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Resumo

DA CUNHA, Larissa Leal. Efeitos do exercicio fisico em marcadores inflamatoérios,
neurotréficos, imunolégicos e em neurotransmissores em pessoas com
depressdo: uma revisao sistematica e metanalise. 2022. Orientador: Airton José
Rombaldi. 143f. Dissertagcdo (Mestrado em Educagado Fisica). Programa de Péds-
Graduacao em Educacao Fisica, Escola Superior de Educacéo Fisica, Universidade
Federal de Pelotas, Pelotas, 2022.

A depressao € uma das doengas mais incapacitantes do mundo e estima-se que o custo
mundial associado aos dias perdidos de trabalho, devido a depressao e ansiedade, seja
de 2,3 trilhdes de ddlares até o ano de 2030. Embora seja considerado tratamento padrao
para a depresséao, a psicoterapia e a medicagc&do n&o auxiliam na melhora da capacidade
fisica-funcional destes individuos. Por outro lado, o exercicio fisico proporciona diversos
beneficios fisicos e emocionais, reduzindo o aparecimento de comorbidades, exercendo
efeitos antidepressivos e melhorando a qualidade de vida desta populagéo. O objetivo
deste estudo foi realizar uma revisdo sistematica e metanalise para identificar se os
efeitos cronicos do exercicio fisico foram capazes de modificar biomarcadores
sanguineos em adultos com depressao, e se estas modificagdes estavam relacionadas
com alteragcbes nos sintomas depressivos. Foram realizadas buscas, entre agosto de
2021 e fevereiro de 2022, em seis diferentes bases de dados (PubMed, PsycINFO,
Cochrane Library, SportDiscus, Embase, Scopus, e Web of Science). Foram incluidos
ensaios clinicos randomizados publicados em inglés, portugués ou espanhol, sem
restricdo quanto ao ano de publicagdo. Além disso, os estudos deveriam conter amostras
de sujeitos diagnosticados com depressao unipolar, que utilizassem um modelo de
exercicio fisico crénico e que tivessem medidas de marcadores sanguineos coletados
pré e poés-intervengdo. Foram excluidos estudos com criangas e adolescentes e em
modelos animais, pessoas diagnosticadas com outra doenca psiquiatrica (além da
depressao). Foram encontrados 3.865 estudos, restando 2.507 apds a remogao das
duplicatas. Destes, 2.459 titulos e resumos foram excluidos, restando 48 textos
completos para leitura. Foram selecionados entao, 12 estudos para compor esta revisao,
sendo incluidos 9 na metanalise. Apds as analises estatisticas, pode-se verificar que o
exercicio fisico foi capaz de reduzir sintomas depressivos e que esta reducao esteve
associada ao aumento nos niveis circulantes de alguns biomarcadores, como BDNF
(Brain-Derived Neurotrophic Factor), Quinurenina e IL-6 (Interleucina-6). Estas alteracbes
foram visualizadas ao comparar os grupos que realizaram exercicio fisico aerébio com
aqueles que permaneceram em um grupo controle, realizando alguma outra atividade ou
apenas sendo controle passivo. Pode-se concluir que, mesmo que haja diferengas nas
composi¢cdes das amostras e entre as atividades desenvolvidas nos grupos controle, o
exercicio aerébio foi capaz de alterar niveis circulantes de neurotrofinas e de marcador
inflamatoério e que o aumento nestes niveis esteve relacionado a redugao dos sintomas
depressivos.

Palavras-chave: Exercicio fisico. Biomarcadores. Depresséo.



Abstract

DA CUNHA, Larissa Leal. 2022. Effects of physical exercise on inflammatory,
neurotrophic, immunological markers and neurotransmitters in people with
depression: a systematic review and meta-analysis. Advisor: Airton José Rombaldi.
143f. Dissertation (Master’s degree) — Post-Graduation Program in Physical Education.
Federal University of Pelotas, Pelotas.

Depression is one of the most disabling illnesses in the world and the worldwide burden
associated with lost work days due to depression and anxiety are estimated to be 2.3
trillion dollars by the year 2030. The standard treatment for depression, psychotherapy,
and medication do not help to improve the physical-functional capacity of these
individuals. On the other hand, physical exercise provides several physical and emotional
benefits, reducing the appearance of comorbidities, exerting antidepressant effects, and
improving the quality of life of this population. The present review aimed to identify whether
chronic physical exercise effects were sufficient to modify blood biomarkers in adults with
depression and if these changes were related to changes in depressive symptoms.
Searches were performed between August 2021 and February 2022 in six different
databases (PubMed, PsycINFO, Cochrane Library, SportDiscus, Embase, Scopus, and
Web of Science). The present study included randomized clinical trials (RCT) published
in English, Portuguese, or Spanish, with no restriction on the year of publication. In
addition, subjects should have a diagnosis of unipolar depression, and the RCTs should
use a model of chronic physical exercise and present measurements of blood markers
collected before and after the intervention. Studies with children and adolescents, animal
models, and people diagnosed with another psychiatric disorder (in addition to
depression) were excluded. A 3,865 studies were found, leaving 2,507 after removing the
duplicates. Of these, 2,459 titles and abstracts were removed, leaving 48 full texts for
reading. Twelve studies were selected to compose this review, 9 being included in the
meta-analysis. After statistical analysis, physical exercise reduced depressive symptoms,
and the reduction was associated with an increase in the circulating levels of some
biomarkers, such as BDNF and kynurenine. These changes were observed when
comparing groups that performed aerobic physical exercises with those that remained in
a control group, performing some other activity or just being a passive control. It can be
concluded that, despite the differences in the samples and the activities performed in the
control groups, aerobic exercise changed circulating levels of neurotrophins and that the
increase in these levels was related to the reduction of depressive symptoms.

Keywords: Exercise. Biomarkers. Depression.
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Lista de abreviaturas e siglas

3HK 3-hydroxykynurenine (3-hidroxiquinurenina)

5-HT 5-hydroxytryptamine/serotonina (5-hidroxitriptamina/serotonina)

BBB Blood-brain barrier (Barreira Hematoencefalica)

BDNF Brain-Derived Neurotrophic Factor (Fator Neurotrofico Derivado do
Cérebro)

CRP C-reative protein

ECR Ensaio Clinico Randomizado

FITT-VP Frequency, Intensity, Time, Type, Total Volume and Progression

(Frequéncia, Intensidade, Tempo, Tipo, Volume Total e Progressao)

GRADE Grading of Recommendations Assessment, Development and Evaluation

IGF-1 Insulin-like Growth Factor-1 (Fator de Crescimento Semelhante a Insulina
Tipo 1)

IL Interleukin (Interleucina)

Kyn kynurenine (Quinurenina)

Kyna Kynurenic acid (Acido Quinurénico)

LCR Liquido céfalorraquidiano ou liquor ou fluido cérebro espinhal

MDD Major Depressive Disorder (Transtorno Depressivo Maior)

OMS Organizagao Mundial de Saude

PCR Proteina C-reativa

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(Itens de Relatdrio de Preferéncia para Revisdes Sistematicas e Meta-
analises)

PROSPERO International Prospective Register of Systematic Reviews (Registro

Prospectivo Internacional de Revisdes Sistematicas)

RCT Randomized Clinical Trial

SD Standard Deviation (Desvio Padrao)

SNC Sistema Nervoso Central

TNF-a Tumor Necrosis Factor alpha (Fator de Necrose Tumoral Alfa);

Trk Tyrosine kinase receptor (receptor tirosina quinase)



TRP Tryptophan (Triptofano)

VEGF Vascular endothelial growth fator (Fator de crescimento endotelial
vascular)

WHO World Health Organization
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Resumo

CUNHA, Larissa Leal. Efeitos do exercicio fisico em marcadores inflamatorios,
neurotroficos, imunolégicos e em neurotransmissores em pessoas com depressao:
uma revisao sistematica e metanalise. 2021. Orientador: Airton José Rombaldi. 62f.
Projeto de Pesquisa (Mestrado). Programa de Pd6s-Graduagao em Educagao Fisica,
Escola Superior de Educacéo Fisica, Universidade Federal de Pelotas, Pelotas.

A depressao € um grave problema de saude publica. Além dos sintomas presentes
nos quadros de transtorno depressivo, como perda do interesse/prazer em realizar
atividades cotidianas, alteragées de humor e cognitivas, dentre outros, a falta de bem-
estar fisico pode predispor ao aparecimento de doengas secundarias a inaptidao fisica
(como cardiopatias, doengas metabdlicas, entre outras). Os recursos terapéuticos
convencionais, como a administracao de medicamentos e psicoterapia, muitas vezes,
nao sao capazes de reduzir a incapacidade laboral, a mortalidade prematura e a
remissao total sintomatica. Devido a isso, tem se enfatizado a insergédo da pratica de
exercicio fisico como uma abordagem fundamental para tratamento desta doenga.
Além de auxiliar na reducao sintomatica e na prevencao do aparecimento de doencgas
concomitantes, o exercicio apresenta um satisfatorio custo beneficio e com poucas
restricbes para sua pratica nesta populagdo. Porém, alguns mecanismos fisioldgicos
associando o papel do exercicio fisico a depressdo ainda precisam ser mais bem
compreendidos. Dentre eles, é necessario identificar os principais biomarcadores
presentes em quadros de depressao e entender as vias pelas quais o exercicio atua
com seus efeitos neuroprotetores. Assim, o objetivo do presente estudo é fazer uma
busca na literatura para elucidar como o exercicio fisico atua nos principais
biomarcadores relacionados a depressao. Serao realizadas buscas na literatura nas
bases de dados MEDLINE via PubMed, PsycINFO, Cochrane Library, SportDiscus,
Embase, Scielo, Scopus, Web of Science e no ClinicalTrials.com. A estratégia de
buscas ocorrera com base nos critérios “PICOS”, em que se fara a associagao de
termos relacionados a marcadores sanguineos, marcadores no liquido
cefalorraquidiano, marcadores de neuroimagem, exercicio fisico, adultos e depresséo.
Dois autores independentes fardo a excluséo dos titulos, resumos, seguido da leitura
dos textos completos. Apds a analise qualitativa, sera realizada uma metanalise a fim
de quantificar o quanto o exercicio é capaz de causar alteragdes nos biomarcadores.
Além disso, estima-se quantificar o tipo, o tempo, a frequéncia e intensidade para que
a pratica do exercicio induza tais modificagdes. Todas as analises serao realizadas
no software estatistico Stata 14.0.

Palavras-chave: depressdo, biomarcadores, liquido cefalorraquidiano, exercicio

fisico



Abstract

CUNHA, Larissa Leal. 2021. Effects of physical exercise on inflammatory,
neurotrophic, immunological markers and neurotransmitters in people with depression:
a systematic review and meta-analysis. Advisor: Airton José Rombaldi. 62f. Research
Project (Master degree in Physical Education). Graduation Program in Physical
Education, Superior School of Physical Education, Federal University of Pelotas,
Pelotas.

Depression is a serious public health problem. In addition to the symptoms present in
depressive disorders, such as loss of interest / pleasure in performing daily activities,
mood, and cognitive changes, among others, the lack of physical well-being can
predispose to the appearance of pathologies secondary to physical disability (such as
heart disease), metabolic diseases, among others). Conventional therapeutic
resources, such as medication administration and psychotherapy, sometimes, are not
able to reduce the work disability, premature mortality, and symptomatic total
remission. That said, the insertion of physical exercise as an essential approach for
the treatment of this disease has been emphasized. In addition to helping to reduce
symptoms and preventing the appearance of concomitant diseases, exercise has a
satisfactory cost-benefit and is limited for its practice in this population. However, some
physiological mechanisms associated with the role of physical exercise in depression
still need to be better understood. Among them, it is necessary to identify the main
biomarkers present in cases of depression and feeling as ways in which exercise acts
with its neuroprotective effects. Thus, the aim of the present study is to search the
literature to elucidate how physical exercise in the main biomarkers related to
depression. Literature searches will be performed in the MEDLINE databases via
PubMed, PsycINFO, Cochrane Library, SportDiscus, Embase, Scielo, Scopus, and
Web of Science and at ClinicalTrials.com. The search strategy will be based on the
“PICOS? criteria, in which an association of terms related to blood markers, markers in
cerebrospinal fluid, neuroimaging markers, physical exercise, adults and depression
will be made. Two independent authors will exclude titles, abstracts, followed by
reading the full texts. After a qualitative analysis, a meta-analysis will be performed to
quantify how much the exercise can cause changes in the biomarkers. In addition, it is
estimated to quantify the type, time, frequency, and intensity for the practice of exercise
to induce such changes. All analyzes will be performed using the Stata 14.0 statistical
software.

Keywords: depression, biomarkers, cerebrospinal fluid, physical exercise
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INTRODUGAO

Pessoas com transtorno depressivo maior tem uma chance 40% maior de
morte prematura do que a populagao em geral. O suicidio, extremamente associado
a casos de depresséo, € a principal causa de morte em adultos jovens, representando
1,5% de mortes no mundo em 2015 (OMS, 2017). A falta de bem-estar fisico leva a
um aumento na incapacidade funcional destes individuos. Além disso, a falta de
condicionamento fisico nestes individuos predispbe ao aparecimento de patologias
secundarias (como cardiopatias, doengcas metabdlicas, entre outras)
(VANCAMPFORT et al., 2015).

O acelerado e exponencial crescimento de diagndsticos de depressdo no
mundo tém feito com que 6rgdos de saude articulem condutas para frear esta
ascenséo e proporcionar um tratamento mais eficaz para os casos identificados (OMS,
2013; 2019). Os recursos terapéuticos convencionais, propostos para tratamento da
depressado, nao sao aptos a reduzir totalmente a incapacidade funcional (fisica e
laboral), a mortalidade prematura (WALKER et al., 2015) e a remissao total
sintomatica (HALLGREN et al., 2017), além de promover inUmeros efeitos colaterais
(EUGENE, 2020). A insergcado da pratica de exercicio fisico como uma abordagem
fundamental para tratamento desta doenga vem sendo encorajada (COONEY et al.,
2013). Além de auxiliar na redugao sintomatica e na prevengéo ao aparecimento de
doencas concomitantes, o exercicio fisico apresenta um satisfatério custo beneficio e
com poucas restricdes para sua pratica nesta populagao (HALLGREN et al., 2017).

A pratica regular de exercicio fisico € capaz de atuar na prevencgao e tratamento
de inumeras patologias, por diferentes vias de regulacdo no organismo. Em relagao
as doencas de origem psiquiatrica, sabe-se que estes beneficios ocorrem em
diferentes sistemas, como no enddcrino (KANDOLA, 2019) e no cardiovascular
(HALLGREN et al.,, 2017), por exemplo. Porém, alguns mecanismos fisioldgicos
associando o papel do exercicio fisico a depressdo ainda precisam ser mais bem
compreendidos. Dentre eles, destaca-se que é necessario identificar os principais
biomarcadores presentes em quadros de depressao, entender as vias pelas quais o
exercicio atua com seus efeitos neuroprotetores (CERVENKA et al.,, 2017;
ANDREAZZA et al.,, 2019), além de buscar compreender os beneficios entre os
diferentes modelos de exercicio e como atuam, nestes marcadores, em diferentes
faixas-etarias (SCHUCH et al., 2016).
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1.1.OBJETIVOS

1.1.1. OBJETIVO GERAL
Descrever os efeitos cronicos do exercicio fisico em marcadores inflamatorios,
neurotréficos, imunoldgicos, neurotransmissores e de neuroimagem em pessoas com

depresséo.

1.1.2. OBJETIVOS ESPECIFICOS
Identificar os efeitos crénicos de diferentes modelos de exercicio fisico em
adultos com depressao nos seguintes marcadores:

e Sanguineos:

Neuroenddcrinos (cortisol, prolactina, GH, serotonina (Kyn, triptofano));

Fatores neurotroficos:
o Neurotrofinas (NFG, IGF-1, BDNF e VEGF);

Metabdlitos (lactato);

Inflamatorios:
o pro-inflamatorios (IL-1, IL-4, IL-6 e TNFa, IFN);
o miocinas (irisina, miostatina)

Estresse oxidativo (EROS e RNS);

e No liquido cefalorraquidiano (serotonina - Kyn, triptofano- cortisol)

e Neuroimagem:

e Estrutura e fungéo cerebral (hipotalamo, cértex pré-frontal, amigdala).

1.2. JUSTIFICATIVA

Em 2017, aproximadamente 4% da populagédo mundial (mais de 300 milhées
de pessoas) foi diagnosticada com depressao (OMS, 2017). Segundo o Global Burden
of Disease Study de 2019 (VOS et al., 2020), houve um aumento de 61% na
incapacidade de realizar atividades laborais (ajustada por anos de vida), devido a esta
patologia, entre 1990 e 2019. No ano de 2019, foi a sexta doenga mais incapacitante
do mundo (VOS et al., 2020) e estima-se que o custo mundial associado aos dias
perdidos de trabalho, devido a depressao e ansiedade, é de 1,15 trilhdo de ddlares
por ano (VOS et al., 2020), projetando que este gasto seja dobrado até 2030

(CHISHOLM et al., 2016).
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A reducdo na incapacidade estd diretamente associada a remisséo dos
sintomas depressivos, porém os sinais clinicos ainda permanecem instaveis por um
periodo indeterminado, na maioria das vezes (IANCU et al., 2019). A administragao
de farmacos, isolada ou em conjunto com a psicoterapia, € comumente utilizada para
tratamento de pessoas com diagnéstico de depresséo. Contudo, estes procedimentos,
principalmente o tratamento medicamentoso exclusivo, ndo sao capazes de reduzir
significativamente a incapacidade, fisica e laboral, destes individuos (IANCU et al.,
2019). Além disso, diversos efeitos colaterais sdo percebidos por grande parte desta
populacdo, como por exemplo alteracbes de apetite, qualidade do sono,
concentragado/memoria e disfungdo sexual (SCHUCH & STUBBS, 2019; EUGENE,
2020). Ainda, a psicoterapia, como por exemplo a terapia cognitivo comportamental
parece demonstrar um efeito pequeno a moderado para tratar este tipo de patologia
(CUIJPERS et al., 2014), além de nao contribuir para o bem-estar fisico (SCHUCH &
STUBBS, 2019).

