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APRESENTACAO

Este trabalho consiste na tese de doutorado intitulada “Inflammatory and oxidative
stress markers in post-traumatic stress disorder”, apresentada ao Programa de Pos-
Graduagdo em Psiquiatria e Ciéncias do Comportamento, da Universidade Federal do Rio
Grande do Sul, em junho de 2022.

O material ¢ dividido em seis partes, na ordem que se segue: (1) Introdugdo, (2)
Justificativa, (3) Objetivos, (4) Aspectos Eticos, (5) Artigos e (6) Consideragdes finais. Na
secdo “Artigos”, estdo apresentadas as seguintes publicagdes:

e Artigo 1. “Inflammatory and oxidative stress markers in post-traumatic stress

disorder: a systematic review and meta-analysis.”

o Artigo 2. “Changes in Inflammatory and oxidative stress markers after

treatment in posttraumatic stress disorder: a systematic review”



LISTA DE ABREVIATURAS E SIGLAS

BHE — Barreira Hematoencefalica

CRH — Hormdnio Liberador de Corticotropina

DNA — Acido Desoxirribonucleico

DSM-DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL DISORDERS
GM-CSF - Fator Estimulante de Colonia de Granulocitos - Macrofagos
GR — Receptor de Glicocorticoide

GSH - Glutationa

HPA - Eixo Hipotalamo — Hipofise - Adrenal

IL - Interleucina

INF - Interferon

M-CSF - Fator Estimulante de Colonia de Macréfagos

NF- kB — Fator Nuclear Kappa B

OXS - Oxidative Stress

PCR — Proteina C Reativa

SNC — Sistema Nervoso Central

SNS — Sistema Nervosos Simpatico

SOD — Superoxido Dismutase

TDM — Transtorno Depressivo Maior

TEPT - Transtorno de Estresse P6s-Traumatico

TNF — Fator de Necrose Tumoral
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RESUMO

O transtorno de estresse pos-traumatico (TEPT) é uma condi¢do que afeta
aproximadamente 3,9% da populacdo mundial. O TEPT esta relacionado a niveis elevados de
incapacidades sociais, profissionais e fisicas, bem como a altos niveis de utilizacdo de servigos
médicos. Estimativas sugerem que at¢ um terco daqueles que desenvolvem TEPT passam a
experimentar uma forma cronica do transtorno que, em muitos casos, dura anos. Entre esses
pacientes, comorbidades psiquiatricas e médicas sdo comuns, com muitos apresentando inicio
precoce de condigdes relacionadas a idade, como doenca cardiometabolica, transtornos
neurocognitivos e deméncia. Novas evidéncias sugerem que essas consequéncias bioldgicas sao
devidas a elevados niveis sistémicos de estresse oxidativo e inflamagao. Assim, nosso objetivo
foi realizar uma revisao sistematica atualizada e metanalise de biomarcadores inflamatérios em
pacientes com TEPT, em comparacdo com controles saudéaveis, incluindo também a avaliacao
de marcadores de estresse oxidativo. Apods concluida esta primeira revisao, uma segunda
pesquisa avaliando tratamentos para o TEPT que visassem a redug¢ao dos biomarcadores
inflamatorios foi conduzida.

A metandlise incluiu 54 estudos. Os resultados confirmaram os achados do estudo
anterior em relagdo ao aumento das concentracdes de IL-6 ¢ TNF-a no TEPT. Esses achados
permaneceram significativos mesmo apds a exclusao de estudos que avaliaram pacientes em
uso de medicamentos psicotropicos. Adicionalmente, constatou-se que a concentracao da PCR
¢ significativamente maior em pacientes com TEPT em comparagdo com controles.

Na segunda revisdo, foram detectados 7 estudos que investigaram alteracdes nos
marcadores de estresse inflamatorio e oxidativo apos tratamento em pacientes com TEPT.
Apenas 2 estudos utilizaram medicamentos alternativos como opg¢ao de tratamento. Os demais
estudos avaliaram a resposta clinica e imunologica a psicofdrmacos, mais especificamente aos
Inibidores Seletivos de Recaptagdo da Serotonina (ISRS) e a vilazodona. Os resultados
encontrados sdo promissores. Estudos com amostras maiores € com maior duragao devem ser

realizados para confirmar os achados.

Palavras-chave: Transtorno de estresse pos-traumatico; inflamacao; estresse oxidativo.



ABSTRACT

Post-traumatic stress disorder (PTSD) is a condition that affects approximately 3.9% of the
world's population. PTSD is related to high levels of social, occupational, and physical
disabilities, as well as high levels of use of medical services. Estimates suggest that up to a third
of those who develop PTSD go on to experience a chronic form of the disorder that, in many
cases, lasts for years. Among these patients, psychiatric and medical comorbidities are common,
with many experiencing early-onset age-related conditions such as cardiometabolic disease,
neurocognitive disorders, and dementia. New evidence suggests that these biological
consequences are due to elevated systemic levels of oxidative stress (OXS) and inflammation
(INF). Thus, our aim was to perform an updated systematic review and meta-analysis of
inflammatory biomarkers in PTSD patients compared to healthy controls, also including the
assessment of oxidative stress markers. After completing this first review, a second research
evaluating treatments for PTSD aimed at reducing inflammatory biomarkers was conducted.

The meta-analysis included 54 studies. The results confirmed the findings of the previous
study regarding increased concentrations of IL-6 and TNF-a in PTSD. These findings remained
significant even after excluding studies that evaluated patients using psychotropic medications.
Additionally, CRP concentration was found to be significantly higher in PTSD patients
compared to controls.

In the second review, 7 studies were detected that investigated changes in markers of
inflammatory and oxidative stress after treatment in patients with PTSD. Only two studies used
alternative drugs as a treatment option. The other studies evaluated the clinical and
immunological response to psychotropic drugs, more specifically to SSRIs and vilazodone. The
results found are promising. Studies with larger samples and longer duration should be

performed to confirm the findings.
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INTRODUCAO

O transtorno de estresse pos-traumatico (TEPT) ¢ uma condi¢do que pode se
desenvolver ap6s a exposi¢do a eventos extremamente perturbadores, como violéncia
interpessoal, combate, acidentes com risco de vida ou desastres naturais. E uma situagao
que reconhece a tragédia e o sofrimento humano, sejam eles produtos da natureza, da
crueldade humana ou uma combinacgdo deles (YEHUDA, Rachel et al., 2015). Afeta
aproximadamente 3,9% (0,3 a 8,8%) da populagdo mundial (KOENEN ez 4/, 2017).

Historia familiar de transtornos psiquiatricos, condi¢des médicas cronicas, intensidade
do evento traumatico, ser mulher e experiéncias traumaticas cumulativas sao fatores de

risco associados ao seu desenvolvimento (TORTELLA-FELIU ez 4/.,2019). Os sintomas

de TEPT incluem memdrias angustiantes e intrusivas, pesadelos sobre o trauma,
irritabilidade, hipervigilancia (estado aumentado de sensibilidade a ameaca ou
preocupacao com o potencial de perigo), insdnia, falta de concentragdo e retragdo
emocional (YEHUDA, Rachel et al., 2015).

O TEPT foi introduzido pela primeira vez no DSM-III em 1980, em parte devido as
preocupacdes crescentes com as alteracdes emocionais em veteranos da Guerra do
Vietna (PICHOT, 1986). A psiquiatria ja havia reconhecido que neuroses traumaticas
de longa data podem ocorrer apds a exposi¢do ao combate, mas estava se tornando
aparente que sintomas semelhantes estavam presentes em pessoas que sofreram
violéncia interpessoal, como estupro ou agressdo, sobreviveram a limpeza étnica ou
genocidio, ou sofreram acidentes graves ou desastres naturais (YEHUDA, R.;
MCFARLANE, 1995). O diagnostico de TEPT foi revoluciondrio ao afirmar os efeitos
transformativos e de longo prazo do trauma, visto que a teoria da época era de que os
efeitos do estresse iriam desaparecer com a remog¢ao do estressor. Posteriormente,
estudos documentaram que, embora a exposi¢cdo ao trauma fosse comum, o TEPT
ocorria em apenas uma minoria dos sobreviventes. A definicdo do DSM-III incluiu 12
sintomas e destacou a importancia dos sintomas de revivéncia do trauma. O afeto
entorpecido e contraido era um segundo agrupamento de sintomas. Uma variedade de
sintomas - como hiperexcita¢do, disturbios do sono, culpa, comprometimento da
memoria e evitacdo de gatilhos traumaticos - foram descritos em um terceiro grupo
inespecifico. Nos DSM-III revisado (DSM-III R (1988)) e DSM-IV (1994), ambas as

defini¢des incluiram 17 sintomas e foram baseadas em observagdes de que a evitacao,
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o entorpecimento e o estranhamento interpessoal representavam uma adaptacdo
dindmica com proposito de diminuir o sofrimento das memorias traumaticas. Outros
sintomas foram pensados para representar expressoes fisiologicas de excitagdo ou
hipervigilancia (AMERICAN PSYCHIATRIC ASSOCIATION., 1987; DIAGNOSTIC
AND STATISTICAL MANUAL OF MENTAL DISORDERS, 4TH ED, 1994).

A primeira grande revisdo da defini¢do desde 1988 ocorreu em 2013 no DSM-5
(DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL DISORDERS: DSM-
5, 2013). Entre as mudangas nos critérios diagndsticos para o TEPT no DSM-5, que
agora inclui 20 sintomas, esta a divisdo dos sintomas em quatro grupos. A dimensao
entorpecimento/evitacao foi dividida em dois grupos distintos: evitagdo e alteragdes
negativas persistentes nas cogni¢oes € no humor (YEHUDA, Rachel et al., 2015).

O TEPT esté relacionado a niveis elevados de incapacidades sociais, profissionais e
fisicas, bem como a altos niveis de utilizagdo de servigos médicos. Em amostras da
comunidade e de veteranos de guerra, o TEPT esta associado a relagdes sociais e
familiares empobrecidas, auséncias ao trabalho, renda mais baixa € menor sucesso
académico e profissional (DIAGNOSTIC AND STATISTICAL MANUAL OF
MENTAL DISORDERS: DSM-5, 2013). Além disso, estimativas sugerem que até um
terco daqueles que desenvolvem TEPT passam a experimentar uma forma crénica do

transtorno que, em muitos casos, dura anos (KESSLER, 2000; MICHOPOULQOS et al.,

2017). Entre esses pacientes, comorbidades psiquiatricas e médicas sdo comuns, com
muitos apresentando inicio precoce de condicdes relacionadas a idade, como doenga
cardiometabolica (LOHR et al., 2015), transtornos neurocognitivos (ROSENBAUM et
al., 2015) e deméncia (KESSLER, 2000) (PRASAD, 2015). Portanto, a carga total de

doencas (deficiéncia mais mortalidade prematura) atribuivel ao TEPT ¢ extremamente
alta (YEHUDA, Rachel et al., 2015).

Novas evidéncias sugerem que essas consequéncias bioldgicas sdo devidas a elevados
niveis sist€émicos de estresse oxidativo (OXS) e inflamacao (INF), além do
envelhecimento celular acelerado e neuroprogressao - a remodelagdo patoldgica dos
circuitos neurais que ocorre durante o curso de uma doenca mental cronica (MILLER,

Mark W. et al., 2018).
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1.1.INFLAMACAO E TEPT

A inflamagdo ¢ uma resposta biologica complexa iniciada pelo sistema
imunologico. Ela remove agentes infecciosos, como bactérias e virus, € ajuda a reparar
danos aos tecidos. No sangue periférico, sao as células imunologicas, como neutréfilos,
mondcitos, linfocitos e macrofagos, que participam de reagdes inflamatorias. Ja no
cérebro, as microglias sdo consideradas células inflamatdrias. As células imunologicas
sao recrutadas para o local da infeccdo, liberando espécies reativas de oxigénio (ROS),
citocinas pro-inflamatorias, prostaglandinas, moléculas de adesdo e proteinas do
complemento para eliminar a invasdo de organismos prejudiciais ou para promover a
cicatrizagdo de tecidos lesados (MARTIN; LEIBOVICH, 2005).

Na inflamagao aguda, quando o agente patogénico ¢ removido, o processo
inflamatoério cessa. No entanto, em processos inflamatorios cronicos, mais tipicamente
associados a maioria das doengas e condi¢des neurodegenerativas humanas, as células
imunes podem liberar quantidades excessivas de mediadores inflamatdrios, podendo
danificar o tecido normal, causando faléncia de 6rgaos e, eventualmente, até a morte.

Das substancias liberadas na cadeia da reagao inflamatoria, as citocinas sao as
mais estudadas em saide mental. As citocinas sdo proteinas produzidas principalmente
por linfocitos e macréfagos ativados, mas também por endotélio, epitélio e células do
tecido conjuntivo. No cérebro, eles sdo produzidos principalmente por células da
microglia e alguns por neurdnios. Citocinas pro-inflamatorias incluem interleucina-6
(IL-6), IL-17, IL-18, IL-23 e fator de necrose tumoral alfa (TNF-alfa), que sao toxicos
para as células. As citocinas anti-inflamatorias incluem IL-1, IL-4, IL-10, IL-11 e IL-
13, que auxiliam no reparo no local da lesdo. Algumas citocinas pro-inflamatdrias, como
a IL-6, também podem atuar como fator neurotrofico. Neste caso, ela funciona como
uma citocina pré-inflamatéria durante a fase aguda da lesdo e como um fator
neurotrofico entre a fase subaguda e a fase cronica da lesdo.

As citocinas desempenham um papel importante na modulagdo da fungdo de
muitos outros tipos de células: (1) as citocinas que regulam a ativacao, o crescimento e
a diferenciacdo dos linfocitos incluem interleucina-2 (IL-2) e IL-4 (favorece o
crescimento), bem como a IL -10 que ¢ regulador negativo das respostas imunes; (2)
citocinas envolvidas com imunidade natural, como fator de necrose tumoral-alfa (TNF-
alfa), IL-1Beta, interferon tipo I (IFN-alfa e IFN-beta) e IL-6; (3) citocinas que ativam
c€lulas inflamatoérias, como macréfagos (IFN-gama, TNF-alfa, TNF-beta, IL-5, [L-10 ¢

IL-12); (4) citocinas que estimulam a hematopoiese (IL-3, IL-7, ligante c-kit, fator


https://paperpile.com/c/5iGDEH/WlWQ

estimulador de colonia de granuldcitos-macréfagos (GM-CSF) e fator estimulador de
colonias de macrofagos (M-CSF) (PRASAD, 2015).

Outro marcador de inflamacdo amplamente validado ¢ a proteina C reativa
(PCR), uma proteina que pode ser medida no plasma ou soro que responde a estimulos
inflamatorios desencadeando respostas celulares que levam a sua eliminagdo. A PCR ¢
o mais sensivel dos reagentes inflamatorios do corpo, sendo capaz de proliferar até¢ 1000
vezes em resposta a estimulos desencadeantes. Como a PCR ¢ produzida principalmente
no figado, ha muito se sup0s que ela se expressasse apenas na periferia. No entanto,
estudos recentes documentaram a presenca de PCR em tecido cortical e subcortical de
pacientes com vdrias doencas neurodegenerativas (STRANG et al., 2012; YASOJIMA
et al., 2000).

Evidéncias emergentes também sugerem que a PCR ¢ produzida em células
endoteliais dos microvasos que formam a barreira hematoencefélica e que a PCR
periférica pode afetar o sistema nervoso central por meio do rompimento da barreira
hematoencefalica (MILLER, Mark W. et al., 2018).

A nocdo de que a inflamagdo estd envolvida na doenga mental remonta pelo
menos a observagdo de taxas aumentadas de depressdo entre pacientes com hepatite C
cronica tratados com interferon-o (RENAULT et al., 1987). Esta ligagao original entre
inflamacdo e depressdo foi apoiada por evidéncias subsequentes de que pacientes com
transtorno depressivo maior (TDM) mostram niveis elevados de marcadores
inflamatorios, incluindo citocinas pro-inflamatérias, como IL - 1B, IL - 6, e TNF - a,
bem como proteinas de fase aguda, como PCR, no sangue e no liquido cefalorraquidiano
(DOWLATI et al., 2010; HOWREN; LAMKIN; SULS, 2009; SASAYAMA et al.,
2013). Além disso, estudos demonstraram que a desregulacdo imunoldgica ¢ a
inflamagdo estdo associadas a uma série de distarbios psiquiatricos além do TDM,
incluindo esquizofrenia (MILLER, B. J. et al, 2011), transtorno bipolar
(MODABBERNIA et al., 2013), transtorno do espectro autista (ROSSIGNOL; FRYE,
2012) e TEPT (PASSOS et al., 2015).

Um numero crescente de estudos mostrou que individuos com TEPT exibem
niveis sanguineos significativamente elevados de marcadores inflamatorios, como IL-
1B, IL-6, TNF-a e PCR, em relagdo a controles saudaveis. Embora algumas evidéncias
sugiram que a propria exposi¢cao ao trauma, independentemente da presenca / auséncia
de diagnéstico de TEPT, possa levar a niveis aumentados de marcadores pro-

inflamatorios, uma série de estudos comparando marcadores inflamatérios entre
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pacientes com TEPT e controles ndo-TEPT expostos a trauma mostraram que o TEPT
estd associado a niveis elevados desses marcadores além do possivel efeito da exposi¢ao

ao trauma (TURSICH et al., 2014).

Entre eles, a [L-6 ¢ o marcador pro-inflamatorio mais bem estudado, para o qual
um aumento significativo em pacientes com TEPT ¢ consistentemente mostrado em uma
metanalise e na maioria dos estudos subsequentes (PASSOS et al., 2015) (HORI; KIM,
2019). Além disso, os resultados de uma metanalise anterior do nosso grupo de pesquisa
apontam para um uso potencial da IL-13 como biomarcador de duracao da doenga e IL-

6 como biomarcador de gravidade (PASSOS et al., 2015).

Em relagdo aos estudos que avaliaram os niveis de PCR no sangue em pacientes
de TEPT, os resultados sao mistos. Passos et al. (2015) em uma metanalise incluindo o
resultado de cinco estudos avaliando PCR em pacientes com TEPT (131 casos; 136
controles no total), ndo encontraram diferencas significativas entre casos e controles
(PASSOS et al., 2015). No entanto, alguns estudos mais recentes relataram associagdes
positivas entre a gravidade dos sintomas de TEPT e os niveis de PCR no plasma, ainda
que nem todos os achados adicionais sejam uniformes (BAUMERT et al., 2013;

DENNIS et al., 2016; MILLER, M. W. et al., 2018).

Embora em menor numero, ha estudos que examinaram citocinas anti-
inflamatorias, como IL - 4 e IL - 10, no sangue de individuos com TEPT em comparacao
aos controles. No entanto, seus resultados foram bastante controversos (HORI; KIM,

2019).

