Universidade
Estadual de Londrina

|

HEBER ODEBRECHT VARGAS

ASSOCIACAO DE MARCADORES DE ESTRESSE
OXIDATIVO E INFLAMATORIO EM FUMANTES E EM
DEPRESSIVOS

Londrina
2013



HEBER ODEBRECHT VARGAS

ASSOCIACAO DE MARCADORES DE ESTRESSE
OXIDATIVO E INFLAMATORIO EM FUMANTES E EM
DEPRESSIVOS

Tese apresentada ao Programa de P0s-
Graduacdo em Ciéncias da Saude do Centro
de Ciéncias da Saude da Universidade
Estadual de Londrina.

Orientadora: Prof2. Dr2. Sandra Odebrecht
Vargas Nunes.

Co-orientador: Prof. Dr. Décio Sabbatini
Barbosa.

Londrina
2013



Catalogacao elaborada pela Divisao de Processos Técnicos da
Biblioteca Central da Universidade Estadual de Londrina

Dados Internacionais de Catalogag¢ao-na-Publicagcao

V297a Vargas, Heber Odebrecht
Associagao de marcadores de estresse oxidativo e inflamatdrios em
fumantes e em depressivos / Heber Odebrecht Vargas. — Londrina, 2013.
86 f. !l

Orientador: Sandra Odebrecht Vargas Nunes.

Coorientador: Décio Sabattini Barbosa.

Tese (Doutorado em Ciéncia da Saude) — Universidade Estadual de
Londrina, Centro de Ciéncias da Saude, Programa de P6s-Graduagéo em
Ciéncias da Saude, 2013.

Inclui bibliografia.

1. Tabagismo — Teses. 2. Depressdo mental — Teses. 3. Estresse
oxidativo — Teses. 4. Inflamagéo — Teses. 5. Suicidio — Teses. 6. Psiquiatria —
Teses. |. Nunes, Sandra Odebrecht Vargas. Il. Barbosa, Décio Sabattini. III.
Universidade Estadual de Londrina. Centro de Ciéncias da Saude. Programa de
Pés-Graduagao em Ciéncias da Saude. IV. Titulo.

CDU 613.84:616.89




HEBER ODEBRECHT VARGAS

ASSOCIACAO DE MARCADORES DE ESTRESSE OXIDATIVO E
INFLAMATORIO EM FUMANTES E EM DEPRESSIVOS

Tese apresentada ao Programa de PoOs-
Graduacdo em Ciéncias da Saude do Centro
de Ciéncias da Saude da Universidade
Estadual de Londrina, como um dos requisitos
para obtencéo do titulo de Doutor.

BANCA EXAMINADORA

Profa. Dra. Sandra Odebrecht Vargas Nunes
UEL — Londrina - PR

Prof. Dr. Emerson José Venancio
UEL - Londrina — PR

Profa. Dr2. Estefania Gastaldello Moreira
UEL - Londrina — PR

Profa. Dra. Maria Helena Penegrinelli Fungaro
UEL - Londrina - PR

Prof. Dr. Waldiceu Aparecido Verri Junior
UEL — Londrina - PR

Londrina, 26 de setembro de 2013.



Dedico este trabalho

a minha familia que soube apoiar-me
até mesmo nos momentos em que eu
estava mais fragilizado.

A meu pai, que, por ter sido sempre
ligado a academia, ficaria orgulhoso ao
ver o trabalho de seus filhos e que

tinha o seguinte lema de vida:

“E preciso ter feito tantas coisas como se
hoje fosse nosso ultimo dia de vida, assim
como é preciso ter tantos projetos como

se pudéssemos viver eternamente”.

Heber Soares Vargas



AGRADECIMENTOS

Agradegco a minha orientadora Sandra que mais que orientar,
conviveu comigo o sonho de realizar este trabalho.

Ao professor Décio Sabattini Barbosa que além de co-orientador
ensinou-me i valor da amizade.

As minhas colegas Marcia Regina Pizzo de Castro e Chiara Cristina
Bortolasci por estarem a meu lado na coleta dos dados e nos exames laboratoriais.

A meu filho, Mateus, que como aluno de iniciagao cientifica ajudou a
construir o banco de dados deste trabalho, mesmo com a sobrecarga do curso de
medicina.

Gostaria de agradecer também a algumas pessoas que me
proporcionaram uma nova Vvisdo de pesquisa em minha estadia no Barwon Health
Psychiatric Research Unit, Deakin University, Geelong, Australia, nas figuras dos,
agora, amigos professor Michael Berk, professor Seetal Dodd e estatistico Kamalesh
Venugopal.