Por outro lado, o exercicio fisico apresenta-se como uma estratégia n&o-
farmacoloégica para a prevencdo e tratamento da depressao (MAMMEN &
FAULKNER, 2013). Além de manter e/ou melhorar o condicionamento fisico, seus
beneficios nos aspectos mentais, psicossociais e de qualidade de vida, tém sido cada
vez mais discutidos na literatura (KANDOLA, 2019). Embora estudos demonstrem
alteragdes em diferentes sistemas, beneficiados pelo exercicio, que sdo capazes de
reduzir os sintomas depressivos, 0s exatos mecanismos pelos quais o exercicio esta
associado a esta reducgédo, ainda ndo estdo completamente elucidados (STUBBS &
SCHUCH, 2019). Um conjunto de fatores, como a secrecdo de determinados
neurotransmissores (SCHUCH et al., 2016), alteragbes na estrutura e fungdo de
algumas regides cerebrais, como hipocampo por exemplo (KANDOLA, 2019) e a
regulacdo do sistema anti- e pro-inflamatério parecem estar associados a esta
diminui¢ao sintomatica (STUBBS & SCHUCH, 2019).

A necessidade de testes objetivos para o diagnostico e tratamentos mais
precisos e eficazes fez com que estudos acerca de biomarcadores em doencas
psiquiatricas aumentassem em quantidade nos ultimos anos (PINTO et al., 2017;
ANDREAZZA et al., 2019). A compreensao das vias de regulagdo dos principais
biomarcadores envolvidos em desordens psiquiatricas, como a depressao, ainda nao

esta bem estabelecida (CERVENKA et al.,, 2017). Além disso, o exercicio fisico
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promove alteragdes, em determinados biomarcadores, que sdo coadjuvantes, ou até
mesmo fatores principais, na remissao dos sintomas depressivos (CERVENKA et al.,
2017).

Assim, o presente estudo se justifica com o objetivo de fazer uma busca na
literatura para elucidar como o exercicio fisico atua nos principais biomarcadores
relacionados a depressao. Além disso, enquanto profissionais da saude, expressa-se
a importancia de compreender os mecanismos pelos quais o exercicio atua com seus
efeitos neuroprotetores, a fim de auxiliar em um tratamento mais seguro, eficaz e com

o minimo de efeitos colaterais em pessoas com esta patologia.
1.3. HIPOTESES

H1: O exercicio fisico cronico ndo ird promover alteragdes significativas nos niveis
circulantes de Kyn, triptofano (MILLISCHER et al., 2017; HENNINGS et al., 2013),
cortisol, prolactina e GH (KROGH et al., 2010). Com relagdo a copeptina, os efeitos

cronicos do exercicio irdo reduzir seus niveis no sangue (KROGH et al., 2013);

H2: O exercicio fisico cronico ira levar a um aumento nos niveis de BDNF (SZUHANY,
BUGATTI & OTTO, 2015). Porém, nos niveis de IGF-1 e VEGF, n&do havera alteragdes
significativas (KROGH et al., 2014);

Hs: Os niveis de lactato estardo aumentados apds a pratica de exercicio crénicos,
auxiliando na neuroplasticidade (MAGISTRETTI & ALLAMAN, 2018);

Ha4: Os efeitos crénicos do exercicio fisico ndo irdo promover diferenga significativa
nos niveis circulantes de IFN-y, IL- 6 e TNF-a (HENNINGS et al., 2013);

Hs: Os efeitos crénicos do exercicio fisico irdo promover uma redugéo significativa nos

niveis de espécies reativas de oxigénio (SCHUCH et al., 2014);
He: Quando analisados os marcadores de imagem, o exercicio crénico sera capaz de

causar alteragdes no cortex pré-frontal semelhantes a efeitos de medicagdes
antidepressivas (DOUGHERTY & RAUCH, 2007). Além disso, o exercicio fisico é
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capaz de levar ao aumento no volume do hipocampo, comumente reduzido em
pessoas com depressao (ERICKSON, 2009).

2. FUNDAMENTAGAO TEORICA
2.1.Depressao

A depressao € um disturbio que afeta tanto a saude mental quanto fisica. Entre
os anos de 2007 e 2017, houve um aumento no mundo de 14,3% nos casos (JAMES
et al., 2018), chegando a mais de 300 milhbes de pessoas (4,4% da populagao
mundial) diagnosticadas com esta patologia em 2017 (OMS, 2017). Além disso, foi o
maior contribuinte individual para incapacidade global, representando 7,5% de todos
0s anos vividos com incapacidade, no ano de 2015 (JAMES et al., 2018).

Embora possa acometer individuos de diferentes faixas etarias e classes
sociais, a prevaléncia € maior em mulheres (5,1%) do que em homens (3,6%), e em
individuos entre 55-74 anos (7,5% entre mulheres e 5,5% entre homens) (OMS, 2017).
Estima-se que, durante a vida, a probabilidade para mulheres desenvolverem um
transtorno depressivo maior é de 10 a 25%, enquanto para homens a probabilidade é
de 5 a 12% (BECK & ALFORD, 2014). Além disso, mais de 80% dos casos estao
situados em paises de baixa e média renda (VOS et al., 2016), sendo que 76% e 85%
destes paises, respectivamente, ndo tem acesso ao tratamento necessario (WANG et
al., 2007).

Embora a depressdo tenha sido reconhecida como uma sindrome clinica ha
mais de 2.000 anos, ainda ndo foram completamente elucidadas questbes
relacionadas a sua etiologia e classificacdo (BECK & ALFORD, 2014). Alguns
determinantes, como adversidades na infancia relacionadas a trauma precoce ou
maus-tratos, instabilidade emocional ou vulnerabilidade ao estresse, estressores
psicologicos, pré-existéncia de outras doencgas e fatores cognitivos, parecem estar
associados as causas de desenvolvimento da patologia (RISO et al., 2003).

Os critérios de diagnostico e os métodos de classificagdo dos transtornos
depressivos vém mudando, consideravelmente, com o passar dos anos. Embora
estes critérios tenham melhorado a confiabilidade do diagndstico, isso ndo contorna o
problema de tentar classificar e compreender, fisiologicamente, o curso da doencga

dentro da biologia humana. Além disso, o diagndstico de depressao ndo implica
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automaticamente em um tratamento especifico e eficaz. O diagnostico é apenas um
ponto de partida para considerar as particularidades daquele individuo e direciona-lo
para uma melhor qualidade de vida, em relagdo ao seu quadro clinico (NATIONAL
COLLABORATING CENTRE FOR MENTAL HEALTH et al., 2017). Sem tratamento
adequado, a depressao tende a assumir um curso cronico, ser recorrente e, com o
tempo, estar associada ao aumento de incapacidade (SOLOMON et al., 2000).

A American Psychiatric Association (APA) classifica os transtornos de humor
em transtornos depressivos (depressdo unipolar) e bipolares (AMERICAN
PSYCHIATRIC ASSOCIATION et al, 2013). Dentro do primeiro quadro, estédo
incluidos o transtorno depressivo maior e transtorno distimico. O transtorno
depressivo maior € caracterizado por um ou mais sintomas que perdurem, pelo
menos, duas semanas. Esta sintomatologia pode ser composta por humor deprimido
ou perda de interesse somado a, no minimo, quatro sintomas de depresséao adicionais
(dificuldade de concentragdo, alteragcbes na memoria, humor, qualidade do sono,
apetite, entre outros). Ja o transtorno distimico é definido por, pelo menos, dois anos
de humor deprimido (leve), em que o individuo permanece mais dias com esta
sintomatologia do que se sentindo “feliz/saudavel” dentro deste periodo de tempo
(BECK & ALFORD, 2014).

Os disturbios depressivos sao caracterizados, principalmente, por tristeza,
perda de interesse e satisfacdo pelas mesmas atividades/situacbes de antes da
doenca, alteracbes no apetite e qualidade do sono, baixa autoestima, pouca
disposi¢éo para a realizagao de tarefas simples, dentre outros. Ainda, estes disturbios
podem ser classificados com leve, moderado ou severo, dependendo da gravidade
dos sintomas (OMS, 2019). O conjunto de sintomas, presente na patologia, leva a
sensagdo de cansago fisico e mental, gerando consequéncias que afetam o
desempenho escolar/académico, a produtividade no trabalho, além de impactar nas
relagdes interpessoais (OMS, 2018).

Além disso, as disfungbes na ordem cognitiva, motora e na regulagéo
emocional levam a um comportamento sedentario. Consequentemente, a inatividade
fisica faz com que este transtorno gere incapacidades secundarias, propiciando ao
aparecimento de doencgas crénicas nao transmissiveis (DCNT), como a hipertenséo
arterial sistémica e o diabetes, por exemplo (OMS, 2003). E, pessoas que apresentam

alguma doenga prévia tem um risco aumentado em 23% para o diagndéstico de
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depressao quando comparadas a populagdo saudavel (MOUSSAVI et al., 2007; OMS,
2003). Ainda, pessoas com transtorno depressivo tem uma chance 40% maior de
morte prematura do que a populacdo em geral. Este fator esta principalmente
associado a um menor cuidado com a saude fisica e a um risco 60% maior de cometer
de suicidio (OMS, 2013). O suicidio € a segunda causa mais comum de morte em
pessoas jovens no mundo todo, sendo que a depressao € o principal fator contribuinte
para estas mortes, que chegam a quase 800 mil por ano (OMS, 2017).

Visto que o tratamento padréo para depressao (psicoterapia + medicamento)
apresenta uma taxa de adesao de apenas 60% das pessoas (VOS et al., 2004), e que
por conta dos efeitos colaterais medicamentosos e do tempo de resposta destas
técnicas de tratamento, o mesmo, com o passar do tempo acaba por nio ser eficaz
na remissdo completa da doenga e suas consequéncias (VON WOLFF et al., 2012).
Além do mais, somente o tratamento padrdo ndo é capaz de gerar beneficios a
aspectos metabdlicos e fisiolégicos, presentes na pratica de exercicio fisico e muitas
vezes reduzidos nesta populagao (CUIJPERS et al., 2014).

Quando pessoas mais jovens (menos de 30 anos de idade) desencadeiam um
episodio de depressao e que este nao tenha um curso cronico, estima-se uma
remissdo completa dos sintomas € em torno de 70 a 95%. Porém, em torno de 79%
das pessoas que ja tiveram depressao e a remissao sintomatica, terdo recorréncia da
doenga em algum momento das suas vidas. E, para aqueles que ja tiveram trés
episodios da doenga, em suas vidas, tem uma chance de 90% de desencadear um
quarto (AMERICAN PSYCHIATRIC ASSOCIATION, 2000).

2.2. Biomarcadores associados a depressao
2.2.1. Marcadores sanguineos

Biomarcadores sao parametros biologicos objetivamente mensurados e
avaliados como indicadores de uma resposta biolégica normal, de um processo
patolégico ou de uma resposta a uma intervencdo terapéutica (BIOMARKERS
DEFINITIONS WORKING GROUP et al., 2001).

A depresséo é uma patologia que envolve um complexo sistema etiologico.

As causas de seu desenvolvimento sdo compostas por disfungdes nos sistemas
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neuroenddcrino, neurotréfico, inflamatorio, além de alteracdes no estresse oxidativo e
na estrutura e fungao de algumas regides cerebrais (BECK & ALFORD, 2014).

Inicialmente, acreditava-se que os transtornos de humor ocorriam por simples
desequilibrios quimicos de alguns neurotransmissores, como a serotonina (5-HT),
norepinefrina (NE) e dopamina (DA) (COPPEN, 1967; SCHILDKRAUT, 1965). No
entanto, com o passar dos anos, observou-se que os transtornos de humor estariam,
também, associados a plasticidade neuronal. A neuroplasticidade se refere a
capacidade do cérebro em reorganizar seus circuitos neuronais e adaptar-se a novos
estimulos (tanto internos, quanto externos) (SAPOLSKY, 2000). Este complexo
circuito € essencial para a sobrevivéncia e evolugao dos seres humanos, porém, nem
toda neuroplasticidade é benéfica ao organismo. O estresse, muito comum em casos
de depressao, € um exemplo de fator que pode levar a plasticidade cerebral. Ao se
tornar crénico, o estresse, predispde ao desenvolvimento de transtornos de humor,
visto que o cérebro passa a se adaptar a um estimulo nocivo para saude do individuo
(PITTENGER & DUMAN, 2008). O eixo hipotalamo-pituitaria-adrenal (HPA) é um dos
principais sistemas enddécrinos responsivo ao estresse e situagdes de desafio. Além
disso, tem sido fortemente associado a fisiopatologia da ansiedade e depressao, bem
como ao funcionamento cognitivo. Em resposta a estressores fisioldgicos ou
psicologicos, o eixo HPA é ativado, resultando na secregdo do horménio liberador de
corticotropina (CRH) pelo hipotalamo, que estimula a glandula pituitaria anterior a
liberar o horménio adrenocorticotropico (ACTH). Entdo, o ACTH estimula a liberagao
de cortisol da glandula adrenal, que € o principal horménio atuante em resposta ao
estresse (PATEL et al., 2000).

A quinurenina (Kyn), via de degradagao do triptofano (trp), é ativada tanto pelo
estresse quanto por fatores inflamatoérios. Esta via é responsavel por 90% do
metabolismo periférico do triptofano e ocorre principalmente no figado, rim, e células
imunes (GIBNEY et al., 2013). No SNC, a Kyn é convertida em acido 3-
hidroxiquinurenina (3HK) e, posteriormente em &cido quinolinico, associado a
processos neurotoxicos e neurodegenerativos, associados a pessoas com depressao
(CLAES et al., 2011). O triptofano € um importante aminoacido responsavel pela
sintese de proteinas, além de servir como substrato para a geragdo de diversos
compostos bioativos. Uma das fungdes mais conhecidas do trp é a sua conversao em

serotonina, um importante neurotransmissor envolvido no controle de respostas
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adaptativas do sistema nervoso central (SNC) e ligado a alteragées no humor (CANLI
& LESCH, 2007). Todavia, o organismo humano n&o é capaz de sintetiza-lo. Devido
a isso, o trp é obtido, principalmente, através da ingestdo de determinados tipos de
alimentos (peixes e leguminosas, por exemplo) (CERVENKA; AGUDELO; RUAS,
2017).

Dentro do SNC, a quinurenina é convertida em acido 3-hidroxiantranilico e,
subsequentemente, em acido quinolinico na micrdglia. Sendo esta via, associada a
neurotoxicidade pela geracéo de radicais livres, contribuindo para o estresse oxidativo
(STONE, FORREST, DARLINGTON, 2012). Por outro lado, nos astrécitos, a
quinurenina €& convertida em acido quinurénico, que possui potencial papel
neuroprotetor, através de suas funcbdes anti-inflamatéria e imunossupressora
(KENNEDY et al., 2017).

A ativacao das vias de estresse inflamatério, oxidativo e nitrosativo (IO&NS)
sdo fatores fisiopatolégicos importantes na depressao. As respostas inflamatdrias sdo
acompanhadas pela indugéo das vias de estresse oxidativo e nitrosativo (O&NS)
(MAES, 2008). O estresse oxidativo € a consequéncia do desequilibrio entre agentes
oxidantes e antioxidantes, levando a concentragdes reduzidas de antioxidantes e de
enzimas antioxidantes no corpo (FREI, 1999). A fosforilagdo oxidativa (uma das
etapas metabdlicas da respiragao celular) que ocorre na mitocéndria € a principal fonte
de trifosfato de adenosina (ATP) na célula. Como subproduto deste processo, sao
produzidos radicais livres ou espécies reativas de oxigénio, espécies reativas de
nitrogénio (ERN) e radicais centrados em carbono e enxofre (PERO et al., 1990). Ja
o estresse nitrosativo pode levar a disfungdes na célula por meio de danos a parede
celular, mitocéndrias, DNA e proteinas funcionais, que eventualmente resultam em
apoptose e morte celular. Assim, uma reducdo na capacidade antioxidante pode
prejudicar a protecao contra EROS e RNS (MAES, 2008). Em quantidades moderadas
ou baixas, as EROS sao consideradas essenciais para o desenvolvimento e fungao
neuronal. Entretanto, quando a producido de EROS excede a capacidade de
eliminacdo do sistema de resposta antioxidante, ocorre uma extensa oxidagao de
proteinas e peroxidagéo lipidica, causando dano oxidativo, degeneracéo celular e até
declinio funcional. Assim, altas concentracdes de EROS podem, por exemplo, reduzir
a sinalizacao sinaptica e mecanismos de plasticidade cerebral (KNAPP & KLANN,
2002; ZHUO, 1993).
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Alguns érgaos, como o cérebro, sdo mais vulneraveis aos efeitos prejudiciais
destes processos porque tem uma alta taxa metabdlica e niveis mais baixos de
antioxidantes, o que explica estes danos ocasionados ao tecido cerebral (MAES,
2008).

A desregulacdo imunoldgica periférica pode induzir mudangas cerebrais
funcionais e estruturais que influenciam na fisiopatologia do Transtorno Depressivo
Maior (TDM) (KOHLER et al., 2017). O volume aumentado de mondcitos e
granulécitos no sangue (MAES, 1995), niveis elevados de marcadores da resposta
inflamatdria, da fase aguda (como proteina C reativa, por exemplo), além do aumento
de citocinas inflamatorias (HAAPAKOSKI et al., 2015) s&o fatores que parecem estar
associados aos individuos com diagndstico de depressdo. Estas respostas
imunoldgicas periféricas podem influenciar a fungao cerebral por meio de diferentes
mecanismos, como através da ruptura da barreira hematoencefalica (BHE); sintese
destas substancias no SNC ou pela agao de nervos periféricos que sinalizam ao
cérebro. Porém, ainda nao esta claro, quais mecanismos, que nao sdo mutuamente
exclusivos, estdo envolvidos em situacdes fisiopatoldgicas especificas (KOHLER et
al., 2017).

As citocinas sdo moléculas peptidicas liberadas como resultado da resposta
imunolégica a infecgdo ou lesdo em alguma parte do corpo. As citocinas séo
pleiotropicas, ou seja, sdo capazes de exercer diferentes respostas a uma
determinada reagéo imunoldgica. Além disso, uma citocina pode aumentar ou diminuir
a produgao de outra citocina. Em geral, s&o classificadas em pré-inflamatérias (IL-1,
IL-6 e TNF), anti-inflamatérias (IL-4, IL-10 e IL-3) e hematopoiéticas (IL-3, IL-5 e G-
CSF) (YARLAGADDA, ALFSON, CLAYTON, 2009).

