients, given the frequent 
complexity of presenting cases.

Second, patients have access to medical information 
from a wide array of sources, including consumer medi-
cines information, media reports and Internet web sites. It 
is hoped that improved ‘medicine health information’ will 
help with patient compliance, reduce adverse events and 
result in better health outcomes. In turn, this may also 
change exigency levels of BD patients and their willingness 
to utilize specialized care.

Finally, there is now evidence that the manifestations of 
BD are not restricted to recurrent episodes of (hypo)mania 
or depression, but that there is also a more subtle chronic 
course than initially conceptualized (Leboyer et al., 2012). 
In most cases, the inter-episodic periods are characterized 
by residual symptoms (Judd et al., 2003), subtle cognitive 
impairment (Martínez-Arán et al., 2004), increased impul-
sivity (Etain et al., 2013; Swann et al., 2009) and emotional 
hyper reactivity (Henry et al., 2008), as well as sleep and 
circadian rhythm abnormalities (Harvey et al., 2005). All 
these disturbances seem to be strongly linked to long-term 
prognosis and significantly impact on functioning (Soreca 
et al., 2009). Specialized care can be perceived as a system 
that can help achieve functional recovery by offering solu-
tions for these chronic course elements (Henry and Etain, 
2010).

To better understand the role of these specialized care 
services, there is a need to better know the nature of BD 
patients referred to them. The aim of this report is to assess 

the global characteristics of the BD patients referred to 
expert centers, in turn indicating the main difficulties that 
practitioners face in the management of BD patients.

Method
Design of FACE-BD
The methods are presented briefly below and have been 
described in more detail elsewhere (Henry et al., 2011). The 
network of expert centers dedicated to BD is an innovative 
health care system in France. Until now, mental health care 
in France has been based essentially on catchment areas. 
Because of the complexity of diagnosis and care of BD dis-
orders, this network was created to provide support to clini-
cians for the management of BD patients and, in parallel, to 
generate clinically relevant research.

Site selection
Sites must be affiliated to an academic center that is actively 
involved in BD care and research, and have the motivation 
to integrate into the network. Currently, there are nine expert 
centers in France. Members of the clinical teams from each 
center have joint monthly meetings to ensure inter-rater reli-
ability, to receive or provide training in new therapeutic 
interventions, to develop research protocols and to maintain 
the levels of expertise required in this tertiary care system 
that is associated with specialized care and research.

Participant enrollment
Patients are referred by a GP or psychiatrist (mainly a psy-
chiatrist), who subsequently receives a detailed evaluation 
report that outlines potential therapeutic interventions. 
Although patients are re-assessed and followed at the expert 
center, routine care and treatment is still managed by the 
referring physician.

There are no exclusion criteria for referral, and all patients 
who appear to meet the diagnostic criteria for any BD sub-
type (I, II or not otherwise specified [NOS]) can be assessed. 
Patients are only outpatients and are not referred to us in 
emergency. The assessment protocol was approved by the 
relevant ethical review board and requires only a letter of 
information for patients (CPP-Ile de France IX, 18 January 
2010). A web-based application, e-bipolar© was developed to 
collate data for clinical monitoring and research purposes. 
Access to the system is carefully regulated and approval was 
obtained from the body overseeing the safety of computer-
ized databases (CNIL) (DR-2011-069).

Assessments
In this study, we have focused on the general characteristics 
of the referred BD presentations allowing the assessment of 
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their current state to better clarify why patients are referred 
to us. The Structured Clinical Interview for the Diagnostic 
and Statistical Manual of Mental Disorders–Fourth Edition 
(DSM-IV) Axis I Disorders (SCID) was used to confirm 
BD diagnosis, as well as to evaluate the course of the dis-
ease (First, 1996). SCID was also used to identify comorbid 
psychiatric disorders. Current mood state was assessed 
using the Montgomery and Asberg Depression Rating Scale 
(MADRS) (Montgomery and Asberg, 1979) and the Young 
Mania Rating Scale (Young et al., 1978).

In the first part of the study, we have included all patients 
referred to us and meeting a BD diagnosis. In the second part, 
we keep only the patients who are not in an acute episode, 
being normothymic or with sub-syndromal symptoms.

Current psychotropic treatments were recorded and 
adherence to treatment is checked using the French  
version of the Medication Adherence Rating Scale  
(MARS) (Misdrahi et al., 2004). MARS is a 10-yes/no 
item questionnaire, which includes reverse items, being a 
self-reporting multidimensional instrument along three 
dimensions that were determined by two previous  
principal component factor analyses and has been utilized 
in previous studies. The three dimensions are ‘medication 
adherence behavior’ (items 1–4), ‘attitude toward medica-
tion’ (items 5–8) and ‘negative side effects and attitudes to 
psychotropic medication’ (item 9 and 10). The total score 
and the three sub-scores are obtained by summing the 
items. A low score is correlated with a low likelihood of 
medication adherence and a total score  ≥8 is associated 
with a higher likelihood of medication adherence.

Global social functioning was evaluated using the 
Global Assessment of Functioning scale (GAF) and the 
Functioning Assessment Short Test (FAST) (Rosa et al., 
2007). The FAST is an interview developed to evaluate dis-
ability in BD patients and includes items on autonomy, 
work, cognitive functioning, financial issues and interper-
sonal relationships. This scale provides a total score of 
functioning and also six specific domain sub-scores.

Sleep disturbance was assessed with the Pittsburgh 
Sleep Quality Index (PSQI) (Buysse et al., 1989), which is 
a 19-item self-completed questionnaire requiring the par-
ticipant to describe patterns of sleep, such as typical bed-
time and wake time, sleep latency and actual sleep time. 
The patient is also asked about sleeping habits and quality. 
The French version of this questionnaire has been validated 
by Blais et al. (1997).

The same package of evaluations has been adopted by 
all centers, and the full assessment is performed by mem-
bers of a specialized multidisciplinary team: a nurse, a clin-
ical psychologist, a neuro-psychologist and a psychiatrist.

Statistical methods
Socio-demographic characteristics and the principal clini-
cal feature of the disease and comorbidities for the first 839 

BD patients included in the cohort are presented. Measures 
of means and dispersion (standard deviation, SD) were 
used for continuous data and frequency distribution for cat-
egorical variables.

Since a high proportion of patients are referred to us in a 
non-acute episode (n = 588), we present disease characteris-
tics and comorbidities of this sub-sample and we have 
explored the links between these characteristics and func-
tioning. To evaluate the association between functioning 
and various factors (clinical characteristics and comorbidi-
ties), we performed a multivariate linear regression analy-
sis. SAS software (release 9.1; SAS Statistical Institute, 
Cary, NC) was used for the statistical analyses.

Results
Demographic characteristics
The sample included 839 BD patients. The mean age of the 
participants was 41.6 (±12.9) years and 57.7% were female 
(see Table 1). Approximately half of the patients (50.9%) 
were married, with one-third (34.4%) being single.

A large proportion of the patients (83%) had a high 
school diploma. Unemployment was prevalent, with 21.1% 
of the patients unemployed (double the French national 
unemployment rate).

Clinical features and treatment
In our sample, 48.4% of patients met criteria for BD I dis-
order, 38.1% BD II and the remaining patients were classi-
fied as BD NOS. The mean age at onset was 24.7 (±10.4) 
years: the age at first pharmacological treatment, irrespec-
tive of the pharmaceutical class, was 27.2 (±10.8) years, 
and the mean age at first hospitalization was 30.7 (±12.1) 
years.

The polarity of the first episode was a major depressive 
episode in most cases (73.8%) and the first manifestation of 
the disorder was manic or hypomanic states for only 23.2% 
of the patients. The predominant polarity of all episodes 
was depressive, with means of 4.6 (±3.7) depressive epi-
sodes, 1.3 (±2.0) manic episodes and 2.5 (±3.2) hypomanic 
episodes.

For lifetime comorbidities, the rates of anxiety disorders 
was 43.8% and substance abuse 32.8%; 41.9% of the 
patients had a history of suicide attempts; 15.5% of the 
patients fulfilled criteria of rapid cycling. The mean num-
ber of medication received was 2.4 (±1.3) (Table 2), with 
42% of patients receiving an antidepressant. The most fre-
quently prescribed class of mood stabilizers was anticon-
vulsants (57.5%) followed by atypical antipsychotics 
(APA) (32.4%) and lithium (31.5%).

Most patients (76.2%) were not in an acute phase when 
referred to us. The clinical characteristics in this sub-sample 
are presented in Table 3. Although the patients were 
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Table 1.  Demographic and illness characteristics of the entire cohort.

FACE-BD (%), n = 839

Demographic characteristics
 Gender
  Female 57.7
  Male 42.3

Age (years) mean (SD) 41.6 (12.9)
 Marital status
  Married 50.9
  Separated/divorced 13.5
  Widowed 1.1
  Single 34.4
 High level of education (≥Baccalaureat)
  No 16.8
  Yes 83.2
 Occupational status
  Full-time 48.0
  Part-time  
  Unemployed 21.1
  Pension 3.6
  Retired 8.3
  Other 19.1
 Illness characteristics
 Bipolar sub-types
  Bipolar I 48.4
  Bipolar II 38.1
  Bipolar NOS 13.5

Duration of illness, mean (SD) 17.0 (11.3)

Age of onset, mean (SD) 24.7 (10.4)

27.2 (10.8)

30.7 (12.1)
 First mood episode
  Depression 73.8
  Manic 13.0
  Mixed 3.1
  Hypomanic 10.2
 Number of episodes, mean (SD)
  Depression 4.6 (3.7)
  Manic 1.3 (2.0)
  Mixed 0.4 (1.1)
  Hypomanic 2.5 (3.2)
  Total 7.1 (6.1)
 Number of episode/year of evolution, mean (SD)
  Depression 0.4 (0.5)
  Manic 0.12 (0.2)
  Mixed 0.03 (0.09)
  Hypomanic 0.2 (0.9)
  Rapid cycling (current) 15.5
 Lifetime comorbidity
  Anxiety disorders 43.8
  Substances misuse 32.8
  History of suicide attempt 41.9
  Mood state at study entry—not in an acute phase, % (n) 76.2% (588)
 Referring doctors
  General practitioner 15.2
  Psychiatrist 72.9
  Other 12.0
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supposed to be in syndromal remission, most of them had 
residual symptoms. In particular, 59.7% of patients had at 
least one depressive symptom, and the scores at the MADRS 
ranged from 7 to 19 in 37.5% of patients due to mild to mod-
erate depressive symptoms, despite 39% being in receipt of 
an antidepressant. Manic symptoms were less prevalent 
than depressive symptoms: 32.1% of patients had one or 
more manic symptom, although 94.6% of the patients had a 
YOUNG score below or equal to 8. Almost half of these 
patients (47.8%) were considered to be non-adherent to 
medication (MARS score below 8). These patients also 
showed moderate to serious impairment of global function-
ing as assessed using the GAF scale (5.4% had a score <  51 
and 48.4% a score <  70). Using the FAST, a more specific 
tool to assess BD patient functioning, we obtained a mean 
total score of 17.6 (SD = 12.9) corresponding to 68.1% of 
patient with an impaired functioning (FAST total score  ≥12).

Half of these patients also had sleeping disturbances 
(55.1% had an abnormal PSQI score) and 48.4% were 
overweight or obese, with a body mass index (BMI) >  25.

We used multivariate linear regression to assess the con-
sequences of these clinical characteristics on the function-
ing, as assessed with FAST (Table 4). The main factors 
impacting functioning are residual depressive symptoms 
(MADRS total score, p <  0.0001), sleep disturbances 
(PSQI total score, p = 0.005) and BMI (p <  0.0003). 
Considering the FAST sub-scores, corrected for multiple 
testing (p <  0.01), depressive symptoms assessed with the 
MADRS had an impact on all sub-scores (autonomy, work, 
cognitive functioning, financial issues, leisure and interper-
sonal relationships) (p <  0.0001); non-adherence had an 
negative impact on autonomy (p <  0.0065); poor sleep had 
an impact on leisure (p = 0.0049) and interpersonal 

relationships (p <  0.003); a high BMI had a bad impact on 
all the sub-scores except on work.

Since sub-syndromal depressive symptoms had a major 
impact on functioning, we looked at the profile of patients 
considered truly in a normothymic phase with a MADRS 
< 7. This sub-group also had poor functioning in 43.9%, 
with a score at the FAST  ≥12.  Such poor functioning was 
associated with residual symptoms even when they are very 
low (MADRS total score, p = 0.002, adherence to treat-
ment, MARS, p = 0.03, and the BMI, p = 0.01).

Table 2.  Pharmacological treatment (based on 610 patients).

FACE-BD (%), 
n = 610

Type of medication
 Antidepressant 42.0
 Neuroleptics 26.1
 APA 32.4
 Lithium 31.5
 Anticonvulsant 57.5
 Anxiolytic/hypnotic 31.8

Number of medication, mean (SD)  2.4 (1.3)

Number of medication
 Monotherapy 29.6
 Bi-therapy 33.8
 Three 19.4

 > Three 17.2

FACE-BD: FondaMental Advanced Centres of Expertise for Bipolar 
Disorders; APA: atypical antipsychotics; SD: standard deviation.

Table 3.  Characteristics of the sample considered in a remitted 
phase ( n = 588).