1.2. ESTRESSE OXIDATIVO E TEPT

O estresse oxidativo (Oxidative Stress - OXS) ¢ um processo que ocorre quando
os radicais livres dominam os sistemas antioxidantes protetores do corpo (por exemplo,
glutationa [GSH], superdxido dismutase [SOD] e enzimas relacionadas). Existem varios
tipos diferentes de radicais livres derivados de oxigénio e nitrogénio que sao gerados no
corpo. Normalmente, os radicais livres sdo gerados no corpo durante o uso de oxigénio

no metabolismo de certos compostos (PRASAD, 2015). Sob estresse oxidativo agudo,
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como infec¢do bacteriana ou viral, os antioxidantes aumentam em resposta a presenga
de moléculas pro-oxidantes. Quando o OXS ¢ prolongado, ocorre a produgdo excessiva
de radicais livres, causando danos ao DNA (&cido desoxirribonucleico), RNA (acido
ribonucleico), proteinas, carboidratos e membranas (PATEL; WINDER, 2010). Os
antioxidantes se esgotam, levando a degeneracado celular e apoptose, aumentando assim
o risco de doenga aguda e / ou crdnica.

O cérebro ¢ particularmente vulneravel a seus efeitos deletérios devido a alta
demanda metabdlica e a densa composicao de células lipidicas suscetiveis a oxidagao.
Estudos ligaram o OXS a rupturas da barreira hematoencefalica, padroes alterados de
crescimento neural e mudancas na morfologia cerebral (PATEL; WINDER, 2010).

O estresse oxidativo acompanha os transtornos mentais e tem chamado a atengao
nos ultimos anos. Varios estudos sugeriram uma associagdo entre o estresse oxidativo e
transtornos psiquiatricos, incluindo o transtorno de ansiedade generalizada, o transtorno
do panico, transtorno obsessivo-compulsivo, fobia social e TEPT (ATLI et al., 2016).

Evidéncias clinicas preliminares sobre o envolvimento do estresse oxidativo na
fisiopatologia do TEPT vém de estudos transversais que encontraram diferencas
significativas nas concentracdes de enzimas antioxidantes no sangue e na expressao
génica relacionada ao OXS entre pacientes com TEPT e controles. Por exemplo, Atli et
al. relataram niveis elevados de peroxidacdo lipidica sérica (refletindo a quebra e
oxidagdo de acidos graxos poli-insaturados) e enzimas antioxidantes depletadas em
sobreviventes de terremoto com TEPT em comparacdo com controles expostos ao
terremoto (ATLI et al., 2016). Da mesma forma, Stefanovic et al. mediram os niveis
sanguineos de SOD e glutationa transferase em veteranos de guerra croatas e
encontraram niveis reduzidos de ambos os antioxidantes em veteranos com TEPT em

comparagio com os controles (BOROVAC STEFANOVIC et al., 2016).

1.3.Possiveis Mecanismos de Associacao entre TEPT, Inflamacéo e Estresse Oxidativo

Elevado

Um possivel mecanismo para as associagdes entre TEPT, OXS e INF ¢ a
ativacdo crdnica e repetida do eixo hipotadlamo-hipofise-adrenal (HHA) que ocorre

devido ao estresse excessivo associado a esse transtorno. O eixo HHA ¢é um sistema
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neuroendocrino que desempenha um papel fundamental na resposta ao estresse e na
manutengdo da homeostase corporal (MILLER, Mark W. et al., 2018). E ativado em
resposta a varios estressores, resultando em um aumento da secre¢do de glicocorticoide
do cortex adrenal. O glicocorticoide, por sua vez, regula sua propria produgao por meio
de feedback negativo, ligando-se aos receptores de glicocorticoide (GRs) no hipotalamo
e na hipofise. O glicocorticoide também exerce feedback negativo via GRs e receptores

mineralocorticoides no hipocampo.

O estresse aumenta a sintese e a liberagdo do hormoénio liberador de
corticotropina (CRH) e arginina vasopressina no nucleo paraventricular do hipotalamo.
O CRH estimula o sistema nervoso simpatico (SNS) a produzir catecolaminas, incluindo
norepinefrina (que leva a varios sintomas de TEPT, como hiperexcitacao). Esta
liberagdo aumentada de norepinefrina pode induzir a produgdo de citocinas pro-
inflamatorias, como IL-1 e IL-6. Essas citocinas, por sua vez, estimulam a secre¢do de
CRH do nucleo paraventricular hipotalamico. Quanto a (re) ativagdo do eixo HHA, o
aumento do CRH tipicamente estimula a secre¢do de adrenocorticotropina e,
consequentemente, causa elevagao do cortisol.

No entanto, no TEPT, evidéncias robustas mostram redu¢ao do cortisol em face
do CRH aumentado. Como o cortisol pode diminuir a sintese e liberacdao de citocinas
pro-inflamatdrias, suprimindo a sinalizagao do fator nuclear - kB (NF - kB) e mediando
a regulacao especifica da apoptose celular, a capacidade reduzida do cortisol para inibir
as respostas inflamatorias no TEPT pode exacerbar o estado pré-inflamatorio. Além
disso, dado que o cortisol mostrou inibir a atividade do SNS, exceto quando sua elevacao
ocorre em sincronia com a liberagdo de noradrenalina, os niveis baixos de cortisol
persistentes no TEPT podem contribuir para a hiperatividade do SNS, acelerando ainda
mais a inflamacdo. Deve-se observar que o hipocortisolismo, juntamente com uma
maior sensibilidade dos receptores de glicocorticoide (GR), ¢ uma caracteristica
distintiva do TEPT (HORI; KIM, 2019).

Além disso, as citocinas liberadas da microglia inibem a neurogénese e
promovem a apoptose neuronal, e esses processos tém sido implicados na
neuroprogressao associada ao TEPT e distarbios relacionados (MILLER, Mark W. et
al., 2018).
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1.4. Atividade Inflamatoria Aumentada e Neuroprogressio no TEPT

Dada a definigdo atualmente predominante de TEPT como um disturbio cerebral, o
conceito-chave aqui seria "neuroinflamacao" ou inflamag¢dao do tecido nervoso. O
cérebro ja foi considerado um 6rgdo com privilégios imunologicos, o que significaria
que as células do sistema imunologico ndo entrariam no cérebro, exceto em certos casos
de doengas e lesdes. Entretanto, evidéncias nos ultimos anos t€ém indicado que o cérebro
e o sistema imunologico se comunicam rotineiramente, tanto na doenca quanto na saude.
Na verdade, agora ¢ bem conhecido que as citocinas pro-inflamatorias periféricas
podem afetar o cérebro por meio de varios mecanismos, incluindo através do transporte
ativo através da barreira hematoencefalica (BHE), através de regides com vazamento na
BHE, ou através da ativagdo de vias neurais, como o nervo vago (DANTZER et al.,

2008).

A microglia, as células imunes inatas primarias no SNC, sdo mediadores importantes
dos processos neuroinflamatoérios. Eles existem em repouso (quiescente) ou em estados
ativados, dependendo do meio inflamatério (BUTOVSKY; WEINER, 2018). A
microglia tem vérias fungdes fisiolégicas normais, incluindo sinaptogénese, suporte

trofico, quimiotaxia e neurogénese.

No entanto, a microglia pode perder essas fungdes homeostaticas durante o curso de
muitas doengas (BUTOVSKY; WEINER, 2018). Em cérebros doentes e estressados, a
microglia pode persistir em um estado ativado, superproduzindo citocinas pro-
inflamatoérias e glutamato (REUS etal.,2015; TAKAKI et al., 2012). Esses mediadores
pro-inflamatdrios ativam astrocitos que também liberam citocinas e, posteriormente,
induzem a ativacao da microglia. Dessa maneira, a comunicagao entre a microglia e os
astrocitos pode amplificar a sinalizagdo pro-inflamatoria iniciada pela microglia,
levando a alteragdes funcionais / estruturais do cérebro e a mudangas comportamentais
associadas ao TEPT. Entre estas alteragdes encontram-se a ativacdo intensificada da
amigdala em resposta a estimulos ameacadores (INAGAKI et al., 2012), e o prejuizo
em uma variedade de fung¢des cognitivas, incluindo memoria / aprendizagem verbal,
memoria de trabalho, atencdo e fungdes executivas, com prejuizo particularmente

acentuado na memoria / aprendizagem verbal.
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Assim, tanto a inflamagdo na periferia, como no SNC podem contribuir para a
neuroinflamagao por meio da ativagdo da microglia e dos astrocitos. Em particular, IL -
6, TNF - a e IL - 1P s@o mostrados para influenciar o cérebro nos niveis morfoldgico,
funcional e cognitivo, afetando, por exemplo, neurogénese, plasticidade sinaptica e

memoria / aprendizagem (LEVIN; GODUKHIN, 2017).

Consistente com essas disfun¢des cognitivas, estudos de neuroimagem
demonstraram que individuos com TEPT apresentam anormalidades estruturais e
funcionais nas regides do cérebro que controlam a funcdo cognitiva, incluindo o
hipocampo e o cortex pré-frontal (AUPPERLE et al., 2012; BREMNER et al., 2008; L1
etal.,2014).

Além disso, foi demonstrado que a inflamacao cronica acelera o encurtamento
dos telomeros, levando ao envelhecimento celular e a senescéncia prematura, que tem
sido implicada na perda de controle do sistema imunoldgico (MARSLAND et al., 2017).
As células senescentes sdo diferenciadas terminalmente e ndo sdo mais totalmente
funcionais. Embora ndo sofram morte celular, eles causam danos ao expelir citocinas no
meio celular. Uma revisdo da literatura de 32 estudos entre 2001 e 2014 encontrou um
encurtamento dos telomeros leucocitérios, além de um aumento nos marcadores pro-
inflamatorios em pacientes com TEPT, sugerindo imunosenescéncia precoce (KIM;

LEE; YOON, 2020; PASSOS et al., 2015; STEIN et al., 2019).

JUSTIFICATIVA

Existem alguns pontos que justificam uma nova revisao ¢ metanalise a respeito
desse assunto. Uma metanalise anterior € meta-regressao mostrou niveis aumentados de
IL-6, IL-1B, TNF-a e interferon-y em pacientes com TEPT. Algumas limita¢des, no
entanto, impediram conclusdes mais robustas. Especificamente, poucos estudos foram
incluidos nas metandlise e o estudo nao incluiu marcadores de estresse oxidativo. Além
disso, o tipo de trauma e a fragdo sanguinea avaliada (soro versus plasma) ndo foram
explorados como moderadores potenciais dos tamanhos de efeito. Vale ressaltar também
que diversos estudos foram publicados desde 2015, quando foi feita essa metandlise,

com novos achados sobre biomarcadores periféricos no TEPT.


https://paperpile.com/c/5iGDEH/OoQ8
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/fYjh+nRHu+CTWz
https://paperpile.com/c/5iGDEH/kwwy
https://paperpile.com/c/5iGDEH/kwwy
https://paperpile.com/c/5iGDEH/kwwy
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz
https://paperpile.com/c/5iGDEH/ij4Q+7Z3x+YUVz

Embora os sintomas psicocomportamentais sejam os principais fatores
considerados ao investigar o estado patologico e a gravidade de um TEPT, compreender
as alteragdes imunoldgicas que ocorrem em conjunto com esses sintomas pode ser
informativo. Respostas inflamatorias e de estresse oxidativo detalhadas no TEPT podem
ajudar a identificar as vias potencialmente distintas ou divergentes para o
desenvolvimento da patologia e revelar ainda mais a fisiopatologia do transtorno
(SONG et al., 2018). Por exemplo, os niveis plasmaticos de IL-1B e IL-6 mostraram se
correlacionar positivamente com a duragdo e gravidade dos sintomas de TEPT,
respectivamente, € podem, portanto, ser usados para monitorar a resposta ao tratamento

(PASSOS et al., 2015).

Outro ponto € que as estratégias atuais de tratamento farmacologico t€ém como
foco o alivio dos sintomas. Alguns exemplos disso sdo o uso de inibidores seletivos da
recaptagdo da serotonina para tratar ansiedade e sintomas depressivos, agonistas alfa-2
adrenérgicos e estabilizadores de humor para direcionar a hiperexcitacdo e antagonistas
alfa-1 adrenérgicos para direcionar os distarbios do sono (NORRHOLM;
JOVANOVIC, 2010). No entanto, esses tratamentos atuais para o TEPT tém mostrado
eficacia limitada, o que tem estimulado o surgimento de pesquisas sobre novas
abordagens psicofarmacolégicas, baseadas nos mecanismos biologicos subjacentes ao
TEPT (PATEL; WINDER, 2010). Drogas destinadas a diminuir as concentracdes de
citocinas pro-inflamatdrias ou reduzir o estresse oxidativo na circulagdo podem ter

beneficios duplos e ajudar a aliviar a carga da doenca em pacientes de TEPT.

3. OBJETIVOS:

3.1.0bjetivos Gerais:

Nosso objetivo ¢ realizar uma revisdo sistemadtica atualizada e metanalise de
biomarcadores inflamatorios em pacientes com TEPT, em comparacao com controles

saudaveis, incluindo também a avaliacdo de marcadores de estresse oxidativo. Apos
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concluida esta primeira revisdo, uma segunda pesquisa avaliando tratamentos para o

TEPT que visem a reducdo dos biomarcadores inflamatorios serd conduzida.

3.2.0bjetivos Especificos:

e Realizar uma revisdo sistematica atualizada e metandlise de biomarcadores
inflamatorios em pacientes com TEPT.

e Incluir a avaliacdo de marcadores de estresse oxidativo.

e Comparar os niveis de biomarcadores de estresse oxidativo e inflamatorio encontrados
em pacientes de TEPT com aqueles encontrados em controles saudaveis.

e Explorar a influéncia do transtorno depressivo maior comorbido (TDM) e o uso atual
de medicamentos psicotropicos em andlises de subgrupos.

e [Investigar a influéncia do tipo de trauma, gravidade e duracdo dos sintomas de TEPT, a
hora do dia o sangue foi coletado, o imunoensaio usado ¢ a fragdo do sangue avaliada,
como fontes potenciais de heterogeneidade em analises de meta-regressao univariada.

e Em um segundo artigo, realizar uma revisao sistematica sobre os tratamentos existentes
para o TEPT que busquem atuar ndo somente na melhora da sintomatologia clinica,
como também nos mecanismos fisiopatologicos do transtorno, sejam eles a inflamacgao

e/ou o estresse oxidativo.

4. ASPECTOS ETICOS:
Por se tratar de suas revisdes sistematicas com metanalise, o presente trabalho

ndo necessitou ser submetido a aprovacdo do Comité de Etica.
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Abstract

Post-traumatic stress disorder (PTSD) has been associated with persistent, low-degree inflammation, which could
explain the increased prevalence of autoimmune conditions and accelerated aging among patients. The aim of the
present study is to assess which inflammatory and oxidative stress markers are associated with PTSD. We carried
out a meta-analytic and meta-regression analysis based on a systematic review of studies comparing inflammatory
and oxidative stress markers between patients with PTSD and controls. We undertook meta-analyses whenever
values of inflammatory and oxidative stress markers were available in two or more studies. Overall, 28 008
abstracts were identified, and 54 studies were included, with a total of 8 394 participants. The Newcastle-Ottawa
Quality Assessment Scale (NOS) was used to evaluate the quality of the studies. Concentrations of C-reactive
protein (SMD = 0.64; 95% CI: 0.21 to 1.06; p =0.0031; k = 12), interleukin 6 (SMD = 0.94; 95% CI: 0.36 to 1.52;
p=0.0014; k = 32), and tumor necrosis factor-o. (SMD = 0.89; 95% CI: 0.23 to 1.55; p=0.0080; k = 24) were
significantly increased in patients with PTSD in comparison with healthy controls. Interleukin 1f levels almost
reached the threshold for significance (SMD = 1.20; 95% CI: -0.04 to 2.44; p = 0.0569; k = 15). No oxidative
stress marker was associated with PTSD. These findings may explain why PTSD is associated with accelerated
aging and illnesses in which immune activation has a key role, such as cardiovascular diseases and diabetes.

Additionally, they pointed to the potential role of inflammatory markers as therapeutic targets.
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1. Introduction

Post-traumatic stress disorder (PTSD) is a chronic and severe psychiatric condition, which may develop
in approximately one-third of individuals who were exposed to or experienced a significant traumatic event [1, 2].
PTSD presents a lifetime prevalence of about 3.9% (0.3 to 8.8%) [3]. Family history of psychiatric disorders,
chronic medical conditions, the intensity of the traumatic event, being a woman, and cumulative traumatic
experiences are risk factors associated with its development [2]. In addition, PTSD has been associated with
increased suicide risk [4], premature death [5], coronary heart disease, and elevated economic burden [6]. PTSD
presents a complex pathophysiology, and immune activation has been associated with the disorder [1, 7]. Most of
the evidence comes from empirical data on blood biomarkers, which have described increased levels of specific
proinflammatory cytokines and acute-phase proteins in patients with PTSD compared with healthy controls [7, 8].
PTSD has also been associated with an increased risk of developing autoimmune conditions in longitudinal studies
[9, 10]. In addition, PTSD has been linked to accelerated aging, reduced cortical thickness, and neurodegeneration

[11-13].

A previous meta-analysis and meta-regression published in 2015 showed increased levels of interleukin
6 (IL-6), interleukin 1B (IL-1pB), tumor necrosis factor-o (TNF-a), and interferon-y (IFN-y) in patients with
PTSD.[8] Additionally, its findings suggested the use of IL-1P as biomarker of illness duration, and IL-6 as a
biomarker of PTSD severity. Some limitations, however, prevent more robust conclusions. Specifically, few
studies were included in the meta-analyses and meta-regression analysis of some inflammatory markers, and the
study did not include oxidative stress markers. Additionally, type of trauma and the blood fraction assessed (serum

vs plasma) were not explored as potential moderators of the effect sizes. Another systematic review and meta-
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analysis was published in 2020, with the aim of providing an updated account of the presence of immune
biomarkers in PTSD patients [14]. In their analysis, patients with PTSD presented significantly higher levels of C-
reactive protein (CRP), TNF-a, IL-6, IL-1B, interleukin 2 (IL-2), white blood cells, and IFN-y in comparison with
healthy controls. However, this study presents important limitations, including a significantly less comprehensive
search, based on references written only in English and indexed in three electronic databases. For instance, even
though the authors of this 2020 paper aimed to update the prior work [8], their work was based on the screening
of 2,606 references [ 14], whereas the study published in 2015 was based on the screening of 8,057 references [8].
Furthermore, the 2020 study also did not investigate the levels of oxidative stress markers in PTSD patients; also
presenting limitations concerning methodology and data analysis that were described in the discussion of the

present manuscript [14].