No cérebro, as citocinas sao responsaveis pela ativacdo neuroenddcrina e
neuronal, ativando o eixo HPA (SILVERMAN et al., 2005). Além disso, as citocinas
podem afetar o metabolismo dos sistemas noradrenérgico, serotoninérgico e
dopaminérgico. Algumas citocinas (como a IL-1, por exemplo), podem induzir a
sintese de serotonina, norepinefrina e dopamina, enquanto outras (IL-2), podem
reduzir a transmissdo de norepinefrina e dopamina a nivel cerebral (DUNN,
SWIERGIEL, DE BEAUREPAIRE, 2005). Além disso, algumas citocinas (TNF- a, por
exemplo) podem, facilmente, atravessar a BHE causando danos ao tecido cerebral e

desempenhando um papel importante na fisiopatologia de doencgas psiquiatricas
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(DANTZER & KELLEY, 2007). Assim, o aumento na produgao de citocinas pro-
inflamatérias (como IL-2, IL-6, IL-8, IL-10, IFN e TNF) parecem estar associadas a
transtornos depressivos (MAES & CARVALHO, 2018).

Miocinas sao citocinas sintetizadas e liberadas, pelos midcitos, no tecido
muscular em resposta as contragdes musculares (PEDERSEN et al., 2007). Séo
responsaveis pela regulagado autécrina do metabolismo nos musculos, paracrina e
enddocrina de outros tecidos e 6rgaos, como tecido adiposo, figado e cérebro
(CARSON, 2017). As miocinas atuam na fungéo cerebral, através da regulacdo do
humor (PAPP et al., 2017), dos processos de aprendizagem e atividade locomotora
(ZHANG et al., 2015) e auxiliando na sobrevivéncia, manutencao e fungao das células
neuronais (PENG et al., 2017).

Os fatores neurotroficos (NTFs) sdo uma familia de peptideos que induzem a
sobrevivéncia, desenvolvimento e a fungdo neuronal. A maioria destes fatores
pertence a uma das trés familias: neurotrofinas, ligantes da familia do fator
neurotrofico derivado da linha de células gliais (GDNF) (GFLs) ou as citocinas
neuropoéticas (BOYD & GORDON, 2003). Dentro das neurotrodinas, podem ser
encontrados o fator neurotréfico derivado do cérebro (BDNF), fator de crescimento do
nervo (NGF), neurotrofina-3 (NT-3), neurotrofina-4 (também denominada neurotrofina-
5) (NT-4/NT-5), neurotrofina-6, (NT-6), neurotrofina-7 (NT-7), as quais interagem com
receptores do tipo tirosina quinase (TrkA, TrkB e TrkC) ou p75 (LINDSAY et al., 1994).
O BDNF é capaz de regular a plasticidade neural, a migracéo e a sobrevivéncia no
sistema nervoso central e periférico. Esta neurotrofina pode passar pela BHE e é
encontrada nos neurdnios, além de ser liberada por células periféricas, como
leucdcitos, células endoteliais e plaquetas (PITTENGER & DUMAN, 2008). O estresse
cronico, fisico ou psicoldgico, pode reduzir a neurogénese e a resiliéncia, causando
uma regulagao negativa nas vias de transmissao do BDNF levando a diminui¢cao dos
seus niveis circulantes no hipocampo (POLYAKOVA et al, 2015; NIBUYA et al.,
1999). Acredita-se que o estresse, diretamente relacionado aos quadros de TDM, leva
a uma redugao nos niveis de BDNF devido ao aumento dos corticosteroides, visto que
ativacao de receptores de glicocorticoides afeta negativamente o gene do BDNF
(HACIMUSALAR & ESEL, 2018).

O IGF-1 (Fator de Crescimento Semelhante & Insulina Tipo 1), também

conhecido como somatomedina C, € sintetizado por diferentes érgdos e sua
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expressao é controlada pelo horménio do crescimento (GH). Embora o IGF-1 possa
atravessar a barreira hematoencefalica, sua expressao no SNC também ocorre por
outras vias (WERNER & LEROITH, 2014). Sua principal fungao no cérebro é controlar
o crescimento celular, a diferenciacdo e maturagéo (através da estimulagédo da mitose
e sintese de DNA), além de auxiliar em processos metabdlicos (na captagéo de glicose
e producgao de proteina). Além disso, o IGF-1 também esta envolvido na plasticidade
sinaptica, na liberagdo de neurotransmissores e excitagao de neurdnios (SZCZESNY
et al., 2013). A reducdo nos niveis de IGF-1, levando a deficiéncias no seu
funcionamento, podem ser responsaveis por caracteristicas clinicas observadas ao
longo do curso do TDM, como disfungdes cognitivas, por exemplo, visto que sua
expressao esta reduzida nestes quadros (BASTA-KAIM et al., 2014).

Os neurdnios consomem em torno de 80-90% da energia total utilizada pelo
cérebro, e como a atividade oxidativa € a via de produgdo de ATP mais eficiente,
substratos de energia como piruvato e lactato devem ser transferidos dos astrécitos
para os neurdnios, a fim de levar a um aumento da captacao de glicose (HOWARTH;
GLEESON; ATTWELL, 2012). Dentro deste contexto, sabe-se que o processamento
sequencial de glicose em duas etapas (a glicolise transitéria em astrocitos seguida
pela oxidagdo em neurdnios) resulta na oxidacdo de glicose no cérebro
(MAGISTRETTI & ALLAMAN, 2018). Sabe-se ainda, que a liberagao de lactato pelos
astrocitos, e absorvido pelos neurdnios, € necessario para sustentar a atividade e
funcao neuronal (MORGENTHALER et al., 2006).

2.2.2. Marcadores no liquido cefalorraquidiano

O liquido cefalorraquidiano (LCR) é uma substancia liquida aquosa, que flui
através das camaras internas ou ventriculos do cérebro (BULLMORE, 2018). Devido
ao seu contato direto com o cérebro, o LCR pode ser uma boa fonte de biomarcadores
neuroldgicos e psiquiatricos, podendo identificar, com precisdo, o estado do SNC.
Alteragdes em seus componentes bioquimicos podem indicar a presenca de
processos patologicos (ROCHE; GABELLE; LEHMANN, 2008), como marcadores
presentes no MDD, por exemplo (TUMANI et al., 2008).

Alguns biomarcadores como a serotonina, IL-1 (LEVINE et al., 1999), Trp e Kyn
(RAISON et al., 2010) podem ser extraidos do LCR, e talvez sejam mais fidedignos

aos niveis cerebrais do que os biomarcadores sanguineos (BULLMORE, 2018).
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Dentro deste contexto, Raison e colaboradores (2010) verificaram que a
administragdo de IFN-a levou a redugdes significativas no Trp e aumento na razéo
Kyn / Trp na circulagao sanguinea periférica e a nenhuma alteragao induzida pelo IFN-
a nas concentragdes de TRP encontrada no cérebro, conforme demonstrado no LCR.

Embora se possa citar a vantagem de uma, possivel, maior precis&o nos niveis
circulantes no LCR, a extracdo destes marcadores torna-se uma desvantagem neste
processo. Para se obter uma amostra para analise molecular, € necessario realizar
uma pungao lombar e, entdo retirar a quantidade adequada de LCR (BULLMORE,
2018).

2.2.3. Marcadores de neuroimagem

Abordagens de imagem molecular, funcional e estrutural, como tomografia
computadorizada por emissdo de féton unico (SPECT), tomografia por emissédo de
positrons (PET) e imagem por ressonancia magnética (MRI), tém sido utilizadas para
entender os mecanismos neurobioldgicos associados ao MDD. A imagem molecular
€ uma visualizagdo nao invasiva, em tempo real, de processos bioldgicos nos niveis
celular e molecular in vivo (WEISSLEDER, R.; MAHMOOD, 2001). A SPECT e a PET
sdo capazes de fornecer informacdes sobre alteracdes moleculares especificas no
cérebro de pacientes com transtorno depressivo (JAMES & GAMBHIR, 2012). Ja a
MRI fornece informacdes sobre a estrutura, fungao e conectividade do cérebro usando
técnicas de MRI estrutural e MRI funcional (fMRI).

Exames de neuroimagem sdo capazes de demonstrar mudangas estruturais
seletivas em varios circuitos limbicos e n&o limbicos no cérebro de individuos
deprimidos. No cortex pré-frontal e cingulado, o metabolismo e o volume séao
reduzidos, por exemplo, enquanto - com a progressdo da sindrome - a atrofia do
hipocampo também ocorre (MANJI et al., 2001; SHELINE; GADO; KRAEMER 2003).
A neuroplasticidade € um processo natural e necessario para o funcionamento
adequado do organismo em um ambiente em constante mudanga. No entanto, nem
toda a plasticidade neural é benéfica, visto que pessoas com transtornos de humor

apresentam alteracdes em estruturas e fungdes cerebrais (FUCHS et al., 2004).

34



2.3.Exercicio fisico
2.3.1. Exercicio fisico e biomarcadores associados a depressao

O exercicio fisico € uma atividade fisica planejada, estruturada, repetitiva e que
tem por objetivo melhorar, ou manter, um ou mais componentes da aptidao fisica
(CASPERSEN et al., 1985).

A pratica regular de exercicio fisico esta diretamente relacionada a diversos
beneficios sobre a saude fisica e mental, tanto em mulheres quanto homens,
independente da faixa-etaria em que é praticado (AMERICAN COLLEGE OF SPORTS
MEDICINE et al, 2013). Além de prevenir o aparecimento de diversas doengas, como
acidente vascular cerebral (AVC), diabetes tipo 2 (DM2) o exercicio fisico auxilia na
redugdo da pressdo arterial sisttmica (PAS), melhora o perfil de lipoproteinas,
proteina C reativa, dentre outros biomarcadores (GARBER et al, 2011). Diversas
modalidades de treinamento, em diferentes niveis de intensidade, tém sido
desenvolvidas com o objetivo de promover adaptagdes cardiorrespiratoria,
musculoesquelética e metabdlicas, entre outras; as quais estdo diretamente
relacionadas com o grau de saude fisica e mental dos individuos. Exercicios aerdbicos
e de resisténcia sao alguns exemplos dessas modalidades, sendo que estas
adaptacdes ocorrem de acordo com a frequéncia, intensidade, tempo, tipo, volume
total e progressao (FITT-VP) das sessbées (FERGUSON, 2014).

Além disso, os efeitos do exercicio podem ser classificados em agudo e
cronico. Os efeitos agudos se referem a pratica de uma unica sessao, podendo durar
de segundos até horas, sendo que correspondem a uma reagdo transitoria do
organismo ao estresse, quando sao realizados ajustes organicos a fim de manter a
homeostasia. Ja os efeitos crbénicos, referem-se a exposicao repetida ao exercicio,
durante semanas a anos, gerando um conjunto de respostas adaptativas ao estresse
imposto ao organismo (NIEMAN & NEHLSEN-CANNARELLA, 1994; DIETRICH &
AUDIFFREN, 2011).

Além de prevenir diversas patologias, a pratica regular de exercicio fisico é
capaz de auxiliar no tratamento, melhorar o bem-estar fisico e mental e a qualidade
de vida de pessoas diagnosticadas com diferentes quadros. Dentro da depressao, o
individuo experimenta sensagdes relacionadas a perda de interesse e prazer ao

realizar suas atividades cotidianas, diversos outros sintomas emocionais, cognitivos,
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comportamentais e fisicos (NATIONAL COLLABORATING CENTRE FOR MENTAL
HEALTH et al., 2017).

O tratamento para depresséao é feito basicamente através de psicoterapia e
medicamentos  antidepressivos com  objetivo de atingir o sistema
monoaminérgico. Porém, os diversos efeitos colaterais, o longo tempo para agao
medicamentosa (3 a 5 semanas) a baixa aderéncia dos pacientes ao tratamento e a
falta de aptidao fisica (TRIVEDI et al., 2008) sao alguns fatores que tém feito crescer
o interesse por encontrar diferentes mecanismos, biomarcadores e tratamentos
associados aos transtornos depressivos (PHILLIPS et al., 2018). Ainda ndo se sabe,
exatamente, todos os mecanismos envolvidos nos transtornos depressivos, nem as
diferentes caracteristicas dos efeitos induzidos pelo exercicio fisico, no organismo
(CUIJPERS et al., 2014; SCHUCH & STUBBS, 2019). Porém, sabe-se que o exercicio
induz a mudancgas nos perfis metabdlicos dos 6rgaos, que sdo dependentes de
moléculas que regulam a homeostase celular (KIM et al., 2019). Além disso, através
de diferentes marcadores relacionados a fungéo cerebral, sugere-se que o exercicio
fisico seja considerado um indutor de neurogénese e, portanto, uma intervengao nao
farmacoldgica eficaz contra doencas neurodegenerativas (ZIGMOND et al., 2012).

O exercicio fisico é capaz de promover alteracdes benéficas ao tecido cerebral
através de sua associacdo com a reducdo da neuroinflamagcdo e do melhor
desempenho nos circuitos do sistema limbico cerebral em resposta aos transtornos
depressivos (PHILLIPS & FAHIMI, 2018). O aumento de citocinas pro-inflamatérias
pode levar a redugdo nos niveis de serotonina, causando alteracbes em outros
mecanismos de neurotransmissdo e de sinalizagdo neuronal em regides cerebrais
envolvidas com o TDM (FRANK et al., 2015). As monoaminas serotonina,
noradrenalina e dopamina sao neurotransmissores fortemente ligados aos casos de
depressao e extremamente conhecidos por serem modulados através do exercicio
fisico (LIN & KUO, 2013). Ainda, o aumento nos niveis de serotonina, apds o exercicio
fisico, € necessario para a ativagao da neurogénese hipocampal. Por conseguinte, a
neurogénese, mediada pela serotonina, pode ser um mecanismo essencial no efeito
terapéutico através do exercicio fisico na depressao (KLEMPIN et al., 2013). Além da
serotonina, o aumento na liberagdo de noradrenalina no hipocampo é mediado pelo
exercicio fisico. Esta liberacido parece estar relacionada com a expressao e fungao do

BDNF na neurogénese e nas fungdes cognitivas desempenhadas pelo exercicio fisico
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(NICASTRO & GREENWOOD, 2016). E, da mesma forma, altos niveis circulantes de
dopamina, oriundos do exercicio, parecem desencadear uma série de mudangas
estruturais e funcionais que conferem os beneficios do exercicio fisico em
comportamentos recompensadores e de humor (GREENWOOD, 2019). O IGF-1
desempenha um papel importante no crescimento e diferenciacdo de neurdnios, na
sintese de neurotransmissores (ANLAR, SULLIVAN, FELDMAN, 1999), além de
estimular a neurogénese no hipocampo e hipotalamo (TREJO; CARRO; TORRES-
ALEMAN, 2001). Além disso, através da pratica de exercicio fisico, o IGF-1 estéa
associado a beneficios relacionados a aprendizagem, depressao, estimulagéo da
angiogénese e neurogénese hipocampal (LLORENS-MARTIN; TORRES-ALEMAN;
TREJO, 2008; TREJO; LLORENS-MARTIN; TORRES-ALEMAN, 2008).

Ainda, como consequéncia da pratica de exercicio fisico, a molécula de lactato
€ produzida e liberada pela musculatura esquelética. Esta molécula é liberada no
sangue e absorvida por diferentes 6rgdos como o figado, onde é convertido
novamente em piruvato e, posteriormente, em glicose ou glicogénio, dependendo das
necessidades celulares. Além disso, o lactato € capaz de atravessar a BBB, atuando
como uma fonte de energia para o cérebro e como um fator neuroprotetor
(VALENZUELA et al., 2020).

3. METODOLOGIA

Esta revisao sistematica sera realizada de acordo com os critérios PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (MOHER et
al., 2009) e esta registrada no banco de dados internacional de revisées sistematicas,

PROSPERQO (International Prospective Register of Systematic Reviews).

3.1.Critérios de inclusao
Serao incluidos na revisao sistematica, estudos:

1) Experimentais;
2) Que utilizaram qualquer modelo de exercicio fisico, crénico, definido como

uma intervencao planejada, estruturada e repetitiva que teve por objetivo a
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melhora ou manutengédo de um ou mais componentes do condicionamento
fisico (CASPERSEN et al., 1985);

3) Com ou sem grupo controle;

4) Com adultos diagnosticados com depressao (seguindo os critérios do
Diagnostic and Statistical Manual for Mental Disorders (DSM-5)
(AMERICAN PSYCHIATRIC ASSOCIATION et al.,, 2013), Research
Diagnostic Criteria (RDC) (SPITZER et al., 1978) ou International
Classification of Diseases (ICD-11) (OMS, 2019), ou Mini International
Neuropsychiatric Interview (M.
I-N-1.) (Sheehan et al., 1998) e/ou que obtiveram o diagndstico de depresséao
por um psiquiatra.

5) Que mediram os sintomas depressivos pré e poés-intervengao utilizando
uma ferramenta validada;

6) Que realizaram medidas sanguineas, no liquido cefalorraquidiano e de
neuroimagem com algum marcador associado a depressao, no baseline e
apos intervencao;

7) Publicados em inglés, espanhol ou portugués e sem restricdo quanto a data

de publicagao.
3.2.Critérios de exclusao
Serao excluidos estudos:

1) com amostras diagnosticadas com outras doengas psiquiatricas (como
transtornos de ansiedade, esquizofrenia, transtorno bipolar, entre outros) e/ou outras

patologias diagnosticadas (como acidente vascular encefalico, por exemplo);

2) que usaram alongamentos, ioga, tai chi, Qigong ou alguma outra técnica na
qual ndo seja possivel controlar a intensidade da atividade realizada seguindo o
principio “FITT-VP” (Frequéncia, Intensidade, Tempo e Tipo — Volume e Progressao)
(AMERICAN COLLEGE OF SPORTS MEDICINE, 2013);

3) que verificaram os efeitos do exercicio em pessoas com sintomas
depressivos e/ou distimia. Embora haja uma complexidade em diagnosticar estes

diferentes quadros, optou-se por incluir apenas estudos de amostras com diagnéstico
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de depressao, visto que esta patologia apresenta uma morbidade substancial,
diferente de individuos com alteragao no estado de humor (COONEY et al., 2013). E,
também, aqueles que utilizaram ferramentas validadas para medir os sintomas
depressivos, visto que escalas como “BDI” e “HAM-D”, por exemplo, sao utilizadas
para verificar a severidade da doenga e dos sinais associados a ela, bem como a
resposta ao tratamento (ANDERSON et al., 2002).