Number of depressive symptoms, 
mean (SD)

1.6 (2.0)

 0 40.4
 At least one 49.4

MADRS, total score, mean (SD), 
(range)

6.4 (5.9), (0–31)

 0–6: Euthymic 58.1
 7–19: Mild depression 37.5

 > 20 4.5

Number of manic symptoms, mean 
(SD)

0.6 (1.3)

 0 67.9
 At least one 32.1

YOUNG, total score, mean (SD), 
(range)

2.1 (3.1), (0–17)

 ≤ 8 94.6

 > 8 5.5

GAF, mean (SD), range 70.3 (12.5), (31–100)
 100–71 46.2
 70–51 48.4

 < 51 5.4

MARS
 0–7 47.8
 8–10 54.2

PSQI total score, mean (SD) 6.6 (3.6)

Abnormal PSQI score  >  5 55.1

Body mass index

 < 25 51.7

 25–30 33.7

 > 30 14.7

FAST, total score, mean (SD) 17.6 (12.9)

 < 12 31.9

 ≥12 68.1

SD: standard deviation; MADRS: Montgomery and Asberg Depression 
Rating Scale; GAF: Global Assessment of Functioning scale; MARS: Medi-
cation Adherence Rating Scale; PSQI: Pittsburgh Sleep Quality Index; 
FAST: Functioning Assessment Short Test.
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Discussion

We report a description of the first 839 BD patients included 
in the FACE-BD cohort, including socio-demographic 
characteristics and the principal clinical features of the dis-
ease, as well as comorbidities and current state. It appears 
that 76% of patients referred to an expert center were not in 
an acute episode. Our data highlight the main features pre-
sented, giving clarity to the reasons motivating a consulta-
tion in an expert center.

The main demographic and clinical characteristics of the 
FACE-BD patients were comparable to those of other cohorts 
or data from the literature. For example, the mean age, the 
slight preponderance of women and the recorded educational 
level are very close to those of the Systematic Treatment 
Enhancement Program for Bipolar Disorder (STEP-BD) 
study (Kogan et al., 2004).[AQ: 3]  Most of our patients 
reported depression as their first mood episode, with presen-
tations of comorbid anxiety disorders and a history of suicide 
attempts being very common (respectively 43.8% and 
41.9%) (Kogan et al., 2004; Popovic et al., 2013).

The age at onset, 24.7 years in our cohort, is consistent 
with previous studies in Europe but higher than in the 
United States (Etain et al., 2012). Several explanations for 
this difference have been suggested (Bellivier et al., 2011), 
including cultural factors, clinical differences, genetic 
mechanisms (Lange and McInnis, 2002), differences in the 
approaches to treatment (Da Silva Magalhães et al., 2009; 
Reichart and Nolen, 2004) or differences in access to spe-
cialized mental health care (Carlson, 2011).

A high proportion of patients in our cohort met the crite-
ria for BD II (38%) and BD NOS (13.5%). This may be due 
in part to the fact that a substantial proportion of patients 
(42.4%) included in the FACE-BD cohort were referred by 
private psychiatrists often in charge of less severe patients.

Another particular feature of FACE-BD cohort is the 
high proportion of patients who are considered in 

syndromal remission (defined as ‘not currently in an acute 
episode’ using the DSM-IV criteria) (76.2%). It appears 
that approximately 40% of these patients had residual 
depressive symptoms, in spite of 39% receiving an antide-
pressant. Previous studies have shown that BD patients 
have sub-syndromal and minor depressive symptoms 
nearly three times more frequent than full episodes (Judd 
and Akiskal, 2003; Judd et al., 2002, 2003) and that sub-
threshold depressive symptoms are good markers of rapid 
and frequent relapse and/or recurrence of a clinically 
depressive episode (De Dios et al., 2012; Judd et al., 2008). 
Regarding the great impact on functioning of these depres-
sive symptoms, further studies are needed to better charac-
terize them and to understand their poor response to 
antidepressant. The next step is to characterize them with a 
dimensional approach, which seems more appropriate to 
capture the heterogeneity of mild symptoms (article in 
preparation).

We also found that patients had sleep disturbances, were 
overweight and showed only partial adherence to treat-
ment. Other studies have found that symptoms of insomnia 
and circadian rhythm disturbances are frequent in remitted 
patients with BD (Milhiet et al., 2011). A more systematic 
assessment of sleep and circadian rhythms in patients with 
BD may help to define appropriate personalized treatment. 
Light-therapy (Sit et al., 2007) and specific psycho-social 
interventions, such as Interpersonal and Social Rhythms 
Therapy (Frank et al., 2005), could be preferentially pro-
posed to patients with such disturbances.

Almost half of our patients were overweight or obese. 
Being overweight and obesity are both more prevalent in 
patients with BD than individuals with no psychiatric con-
dition (adjusted odd ratio of 3.9) (Gurpegui et al., 2012). As 
a consequence, life expectancy is reduced by around 
10 years, due in part to cardiovascular and metabolic dis-
ease (Roshanaei-Moghaddam and Katon, 2009). In addi-
tion to somatic complications, high BMI has a negative 

Table 4.  Factors associated with functioning using the FAST in patients considered in a remitted phase (n = 588).

Total FAST

 Beta (SE) p

Intercept 4.4 (3.7) 0.2361

MADRS score total 0.90 (0.10) < 0.0001

YOUNG score total −0.36 (0.16) 0.0272

MARS score total −0.66 (0.29) 0.0204

PSQI score total 0.53 (0.15) 0.0005

BMI 0.36 (0.10) 0.0003

FAST: Functioning Assessment Short Test; SE: standard error; MADRS: Montgomery and Asberg Depression Rating Scale; MARS: Medication Adher-
ence Rating Scale; PSQI: Pittsburgh Sleep Quality Index; BMI: body mass index.
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effect on functioning, including impairing quality of life 
(Kolotkin et al., 2008); it is also linked to a poorer response 
to classical mood stabilizers (Kemp et al., 2010).

Beyond direct adverse effects, all these elements impact 
the functioning of patients. In fact, our data highlight that 
depressive residual symptoms, sleep disturbances and a 
high BMI are associated with a poor functioning (Table 3).

All together, these data reveal that a high proportion of 
patients are referred to an expert center as a consequence of 
residual depressive symptoms, poor functioning, moderate 
adherence to treatment and sleep disturbances. The recruit-
ment into the FACE-BD cohort seems not based on refrac-
tory or severe cases but on more subtle, but chronic 
disturbances.

The strengths of the FACE-BD study include its multi-
site patient sample, the uniformity of diagnostic and evalu-
ation procedures and its broad spectrum of multidimensional 
assessments. The non-restrictive criteria for entering the 
cohort favor wide inclusion, limited only by the willingness 
of patients and recruitment capacity.

However, it is a cross-sectional study, giving an over-
view of the main disturbances evident in patients who are 
referred to an expert center during a remitted phase, and 
requires longitudinal follow-up data to better understand 
the evolution of such disabling features.

Large longitudinal cohorts of BD patients are essential 
for studying the progression of the disease, individual dif-
ferences, relapse factors and treatment effectiveness. The 
establishment of specialized care and treatment based on 
guidelines should improve the management and conse-
quently change the course of the disease (Bauer et al., 2009; 
Kessing et al., 2013). With this prospective cohort, we will 
be able to generate data about outcomes from the patients 
followed up within the network. Our data highlight the 
need to focus on subtle and chronic disturbances of the 
disease.

Specialized care is inherent to the progress of medicine 
and is particularly important for psychiatric diseases, as the 
nosology is changing: this is due to a better understanding 
of psychopathological mechanisms and should be further 
refined in the light of responses to treatments (Berk et al., 
2013; Vieta, 2013). These data reinforce that mood instabil-
ity and sub-syndromal symptoms rather than mood epi-
sodes might be the key feature of BD, reinforcing the idea 
that classical psychiatric diagnosis would benefit from 
being completed along a dimensional perspective.
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ANEXO B – STAGING AND NEUROPROGRESSION IN BIPOLAR DISORDER 

 

Abstract The apparently progressive nature of a consider-
able proportion of cases of bipolar disorder (BD) has been
acknowledged in recently proposed clinical staging models.
This has been part of an attempt to facilitate and re ne
diagnosis, treatment selection, and establish a prognosis.
The study of the progressive nature of some cases of BD
has given raise to the hypothesis of neuroprogression, which
postulates that t stages of BD are associated with
distinct neurobiological underpinnings. Given that BD may
be intimately associated with chronic stress response and
coping mechanisms over the course o llness, we propose
that cellular resilience mechanisms may play a key role in
the neuroprogression in BD. In the present study, we review
neuroanatomical evidence of the progression that occurs in
many cases of BD, as well as cellular resilience mechanisms
and peripheral biomarkers associated with distinct stages of
this disorder. In summary, cellular resilience mechanisms
seem to be less t at later stages of BD, especially
mitochondrial and endoplasmic reticulum-related responses
to stress. These insights may help in developing staging

models of BD, with a special emphasis on the search for
biomarkers associated with illness progression.

Keywords Bipolar disorder. BD . Staging . Clinical staging
model . Neuroprogression. Cellular resilience .
Neuroplasticity. Biomarkers . Allostatic load . Treatment.
Remission . Psychiatry

Introduction

A growing body of evidence has suggested that bipolar
disorder (BD) may present a progressive course [ 1, 2 ,
3]. As reviewed elsewhere [4 ], the duration o ntere-
pisode intervals seems to be reduced with the recurrence
of acute episodes [5, 6], and progression of BD may
also be associated with several unfavorable clinical out-
comes: lower responsiveness to treatment, especially
with lithium and cognitive behavioral therapy [ 7–9],
worse treatment outcome o amily psychoeducation
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[10], higher rates of comorbidity [11],functional impair-
ment [12], increased cognitive dysfunction [1 ,13,14], and an
augmented risk of suicide [15] and hospitalization [16].

Di t hypotheses have been proposed to explain
the mechanisms underlying the recurrence of mood epi-
sodes and the progressive nature of a cant percent-
age of cases of BD. Post (1992) [17 ] suggested that
multiple episodes may lead to permanent alterations in
neuronal activity, possibly resulting in a greater liability
to relapse and a poorer response to medication [18]. In
this same vein, BD progression has been compared to
stress sensitization models and to electrophysiological
kindling of seizures, used in providing a possible expla-
nation for the increased vulnerability to episode occur-
rence and the transition from triggered to spontaneous
episodes at later stages o llness [1]. Moreover, an
allostatic load theory has been proposed to account for
the cumulative damage associated with BD [ 3,19].
According to that theory, the chronicity involved in acti-
vating allostatic mechanisms to restore parameters after
stressful events leads to a physiological wear-and-tear,
which has been described as‘ allostatic load

’
[20]. These

s are normally observed during aging and exposure
to chronic stress, and seem to play a role in adaptive
functions. In contrast, the progressive neural and physical
dysfunction resulting from multiple mood episodes in BD
could be seen as ecting allostatic responses, leading to
an allostatic overload in a non-adaptive way. More re-
cently, the allostatic load paradigm has been incorporated
into a new concept of neuroprogression [2 ], focused
on identifying the pathways associated with oxidative
stress, ammation, and neurotrophin expression, which
may provide explanations for the progressive nature of
BD. Neuroprogression will be used in this review as the
pathological rewiring of the brain that takes place when a
clinical and cognitive deterioration occurs in the context
of the progression of psychiatric disorders.

Several neurobiological studies have linked chronic
social stress with distinct biological features possibly
underlying BD neuroprogression and its consequences.
Therefore, this review aims to discuss neuroanatomical
and neurobiological and genetic associated with
BD staging and progression, emphasizing the potential
role of dysfunctions in cellular resilience mechanisms as
one of the pathways to neuroprogression. The clinical
implications of these studies are discussed in light of
the concept of clinical staging in BD.

Neuroanatomical Changes in BD

t stages of BD have been associated with
brain abnormalities related to cognitive and emotional func-
tions. Due to the heterogeneity of groups and methodologies

used in the studies available, it remains unclear whether
changes predate the illness or are related to the consequen-
ces of illness progression [21].

Reductions of the gray [22–24]and white matter [23–25]
in the prefrontal cortex have been described in t manic
episode patients, becoming more pronounced after multiple
episodes. Consistent results have been also obtained in the
anterior cingulate cortex, pointing to a reduction o ts
volume [26] and also of gray matter volume [27] in BD
patients, regardless of their stages. In particular, the subge-
nual prefrontal cortex has attracted special interest, because
of its mood-regulating role, integrating cognitive and emo-
tional information[28]. A study involving patients with a
family history of BD has reported reductions in the volume,
blood w and glucose metabolism of this region [28]. A
reduced number of glial cells at the same area has also been
reported in mood disorders’ patients [25]. This latter
is especially interesting because the subgenual prefrontal
cortex has connections with the amygdala, hypothalamus
and midbrain periaqueductal structures that are related to
emotional behavior and stress responses [25]. As a result,
changes in the prefrontal cortex may partly explain the
impairment of executive functions [13] and the emotional
instability observed in patients with BD.

The limbic system is another neuroanatomical area of
interest in BD due to its relationship with emotional
responses. Some studies have suggested that the amyg-
dala tends to increase in volume with the progression of
illness [29], although results obtained at initial stages
have shown reduced amygdala volumes[30]. Interest-
ingly, the hippocampus appears to increase in volume in
early stage BD, but progressively decreases with illness
duration and number of episodes experienced by
patients, ultimately becoming smaller than the hippo-
campus of healthy controls [31,32]. Some studies have
also shown that V2 and V3 regions of the cerebellar
vermis are reduced in BD patients who have experi-
enced multiple episodes when compared to rst-
episode patients [33].

The basal ganglia in general and the striatum in particular
have also been shown to present altered shape [34] and
volume [29, 35] in BD patients. These structural changes
seem to take place at the onset of BD and to remain at later
stages [35]. The corpus callosum also seems to be
from illness onset. Studies involving st-episode bipolar
patients [36], bipolar adolescents [37], and bipolar adults
[38] have reported abnormalities in the white matter of the
corpus callosum, possibly indicating altered myelination
and ultimately leading to problems in interhemispheric com-
munication in BD patients [38].