Therefore, aiming to address the above-described gaps, we decided to perform an updated and
comprehensive systematic review and meta-analysis of inflammatory biomarkers in patients with PTSD, in
comparison with healthy controls; also including the assessment of oxidative stress markers. Additionally, we
explored the influence of comorbid major depressive disorder (MDD) and current use of psychotropic medication
in subgroup meta-analyses. Comorbid MDD and current psychotropic use were investigated, along with type of
trauma, severity, and length of PTSD symptoms, the time-of-day blood was collected, the assay used, and blood

fraction assessed, as potential sources of heterogeneity in univariate meta-regression analyses.

2. Methods and Materials

2.1. Search strategy and selection criteria

The study protocol was registered at PROSPERO (CRD42020153592; August 2020). We utilized the
guidelines described by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [15]. The PRISMA checklist used can be found in Supplementary table 1. Furthermore, we structured
our selection criteria and statistical analysis in concordance with the MOOSE guidelines for meta-analyses and
systematic reviews of observational studies [16]. The methodological quality of included studies was determined

using the Newcastle-Ottawa Scale (NOS) (see Supplementary table 2) [17].
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A literature search was conducted in the following databases: PubMed, Embase, Scopus, Web of Science,
and PsyclInfo for articles published in any language between January 1, 1960, and October 6, 2021. Search terms
are described in the supplementary material (see Supplementary table 3). Medical Subject Heading (MeSH) terms
were used in PubMed and Emtree terms were used in Embase. We also searched the reference lists of included
studies and contacted experts in the field of PTSD for unpublished data. Two pairs of investigators (TLP plus
AMK, and AOS plus APSA) independently screened records identified through database searching, supervised by
VG, who decided in cases of disagreement. The same pairs of investigators then assessed for eligibility the full
text of all titles and abstracts included in the screening phase, supervised by ICP, and FK, who decided in cases of
disagreement. Data from all eligible articles were then extracted by seven investigators (TLP, AMK, AOS, APSA,
VG, ASM, VRL). Articles in languages other than English were translated. The following eligibility criteria were
used: (a) observational studies that assessed peripheral blood inflammatory or oxidative stress markers in patients
with PTSD (if the study had a prospective design, we included only baseline assessments) compared with controls;
(b) studies that used well-validated diagnostic criteria for PTSD (Diagnostic and Statistical Manual of Mental
Disorders, 4th edition - DSM-IV, DSM-5, International Classification of Diseases, 10th edition - ICD-10, or the
Clinician-Administered PTSD Scale (CAPS)); (c) studies that included adult patients (aged >18 years); (d) studies
that showed the mean and standard deviation (SD) of peripheral blood cytokines (authors were contacted if the
information was missing — when there was no response from the authors, a calculation of the estimated mean and
SD was made [Supplementary table 4]). Exclusion criteria were: (a) studies that assessed patients with bipolar
disorder and psychotic disorders, severe medical illness, or autoimmune or inflammatory disease; (b) studies with
participants who were using anti-inflammatory or immunomodulatory drugs; (c) studies with inflammatory marker
concentrations measured in cerebrospinal fluid or brain tissue; (d) studies that assessed peripheral inflammatory
or oxidative stress markers measured after stimulation; (e) review articles. However, we included studies that
evaluated patients with PTSD and MDD. Likewise, studies that evaluated patients with anxiety disorder, alcohol
dependence and substance abuse were also included, as these are comorbidities often associated with PTSD. A
subgroup analysis differentiated the effect size of findings according to the presence of MDD. Subgroup analyses

were not performed in relation to other comorbid disorders, as there were insufficient data in the included studies.

2.2. Data extraction

Duplicated references were removed. We used standardised spreadsheets to extract data from articles, including

name of the first author; publication year; number, sex, and age of the participants; type of diagnostic instrument



used; mean and SD of peripheral blood cytokines and oxidative stress markers; type of trauma (war vs other than
war trauma); time of day blood was collected (fasting vs postprandial); type of blood fraction assessed (serum vs
plasma); type of assay undertaken (enzyme-linked immunosorbent assay - ELISA, or other than ELISA); whether
the study allowed patients with comorbid MDD in the PTSD group; whether patients were medication-free; illness
duration; and severity of PTSD symptoms assessed by CAPS. When an analysis was reported in more than one

article, data were extracted from the most recent report.

2.3. Data analysis

Meta-analyses were performed whenever information about inflammatory or oxidative stress markers was
available in two or more studies [18]. To incorporate both within-study and between-study variabilities, random-
effects models with restricted maximum-likelihood estimators were used to synthesize the effect sizes [18]. The
bias-corrected standardized mean difference (SMD) was used to assess the effect size, and the level of significance
for the models was 0.05 [18]. For the SMD, an effect size of 0.2 was considered a small effect, 0.5 a moderate
effect, and 0.8 or more as a large effect size [19]. The Q statistic was used to investigate the existence of
heterogeneity, the ¢’ to assess the amount of heterogeneity, and the /* to evaluate the proportion of variability due
to heterogeneity [20]. We considered a p-value < 0.1 for the Q statistic or /2> 25% as thresholds for heterogeneity
[21]. Egger’s linear regression test was used to investigate potential small study effects in the included studies, but
funnel plot inspection was used only in those meta-analyses that included 10 or more studies [22]. When a potential
small study effect was identified by Egger’s test (p < 0.1) in meta-analyses with significant effect sizes, Duval and
Tweedie’s trim-and-fill method was used to test the data [22][23]. The leave-one-out procedure, which consists of
performing a new meta-analysis on each subset of the dataset obtained by leaving out one study at a time, was
used as a sensitivity analysis to investigate the effect of each study on the main analyses [18]. This analysis tests
if the effect size of the meta-analysis is driven by one study. The method should not be regarded as a way of
yielding a more valid estimate of the overall effect or outcome but as a way of examining the sensitivity of the
results to one particular selection mechanism. Given that meta-analyses may be susceptible to the quality of the
included studies, we performed a sensitivity analysis evaluating only the high-quality studies according to the

NOS.
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Subgroup meta-analyses were performed to investigate the effect of comorbid MDD and current use of
psychotropic medication whenever information about inflammatory or oxidative stress markers was available in
two or more studies in each subgroup. Comorbid MDD and psychotropic medication use were selected as
predictors since previous evidence has shown their effect on cytokines and other biomarkers [8]. Finally,
univariate meta-regression analyses were used to investigate the sources of heterogeneity in meta-analyses that
included at least ten studies. We analyzed methodological variables, such as type of assay undertaken (ELISA vs
other than ELISA), blood fraction assessed (serum vs plasma), time of day blood was collected (fasting vs
postprandial), and variables with clinical implications, such as presence of comorbid MDD (PTSD with comorbid
MDD vs PTSD without MDD), current use of psychotropic medication (medication-free vs on psychotropic
medication), illness duration (in months), PTSD symptoms assessed by CAPS, and type of trauma (war trauma vs
other than war trauma), as predictors in univariate analysis. Severity of depressive symptoms, when the study
included this data, was also analyzed as a variable with clinical implications. Given the great heterogeneity
between the scales used to assess depressive symptoms, an effect size calculation (SMD, Hedges' g) of the
difference in scale scores between patients and controls was performed. The effect size was used as a predictor of
the biomarkers in question. The meta-analyses were performed using the metafor and the meta packages in R

environment [24].

2.4. Role of funding source

Brazilian National Council for Scientific and Technological Development (CNPq) and Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES). The corresponding author had full access to all
the data used in the study and had final responsibility for the decision to submit for publication. This study was
financed in part by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance

Code 001.

3. Results

3.1. Systematic review — results

Figure 1 shows the full study selection process according to PRISMA. The initial literature search identified 28

008 abstracts from databases. From those, after primary and secondary screening, 54 studies (51 studies after
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eligibility phase and three studies through reference review) were included, with a total of 8 394 participants (2
506 subjects with PTSD and 5 888 controls) [25-78]. Peripheral blood levels of 20 inflammatory or oxidative
stress markers were assessed in two studies or more. Table 1 presents the characteristics of included studies while
Supplementary table 2 presents the quality of these studies as assessed by the NOS. The NOS evaluates three
quality parameters (selection, comparability, and outcome) divided across eight specific items. Each item on the
scale is scored from one point, except for comparability. The maximum score for each study is 9, with studies
having less than 5 points being identified as representing a high risk of bias[79]. From the 54 studies, 37 have a

NOS score greater than or equal to six, a score that signals a high quality of the study.

3.2. Meta-analysis — inflammatory markers

Meta-analyses showed that concentrations of CRP, IL-6, and TNF-a were elevated in patients with PTSD
compared with controls, ranging from moderate effect size for CRP (SMD = 0.64; 95% CI: 0.21 to 1.06; p =
0.0031; k = 12) to large effect sizes for IL-6 (SMD = 0.94; 95% CI: 0.36 to 1.52; p=0.0014; k = 32) and TNF-a
(SMD =0.89;95% CI: 0.23 to 1.55; p=0.0080; k = 24) (Table 2). These comparisons presented high heterogeneity
(> 75%). The significance of the effect size remained robust after using the leave-one-out procedure as sensitivity
analysis for IL-6, CRP, and TNF-a (Supplementary tables 5, 6, and 7). Egger’s linear regression test suggested
small study effects for two of the inflammatory markers with significant findings: IL-6 and TNF-a (Table 2).
However, it was not necessary to input any studies according to the nonparametric data augmentation technique
implemented in the metafor package. There were no other significant differences between groups for any of the
other inflammatory or oxidative stress markers (Table 2); nevertheless, IL-1 almost reached the threshold for
statistical significance (SMD = 1.20; 95% CI: -0.04 to 2.44; p=0.0569; k = 15). Furthermore, the levels of IL-1j
became significantly higher in the PTSD group when one of the studies (Dalgard et al., 2017) was left out of the
analysis (Supplementary table 8). Funnel plots of IL-6, CRP, TNF-q, and IL-1p are depicted in Supplementary

figures 14.

Subgroup meta-analyses revealed that levels of IL-6 and TNF-a were significantly higher in patients with
PTSD without comorbid MDD compared with controls (Figure 2 and Figure 3). On the other hand, levels of IL-
6 and TNF-a were not higher in the subgroup with major depressive disorder when compared with controls
(Figures 2 and 3). Regarding the use of medication, IL-6 was significantly higher in patients with PTSD when
compared with controls, regardless of the presence of medication use (Figure 4). Conversely, levels of TNF-a

were significantly higher than healthy controls only in those patients with PTSD who were medication-free
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(Figure 5). Subgroup analysis showed only a marginally significant difference of IL-1p in PTSD without comorbid
MDD when compared with controls (p = 0.0490) (Supplementary table 9). It was not possible to perform a
subgroup meta-analysis for CRP because only one study included patients without MDD; only one study included
participants who were medication-free as well. IL-18 and CRP forest plots are represented in Supplementary

figures 5 and 16. Forest plots of all other cytokines are depicted in the supplemental material.

In the meta-regression analyses, the univariate models found that methodological variables explained
between-study heterogeneity for IL-1p, IL-6, and TNF-a. The use of ELISA as the assay method was significantly
and positively associated with IL-1f, IL-6, and TNF-a levels. On the other hand, the blood fraction investigated

(serum vs plasma) was significantly associated only with IL-1f.

Among the variables with clinical implication, length of illness significantly explained heterogeneity for
IL-6, IL-10, CRP, and TNF-a. While the duration of illness was negatively associated with the IL-6 levels, it was
positively associated with IL-10, CRP and TNF-a levels. The severity of depressive symptoms significantly

explained the heterogeneity for IL-1p and TNF-a.

Finally, the war trauma was negatively associated with TNF-a levels. The complete description of the

results of the meta-regression analyses are presented in supplementary tables 10 and 11.

An assessment of the statistical power in the meta-analysis of the investigated inflammatory markers was
performed (supplementary table 12). Of the 20 meta-analytic models, 17 had statistical power lower than 0.8,
indicating that most analyses are underpowered. The biomarkers with statistical power above 0.8 were IL-6, CRP

and TNF-a, with values of 0.99, 0.99 and 0.82, respectively.

3. Discussion

The present meta-analysis and meta-regression included 54 studies, corresponding to 34 additional studies in
comparison with the prior systematic review [8], also investigating oxidative stress markers in the analysis. On the
one hand, with the inclusion of more studies, we found that the concentration of CRP (k = 5 in the prior meta-

analysis, while k = 12 in the present study) is significantly higher in patients with PTSD compared with controls,
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with this finding not being significant in the previous study [8]. On the other hand, IFN-y (k = 6 in the present
study and k = 2 in the prior meta-analysis) and IL-1p (k = 15 in the present study and k = 7 in the prior meta-
analysis) were no longer significant. IL-1 became marginally significant when assessing the difference of IL-1
in PTSD without comorbid MDD in comparison with controls. Additionally, the present study confirmed the
findings of the prior study[8] with regard to the increased concentrations of IL-6 and TNF-a in PTSD. These
findings remained significant even after excluding studies that assessed patients on psychotropic medications.
However, we had an unexpected finding, given that levels of interleukin 6 and TNF-alpha were not higher in the
subgroup with major depressive disorder when compared with controls. For most inflammatory markers, study
heterogeneity was high. No oxidative stress marker was significantly associated with PTSD. Additionally, our
initial purpose was to assess variables such as tobacco use or exercise as moderators in meta-regression models.
However, these analyses were not performed because these variables were rarely reported. We discuss below the

new findings compared with the prior meta-analysis [8].

This systematic review and meta-analysis add to the evidence of inflammation as a key factor in the
pathophysiology of PTSD. The mechanism behind this association is complex, and is yet to be elucidated [80].
Nevertheless, one potential explanation would be related to an altered function in the hypothalamic-pituitary-
adrenal (HPA) axis, leading to increased levels of catecholamines and decreased basal levels of cortisol, which is
a highly replicated finding in patients with PTSD [1, 80, 81]. This finding has been suggested as biological
vulnerability associated with increased risk of developing PTSD following the experience of a traumatic event
[82]. Concerning the inflammatory markers, increased levels of norepinephrine promote the production of
proinflammatory cytokines;, whereas, in homeostatic states, cortisol is known to decrease the levels of
proinflammatory cytokines after the initial stages of the stress response.[80, 82] These pathophysiological changes

combined may be associated with the increased levels of proinflammatory markers described in this meta-analysis.

Furthermore, PTSD has been extensively associated with cardiovascular disease, being regarded as an
independent risk factor for acute events, including stroke and acute coronary syndrome [83]. For instance, a meta-
analysis assessed the association between incident coronary disease and PTSD in longitudinal studies, describing
that the risk of coronary disease or cardiac-specific mortality was increased by 27%, after the adjustment of the
estimate for specific covariates, including depression [84]. One of the potential explanatory physiological
mechanisms for this association is the link between PTSD and the above-mentioned proinflammatory state [83].

Likewise, atherosclerosis, which is intimately connected with coronary syndrome and other cardiac-related
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outcomes, is linked with a chronic inflammatory state by strong empirical and clinical evidence.[85] Therefore,
the results of the present meta-analysis contributes to the evidence on the connection between PTSD and

cardiovascular disease.

In terms of treatment, patients with PTSD have few pharmacological options to rely on, with trauma-
focused psychological treatments receiving the highest recommendations in treatment guidelines, and selective
serotonin reuptake inhibitors (SSRIs) usually being regarded as the most effective pharmacological options
available [86]. Nevertheless, up to 70% of patients with PTSD are considered to present some level of treatment-
resistance, failing to respond to these treatment options [87]. These trends highlight the need for novel strategies
of treatment, including new targets of pharmacotherapy, such as the inflammatory markers described in this
systematic review [88]. To date, only animal models of PTSD have explored inflammation as a treatment target,

describing promising results [89, 90].

One of the main findings of this study is the significantly higher concentration of CRP in the serum of
patients with PTSD compared with healthy controls. In our previous meta-analysis, this finding was not
statistically significant [8]. Such a difference may be attributed to a larger number of studies included in the
analysis, which had larger samples. On the one hand, CRP is the most sensitive indicator of inflammation in the
organism, being widely used as a marker of infection, inflammatory reactions, chronic disease progression, and
treatment response [88, 91]. On the other hand, it is a nonspecific biomarker, which has been shown to be
significantly increased in patients with depressive disorders, anxiety disorders, suicidality, substance misuse, and
cardiovascular disease [55, 92-96]. Furthermore, it is not known whether elevated CRP is a marker of PTSD and
its underlying physiopathology or a marker of increased risk for developing PTSD [97]. For instance, a large
longitudinal all-male study described that increased baseline plasma CRP levels significantly predicted post-
deployment PTSD symptoms [98]. Nevertheless, this trend was not observed in another longitudinal study, in
which CRP was not a significant predictor of PTSD development in an all-female sample of nurses [99]. These
findings may be partially explained by differences in gender, age, or even sample size. Moreover, the value of
CRP as a prognostic marker in patients with PTSD is yet to unfold. However, as suggested in a prospective cohort
study of Veterans, increased baseline CRP serum levels significantly predicted a worse course of PTSD in the
follow-up [36]. Another cross-sectional study, with an all-female small sample size, described that women who
recovered from PTSD present similar concentrations of CRP to healthy controls, and both groups presented CRP

levels significantly lower than women with current PTSD [39]. Nevertheless, further evidence from longitudinal
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studies is needed to elucidate the direction of the relationship between CRP and PTSD, and the potential role of

CRP in the clinical care of patients with PTSD.

Similarly to what was reported by Passos et al in 2015 [8], the present updated meta-analysis found that
IL-6 and TNF-a levels were significantly higher in PTSD patients in comparison with controls. On the one hand,
IL-6 is one of the most studied inflammatory markers in PTSD, with most studies consistently pointing to increased
levels of this cytokine relative to controls [80]. On the other hand, the evidence on TNF-a levels is more
conflicting; for instance, the 2015 meta-analysis described that the levels of this inflammatory marker was
increased only in those who were medication free and in the subgroup meta-analysis in which authors excluded
patients with comorbid major depression [8]. Both inflammatory markers present a variety of functions in the
human homeostasis, playing important roles in immune activation, hematopoiesis and inflammation; also
presenting implications in the pathophysiology of several chronic conditions [100-102]. Furthermore, there is
evidence that IL-6 and TNF-a may influence neural plasticity, processes of learning and memory, as well as
neurogenesis, which may be associated with the activation of microglia and astrocytes in the brain, potentially

leading to neurodegeneration and decreased gray-matter volume [80, 103, 104].