3.3.Fontes das buscas na literatura

As buscas seréao realizadas em margo de 2021 nas seguintes bases de dados:
MEDLINE via PubMed, PsycINFO, Cochrane Library, SportDiscus, Embase, Scielo,
Scopus, e Web of Science. Além disso, serdo realizadas buscas complementares nas
referéncias dos estudos incluidos Cochrane Database of Systematic Reviews e no
ClinicalTrials.com para identificacdo de possiveis artigos n&o incluidos nas buscas
das bases principais.

Para melhor identificagdo dos artigos relacionados ao tema da revisao, as
buscas serdo realizadas em trés etapas. Inicialmente, serdo pesquisados estudos
que relacionem o exercicio fisico com marcadores sanguineos em adultos com
depressao. As palavras utilizadas nas buscas estardo, na lingua inglesa, de acordo
com os critérios de elegibilidade “PICOS” (Populagéo, Intervengdo, Comparador,
Desfechos, e Tipo de estudos incluidos), conforme o quadro 1, sendo: Population:
adultos com depresséao, Intervention: Exercicio crénico, Outcome: marcadores

sanguineos; Study design: Experimental.

Quadro 1 - Critérios de elegibilidade PICOS para as buscas relacionadas ao exercicio fisico e
marcadores sanguineos em adultos com depressao.

P | C o S
Conceitos Adultos com Exercicio crénico - Marcadores Experimental
depresséo (a sanguineos
partir de 18
anos)
Termos Depress* Exercise* Biormark*
relacionados “Physical Activity” “nerve growth
adults “lsometric training” factors"
“Aerobic Exercise” oxidant*
“Exercise Training” oxidative*
“Physical training” "endocrin*"
“Aerobic training”
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“High-intensity
interval training”
“Resistance training”
“Endurance training”
“Plyometric
Exercise”
“Circuit-based
Training”

“Circuit Training®
Run*

"neurogenesis"
"Immune*"
"immuno
"inflammat*"
hormone*
oxidative*
"neurotrophin”
BDNF
"brain-derived
neurotrophic factor"

|*ll

Jogging cytokine*
Walk* serotonin
Hiking cortisol
Swim* interleukin*
Aquatic* GH
Cycling "growth-hormone"
Bicycl* "hpa axis"
Strength* "Hypothalamic-
Fitness pituitary-adrenal
Lift axis"
dopamine
"IGF-1"
adrenaline
ROS
RNS
Tryptophan
Kynurenine
“kynurenic acid”
“quinolinic acid”
Lactate
cortisol
Termos para | Depress* Exercise*

busca

“Physical Activity”
“Physical Exercise”
“Isometric Exercise”
“Aerobic Exercise”
“Exercise Training”
“Physical training”
“Aerobic training”
“High-intensity
interval training”
“Resistance training”
“Endurance training”
“Plyometric
Exercise”

“Circuit-based
Training”
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Em um segundo momento, as buscas ocorrerdao associando o exercicio fisico

a marcadores no liquido cefalorraquidiano (LCR) em adultos com depressao. Serao

seguidos os critérios de elegibilidade “PICOS”, conforme o quadro 2.

Quadro 2 - Critérios de elegibilidade PICOS para as buscas relacionadas ao exercicio fisico e
marcadores no LCR em adultos com depressao.

P | o S
Conceitos Adultos com Exercicio crénico Marcadores no Experimental
depresséo (a liquido cefalorraqui
partir de 18 diano
anos) cerebroespinhal
Termos Depress* Exercise* “depression
relacionados Physical Activity cerebrospinal fluid
adults Physica] Exerci§e biomarker”, “major
Isomej[nc Exer'0|se depression
Aerobic Exercise . ”
Exercise Training biomarker CSF”,
Physical training “depression CSF
Aerobic training biomarker”,
High-intensity “proteomics
interval training depression”,
Resistance trajn_ing “proteomics
Endurance training ; .
Plyometric Exercise b|omarklers”|n
Circuit Training depression
Run* “proteomics CSF
Jogging biomarker in
Walk* depression”
Hiking Lactate
Swim*
Aquatic*
Cycling
Bicycl*
Strength*
Fitness
Lift
Termos para | Depress* Exercise* “depression
busca “Physical Activity” cerebrospinal fluid
adults “Physical Exercise” biomarker”
“Isometric Exercise” “maijor
“Aerobic Exercise” depression
“Exercise Training” biomarker CSF”
“Physical training” “depression CSF
“Aerobic training” biomarker”,
“High-intensity “proteomics CSF
interval training” biomarker in
“Resistance training” depression”
“Endurance training” Lactate
“Plyometric cortisol
Exercise”
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“Circuit-based
Training”

E, a ultima etapa das buscas sera realizada associando o exercicio fisico com

marcadores de neuroimagem, em pessoas com depressdo, conforme o critério

“PICOS” do quadro 3.

Quadro 3 - Critérios de elegibilidade PICOS para as buscas relacionadas ao exercicio fisico e

marcadores de neuroimagem em adultos com depressao.

“Physical training”
“Aerobic training”

"atrial natriuretic
fMRI

P | C o S
Conceitos Adultos com Exercicio crénico - Marcadores de Experimental
depresséo (a neuroimagem
partir de 18
anos)
Termos depress* Exercise* cortical activity
relacionados Physical Activity "Electroencephalog
adults Physical Exercise raphy
Isometric Exercise " "
Aerobic Exercise "alpha: asymmetry
Exercise Training "EEG ]
Physical training magnetic
Aerobic training functional
High-intensity resonance"
interval training "atrial natriuretic"
Resistance training
Endurance training
Plyometric Exercise
Circuit Training
Run*
Jogging
Walk*
Hiking
Swim*
Aquatic*
Cycling
Bicycl*
Strength*
Fitness
Lift
Termos para depress* Exercise* “cortical activity”
busca “Physical Activity” hypothalam*
adults “Physical Exercise” cortex*
“Isometric Exercise” "magnetic
“Aerobic Exercise” functional
“Exercise Training” resonance"
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“High-intensity “Functional
interval training” Magnetic
“Resistance training” Ressonance
“Endurance training” Imaging”
“Plyometric MRI
Exercise” “Magnetic
“Circuit-based Resonance
Training” Imaging”

3.4.Selecao dos estudos

ApOs a realizacao das buscas, todos os estudos encontrados serdo exportados
para o software gerenciador de referéncias bibliograficas Mendeley Desktop. Apos a
remogao das duplicatas, dois autores, independentes, determinardo os estudos
potencialmente elegiveis. Inicialmente, sera feita a leitura de todos os titulos. Apds a
exclusdo dos titulos que nao tiverem relagdo com a tematica do presente estudo, sera
feita a leitura dos resumos restantes. Os resumos que ndo cumprirem os critérios de
elegibilidade serao desconsiderados, restando a leitura dos textos completos. Ao final
da leitura dos estudos, os dois pesquisadores irao decidir, em conjunto, pelos artigos
que serdo incluidos neste trabalho. Em caso de divergéncias, um terceiro

pesquisador sera consultado para decisao final.
3.5.Desfechos
3.5.1. Desfecho primario

Medidas de marcadores sanguineos, no liquido cefalorraquidiano e de

neuroimagem obtidas no baseline e pos-intervengéo.
3.5.2. Desfechos secundarios

Sintomas depressivos (pré e pos-intervencdo); a aderéncia dos participantes
aintervencgao, identificando a duracao das sessdes (em minutos); frequéncia (em dias
na semana); duragéo total da intervencao (em semanas), a intensidade do exercicio;

€ 0 numero de participantes que iniciaram e completaram as intervencoes.
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3.6. Extracao dos dados

Dois autores, independentes, fardo a extracao de dados para uma tabela que

sera composta das seguintes informacoes:

e amostra: numero de participantes que iniciou e terminou a intervencao; % de

mulheres e homens; % de participantes tomando antidepressivos; as classes

de antidepressivos administrados;

e intervencdo: tipo de exercicio fisico realizado; duragdo das sessdes (em

minutos); frequéncia (em dias na semana); duragao total da intervengéo (em

semanas); intensidade do exercicio (GARBER, 2011); além de serem extraidos

dados sobre:

O

O

O

O

O

€Xercicio x exercicio;

exercicio x controle;

exercicio x psicoterapia;

exercicio x tratamento alternativo;

exercicio x tratamento farmacoldgico;

exercicio + tratamento farmacoldgico x controle;
exercicio + psicoterapia x controle;

exercicio + tratamento farmacoldgico + psicoterapia x controle.

e sintomas depressivos, pré e poés-intervengdo, através de um instrumento

validado;

e marcadores sanguineos, no liquido cefalorraquidiano e de neuroimagem pré e

pos-intervengéo, relacionados a depressao.

3.7. Risco de viés e avaliagao de qualidade

Os estudos, selecionados para a presente revisdo sistematica, terdo sua

avaliacdo metodoldgica realizada por dois pesquisadores independentes. Para esta
avaliagdo serd utilizado o checklist de Downs and Black (DOWNS & BLACK, 1998).

Esta ferramenta é validada tanto para ensaios clinicos randomizados (RCT), quanto

para nao randomizados. O instrumento € composto por 27 questdes divididas cinco

subitens relacionados a:
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o forma de reportar os resultados (se a informagao apresentada no estudo

permite ao leitor interpretar os dados e resultados livre de viés);

e validade externa (avalia o quanto os achados do estudo s&o
generalizaveis para populagdes com as mesmas caracteristicas daquela

incluida no estudo);

e viés (avalia a presenca de viés quanto aos métodos de mensuracéao, da

exposic¢ao ou desfechos, diferentes entre os grupos);

o fatores de confusdo/viés de selegcao (avalia a presenca de viés de
selecao dos participantes do estudo que poderia levar a introducéo de

fatores de confusao inconsistentes);

e poder do estudo (avalia a probabilidade de os achados do estudo serem

atribuidos ao acaso).

Cada questdo sera pontuada com o valor 1 (quando a qualidade estiver
presente) ou 0 (qualidade ausente). A questdo relacionada a forma de reportar os
resultados permite uma pontuacédo de 0 a 2, sendo que a soma total ira gerar um
escore que varia de 0 a 32 pontos. Estudos que obtiverem escores acima de 50% do
valor maximo serao considerados de qualidade metodologica moderada. Ja aqueles
que obtiverem 19 ou mais pontos, serdao considerados de alta qualidade.

A qualidade das evidéncias e a forga das recomendacbes serdo avaliadas
através do sistema GRADE (Grading of Recommendations Assessment, Development
and Evaluation). Serao classificadas em: alta (pouco provavel que novas pesquisas
mudem a confianga na estimativa do efeito); moderada (pesquisas adicionais,
provavelmente, terdo um impacto importante na estimativa de efeito, podendo alterar
a mesma); baixo (muito provavel que pesquisas adicionais tenham um impacto
importante na estimativa de efeito e, provavelmente alterem a mesma); muito
baixo (qualquer estimativa de efeito € muito incerta). Ja a forca de recomendacéo ira
mostrar o quanto a adesao as recomendacgodes, originadas da revisdo sistematica,
terdo vantagens e desvantagens. A for¢ca de recomendagédo podera ser a favor ou
contra a conduta proposta e sera classificada em forte ou fraca.

Estas avaliagcbes seréo realizadas de acordo com os seguintes critérios: risco

de viés em estudos individuais, inconsisténcias de resultados entre os estudos,
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evidéncia indireta, imprecisdo e viés de publicagdo (GRADE WORKING GROUP,
2004).

4, METANALISE

Sera conduzida uma metanalise a fim de quantificar o quanto o exercicio &
capaz de causar alteragcées nos biomarcadores. Além disso, estima-se quantificar o
tipo, o volume, frequéncia e intensidade para que a pratica do exercicio induza tais

modificacdes. Todas as analises serao realizadas no software estatistico Stata 14.0.

Primeiramente, sera verificado o efeito individual e total das intervencdes
incluidas. Quando os desfechos analisados forem idénticos e estiverem disponiveis
na mesma unidade, sera utilizada a diferenga média ponderada, expressa na unidade
do desfecho analisado e respectivo intervalo de confianga de 95% (1C95%). Quando
os desfechos nado estiverem na mesma escala ou unidade de medida, sera calculada
a diferenca de média padronizada (SMD) e respectivo IC95%, como mostra a equagao

abaixo.

diferenca na média dos resultados entre grupos

SMD = - ~ —
desvio padrao dos resultados entre os participantes

Em um segundo momento, sera realizada uma estimativa do efeito das
intervencdes. Esta analise sera realizada quando o estudo tiver realizado dois tipos
de intervengdes (ao se comparar dois modelos de exercicio, por exemplo), com o
objetivo de descrever a magnitude de diferenca de dados dos resultados entre dois
grupos de intervengao. Serao realizadas diferengas médias/medida de diferenga (em
que se compara os valores médios entre dois grupos), em que o valor 0 sera
classificado como nenhuma diferenga entre os grupos. Valores maiores e menores
que este, indicardo beneficio ou dano relacionado a intervencgao. Os resultados das
estimativas serao expressos com IC de 95% e EP. Para tais analises, a fim de evitar
possiveis diferengas entre o numero de observacbes na analise e 0 numero de
'unidades' que foram randomizadas, serdo coletadas informagdes sobre a
randomizagao das amostras, em que sera verificado se: os grupos de individuos foram
randomizados juntos para a mesma intervengao (ensaios clinicos randomizados); os
individuos foram submetidos a mais de uma intervengao (por exemplo, em um estudo
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cruzado ou tratamento simultdneo de varios locais em cada individuo) e houve
multiplas observagdes para o mesmo resultado (por exemplo, medigbes repetidas,
eventos recorrentes, medigcdes em diferentes partes do corpo) (HIGGINS et al., 2019).

Com o objetivo de estabelecer se os estudos sao consistentes, sera utilizado o
teste estatistico de heterogeneidade “1*’, que examinara a hipotese nula de que todos
os estudos avaliardao o mesmo efeito. O teste busca determinar se ha heterogeneidade
(diferengas genuinas subjacentes aos resultados dos estudos), ou homogeneidade (a
variagdo nos achados esta apenas relacionada com o acaso). O teste sera calculado

a partir de resultados obtidos da meta-analise, em que:

2_@=gD

x 100%
Q

onde, Q ¢é a estatistica de heterogeneidade de Cochran, e gl os graus de liberdade. A
estatistica Q de Cochran sera calculada somando os desvios quadrados da estimativa
de cada estudo (COCHRAN, 1954). Os valores negativos de I? serdo colocados em
zero para que |? fique entre 0% e 100%. Um valor de 0% indicara que ndo ha
heterogeneidade, 25% ha uma heterogeneidade baixa, 50% moderada e 75% alta.

A quantificagdo da heterogeneidade € apenas um componente da variabilidade
entre os estudos, sendo a diversidade nos aspectos clinicos e metodolégicos,
considerados de maior importancia (HIGGINS et al, 2003).

Visto que a maioria dos estudos encontram heterogeneidade alta em seus
desfechos analisados (HIGGINS et al., 2003), e pressupondo-se encontrar o mesmo
no presente estudo, analises de modelo aleatorio serdo realizadas (DERSIMONIAN &
LAIRD, 1986). O efeito aleatério sera utilizado devido a diversidade clinica
(caracteristicas dos participantes, intensidade e tempo de cada sesséo do exercicio,
dentre outros) e metodologica (analises realizadas nos estudos, grupos paralelos ou
design cruzado, dentre outros), visto que, na maioria das vezes, ndo € possivel
distinguir se a heterogeneidade resulta de um fator exclusivo ou de ambos (HIGGINS
et al., 2019).

Se, porventura, for encontrada homogeneidade entre os estudos, sera aplicado
o método estatistico fixo. Este método supde que as diferengas observadas entre os
resultados dos estudos sdo devidas apenas ao acaso (ou seja, que nao ha

heterogeneidade estatistica). E, caso seja encontrado um pequeno numero de
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estudos (<10) com alta heterogeneidade, para os devidos desfechos, podera ser
utilizado o método de efeito fixo, visto que fornecera estimativas mais robustas do
efeito médio da intervengao (largura da distribuicao dos efeitos da intervencgao, por
exemplo). Porém, podera sera desconsiderada qualquer heterogeneidade (HIGGINS
et al., 2019).

Sera realizado o teste de sensibilidade a fim de tentar esclarecer a alta
heterogeneidade encontrada na estatistica de 1%, se aplicavel. Ainda, identificaremos
possiveis efeitos dos subgrupos em mudangas nas concentragbes dos marcadores
de sangue, liquido cefalorraquidiano e de imagem. Esta analise sera possivel se
houver um numero 210 de estudos em cada subgrupo. Para esta analise, sera
utilizada a estatistica de 1> e fardo parte dos subgrupos: sexo dos participantes, o
modelo e intensidade do exercicio, duragdo de cada sessao (em minutos), a
frequéncia (em dias por semana), tempo total da intervengao (em semanas) e risco
de viés de publicacdo. O risco de viés de publicacio sera avaliado através do teste de
Egger, sendo considerado o valor de p<0,10 indicando a presenga de viés de
publicacdo (EGGER et al., 1997).

A seguir, uma meta-regressdao sera utilizada para verificar o quanto as
covariaveis poderao estar influenciando no tamanho do efeito das intervengdes. Os
resultados serdo expressos em diferengas de medidas. A meta-regressdo sera
realizada se houver um numero de 210 estudos para cada covariavel, que serao
compostas por: modelo e intensidade do exercicio, frequéncia, duracio e tempo total
das intervencdes, sexo e idade dos participantes, utilizacdo de medicamento
antidepressivo, tempo de diagnodstico da depressao, entre outros.