Finally, other studies have shown that total brain gray
matter is reduced in BD patients [39,40], and that the
ventricles increase in size with illness duration [41]. As a
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consequence, total brain volume is smaller in multiple-epi-
sode patients compared to pisode patients and control
subjects [40].

In sum, it seems that neuroanatomical alterations al-
ready present at the onset of BD are aggravated by the
ocurrence o urther episodes. However, other abnormal-
ities seem to appear only with illness progression and
may be characteristic o ater stages of BD. Further
studies are required to clarify these issues. Nonetheless,
the s above, along with additional evidence com-
ing from neuroimaging and post-mortem brain studies
that associate BD with structural anatomical changes in
the size, number, and density of neurons and glia in
speci c brain areas [21, 42], suggest that BD neuroprog-
ression may be associated with impairments of cellular
resilience and neuroplasticity mechanisms.

Cellular Resilience

Considering cellular resilience as the ability of cells to adapt
to t insults or stress episodes, an impaired resilience
at the cellular level may be one possible explanation for the
increased vulnerability ofBD patients when exposed to
stressful environmental conditions.

Evidence suggests that abnormalities in several intracel-
lular signaling pathways may a ect neuroplasticity and
cellular resilience in BD. This would include neurotransmit-
ters, glutamatergic and glucocorticoid signaling, neurotro-
phic cascades, anti-apoptotic factors, cell survival pathways,
and calcium signaling, among others [43–45]. For instance,
elevated and calcium levels have been found in peripheral
blood cells of BD patients [46], and an increased vulnera-
bility to cell death in cells of the olfactory neuroepithelium
has also been observed [47]. Neuroimaging studies report-
ing decreased levels of N-acetylaspartate in the living brain
[48] also support the hypothesis that BD patients present
impaired neuronal viability and function, possibly causing
alterations in cell number and density and changing gray
matter volumes. The mechanisms leading to this reduced
resilience are most likely involve spec c cell signaling
pathways and organelles typically responsible for main-
taining cell homeostasis, such as the ER [49 , 50] and
the mitochondrion [ 51]. In vitro and animal model
studies have reported that chronic stress and chronic
exposure to glucocorticoids can induce mitochondrial
dysfunction, causing reductions in oxygen consumption,
mitochondrial membrane potential and calcium holding
capacity, ultimately leading to apoptosis [ 52, 53]. Of
note, BD patients present mitochondrial dysfunction
and an impaired hypothalamus-pituitary-adrenal (HPA)
axis [54], as evidenced by decreased levels of high-
energy phosphates and mitochondrial respiration, alter-
ations in mitochondrial morphology, and downregulation

of proteins involved in mitochondrial metabolism [ 51].
These ndings may be related to an impaired regulation of
Ca2+ cascades [46], as apoptosis in BD is manifested by an
increased expression of apoptotic genes [ 55]. No study has
assessed mitochondrial functions in early- vs. late-stage BD
patients, but the evidence o mpaired mitochondrial function-
ing strongly supports a key role of this organelle in synaptic
functioning, thus contributing to the atrophic changes under-
lying BD neuroprogression.

It remains unclear whether such alterations in cellular
resilience pathways occur as a result of developmental ab-
normalities, illness progression toxicity of mood episodes,
or due to treatment (or the lack of it). Few studies have
examined resilience at the cell level in BD to determine
whether illness duration and number of episodes may
this process. One of such studies reported that the levels of
synaptic subcellular markersof neuroplasticity were not
only reduced in the anterior cingulate cortex of BD patients,
but also negatively correlated with illness duration [56 ],
suggesting progressive alterations in synaptic plasticity in
BD. Another recent study showed that lymphocytes from
early-stage-patients responded better to in vitro-induced ER
stress (with induction of glucose-regulated protein of 78
kDa (GRP78) and phosphorylated eukaryotic initiation fac-
tor 2 (eIF2α -P), both essential in activating ER stress re-
sponse signaling) when compared to patients at late stages
of BD [ 57]. These ndings suggests that protective cell
mechanisms may become less t at more advanced
stages of BD.

The loss of cell plasticity in BD is thought to be the result
of a y in trophic support or survival factors along
with an impaired regulation of intracellular signaling cas-
cades [58]. In fact, brain-derived neurotrophic factor
(BDNF) levels have been shown to be reduced in postmor-
tem brain from BD patients when compared to controls [59],
and alterations in peripheral neurotrophic factors have been
reported in BD during acute episodes, e.g., BDNF [60],
neurotrophin-3 and 4/5 (NT-3 and NT-4/5) [61, 62], and
glial-derived neurotrophic factor (GDNF) [ 63]. Further-
more, increased peripheral oxidative stress and higher levels
o ory markers have also been observed in BD
patients [64]. As discussed below, these alterations in bio-
chemical markers may be related to t stages of the
disorder [65, 66].

Neuronal atrophy and reduced cellular resilience make
certain neurons more vulnerable to insults and may be
related to stress and chronic activation of the HPA axis
[67] and/or a decreased expression of BDNF in some
brain regions [67]. BDNF, as well as other neurotrophic
factors, are necessary for neuronal survival and function,
and are involved in neurogenesis and brain maturation
during neurodevelopment. In adults, BDNF activates im-
portant intracellular pathways implicated in synaptic
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plasticity and dendritic growth, especially in the cortex
and hippocampus [ 6 8]. Therefore, reduced BDNF levels
in late-stage BD may indicate decreased neuronal viabil-
ity [66] resulting from illness progression.

Additional evidence comes from studies showing the
s of mood stabilizers on signaling pathways involved

in the regulation of cell plasticity [69], such as mitogen-
activated protein kinases, cyclic adenosine monophosphate
(cAMP) response element-binding (CREB) protein, BDNF,
and B-cell lymphoma 2 (Bcl-2) protein. Those studies have
suggested long-term ts associated with mood stabil-
izers as a result of their neurotrophic . In this same
vein, the increased vulnerability to stress associated with
disease progression may be explained by the progressive
loss of neuronal resilience. These cell cascades are therefore
considered important targets in the treatment of BD. Like-
wise, impairments in signal transduction pathways suggest
that e treatments will need to provide both trophic
and neurochemical support, mainly in patients refractory to
conventional medications. Because cell changes may prog-
ress over the course of BD, avoiding impairments by en-
hancing resilience mechanisms could probably delay or
prevent illness progression. Further studies should focus
on identifying resilience and susceptibility factors, and also
on elucidating how such factors could contribute to treat-
ment and to improve both staging of BD and interventions
aimed at earlier stages of the disorder. In this sense, if we
consider that these impairments provoke changes to di er-
ent peripherally detectable molecules, the use of biomarkers
could be a useful tool in optimizing clinical staging.

The use of biomarkers as a potential tool for staging BD

An ideal biomarker assay for BD staging should be sensi-
tive, , , fast, easily detected, and robust
against inter-operator and inter-institutional variability [70].
It should also be clinically more relevant than the informa-
tion already available at the time of diagnosis [70]. In
addition, it is reasonable to consider that biomarkers for
BD staging should be used after the stabilization of an acute
episode (i.e., during euthymia), in order to avoid bias from
episode-induced alterations. To the best of our knowledge,
none of the biomarkers studied so far has adequately ful-

d these characteristics.
Therefore, we decided to review the main peripheral

biomarkers in euthymic BD patients, including neurotro-
phins, ory markers, oxidative stress, and telomere
length. Given the lack of studies designed to evaluate these
biomarkers in relation to the clinical staging of BD
were divided into in early-stage alterations (stages I or II)
and late-stage alterations (stages III or IV). The main
ings are reported in Table 1.

Neurotrophins

Alterations in neurotrophic factors are well documented
in BD [ 59], especially in association with acute mood
symptomatology. During euthymia, decreased BDNF
levels have been reported at late stages of BD, but not
at early stages [ 6 6 ]. Recently, some studies have
reported increased plasma levels of BDNF in patients
with long-term BD [ 71, 72]. However, meta-analytic
studies seem to agree that BDNF levels are reduced
during mood episodes but not during euthymia, suggest-
ing a decrease of this protein with age and length of
illness [60, 73]. Another possible target is neurotrophin
4/5, which was found to be increased in euthymic BD
patients at late stages [ 6 2]. In summary, along with the
evidence of reduced neuroplasticity resulting from illness
progression, the measure of peripheral neurotrophic factors
may be useful to determine the stage of BD.

matory Markers

We found only two studies assessing in y
markers at early stages of BD, which reported increased
serum levels of tumor necrosis factor alpha (TNF-alpha)
[66, 74], as well as o nterleukin-6 (IL-6) and
interleukin-10 (IL-10) [ 66], in patients when compared
to controls. Moreover, several studies report a pro-

mmatory imbalance at late stages of BD. The main
y markers which seem to be increased are

IL-6 [ 66, 75], TNF-alpha [ 66, 76, 77], high sensitive C-
reactive protein (hs-CRP) [75, 76], IL-10 [ 78], and IL-
1β [79]. Recently, increased plasma levels of CCL11,
CCL24, and CXCL10, and decreased plasma levels of
CXCL8 have been reported in late BD when compared
to healthy controls [ 8 0]. In a peripheral pro ling anal-
ysis for BD, approximately 60 di erentially expressed
molecules involved predominantly in cell death/survival
pathways were iden . In peripheral blood mononu-
clear cells, this was manifested in cytoskeletal and stress
response-associated proteins, whereas most serum anal-
yses were associated with atory response [ 81].
Therefore, the imbalance toward a pro-in ammatory state
seems to be prominent at late stages of BD. More studies are
warranted to further assess ammatory markers in early
stages of BD.

Oxidative Stress Markers

Many lines of evidence link BD with a fundamental ab-
normality in oxidative energy metabolism [8 2]. In early
stages, increased lactate levels in the cerebrospinal uid of
patients possibly indicate inc reased extra-mitochondrial,
anaerobic glucose metabolism, which is consistent with
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the impaired mitochondrial metabolism observed in some
patients with schizophrenia and BD [ 8 3]. Impaired mito-
chondrial metabolism could lead to excess free radicals,
causing an imbalance between oxidants and antioxidant
mechanisms [84]. Two studies point to oxidative alterations
in proteins in early BD, such as increased 3-nitrotyrosine [ 65 ]
and protein carbonyl content [85]; some of these alterations
seem to be maintained at late stages [65]. Nonetheless, the
main ndings have been reported for late stages of BD.
Increased levels of thiobarbituric acid-reactive substances
(TBARS) [ 86, 87], glutathione reductase, glutathione S-
transferase [65],nitric oxide [86], and total oxidant status
[88] point toward an increase in oxidative stress along with
the progression of BD.

Telomere Length

Telomere length has been reported to be y
shorter in patients with mood disorders, corresponding
to as much as 10 years of accelerated aging when com-
pared to controls [ 89]. Moreover, the load of short telo-
meres was found to be increased in patients with BD
type II compared to healthy controls, possibly represent-
ing 13 years of accelerated aging. In this study, the
authors found that the load of short telomeres and mean
telomere length were associated with lifetime number of
depressive episodes, but not with illness duration. De-
pressive episode-related stress may accelerate telomere
shortening and aging. Longitudinal studies are needed
to fully clarify the role of telomere shortening and its
relationship with clinical variables in BD [90].

Clinical Staging Models

Di erent clinical staging models have been proposed for BD
[91–93] (Table 2). Their common feature is placing the illness
in a continuum progressing from a latent or asymptomatic
form (stage 0 or latent) to a chronic, unremitting presentation
(stage IV or unremitting). That is to say researchers agree that
there is a great clinical need of selecting treatment interven-
tions that are able to match patients’ illnesses in terms of
natural course, severity and underlying biology. This is the
basis of staging models [ 9 3]. E ective staging methods
should be able to predict what treatments should be used
according to illness characteristics, and this would bene t
the patient in terms of e cacy and tolerability. Nonetheless,
at this point staging models proposed for BD speci cally
di er regarding emphasis on mood symptomatology and pat-
terns of recurrence, functional disability and cognitive decline.

Simply using the total number of previous episodes, Berk
and colleagues have been able to demonstrate the potential
of clinical staging [4 ]. When people with BD have had over
ten previous episodes, for instance, they tend to have a more
treatment-resistant illness, and their risk of relapse is much
higher when compared to people with fewer than ten epi-
sodes [4 ]. Furthermore, an analysis using data from STEP-
BD shows that people with more than ten episodes tend to
have worse outcomes across the board, having worse longi-
tudinal functioning and quality-of-life measures in addition
to traditional symptom outcomes [ 94 ]. In this same dataset,
staging also predicted the likelihood of having a comorbid
clinical condition, which is also in accordance with the
notion of neuroprogression and staging [95] . While an

Table 1 Peripheral biomarkers in early and late-stage euthymic BD patients

 etaL ylraE
 ]66[ FNDB   - snihportorueN

NT-4/5 [62] 

In ammatory 
markers 

  IL-6 [66] 
  IL-10 [66] 

TNF-alpha [66, 74]  

  IL-6 [66, 75] 
  TNF-alpha [66, 76] 
  IL-10 [78] 
  hs-CRP  [75, 76] 
  IL-1  [79] 
  CCL11, CCL24, CXCL10 [80] 
  CXCL8 [80] 

Oxidative stress   3-Nitrotyrosine [65] 
PCC [85] 

  Glutathione reductase [65] 
  Glutathione S-transferase [65] 
  3-Nitrotyrosine [65] 
  TBARS [86] 
  NO [86] 
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estimate of a quantity of episodes is possibly too simplistic
to realistically t individual treatment needs, this line of
research demonstrates how people with recent illness can
di er from people with chronic illness in a number of
features related to course and outcome. Taking into account
interepisode functioning may be one viable alternative to
create more realistic models [ 9 2, 96]. Table 2 demonstrates
some features of one such model. What is hypothesized is
that having a measure of disability and cognitive decline, for
instance, would be a more direct measure of underlying
neuroprogression that would be able to more accurately
predict treatment needs [92]. This has been tested in a
sample of people that underwent a course of psychoeduca-
tion. As predicted, being on a late stage predicted a worse
outcome to this simple intervention [10], as would be pre-
dicted by the notion of staging [93].