Oxidative stress may also be increased in patients with PTSD [27, 88, 105]. Oxidative stress is a
fundamental biological process, also induced by inflammation, that produces cellular damage due to an imbalance
between levels of antioxidants and free radicals [88, 105]. It is intimately connected with neurodegeneration, aging,
and implicated in the pathogenesis of several chronic conditions [88]. Most studies investigating oxidative stress
in patients with PTSD described reduced levels and activity of antioxidant enzymes, differences in expression of
oxidative stress-related genes, as well as higher levels of other specific biomarkers of oxidative stress in these
patients [27, 106—108]. Possibly, the traumatic experience itself responds by increasing oxidative stress.
Nevertheless, a cross-sectional study described significantly decreased paraoxonase-1 activity and elevated
malondialdehyde concentration in earthquake-exposed individuals with PTSD in comparison with healthy
controls; in the same study, such differences were not significant between healthy controls and earthquake
survivors who did not develop PTSD [27]. Considering this context, our study might have been underpowered for
detecting increased oxidative stress markers in patients with PTSD. Therefore, future studies with larger samples
are needed to investigate the levels of these markers and the role of this biological process in PTSD, including the

investigation of potential new treatment strategies to reduce the impact of such changes [105].
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As mentioned in the introduction, a similar systematic review and meta-analysis was published in 2020,
also investigating immune biomarkers in patients with PTSD [14]. The authors searched only for English-language
papers, retrieving 2606 references from three databases, and including 40 studies in their research [14]. In their
analysis, patients with PTSD presented significantly higher levels of CRP, TNF-a, IL-6, IL-1B, IL-2, white blood
cells, and IFN-y in comparison with healthy controls. Conversely, our investigation found only concentrations of
CRP, IL-6, and TNF-a to be significantly increased in patients with PTSD; in addition to IL-1pB levels almost
reaching the threshold for significance. Such differences may be explained by the strengths that our investigation
presents in comparison with their systematic review [14]. We performed a more comprehensive search, retrieving
28,008 abstracts from five different databases, including references published in any language, which yielded a
total of 54 studies for the meta-analysis, corresponding to 8,394 participants. In addition, our search is more up-
to-date since it covered the period up to October 6, 2021, whereas their study covered up to January 31, 2019. Our
group also made an exhaustive effort to acquire data by contacting the authors. There is no information concerning
registration of their systematic review’s protocol on PROSPERO or a similar platform, nor did they describe any
type of quality assessment procedure applied to the included studies [14]. The data analysis procedure applied in
our study is also more robust, with the use of the leave-one-out procedure and the Duval and Tweedie’s trim-and-
fill method when applicable. Their study did not investigate oxidative stress markers’ presence in PTSD; also not
investigating the effect of type of trauma, illness duration and severity, as well as blood fraction assessed as sources

of heterogeneity in meta-analyses [14]. Nevertheless, white blood cells were not explored in our study.

Our study presents some limitations. High levels of between-study heterogeneity were recorded for most
cytokine variables measured in our analysis. According to the results of univariate meta-regression analyses,
methodological variables, such as type of essay and blood fraction investigated, explained between-study
heterogeneity for IL-1p, IL-6, and TNF-a. Length of illness significantly explained heterogeneity for IL-6, IL-10,
CRP, and TNF-a. Duration of illness was negatively associated with the IL-6 levels, and positively associated with
IL-10, CRP and TNF-a levels. Lastly, war trauma was negatively associated with TNF-a levels. Unexplained
heterogeneity could be related to other factors such as body mass index, smoking status, physical activity, blood
pressure, alcohol consumption, genetics, or any combination of these variables.[80] All these variables are related
to inflammatory changes, but most included studies did not report them. Additionally, it is important to highlight
that meta-analyses of observational studies usually describe high between-study heterogeneity, mainly in terms of
methodology, population, and settings, which differ substantially across included studies.[109] This aspect may

compromise the interpretation of synthesized estimates. Another limitation of our study was the small number of
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studies in the meta-regression and subgroup analyses for some cytokines. In addition, as mentioned earlier, in the
evaluation of statistical power in meta-analysis of the investigated inflammatory markers, 17 out of 20 meta-
analytic models presented statistical power lower than 0.8, indicating that most analyses of this study are
underpowered. Notably, 20 studies included in our meta-analysis allowed controls possibly exposed to trauma but
without PTSD in the healthy control group. Although those controls did not have any psychiatric or physical
illness, we do not know to what extent exposure to trauma can trigger long-term changes in inflammatory markers

in healthy individuals, even if they have not developed PTSD.

In summary, the contribution of our study was to clarify results reported previously, showing that PTSD
is associated with a pattern of immune activation characterized by increased levels of CRP, IL-6, and TNF-a. The
importance of this research lies in identifying peripheral biomarkers associated with PTSD, potentially establishing

early diagnoses, monitoring treatment results, and providing new targets for therapeutic interventions.
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7. Figures

Figure 1. Study selection flowchart.

search strategy:
8161 PubMed,
278 Embase,
17 550 Scopus,
1444 Web of Science,
575 Psyelnfo

28 008 potentially eligible abstracts identified by

10 502 duplicates removed

17 506 abstracts screened independently by
two authors on the basis of titles and abstracts

17 224 abstracts excluded after initial screening of titles
and abstracts because they did not meet inclusion criteria

two authors

282 full texts reviewed independently by

231 full-text studies excluded
35 not available
29 did not use well-validated diagnostic criteria for
PTSD
43 did not have peripheral blood inflammatory or
oxidative stress marker
27 mean and/or SD of peripheral biomarkers were not
available
25 inappropriate patient group
14 did not have healthy controls
7 anti-inflammatory use or peripheral inflammatory
markers measured after stimulation
4 inflammatory marker concentrations measured in
cerebrospinal fluid or brain tissue
2 study population overlap
45 review or meta-analysis articles or conference

54 studies included in meta-analysis: 51
studies after eligibility phase and 3 studies
through reference review

Figure 1. Study selection

48



Figure 2. Subgroup meta-analysis of interleukin 6 with comorbid MDD as a predictor. SMD: standardized mean

difference; PTSD: post-traumatic stress disorder; MDD: major depressive disorder; RE: random effects; SMD:

Standardized Mean Difference.

Author and Year SMD [95% CI]
Without MDD
Baker etal, 2001 A 1.55[0.49, 2.62]
Chenetal, 2014a —a— 3.18[2.41, 3.96]
Chenetal, 2014b —a— 3.06[2.30, 3.82]
Gill etal 2010 e 1.31[0.38, 2.25]
Gola etal, 2013 = 0.53[0.01, 1.05]
Guo etal, 2012 —a— 339[277, 4.01]
Kiffer etal, 2019 —a— -0.03[-0.46, 0.39]
Oganesyan et al., 2009 —a— 1.26[0.71, 1.81]
Vidovic etal., 2009 —a— 0.51[0.08, 0.97]
Vidovic etal., 2011 —a— 0.81[0.29, 1.33]
RE Madel (Q = 14610, df =9, p < 0.0001; I*= 93 8%) T e 1.54[0.76,2.31]
pvalue < 0.0001
With MDD
Dalgard et al., 2017 A -2.62[-3.52 -1.72]
De Oliveiraetal , 2018 —=— 1.23[0.76, 1.70]
Eswarappa et al., 2017 s 0.24 [-0.02, 0.51]
Gill etal, 2008 L 7.17[5.56, 8.79]
Gill etal, 2013 —a— 0.66[0.09, 1.23]
Hoge et al, 2009 —— 1.06[0.50, 1.62]
Imai etal,, 2018 —a— 1.18[0.75, 1.60]
Imai etal., 2019 —a— 0.51[0.15, 0.86]
Jergovic etal., 2014 —— -2.28[-3.05,1.52]
Jiang etal, 2018 s 454[3.48, 5.60]
Lindgvist et al., 2014 - 0.28[-0.11, 0.67]
Lindguist et al.,, 2017 = 0.64[0.12, 1.15]
Maes etal, 1999 —a— 1.79[1.04, 2.54]
Mehta et al., 2020 —a— -0.13[0.69, 0.44]
Neupane et al., 2017 —— 0.51[0.05, 0.98]
Newton etal,, 2014 —=— -0.12[-0.75, 0.52]
Smith et al,, 2011 | 0.38[0.00, 0.76]
Song etal., 2007 —a— 0.83[0.14, 1.11]
Teche etal, 2017 —a— -0.19[-0.70, 0.32]
von Kanel etal., 2007 ] 0.18[-0.56, 0.93]
von Kanel etal., 2010 T 0.29[-0.37, 0.95]
Wangetal, 2019 = = -0.02 [-0.35, 0.30]
RE Model (Q = 282.49, df = 21‘p<UUUU1‘I2= 98.0%) = 0.67 [-0.08, 1.43]
pvalue =0.079
RE Model for All Studies (Q = 476.06, df = 31, p = < 0.0001; I* = 97.5%) i 0.94[0.26, 1.52]
pvalue = 0.0014
I T 1
-5 0 5 10

Figure 3. Subgroup meta-analysis of Tumor Necrosis Factor-a with comorbid MDD as a predictor. MDD: major

Standardized Mean Difference

depressive disorder; RE: random effects. SMD: Standardized Mean Difference.
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Author and Year SMD [95% CI]
Without MDD
Chenetal, 2014a —— 253[1.84, 3.22]
Chen et al, 20140 —a— 2.03[1.40, 2.68]
Golaetal, 2013 —a— -0.24[-0.86, 0.18]
Guo etal, 2012 —a— 252[1.99, 3.05]
Kuffer et al, 2019 —— 0.09[-0.34, 0.51]
Oganesyan et al, 2009 —a— 079027, 1.31]
Vidavic et al, 2009 —a— 0.67[0.20, 1.13]
Vidavic et al, 2011 —— -0.15[-0.65, 0.35]
RE Model (Q = 122,90, df = 7‘p<UUUU1‘I2= 94.9%) e 1.00[0.19, 1.82]
pvalue = 0.0160
With MDD
Dalgard et al, 2017 || 2.91[1.95, 3.86]
Gill et al, 2008 | | 308[222 395]
Hoge et al, 2009 == 0.30[-0.23, 0.82]
Imai et al, 2018 - 1.13[0.70, 1.55]
Imai et al, 2019 —a— 1.33[0.95, 1.72]
Jergovic et al, 2014 | -2.35[-3.12, -1.58]
Jiang et al, 2018 e — 6.33[4.96, 7.71]
Lindguistet al, 2014 ] 0.41[0.02, 0.81]
Lindguist et al, 2017 —a— 0.02[-0.48, 0.52]
Mehta et al., 2020 —a—] -0.57 [-1.14, 0.07]
Neupane et al, 2017 - 0.35[-0.10, 0.81]
Smith et al, 2011 [ 0.20[-0.18, 0.57]
Toftetal, 2018 = 1.70[1.24, 2.15]
von Kanel, et al 2007 —— 0.09[-0.65, 0.83]
Wang etal, 2019 i 0.59[0.26, 0.91]
Yang etal, 2001 —a— -1.43[-2.05,-0.80]
RE Model {Q = 289.53, df=15‘p<UUUU1‘I2=QB 1%) T T 0.84 [-0.09,1.77]
pvalue = 0.0767
RE Model for All Studies (Q = 416.53, df = 22, p = < 0.0001; . 0.89[0.23, 1.55]
‘ . . p value = 0.0080
-4 -2 0 2

Standardized Mean Difference



Figure 4: Subgroup meta-analysis of interleukin 6 with use of psychotropic medications as a predictor. PTSD:

post-traumatic stress disorder; MDD: major depressive disorder; RE: random effects. SMD: Standardized Mean

Difference.
Author and Year SMD [95% CI]
Medication free
Baker et al,, 2001 | 1.55[0.49, 2.62]
Chenetal, 2014a —— 318[2.41, 3.96]
Chenetal, 2014b —a— 3.06[2.30, 3.82]
Dalgard et al., 2017 P -262[-352 172]
De Oliveira etal , 2018 —a— 1.23[0.76, 1.70]
Eswarappa et al., 2017 HEH 0.24 [-0.02, 0.51]
Gill etal, 2008 — 7.17[5.56, 8.79]
Gill etal., 2010 e 1.31[0.28, 2.25]
Kuffer et al.,, 2019 - -0.03[-0.48, 0.29]
Waes et al.,, 1999 —a— 1.79[1.04, 2.54]
Mehta etal., 2020 —a— -0.13[0.69, 0.44]
Oganesyan et al., 2009 —a— 1.26[0.71, 1.81]
Vidovic et al., 2009 —a— 0.51[0.06, 0.97]
Vidovic etal., 2011 —a— 0.81[0.29, 1.27]
von Kanel etal., 2007 A 0.18[-0.56, 0.93]
RE Model (Q = 244.88, df = 14, p < 0.0001; I* = 97.9%) —_— 1.25[0.24, 2.26]
pvalue = 0.0155
On psychotropic medication
Gill etal, 2013 —a—] 0.66[0.09, 1.23]
Gola etal, 2013 —a— 0.53[0.01, 1.05]
Guoetal, 2012 —a— 3.39[277, 4.07]
Hoge et al., 2009 —-— 1.06[0.50, 1.62]
Imai etal., 2018 - 1.18[0.75, 1.60]
Imai etal., 2019 —a— 0.51[0.15, 0.28]
Jergovic etal., 2014 —a— -2.28[-3.05,-1.52]
Jiang etal., 2018 || 4.54[3.48, 5.60]
Lindguist et al., 2014 - 0.28 [-0.11, 0.67]
Lindquist et al,, 2017 —a— 0.64[0.12, 1.15]
MNeupane et al, 2017 —-— 0.51[0.05, 0.96]
Newton et al., 2014 —=— -012[-0.75, 0.52]
Smith etal,, 2011 - 0.38[0.00, 0.76]
Sang etal, 2007 —a— 0.63[0.14, 1.11]
Teche etal, 2017 —-—— -0.19[-0.70, 0.32]
von Kanel etal., 2010 —— 0.29[-0.37, 0.95]
Wangetal, 2019 = -0.02[-0.25, 0.20]
RE MUdeI(Q:227.91.df:15‘p=UUUU1‘I2:QB 7%) s 0.68[0.03,1.34]
pvalue = 0.0402
RE Model for All Studies (Q = 476.06, df = 21, p = = 0.0001; = 97.5%) il 0.94[0.26, 1.52]
pvalue =0.0014
[ T 1
-5 0 5 10

Standardized Mean Difference



52

Figure 5: Subgroup meta-analysis of Tumor Necrosis Factor-a with use of psychotropic medications as a predictor.

RE: random effects. SMD: Standardized Mean Difference.

Author and Year SMD [95% CI]
Medication free
Chenetal, 2014a —a— 253[1.84, 3.22]
Chen et al, 20140 —a— 2.03[1.40, 2.68]
Dalgard et al, 2017 || 2.91[1.95, 3.26]
Gill et al, 2008 A 3.08[222 3.95]
Kuffer et al, 2019 —— 0.09[-0.24, 0.51]
Mehta etal, 2020 —a— -0.57 [1.14, 0.07]
Oganesyan et al, 2009 —a— 079027, 1.31]
Vidavic et al, 2009 —a— 0.67[0.20, 1.13]
Vidavic et al, 2011 —— -0.15[-0.65, 0.35]
von Kanel, et al 2007 —a— 0.09[-0.65, 0.83]
RE Model (Q = 133.80, df = H‘D<UUUU1‘IZ= 95.0%) == o= 1.12[0.28, 1.95]
pvalue = 0.0086
On psychotropic medication
Golaetal, 2013 —=— -0.34 [-0.86, 0.18]
Guo etal, 2012 —a— 252[1.99, 3.05]
Hoge et al, 2009 = 0.30[-0.23, 0.82]
Imai et al, 2018 —a— 1.13[0.70, 1.55]
Imai etal, 2019 - 1.33[0.95 1.72]
Jergovic et al, 2014 e -2.35[-3.12,-1.58]
Jiang et al, 2018 e — 68.33[4.98, 7.71]
Lindgvist et al, 2014 i 0.41[0.02, 0.87]
Lindquist et al, 2017 —a— 0.02[-0.48, 0.52]
Neupane et al, 2017 - 0.235[-0.10, 0.81]
Smith et al, 2011 - 0.20[-0.18, 0.57]
Toft et al, 2018 = 1.70[1.24, 2.15]
Wang etal, 2019 i 0.59[0.26, 0.91]
Yang etal, 2001 —a— -1.43[-2.05,-0.80]
RE Model {Q =281.22, df=13‘p<UUUU1‘I2=QB 4%) T 0.730.26,1.72]
pvalue = 0.1462
RE Model for All Studies (Q = 416.53, df = 23, p = < 0.0001; I* = 97.5%) . 0.89[0.23, 1.55]
‘ . . p value = 0.0080
-4 -2 0 2

Standardized Mean Difference



8. Tables

Table 1. Characteristics of studies included in the meta-analysis.

Table 1. Characteristics of studies included in the meta-analysis.