Para os estudos que tiverem realizado mais de um tipo de intervencao, as
mesmas serdo incluidas na analise individualmente (por exemplo, ao se comparar
mais de um modelo de exercicio). Aqueles estudos que tiverem dados de diferentes
periodos, serdo utilizadas apenas as medidas da linha de base e ao final da
intervengao. Medidas de mudancga no desvio padréao (DP), pré e pés-intervengéo, que
estiverem descritas, serdo utilizadas neste estudo. Caso o DP néo seja relatado, o
mesmo sera estimado através do coeficiente de correlagdo, para cada desfecho
primario, de acordo com o Cochrane Handbook for Systematic Reviews of
Interventions (HIGGINS et al., 2019):
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DPpré* + DPpés® — ADP?
2 x DPpré x DPp0és

corr =

ADP = {/(DPpré? + DPpb6s? + 2 x corr x DPpré x DPpés
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2. Relatério do trabalho de campo
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2.1.Introdugao

O presente relatério do trabalho de campo abordou as etapas realizadas para que
a coleta de dados do estudo intitulado “Efeitos do exercicio fisico em biomarcadores
em pessoas com depressdo: uma revisao sistematica e metanalise” pudesse ocorrer.
Foi descrita a logistica utilizada para a coleta, organizagao e analise dos dados. Além
disso, foram descritas algumas atividades realizadas pela pesquisadora, durante o

periodo de Mestrado.

2.2.Coleta de dados

O projeto defendido na qualificagao tinha por objetivo realizar buscas referentes
aos efeitos agudos e cronicos do exercicio fisico sobre marcadores sanguineos, no
LCR e em exames de imagem, em pessoas com depressao. Porém, apds orientagcao
da banca, optou-se por realizar uma revisao sistematica verificando apenas os efeitos
cronicos do exercicio fisico sobre marcadores sanguineos.

Os dados foram coletados em duas etapas. A primeira delas, foi realizada em
agosto de 2021, conforme mostra a figura 1. A fim de identificar novos artigos
publicados, foi realizada uma atualizagdo das buscas iniciais, em fevereiro de 2022
(figura 2). Em ambas as buscas, foram utilizadas as seguintes bases de dados:
PubMed, PsycINFO, Cochrane Library, SportDiscus, Embase, Scopus, e Web of
Science. A combinagao de termos/descritores pesquisados fora realizada da mesma
forma, em inglés, apenas fazendo ajustes necessarios para cada base de dados. De
maneira geral, as buscas foram realizadas com as seguintes combinagdes: (“exercise”
OR “physical activity” OR “High-Intensity Interval Training” OR “resistance training” OR
“aerobic training”) AND (“depress™) AND (“biomark*™ OR “oxidative stress” OR

%1

‘“immun* OR “inflammat*” OR “neurotrophin® OR “brain-derived neurotrophic
factor” OR “cytokines” OR “serotonin” OR “cortisol” OR “Interleukin” OR “ “growth-
hormone” OR ‘“insuline like fator-1” OR “kynurenine”) AND (randomi* OR rct OR
“clinical trial*").

Além disso, foram realizadas buscas na “Cochrane Database of Systematic
Reviews”, “ClinicalTrials.com” e artigos obtidos através da verificacdo das listas de
referéncias dos estudos incluidos na presente revisao sistematica. Apos diversas
tentativas de combinacgdes de termos, nenhum resultado foi encontrado na base de

dados “Scielo” e optou-se entao, por exclui-la das bases previamente selecionadas.
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No projeto de pesquisa foi descrito que seria incluido qualquer estudo
experimental e que tivesse medidas de sintomas depressivos pré e pés-intervencgao.
Para um melhor desenvolvimento das analises estatisticas, conforme orientagdes da
banca, optou-se por incluir apenas ensaios clinicos randomizados (ECR). J4 a medida
de sintomas depressivos foi considerada desfecho secundario. E, embora estes dados
nao fossem obtidos em alguns estudos (CARNEIRO et al., 2016; CARNEIRO et al.,
2016b, KROGH et al., 2014; RETHORST et al., 2014 e TOUPS et al., 2011), os
mesmos foram incluidos na revisao sistematica por atenderem aos demais critérios.

Por fim, aqueles estudos que tivessem, em suas amostras, outras formas de
depressao unipolar (além do transtorno depressivo maior) também foram incluidos
nesta revisdo (CARNEIRO et al., 2016; CARNEIRO et al., 2016b; IMBODEN et al.,
2021 e MILLISCHER et al., 2017).
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Identificagdo dos estudos através de bases de dados e registros

Identificagao

Registros identificados de:
Bases de dados (n = 3467)
Pubmed (n = 461)

Scopus (n = 1649)
Sportdiscus (n = 34)
Psycinfo (n = 91)

Embase (n = 518)

Web of Science (n = 684)
Cochrane Library (n = 28)
Listas de referéncias (n = 2)

Triagem

)

Registros removidos antes da
triagem:
Removidos por duplicatas (n
=1197)

Registros em triagem

(n = 2270)

Titulos excluidos (n = 1996)
Resumos excluidos (n = 226)

Publicagbes pesquisadas para
se manterem

(n=48)
'

Publicagdes retiradas
(n=37)

Publicagbes avaliadas para
elegibilidade
(n=48)

Publicagdes excluidas:
N&o era ECR (n = 15)
Exercicio sem controle de carga (n =
5)
Outra doenga diagnosticada (n = 10)
Estudo de protocolo (n = 3
Falta de dados de biomarcadores (n =
3)
Estudo invalidado (n = 1)

Incluidos

Estudos incluidos na reviséo
(n=11)

Estudos incluidos na metanalise
(n=28)

Figura 1. Fluxograma da primeira coleta de dados (agosto/2021).
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Identificagdao dos estudos através de bases de dados e registros
Registros identificados de:
o Bases de dados (n = 398) ) .
S Pubmed (n = 42) Registros removidos antes da
® Scopus (n = 136) triagem:
o §Z§£tig}i°(f=(”26)z) 5 Removidos por duplicatas (n
t Embase (n = 42) =239)
% Web of Science (n = 74)
- Cochrane Library (n = 82)
Listas de referéncias (n = 1)
)
Registros em triagem p | Titulos excluidos (n = 183)
(n=159) Resumos excluidos (n = 38)
Publicagbes pesquisadas para
se mantgeremp g P N Put_)licagées retiradas
£ (n=18) (n=17)
<
=)
.8
S
: '
Publicagdes avaliadas para Publicacdes excluidas:
elegibilidade > N&o era ECR (n = 10)
(n=18) Outra doenga diagnosticada
(n=3)
Estudo de protocolo (n = 1
Falta de dados de
biomarcadores (n = 1)
—
2 Estudos incluidos na revisdo
S (n=1)
% Estudos incluidos na metanalise
£ (n=1)

Figura 2. Fluxograma da atualizagédo das buscas (Fevereiro/2022).

2.3. Extracido de dados

Apods a selecdo dos estudos, foram extraidos dados para o editor de planilhas
Microsoft Excel. Foram coletadas informacdes sobre: autor, ano de publicacdo,
numero total, sexo e idade dos sujeitos das amostras, tipo de exercicio, medidas de
biomarcadores e sintomas depressivos pré e pos-intervencao. Os biomarcadores que
estavam em diferentes unidades de medidas foram convertidos para a unidade mais
frequente entre os estudos (exemplo: cortisol - ug/dL to ng/mL, sendo 1 ug/dL = 10
ng/mL).
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2.4. Alteragédo no cronograma
Devido a mudangas pessoais, profissionais e académicas, decorrentes da
pandemia de COVID-19, foi solicitada prorrogacdo no prazo de defesa final, da

presente Dissertacdo de Mestrado. Segue, abaixo, o novo cronograma:

Fev/| Mar/21 | Agol| Set/ | Out/| Nov/| Dez/| Jan/| Fev/| Mar/| Abr/| Mai/ | Jun/
21 - 21 |21 |21 |21 |21 |22 (22 (22 [22 |22 |22
Jan/22

Qualificagédo X
do projeto

Atividades X
académicas

Coleta e X X X X X X
extragao dos

dados

Analise dos X
dados

Elaboragéo X X X X X X X X X X X
do artigo

Defesa da X
dissertacao

2.5. Atividades desenvolvidas

Durante o curso de mestrado, participei de atividades de pesquisa no Grupo de
Estudos em Neurociéncia, Atividade Fisica e Exercicio (ESEF-UFPel). Neste periodo,
publicamos dois artigos (CAPUTO et al., 2022; FETER et al., 2021) em periédicos
cientificos internacionais (Journal of Visual Impairment & Blindness e Journal of
Psychiatric Research) e outro artigo (DELPINO et al., 2022) esta sendo revisado e
sera submetido em breve. Além disso, apresentei e colaborei na apresentacado de
resultados de estudos em congressos e eventos cientificos (CUNHA et al., 2020;
CUNHA et al., 2021; ALT et al., 2019; LIMA et al., 2019; CUNHA et al., 2019 e
CASSURIAGA et al., 2019).

Na revisao sistematica de Caputo et al. (2022) auxiliei na selegcédo dos estudos
a serem incluidos na revisdo, avaliagdo da qualidade metodoldgica e na escrita do
artigo. Foram realizadas buscas, em cinco diferentes bases de dados, por estudos
transversais que descrevessem a relagao entre atividade fisica e qualidade de vida

em pessoas com deficiéncia visual. Foram encontrados 327 estudos, sendo oito
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destes, incluidos na revisdo. Embora poucos estudos tenham verificado esta
associagao, constatamos que pessoas com deficiéncia visual, envolvidas em atividade
fisica, sdo mais propensas a terem melhor qualidade de vida, em aspectos como
melhor saude fisica e psicoldgica.

No estudo de Feter et al. (2021) participei auxiliando na escrita do artigo, que
foi realizado com base no banco de dados britédnico ELSA (English Longitudinal Study
of Aging). O ELSA é um estudo de coorte nacional, em andamento, de adultos, e o
nosso objetivo foi examinar o efeito geral e estratificado por idade, da atividade fisica
sobre o risco de desenvolver deméncia em idosos com comprometimento cognitivo
leve. Os dados utilizados foram coletados na primeira onda do estudo (2002/2003) e
acompanhados até a nona onda (2018/2019), em que dos 12.099 sujeitos, 521
entraram na amostra deste estudo.

Em sintese, concluiu-se que a atividade fisica, de intensidade moderada, uma
vez por semana, reduziu a incidéncia de deméncia em idosos com comprometimento
cognitivo leve durante um seguimento de 17 anos.

Por fim, o estudo realizado por Delpino et al. (2022) é uma revisao sistematica
que teve por objetivo verificar a prevaléncia de ansiedade durante a pandemia de
COVID-19, no mundo todo. As buscas foram concluidas em junho de 2021 e foram
encontrados 3.740 artigos. Destes, 194 estudos observacionais, com adultos,
entraram nesta revisdo. Cerca de 35% (851.000 pessoas) da populagao apresentou
quadros de ansiedade durante o periodo de pandemia. Deste total, 58,7%
apresentaram quadros leves de ansiedade e 13,2% quadros extremamente severos.
Neste estudo, auxiliei realizando a avaliagéo da qualidade metodolégica dos estudos

e revisdo para submissdo do mesmo.
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Effects of exercise training on inflammatory, neurotrophic and immunological markers
and neurotransmitters in people with depression: a systematic review and meta-

analysis

Abstract

Background: Major depressive disorder is the most common type of mental disorder.
The biological pathway by which exercise promotes its antidepressant effects
remained uncleared. This study aimed to perform a qualitative and quantitative
analysis of the chronic effects of exercise on blood biomarkers and correlate these

findings with changes in depressive symptoms in adults with depression.

Methods: Randomized controlled trials (RCT) were screened in different databases
(PubMed, PsycINFO, Cochrane Library, SportDiscus, Embase, Scopus, and Web of
Science) until February 2022. RCT published in English, Portuguese or Spanish with

no time restriction were included.

Results: From 3,865 records, 12 studies (N=757 participants, mean age (SD): 43 (11),
66.2% women) were included in this review. Results showed that chronic exercise
training increases circulating BDNF (brain-derived neurotrophic factor) (SMD: 0.44,
95%CI: 0.15, 0.73) and Kynurenine (SMD: 0.29, 95%CI: 0.04, 0.54) and reduced
depressive symptoms (SMD: -0.72, 95%CI: -1.08, -0.37) in adults with major
depression disorder. Furthermore, an improvement in circulating levels of BDNF,
Kynurenine and IL-6 (Interleukyn-6) was associated with decreases in depressive
symptoms (r=-0.67, p=0.021).

Limitations: Results were not stratified by the type of medication used by participants
due to the lack of reporting of the included studies. Also, only a few studies provided
required data on other biomarkers (e.g., TNF-a and IL-10) besides BNDF and

kynurenine.

Conclusions: Chronic exercise training improved circulating levels of BDNF and

kynurenine in adults with major depressive disorders.
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1. Background

Depression is a mental disorder that affected 5%, or 350 million people, worldwide in
2019 (GBD, 2019), the sixth most disabling condition in the world (Vos et al., 2020).
Major depressive disorder (MDD) is the most prevalent type of depression (Kessler et
al., 2005), with a lifetime prevalence of 6-15% (Bromet et al., 2011). The pathogenesis
of depression is related to changes in some physiological processes associated with
neurotrophins (Hanson et al., 2011), endocrine (Berger et al., 2016), oxidative,
inflammatory (Anderson & Maes, 2014; Haapakoski et al., 2015), and immunological
factors (Maes, 1995). Indeed, pharmacological therapeutics, including antidepressant
drugs, have focused on improving several of these biomarkers. Although
antidepressant drugs effectively reduce the severity and frequency of depressive
symptoms; however, side effects like weight gain, increases in blood pressure, and
impairment of sexual functions are experienced (National Health System, 2022).
Furthermore, the effectiveness of antidepressants was questioned by placebo-
controlled clinical trials showing only a small effect size (Khan & Brown, 2015). In light

of these limitations, non-pharmacological alternatives such as exercise have emerged.

Several meta-analyses have demonstrated that physical exercise is an effective
treatment for depression (Cooney et al., 2013, Danielsson et al., 2013, Josefsson et
al., 2014, Krogh et al., 2011, Schuch et al., 2016). However, studies examining the
underlying biological mechanisms responsible for the antidepressant effect of exercise
are scanty. Previous systematic reviews and meta-analyses have confirmed that
exercise can induce chronic responses in hormones, neurotrophins, and inflammation
biomarkers in people with depression (Feter et al., 2019, Schuch et al., 2016).
Exercise-induced release of myokines such as irisin and interlekine-6 (Chow et al.,
2022) and improvement in other depression-related biomarkers (Krogh et al., 2013;
Schuch et al., 2014) are hypothesized as one of the antidepressant physiological
pathways. However, the underlying biological mechanisms are not entirely elucidated
with clarity at this present moment. In order to fill this gap, this systematic review sought
to identify the chronic effects of exercise training, versus the comparator group, on

biomarkers in people with major depressive disorder.
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2. Methods

The present systematic review was performed according to the
PRISMA statement (Page et al., 2020) (Supplementary Table 4). The present study
was registered on PROSPERO (ID: CRD42021221177), and some changes were
made on the project in order to carry out the study. Initially, we had designed to use
any experimental study, with or without a comparator group, in addition to including
acute effects of physical exercise. After reviewing and discussing the design, we
decided to include only randomized clinical trials with a comparator (control group or
studies with two or more groups with different interventions). Moreover, for a better
comparator effect, we decided to check only the chronic effects of physical exercise

on the outcomes.

2.1.Literature Search
Two independent authors (LLC and RA) conducted searches from August 2021 until
February 2022 at MEDLINE/PubMed, Embase, Scopus, Sportdiscus, Web of Science,
PsycINFO, Cochrane Library, and in the list of references from de articles included.
We included RCT published in English, Portuguese or Spanish with no publication time

restriction.

The following search strategy was used: (“exercise” OR “physical activity” OR “High-
Intensity Interval Training” OR “resistance training” OR “aerobic training”) AND
(“depress®™) AND (“biomark*™ OR “oxidative stress” OR “immun* OR
OR  ‘“inflammat* OR  “neurotrophin” OR  “brain-derived  neurotrophic
factor” OR “cytokines” OR “serotonin” OR “cortisol” OR “Interleukin” OR “ “growth-
hormone” OR ‘“insuline like fator-1” OR “kynurenine”) AND (randomi* OR rct OR
“clinical trial*"). All databases search strategies are presented in Supplementary table
5.

2.2. Eligibility criteria
All retrieved reports were imported for Mendeley reference management software and
duplicates were removed. Two independent reviewers (LLC and RA) read the titles
and abstracts independently. Disagreements were decided by a third researcher (NF).

All abstracts that did not provide sufficient information regarding the inclusion and
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exclusion criteria were assessed in the full text. Only randomized clinical trials
examining the effect of chronic exercise intervention in biomarkers presenting pre and
post-blood markers were included. The exercise was defined as a planned, structured,
and repetitive intervention to improve or maintain one or more components of physical
conditioning (Caspersen et al., 1985). Chronic exercise constitutes exercise bouts that
last a period per session, multiple sessions per week, over weeks with specific aims
such as improving physical fitness, performance, or health (Kenney, Wilmore, & Costill,
2019; Xue, Yang, & Huang, 2019). Other inclusion criteria included studies with
samples composed of adults with unipolar depressive disorder diagnosed according to
the Diagnostic and Statistical Manual for Mental Disorders (DSM), International
Classification of Diseases (ICD) or Diagnostic and assessed by psychiatrists and/or
through the use of standardized instruments such as Mini International
Neuropsychiatric Interview (MINI), Composite International Diagnostic Interview
(CIDI), and Structured Clinical Interview (SCID). We excluded studies in which the
sample had another associated psychiatric illness (e.g., schizophrenia), comorbidities
(e.g., cancer), with children or adolescents, and with animal models. Studies were

limited to Portuguese, English, and Spanish and published in peer-reviewed journals.

2.3. Data Extraction
All studies that met the eligibility criteria at the full-text level were included in the data
extraction process. Characteristics of samples (age, sex) and exercise intervention
(type of exercise, session duration, intervention duration, session intensity,
supervision), and values (baseline and post-intervention [mean and standard
deviation]) of biomarkers and depressive symptoms were extracted by two authors
(LLC and RA). If biomarker data pre and post-intervention were not presented and
we did not get an answer from the authors, we excluded the study (Imboden et al.,
2019; Krogh et al., 2013; Krogh et al., 2014b). Furthermore, one study had all data,
but it was retracted because the authors used no original data and had erroneous
analyses (Salehi et al., 2014). For biomarkers or depressive symptoms data that were
presented only in graphic form, we used the GetData Graph Digitizer software to
extract these values. If these data were missing in any study, an attempt was made
to contact the authors of the articles. Data were extracted to an Excel spreadsheet

and subsequently transferred to the statistical software (STATA/MP 14.2).