Certainly, there is a large cross-over between current
models. That is, possibly most people characterized to be
in a late stage by chronicity would only be placed in a late
stage using functioning measures. Nevertheless, the clinical
implications of using these staging models need to be

ed, so models can be ned. Ideally, the utility of
staging BD – as well as the utility of employing a
model – should be demonstrated in randomized controlled
trials. That would be the test of whether staging truly has
heuristic potential for improving the treatment of BD.

Conclusions

Some cases of patients with BD seem to progress with the
course o llness. As an attempt to explain the progression
reported in BD without the kind of degeneration reported in
patients with neurodegenerative diseases, we propose the hy-
pothesis of neuroprogression. This progression has been ac-
knowledged by di erent clinical staging systems, which all
categorize the disorder in prodromal, early, and late stages of
BD. In this vein, neuroprogression may help explain clinical,
functional and cognitive alterations that occur with the course of
illness. However, it is crucial to extend staging beyond clinical
features to include biological correlates. In this light, a stage-
speci c treatment regimen might work not only to promote

Table 2 Proposed clinical staging models for BD

Berk et al., 2007 [91] Kapczinski et al., 2009 [92 [2102,.lateseranieR] 96]

noitpircseDegatSnoitpircseDegatSnoitpircseDegatS

0 at-risk, asymptomatic period,
where a range of risk factors
may be operating

Latent mood and anxiety symptoms and
increased risk for developing
threshold BD; no cognitive
impairment but polymorphisms
that confer susceptibility

1a mild or non-speci c
symptoms

1 well-established periods of euthymia
and absence of overt psychiatric
morbidity between episodes, without
cognitive impairment. High serum
levels of tumor necrosis factor alpha
(TNF-alpha) and 3-nitrotyrosine (3-NT)
as biomarkers

Good outcome low subsyndromal depressive
symptoms, increased inhibitory
control and estimated verbal
intelligence

1b range of prodromal patterns

2 t threshold episode of
illness, which can be of
either polarity, but more
commonly depressive

2 rapid cycling or current axis I or II
comorbidities, transient impairment
and high serum levels of TNF-alpha
and 3-NT and low brain-derived
neurotrophic factor (BDNF) as
biomarkers

3a t relapse, subthreshold 3 clinically relevant pattern of cognitive
and functioning deterioration as well
as altered biomarkers (morphometric
changes in brain may be persistent,
high serum levels of TNF-alpha and
3-NT and low BDNF levels)

Poor outcome residual depressive symptoms,
increased episode density, low
inhibitory control and estimated
verbal intelligence

3b threshold illness
3c subsequent pattern of

remission and recurrences

4 unremitting or treatment
refractory course

4 cognitive and functioning impairment,
unable to live autonomously and
altered brain-scans and biomarkers
(ventricular enlargement and/or white
matter hyperintensities, high levels of
TNF-alpha and 3-NT and low BDNF
levels, increased levels of glutathione
reductase and transferase)
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regression to an earlier stage but also to prevent progression to
more advanced stages, ultimately allowing the patient to obtain
sustained full remission [ 97].

Based on available data, it is reasonable to assume that
neuroprogression may occur along with a loss of cellular
resilience. As discussed earlier, we consider that impairment
of cellular resilience may play a key role in the pathological
rewiring of speci c brain areas, possibly accounting for the
impaired resilience to stress observed in these patients.
Chronic stress and increased allostatic load associated with
neuroprogression may be implicated in cellular resilience
impairments most likely by interfering with mitochondrial
functions and trophic cell signaling pathways. In order to
prevent these alterations, the n of staging
biomarkers becomes a priority. Although only longitu-
dinal studies can co m most of these alterations and
their association with di erent stages of BD, the present

s strongly support the inclusion of biological
underpinnings of BD neuroprogression in an e ective
and useful clinical staging model. Moreover, these data
point toward new possible targets in the research for
novel drugs potentially e ective in treating later stages of
BD, such as mitochondrial enhancers. Within this scenario,
we believe that the modulation of mechanisms such as mito-
chondrial resilience and ER unfolded-protein response may
allow for patients to e ectively re-set stress-activated mecha-
nisms, ultimately decreasing the allostatic load and possibly
achieving sustained full remission.
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add-on therapy in major mental disorders: a systematic
qualitative review 

Fond G, Hamdani N, Kapczinski F, Boukouaci W, Drancourt N,
Dargel A, Oliveira J, Le Guen E, Marlinge E, Tamouza R, Leboyer M.

Objective: To provide a systematic review of the literature regarding the
e cacy of anti-inflammatory drugs in three major mental disorders
[major depressive disorder (MDD), schizophrenia and bipolar disorders].
Method: Four databases were explored, without any year or language
restrictions. The baseline search paradigm was limited to open-labelled
clinical and randomized controlled trials (RCTs).
Results: Four major classes of anti-inflammatory drugs were identified,
namely polyunsaturated fatty acids (PUFAs), cyclooxygenase (COX)
inhibitors, anti-TNFalpha and minocycline. ess and benefit/
risk ratio of each class in MDD, bipolar disorders and schizophrenia
was detailed when data were available. Several meta-analyses indicated

ectiveness of PUFAs in MDD with a good tolerance profile. One
meta-analysis indicated that COX-2 specific inhibitors showed

ectiveness in schizophrenia. Anti-TNFalpha showed important
ectiveness in resistant MDD with blood inflammatory abnormalities.

Minocycline showed ectiveness in schizophrenia.
Conclusion: Polyunsaturated fatty acids seem to have the best benefit/
risk ratio profile but proved their ectiveness only in MDD. A number
of anti-inflammatory drugs are available as adjunct treatment for
treatment-resistant patients with MDD, schizophrenia and bipolar
disorder. If used with caution regarding their possible side- , they
may be reasonable therapeutic alternatives for resistant
symptomatology.
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Summations

• One of the most promising research fields is the inflammatory component of major psychiatric dis-
eases (depression, bipolar disorders and schizophrenia).

• Patients with high hs-CRP (>5 mg/l) in cases of early episodes of mood or psychotic disorders
(<2 years) may be particularly responsive to anti-inflammatory drugs.

Considerations

• Further studies are warranted to identify more precisely the biomarkers that could identify potential
responders and orientate some specific treatment.

• The benefit/risk ratio of add-on-anti-inflammatory drugs should always be discussed Omega-3 may
have the better benefit/risk ratio in depressive disorders as no severe s have been described
to date.

Effectiveness and tolerance of anti-inflammatory drugs’ add-on therapy in major mental disorders:
a systematic qualitative review

Fond, G.; Hamdani, N.; Kapczinski, F; Boukouaci, W.; Drancourt, N.; Dargel, A. A.; Oliveira, J.;
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Introduction

Mental, neurological and substance-use disorders
still constitute 13% of the global disease burden,
surpassing both cardiovascular diseases and cancers
(1–3). Major psychiatric disorders such as major
depressive disorders (MDD), schizophrenia and
bipolar disorders are among the four most disabling
MNS illnesses worldwide with a global social cost
of respectively 66.5, 23.7 and 16.8 millions disabil-
ity-adjusted life years (DALYs) (1). While forecasts
predict an increase in the prevalence of mental dis-
orders worldwide, the response rate to classical psy-
chiatric treatments still remains unsatisfactory (4).

The contribution of chronic inflammation to
major mental disorders has received increased
attention, which revealed a host of pharmacologi-
cal targets. Indeed, multiple recent reviews clearly
demonstrate that MDD, schizophrenia and bipolar
disorder are associated with a dysregulation of
immune responses as reflected by the observed
abnormal profiles of circulating pro- and anti-
inflammatory cytokines in d patients [see for
MDD (5 –8), for bipolar disorder (9 –11) and for
schizophrenia (12–17)]. Considering the high rate
of associated somatic comorbidity, major mental
illnesses, especially bipolar disorders, have been
proposed as multisystemic inflammatory diseases

g the brain as well as other organs (18–20).
In parallel, chronic inflammatory diseases are
known to have a high psychiatric comorbidity rate
(especially with MDD) (21 –26).

The same overlap is also found in pharmaco-
logical drug properties as several antidepressants
[especially selective serotonin reuptake inhibitors
(SSRIs)], several antipsychotics and mood stabi-
lizers have shown intrinsic anti-inflammatory
properties (27–34), while some anti-inflammatory
drugs have shown s in the treatment of
major psychiatric disorders (35 –41). Some specific
reviews focused either on one anti-inflammatory
drug (celecoxib and minocycline) or on one men-
tal disorder (schizophrenia or depression) (42 –45),
but no comprehensive review summarized the

s of anti-inflammatory drugs in major
psychiatric disorders to date.

Aim of the study

To provide a systematic review of the literature
regarding the y and benefit/risk ratio of anti-
inflammatory drugs (classified according to their
mechanisms of action) in three major mental disor-
ders (major depressive disorder, schizophrenia and
bipolar disorders).

In a purpose of consistency and coherence, the
strictly speaking neuroprotective and antioxidant
mechanisms, nor the non-pharmacological inter-
ventions such as treatments focused on weight loss
or nutritional factors will not be mentioned in this
review even if they are intertwinned with anti-
inflammatory ones. However, PUFAs were
included as they showed some anti-inflammatory
properties.

Material and methods

The present work was based on the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement. Medline
(1966-janv 2013), Web of Science (1975-janv 2013),
www.clinicaltrials.org and google scholar databas-
es were explored, without any year or language
restrictions. The search paradigm was limited to
open-labelled clinical and randomized controlled
trials (RCTs) with the following terms: (depres-
sion, bipolar disorders, schizophrenia) and respec-
tively anti-inflammatory drugs, non-steroidal
anti-inflammatory drugs (NSAID), ibuprofen,
diclofenac, naproxen sodium, acetylsalicylic acid,
cyclooxygenase (COX)-2 inhibitors, celecoxib,
anti-TNF- a , etanercept, infliximab, adalimumab,
minocycline). Last search was conducted on
January 2013. Duplicates were discarded. Addi-
tionally, the reference list of the retrieved articles
and relevant review articles were examined for
cross-references (Fig. 1).

Results

Polyunsaturated fatty acids

The eicosanoids derived from n-3 (omega 3)
PUFAs curb the production of arachidonic acid
(AA)-derived eicosanoids that have proinflamma-
tory properties (46). Add-on omega-3 therapy has
been recently observed to lower the inflammatory
status in healthy middle-aged and old adults (47)
and to improve anxiety symptoms (but not depres-
sive symptoms) in healthy young adults (48). For
recent reviews of omega 3 in psychiatric disorders,
see (49–52).

n-3 PUFAs in MDD. Several meta-analyses evalu-
ated the s of n-3 PUFAs supplementa-
tion in adults with MDD. Most of them found
that such supplementation was beneficial in adult
patients with MDD and that this t was
strongly dependent on the eicosapentaenoic acid
(EPA) content of nutritional regimens with a
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standard mean e of 0.62 (P < 0.001) for
those containing >60% EPA (53 –57).

n-3 PUFAs in bipolar disorders. Mixed evidence
was found for omega-3 therapy in bipolar depres-
sion, while no argument was found for their use in
mania (for a systematic review, see (58). Omega-3
administration during 4 –26 weeks revealed signifi-
cant positive results on depression in two of seven
RCTs ( N = 14 to 121) and no significant
in mania (59 –64). These s could be due
to analysed small sample sets and/or to the hetero-
geneity of omega-3 pharmaceutical preparation.

n-3 PUFAs in schizophrenia. An interesting hypoth-
esis suggests that schizophrenic symptoms may
result from altered neuronal membrane structure
and metabolism in which fatty acids play an
important role (65, 66). A recent meta-analysis
including 168 patients with schizophrenia receiving
EPA along with 167 others receiving placebo did
not allow to note any statistically significant
of EPA on psychotic symptomatology (67).

Another meta-analysis including 11 RCTs and
1246 subjects found that EPA administration may
have a preventing t against the transition to
psychosis at 12 months, but the quality of evidence
remains poor to date (68).

PUFAs benefit/risk ratio. The most frequently
reported s during PUFAs administration
are gastrointestinal s [including eructa-
tion (4.9%) and dyspepsia (3.1%)], infection
(4.4%), back pain (2.2%), pain (1.8%), rashes
(1.8%), angina pectoris (1.3%), arthralgia and diz-
ziness (69). High blood PUFAs concentrations
have been associated with increased prostate can-
cer risk (70). A meta-analysis of 12 studies found
that high serum level of docosapentaenoic acid was
associated with reduced total prostate cancer risk,
while high blood level of EPA and DHA was pos-
sibly associated with increased high-grade prostate
tumour risk (71). No clear relation between
PUFAs consumption and gastric cancer risk was
found in a meta-analysis of 17 trials and 5323
patients and more than 130 000 controls (72). No
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Fig. 1. PRISMA 2009 Flow Diagram. From: Moher D, Liberati A, Tetzla J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/jour-
nal.pmed1000097. For more information, visit www.prisma-statement.org.
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relation was found between PUFAs high consump-
tion and bleeding in a large, multicenter cohort of
1524 patients with acute myocardial infarction,
suggesting that concerns about bleeding should
not preclude the use of omega-3 supplements when
clinically indicated (73, 74).

Non-steroidal y drugs

Non-steroidal anti-inflammatory drugs are a well-
known and broad class of anti-inflammatory drugs
that inhibit the conversion of AA to prostaglan-
dins (75) and thromboxanes by blocking the
enzyme cyclooxygenase-1 (COX-1) or 2 (COX-2)
(76, 77). The arguments for targeting respectively
COX-1 or COX-2 are summarized in Table 1.