Study, Inflammat N Age CAPS Blood Medicati | Exclude
Year ory (total score fraction on-free d MDD

markers sample | (Mean/

/Oxidative mean/SD SD)

stress )
markers
assessed
PTSD Controls

Spivak, IL-1B, sIL- 19 19 28.5/NA | NA/NA | Serum Yes Yes
1997[25] | 2R
Mubhtz, hsCRP 25 25 71/NA | NA/NA Serum No No
2011 [26]
Atli, MDA, 32 38 33/NA | NA/NA | Serum NA NA
2016[27] | PON-1
Kiiffer, IL-6, TNF- 42 43 30.55/N | 54/14.9 Serum Yes Yes
2019[28] | a A 1
Vidovic, IL-6, TNF- 39 25 4191/N | 58.7/7. Serum Yes Yes



https://paperpile.com/c/AN6kpR/gckiW
https://paperpile.com/c/AN6kpR/aamuD
https://paperpile.com/c/AN6kpR/w0226
https://paperpile.com/c/AN6kpR/iOOhS

54

2011[29] |« A 5
Smith, IL-6, TFNa, 50 60 41.32/N | 93.24/N | Plasma NA No
2011[30] | IL-1B, IL-2, A A

TNF-a, IL-

4¢lIL-10
Baker, IL-6 11 8 41.82/N | 82.1/6. Plasma Yes Yes
2001[31] A 7
Oglodek, | MIP-1PB 60 40 45.2/45 | NA/NA | Plasma Yes No
20182321
Oglodek, | CAT 60 40 45.2/45 | NA/NA | Plasma Yes No
20172033
Oglodek, | PON-1, IL- 60 40 45.2/4.5 | NA/NA | Plasma Yes No
2017b34 18
Oglodek, | MIP-1a, 60 40 45.2/4.5 | NA/NA | Plasma Yes No
20180331 MDA, IL-

12
Eswarapp | CRP, IL-6 64 396 56.6/10.9 | NA/NA Serum Yes No
a’ﬂ
2019[36]
Gill, TNF-a, IL- 26 21 44. NA/NA NA Yes No



https://paperpile.com/c/AN6kpR/KnPgt
https://paperpile.com/c/AN6kpR/0LNuX
https://paperpile.com/c/AN6kpR/k93cx
https://paperpile.com/c/AN6kpR/sYpGX
https://paperpile.com/c/AN6kpR/BMBbX
https://paperpile.com/c/AN6kpR/Zins0
https://paperpile.com/c/AN6kpR/oOVSv
https://paperpile.com/c/AN6kpR/glpJ7

2008[37] | 1B, IL-6 3/NA
Gill, IL-6 9 14 34.39/N 69/10 Plasma Yes No
2010[38] A
Gill, IL-6, CRP 26 24 34.81/N | NA/NA | Plasma No Yes
2013[39] A
Gola, IL-6, IL-8, 35 25 31.14/N | 80/17.5 | Plasma No Yes
2013[40] | IL-10, A

TNF-a,

MCP-1
Guo, IL-2, IL-4, 50 50 41.5/13.0 | NA/NA | Serum NA Yes
2012[41] | IL-6, IL-8, 4

IL-10,

TNF-a
Toft, IL-1B, IL- 39 69 41.91/10. | NA/NA | Serum NA No
2018[42] | IR, MCP-1, 79

TNF-a
Sondergaa | hsCRP 25 38 NA/NA | NA/NA | Serum NA No
rd, 2004
[43]
Park, hsCRP, IL- 14 14 33.3/1.6 81/9 NA NA No
2017 [44] | 2,IL-6



https://paperpile.com/c/AN6kpR/wXf2F
https://paperpile.com/c/AN6kpR/GRVA9
https://paperpile.com/c/AN6kpR/koo7N
https://paperpile.com/c/AN6kpR/vPqzO
https://paperpile.com/c/AN6kpR/qbTE8
https://paperpile.com/c/AN6kpR/yoFkk
https://paperpile.com/c/AN6kpR/Seos9
https://paperpile.com/c/AN6kpR/nQpL8

56

Sumner, CRP, TNF- 174 175 43.45/4.7 | NA/NA | Plasma No No
2017 [45] | a
Miller, CRP 16 16 67.4/2.28 | 38.6/11 Serum No No
2017 [46] 3
Oganesya | TNF-a, IL- 31 31 40.5/3.92 | NA/NA | Serum NA Yes
n, 2009 | 1B, IL-6
[47]
Jergovic, IFN-y, IL-4, 30 17 NA/NA | 56.7/14 Serum NA No
2014 [48] | IL-2, TNF- .8

a, IL-6
Jergovic, CRP, MIP- 69 32 NA/NA | NA/NA Serum No No
2015[49] | la, IL-8,

IL-1B, IL-2,

TNF-a,

IFN-y, IL-4,

IL-6
Maes, IL-6, sIL- 13 32 NA/NA | NA/NA Serum Yes No
1999 [50] | 6R, sIL-

IRA
Miller, CRP 163 123 32.08/8.3 | 69.06/N | Serum NA NA
2018 [51] 58 A



https://paperpile.com/c/AN6kpR/7c3nA
https://paperpile.com/c/AN6kpR/DFlBx
https://paperpile.com/c/AN6kpR/GUchD
https://paperpile.com/c/AN6kpR/3FnB4
https://paperpile.com/c/AN6kpR/XFGz9
https://paperpile.com/c/AN6kpR/TE0j7
https://paperpile.com/c/AN6kpR/LQUtT

Neupane, | CRP, IL- 32 47 35.5/10.1 | NA/NA Serum No No
2017 [52] | IRA, IL-6,

IL-10,

TNF-a,

IFN-y
Jiang, IL-1B, IL-6, 27 25 38.35/8.2 | NA/NA [ Serum NA No
2018 [53] | IL-8, TNF- 7

a
Spitzer, CRP 55 2994 53.53/15 | NA/NA Serum NA No
2010 [54]
Lindqvist, | IL-6; IL-1p; 51 51 33.9/8.85 | 67.8/16 | Serum No No
2014 [55] | TNF-a, 9

CRP, IL-10,

IFN-y
Lindqvist, | IL-6, TNF- 31 30 31.00/5.5 | 92.7/17 | Serum No No
2017 [56] | a, IFN-y, .1

hsCRP
Hoge, IL-6, TNF- 28 28 31/11.15 | NA/NA | Serum No No
2009 [57] | a, IL-10,

hsCRP, IL-

1B;  IFN-y,

MCP-1,

MIP-1  «q,

GM-CSF



https://paperpile.com/c/AN6kpR/Qmnqr
https://paperpile.com/c/AN6kpR/Wpm2s
https://paperpile.com/c/AN6kpR/jHGJR
https://paperpile.com/c/AN6kpR/HLcgl
https://paperpile.com/c/AN6kpR/sxval
https://paperpile.com/c/AN6kpR/KjSaV

58

Vidovic, IL-6, TNF- 39 37 39.28/9.9 | 68.02/N Serum Yes Yes
2009 [58] | a 5 A
De IL-6, IL-10. 41 41 27.26/5.0 | NA/NA Serum Yes NA
Oliveira, 9
2018 [59]
Dalgard, IL-2, IL-8, 20 17 30.35/11. | 70/NA Plasma Yes No
2017 [60] | IL-1pB, IFN- 54

v, IL-6, IL-

10, TNF-a,

MIP-18,

TARC, IL-

8, MCP-1
Newton, IL-6 15 26 NA/NA 32/13 Plasma NA No
2014 [61]
O’Donova | hsCRP 257 363 59/11 NA/NA NA NA No
n, 2017
[62]
Olam, CRP 73 69 31.94/8.7 | 97.69/1 Serum NA No
2019 [63] 8 2.89
Tucker, IL-1B, sIL- 58 21 NA/NA | 88.74/1 Serum NA No
2004[64] | 2R 42



https://paperpile.com/c/AN6kpR/LyjCw
https://paperpile.com/c/AN6kpR/np3h8
https://paperpile.com/c/AN6kpR/5rqKC
https://paperpile.com/c/AN6kpR/nMlNy
https://paperpile.com/c/AN6kpR/jnur1
https://paperpile.com/c/AN6kpR/fJZaF
https://paperpile.com/c/AN6kpR/pj3eL

Powers, hsCRP 18 16 50.89/8.8 | 16.32/N Serum NA No
2019 [65] 6 A
Imai, IL-1B, IL-6, 40 65 NA/NA | NA/NA Serum No No
2018 [66] | TNF-q,

hsCRP, sIL-

6R
Imai, IL-6, TNF- 56 73 37.16/N | NA/NA Serum No No
2019 [67] | o, hsCRP A
Von CRP, IL-1, 14 14 NA/NA | NA/NA | Plasma NA No
Kanel, IL-6, TNF-
2007 [68] | a, IL-4, IL-

10
Von IL-6, CRP 15 29 NA/NA | 43/NA Plasma NA No
Kanel,
2010 [69]
Song, IL-2, IL-6, 34 34 39/NA | NA/NA Serum NA No
2007 [70] | IL-8
Wang, IL-2, IFN-y, 7 6 41.7/NA | 75.9/13 | Plasma Yes No
2016 [71] | IL-6, IL-7, 3

TNF-alpha,

IL-4, IL-10



https://paperpile.com/c/AN6kpR/ynUGf
https://paperpile.com/c/AN6kpR/TXTFQ
https://paperpile.com/c/AN6kpR/Wjz8g
https://paperpile.com/c/AN6kpR/hZAqh
https://paperpile.com/c/AN6kpR/FaXKL
https://paperpile.com/c/AN6kpR/ajHpb
https://paperpile.com/c/AN6kpR/ty4o7

60

Wang, TNF-a, IL- 51 136 48.8/7.6 | NA/NA Serum NA No
2019 [72] | 1B, IL-2,

IL-6, IL-8,

IFN-y, IL-4,

IL-10
Teche, IL-6, IL-10, 30 30 42.65/N | NA/NA Serum No No
2017 [73] | cortisol A
Chen, IL-2, IL-6, 60 60 37.82/N | NA/NA Serum Yes Yes
2014 [74] | IL-8, TNF- A

o
Tezcan,20 | CAT, MDA 14 14 31.18/N | NA/NA | Plasma Yes NA
03 [75] A
McD CRP 159 140 68.82/4.2 | 15.59/0 | Plasma No No
Young, .8
2021 [76]
Mehta, hs-CRP, IL- 18 36 39.6/11.8 | NA/NA Serum Yes No
2020[77] | 6, TNF-a,

IL-1P
Yang, TNF-a, IL- 21 31 NA/NA | NA/NA Serum NA NA
2001 [78] | 2, GM-CSF



https://paperpile.com/c/AN6kpR/ud13O
https://paperpile.com/c/AN6kpR/akTxJ
https://paperpile.com/c/AN6kpR/PvNIg
https://paperpile.com/c/AN6kpR/QV7iJ
https://paperpile.com/c/AN6kpR/UrLHN
https://paperpile.com/c/AN6kpR/D3zLZ
https://paperpile.com/c/AN6kpR/G7TMg

Oglodek 2017*: Evaluation of ADMA, carbonyl groups, CAT, and NKA in depressed patients with and without
post-traumatic stress disorder. Oglodek 2017": The role of PON-1, GR, IL-18, and OxLDL in depression with and
without post-traumatic stress disorder; Oglodek 2018*: The association between inflammatory markers (iNOS,
HO-1, IL-33, MIP-1beta) and depression with and without post-traumatic stress disorder. Oglodek 2018": Changes
in the concentrations of inflammatory and oxidative status biomediators (MIP-1 alpha, PMN elastase, MDA, and
IL-12) in depressed patients with and without post-traumatic stress disorder. MDA: Malondialdehyde; CAT:

Catalase; PON-1: paraoxonase-1.

Table 2. Meta-analysis of inflammatory and oxidative stress markers in PTSD

Table 2. Meta-analysis of inflammatory and oxidative stress markers in PTSD

Studies | Sample size Effect size Heterogeneity Egger’s
test
k PTS | Contro | SMD | 95% CI p- Q statistic | £ r z statistic
D Is value (dfip (p-value)
value)
Interleukin 15 541 625 1.20 | [-0.04to | 0.056 359.10 | 5.87 | 98.8 | 2.8681 (p
1B 2.44] 9 (14,p < 0% | =0.0041)
0.0001)
Interleukin 2 45 79 0.11 | [-0.45t0 | 0.704 | 2.04(1,p | 0.08 | 51.0 NA
1IRA 0.67] 0 =0.1531) 1%
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Interleukin 8 284 373 -0.46 | [-1.61to | 0.438 | 164.55(7,|2.67 | 97.6 | -2.5295
2 0.70] 3 p< 6% =
0.0001) 0.0114)
Interleukin 6 223 305 -0.40 | [-1.99to | 0.621 | 143.72(5, | 3.85 | 98.3 | -1.9427
4 1.19] 1 p< 8% =
0.0001) 0.0520)
Interleukin 32 1028 | 1518 | 0.94 | [0.36t0 | 0.001 476.06 | 2.66 | 97.4 | 3.6277 (p
6 1.52] 4 GBLp< 7% | =0.0003)
0.0001)
Interleukin 7 287 322 | -0.29 | [-1.45t0 | 0.625 | 199.50 (6, | 2.37 | 97.5 | -0.6195
8 0.87] 2 p< 4% =
0.0001) 0.5356)
Interleukin 11 401 482 0.36 | [-0.27to | 0.268 144.51 | 1.07 | 94.7 | 0.5741 (p
10 0.99] 2 (10,p < 3% | =0.5659)
0.0001)
Soluble IL- 2 71 53 -2.14 | [-7.68to | 0.448 | 93.11(1,p | 15.8 | 98.9 NA
2 receptor 3.40] 4 <0.0001) | 1 3%
Soluble IL- 2 53 97 0.31 | [-0.27to | 0.296 | 2.38(1,p | 0.11 | 58.0 NA
6 receptor 0.89] 8 =0.1225) 8%
Interferon-y 6 223 309 | -0.19 | [-1.660 | 0.798 | 80.31(5,p | 3.28 | 98.2 | -4.2688
1.28] 3 <0.0001) 6% <
0.0001)
C-reactive 12 737 | 3935 | 0.64 | [0.21to | 0.003 179.09 | 0.50 | 93.2 | -0.7926
protein 1.06] 1 (1L, p< 6% =
0.0001) 0.4280)




hs-C- 8 459 643 0.26 | [-0.51to | 0.513 | 59.64 (6,p | 1.13 | 96.3 | 2.2854 (p

reactive 1.02] 1 <0.0001) 1% | =0.0223)

protein

Tumor 24 830 991 0.89 | [0.23to | 0.008 416.53 | 2.60 | 97.4 | 3.2535(p

necrosis 1.55] 0 23,p< 9% | =0.0011)

factor-a 0.0001)

MCP-1 4 122 139 | -0.66 | [-1.53to | 0.143 | 20.61 (3,p | 0.71 | 90.6 | -1.8715

0.22] 0 <0.0001) 5% =

0.0613)

MIP-1 a (or 3 157 100 437 | [-4.05to | 0.308 | 188.98 (2, | 55.0 | 99.8 | 13.7462

CCL3) 12.79] 8 p<| 2 | 0% (<
0.0001) 0.0001)
MIP-1 B (or | 2 80 | 57 | 7.01 | [-3.61to | 0.195 | 117.87(1, | 58.2 | 99.1 NA
CCL4) 17.63] 9 p<| 5 | 5%
0.0001)

Malondiald 3 104 92 -0.15 | [-1.33to | 0.800 | 35.88(2,p | 1.00 | 92.9 | 0.4429 (p

ehyde 1.02] 5 <0.0001) 5% | =0.6579)
GM-CSF 2 49 | 59 | -027 | [-123t0 | 0.572 | 5.98(1,p | 039 83.2 NA
0.68] 0 =0.0143) 8%
Catalase 2 74 | 54 | 2.64 | [-12.87t0 | 0347 | 92.94(2,p | 15.6 | 98.9 NA
8.14] 4 <0.0001) | 1 | 2%
Paraoxonas 2 90 | 78 | -535| [-14.78 | 0.266 | 144.00 (1, | 45.9 | 99.3 NA
e-1 to 4.08] 1 p<| 8 | 1%
0.0001)

CCL3: chemokine C-C motif ligand 3; CCL4: chemokine CC motif ligand 4; CI: confidence interval; df:
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degrees of freedom; GM-CSF: granulocyte-macrophage colony-stimulating factor; hs: high sensitivity; IL:
interleukin; MCP-1: monocyte chemoattractant protein-1; MIP-1 a: macrophage inflammatory protein 1 alpha;
MIP-1 B: macrophage inflammatory protein 1 beta; NA: not applicable; PTSD: post-traumatic stress disorder;

SMD: standardised mean difference.
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1.Supplementary table 1. PRISMA checklist

Section/Topic # Checklist Item *Reported on Page #

Title

Title 01 Identify the report as a systematic review, meta- [ 01
analysis, or both.

Abstract

Structured summary 02 Provide a structured summary including, as applicable: | 03
background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review
registration number.

Introduction

Rationale 03 Describe the rationale for the review in the context of | 04
what is already known.

Objectives 04 Provide an explicit statement of questions being | 05

addressed with reference to participants, interventions,

comparisons, outcomes, and study design.
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Methods
Protocol and | 05 Indicate if a review protocol exists, if and where it can | 06
registration be and, if available, provide registration information

including registration number.
Eligibility criteria 06 Specify study characteristics and report characteristics | 06

used as criteria for eligibility, giving rationale.
Information sources 07 Describe all information sources in the search and date | 06

last searched.
Search 08 Present full electronic search strategy for at least one | 06

database, including any limits used, such that it could

Supplemental
be repeated.
information table 3

Study selection 09 State the process for selecting studies. 06
Data collection | 10 Describe method of data extraction from reports and | 07
process any processes for obtaining and confirming data from

investigators.
Data items 11 List and define all variables for which data were sought | 07

and any assumptions and simplifications made.
Risk of bias in| 12 Describe methods used for assessing risk of bias of | 07-08

individual studies

individual studies, and how this information is to be

used in any data synthesis.




Summary measures 13 State the principle summary measures. 07-08

Synthesis of results 14 Describe the methods of handling data and combining | 07-08
results of studies, if done, including measures of
consistency for each meta-analysis.

Risk of bias across | 15 Specify any assessment of risk of bias that may affect | ---

studies the cumulative evidence.

Additional analyses 16 Describe methods of additional analyses, if done, | 08
indicating which were pre-specified.

Results

Study selection 17 Give numbers of studies screened, assessed for [ 10
eligibility, and included in the review, with reasons for

Figure 1

exclusions at each stage, ideally with a flow diagram.

Study characteristics | 18 For each study, present characteristics for which data | Table 1
were extracted and provide the citations.

Risk of bias within | 19 Present data on risk of bias of each study and, if | ---

studies available, any outcome-level assessment.

Results of individual | 20 For all outcomes considered, present, for each study: (a) | Table 2

studies

simple summary data for each intervention group and
(b) effect estimates and confidence intervals, ideally

with a forest plot.
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and other support; role of funders for the systematic

review.

Synthesis of results 21 Present results of each meta-analysis done, including | 10-11
confidence intervals and measures of consistency.

Risk of bias across | 22 Present results of any assessment of risk of bias across | 10-11

studies studies.

Additional analysis 23 Give results of additional analyses, if done. 10-11

Discussion

Summary of evidence | 24 Summarize the main findings including the strength of | 12-16
evidence for each main outcome; consider their
relevance to key groups.

Limitations 25 Discuss limitations at study and outcome level, and at | 15-16
review level.

Conclusions 26 Provide a general interpretation of the results in the | 12-16
context of other evidence, and implications for future
research.

Funding

Funding 27 Describe sources of funding for the systematic review | 08-09, 17

*Page numbers reported on this checklist refer to the manuscript in its submitted version and may not reflect the

page numbers on the published version of the manuscript.




2.Supplementary table 2. The Newcastle-Ottawa Scale (NOS) for assessing the quality of included studies.

Overall, the quality of the studies included in this meta-analysis is high. The vast majority of articles in the meta-
analysis, 37 out of 54, have a NOS score greater than or equal to six, a score that signals a high quality of the study.

Articles with scores lower than five may eventually contribute to a bias in the meta-analysis, however only 6 of

the 54 articles in the meta-analysis present this risk.