77



2.4, Outcomes measures
The primary outcome of this study was the mean difference in changes from baseline
to post-intervention between exercise and control groups in circulating biomarkers after
a chronic exercise intervention. Measures of depressive symptoms were considered a
secondary outcome, and if it was not present in the study and/or authors did not provide
it, and the paper met other eligibility criteria, the study was included in this review. Also,
the GRADE tool showed very low, low, and moderate certainty on the effect of chronic
exercise on circulating levels of IL-6, kynurenine and BDNF in adults with major

depressive disorder (Supplementary Figure 3).

2.5. Methodological quality
Two authors (LLC and RA) evaluated the methodological quality of the studies by the
Downs and Black checklist (Downs & Black, 1998). It is a validated tool to assess the
methodological quality of randomized clinical trials. The checklist comprises 27
questions divided into five sub-items (reporting; external validity; bias; confounding
factors/selection bias; the power of study). The score ranges from 0 to 32 points.
Studies scoring between 16 and 18 points were classified as moderate quality, and

studies scoring 19 points or higher were classified as high quality.

2.6. Quality of evidence and strength of recommendations
The GRADE system (Grading of Recommendations Assessment, Development, and
Evaluation) evaluated the quality of evidence of the studies. This system classified the
quality of evidence studies as high, moderate, low, and very low. Factors that can
reduce the quality of evidence include study type and risk of bias, inconsistency of

results, lack of generalizability, imprecise data, and other reporting biases.

2.7. Statistical analysis
Data were reported as standardized mean difference (SMD) and 95% confidence
interval (Cl). Units of measurements were converted to the most frequent unit used in
each specific biomarker (e.g., (cortisol - ug/dL to ng/mL). Also, standard errors were
converted to standard deviation (SD) when necessary. If a study had two interventions,
both were included separately in the analysis. Values of cortisol and TNF-a were

multiplied by -1, so increased concentration could be interpreted as a positive exercise-
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induced modification. Data analysis was performed in statistical software STATA/MP
14.2. Cochran’s Q test was used to assess the heterogeneity between the studies, and
the /2 statistic refers to a ratio of true effect variance to observed error variance (Higgins
et al., 2003). Furthermore, subgroup analyses were performed to identify the factors
associated with exercise-induced changes in biomarkers. Type of training, intensity,
weekly volume, supervision, continent, sex, and age were considered for sub-group
and meta-regression analyses. We calculated the SMD of the changes in the exercise
and control group from baseline to post-intervention based on the following formula
(Higgins & Green, 2006):

SMD — dif ference in mean outcomes between groups

standard deviation of outcomes among participants

In order to understand the sources of heterogeneity, we conducted a meta-regression
analysis using the type of training, intensity, weekly volume, supervision, continent,
sex and age as covariates. These covariates were meta-regressed individually and
together in a random-effects meta-regression model. The random-effects meta-
regression used residual restricted maximum likelihood to measure between-study
variance (7 2) with a Knapp-Hartung modification as recommended. When all
covariates were analyzed together, permutation tests were performed (n = 1000) to
address the issue of multiple testing by calculating adjusted P-values (Harbord &
Higgins, 2008). Also, correlation coefficients were calculated to test the association
between changes in biomarkers with changes in depressive symptoms. All correlation
analyses were weighted by the inverse of the variance of each observation, and scatter
'‘bubble' plots were constructed to display the different trials' proportional weights

graphically.

3. Results
3.1. Characteristics of included studies and samples
After searching in different databases and the reference list of articles, we found 3,865
records. After exclusion of duplicates and applying eligibility criteria in titles, abstracts,
and full-text, a total of 12 studies were included in the systematic review (Carneiro et
al., 2016; Carneiro et al., 2016b; Euteneuer et al., 2017; Fernandes et al., 2022;
Hennings et al., 2013; Imboden et al., 2021; Kerling et al., 2017; Krogh et al., 2014;
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Millischer et al., 2017; Rethorst et al., 2014; Schuch et al., 2014 and Toups et al.,
2011), and nine were included in the meta-analysis (Carneiro et al., 2016; Euteneuer
et al.,, 2017; Fernandes et al., 2022; Hennings et al., 2013; Imboden et al., 2021;
Kerling et al., 2017; Krogh et al., 2014; Millischer et al., 2017 and Schuch et al., 2014).

A flow diagram of the review process is in Figure 1.

The summary of the main characteristics of the included studies is presented in Table
1. A total of 757 subjects were analyzed, with 508 in the intervention group (68.1%
female) and 249 in the control group (62.2% female). The mean age of the intervention
and control groups were 44.619.9 and 41.61£12.7 years, respectively. Of the total of
interventions, 93.3% used aerobic training (one study used combined training), at
moderate (46.7%) intensity, with professional supervision (60%) and a total weekly

volume of more than 150 minutes (46.7%) in the exercise interventions.

3.2. Methodological quality
The mean score of D&B checklist was 16.7 points, ranging from 13 (Toups et al., 2011)
to 22 (Euteneuer et al.,, 2017). Five studies were classified as moderate quality
(Hennings et al., 2013; Krogh et al., 2014; Millischer et al., 2017; Rethorst et al., 2013
and Schuch et al., 2014), and two as high methodological quality (Euteneuer et al.,
2017 and Imboden et al., 2021).

3.3. Primary outcome
Across the 12 articles included in the study, a total of 32 different biomarkers were
reported. The most prevalent were the cortisol (Carneiro et al., 2016 and Fernandes
et al., 2022; N=59), IL-6 (Euteneuer et al., 2017; Fernandes et al., 2022 and Hennings
etal., 2013; N=190), IL-10 (Euteneuer et al., 2017 and Fernandes et al., 2022; N=104),
TNF-a (Fernandes et al., 2022 and Imboden et al., 2021; N=82), kynurenine (Hennings
et al., 2013 and Millischer et al., 2017 N=115) and BDNF (Imboden et al., 2021; Kerling
et al., 2017; Krogh et al., 2014 and Schuch et al., 2014 N=189). Meta-analysis showed
that exercise training improved circulating levels of depression-related biomarkers
(SMD: 0.31; 95%CI: 0.11, 0.51; n=946 participants). Exercise training promoted a
superior increase in the circulating levels of BDNF (SMD: 0.44; 95%CI: 0.15, 0.73) and
Kynurenine (SMD: 0.04; 95%CI: 0.04, 0.54) compared to the changes observed in the
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control group (Figure 2). The Begg-Mazumdar Kendall's Tau (p=0.511) and the Egger
tests did not indicate publication bias (p=0.729) (Supplementary Figure 1).

3.4. Depressive symptoms

Depressive symptoms were most assessed by Beck Depression Inventory - BDI (Beck
et al., 1961) (Euteneuer et al., 2017; Hennings et al., 2013 and Kerling et al., 2017),
Hamilton Depression Rating Scale - HDRS (Hamiltom et al., 1960) (Fernandes et al.,
2022; Imboden et al., 2021 and Schuch et al., 2014), and Montgomery-Asberg
Depression Rating Scale - MADRS (Montgomery & Asberg, 1979) (Kerling et al., 2017
and Millischer et al., 2017). Four studies (Carneiro et al., 2016; Carneiro et al., 2016b;
Krogh et al., 2014 and Rethorst et al., 2014) did not provide data about depressive
symptoms. In a meta-analysis (Figure 3), exercise decreased depressive symptoms in
adults with the depressive disorder at higher levels than in the control group (SMD: -
0.72, 95%CI: -1.06, -0.37). No publication bias was detected in this analysis
(Supplementary Figure 1).

3.5. Subgroup analysis
Subgroup analyses showed that the sample's age and sex and the weekly volume of
exercise showed a null or small effect on exercise's beneficial response on circulating
biomarkers levels, as shown in Table 2. Chronic exercise performed at moderate
intensity, with supervised exercise sessions, and those performed in Europe

significantly positively affected biomarkers.

3.6. Meta-regression
As illustrated in Table 3, the crude analysis showed that female sex and continent were
more effective in increasing circulating biomarkers in people with depression.
However, such association was lost after multivariate analysis. On the other hand, a
higher proportion of women in the study’s sample was associated with a reduced effect
of exercise intervention in multivariate analyses. Figure 4 illustrates the association
between the SMD of change in biomarkers and the SMD of change in depressive
symptoms between exercise and control groups. Our findings indicated that the
reduction in depressive symptoms induced by exercise training was moderately

associated with improving circulating biomarkers in adults with depression (r=-0.67,
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p=0.021). The multivariate model included sex and age of participants, volume, type,
the intensity of exercise intervention, whether sessions were supervised, and the
continent in which the study was performed. This model explained 100% of the
heterogeneity in the included studies. Figure 5 showed a negative correlation if

stratified by the most prevalent biomarkers: IL-6, kynurenine, and BDNF.

2.5 Pre and post-intervention analysis
We also performed a meta-analysis considering only baseline and post-intervention
data from the exercise groups, ignoring the control groups. In this sub-analysis, chronic
exercise interventions improved circulating BDNF (SMD: 0.54; 95%CI: 0.00 0.68;
p=0.049). No other effect of exercise intervention was observed in other biomarkers.
In addition, exercise reduced depressive symptoms (SMD: -1.57, 95%Cl: -1.97, -1.18).
As observed in the previous analysis, improving circulating biomarkers was associated

with improvement in depressive symptoms (r=0.60, p=0.040).

4. Discussion

In this systematic review with meta-analysis, we identified that exercise increased
circulating levels of kynurenine and BDNF in adults with major depressive disorder.
We also showed that the exercise-induced improvement in circulating biomarkers is
associated with decreased in depressive symptoms. Our findings confirmed the anti-
depressant effect of exercise and provided clinically meaningful insights into the

potential pathway exercise triggers to promote such positive effects.

The beneficial effect of exercise on people with depression has been documented
(Schuch et al., 2016; De Sousa et al., 2021) and can be used as part of the treatment
of people with major depressive disorder (Lee et al., 2021). Lee and collaborators
(2021) showed a moderate effect of exercise combined with usual treatment (i.e.,
pharmacotherapy and psychotherapy) when compared with usual treatment alone
(SMD = -0.62). In our study, we showed that exercise could reduce depressive
symptoms in adults with major depressive disorder. The exact mechanisms by which
exercise can promote such antidepressant effects are uncertain. However, recent
evidence revealed that exercise-induced skeletal muscle contraction could promote

the release of myokines (e.g., irisin and cathepsin B) and the expression of kynurenine
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aminotransferase. These biomarkers' increased circulating levels and activities are

associated with improved cognitive function and reduced depressive symptoms.

Exercise increased circulating kynurenine in adults with major depressive disorder, and
such improvement was associated with reduced depressive symptoms. Kynurenine is
a neurotrophin produced as a metabolic of tryptophan. Tryptophan is metabolized to
kynurenine through the 2,3-dioxygenase and indoleamine 2,3-dioxygenase enzymes
(Stone et al., 2012). In the central nervous system, the kynurenine can be converted
to 3-hydroxyanthranilic acid through anthranilic acid or 3-hydroxykynurenine and
posteriorly into quinolinic acid in the microglia. The oxidative stress and the excitotoxic
effects of quinolinic acid are associated with neurotoxicity and neurodegenerative
process, ultimately leading to mental disorders, including major depressive disorder
(Stone & Darlington, 2002). On the other hand, exercise can promote an increase in
kynurenine aminotransferase enzyme expression, altering the peripheral metabolism
of kynurenine for the production of kynurenic acid (Cervenka et al., 2017). This enzyme
converts the kynurenine into neuroprotective kynurenic acid. Thereby, there is a
reduction of neurotoxic kynurenine in the CNS, leading to a reduction in depressive
symptoms (Pedersen, 2019). Quinolinic acid and kynurenic acid are frequently found
unbalanced in people with mental disorders like depression and schizophrenia (Muller
& Schwarz, 2007). Another meta-analysis (Lim et al., 2021) assessed the effects of
exercise on the kynurenine pathway and psychological outcomes. The authors
analyzed six studies and verified that exercise significantly benefited the kynurenine
pathway and psychological outcomes in domains of somatization, anxiety, and

depression, corroborating our findings.

BDNF is a neurotrophin involved in neural plasticity regulation of synaptic activity, cell
survival, hippocampal function, and the learning process (Wrann et al., 2013). Low
circulating levels of BDNF are associated with affective/emotional dysregulation, like
in depressive disorders. As for kynurenine, our meta-analysis demonstrated that
increased BDNF promoted by exercise was associated with decreased depressive
symptoms. In previous systematic reviews with meta-analysis, the authors identified
that resting concentrations of peripheral blood BDNF were higher after chronic

exercise intervention, including in people with depression (Dinoff et al., 2016; Feter et
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al., 2019). Furthermore, there is a relation between PGC1-a/FNDC5/BDNF pathway
and physical exercise that can lead to changes in depressive symptoms. The irisin is
a myokine secreted by skeletal muscle after exercise stimulation, which is processed
from the type | membrane protein encoded by the FNDCS5 gene (Bostrom et al., 2012).
Physical exercise upregulates the expression of peroxisome proliferator-stimulated by
receptor-gamma coactivator-1 alpha (PGC-1a) in skeletal muscle cells. Subsequently,
the FNDCS5 is produced, and its cleavage results in irisin production (Norheim et al.,
2014). In turn, the irisin, mediated by PGC-1a, crosses the blood-brain barrier,

increasing the BDNF expression in the brain (Wrann et al., 2013).

Although our findings were limited by the small number of studies evaluating the effect
of exercise on IL-6 levels, we showed that changes in this myokine were associated
with reducing depressive symptoms. The previous meta-analysis revealed that
circulating levels of IL-6 were positively associated with depression (Liu et al., 2012).
Myokines such as IL-6 are small proteins secreted from muscle tissue from muscle
contraction (Gleeson et al., 2011). The IL-6 has up to a 100-fold increase in circulating
levels in response to exercise and declines in the post-exercise period (Pedersen,
2019). This increase induces an anti-inflammatory IL-10 and TNF-a increase in
production (Pedersen & Mark, 2008). There is no evidence that inflammation is the
cause (Dantzer et al., 2008) or consequence of depression (Berk et al., 2013), but it is
known that some pro- and anti-inflammatory biomarkers are involved in this process
(Mac et al., 2021).

Limitations

The present study has numerous limitations that need to be acknowledged. First, light-
intensity activities performed by control groups of the included studies varied (e.g.,
relaxation, stretching, psychotherapy, or passive control only). Second, we could not
stratify our findings by the type of medication used by participants due to a lack of
reporting on whether participants were under medication use, classes, and doses of
medication. Third, only a few studies provided required data on other biomarkers (e.g.,
TNF-a and IL-10) besides BNDF and kynurenine. Fourth, because of the limited
number of studies available for each variable, we could not determine the influence of

exercise characteristics on changes in outcomes.
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In conclusion, exercise improved circulating levels of depression-related biomarkers,
especially kynurenine and BDNF, in adults with major depressive disorder. The
exercise-induced improvement in the circulating levels of BDNF, kynurenine, and IL-6
was associated with reduced depressive symptoms in adults with major depressive
disorder. Future clinical trials are warranted to examine the effect of different exercise

modalities on other biomarkers.
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Identification of studies via databases and registers

Identification

Records identified from:
Databases (n = 3865)
Pubmed (n = 503)

Scopus (n = 1785)
Sportdiscus (n = 36)
Psycinfo (n = 111)
Embase (n = 560)

Web of Science (n = 758)
Cochrane Library (n = 110)
Reference articles (n = 2)

Records removed before
screening:

Duplicate records removed
(n = 1358)

Screening

Included

)

Records screened

Titles and abstracts excluded
(n =2459)

(n = 2507)

Reports sought for retrieval

(n=48)
'

Reports not retrieved
(n=36)

Reports assessed for eligibility
(n=48)

Studies included in review
(n=12)
Studies included in meta-
analysis
(n=9)

Reports excluded:

Acute exercise (n = 3)

No RCT (n=9)

Other exercise/physical
activity (n = 5)

Sample with children/animals
(n=10)

Another concomitant illness
(Ca, Diabetes, Stroke) (n = 4)
Missing any biomarker value
(n=4)

Retracted article (n = 1)

Fig. 1. PRISMA flowchart of search process.
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Study N, mean N, mean %
ID SMD (95% Cl)  (SD); Treatment (SD); Control Weight

Cortisol i
Carneiro et al., 2016 | 1.33(0.48,2.19) 13,48.9(17.2) 13,17 (29.1) 100.00
Fernandes et al., 2022 ! (Excluded) 32,17.1 (0) 25,21.8 (0) 0.00
Subtotal (I-squared = .%, p =.) | m——— T ———————— 1.33(0.48,2.19) 45 38 100.00
IL-6 :
Euteneuer et al., 2017 | —— 0.93 (0.41,1.44) 36,3.5(6.09) 30,-.8(1.73) 32.84
Fernandes et al., 2022 —_— -0.28 (-0.81,0.24)32,-.6 (2.32)  25,-.1(.358) 32.48
Hennings et al., 2013 s E— -0.06 (-0.49, 0.36) 38, -.14 (1.12)  48,-.08 (.815) 34.68
Subtotal (I-squared = 83.9%, p = 0.002) —_T T —— 0.19 (-0.51, 0.89) 106 103 100.00
. '
IL-10 |
Euteneuer et al., 2017 _— 0.73(0.23, 1.23) 36, 14.5 (28) 30, -.7 (2.76) 50.34
Fernandes et al., 2022 —_— ! -0.25(-0.78,0.27)32,-.3 (1.01)  25,-.1(.313) 49.66
Subtotal (I-squared = 85.9%, p = 0.008) L 0.24 (-0.72, 1.21) 68 55 100.00

|
TNF-a i
Fernandes et al., 2022 — 0.00 (-0.52, 0.52) 32,.3(.84) 25, .3 (.711) 57.26
Imboden et al., 2021 s < — 0.03 (-0.58, 0.63) 22, .7 (3.97) 20, .6 (3.66) 42.74
Subtotal (I-squared = 0.0%, p = 0.949) <>._ 0.01(-0.38, 0.41) 54 45 100.00
Kynurenine i
Hennings et al., 2013 . e 0.13 (-0.29, 0.56) 38,-19.1(91.7) 48,-30.4 (78.8) 35.46
Millischer et al., 2017 - moderate T 0.41(-0.04, 0.86) 37, .112 (.274) 40, .00826 (.231) 31.53
Millischer et al., 2017 - vigorous o e qu— 0.35(-0.10, 0.79) 40, .0891 (.236) 40, .00826 (.231) 33.01
Subtotal (I-squared = 0.0%, p = 0.653) <:> 0.29 (0.04, 0.54) 115 128 100.00
BDNF :
Imboden et al., 2021 L - 0.58 (-0.04, 1.20) 22,7.3(8.61) 20,2.7 (7) 21.92
Kerling et al., 2017 I s ae— 0.37 (-0.24, 0.98) 22, 57.3 (255) 20,-21.9 (155) 22.49
Schuch et al., 2014 L 0.64 (-0.15, 1.44) 15,29.3 (15)  11,14.2(31.6) 13.15
Krogh et al., 2014 o . — 0.34 (-0.10, 0.79) 41, 659 (3141) 38, -444 (3273) 42.45
Subtotal (I-squared = 0.0%, p = 0.877) - 0.44 (0.15,0.73) 100 89 100.00
. '
Overall (I-squared = 54.1%, p = 0.007) s 0.31(0.11,0.51) 488 458
NOTE: Weights are fi dom effects analysi .