COX-2 inhibitors (celecoxib) and NSAID other than
low-dose aspirin. Celecoxib accesses easily the cen-
tral nervous system (CNS), and its central
have not been yet fully elucidated.

COX-2 inhibitors in MDD. In three RCTs, celecox-
ib (200 mg 9 2/day) was found to improve
depressive outcomes in an add-on therapy (to
respectively reboxetine 4 mg/day, and fluoxetine
40 mg/day, sertraline 200 mg/day) (N = 40 for
each RCT) (98 –100) (Table 2).

A recent pharmacovigilance study (104) includ-
ing 1528 patients with major depression found a
positive association between exposure to chronic
use of NSAID (excluding COX-2 inhibitors and

salicylates) and resistant depression (OR = 1.55,
95% CI = 1.21–2.00), after adjustment for comor-
bidities and sociodemographic variables. Interest-
ingly, this association was not found with COX-2
inhibitors and salicylates alone. It was stressed that
authors were not able to adjust the association
with pain and suggest to avoid classical NSAID in
patients with depression and to prefer other
inflammatory mechanism-related actions such as
COX-2 inhibitors and salicylates among these
patients.

COX-2 inhibitors in bipolar disorders. A preliminary
study comparing adjunction of celecoxib 200 mg
9 2/day vs. placebo for 6 weeks in 28 patients with
bipolar disorders (depressive or mixed phase) did
not find a significant e between the groups
except for the first week (105). These results con-
trasted with those obtained using celecoxib in
unipolar depression, however.

No specific study on ibuprofen, diclofenac or
naproxen sodium in mood disorders was published
to date.

COX-2 inhibitors in schizophrenia. A recent meta-
analysis (113) studied the t of the addition of a
NSAID to antipsychotic treatment in patients with
stabilized schizophrenia (Table 3).

This meta-analysis included five RCTs [four
with celecoxib 400 mg/day and one with acetylsali-
cylic acid (ASA) 1000 mg/day] ( N = 264). The
authors found an t size of 0.43 (P = 0.02) on

Table 1. Summary of physiological properties of cyclooxygenase 1 and 2 (COX-1/2) and rodent studies of anti-COX selective drugs to dress arguments for targeting each 
COX in major psychiatric disorders associated with in�ammatory disorders (for human studies, see Table 2 for unipolar depressive disorders, Table 3 for schizophrenia and 
the manuscript for depressive bipolar disorders). Arguments are majorly in favour of COX-2 given that it was the predominant target hypothesis over COX-1 for decades, 
but this hypothesis has recently been suggested to be reviewed. PG, prostaglandin

1-COX2-COXtegraT

Physiology

Rodent
studies
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Is mainly induced in response to in�ammatory stimuli
Is constitutively expressed in central nervous system, mainly in hippocampus, 
amygdala (78, 79) , in cortical glutamatergic neurons where it has a pivotal role 
in synaptic activity and long-term synaptic plasticity (80–82)
PG play an important role in cytokines and TNF-a metabolism, as well as with
N-methyl-D-aspartate acid (NMDA) receptors, important in glutamate transmission
(83). The prostaglandin PGE2 (the product of arachidonic acid by COX-2) is increased
in depression (84)
COX-2, but not COX-1, enhances glucocorticoid receptor function, which may be
another therapeutic pathway in psychiatric disorders (85)

Is constitutively expressed in most tissues, has been classically
considered as the isoform primarily responsible for homeostatic 
PG synthesis (86)
Is the major player in mediating the in�ammatory microglia
activation (87)
Plays a recently recognized proin�ammatory role in the
pathophysiology of acute and chronic neurological 
disorders (88, 89)

Anti-COX-2 drugs
Access easily the central nervous system but their e�ects are not fully elucidated
Can reduce in�ammation without a�ecting the physiological functions of 
COX-1-derived PGs have been linked to neuroprotective properties (90, 91)
Balance the type-1/type-2 immune response by inhibition of PGE2 (and IL-10) and by
stimulating the type-1 immune response (92)
Antagonize IL-1 and other proin�ammatory interleukins production (93) and prevent
the anxiety- and cognitive-associated decline (94)
Prevent the dysregulation of the HPA axis (95), in particular the increase of cortisol,
one of the key hormones associated with depression (96), contrary to anti-COX-1

Anti-COX-1 activity is neuroprotective, whereas anti-COX-2 
activity is detrimental, during a primary neuroin�ammatory 
response (reviewed in (97))
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the PANSS total score in favour of NSAIDs, 0.34
(P = 0.02) on positive symptoms and more moder-
ate on negative symptoms (0.26, P = 0.03). The
longest trial lasted only 12 weeks, and the authors
suggested that longer treatment may potentiate the
NSAID-antipsychotic association and that treat-
ment would be more e i nitiated early in
the illness progression, especially in the first
2 years (114). The optimization in doses and dura-
tion of celecoxib treatment in schizophrenia can-
not still be determined at the moment because of
the lack of data on the degree of CNS penetration
and the required time period for the t
of celecoxib on CNS.

No specific study on ibuprofen, diclofenac or
naproxen sodium in psychotic disorders was pub-
lished to date.

Celecoxib and NSAID benefit/risk ratio. The follow-
ing adverse events of celecoxib were reported in
controlled trials: headache, dizziness, constipation,
nausea, abdominal pain, diarrhoea, dyspepsia,
flatulence, vomiting, bronchitis, coughing, pharyn-
gitis, rhinitis, sinusitis, upper respiratory tract
infection, arthralgia, back pain, insomnia, myalgia,
pain, peripheral pain, pruritus, tooth disorder,
accidental injury, allergy aggravated, flu-like symp-
toms, peripheral oedema, rash and urinary tract
infection.

There has been much concern about the possibil-
ity o ncreased risk of heart attack and stroke in
users of NSAID drugs, particularly COX-2-selective
NSAIDs such as celecoxib, since the withdrawal of
the COX-2 inhibitor rofecoxib (Vioxx) in 2004.
Like all NSAIDs on the US market, celecoxib
carries an FDA-mandated ‘black box warning’ for
cardiovascular and gastrointestinal risk. Celecoxib
may cause an increased risk of serious cardiovascu-
lar thrombotic events, myocardial infarction and
stroke, which can be fatal. Celecoxib is contraindi-
cated for the treatment of peri-operative pain in
the setting of coronary artery bypass graft (CABG)
surgery. NSAIDs, including Celecoxib, cause an
increased risk of serious gastrointestinal adverse
events including bleeding, ulceration and perfora-
tion of the stomach or intestines, which can be
fatal. These events can occur at any time during
use and without warning symptoms. Elderly
patients are at greater risk of serious gastrointesti-
nal events. Other potential s of celecoxib
include borderline elevations of one or more liver-
associated enzymes may occur in up to 15% of
patients taking NSAIDs, and notable elevations of
ALT or AST (approximately 3 or more times the
upper limit of normal) have been reported in
approximately 1% of patients in clinical trials withTa
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NSAIDs. Rare cases of severe hepatic reactions,
including jaundice and fatal fulminant hepatitis,
liver necrosis and hepatic failure (some with fatal
outcome) have been reported with NSAIDs,
including celecoxib. Long-term administration of
NSAIDs may also have renal s and result in
renal papillary necrosis and other renal injury. As
with NSAIDs in general, anaphylactoid reactions
have occurred in patients without known prior
exposure to celecoxib. Celecoxib is a sulphonamide
and can cause serious skin adverse events such as
exfoliative dermatitis, Stevens –Johnson syndrome
and toxic epidermal necrolysis, which can be fatal.
Celecoxib should be avoided in late pregnancy,
starting at 30-week gestation, because it may cause
premature closure of the ductus arteriosus.

To establish more conclusively the true cardio-
vascular risk profile of celecoxib, Pfizer agreed to
fund a large, randomized trial specifically designed
for that purpose. The trial is not scheduled to be
completed until May 2014 (115).

Concerning the non-selective COX-2 inhibitors,
a study of 3175 participants (116) found a high
prevalence of current NSAID (other than low-dose
aspirin) use among groups at risk of significant
drug-related adverse events or who have major
chronic conditions that are relative contraindica-
tions to NSAID use. The authors concluded that
the potential to make a substantial impact on
chronic disease burden via improved use of NSA-
IDs was considerable.

The benefit/risk ratio of a COX-2 inhibitor in
psychiatric patients should therefore be evaluated
for each patient and may be rather indicated in the
treatment of acute resistant episodes rather than in
the long-term relapse prevention, given the poten-
tial rare but grave . Its use in bipolar
disorders is not recommended to date regarding
the preliminary results and the potential interac-
tions with lithium.

Anti-COX-1 (acetylsalicylic acid). Acetylsalicylic
acid is 50- to 100-fold more potent in inhibiting
platelet COX-1 than monocyte COX-2 activity
(117). Choi et al. (97) proposed in a recent review
to reconsider the prevailing hypothesis that, by
being the isoform induced in response to inflam-
matory stimuli, COX-2 is the most appropriate
pharmacological target for anti-inflammatory ther-
apy, and suggested that COX-1, owing to its pre-
dominant localization in microglia, is the major
player in mediating the inflammatory response
(Table 1).

Although ASA has a short half-life (15 –20 min),
ASA’s permanent inhibition of COX-1 allows once
daily circulating platelets count. In contrast,

because nucleated cells rapidly regenerate this
enzyme, a shorter dose interval is required to per-
sistently impact COX activity in cells that mediate
inflammatory processes (118). In high doses
(1000 mg/day), aspirin has been studied as a
COX-2 inhibitor and showed s in
schizophrenia (110).

Folk remedies containing salicylic acid have
been used for centuries to treat pain and fever.
Acetylsalicylic acid was first synthesized in Europe
in the mid-19th century. The patent for aspirin,
owned by Bayer, expired in 1917 in the United
States, and it has been widely available over-the-
counter since that time (4).

ASA in MDD. Mendlewicz et al. (101) examined
the t of add-on aspirin (160 mg/day) to con-
ventional antidepressant pharmacotherapy in 24
patients with MDD proven to be non-responsive-
ness for 4 weeks of SSRI treatment. Participants
were treated openly during the subsequent
4 weeks. The combined administration of SSRI
and aspirin was associated with a response rate of
52.4%. Remission was achieved in 43% of the
total sample and 82% of the responder sample. In
the responder group, a significant improvement
was observed within week 1 and this benefit per-
sisted through day 28.

ASA in bipolar disorders. It has been hypothesized
that NSAIDs would be beneficial in bipolar disor-
ders more specifically because of their ability to
downregulate activity in the brain AA cascade by
interfering with phospholipase A2 (PLA2) and/or
COX function (119 –128). The PLA2 and COX
enzymes catalyse, respectively, release of AA from
membrane phospholipid and AA conversion to
eicosanoids such as prostaglandin E2 and throm-
boxane B2. The AA cascade is involved in neurore-
ceptor-initiated signalling and can be
pathologically upregulated by neuro-inflammation
and excitotoxicity. Preliminary data obtained in
bipolar disorders suggest beneficial s on
depressive symptoms that are improved using ASA
in low doses (in which ASA would inhibit COX-1
but not COX-2). The clinical use o ow-dose ASA
primarily has been driven by its role as an anti-
thrombotic and thrombolytic agent, given the
increased death rate of cardiovascular event in
bipolar disorders (18).

In a large pharmaco-epidemiological study,
Stolk et al. (129) tested in 5145 patients receiving
lithium whether NSAIDs or glucocorticoids would
improve bipolar symptoms (based upon the
assumption that lithium treatment is relatively
specific to individuals with bipolar disorders). The
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main outcome measure was a calculated incidence
density of medication events (change in the type or
numbers of psychotropic medications prescribed
or increase (>30%) in the psychotropic drug dose).
Subjects receiving low-dose (≤80 mg/day) aspirin
were 17% less likely to have a medication event, a
finding that remained significant after adjusting for
age, sex, chronic disease score and healthcare utili-
zation. Aspirin and lithium may also exert syner-
gistic s in forming anti-inflammatory brain
metabolites (129). These preliminary observations
thus appeared consistent with the hypothesis that
COX-1 inhibitors can reduce neuro-inflammatory
processes with consequent beneficial improvement
of bipolar illness.

Benefit/risk ratio of ASA add-on therapy in mood dis-
orders. Aspirin is a relatively safe drug except for
individuals who have gastro-intestinal tract fragil-
ity or bleeding problems. It should not be used
without medical authorization for patients taking
inhibitors of blood clotting, such as warfarin
(Coumadin) or clopidogrel (Plavix), now proven to
be metabolized under an interindividual genetic
control (130). These s are especially common
at high doses, and contra-indication combination
with other anticoagulant is not absolute.

The low-dose aspirin ( <200 mg/day) has been
studied in mood disorders, where it could have a
very interesting potential s in terms of
pathophysiological hypotheses outlined in the
Table 1. No study has examined the t of add-
ing low-dose aspirin in the treatment of acute
manic episodes. As for the COX-2 inhibitors, the
prescription of aspirin would be even more inter-
esting in the first episodes of the disease, and the
benefit–risk ratio is in favour of the prescription,
especially in patients with cardiovascular, addictive
or cancer risk factors comorbidities.

Adding a low-dose aspirin to conventional treat-
ments appears a very promising strategy in uni- or
bipolar depressive episodes.