Selection Comparability Outcome Total Score
Atli, 2016 kK #3k el 9
Baker, 2001 koK ok o 8
Chen, 2014 sekokeok * ok 7
Dalgard, 2017 oo * ok 5
De Oliveira, 2018 wokk * Aok ok 7
Eswarappa, 2017 ok * ok 6
Gill, 2008 ek ok * ek 8
Gill, 2010 ok ok - * 4
Gill, 2013 ek ok * ek 8
Gola, 2013 koK * ko 8
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Guo, 2012 *k * %
Hoge, 2009 ok * ok
Imai, 2018 ok *% *
Imai, 2019 koK * *
Jergovic, 2014 ook ok * ok
Jergovic, 2015 ook * *%
Jiang, 2018 ok * o
Kiiffer, 2019 o * o
Lindqvist, 2014 ** * ook
Lindqvist, 2017 ok * ok
Maes, 1999 Hokeok * sk
McD Young, 2019 wox * ok
Mehta, 2020 ok * ook
Miller, 2017 ok * *
ko ok

Miller, 2018




Muhtz, 2011 Hokok Hk ok
Neupane, 2017 otk — o
Newton, 2014 ko ok * ok
O'Donovan, 2017 ok ok * ok
Oganesyan, 2009 ok * —
Oglodek, 20172 ook * ok
Oglodek, 2017° ok * ek
Oglodek, 2018* Kok * Kok
Oglodek, 2018 *okk ok * sk
Olam, 2019 ko ok — *
Park, 2017 ok ok * *
Powers, 2019 ok * %
Smith, 2011 Aok ok o *
Sondergaard, 2004 HoHk * *%
*xk ok ok

Song, 2007




74

Spitzer, 2010 HkE * HkE 7
Spivak, 1997 otk ok ok 8
Sumner, 2017 HokkE *x o 8
Teche, 2017 koK * *k 6
Tezcan,2003 Hokok — ok 5
Toft, 2018 Aok ok * sk 7
Tucker, 2004 HokkE --- * 5
Vidovic, 2009 HkE * HkE 7
Vidovic, 2011 ok * sk 8
Von Kanel, 2007 ol * ** 6
Von Kanel, 2010 okl * *ok 7
Wang, 2016 HkE * o 6
Wang, 2019 ook *% *x 3
Yang, 2001* NA NA NA NA

Yang 2001": It was not possible to assess the quality of the paper, as we were unable to obtain the full article.

Data for analysis were obtained from the database of the previous study conducted by our group.[8]



1.

Supplementary table 3. Search terms.

("Inflammation" OR "Immune Activation" OR "Interleukin" OR "Cytokine" OR "Interferon" OR
"Tumor Necrosis Factor-alpha" OR "C-Reactive Protein" OR "Oxidative Stress" OR "Reactive Oxygen
Species"” OR "antioxidant" OR "Superoxide Dismutase" OR "Glutathione Peroxidase" OR
"Selenoglutathione Peroxidase" OR "Glutathione Lipoperoxidase" OR "Catalase" OR "Free Radicals"
OR "Nitric Oxide" OR "Mononitrogen Monoxide" OR "Nitrogen Monoxide" OR "Endothelium-
Derived Nitric Oxide" OR "Lipid Peroxidation" OR "Lipid Peroxidations" OR "malonyldialdehyde"
OR "Malonaldehyde" OR "Malonylaldehyde" OR "Sodium Malondialdehyde" OR "Thiobarbituric
Acid Reactive Substances" OR "TBARs" OR 'nitrotyrosine" OR "3-nitrotyrosine” OR "3-
mononitrotyrosine" OR "3-nitro-L-tyrosine" OR "glutathione" OR "protein carbonyl” OR "DNA
oxidation" OR "DNA damage" OR "DNA fragmentation") AND ("Posttraumatic Stress Disorder" OR

"PTSD").




76

2. Supplementary table 4. Studies in which the mean and the standard deviation of the inflammatory markers or

oxidative stress markers were estimated from the median, range, and the size of the respective sample.

Study, Year Inflammatory =~ Markers  /
Oxidative  Stress Markers

Assessed in the study

Vidovic, 2011 IL-6, TNF-a

Hoge, 2009 IL-6, TNF-a, IL-10, hsCRP,
IL-1B; IFN-y, MCP-1, MIP-1

a, GM-CSF

Neupane, 2017 | CRP, IL-1RA, IL-6, IL-10,

TNF-a, IFN-y

Imai, 2018 IL-1B, IL-6, TNF-a, hsCRP,

sIL-6R

Von Kanel, | CRP, IL-1B, IL-6, TNF-a, IL-

2007 4,1L-10

Jergovic, 2015 | CRP, MIP-1a, IL-8, IL-1B,
IL-2, TNF-q, IFN-y, IL-4, IL-

6

De Oliveira, | IL-6, IL-10

2018




Imai, 2019 IL-6, TNF-a, hsCRP

The methodology used to estimate the mean and standard deviation are described in the article of Hozo et al. 2005.



3.

Supplementary table 5. Sensitivity analysis — leave one out procedure for interleukin 6.

Effect size

Heterogeneity

SMD 95% CI p value | Q statistic (df; p value) | 7 I

Baker et al; 2001 0.92 [0.33t01.52] [ 0.0023 | 472.89 (30, p <0.0001) | 2.74 | 97.61%
Chen et al; 2014a 0.87 [0.29 to 1.44] | 0.0031 432.58 (30, p <0.0001) | 2.56 | 97.42%
Chen et al; 2014b 0.87 [0.29t0 1.45] [ 0.0031 | 434.79 (30, p <0.0001) | 2.58 | 97.44%
Dalgard et al; 2017 1.05 [0.50t0 1.59] [ 0.0002 | 426.96 (30, p <0.0001) | 2.30 | 97.15%
De Oliveira et al; | 0.93 [0.34t01.53] [ 0.0022 | 468.81 (30, <0.0001) | 2.76 | 97.55%
2018

Eswarappa et al; 2017 | 0.97 [0.37to 1.56] [ 0.0015 | 468.44 (30, p <0.0001) | 2.75 | 97.34%
Gill et al; 2008 0.77 [0.3to 1.25] [ 0.0017 | 412.22 (30, p <0.0001) | 2.77 | 96.36%
Gill et al; 2010 0.93 [0.29t0 1.53] [ 0.0022 | 473.75 (30, p <0.0001) | 2.75 | 97.61%
Gill et al; 2013 0.95 [0.35t01.55] [ 0.0018 | 476.00 (30, p <0.0001) | 2.76 | 97.58%
Gola et al; 2013 0.96 [0.36t0 1.55] [ 0.0017 | 476.00 (30, p <0.0001) | 2.76 | 97.57%
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Guo et al; 2012 0.86 [0.29 to 1.43] | 0.0032 | 395.80 (30, p <0.0001) | 2.51 | 97.36%
Hoge et al; 2009 0.94 [0.34 to 1.54] | 0.0021 | 473.28 (30, p <0.0001) | 2.77 | 97.58%
Imai et al; 2018 0.93 [0.34to 1.53] | 0.0022 | 468.42 (30, p <0.0001) | 2.76 | 97.53%
Imai et al; 2019 0.96 [0.36 to 1.55] | 0.0017 | 475.83 (30, p <0.0001) | 2.76 | 97.48%
Jergovic etal; 2015 | 1.04 [0.48 to 1.59] | 0.0002 | 421.08 (30, p <0.0001) | 2.37 | 97.22%
Jiang et al; 2018 0.83 [0.28 to 1.37] | 0.0030 | 422.00 (30, p <0.0001) | 2.29 | 97.15%
Kiiffer et al; 2019 0.97 [0.38 to 1.57] | 0.0013 | 467.38 (30, p <0.0001) | 2.73 | 97.50%
Lindqvist et al; 2014 | 0.96 [0.37to 1.56] | 0.0015 | 473.47 (30, p <0.0001) | 2.75 | 97.50%
Lindqvist et al; 2017 | 0.95 [0.35t0 1.55] | 0.0018 | 476.02 (30, p <0.0001) | 2.76 | 97.57%
Maes et al; 1999 091 [0.32t0 1.51] | 0.0025 | 466.17 (30, p <0.0001) | 2.73 | 97.58%
Mehta et al., 2020 0.98 [0.38 to 1.57] | 0.0013 | 469.70 (30, p <0.0001) | 2.72 | 97.54%
Neupane etal; 2017 | 0.96 [0.36 to 1.55] | 0.0170 | 475.91 (30, p <0.0001) | 2.76 | 97.54%
Newton etal; 2014 [ 0.98 [0.38 to 1.57] | 0.0013 | 471.21 (30, p <0.0001) | 2.72 | 97.56%
Oganesyan et al; 2009 | 0.93 [0.33to 1.53] | 0.0022 | 470.20 (30, p <0.0001) | 2.76 | 97.57%
Smith et al; 2011 0.96 [0.36 to 1.56] | 0.0016 | 474.82 (30, p <0.0001) | 2.76 | 97.49%




Song et al; 2007 0.95 [0.36 to 1.55] | 0.0018 | 476.04 (30, p <0.0001) | 2.76 | 97.56%
Teche et al; 2017 0.98 [0.39t0 1.57] | 0.0012 | 466.65 (30, p <0.0001) | 2.72 | 97.52%
Vidovic et al; 2009 | 0.96 [0.36 to 1.55] | 0.0017 | 475.94 (30, p <0.0001) | 2.76 | 97.54%
Vidovic etal; 2011 | 0.95 [0.35to 1.54] | 0.0019 | 475.37 (30, p <0.0001) | 2.77 | 97.57%
von Kanel et al; 2007 | 0.97 [0.37to 1.56] | 0.0015 | 474.89 (30, p <0.0001) | 2.74 | 97.59%
von Kanel et al; 2010 | 0.96 [0.37to 1.56] | 0.0015 | 475.23 (30, p <0.0001) | 2.75 | 97.58%
Wang et al; 2019 0.97 [0.38 to 1.57] | 0.0013 | 460.84 (30, p <0.0001) | 2.73 | 97.42%

CI: confidence interval; df: degrees of freedom; SMD: standardised mean difference.
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4.

Supplementary table 6. Sensitivity analysis — leave one out procedure for C-reactive protein.

Effect size

Heterogeneity

SMD 95% CI p value | Q statistic (df; p value) # ?
Eswarappa et al; 2017 | 0.69 [0.24t0 1.14] | 0.0028 | 157.35 (10, p <0.0001) 0.52 [92.92%
Gill et al; 2013 0.63 [0.17 to 1.09] | 0.0073 179.09 (10, p <0.0001) | 0.55 |94.15%
Jergovic et al; 2015 0.62 [0.16 to 1.08] | 0.0085 178.78 (10, p <0.0001) | 0.55 | 93.98%
Lindqvist et al; 2014 | 0.67 [0.21to 1.12] | 0.0042 174.95 (10, p <0.0001) | 0.54 | 93.75%
McD Young et al., 0.49 [0.15t00.83] | 0.0044 | 64.48 (10, p <0.0001) 0.27 | 87.46%
Miller et al; 2017 0.60 [0.15to 1.06] | 0.0087 178.29 (10, p <0.0001) | 0.53 94.09%
Miller et al; 2018 0.66 [0.20to 1.12] | 0.0052 171.99 (10, p <0.0001) | 0.55 | 93.02%
Neupane et al; 2017 0.63 [0.17 to 1.09] | 0.0075 179.09 (10, p <0.0001) | 0.55 | 94.05%
Olam et al; 2019 0.54 [0.12t00.96] | 0.0110 153.56 (10, p <0.0001) | 0.44 | 92.50%
Spitzer et al; 2010 0.67 [0.21to 1.12] | 0.0044 170.18 (10, p <0.0001) | 0.54 |93.21%
von Kanel et al; 2007 | 0.68 [0.23to 1.12] | 0.0029 176.50 (10, p <0.0001) | 0.52 | 93.93%




von Kanel et al; 2010 | 0.75 [0.35t0 1.14] | 0.0002 161.26 (10, p < 0.0001)

0.40

93.14%

CI: confidence interval; df: degrees of freedom; SMD: standardised mean difference.
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5. Supplementary table 7. Sensitivity analysis — leave one out procedure for tumour necrosis factor-a.

Effect size Heterogeneity

SMD | 95% CI p value Q statistic (df; p value) # ?

Chen et al; 2014a 0.82 [0.15t0 1.49] [ 0.0167 387.31 (22,p<0.0001) |2.59 |97.53%

Chen et al; 2014b 0.84 [0.16to 1.52] [ 0.0153 397.69 (22, p <0.0001) 2.67 97.58%

Dalgard et al; 2017 | 0.81 [0.14t0 1.47] [ 0.0171 394.73 (22, p <0.0001) 2.53 97.50%

Gill et al; 2008 0.80 [0.14 to 145] 0.0175 385.93 (22, p < 0.0001) 249 | 97.45%
Gola et al; 2013 0.94 [0.27to 1.62] [ 0.0064 401.85 (22, p <0.0001) 2.66 |[97.55%
Guo et al; 2012 0.82 [0.15t0 1.49] [ 0.0168 366.73 (22, p <0.0001) 259 1 97.49%

Hoge et al; 2009 0.92 [0.23to 1.60] [ 0.0089 414.70 (22, p <0.0001) 2.73 97.60%

Imai et al; 2018 0.88 [0.19to 1.57] | 0.0122 411.39 (22, p <0.0001) 2.74 97.56%

Imai et al; 2019 0.87 [0.18 to 1. 56] [ 0.0130 403.63 (22, p <0.0001) 2.73 97.53%

Jergovic et al; 2014 | 1.02 [0.40to 1.64] [ 0.0013 357.72 (22, p <0.0001) 221 97.13%

Jiang et al; 2018 0.68 [0.15t0 1.21] [ 0.0121 350.65 (22, p <0.0001) 1.61 96.15%




Kiiffer etal; 2019 [ 0.93 |[[0.24t01.61]7 [0.0080 [409.34 (22, p<0.0001) |2.71 |97.54%
Lindqvistetal; 2014 [ 0.91 [ [0.22t0 1.60] [0.0093 [ 415.02 (22, p<0.0001) |2.73 |97.53%
Lindqvistetal; 2017 [ 0.93 [ [0.24t0 1.61] [0.0078 [ 410.18 (22, p<0.0001) |2.70 |97.58%
Mehta etal., 2020 [ 0.95 |[0.28t0 1.63] [0.0056 [398.79 (22,p<0.0001) |2.63 |97.54%
Neupane et al; 2017 | 092 | [0.23 10 1.60] [ 0.0091 | 414.77 (22, p<0.0001) |2.73 |97.57%
Oganesyan et al; [ 090 |[0.21t01.59] |0.0108 |416.25(22,p<0.0001) |2.74 |97.62%
2009

Smithetal; 2011 [ 0.92 |[0.24t01.61] |0.0085 | 410.44 (22,p<0.0001) |[2.72 |97.51%
Toft et al; 2018 086 |[[0.17t0 1.54] [0.0143  [395.22(22,p<0.0001) |2.71 |[97.55%
Vidovic et al; 2009 [ 0.90 |[[0.21t01.59] [0.0103 [416.52(22,p<0.0001) |2.74 |97.59%
Vidovic etal; 2011 [ 0.94 |[[0.25t01.62] [0.0071 [ 406.34 (22,p<0.0001) | 2.69 |97.56%
von Kanel et al;[093 |[[0.24t01.61] [0.0081 [414.30(22,p<0.0001) |2.71 |97.64%
2007

Wangetal; 2019 [ 091 [[0.22t01.59] [0.0100 |[416.36(22,p<0.0001) |2.74 |97.47%
Yang et al; 2001 099 |[[033t01.64] [0.0031 |[372.56(22,p<0.0001) |2.46 |[97.39%

CI: confidence interval; df: degrees of freedom; SMD: standardised mean difference.
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6.

Supplementary table 8. Sensitivity analysis — leave one out procedure for interleukin 1p.

Effect size

Heterogeneity

SMD | 95% CI p value | Q statistic (df; p value) I I?
Dalgard et al; 2017 1.50 | [0.35t02.65] [ 0.0109 303.92 (13, p <0.0001) [ 4.73 | 98.58%
Gill et al; 2008 1.26 [ [-0.07 t0 2.59] | 0.0643 | 359.03 (13, p <0.0001) 6.34 | 98.89%
Hoge et al; 2009 1.27 [-0.06 to 2.60] | 0.0603 [ 357.73 (13, p <0.0001) 6.30 | 98.87%
Imai et al; 2018 1.30 [ [-0.02t02.62] [ 0.0539 | 346.71 (13, p <0.0001) 6.23 | 98.79%
Jergovic et al; 2015 1.28 [-0.04 to 2.61] | 0.0580 | 354.54 (13, p <0.0001) 6.28 | 98.82%
Jiang et al; 2018 0.77 [-0.18 to 1.72] | 0.1115 | 284.69 (13, p <0.0001) 3.19 1 97.93%
Lindqvist et al; 2014 | 1.28 [-0.05 to 2.61] | 0.0592 | 355.22 (13, p <0.0001) 6.29 | 98.80%
Mehta et al., 2020 1.32 [-0.00 to 2.63] | 0.0504 | 349.49 (13, p <0.0001) 6.18 | 98.86%
Oganesyan et al; 2009 | 1.04 | [-0.24 t0 2.32] [ 0.1126 | 306.70 (13, p <0.0001) 5.86 | 98.84%
Smith et al; 2011 1.31 [-0.01 to 2.63] | 0.0524 | 341.44 (13, p <0.0001) 6.21 | 98.77%




Spivak et al; 1997 1.21 [-0.13 t0 2.55] | 0.0758 | 356.28 (13, p <0.0001) 6.37 | 98.92%
Toft et al; 2018 1.11 [-0.21 to 2.44] | 0.0983 | 303.12 (13, p <0.0001) 6.22 | 98.85%
Tucker et al; 2004 0.96 [-0.26 t0 2.18] | 0.1237 | 277.85 (13, p <0.0001) 5.28 | 98.72%
Von Kanel et al; 2007 | 1.23 [-0.10 to 2.57] | 0.0704 | 358.59 (13, p <0.0001) 6.36 | 98.92%
Wang et al; 2019 1.24 [-0.09 to 2.58] | 0.0683 | 358.25 (13, p <0.0001) 6.36 | 98.76%

CI: confidence interval; df: degrees of freedom; SMD: standardised mean difference.
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7.

Supplementary table 9. Subgroup meta-analysis of inflammatory markers in PTSD.