el S are from random efiects analysis T
-2.19 0 2.19
Favour control Favour exercise

Fig. 2. Forest plot on the effect of exercise training compared to control group in several
biomarkers in adults with major depressive disorder.
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Study

Fernandes et al., 2022
Euteneuer et al., 2017
Hennings et al., 2013
Imboden et al., 2021

Hennings et al., 2013

Millischer et al., 2017 - moderate

Millischer et al., 2017 - vigorous

Imboden et al., 2021
Kerling et al., 2017
Schuch et al., 2014

Krogh et al., 2014

Overall (I-squared = 78.8%, p = 0.000)

NOTE: Weights are from random effects analysis

m

*

H

4

Q

N, mean
SMD (95% CI)  (SD); Treatment
-0.44 (-0.97,0.09) 32,-11.5(7.4)
-1.65(-2.22,-1.09) 36,-12.4 (6.63)
-0.68 (-1.12,-0.24) 38,-1.38 (4.52)
-0.20 (-0.80, 0.41) 22, -11.8(3.38)
-1.06 (-1.51,-0.60) 38, -3.44 (4.32)
-1.42 (-1.92,-0.91) 37,-12.1 (3.15)
-1.15 (-1.62, -0.68) 40, -11.1 (2.89)
-0.20 (-0.80, 0.41) 22,-11.8(3.38)
-0.64 (-1.26,-0.02) 22, -16 (5.84)
-0.60 (-1.40,0.19) 15,-19.6 (2.44)
0.21(-0.23,066) 41,-7.7 (3.53)

-0.72 (-1.06, -0.37) 768

N, mean %

(SD); Control ~ Weight

25,-9(185) 023
30,-2.7 (4.79) 8.99
48,1.12(2.86) 9.90
20,-10.9 (5.58) 8.66
48,-21(1.42) 078
40,-7.1(3.91) 944
40,-7.1(3.91) 964
20,-10.9 (5.58) B.66
20,-12.4 (5.45) 855
11,182 (2.14) 7.28
38,-8.4 (3.02) 0.87

458 100.00

|
-2.22

Favour control

Favour exercise

Fig. 3. Forest plot on the effect of exercise training compared to control group in
depressive symptoms in adults with major depressive disorder.
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Table 2.
Effect of exercise training on biomarkers in adults with major depressive disorder according to
sample and exercise program characteristics.

Interventions Participants SMD (95%Cl) p-value [?(%) p-value

Type of training

Aerobic 13 777 0.33(0.11,0.54) 0.004 56.6 0.005

Other 1 86 0.13 (-0.29, 0.56)  0.541 - -
Intensity

Moderate 8 507 0.44 (0.18,0.72)  0.001 56.0 0.002

Moderate-to-high 6 356 0.11(-0.16,0.38) 0.428 38.0 0.153

Weekly volume

<150 minutes 5 291 0.35(0.02,0.68) 0.038 50.3 0.073

>150 minutes 9 570 0.28 (0.01,0.55) 0.040 60.8 0.009
Supervision

No 4 304 0.41(-0.04,0.87) 0.076 744 0.008

Yes 10 559 0.26 (0.03,0.49) 0.023 21.2 0.248
Continent

Europe 10 656 0.41(0.21,0.62) <0.001 45.3 0.051

American 4 197 -0.06 (-0.40, -0.29) 0.753 29.4 0.236

Sex, % female

> 50% 9 605 0.56 (0.25,0.86) <0.001 30.6 0.217

<50% 5 256 0.19 (-0.04,0.42) 0.099 49.1 0.039
Age, years

< 40 6 388 0.38 (0.04,0.71) 0.028 62.6 0.020

> 40 8 475 0.26 (-0.00, 0.52) 0.053 51.3 0.037
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Table 3.

Meta-regression on the association between exercise training and biomarkers in adults with
major depressive disorder.

k Coefficient Adjusted R? 1?2 (%) P-value tau?
(95%Cl) (%)

Univariate
Intensity 14 0.09 (-0.12, 0.29) -10.9 48.1 0.419  0.06
Sex, % female 14 -0.49 (-0.81, -0.18) 86.7 10.2  0.002  0.01
Biomarker 14 0.06 (-0.06, 0.19) -3.3 46.5 0.337  0.06
Type of exercise 14 0.08 (-0.43, 0.26) -17.4 49.1 0.639  0.07
Age, years 14 -0.23 (-0.61, 0.14) 1.3 453 0.224  0.06
Volume 14 -0.01 (-0.42, 0.40) -18.9 50.0 0.980 0.07
Supervision 14 0.09 (-0.12, 0.29) -10.9 48.1 0.419  0.06
Continent 14 0.45 (0.07, 0.82) 56.3 271 0.019  0.03
A depression 14 -0.18 (-0.53, 0.17) -1.3 36.5 0.320 0.04

symptoms

Multivariate
Multivariate 14 100.0 0.0 0.049  0.00
Intensity 0.31 (-0.23, 0.84)

Sex, % female
Biomarker
Type of exercise
Age, years
Volume
Supervision
Continent

A depression

symptoms

-0.31 (-0.79, 0.17)
0.15 (0.01, 0.30)
-0.24 (-0.60, 0.12)
-0.41 (-1.05, 0.23)
0.73 (-0.48, 1.94
0.17 (-0.22, 0.57
0.44 (-0.61, 1.49)
-0.41 (-0.76, -0.06)

)
)

Bold values indicate p<0.05 in the adjusted model.
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Study N, mean N, mean %
ID SMD (95% CI)  (SD); Treatment (SD); Control ~ Weight

Cortisol
Carneiro et al., 2016 + -1.28 (-2.22,-0.34)9, 102 (36) 13,151 (39.5)  100.00
Fernandes et al., 2022 (Excluded) 20, 56.3 (0) 32,734 (0) 0.00
Subtotal (I-squared =.%, p=".) -1.28 (-2.22,-0.34)29 45 100.00
IL-6
Euteneuer et al., 2017 —_— -0.10(-0.57,0.36) 34,8.1 (11.5)  36,9.5(15) 19.11
Fernandes et al., 2022 —_— -0.30(-0.87, 0.26) 20, 2.1(.2) 32,27 (2.5) 13.32
Hennings et al., 2013 —_— -0.06 (-0.51,0.39) 38,1.63(2.12) 38,1.77 (2.54) 20.78
Rethorst et al., 2014 - 4KKW D o p— -0.12 (-0.53, 0.29) 40, .79 (.56) 52, .87 (.75) 2470
Rethorst et al., 2014 - 16KKW —_— -0.25 (-0.69, 0.19) 33, .74 (.46) 53,.91(.79) 22.09
Subtotal (I-squared =0.0%, p = 0.952) e -0.16 (-0.36, 0.05) 165 21 100.00
IL-10
Euteneuer et al., 2017 —_— 0.55(0.08, 1.03) 34,20.6(36.3) 36,6.1(9.6) 51.42
Fernandes et al., 2022 —_— T -0.35(-0.91, 0.22) 20, 1.1 (.1) 32,14 (1.1) 48.58
Subtotal (I-squared = 82.4%, p = 0.017) 0.12 (-0.76, 1.00) 54 68 100.00
TNF-a
Fernandes et al., 2022 —_— -0.34 (-0.90, 0.22) 20, 2.1 (.3) 32,24 (1.1) 18.49
Imboden et al., 2021 + 0.08 (-0.51,0.67) 22,12.7(9.1) 22,12 (8.4) 16.74
Rethorst et al., 2014 - 4KKW —_— T -0.19 (-0.60, 0.23) 39, 5.86 (1.67)  52,6.18 (1.75) 33.80
Rethorst et al., 2014 - 16KKW e ca— 0.01(-0.43,0.44) 33,5.29(1.64) 53,5.28(1.62) 30.98
Subtotal (I-squared = 0.0%, p = 0.697) = -0.11(-0.35, 0.13) 114 159 100.00
Kynurenine
Hennings et al., 2013 e o m— -0.11(-0.56, 0.34) 38,393 (197) 38,412 (145)  33.10
Millischer et al., 2017 - moderate D s e 0.20 (-0.26,0.65) 37,1.7(.513)  37,1.59(.62) 32.12
Millischer et al., 2017 - vigorous I e oum— 0.17 (-0.27,0.61) 40,1.49(522) 40,1.4(533) 3477
Subtotal (I-squared =0.0%, p = 0.579) <:> 0.09 (-0.17,0.34) 11 115 100.00
BDNF
Imboden et al., 2021 + 0.55 (-0.05, 1.15) 22,30.3(16.1) 22,23 (9.5) 23.34
Kerling et al., 2017 + 0.13 (046, 0.72) 22,473 (526)  22,415(363)  23.97
Schuch et al., 2014 0.89(0.14,1.64) 15,97.8(31.4) 15,68.5(34.5) 16.54
Krogh et al., 2014 b aa— 0.10 (-0.34, 0.53) 41, 26006 (7184) 41, 25347 (6224)36.15
Subtotal (I-squared = 28.4%, p = 0.242) —_—— 0.34 (0.00, 0.68) 100 100 100.00
Overall (I-squared = 38.8%, p = 0.043) <> -0.01(-0.15, 0.14) 577 698
NOTE: Weights are from random eff nalysi I

2.22 0 2.22

Fig. 6. Forest plot on the effect of exercise training in several biomarkers in adults with
major depressive disorder.
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\

NOTE: Weights are from random effects analysis

N, mean
SMD (95% Cl) (SD); Treatment
-1.76 (-2.42, -1.11) 20, 7.6 (9.9)
-1.08 (-1.59, -0.58) 34, 14.6 (13.5)
-1.76 (-2.42, -1.11) 20, 7.6 (9.9)
-0.14 (-0.59, 0.31) 38, 16.6 (10.3)
-1.08 (-1.59, -0.58) 34, 14.6 (13.5)
-1.76 (-2.42,-1.11) 20, 7.6 (9.9)
-1.76 (-2.42, -1.11) 20, 7.6 (9.9)
-2.19 (-2.94, -1.43)22, 10.2 (6.5)
-0.36 (-0.81, 0.10) 38, 14.5 (9.71)
-1.87 (-2.42, -1.32)37, 11.8 (7.1)
-1.72 (-2.24, -1.21) 40, 10.9 (6.59)
-2.19 (-2.94, -1.43)22, 10.2 (6.5)
-1.32(-1.98, -0.67)22, 13.4 (13.2)
-5.33 (-6.90, -3.76) 15, 6 (4.5)
-1.42 (-1.91, -0.93)41, 1.3 (6.6)
-1.57 (-1.97, -1.18) 580

N, mean %
(SD); Control Weight
32,19.1(2.9) 6.65
36, 27 (9.1)

32,19.1(2.9)

7.19
6.65
38, 18 (9.61)
36,27 (9.1)
32,191 (2.9)
32,191 (2.9)
22,22 (4)
38, 18 (9.61)
37,239 (5.82) 7.04

7.36
7.19
6.65
6.65
6.29
7.35
40,22 (6.24) 7.15
22,22 (4)
22,29.4 (10.9) 6.66
15, 25.6 (2.6) 3.59
41,19 (3.9)
701

6.29

7.25
100.00

T
-6.9 0
Reduced depressive symptoms

Increased depressive symptoms

T
6.9

Fig. 7. Forest plot on the effect of exercise training in depressive symptoms in adults

with major depressive disorder.
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Fig. 8. Correlation between the standardized mean difference (SMD) of the changes
(post-intervention minus baseline) in the circulating levels of biomarker and depressive
symptoms induced by exercise training. Grey area indicates 95% confidence interval. The
size of each bubble represents the weight of the study in the meta-analysis.

104



SE of SMD
2
1

Funnel plot with pseudo 95% confidence limits

SE of SMD
2
1

Funnel plot with pseudo 95% confidence limits

o -

o

log(SMD)

-5

log(SMD)

Supplementary Figure 1. Funnel plot from Begg’s adjusted rank correlation test for

publication bias in the association between exercise training and (A) biomarkers

(p=0.511) and (B) depressive symptoms (p=0.929) in adults with major depressive
disorders.
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Supplementary Table 1.

Effect of exercise training on interleukine-6, kynurenine, and brain-derived neurotrophic factor
in adults with major depressive disorder according to samples and exercise program
characteristics.

Biomarker Interventions  Participant  SMD (95%Cl) p- 12 p-value
s value (%)

IL-6

Type of training

Aerobic 3 209 0.19 (-0.51, 0.595 83.9 0.002
0.89)

Other 0 0 - - - -

Intensity

Moderate 2 152 0.42 (-0.55, 0.394 88.2 0.004
1.39)

Moderate-to- 1 57 -0.28 (-0.81, 0.289 - -

high 0.24)

Weekly volume

<150 minutes 1 86 -0.06 (-0.49, 0.774 - -
0.36)

>150 minutes 2 123 0.32 (-0.86, 0.594 90.4 0.001
1.51)

Supervision

No 2 152 0.42 (-0.55, 0.394 88.2 0.004
1.39)

Yes 1 57 -0.28 (-0.81, 0.289 - -
0.24)

Continent

Europe 2 152 0.42 (-0.55, 0.394 88.2 0.004
1.39)

American 1 57 -0.28 (-0.81, 0.289 - -
0.24)

Sex, % female

< 50% 1 66 0.93 (0.42, 1.43) <0.001 - -
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> 50%

Age, years

<40

> 40

Kynurenine
Type of training
Aerobic

Other

Intensity

Moderate

Moderate-to-
high

Weekly volume

<150 minutes

>150 minutes

Supervision
No

Yes

Continent
Europe
American

Sex, % female

< 50%

143

152

S7

157
86

163

80

157

86

86
157

243

-0.15 (0.48,
0.18)

0.42 (-0.55,
1.39)

-0.28 (-0.81,
0.24)

0.38 (0.06, 0.69)

0.13 (-0.29,
0.56)

0.26 (-0.05,
0.57)

0.35 (-0.09,
0.79)

0.38 (0.06, 0.70)
0.13 (-0.29,

0.56)

0.38 (0.06, 0.70)

0.13 (-0.29,
0.56)

0.29 (0.04, 0.54)

0.373

0.394

0.289

0.019
0.541

0.096

0.124

0.019

0.541

0.019
0.541

0.025

0.0

88.2

0.0

0.0

0.0

0.0

0.0

0.520

0.004

0.844

0.383

0.844

0.844

0.653
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> 50%
Age, years
<40

> 40

BDNF

Type of training
Aerobic

Intensity
Moderate

Moderate-to-
high

Weekly volume
<150 minutes

>150 minutes

Supervision
Yes
Continent

Europe

American
Sex, % female

< 50%
> 50%
Age, years

<40

243

86

157

189

84
105

163

26

189

26

163

84
105

42

0.29 (0.04, 0.54)

0.38 (0.06, 0.70)

0.13 (-0.29,
0.56)

0.44 (0.15, 0.73)

0.48 (0.04, 0.91)
0.41 (0.03, 0.80)

0.41 (0.10, 0.72)
0.65 (-0.15,
1.44)

0.44 (0.15, 0.73)

0.65 (-0.15,
1.44)

0.41 (0.10, 0.72)

0.48 (0.04, 0.91)
0.41 (0.03, 0.80)

0.58 (-0.04,
1.20)

0.025

0.019

0.541

0.003

0.032
0.036

0.009

0.114

0.003

0.114

0.009

0.032
0.036

0.065

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0
0.0

0.653

0.844

0.877

0.633
0.519

0.818

0.877

0.818

0.633
0.519
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> 40 3 147 0.40 (0.07,0.73) 0.016 0.0 0.807

Supplementary Table 2.
Meta-regression on the effect of exercise training on IL-6, kynurenine, and BDNF in adults with
major depressive disorder.

Biomarker K Coefficient (95%Cl)  Adjusted R?(%) [2(%) P-value tau?
IL-6

Univariate

Type of training a

Intensity 3 -0.70 (-11.68, 10.27) -25.7 88.2 0564 0.43
Weekly volume b

Supervision 3 0.35 (-5.13, 5.84) -25.7 88.2 0.564 0.43
Continent 3 0.71 (-10.27. 11.68) -25.7 88.2 0564 043
Sex, % female 3 -1.07 (-5.02, 2.87) 100.0 0.0 0.179 0.00
Age 3  -0.71(-11.68, 10.27) -25.7 88.2 0564 043
A depression 3 -1.00 (-4.61, 2.61) 100.0 0.0 0.176  0.00
symptoms

Kynurenine

Univariate

Type of training 3 0.89 (0.16, 4.94) - 0.0 0.533  0.00
Intensity 3 1.09 (0.03, 35.9) - 0.0 0.813  0.00
Weekly volume a

Supervision 3 0.89 (0.16, 4.94) - 0.0 0.533  0.00
Continent a

Sex, % female 3 1.08 (0.24, 4.82) - 0.0 0.638 0.00
Age 3 1.03 (0.71, 1.47) - 0.0 0.527  0.00
A depression 3 0.86 (0.09, 8.50) - 0.0 0.557  0.00
symptoms

BDNF
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Univariate
Type of training
Intensity
Weekly volume
Supervision
Continent

Sex, % female
Age

A depression

symptoms

A~ b~ B~ B

0.94 (0.26, 3.39)
1.26 (0.19, 8.30)

1.26 (0.19, 8.30)
1.00 (0.95, 1.05)
0.97 (0.52, 1.80)
1.17 (0.21, 6.55)

0.0
0.0

0.0
0.0
0.0
0.0

0.857
0.647

0.647
0.990
0.853
0.738

0.00
0.00

0.00
0.0
0.0
0.0

@ Dropped because of collinearity
b Insufficient number of observations.
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Supplementary Figure 2. Correlation between the standardized mean difference (SMD)
of the changes in the circulating levels of (A) interleukine-6, (B) kynurenine, and (C) brain-
derived neurotrophic factor with depressive symptoms of exercise and control groups.
The size of each bubble represents the weight of the study in the meta-analysis.
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Supplementary Table 3.