Anti-TNFa

TNF- a is a 157 amino acid proinflammatory
glycoprotein, which was isolated in 1975 by
Carswell et al. (131) as a soluble factor released by
host cells that caused necrosis of a transplanted
tumour. TNF- a is produced by various immune
cellular types including activated macrophages and
T-cells and has several t functions. TNF- a
was named ‘early response cytokine’ as it coordi-
nates proinflammatory signals of the early immune
response in the innate cellular immune system.
Due to this function, TNF- a is assigned to the T

helper type-1 (Th1) cytokines and is considered to
be one of the most important mediators o nflam-
mation and cachexia (132). TNF- a can have mito-
genic or apoptotic s and its synthesis depends
on the nuclear factor kappa B (NF-KB) induction
(133). TNF- a neutralization has proven to be a
potent treatment for rheumatoid arthritis and Cro-
hn disease (134). During inflammation, TNF- a
activates HPA axis at the hypothalamic, pituitary
and adrenal level resulting in the release of cortisol
as the most important negative signal feedback to
prevent an overshoot of the ongoing host defence
(135). Moreover, Zhu et al. (136) found in an ani-
mal model that TNF- a stimulates serotonin uptake
and indoleamine 2,3-dioxygenase (137) which
results in a peripheral depletion of tryptophan, the
precursor of serotonin (138). These three mecha-
nisms may be involved in TNF- a-associated
depression.

Currently, four molecules of the anti-TNF- a
class were approved by the Food and Drug
Administration (69): adalimumab, a fully human
monoclonal antibody, infliximab, a chimeric
monoclonal antibody, etanercept, a soluble recep-
tor construct, and certolizumab pegol, another
monoclonal antibody (139). Infliximab is a mono-
clonal anti-TNF- a antibody that is too large to
cross the blood–brain barrier (BBB) in physiologi-
cal conditions. It has then been suggested that
CNS central s o nfliximab may use indirect
pathways or that BBB permeability may be
increased in inflammatory processes, which may
lead to the CNS penetration o nfliximab (140) or
merely by reducing the systemic level of TNF a
regarding the brain-body cross-talk in terms of
inflammatory molecules such as cytokines.

Infliximab in MDD. Many studies have explored
the association between TNF-alpha and MDD.
However, the results of these studies were not con-
sistent (Table 2). A recent meta-analysis including
15 trials found that the blood levels of TNF- a were
significantly higher in MDD patients than controls
(P = 0.01) and that age, samples source and ethnic
origins may play a potential role in heterogeneity
(141). Moreover, gene-targeted deletion of TNF
receptors in mice leads to an antidepressant-like
phenotype and reduced anxiety-like behaviour
during immune activation (142, 143). To our
knowledge, adalimumab and etanercept have been
only studied in somatic inflammatory diseases, but
both improve depressive mood and decrease fati-
gue among treated patients versus controls [for
review, see (144)]. Tyring et al. (40) studied in 618
patients the t of etanercept in the treatment of
psoriasis and found a greater proportion of
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patients with an improvement of more than 50%
of the score of depression self-reported question-
naires treated by falling on etanercept 50 mg twice
weekly for 12 weeks compared with the placebo
group. The symptom ‘fatigue’ seemed particularly
improved. Peripheral administration o nfliximab
has been shown to improve depressed mood in
patients with Crohn disease (145).

Infliximab is the only anti-TNF a drug that has
been tested in psychiatric settings to our knowl-
edge. In a recent double-blind randomized control
trial, Raison et al. (146) studied the t of three
peripheral intravenous infliximab administrations
(5 mg/kg) (week 0, 2 weeks and 6 weeks) on
12-week depressive symptomatology in 60 patients
that were moderately resistant to previous antide-
pressant therapy. It is important to note that bipo-
lar patients in depressed phase were included as
well, but they represented only three of 60 patients.
The authors found that infliximab was not associ-
ated with a significant decrease in the score of the
HAM-D except for patients with high-sensitivity
C-reactive protein (hs-CRP) > 5 mg/l (among 22/94
patients = 23.4%) with an t size of 0.41.
Patients lost an average of 3.1 points greater on
the HAM-D in the infliximab + antidepressant
group, which ‘corresponds to the average t of
antidepressants’, the authors noted. The same
significant association was found using the Clinical
Global Impression-Severity Scale (CGI). The num-
ber of needed-to-treat patients in the hs-CRP > 5
mg/l group was 3.45 (as opposed to 8–10 for con-
ventional antidepressants) (147). The symptoms
that were more responsive to infliximab were anhe-
donia, psychomotor retardation, psychic anxiety,
depressed mood and suicidal ideation (146). The
authors suggested that these changes were corre-
lated with brain’s eras functional changes that were
showed in previous studies, as in basal ganglia for
anhedonia and psychomotor retardation (148, 149)
and anterior cingulate cortex for anxiety depres-
sion and suicidal behaviour (150 –152).

No published reports describing infliximab aug-
mentation therapy trials in schizophrenia were
found.

Infliximab benefit/risk ratio. The anti-TNF therapy
has change the face of chronic inflammatory disor-
ders such as rheumatoid arthritis or bowel diseases
in terms of evolution (153, 154). However, several
years backwards reveal now that their use in clini-
cal setting could be at risk of developing survival-
compromising complications (155, 156). Indeed,
large controlled trials collecting safety data for
other uses have concluded that anti-TNF-related
immunosuppression has caused serious

such as fatal infections caused by viruses, fungi or
bacteria that have spread systemically, including
tuberculosis and histoplasmosis (157–161). Hence,
as recommended by national safety agencies like
FDA, patients under such therapies should be
monitored for symptoms/biological makers of
major infectious events, which could not be easy to
do in routine clinical psychiatric practice. More-
over, it has been also proven that TNF-blockade
could favour the emergence of uncommon neo-
plastic processes (162). This is well illustrated by
the occurrence in young and teenage patients of
lymphomas, usually observed more latter in age
(163–165).

Beside these severe complications, physicians
have also to consider adverse s due to their
immunogenicity and consequent shortened dura-
tion of clinical response, infusion reactions or
delayed hypersensitivity-type reactions and the
fact that in acute phase patients (whatever the
disorder), their restricted intravenous use may
pose evident problems (166, 167). Hence, despite
the fact that such biotherapies are still at the fore-
front of severe auto-immune/inflammatory treat-
ments, the benefit/risk in psychiatry need to be
carefully evaluated with controlled clinical trials
on specific clinical phenotypes including non-
responder patients to conventional drugs with a
strict monitoring of biological/immunological
parameters.

Minocycline

Minocycline is a semisynthetic second-generation
tetracycline, which exerts anti-inflammatory

s that are not related to its microbial proper-
ties, but rather due to its purported inhibition of
microglial activation and reduction of polynuclear
cells (168, 169). High-dose minocycline is reported
to reduce IL-1 b levels following traumatic brain
injury in mice (170), inhibits COX-2 expression
and reduces PGE2 production in a dose-depen-
dent manner (171). Rises in brain TNF- a were
also attenuated following minocycline treatment
following 3-nitropropionic acid administration (an
inhibitor of the electron transport enzyme succi-
nate dehydrogenase that induces inflammation)
(172). Animal models showed that minocycline
administration decreases glutamate-induced neu-
rotoxicity (173) and has antidepressant-like prop-
erties among some rodent species (174), but not
among others (175). Restoration of dopamine def-
icits in the amygdala o earned-helplessness-para-
digm rats has been suggested as the mechanism by
which minocycline exerts its antidepressant
(176, 177).
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Dean et al. (42) have published a recent compre-
hensive review on the CNS s of minocycline.
In a purpose of consistency, the antioxidative,
neuroprotective and neurotrophic s of mino-
cycline will not be discussed here (even if these
pathways are intertwined and contribute to patho-
physiology of mental illnesses as well as potential
therapeutic s of psychotropic drugs).
Furthermore, we have not detailed the s of
minocycline on the gut microbiota, a recent excit-
ing field of pathophysiology research (178).

Minocycline in MDD. Human data on antidepres-
sant s of minocycline are scarce. Miyaoka
et al. reported antidepressant and antipsychotic

s of minocycline add to antidepressant medi-
cation (fluvoxamine, paroxetine and sertraline) in
25 patients with psychotic depression in a 6-week,
open-label study (Table 2).

No trial on minocycline s in unipolar or
bipolar depression was published to date.

Minocycline in schizophrenia. Given glutamate/
N-methyl-D-aspartate acid (NMDA) data among
rodents, the majority of clinical studies among
humans focused on schizophrenia, as a ‘glutamate
hypothesis’ has been postulated in its pathophysi-
ology (179) (Table 3). Miyaoka et al. (111) showed
in an open-label study that 300 mg/day minocy-
cline in 22 patients during 4 weeks significantly
decreased PANSS scores and that this improve-
ment was continued through the 4 weeks after dis-
continuation. In a double-blind RCT, Levkovitz
et al. (112) studied the s of 22 weeks 200 mg/
day add-on minocycline treatment in 54 recently
diagnosed (<5 years) patients with schizophrenia.
They found a significant improvement on negative
symptoms on the Scale for the Assessment of Neg-
ative Symptoms, on CGI and on the measures of
functioning, but not on the PANSS scores.
Improvements on cognition tasks (executive func-
tioning, working memory, cognitive shifting and
planning) at 22 weeks were reported. The authors
also found that minocycline limited antipsychotic
weight gain and suggested hypotheses on the
mechanism of action t on satiety via action
on NMDA receptors, decrease of TNF- a and IL-6
microglia release).

Minocycline benefit/risk ratio. The following adverse
reactions have been observed in patients receiving
tetracyclines: photosensitivity, fever, anorexia, nau-
sea, vomiting, diarrhoea, dyspepsia, stomatitis, glos-
sitis, dysphagia, enterocolitis, pseudomembranous
colitis, pancreatitis, inflammatory lesions in the oral
and anogenital regions, vulvovaginitis, hepatitis (with

fatal cases), alopecia, erythema nodosum, hyperpig-
mentation of nails, pruritus, common or severe skin
rash toxic reactions, cough, dyspnoea, broncho-
spasm, pneumonitis, renal toxicity, arthralgia, ana-
phylaxis reaction (including shock and fatalities),
anaphylactoid purpura, myoc arditis, pericarditis,
agranulocytosis, haemolytic anaemia, thrombocyto-
penia, leukopenia, neutropenia, pancytopenia,
eosinophilia, convulsions, dizziness, paraesthesia,
sedation, vertigo, tinnitus. Tooth discoloration in
children is a well-described s t (tetracyclines
are contra-indicated in children <8 years) and has
been also reported in adults.

As with other serious adverse reactions, the drug
should be discontinued immediately if any of the
following syndromes are recognized:
(i) Hypersensitivity syndrome consisting of cuta-

neous reaction (such as rash or exfoliative
dermatitis), eosinophilia, and one or more of
the following: hepatitis, pneumonitis, nephri-
tis, myocarditis and pericarditis. Fever and
lymphadenopathy may be present. This syn-
drome has led to a restriction of use of mino-
cycline (69, 180).

(ii) Lupus-like syndrome consisting of positive
antinuclear antibody; arthralgia, arthritis,
joint s or joint swelling; and one or
more of the following: fever, myalgia, hepati-
tis, rash and vasculitis.

(iii) Serum sickness-like syndrome consisting of
fever; urticaria or rash; and arthralgia, arthri-
tis, joint s or joint swelling.

It is then not possible to recommend minocy-
cline as first-line add-on therapy in schizophrenia,
but minocycline remains a potentially very promis-
ing treatment, with multiple mechanisms of action.
Studies remain to be carried out in unipolar and
bipolar mood disorders, given that a preliminary
study showed minocycline s on mood
as well as on psychosis in psychotic depression.

Discussion

Anti-inflammatory drugs represent one of the most
interesting add-on therapy in the treatment of
chronic major psychiatric disorders such as depres-
sion or schizophrenia. Raison et al. found a major
result with increased infliximab s in the
subgroup of depressed patients with hs-CRP >
5 mg/l (about one quarter of patients). This dem-
onstration of the benefits of personalized medicine
is to encourage research in the characterization of
inflammatory profiles of psychiatric patients.
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A number of anti-inflammatory drugs are avail-
able as adjunct treatment of treatment-resistant
patients with MDD, schizophrenia and bipolar
disorder. If used with attention to their possible

, they may be reasonable therapeutic
alternatives when clinicians are out o deas.
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a b s t r a c t

Background: Bipolar disorder (BD) is considered as a multifactorial disorder involving complex interac-
tions between genetic and environmental factors, where immune dysfunction is thought to play a key
etiopathogenic role. In particular, excess of winter births associated with early-life infections raise the
possibility of the implication o nnate immunity. Given the pivotal role of Toll-like receptor 4 (TLR-4), a
major innate immune sensor molecule, we hypothesized that genetic variations of TLR-4 may be
associated to BD.
Methods: Genomic DNAs from 572 BD patients and 202 healthy controls (HC) were analyzed for the
distribution of six single nucleotides polymorphisms (SNPs) scattered along the TLR-4 locus ( rs1927914,
rs10759932, rs4986790, rs4986791, rs11536889 and rs11536891). Associations between BD and these
polymorphisms were examined using the Chi-square test.
Results: We found that rs1927914 AA and rs11536891 TT genotype are more frequent in BD patients than
in controls (corrected p; pc¼ .02 and .02 respectively) particularly in early-onset BD patients ( pc¼ .004
and .006) born during the summer season ( pc¼ .02 and .002 respectively). We also found that rs4986790
AG and rs4986791 CT genotypes were signi ficantly associated with presence of autoimmune thyroiditis
(pc¼ .002).
Limitations: Our results are to be con firmed by replication in independent BD cohorts.
Conclusions: We report for the first time a genetic association between BD and TLR-4 a major player of
innate immunity. Possible mechanisms underlying bipolar disorders linking altered TLR-4 expression and
increased susceptibility to infections and/or autoimmunity are discussed.