Studies | Sample size Effect size Heterogeneity Egger’s
Test
K PTSD | Contr | SMD | 95%CI |[pvalue | Q  statistic | I z statistic
ols (df. p value) (p value)
Interleukin 1B [ ---- -—-- -—-- -—--
Complete (full | 15 541 625 1.20 [ [-0.04 to | 0.0569 [ 359.10(14,p | 5.87 |98.80% | 2.8681 (p
sample) 2.44] <0.0001) =0.0041)
With MDD 13 491 575 1.03 [-0.36 to | 0.1458 | 303.03(12,p | 6.42 |98.97% | ----
2.42] <0.0001)
Without MDD | 2 50 50 2.35 [0.01 to]0.0490 | 19.08 (01, p|2.69 |94.76% | ----
4.68] <0.0001)
Medication 7 186 159 1.04 |[[-0.84 to|0.2780 [ 191.11 (06,p | 6.26 |97.83% | ----
Free 2.91] <0.0001)
On 8 355 466 1.36 |[[-0.42 to|0.1345 [ 160.26 (07,p | 6.45 |99.22% | ----
psychotropic 3.13] <0.0001)
medication




Interleukin 6

88

Complete (full | 32 1028 1518 | 0.94 [0.36 to | 0.0014 | 476.06 (31,p | 2.66 97.47% | 3.6277 (p
sample) 1.52] <0.0001) =0.0003)
With MDD#* 22 712 1225 | 0.67 [-0.08 to | 0.0790 | 282.49 31,p | 3.14 98.04% | ----

1.43] <0.0001)
With MDD** | 22 705 1225 1.80 [-0.06 to | 0.0723 | 284.16 21,p | 3.24 98.08% | ----

1.47] <0.0001)
Without 10 316 293 1.54 [0.76 to | <0.000 | 146.10 (09,p | 1.44 93.50% | ----
MDD#* 2.31] 1 <0.0001)
Without 11 323 325 1.59 [0.88 to | <0.000 | 150.29 (10,p | 1.33 93.12% | ----
MDD** 2.30] 1 <0.0001)
Medication 15 427 775 1.25 [0.24 to | 0.0155 |244.88 (14,p | 3.85 97.86% | ----
Free 2.26] <0.0001)
On 17 601 743 0.68 [0.03 to | 0.0402 | 227.91 (16,p | 1.81 96.72% | ----
psychotropic 1.34] <0.0001)
medication
Tumor ———- ———- ———-
necrosis
factor-o
Complete (full | 24 830 991 0.89 [0.23 to | 0.0080 [416.53 (23,p | 2.60 97.49% | 3.2535 (p




sample) 1.55] <0.0001) =0.0011)
With MDD 16 534 720 0.84 [-0.09 to | 0.0767 | 289.83 (15,p | 3.50 98.14% | ----
1.77] <0.0001)
Without MDD | 8 296 271 1.00 [0.19 to | 0.0160 [ 122.90 (7, p | 1.31 94.89% | ----
1.82] <0.0001)
Medication 10 289 284 1.12 [0.28 to | 0.0086 | 133.80 (9, p | 1.69 94.97% | ----
Free 1.95] <0.0001)
On 14 541 707 0.73 [-0.26 to | 0.1462 |281.32(13,p | 3.47 98.37% | ----
psychotropic 1.72] <0.0001)
medication

CI: confidence interval; df: degrees of freedom; MDD: major depressive disorder; PTSD

SMD: standardised mean difference.

: post-traumatic stress disorder;

*The complete sample of Maes et al., 1999 was used. **The separated samples of patients with and without comorbid MDD

from study Maes et al., 1999 were used.




8. Supplementary table 10. Univariate meta-regression analysis with methodological variables.
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Studies

Interleukin 1B Estimate | SE | 95% CI p-value | Total | Included
Assay used (ELISA vs other) 2.44 1.13 | [0.22t0 4.66] | 0.0313 |15 15
Blood collection (fasting vs postprandial) 0.03 2.04 | [-3.98 t0 4.03] | 0.9901 | 15 11
Blood fraction (serum vs plasma) 2.70 1.25 | [0.25t0 5.15] | 0.0308 | 15 14
Interleukin 6 -——- —— | - - - —
Assay used (ELISA vs other) 1.43 0.54 | [0.38t02.49] | 0.0077 | 32 32
Blood collection (fasting vs postprandial) 1.05 0.98 | [-0.87t02.97] | 0.2825 | 32 23
Blood fraction (serum vs plasma) 0.95 0.51 | [-0.04 to 1.95] | 0.0606 | 32 30
Interleukin 10 -——- —— | - - - —
Assay used (ELISA vs other) 1.05 0.61 | [-0.16t0 2.25] | 0.0886 | 11 11
Blood collection (fasting vs postprandial) * -—- SR —- —
Blood fraction (serum vs plasma) 0.93 0.61 | [-0.26t0 2.13] | 0.1247 | 11 11




C-reactive protein — SR - — —- —
Assay used (ELISA vs other) 0.70 0.59 | [-0.46to 1.86] | 0.2358 | 12 11
Blood collection (fasting vs postprandial) * -—- SR —
Blood fraction (serum vs plasma) 0.77 0.49 | [-0.18 to 1.72] | 0.1122 | 12 12
Tumor necrosis factor-o -—— SR —-- - -
Assay used (ELISA vs other) 1.43 0.62 | [0.21t02.64] | 0.0210 |24 24
Blood collection (fasting vs postprandial) 0.27 1.40 | [-2.48t0 3.03] | 0.8450 | 24 17
Blood fraction (serum vs plasma) 0.51 0.80 | [-1.06t0 2.09] | 0.5221 | 24 22

all studies included presented fasting as the method of blood collection.

CI: confidence interval; ELISA: enzyme-linked immunosorbent assay; PTSD: post-traumatic stress disorder; SE:

standard error; SMD: standardised mean difference. *Blood collection (fasting vs postprandial) was not tested since

9. Supplementary table 11. Univariate meta-regression analysis — variables with clinical implications.

Studies
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Interleukin 1P Estimate | SE 95% CI p-value Total Included
Presence of comorbid MDD (yes vs no) | -1.32 1.90 [-5.04 t0 2.40] | 0.4870 15 15
Medication-free (yes vs no) 0.90 1.27 [-1.60 to 3.40] | 0.7069 15 11
Type of trauma (war vs other) -0.74 1.97 [-4.60 to 3.12] | 0.7082 15 11
Length of illness (measured in months) | -0.04 0.02 [-0.09 to 0.01] | 0.0858 15 04
CAPS score 0.13 0.15 [-0.16 to 0.42] | 0.3680 15 04
Depression severity 1.58 0.52 [0.55t02.61] | 0.0026 15 09
Interleukin 6 -——- - -——- -——- -——- -
Presence of comorbid MDD (yes vs no) | -0.91 0.64 [-2.16t0 0.34] | 0.1552 32 31
Medication free (yes vs no) 0.67 0.61 [-0.52 to 1.86] | 0.2694 32 25
Type of trauma (war vs other) -0.88 0.67 [-2.20 to 0.44] | 0.1903 32 32
Length of illness (measured in months) | -0.02 0.01 [-0.04 to -0.01] | 0.0369 32 09
CAPS score 0.02 0.02 [-0.02 to 0.05] | 0.3100 32 14
Depression severity 0.32 0.26 [-0.19t0 0.84] | 0.2179 32 11




Interleukin 10

Presence of comorbid MDD (yes vs no) | -0.35 0.58 [-1.47 t0 0.78] | 0.5491 11 10
Medication-free (yes vs no) 1.69 0.85 [0.02t0 3.36] | 0.0470 11 07
Type of trauma (war vs other) -0.39 0.48 [-1.34 t0 0.56] | 0.4266 11 09
Length of illness (measured in months) | 0.01 0.01 [0.01t0 0.03] | 0.0256 11 05
CAPS score -0.01 0.02 [-0.05 to 0.02] | 0.4656 11 05
Depression severity -0.15 0.22 [-0.58 t0 0.27] | 0.4775 11 06
C-reactive protein - - - - - -
Presence of comorbid MDD (yes vs no) | -0.04 0.87 [-1.75t0 1.67] | 0.9618 12 11
Medication-free (yes vs no) -0.62 0.88 [-2.34to 1.11] | 0.4819 12 08
Type of trauma (war vs other) -0.10 0.44 [-0.97 t0 0.77] | 0.8271 12 11
Length of illness (measured in months) | 0.03 0.01 [0.02 t0 0.04] | <0.0001 12 04
CAPS score -0.01 0.02 [-0.03 to 0.03] | 0.9904 12 06
Depression severity 0.09 0.09 [-0.08 to 0.26] | 0.2957 12 07

Tumor necrosis factor-o,
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Presence of comorbid MDD (yes vs no) | -0.03 0.72 [-1.44 t0 1.38] | 0.9670 24 23
Medication free (yes vs no) 0.75 0.55 [-0.32t0 1.82] | 0.1714 24 16
Type of trauma (war vs other) -1.55 0.72 [-2.95 to -0.15] | 0.0302 24 24
Length of illness (measured in months) | 0.03 0.01 [0.01 to 0.06] | 0.0317 23 06
CAPS score 0.02 0.03 [-0.05 to 0.08] | 0.6381 23 09
Depression severity 1.14 0.47 [0.23t0 2.05] | 0.0144 23 10

CAPS: Clinician-Administered PTSD Scale; CI: confidence interval; MDD: major depressive disorder; PTSD: post-

traumatic stress disorder; SE: standard error; SMD: standardised mean difference.




10. Supplementary table 12. Statistical power in meta-analysis.

Studies included Average sample size | Effect size | I? Statistical power
Interleukin 1B 15 71.7 1.20 0.988 0.56
Interleukin 1RA 2 62.0 0.11 0.510 0.14
Interleukin 2 8 82.1 -0.46 0.977 0.20
Interleukin 4 6 88.0 -0.40 0.984 0.15
Interleukin 6 32 79.6 0.94 0.935 0.99
Interleukin 8 7 87.0 -0.29 0.974 0.14
Interleukin 10 11 80.3 0.36 0.947 0.27
Soluble IL-2 receptor 2 62.0 -2.14 0.989 0.41
Soluble IL-6 receptor 2 75.0 0.31 0.581 0.34
Interferon-y 6 88.7 -0.19 0.983 0.12
C-reactive protein 12 381.0 0.64 0.933 0.99
hs-C-reactive protein 8 137.8 0.26 0.963 0.19
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Tumor necrosis factor-o. | 24 75.9 0.89 0.975 0.82
MCP-1 4 65.3 -0.66 0.907 0.45
MIP-1 a (or CCL3) 3 85.7 4.37 0.998 0.28
MIP-1 B (or CCL4) 2 68.5 7.01 0.992 0.50
Malondialdehyde 3 65.3 -0.15 0.930 0.19
GM-CSF 2 54.0 -0.27 0.823 0.27
Catalase 2 64.0 2.64 0.989 0.44
Paraoxonase-1 2 84.0 -5.35 0.993 0.49

CCL3: chemokine C-C motif ligand 3; CCL4: chemokine CC motif ligand 4; GM-CSF: granulocyte-macrophage

colony-stimulating factor; hs: high sensitivity; IL: interleukin; MCP-1: monocyte chemoattractant protein-1; MIP-1

a: macrophage inflammatory protein 1 alpha; MIP-1 3: macrophage inflammatory protein 1 beta.
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13. Supplementary figure 1 — Funnel Plot — Interleukin 18
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14. Supplementary figure 2 — Funnel Plot — Interleukin 6
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15. Supplementary figure 3 — Funnel Plot — C-reactive protein
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16. Supplementary figure 4 — Funnel Plot — Tumour necrosis factor-a




Author and Year SMD [95% CI]
Dalgard et al., 2017 e | -3.18[-4.18,-2.18]
Gill etal, 2008 E—a— 050[-0.08 1.09]
Hoge etal., 2009 = 0.28[-0.25, 0.80]
Imaietal, 2018 = -0.08[-0.48, 0.31]
Jergovic etal., 2015 - 0.15[-0.27, 0.57]
Jiang etal., 2018 e — 7.88[6.21, 9.54]
Lindquist et al , 2014 (53 ol 021[-0.18, 0.60]
Mehta et al,, 2020 —a— -0.29[-0.86, 0.28]
Oganesyan et al., 2009 e 3.55[2.73, 4.36]
Smith etal., 2011 - -0.17[-0.55, 0.20]
Spivaketal,, 1997 —a— 1.16[0.47, 1.86]
Toftetal, 2018 —a— 249[197, 3.07]
Tucker et al,, 2004 P 4.65[3.76, 5.55]
Von Kanel etal., 2007 —a— 0.B6[0.08, 1.64]
Wangetal, 2019 [l 0.72[0.39, 1.05]
RE Madel for All Studies (0:3591D,df:14,p:=DDDD‘I:I2:QE 8%) : e 1.20[-0.04, 2.44]

pvalue = 0.0569

[ T 1
5 0 5 10

Standardized Mean Difference

17. Supplementary figure 5 — Forest Plot — Meta-analysis of interleukin 18

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.
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Standardised Mean
Study Difference SMD 95%-Cl

044 [1.09; 0.22]
= 2.30 [1.79; 2.81]
-0.18 [-0.70; 0.35]
-3.85 [4.86; -2.84]
0.19 [-0.19; 0.56]
131 [1.84; -0.79]
-0.08 [-0.40; 0.24]
0.52 [-1.08; 0.04]

Dalgard et al., 2017

Guo et al., 2012

Hoge et al., 2009

Jergovic et al., 2014 —
Smith et al., 2011

Song et al., 2007

Wang et al., 2019

Yang et al_, 2001

Random effects model 0.46 [-1.61; 0.70]

-6 4

18. Supplementary figure 6 — Forest Plot — Meta-analysis of interleukin 2

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-ClI
Guo et al..2012 | - 217 [ 1.68; 2.67]
Hoge et al., 2009 — 0.18 [-0.35; 0.70]
Jergovic et al., 2014 — = : 4.09 [-5.14; -3.04]
Smith et al., 2011 - -0.65 [-1.04; -0.27]
von Kanel et al., 2007 —E -0.10 [-0.84; 0.64]
Wang et al., 2019 ‘—'— -0.11 [-0.43; 0.21]
Random effects model <—‘:—_:.,———L> -0.40 [-1.99; 1.19]

T T T I T T 1

6 4 2 0 2 4 6

19. Supplementary figure 7 — Forest Plot — Meta-analysis of interleukin 4

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.
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Author and Year SMD [95% CI]
Without MDD
Baker etal,, 2001 | — 1.55[0.49, 2.62]
Chenetal, 2014a e 3.18[2.41, 3.96]
Chenetal, 2014b —a— 3.06[2.30, 3.82]
Gill etal 2010 e 1.21[0.38, 2.25]
Golaetal., 2013 = 0.53[0.01, 1.09]
Guoetal, 2012 —a— 3.39[277, 4.01]
Kuffer etal., 2019 —a— -0.03[-0.46, 0.39]
Oganesyan et al,, 2009 —a— 126[0.71, 1.81]
Vidovic et al., 2009 —a— 0.51[0.06, 0.97]
Vidovicetal, 2011 —a— 0.81[0.29, 133]
RE Model (Q = 146.10, df = 9, p < 0.0001; I = 93.9%) T = 1.54[0.76, 2.31]
pvalue < 00001
With MDD
Dalgard et al., 2017 e -2.62[-3.52,-1.72]
De Oliveira etal, 2018 = 1.23[0.76, 1.70]
Eswarappa etal., 2017 - 0.24[-0.02, 0.51]
Gill etal, 2008 e — 717556, 8.79]
Gill etal, 2013 —=— 0.66[0.09, 1.23]
Hoge etal., 2009 = 1.06[0.50, 1.62]
Imaietal, 2018 —a— 1.18[0.75 1.60]
Imai etal.,, 2019 - 0.51[0.15, 0.86]
Jergovicetal, 2014 —a— -2.28[-2.05,-1.52]
Jiang etal., 2018 e 4.54[3.48 5.60]
Lindgvistetal, 2014 . 0.28[-0.11, 0.67]
Lindguist et al, 2017 —a— 0.64[012, 1.15]
Maes etal., 1999 —a— 1.79[1.04, 2.54]
Mehta et al, 2020 —— -013[-0.69, 0.44]
Neupane etal, 2017 —— 0.51[0.05, 0.96]
Newton etal., 2014 —=— -0.12[-0.75, 0.52]
Smith etal,, 2011 o 0.38[0.00, 0.76]
Song etal,, 2007 —a— 0.63[0.14, 1.11]
Teche etal, 2017 —a— -0.19[-0.70, 0.32]
von Kanel etal., 2007 —a— 0.18 [-0.56, 0.93]
von Kanel etal., 2010 = 0.29[-0.37, 0.95]
Wangetal, 2019 - -0.02[-0.35, 0.30]
RE Model (Q = 282.49, df= 21, p < 0.0001: I’ = 98.0%) b = 0.67 [-0.08, 1.43]
pvalue = 0079
RE Model for All Studies (Q = 476.06, df = 31, p = < 0.0001; I’ = 97.5%) ~etii- 0.94[0.36, 1.52]
pvalue =0.0014
[ T 1
5 0 5 10

Standardized Mean Difference

20. Supplementary figure 8 — Forest Plot — Subgroup meta-analysis of interleukin 6 with and without MDD.

MDD: major depressive disorder; SD: standard deviation; SMD: standardised mean difference.




Author and Year SMD [95% CI]
Medication free
Baker etal,, 2001 e 1.55[0.49, 2.682]
Chenetal, 2014a e 318[2.41, 3.98]
Chenetal, 2014b —a— 3.06[2.30, 3.82]
Dalgard et al., 2017 | | -2.62[-252,-1.72]
De Oliveira etal., 2018 —a— 1.23[0.76, 1.70]
Eswarappa et al., 2017 | 0.24[-0.02, 0.51]
Gill etal, 2008 B 717[5.56, 8.79]
Gill etal 2010 P 1.31[0.38, 2.25]
Kiiffer etal., 2019 [ | -0.03[-0.46, 0.39]
Maes etal., 1999 —=— 1.79[1.04, 2.54]
Mehta et al,, 2020 —— -0.13[-0.69, 0.44]
Oganesyan et al., 2009 —a— 1.26[0.71, 1.81]
Vidovic et al., 2009 —a— 0.51[0.06, 0.97]
Vidovicetal, 2011 —a— 0.81[0.29, 1.33]
von Kanel etal., 2007 —— 0.18 [-0.56, 0.93]
RE Model (Q = 244 88, df = 14, p < 0.0001; I° = 97 9%) —_— 1.25[0.24, 2.26)
pvalue =0.0155
On psychotropic medication
Gilletal, 2013 = 0.66[0.09, 1.23]
Golaetal., 2012 —a— 0.53[0.01, 1.05]
Guoetal, 2012 —a— 3.39[277, 4.01]
Hoge etal., 2009 = 1.06[0.50, 1.62]
Imai etal,, 2018 = 1.18[0.75, 1.60]
Imaietal, 2019 i 0.51[0.15, 0.86]
Jergovicetal , 2014 —— -2.28[-3.05,-1.52]
Jiang etal., 2018 e 454[3.48, 560]
Lindgist etal, 2014 H— 028[-0.11, 0.67]
Lindgvist et al, 2017 —a— 0.64[0.12, 1.15]
Meupane etal, 2017 —— 0.51[0.05, 0.96]
Newton etal., 2014 —a— -0.12[-0.75, 0.52]
Smith etal., 2011 - 0.28[0.00, 0.76]
Song etal, 2007 o 0.63[0.14, 117]
Teche etal., 2017 - -0.19[-0.70, 0.32]
von Kanel etal, 2010 F—=— 029[-0.37, 0.95]
Wangetal, 2019 - -0.02[-0.35, 0.30]
RE Model (Q =227 Qﬂ,df:15,p<DDﬂD1:I2:95 7%) iy 0.68[0.03,1.34]
pvalue = 0.0402
RE Model for All Studies (Q = 476.06, df = 31, p = < 0.0001; I’ = 97.5%) ~etii- 0.94[0.36, 1.52]
pvalue =0.0014
[ T 1
5 0 5 10
Standardized Mean Difference

21. Supplementary figure 9 — Forest Plot — Subgroup meta-analysis of interleukin 6 with and without medication.

SD: standard deviation; SMD: standardised mean difference.
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Study

Dalgard et al., 2017

Gola et al., 2013

Guo et al_, 2012

Hoge et al., 2009

Jergovic et al_, 2015 —
Song et al. 2007

Wang et al_, 2019

Random effects model

Standardised Mean
Difference

SMD 95%-Cl

-0.53 [1.19;
.01 [1.55;
228 [1.77;
0.71 [ 0.16;
-2.73 [3.30;
-0.90 [-1.40;

[_

0.14 [-0.18;

0.29 [-1.45;
1
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-0.40]
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22. Supplementary figure 10 — Forest Plot — Meta-analysis of interleukin 8.