Downs and Black checklist of the included studies.

Internal validity -

Reporting Extgrhal .In.ternal. confounding Power Total
Validity validity — bias . .
(selection bias)
Carneiro et al., 2016 7 0 4 4 0 15
Carneiro et al., 2016b 7 0 4 4 0 15
Euteneuer et al., 2017 7 2 6 6 1 22
Fernandes et al., 2022 7 3 6 5 1 22
Hennings et al., 2013 7 1 5 3 0 16
Imboden et al., 2021 8 0 7 4 1 20
Kerling et al., 2017 7 2 4 3 0 15
Krogh et al., 2014 8 0 6 3 0 17
Millischer et al., 2017- moderate 8 1 5 4 0 18
Millischer et al., 2017- vigorous 8 1 5 4 0 18
Rethorst et al., 2013 - 4KKW 8 0 5 3 0 16
Rethorst et al., 2013 - 16KKW 8 0 5 3 0 16
Schuch et al., 2014 9 0 5 4 0 18
Toups et al., 2011- 4KKW 6 0 4 3 0 13
Toups et al., 2011- 16KKW 6 0 4 3 0 13
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ISSN: 0165-0327
DESCRIPTION

The Journal of Affective Disorders publishes papers concerned with affective disorders in the widest
sense: depression, mania, mood spectrum, emotions and personality, anxiety and stress. It is
interdisciplinary and aims to bring together different approaches for a diverse readership. Top quality
papers will be accepted dealing with any aspect of affective disorders, including neuroimaging,
cognitive neurosciences, genetics, molecular biology, experimental and clinical neurosciences,
pharmacology, neurcimmunoendocrinology, intervention and treatment trials.

Journal of Affective Disorders is the companion title to the open access Journal of Affective Disorders
Reports.

AUDIENCE

Journal of Affective Disorders is interdisciplinary and aims to bring together different
approaches and fields including biochemistry, pharmacology, endocrinology, genetics,
statistics, epidemiology, psychodynamics, classification, clinical studies and studies of

all types of treatment for a diverse readership.

IMPACT FACTOR

2020: 4.839 © Clarivate Analytics Journal Citation Reports 2021

GUIDE FOR AUTHORS

Description
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The Journal of Affective Disorders publishes papers concerned with affective
disorders in the widest sense: depression, mania, anxiety and panic. It is
interdisciplinary and aims to bring together different approaches for a diverse
readership. High quality papers will be accepted dealing with any aspect of affective
disorders, including biochemistry, pharmacology, endocrinology, genetics, statistics,
epidemiology, psychodynamics, classification, clinical studies and studies of all types

of treatment.
Submission checklist

You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for

more details.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript.

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

Author Statement Contributors, Role of the Funding Source and Acknowledgements
are mandatory and must be retained in the Author Statement (submission file type)
under their respective headings.

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
» Manuscript has been 'spell checked' and 'grammar checked'
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* All references mentioned in the Reference List are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

» A competing interests statement is provided, even if the authors have no competing
interests to declare

« Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

BEFORE YOU BEGIN
Ethics in publishing

Please see our information on Ethics in publishing.

Ethical Considerations

Authors of reports on human studies, especially those involving placebo, symptom
provocation, drug discontinuation, or patients with disorders that may impair decision-
making capability, should consider the ethical issues related to the work presented and
include (in the Methods and Materials section of their manuscript) detailed information
on the informed consent process, including the method or methods used to assess the
subject's capacity to give informed consent, and safeguards included in the study
design for protection of human subjects. Specifically, authors should consider all
ethical issues relevant to their research, and briefly address each of these in their
reports. When relevant patient follow-up data are available, this should also be
reported. Specifically, investigators reporting on research involving human subjects or
animals must have prior approval from an institutional review board. This approval
should be mentioned in the methods section of the manuscript. In countries where
institutional review boards are not available; the authors must include a statement that
research was conducted in accordance with the Helsinki Declaration as revised 19809.
All studies involving animals must state that the authors followed the guidelines for the
use and care of laboratory animals of the author's institution or the National Research

Council or any national law pertaining to animal research care.

Declaration of interest
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All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration
of interest statement in the title page file (if double anonymized) or the manuscript file
(if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate
Declaration of Interest form, which forms part of the journal's official records. It is
important for potential interests to be declared in both places and that the information

matches. More information.

Submission Declaration

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent
of the copyrightholder. To verify originality, your article may be checked by the

originality detection service Crossref Similarity Check

Preprints
Please note that preprints can be shared anywhere at any time, in line with

Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not count

as prior publication (see 'Multiple, redundant or concurrent publication' for more

information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Content should make no

assumptions about the beliefs or commitments of any reader; contain nothing which
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might imply that one individual is superior to another on the grounds of age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition; and use
inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We
advise to seek gender neutrality by using plural nouns ("clinicians, patients/clients") as
default/wherever possible to avoid using "he, she," or "he/she." We recommend
avoiding the use of descriptors that refer to personal attributes such as age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition unless they are
relevant and valid. When coding terminology is used, we recommend to avoid offensive
or exclusionary terms such as "master”, "slave", "blacklist" and "whitelist". We suggest
using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary”, "blocklist" and "allowlist". These guidelines are meant as a point of
reference to help identify appropriate language but are by no means exhaustive or

definitive.

Contributors

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation, so
roles for all authors should be described. The statement that all authors have approved

the final article should be true and included in the disclosure.

Changes to authorship

Authors are expected to consider carefully the list and order of
authors before submitting their manuscript and provide the definitive list of authors at
the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been
accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or

rearrangement of authors after the manuscript has been accepted. While the Editor
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considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by

the Editor will result in a corrigendum.
Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels
your article is more suitable in one of our other participating journals, then you may be
asked to consider transferring the article to one of those. If you agree, your article will
be transferred automatically on your behalf with no need to reformat. Please note that

your article will be reviewed again by the new journal. More information.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing

Agreement' (see more information on this). An e-mail will be sent to the corresponding

author confirming receipt of the manuscript together with a 'Journal Publishing

Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright

owners and credit the source(s) in the article. Elsevier has preprinted forms for use by

authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to

complete a 'License Agreement' (more information). Permitted third party reuse of gold

open access articles is determined by the author's choice of user license.
Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. More information.

Elsevier supports responsible sharing
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Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If

the funding source(s) had no such involvement, it is recommended to state this.
Open access

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-

career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your

submission and navigate the publication process with ease.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct

scientific English may wish to use the English Language Editing service available from

Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to a

single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are

126



required to typeset your article for final publication. All correspondence, including

notification of the Editor's decision and requests for revision, is sent by e-mail.

Manuscript Submission

The Journal of Affective Disorders now proceeds totally online via an electronic
submission system. Mail submissions will no longer be accepted. By accessing the

online submission system, https://www.editorialmanager.com/JAFD/default.aspx, you

will be guided stepwise through the creation and uploading of the various files. When
submitting a manuscript online, authors need to provide an electronic version of their

manuscript and any accompanying figures and tables.

The author should select from a list of scientific classifications, which will be used to
help the editors select reviewers with appropriate expertise, and an article type for their
manuscript. Once the uploading is done, the system automatically generates an
electronic (PDF) proof, which is then used for reviewing. All correspondence, including
the Editor's decision and request for revisions, will be processed through the system

and will reach the corresponding author by e-mail.

Once a manuscript has successfully been submitted via the online submission system
authors may track the status of their manuscript using the online submission system
(details will be provided by e-mail). If your manuscript is accepted by the journal,
subsequent tracking facilities are available on Elsevier's Author Gateway, using the
unique reference number provided by Elsevier and corresponding author name (details

will be provided by e-mail).

Authors may send queries concerning the submission process or journal procedures

to our Editors-in-Chief

Paolo Brambilla: paolo.brambillal@unimi.it or Jair Soares:

Jair.C.Soares@uth.tmc.edu.

Please submit your article via https://www.editorialmanager.com/JAFD/default.aspx.

Types of Papers
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The Journal primarily publishes:

Full-Length Research Papers (up to 5000 words, excluding references and up to 6

tables/figures)

Review Articles and Meta-analyses (up to 8000 words, excluding references and up to
10 tables/figures)

Short Communications (up to 2000 words, 20 references, 2 tables/figures)

Correspondence (up to 1000 words, 10 references, 1 table/figure).

At the discretion of the accepting Editor-in-Chief, and/or based on reviewer feedback,

authors may be allowed fewer or more than these guidelines.
Retraction Policy

It is a general principle of scholarly communication that the editor of a learned journal
is solely and independently responsible for deciding which articles submitted to the
journal shall be published. In making this decision the editor is guided by policies of
the journal's editorial board and constrained by such legal requirements in force
regarding libel, copyright infringement and plagiarism. Although electronic methods are
available to detect plagiarism and duplicate publications, editors nonetheless rely in
large part on the integrity of authors to fulfil their responsibilities within the requirements
of publication ethics and only submit work to which the can rightfully claim authorship

and which has not previously been published.

An outcome of this principle is the importance of the scholarly archive as a permanent,
historic record of the transactions of scholarship. Articles that have been published
shall remain extant, exact and unaltered as far as is possible. However, very
occasionally circumstances may arise where an article is published that must later be
retracted or even removed. Such actions must not be undertaken lightly and can only

occur under exceptional circumstances, such as:

* Article Withdrawal: Only used for Articles in Press which represent early versions of

articles and sometimes contain errors, or may have been accidentally submitted twice.

128



Occasionally, but less frequently, the articles may represent infringements of
professional ethical codes, such as multiple submission, bogus claims of authorship,
plagiarism, fraudulent use of data or the like. « Article Retraction: Infringements of
professional ethical codes, such as multiple submission, bogus claims of authorship,
plagiarism, fraudulent use of data or the like. Occasionally a retraction will be used to
correct errors in submission or publication. ¢ Article Removal: Legal limitations upon
the publisher, copyright holder or author(s). « Article Replacement: Identification of
false or inaccurate data that, if acted upon, would pose a serious health risk. For the

full policy and further details, please refer https://www.elsevier.com/about/publishing-

quidelines/policies/article-withdrawal

Suggesting reviewers

Please submit the names and institutional e-mail addresses of several potential

reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or
collaborated with you during the last three years. Editors do not invite reviewers who
have potential competing interests with the authors. Further, in order to provide a broad
and balanced assessment of the work, and ensure scientific rigor, please suggest
diverse candidate reviewers who are located in different countries/regions from the
author group. Also consider other diversity attributes e.g. gender, race and ethnicity,
career stage, etc. Finally, you should not include existing members of the journal's

editorial team, of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.

Preparation of Manuscripts

Articles should be in English. The title page should appear as a separate sheet bearing
title (without article type), author names and affiliations, and a footnote with the
corresponding author's full contact information, including address, telephone and fax
numbers, and e-mail address (failure to include an e-mail address can delay

processing of the manuscript).
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Papers should be divided into sections headed by a caption (e.g., Introduction,
Methods, Results, Discussion). A structured abstract of no more than 250 words
should appear on a separate page with the following headings and order: Background,
Methods, Results, Limitations, Conclusions (which should contain a statement about
the clinical relevance of the research). A list of three to six key words should appear
under the abstract. Authors should note that the 'limitations' section both in the
discussion of the paper AND IN A STRUCTURED ABSTRACT are essential.
Failure to include it may delay in processing the paper, decision making and

final publication.
Figures and Photographs

Figures and Photographs of good quality should be submitted online as a separate file.
Please use a lettering that remains clearly readable even after reduction to about 66%.
For every figure or photograph, a legend should be provided. All authors wishing to
use illustrations already published must first obtain the permission of the author and
publisher and/or copyright holders and give precise reference to the original work. This

permission must include the right to publish in electronic media.
Tables

Tables should be numbered consecutively with Arabic numerals and must be cited in
the text in sequence. Each table, with an appropriate brief legend, comprehensible
without reference to the text, should be typed on a separate page and uploaded online.
Tables should be kept as simple as possible and wherever possible a graphical
representation used instead. Table titles should be complete but brief. Information

other than that defining the data should be presented as footnotes.

Please refer to the generic Elsevier artwork

instructions: http://authors.elsevier.com/artwork/jad.

Preparation of supplementary data

Elsevier accepts electronic supplementary material to support and enhance your

scientific research. Supplementary files offer the author additional possibilities to
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publish supporting applications, movies, animation sequences, high-resolution

images, background datasets, sound clips and more.

Supplementary files supplied will be published online alongside the electronic version
of your article in Elsevier web products, including

ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted

material is directly usable, please ensure that data is provided in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file. For
more detailed instructions please visit our Author Gateway

at: https://www.elsevier.com/authors.

Colour reproduction

The Journal of Affective Disorders is now also included in a new initiative from Elsevier:
'Colourful e-Products'. Through this initiative, figures that appear in black & white in

print can appear in colour, online, in ScienceDirect at http://www.sciencedirect.com.

There is no extra charge for authors who participate.

For colour reproduction in print, you will receive information regarding the costs from
Elsevier after receipt of your accepted article. Please indicate your preference for
colour in print or on the Web only. Because of technical complications which can arise
by converting colour figures to "grey scale" (for the printed version should you not opt
for colour in print) please submit in addition usable black and white versions of all the
colour illustrations. For further information on the preparation of electronic artwork,

please see http://authors.elsevier.com/artwork/jad.

Queries

For questions about the editorial process (including the status of manuscripts under

review) or for technical support on submissions, please visit our Support Center.

Peer review
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This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
are then typically sent to a minimum of two independent expert reviewers to assess
the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. Editors are
not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services
in which the editor has an interest. Any such submission is subject to all of the journal's
usual procedures, with peer review handled independently of the relevant editor and

their research groups. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that of

conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that

source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

‘grammar-check’ functions of your word processor.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used

during the study (if any). Please have a look at the examples here: example Highlights.
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Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points

(maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s).
Also, non-standard or uncommon abbreviations should be avoided, but if essential they

must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,

PDF or MS Office files. You can view Example Graphical Abstracts on our information

site.

Authors can make use of Elsevier's lllustration Services to ensure the best

presentation of their images and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must
be defined at their first mention there, as well as in the footnote. Ensure consistency

of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).
Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and

the United States Institutes of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or

organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the

following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Nomenclature and units
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Follow internationally accepted rules and conventions: use the international system of
units (Sl). If other quantities are mentioned, give their equivalent in SI. You are urged

to consult IUPAC: Nomenclature of Organic Chemistry for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if

referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in

the Reference list.

Artwork

Electronic artwork

General points

« Make sure you use uniform lettering and sizing of your original artwork.
 Embed the wused fonts if the application provides that option.
» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,

Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.
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* Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color

vision.

A detailed gquide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are

given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,

Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone

combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a

minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;
. Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please

indicate your preference for color: in print or online only. Further information on the

preparation of electronic artwork.

lllustration services

Elsevier's Author Services offers lllustration Services to authors preparing to submit a

manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images,
as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard.

Please visit the website to find out more.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data
presented in them do not duplicate results described elsewhere in the article. Please

avoid using vertical rules and shading in table cells.
References

Citation in text
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Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but
may be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results' or 'Personal
communication'. Citation of a reference as 'in press' implies that the item has been

accepted for publication.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data

reference. The [dataset] identifier will not appear in your published article.
Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication,
the formal publication should be used as the reference. If there are preprints that are
central to your work or that cover crucial developments in the topic, but are not yet
formally published, these may be referenced. Preprints should be clearly marked as
such, for example by including the word preprint, or the name of the preprint server, as

part of the reference. The preprint DOI should also be provided.
Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that

support Citation Style Language styles, such as Mendeley. Using citation plug-ins from

these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically

formatted in the journal's style. If no template is yet available for this journal, please

138



follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes

before submitting the electronic manuscript. More information on how to remove field

codes from different reference management software.

Reference style

Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the

year of publication;

3. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of
publication.
Citations may be made directly (or parenthetically). Groups of references can be
listed either first alphabetically, then chronologically, or vice versa.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)....
Or, as demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have
recently shown '
List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in
the same year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year
of publication.

4. Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article  number:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
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Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your
article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/
(accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data,
v1. https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D.,
Manzini, G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S.,
Painter, S., Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator (ATS)
v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/zenodo.3727209.

Video

Elsevier accepts video material and animation sequences to support and enhance your

scientific research. Authors who have video or animation files that they wish to submit

with their article are strongly encouraged to include links to these within the body of

the article. This can be done in the same way as a figure or table by referring to the

video or animation content and noting in the body text where it should be placed. All

submitted files should be properly labeled so that they directly relate to the video file's

content. In order to ensure that your video or animation material is directly usable,
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please provide the file in one of our recommended file formats with a preferred
maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will
be published online in the electronic version of your article in Elsevier Web products,

including ScienceDirect. Please supply 'stills' with your files: you can choose any frame

from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed

instructions please visit our video instruction pages. Note: since video and animation

cannot be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out

about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are published
exactly as they are received (Excel or PowerPoint files will appear as such online).
Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary
material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track

Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that

validate research findings. To facilitate reproducibility and data reuse, this journal also
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encourages you to share your software, code, models, algorithms, protocols, methods

and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make
a statement about the availability of your data when submitting your manuscript. If you
are sharing data in one of these ways, you are encouraged to cite the data in your
manuscript and reference list. Please refer to the "References" section for more
information about data citation. For more information on depositing, sharing and using

research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to

underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the

submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to

your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets

will be listed and directly accessible to readers next to your published article online.
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For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect.

For more information, visit the Data Statement page.
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