1. Introduction

Bipolar disorder (BD) is a highly heritable and chronic mood
disorder, known to be associated with substantial functional
impairment, high health care costs and premature mortality
(Leboyer and Kupfer, 2010 ). Classically described as a cyclical
illness, with full blown manic or depressive episodes interspaced
with normal euthymic periods, evidence now suggests that
patients experience a more subtle chronic course than initially
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thought, characterized by residual symptoms, emotional dysregu-
lation, sleep and circadian rhythm disturbances, cognitive impair-
ment, and increased risk of psychiatric and medical comorbidities
including autoimmune thyroid diseases ( Leboyer and Kupfer,
2010 ). Accumulating knowledge tend to view BD as a progressive
and multi-systemic disorder in which immune response dysfunc-
tions seem to parallel the onset, progression and occurrence of
medical comorbid disorders, in particular cardio-vascular disor-
ders and diabetes ( Berk et al., 2011 ; Leboyer et al., 2012 ). Such
dysimmunity is mainly re flected by chronic low-grade in flamma-
tion behaving both as trait and state markers at the systemic level
reflecting altered central nervous system (CNS) integrity
(Dickerson et al., 2007 ; Goldstein et al., 2009 ; Hope et al., 2011 ;
Modabbernia et al., 2013 ; Rao et al., 2010 ; Söderlund et al., 2011 ;
Berk et al., 2010 ) and causal of cognitive decline with progressive
atrophy of speci fic brain areas along disease progression.

Given the observed association between BD and environmental
factors such as excess of winter births (5.8% winter excess of
births) ( Torrey et al., 1996 ), severe psychological stressors includ-
ing childhood traumatic events observed in more than half of the
patients ( Etain et al., 2010 ) and associations with infectious events
induced by neurotropic pathogens including Toxoplasma gondii ,
in fluenza virus or herpes simplex virus (HSV) ( Dickerson et al.,
2004 , 2006 ; Gerber et al., 2012 ; Hamdani et al., 2012 ; Machón
et al., 1997 ; Moore et al., 2001 ; Pearce et al., 2012 ; Tedla et al.,
2011 ), we hypothesized that innate immune responses and their
immunogenetic control could participate to the underlying
mechanisms associated with BD.

Among the central players o mmune first line defense, the Toll-
like receptors (TLRs) are of particular interest because of their
capacity to recognize and sense a wide range of pathogen-
associated molecular patterns (PAMPs) and host-derived damage-
associated molecular patterns (DAMPs). Belonging to the pattern
recognition receptor (PRR) family, the TLRs consist of eleven
functional members (TLR-1 –TLR-11) ( Mukhopadhyay et al., 2004 ),
classi fied into two subgroups based on their cellular localization.
While the TLR-3, TLR-7, TLR-8, TLR-9, and TLR-10 are expressed
exclusively in the intracellular compartments, the TLR-1, TLR-2,
TLR-4, TLR-5, TLR-6 and TLR-11 are cell surface molecules ( Akira
et al., 2006 ; Venkatasubramanian and Debnath, 2013 ) and all of
them are pivotal molecules for the induction o nnate immune
responses ( Mogensen, 2009 ).

In this context, the prominent TLR-4 molecules constitute an
excellent candidate to be studied in BD given (i) their speci ficity to
recognize lipopolysaccharide (LPS) from gram-negative bacteria
and various ligands from viruses, fungus, and mycoplasma as well
as products of oxidative stress/in flammation ( Piccinini and
Midwood, 2010 ; Sirisinha, 2011 ), (ii) their capacity to induce
speci fic intra-cellular signaling cascade that activate nuclear
factor-kappa B (NF- κB) and other transcription factors which
precede the synthesis of pro-in flammatory cytokines and in flam-
matory mediators ( Janeway and Medzhitov, 2002 ), (iii) their
expression in circulating immune cells as well as in brain by
microglia, astrocytes, oligodendrocytes and neurons or thyroid
cells ( Hanke and Kielian, 2011 ; Nishimura and Naito, 2005 ; Okun
et al., 2011 ; Suh et al., 2009 ), and (iv) their implication in CNS
homeostasis and CNS immune surveillance ( Rivest, 2009 ) during
diseases o nfectious or non-infectious origin including neurode-
generative pathological processes ( Glass et al., 2010 ). TLR-4 mole-
cules are encoded by a highly polymorphic gene exhibiting
polymorphisms scattered along the promoter, coding and
3’ -untranslated regions (3’ UTR) ( Netea et al., 2012 ). Furthermore,
polymorphisms of the TLR-4 gene have been studied in a variety of
clinical entities, eg. viz increased susceptibility to bacterial infec-
tion ( Agnese et al., 2002 ), Alzheimer's disease ( Balistreri et al.,
2009 ; Minoretti et al., 2006 ; Wang et al., 2011 ), Crohn's disease

(Shen et al., 2010 ), atherosclerosis ( den Dekker et al., 2010 ) or
cancer ( Kutikhin, 2011 ) but not yet shown in psychiatric disorders.
Only one recent work addressed the impact of various TLRs,
including TLR-4, on pro-in flammatory cytokine production in
supernatants of cultured blood cells from schizophrenia and BD
patients after selective TLR agonist-induction ( McKernan et al.,
2011 ).

Given the high likelihood o nnate-immune involvement in BD,
as discussed above, we investigated, in a case-control study, the
potential impact of TLR-4 polymorphism in susceptibility to BD.

2. Methods

2.1. Sample composition

Five hundred and seventy-two BD patients meeting DSM-IV
criteria ( American Psychiatric Association, 1994 ) for BD type I or II
or not otherwise speci fied, consecutively admitted into three
French university-af fi liated psychiatry departments (Paris-Créteil,
Bordeaux and Nancy), were interviewed by trained psychiatrists,
using the French version of the Diagnostic Interview for Genetic
Studies (DIGS version 3.0) ( Nurnberger et al., 1994 ). All patients
were euthymic at inclusion [ i.e. having a Montgomery-Asberg
Depression Rating Scale ( Montgomery and Asberg, 1979 ) score
and a Mania Rating Scale ( Bech et al., 1978 ) score no more than
five]. A set of demographic and/or clinical variables ( Table 1 ) were
assessed and recorded. Two hundred and two healthy controls
(HC) were recruited and interviewed with the DIGS to assess
personal and familial history of psychiatric disorders using the
National Institute for Mental Health Family Interview for Genetic
Studies ( Maxwell, 1992 ). Only those, with neither personal nor
family history ( first degree) of psychiatric disorders, ve
disorders or suicidal behavior were included. All patients and
controls were of French descent, with at least three grandparents
from the mainland of France and were consecutively recruited
between February 2006 and January 2010. Among the clinical
variables o nterest, the age at onset (AAO) of BD was defined as
the age at which the first mood episode (depressive, manic or
hypomanic) occurred, as determined by reviewing medical records
and information obtained with the DIGS. The threshold for early-
onset BD (AAO before the age of 22 years) was de fined on the basis
of previous admixture analyses in four independent samples
(Bellivier et al., 2003 , 2001 ; Lin et al., 2006 ; Manchia et al.,
2008 ) which identi fied three AAO subgroups: early-, intermediate-
and late-onset. In order to have comparable subgroup sample size
and taking into consideration the genetic homogeneity ( Grigoroiu-
Serbanescu et al., 2001 ) intermediate- and late-onset samples

Table 1
Demographic and clinical characteristics of study subjects.

BD patients Healthy controls

Mean age (years, y) 42 y (range: 16 –67) 43 y (range: 19 –64)

Sex
)101(%26)612(%24elaM

Female 58% (297) 38% (61)

Season of birth a n ¼ 513 n ¼ 157
Winter 23% (118) 23% (36)
Spring 27% (138) 25% (39)
Summer 22% (113) 26% (41)
Autumn 28% (144) 26% (41)

Thyroiditis a n ¼ 504 n ¼ 202
)77(%51seY

%001)724(%58oN

a Phenotype data were not available for the whole cohort.
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were pooled into a single subgroup, herein referred to as “ late-
onset ” subgroup for statistical comparison against early-onset
group. We also recorded clinical variables o nterest for the
immuno-in flammation paradigm such as season of birth (winter,
spring, summer and autumn) and presence of autoimmune thyr-
oiditis. Written informed consent was obtained from all partici-
pating subjects and the institutional ethical committee approved
the research protocol. The present study is ancillary of a larger
National French ongoing program entitled “Genetic and environ-
mental susceptibility factors to bipolar disorders ” (RBM0436 and
C0829) which began in 2004.

2.2. TLR-4 genotyping

Genomic DNA was extracted from EDTA-treated peripheral blood
samples or B-lymphoblastoid cell lines using the Nucleon BACC3 kit
(GE HealthCare, Chalfont St Giles, UK). The genotyping of the six
single nucleotide polymorphisms (SNPs) herein studied i.e. promoter
rs1927914 ( þ 4434) A/G, rs10759932 ( þ 7263) C/T; Exon 3 rs4986790
( þ 6143, Asp299Gly) A/G, rs4986791 ( þ 8851, Thre399Ile) C/T and
3’–UTR rs11536889 ( þ 5724) C/G, rs11536891 ( þ 8469) C/T by a
TaqMan® 5’-nuclease assay (Applied Biosystems® , Foster city, CA,
USA) with allele-speci fic fluorogenic oligonucleotide probes. The
following pre-developed TaqMan® assay genotyping kits were used:

C_2704048_10, C_31783996_10, C_11722238_20, C_11722237_20,
C_31784034_10 and C_31784036_10.

2.3. Statistical analysis

Comparisons of genotype and allele frequencies between patients
and controls were performed using the Chi-square testing. The p
values (two tailed) were corrected ( pc) using the Bonferroni method
and findings were considered statistically signi ficant for pc less than
.05. Both odds ratio (OR) and con fidence interval 95% (CI95%) were
calculated to assess the relat ive risk conferred by a speci fic allele or
genotype. The following demographic/clinical items i.e. seasonality of
birth and presence of thyroiditis, were included in the analysis.
Deviation from the Hardy –Weinberg equilibrium was analyzed using
the Chi-square test testing.

3. Results

Both the phenotype and genotype characteristics of patient and
control groups are summarized in Tables 1 and 2 respectively.

The mean age of the BD patients at inclusion was 42 years
(range: 16 –67 years) while it was 43 years (range: 19–64 years)
for controls. The observed genotype distribution satis fied
the expected Hardy –Weinberg proportions for both patient and

Table 2
Genetic characteristics of study subjects: TLR4 genotype frequencies among patients and controls.

A. The rs1927914 AA and rs11536891 TT genotypes are more prevalent in BD patients than in controls
TLR4 rs1927914 A/G Patients ( n ¼ 572) Controls ( n ¼ 202) p pc OR CI 95%
TLR4 rs11536891 C/T

n f (%) n f (%)

Genotypes
TLR4 rs1927914 AA 275/572 48 75/201 37

o
.008 .02 1.56 1.11 –2.20

TLR4 rs1927914 AG þ GG 297/572 52 127/201 63
TLR4 rs11536891 TT 406/572 71 123/202 61

o
.008 .02 1.57 1.11 –2.22

TLR4 rs11536891 CT þ CC 166/572 29 79/202 39

B. The rs1927914 AA and rs11536891 TT genotypes are more prevalent in early onset BD patients than in controls
TLR4 rs1927914 A/G Early onset patients ( n ¼ 231) Controls ( n ¼ 202) p pc OR CI 95%
TLR4 rs11536891 C/T

fn (%) n f (%)

Genotypes
TLR4 rs1927914 AA 120/231 52 75/201 37

o
.002 .004 1.82 1.21 –2.72

TLR4 rs1927914 AG þ GG 111/231 48 126/201 63
TLR4 rs11536891 TT 172/231 75 123/202 61

o
.003 .006 1.87 1.22 –2.88

TLR4 rs11536891 CT þ CC 59/231 25 79/202 39

C. The rs1927914 AA and rs11536891 TT genotypes are more prevalent in early onset BD patients born during summer season than in controls
TLR4 rs1927914 A/G Summer born early onset BD ( n ¼ 55) Summer born controls ( n ¼ 42) p pc OR CI 95%
TLR4 rs11536891 C/T

fn (%) n f (%)

Genotypes
TLR4 rs1927914 AA 33/55 60 14/42 33

o
.009 .02 3 1.20 –7.59

TLR4 rs1927914 AG þ GG 22/55 40 28/42 67
TLR4 rs11536891 TT 45/55 82 21/42 50

o
.001 .002 4.5 1.65 –12.6

TLR4 rs11536891 CT þ CC 10/55 18 21/42 50

D. The rs4986790 AG and rs4986791 CT genotypes are more prevalent in BD patients with Thyroiditis than those without (independent o ithium treatment)
TLR4 rs4986790 A/G Patients with Thyroiditis ( n ¼ 44) Patients without thyroiditis ( n ¼ 460) p pc OR CI 95%
TLR4 rs4986791 C/T

n f (%) n f (%)

Genotypes a

TLR4 rs4986790 AA 32/44 73 413/460 90
o

.001 .002 3.30 1.44 –7.10
TLR4 rs4986790 AG 12/44 27 47/460 10
TLR4 rs4986791 CC 32/44 73 412/460 90

o
.001 .002 3.22 1.41 –6.93

TLR4 rs4986791 CT 12/44 27 48/460 10

n: number, f: frequency, pc: corrected-p, OR: odds ratio and CI 95%: con fidence interval 95%.
a The homozygous state for TLR4 rs4986790 G and rs4986791 T alleles were not found in the studied BD and HC groups.
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control samples and the overall frequencies were comparable to
those previously published in public database (http://www.ncbi.
nlm.nih.gov/ ).