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard

deviation; SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-Cl
Dalgard et al., 2017 B R 0.35 [-0.30; 1.00]
De Oliveira et al., 2018 ; ———— 2093 [2.30; 357
Gola et al., 2013 — | -0.81 [-1.34; -0.27)
Guo et al., 2012 P 1.53 [ 1.08; 1.98]
Hoge et al_, 2009 f—— 1.02 [ 0.46; 1.58]
Lindauist et al_, 2014 — 014 [-0.25: 053]
Lindapist et al_, 2017 — -0.10 [-0.60; 0.40]
Smith et al_, 2011 —_— 017 [-0.54; 0.21]
Teche et al., 2017 — | -0.47 [-0.98; 0.04]
von Kanel et al., 2007 —'——' 0.37 [-1.11; 0.38]
Wang et al_, 2019 . -0.09 [-0.41; 0.24]
Random effects model | =IL::=» | - 0.36 [027; 0.99]
4 -2 0 2 4

23. Supplementary figure 11 — Forest Plot — Meta-analysis of interleukin 10

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.
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Standardised Mean

Study Difference SMD 95%-Cl

Maes et al., 1999 ———*— 0.45 [-0.21; 1.10]

Neupane et al., 2017 —'——'— -0.13 [-0.58; 0.32]

Random effects model : : ‘{‘:} : | 0.11 [-0.45; 0.67]
2 -1 0 1 2

24. Supplementary figure 12 — Forest Plot — Meta-analysis of interleukin IRA

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard

deviation; SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-Cl

Spivak et al., 1997 0.67 [0.01; 1.33]

Tucker et al., 2004 —E. -4.98 [-5.92; 4.04]

Random effects model | : : ——‘— : | -2.14 [-7.68; 3.40]
-10 -5 0 5 10

25. Supplementary figure 13 — Forest Plot — Meta-analysis of soluble IL-2 receptor

Meta-analysis comparing patients and controls. IL: interleukin; PTSD: post-traumatic stress disorder; SD:

standard deviation; SMD: standardised mean difference.
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Standardised Mean
Study Difference

Maes et al., 1999 }——'7

Imai et al_, 2018 —ma

Random effects model ‘%’

SMD 95%-CI

0.67 [0.01: 1.33]
0.07 [-0.33: 0.46]

0.31 [0.27; 0.89]

26. Supplementary figure 14 — Forest Plot — Meta-analysis of soluble IL-6 receptor

Meta-analysis comparing patients and controls. IL: interleukin; PTSD: post-traumatic stress disorder; SD:

standard deviation; SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-Cl1
Hoge et al., 2009 "—'— 0.34 [-0.19; 0.87]
Jergovic et al. 2014 — = -4.10 [-5.15; -3.05]
Lindgist et al., 2014 HE -3 058 [0.19; 098]
Lindqvist et al., 2017 e 0.49 [-0.02; 1.00]
Neupane et al. 2017 Hile o 1.08 [ 0.60; 1.56]
Wang et al_, 2019 —'— 0.21 [-0.11; 0.53]
Random effects model (I‘,;} 0.19 [-1.66; 1.28]

T T T I T T 1
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27. Supplementary figure 15 — Forest Plot — Meta-analysis of interferon-y

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard

deviation; SMD: standardised mean difference.
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Author and Year SMD [95% CI]
Eswarappa et al., 2017 = 0.10[-0.16, 0.37]
Gill etal, 2013 = 0.69[0.12, 1.27]
Jergovic et al, 2015 = 0.80[0.37, 1.23]
Lindgvistetal, 2014 —a— 0.29[-0.10, 0.68]
McD Young etal,, 2021 - 213[1.84 241]
Miller etal., 2017 | 1.02[0.28 1.768]
Miller etal., 2018 Ha— 0.29[0.16, 0.63]
Neupane etal, 2017 = 0.69[0.22, 1.15]
Qlametal., 2019 —=— 1.83[1.24 2.01]
Spitzer et al, 2010 i 0.31[0.04, 0.57]
von Kanel etal, 2007 e e— 0.08[-0.66, 0.82]
von Kanel etal, 2010 | | -0.68 [-1.32, -0.04]
RE Model for All Studies (Q = 179.09, df = 11, p = < 0.0001; I’ = 93.3%) e 0.64[0.21, 1.08]
’ ' ' ' . pvalue =0.0031
-2 -1 0 1 2 3

Standardized Mean Difference

28. Supplementary figure 16 — Forest Plot — Meta-analysis of C-reactive protein.

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-CI
Imai et al., 2018 = 0.20 [-0.59; 0.20]
Imai et al_, 2019 i -0.40 [-0.75; -0.05]
Lindquist et al., 2017 e 0.60 [0.09; 1.12]
Mehta et al., 2020 —a— 0.09 [-0.47; 0.66]
Muhtz et al., 1997 . -1.25 [-1.85; -0.64]
C'Donovan et al_, 2017 | 0.06 [-0.10; 0.22]
Park et al., 2017 — s 3.02 [1.89; 4.15]
Powers et al., 2019 —-—'— 0.61 [0.04; 1.19]
Random effects model — = 0.26 [-0.51; 1.02]

I 1 T 1 1

4 -2 0 2 4

29. Supplementary figure 17 — Forest Plot — Meta-analysis of hs-C-reactive protein

Meta-analysis comparing patients and controls. hs: high sensitivity; PTSD: post-traumatic stress disorder;

SD: standard deviation; SMD: standardised mean difference.
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Standardised Mean

Study Difference SMD 95%-Cl
Dalgard et al.. 2017 —— -2.04 [-2.86; -1.23]
Gola et al.. 2013 — -0.46 [-0.98; 0.06]
Hoge et al.. 2009 N 0.20 [-0.33; 0.72]
Toft et al., 2018 —‘—'— -0.48 [-0.87; -0.08]
Random effects model e 0.66 [-1.53; 0.22]

I T T 1

-4 2 0 2 4

30. Supplementary figure 18 — Forest Plot — Meta-analysis of MCP-1

Meta-analysis comparing patients and controls. MCP-1: monocyte chemoattractant protein-1; PTSD: post-

traumatic stress disorder; SD: standard deviation; SMD: standardised mean difference.




Standardised Mean

Study Difference SMD 95%-Cl
Hoge et al., 2009 067 [0.13; 1.21]
Jergovic et al., 2015 045 [-0.87:-0.02]
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31. Supplementary figure 19 — Forest Plot — Meta-analysis of MIP-1 a (or CCL3)

Meta-analysis comparing patients and controls. MIP-1 a: macrophage inflammatory protein 1 alpha; PTSD:

post-traumatic stress disorder; SD: standard deviation; SMD: standardised mean difference.
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32. Supplementary figure 20 — Forest Plot — Meta-analysis of MIP-1 3 (or CCL4)

Meta-analysis comparing patients and controls. MIP-1 B: macrophage inflammatory protein 1 beta; PTSD:

post-traumatic stress disorder; SD: standard deviation; SMD: standardised mean difference.
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33. Supplementary figure 21 — Forest Plot — Meta-analysis of Malondialdehyde

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard

deviation; SMD: standardised mean difference.
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34. Supplementary figure 22 — Forest Plot — Meta-analysis of GM-CSF

Meta-analysis comparing patients and controls. GM-CSF: granulocyte-macrophage colony-stimulating

factor; PTSD: post-traumatic stress disorder; SD: standard deviation; SMD: standardised mean difference.
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35. Supplementary figure 23 — Forest Plot — Meta-analysis of catalase

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard

deviation; SMD: standardised mean difference.




120

Standardised Mean
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36. Supplementary figure 24 — Forest Plot — Meta-analysis of paraoxonase-1

Meta-analysis comparing patients and controls. PTSD: post-traumatic stress disorder; SD: standard deviation;

SMD: standardised mean difference.
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6. CONSIDERACOES FINAIS

O Transtorno de Estresse Pos-Traumatico € um transtorno debilitante que se desenvolve
apds a exposi¢do a eventos traumaticos, com importantes impactos sociais € economicos,
podendo esses efeitos ser duradouros. Por exemplo, estudos mostraram que sobreviventes de
terremoto exibiram sintomas de ansiedade, de TEPT e reducdo da qualidade de vida mesmo

apo6s 23 anos apos o incidente (KHACHADOURIAN et al., 2015).

O diagnostico de TEPT ¢ baseado na exposi¢ao a um trauma grave, juntamente com
sintomas de reexperiéncia intrusiva, evitacao e alteracdes negativas persistentes na cognigao,
humor e excitacio (DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL
DISORDERS: DSM-5, 2013). Esses critérios ndo levam em conta anormalidades biologicas

subjacentes. Isso dificulta o tratamento farmacologico, pois nao sdo identificados “alvos”
bioquimicos claros para a farmacoterapia. Além disso, pacientes com TEPT frequentemente

exibem comorbidades clinicas, tais como doenga cardiovascular, sindrome metabdlica, diabetes

mellitus tipo II e doencas autoimunes (BERSANI et al. 2020). Todas essas patologias estao
intimamente relacionadas ao estresse oxidativo e a inflamacao. Pode-se, entdo, presumir que
os mecanismos subjacentes do TEPT envolvem a desregulagdo do sistema imunologico (KIM
et al. 2020), o que sugere que o TEPT ¢ um distarbio sistémico, e ndo apenas cerebral
(MELLON et al. 2018), podendo contribuir para o envelhecimento acelerado (LOHR et al.
2015).

Assim, embora os sintomas psicocomportamentais sejam os principais fatores
considerados ao investigar o estado patoldgico e a gravidade do TEPT, entender as alteragdes
imunologicas que ocorrem em conjunto com esses sintomas pode ser elucidativo (KIM et al.

2019) (QUINONES et al. 2020). As causas da inflamag¢ao no TEPT nao sao claras, mas podem

envolver determinantes genéticos associados a uma “inflamacao estéril” em resposta a padroes
moleculares associados a danos, estados hipercatecolaminérgicos e hipocortisolémicos

induzidos pelo estresse cronico (MELLON et al. 2018).

Passos e colaboradores (2015) publicaram uma metanalise prévia, examinando

marcadores inflamatorios no TEPT (PASSOS et al. 2015). Este estudo destacou que o peso das

evidéncias apoia o conceito de que o TEPT ¢ associado a niveis elevados de citocinas pro-

inflamatoérias, como IL-6, IL-1B, TNF-a e IFN-y. Contudo, o estudo apresentou algumas
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limitagdes: poucos estudos foram incluidos nas metanalises € o estudo ndo incluiu marcadores
de estresse oxidativo. Além disso, o tipo de trauma e a fracdo sanguinea avaliada (soro versus
plasma) nao foram explorados como potenciais moderadores dos tamanhos de efeito. A
presente metanalise incluiu 34 estudos adicionais em comparagdo com a revisao sistematica
anterior, também investigando marcadores de estresse oxidativo na andlise. Os resultados
confirmaram os achados do estudo anterior em relacdo ao aumento das concentragdes de IL-6
e TNF-a no TEPT. Esses achados permaneceram significativos mesmo apos a exclusdao de
estudos que avaliaram pacientes em uso de medicamentos psicotropicos. No entanto, tivemos
um achado inesperado, uma vez que os niveis de IL-6 e TNF-a ndo foram maiores no subgrupo
com transtorno depressivo maior quando comparados aos controles. Adicionalmente, com a
inclusdo de mais estudos, constatou-se que a concentragdo da PCR ¢ significativamente maior
em pacientes com TEPT em compara¢do com controles, diferentemente do encontrado no
estudo anterior. Por outro lado, IFN-y e IL-1p deixaram de ser significativos. IL-1p tornou-se
marginalmente significativo ao avaliar a diferenca de IL-13 em pacientes com TEPT sem TDM
comoOrbido em comparagdo aos controles. Nenhum marcador de estresse oxidativo foi
significativamente associado ao TEPT. Além disso, nosso objetivo inicial era avaliar variaveis
como uso de tabaco ou exercicios como moderadores em modelos de meta-regressao. No
entanto, essas analises ndo foram realizadas porque essas variaveis raramente foram relatadas.

Embora os estudos incluidos tenham avaliado marcadores sanguineos, a ativagdo imune

também pode ser encontrada no liquido cefalorraquidiano no TEPT (BAKER et al. 2012) Além
disso, existem varios mecanismos para a comunicagao do sistema imunologico periférico com
o cérebro, incluindo o transporte através de regides com vazamento da barreira
hematoencefalica, como os 6rgaos circunventriculares, estimulacdo de aferentes vagais e trafico

de mondcitos ativados ou outras células imunes para o cérebro (BERSANI et al. 2020). A

neuroinflamacgdo, por sua vez, pode alterar o funcionamento cerebral, como impactar a
disponibilidade de serotonina, catecolamina e glutamato, aumentar o estresse oxidativo € o
metabolito neurotoxico acido quinolinico e acentuar a resposta da amigdala a situagdes

ameagadoras (HORI and KIM 2019).

Com base nesses achados e no fato de que os medicamentos convencionalmente
indicados para o TEPT tém mostrado eficacia limitada, um segundo estudo foi desenvolvido,
com objetivo de avaliar estudos que pesquisassem opg¢des de tratamento farmacoldgico para o
TEPT com acdo nos marcadores inflamatérios e de estresse oxidativo. Nesta segunda revisao,
foram detectados 7 estudos que investigaram alteragdes nos marcadores de estresse inflamatorio

e oxidativo apds tratamento em pacientes com TEPT. A maioria deles procurou avaliar
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alteracdes no cortisol. Quatro estudos incluiram alteragdes nos niveis de citocinas em sua
analise e 3 estudos analisaram a PCR. Nenhum dos estudos avaliou o efeito do tratamento
medicamentoso no estresse oxidativo. Cerca de 85% dos estudos utilizaram o DSM-IV como
critério diagnoéstico. Os estudos foram homogéneos em termos de instrumentos utilizados para
avaliar a gravidade dos sintomas de TEPT e a resposta clinica ao tratamento. Apenas 2 estudos
utilizaram medicamentos alternativos como opg¢do de tratamento. Em ambos os casos, foram
utilizados probioticos. Embora os resultados desses 2 estudos tenham sido discrepantes,
algumas diferencas entre os dois ensaios podem ser responsaveis pelas respostas distintas
encontradas, como os critérios de selecdo da amostra e a gravidade dos sintomas de TEPT. Os
demais estudos avaliaram a resposta clinica e imunoldgica a psicofdrmacos, mais
especificamente aos ISRS e a vilazodona. Em todos esses artigos, houve melhora nos sintomas
do TEPT. No entanto, os marcadores inflamatorios observados foram significativamente
alterados em apenas duas andlises: o estudo de Vermetten et al., que avaliou o uso de paroxetina
em pacientes por 12 meses, e o estudo de Tucker et al., que avaliou a uso dos ISRS sertralina e
citalopram. Assim, embora nesses estudos os ISRS tenham provado sua eficacia clinica, seu
potencial como agente anti-inflamatorio e as possiveis explicagdes para isso permanecem sendo
objeto de pesquisa. Possiveis explicacdes para a redugdo da neuroinflamagao sio a redugdo das
citocinas circulantes no sangue e tecido cerebral, assim como através da regulacdo de vias
inflamatorias complexas. Além disso, uma questdo chave a ser avaliada em estudos futuros ¢
se os resultados positivos encontrados com o tratamento com ISRSs ¢ uma consequéncia da
modulagdo imunoldgica e se os mecanismos imunoldgicos sdo responsaveis quando o

tratamento com ISRS ¢é ineficaz (WANG and YOUNG 2016).

Nao foram encontrados ensaios clinicos randomizados (ECR) investigando agentes anti-
inflamatérios, como anti-inflamatorios ndo esteroides, inibidores da ciclooxigenase-2 e outros
medicamentos que ja demonstraram ter associacdo a efeitos antidepressivos em individuos
deprimidos cujos marcadores inflamatorios prévios ao tratamento encontravam-se elevados

(KOHLER et al. 2016). A hidrocortisona tem sido estudada no TEPT como agente

potencializador em tratamentos psicoterapéuticos ou como agente de prevencao ao TEPT em
individuos submetidos a situagdes traumaticas com alguma evidéncia de eficacia. Porém em
nenhum deles os marcadores inflamatorios foram avaliados antes e depois do tratamento

(YEHUDA et al. 2015; SURIS et al. 2010;: KOTHGASSNER et al. 2021). Devido a relativa

seguranca de varios anti-inflamatorios, acreditamos que ensaios com anti-inflamatorios devem
ser futuramente conduzidos em pacientes com TEPT. Um cuidado deve ser tomado,

selecionando-se pacientes com hiperativagdo imunoldgica basal, visto que estudos no TDM
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utilizando o infliximabe, um bloqueador de TNF-a, melhorou significativamente os sintomas
depressivos apenas no subgrupo de pacientes com marcadores inflamatérios elevados

previamente ao tratamento (RAISON et al. 2013).

Em resumo, hé fortes evidéncias que demonstram que tanto a exposicao a traumas,
quanto o desenvolvimento de TEPT estdo associados a fatores imunologicos pré-inflamatorios,

com consequéncias sistémicas importantes para os pacientes (WANG and YOUNG 2016).

Estudos futuros irdo precisar buscar entender quais sintomas especificos sdo provocados por
citocinas e quais circuitos no cérebro sao afetados pela passagem de citocinas através da barreira

hematoencefalica (NEYLAN and O’DONOVAN 2019). Sabemos que um dos desafios

significativos para estudar a associacdo imune com TEPT ¢ a variabilidade no tipo e gravidade
da exposicao ao trauma que levou ao TEPT. Resultados mais conclusivos podem ser obtidos
com uma populacdo de individuos rigidamente controlada e relativamente homogénea, com

alguns tendo TEPT e outros ndo (WANG and YOUNG 2016). Além disso, os niveis de resposta

abaixo do esperado nos tratamentos atualmente disponiveis para TEPT exige a exploragdo de
tratamentos alternativos. Assim, fatores imunologicos devem ser direcionados em novas
terapéuticas para evitar o acimulo de comorbidades e declinio cognitivo decorrente da

neuroprogressao em pacientes que permanecem cronicamente sintomaticos.
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