The analysis of TLR-4 genotype distribution revealed that the
homozygous state for TLR-4 rs1927914 A and the TLR-4
rs11536891 T alleles were signi ficantly more prevalent in BD
patients than in HC ( rs1927914 AA vs. AG þ GG: 48% vs. 37%,
p¼ .008, pc ¼ .02; OR ¼ 1.56, CI95% ¼ 1.11 –2.20 and rs11536891 TT
vs. CT þ CC: 71% vs. 61%, p¼ .008, pc ¼ .02; OR ¼ 1.57, CI95% ¼ 1.11 –
2.22 in patients and HC respectively) ( Table 2 A). Further analysis of
TLR-4 genotype distribution after strati fication for the disease AAO
and season of birth revealed that the above-observed suscept-
ibility status was stronger among the early-onset patient subset as
compared to HC ( rs1927914 AA vs. AG þ GG: 52% vs. 37%, p¼ .002,
pc¼ .004; OR ¼ 1.82, CI95% ¼ 1.21 –2.72 and rs11536891 TT vs.
CT þ CC: 75% vs. 61%, p¼ .003, pc¼ .006; OR ¼ 1.87, CI95% ¼ 1.22 –
2.88) ( Table 2 B) especially in those born during the summer
season as compared to HC born during the same season
(rs1927914 AA vs. AG þ GG: 60% vs. 33%, p¼ .009, pc¼ .02; OR ¼ 3,
CI95% ¼ 1.20 –7.59 and rs11536891 TT vs. CT þ CC: 82% vs. 50%,
p¼ .001, pc¼ .002; OR ¼ 4.5, CI95% ¼ 1.65 –12.6) ( Table 2 C).

Another finding concerns the genotype distribution of the two
genetically linked TLR-4 rs4986790 (Asp299Gly) and rs4986791
(Thr399Ile) exonic polymorphisms. Indeed, a patient strati fication
based on the occurrence of autoimmune thyroiditis revealed that
the compound heterozygotes rs4986790 AG and rs4986791 CT
were more prevalent in patients with this comorbidity as com-
pared to those without ( rs4986790 AG vs. others, 27% vs. 10%,
p¼ .001, pc¼ .002; OR ¼ 3.30, CI95% ¼ 1.44 –7.10 and rs4986791 CT
vs. others, 27% vs 10%, p ¼ .001, pc¼ .002; OR ¼ 3.22, CI95% ¼ 1.41 –
6.93 in patients with and without thyroiditis respectively)
(Table 2 D). It is o nterest to note that such association was
observed regardless o ithium treatment.

4. Discussion

The presence of an in flammatory background and the implica-
tion of various neurotropic pathogens along with an excess of
winter births have been associated with BD manifestation indicat-
ing a possible contribution for the immunogenetic regulation of
immune responses in the etiology of the disorder. Only few, often
discrepant, studies have addressed this issue mainly focusing on
polymorphisms of cytokine genes ( Czerski et al., 2008 ; Papiol
et al., 2004 , 2008 ) or more recently on a functionally-relevant
variation in the non-classical HLA-G locus ( Debnath et al., 2013 ).

To explore the genetics of the innate arm of the immune
response, a key pathway in the control o nfection/in flammation,
we studied genetic polymorphisms located in the promoter, exon
3 and the 3’ –UTR of the TLR-4 gene in BD. We found that both
promoter TLR-4 rs1927914 A and 3’ UTR TLR-4 rs11536891 T alleles
in homozygous state are associated with BD and that this associa-
tion was restricted to the early-onset subgroup of patients,
especially those born during the summer season. These findings
could point to potential transcriptional and post-transcriptional
alterations in TLR-4 expression.

Indeed, the promoter TLR-4 rs1927914 AA genotype could be
considered as a “low expressor ” genotype, regarding that the
presence of the G nucleotide is predicted to disrupt binding sites
for the Oct-1 and C/EBP repressor transcription factors
(Heinemeyer et al., 1998 ) with a probable consequent increase in
TLR-4 expression as suggested at functional level ( Ragnarsdóttir
et al., 2010 ). Recent studies support that the G allele in a single
dose is protective against late-onset Alzheimer's disease ( Yu et al.,
2012 ) and severe forms of asthma ( Zhang et al., 2011 ).

Regarding the TLR-4 rs11536891 located in the 3’ UTR, a major
post-transcriptional regulatory region at the mRNA level, we
searched for possible microRNA (miRNA) binding site alterations
using RegRNA ( Huang et al., 2006 ) and found that the T to C
variation could abrogate binding sites for has-miR-568 and has-
miR-933 which is expected to consequently increase the expres-
sion of TLR-4 protein and thereby raise the inflammatory response.
Thus, also in this case, the 3’ UTR TLR-4 rs11536891 TT genotype,
shown in this study to be signi ficantly more prevalent in BD
patients, would be a potential “ low expressor ” genotype. Although
no functional studies have targeted this polymorphism in parti-
cular, the TLR-4 3’ -UTR has been shown to regulate gene expres-
sion ( Song et al., 2006 ) through various functional polymorphisms
(Duan et al., 2007 ; Sato et al., 2012 ) with some genetic variants
already associated with the development of disorders like prostate
cancer ( Kim et al., 2012 ), late-onset Alzheimer's disease ( Yu et al.,
2012 ) or nasopharyngeal carcinoma ( Song et al., 2006 ) with only
one study addressing the herein studied polymorphism in a
colorectal cancer case-control study ( Tsilidis et al., 2009 ).

Accordingly, we may hypothesize here that BD patients carry-
ing the promoter TLR-4 rs1927914 A and the 3'UTR TLR-4
rs11536891 T alleles in an homozygous state could potentially be
less prone to develop an ef ficient TLR-4-mediated response than
those having the TLR-4 “high expressor ” G and C alleles, and thus
less able to mount an ef ficient innate immune response against
potential pathogens.

Altogether, these findings and observations are of particular
interest given that the immune privilege concept of the CNS is
now debated due to evidences such as the implication of activated
TLR-4 molecules in CNS injury during several clinical conditions
including ischemia ( Caso et al., 2008 ), alcoholism ( Alfonso-Loeches
et al., 2012 ), stress exposure and commensal bacterial transloca-
tion ( Gárate et al., 2011 ; Maes et al., 2012 ). In terms of gene-
environment interactions, the participation of TLR-4 molecules in
host defense against Toxoplasma gondii infection ( Debierre-
Grockiego et al., 2007 ) deserved to be mentioned regarding the
demonstrated association between such parasitic infection and BD
(Hamdani et al., 2013; Pearce et al., 2012 ). In this context, it is
worthy to remind that TLR-4 mediates anti-infectious in flamma-
tory responses in the small intestine against this orally acquired
infection as demonstrated in mice model after toxoplasmosis
induced by peroral administration of cysts ( Furuta et al., 2006 ).
In addition, TLR-4 activation, both in intestinal epithelial cells and
the lamina propria, is important for healing o njured intestinal
epithelium, expression of defensins and recruitment of polynuc-
lear neutrophils ( Fukata and Abreu, 2007 ) but we cannot exclude
the potential involvement of other pathogen features including
speci fic strain s or other pathogen-related compromised
immune responses. Furthermore its role in the inflammatory
response triggered by LPS from intestinal bacteria translocation
is relevant for BD given the recent implication of LPS in psychiatric
disorders ( Gárate et al., 2011 ; Maes et al., 2012 ) and the impor-
tance of brain-gut axis in neuropsychiatry ( Bergstrom et al., 2012 ;
Cryan and Dinan, 2012 ; Severance et al., 2012 ).

Our data suggest that the genetic susceptibility conferred by the
promoter TLR-4 rs1927914 AA and the 3’ UTR TLR-4 rs11536891 TT
genotypes may be of greater importance in the development of
early-onset BD. Early-onset BD is considered to be a more homo-
geneous subgroup in which genetic factors have a higher weight
(Leboyer et al., 2005 ) and recent evidence suggests that not only it is
a more severe form with a longer delay between diagnosis and
treatment, poorer response to medication and greater lifetime
prevalence of neuropsychiatric comorbidities ( Bellivier et al., 2001 ;
Leverich et al., 2007 ; Perlis et al., 2004 ; Schürh et al., 2000 ) but it
also seems to be associated with the presence o mmune system
activation and high burden of medical comorbidities ( Goldstein
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et al., 2011 ; Jerrell et al., 2010 ). It has been postulated that a common
physiopathological pathway mediates the association of several
comorbid medical conditions with BD, chronic low-grade in flamma-
tion being probably the major culprit ( Leboyer et al., 2012 ). These
conditions seem to be highly prevalent in pediatric BD patients,
namely obesity, type 2 diabetes mellitus, cardiovascular disorders,
endocrine disorders and asthma among others, and that obesity,
cardiovascular disease and asthma preceded the diagnosis of
adolescent-onset BD (age Z 13 years) ( Jerrell et al., 2010 ). Interest-
ingly, Padmos et al. observed the expression of a set o n flammatory
genes in monocytes of BD spring and de fined a pro-in flammatory
gene expression signature that was observed among 85% of spring
with mood disorders and even in 45% of the spring without mood
disorders, but only in 19% of control adolescents ( Padmos et al.,
2008 ). Bipolar spring have also been found to be more susceptible
to thyroid autoimmunity independently from the susceptibility to
develop psychiatric disorders ( Hillegers et al., 2007 ). Thus, it seems
that immune system activation precedes the development of BD,
and that these dysfunctional traits, in regard of our results, may be
present at the innate immunity level under genetic in fluence and
contribute to the severity of the early forms of the disorder.

In addition, the observed association between season of birth
and TLR-4 genotype distribution could be considered through the
admitted relationship between infections by common neurotropic
pathogens and psychiatric disorders ( Yolken and Torrey, 2008 ).
Indeed, the consequences of such potential infectious insults
during pregnancy and/or neonatal period could be modulated by
immunogenetically-driven anti-infectious responses to pathogens
during speci fic seasonal windows. In this regard, two hypotheses
emerge that could help explain our results, (i) infants born during
summer could be more exposed to seasonal gastrointestinal
infections with persistence of microorganisms and pathogen-
related products in neonates due to impaired bacterial clearance
(within the concept of the “brain-axis ” psychiatric pathway) or (ii)
as the first half of pregnancy, for summer-born individuals, takes
place during winter months, maternal viral infections could be
implicated in BD development since TLR-4 recognizes wide range
of viruses ( Carty and Bowie, 2010 ). In this respect, a recent report
demonstrates the in fluence of gestational in fluenza on the devel-
opment of BD in adult g ( Parboosing et al., 2013 ).

It is worthy to highlight that the present findings are also in
agreement with our recent data describing the genetically-driven
immuno-modulatory s of the HLA-G molecules in BD. Study-
ing the same sample set of BD patients and controls, we observed
that in BD patients, the association with normal/high expression of
HLA-G molecules could enhance immunosuppressive/tolerogenic
functions with consequent inef ficient protection against infectious
challenges, particularly among patients born during the winter
season ( Debnath et al., 2013 ). Thus by studying both innate
immunity (the present study) and immune regulation, the data
provided by the two studies are convergent in uncovering an
immogenetically-driven susceptibility/sensitivity to infection in
BD. The paradigm described here reinforces the importance of
the genetic control o mmune processes in BD as well as possible
gene-environment interactions ( Fig. 1 ).

These hypotheses are further reinforced by the observed
association between the exonic TLR-4 rs4986790 AG and TLR-4
rs4986791 CT genotypes and autoimmune thyroiditis in BD
patients, independently o ithium treatment. Autoimmune thyr-
oiditis is known to be a comorbid condition emerging inde-
pendently o ithium treatment ( Kupka et al., 2002 ; Padmos
et al., 2004 ). The non-synonymous TLR-4 Asp299Gly and TLR-4
Thr399Ile amino-acid changes associated respectively with the
exonic TLR-4 rs4986790 A/G and TLR-4 rs4986791 C/T poly-
morphisms, are known to t the extracellular domain of the
receptor and thereby LPS-responsiveness ( Arbour et al., 2000 ).

These genetically linked changes were previously associated
either in terms of susceptibility or protection with a wide range
o nfectious and chronic in flammatory/autoimmune disorders
(Agnese et al., 2002 ; Brand et al., 2005 ; de Oliveira and Silva,
2012 ; Lorenz et al., 2002 ; Mockenhaupt et al., 2006 ; Pabst et al.,
2006 ; Tal et al., 2004 ; Török et al., 2004 ; Van der Graaf et al.,
2006 ).

Association of heterozygosity for these exonic variations in BD
may implicate a dominant t of such changes with decreased
TLR-4 activity and consequent inef ficient removal of microbial
pathogens and/or apoptotic/necrotic thyroid cells. Such situation
may promote chronic in flammation, breakdown of tolerance and
autoimmunity (thyroiditis) after repeated antigenic challenges
dictated by seasonal variations ( Desailloud and Hober, 2009 ;
Krassas et al., 2007 ). One of the implicated viruses in autoimmune
diseases including autoimmune thyroiditis, is the Parvovirus B19
(Lunardi et al., 2008 ; Wang et al., 2010 ). O nterest, the Parvovirus
B19 was detected in 14.4 to 42.3% of human brain samples ( Hobbs,
2006 ) and was shown to be involved in neuronal disorders
(Douvoyiannis et al., 2009 ) via a potential immune-mediated
mechanism ( Kerr et al., 2002 ). Moreover, other data suggest also
that this viral infection may be associated with co-morbid bipolar
and autoimmune thyroid disorders in females ( Hammond and
Hobbs, 2007 ). Although further research is needed, genetically
determined s in immune responses to viral infections,
possibly including the TLR4 pathway, may constitute a common
background of susceptibility to both bipolar and autoimmune
thyroid disorders, at least in a subset of patients.

In conclusion, our results show that inherited variations of TLR-
4 are associated with BD. Moreover, season of birth variability
implying a gene-environment interaction is in line with the
already described pathogenic role of some microorganisms in
the etiology of BD.

If con firmed by replication in other BD cohorts, further
exploration of the TLR-4 signaling network in BD may allow
designing novel therapeutic targets.
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