Nao poderia deixar de ressaltar a parceria com o professor Michael
Maes da Universidade de Bangkoc, Tailandia, cujos conhecimentos fundamentaram
ainda mais as pesquisas.

Finalmente, gostaria de agradecer a ajuda da C APES que me
concedeu uma bolsa de estudo para o doutorado sanduiche, o que propiciou o

intercambio com pesquisadores internacionais.



VARGAS, Heber Odebrecht. Associagao de marcadores de estresse oxidativo e
inflamatorios em fumantes e em depressivos. 2013. 86f. Tese (Doutorado em
Ciéncias da Saude) — Universidade Estadual de Londrina, Londrina, 2013.

RESUMO

Objetivo: O presente estudo teve como objetivo geral avaliar as caracteristicas
sécio-demograficas, clinicas, biomarcadores de es tresse oxidativo e i nflamatorios
em fumantes, com e sem depressdo, e compara-los a individuos nunca fumantes
depressivos e ndo depressivos. Método: Foram avaliadas as caracteristicas socio-
demograficas, clinicas, histéria tabagistica e exames laboratoriais de marcadores de
estresse oxidativo ei nflamatorios em fumantes en unca fumantes. Foram
selecionados 150 fumantes ambulatoriais (72 depressivos e 78 nao d epressivos)
recrutados do C entro de R eferéncia de Abordagem e Tratamento do Tabagismo
(CRATT), da Universidade Estadual de Londrina (UEL) e 191 nu nca fumantes (68
depressivos e 123 nao depressivos) recrutados na mesma instituicdo. A pesquisa foi
aprovada pelo Comité de Etica em Pesquisa da UEL. Os participantes foram
submetidos a um questionario estruturado para avaliar as caracteristicas socio-
demograficas, clinicas, risco do uso do alcool e histéria tabagistica. O transtorno
depressivo e o transtorno por uso do tabaco foi avaliado pela entrevista clinica
estruturada, versao clinica (SCID-lI), baseada no D SM-IV. Os marcadores
inflamatorios foram mensurados pelos seguintes exames laboratoriais: proteina C
reativa, velocidade de hemosedimentacdo (VHS), homocisteina e fibrinogénio. O
estresse oxidativo foi avaliado pelos seguintes exames: determinagdo de dialdeido
malbénico (MDA), determinacdo de hi droperéxidos lipidicos, determinagdo de
metabolitos do Oxido Nitrico (NOx), determinacdo do potencial antioxidante total
plasmatico (TRAP) e determinagdo dos produtos avangados de oxidagao proteica
(AOPP). Resultados: Os fumantes depressivos apresentaram alteragdes nas
concentragdes de NOx, hidroperéxidos lipidicos, AOPP, TRAP, fibrinogénio, maior
incapacidade laboral, maior gravidade dos sintomas depressivos e taxas maiores de
tentativas de suicidio ao serem comparados aos fumantes ndo depressivos e, nunca
fumantes depressivos e ndo depr essivos. Fumantes deprimidos tinham niveis
significativos de estresse oxidativo e marcadores inflamatorios apds o ajuste para
sexo, idade, anos de escolaridade, deficiéncia det rabalhar, e as medidas de
laboratorio. Individuos com histérico de tentativas de suicidio tiveram
significativamente niveis mais elevados de NOx e de hidroperdxidos lipidicos e mais
baixas concentracbes de TRAP, em comparacdo com individuos sem tentativas de
suicidio. Conclusao: O presente estudo sugeriu que a comorbidade do transtorno
depressivo e transtorno por uso de tabaco estava associada com maior gravidade
dos sintomas depressivos, maiores taxas det entativas de suicidio, maior
incapacidade laboral e al teragcbes de marcadores inflamatérios e de es tresse
oxidativo. Desse modo, no pl anejamento terapéutico dos fumantes depressivos
deve-se levar em conta estes achados para prevenir morbidade e mortalidade de
ambas enfermidades.

Palavras-chave: Transtorno por uso do tabaco. Transtorno depressivo. Inflamacao.
Estresse oxidativo



VARGAS, Heber Odebrecht. Oxidative stress and inflammatory markers are
associated with smokers and depression. 2013. 86f. Thesis (Post-Graduation in
Health Science) - Londrina State University, Londrina, 2013.

ABSTRACT

Objective: The present study aimed to assess the socio-demographic, clinical,
inflammatory and oxidative stress biomarkers in depressed and non-depressed
smokers comparing them to depressed and non-depressed never smokers subjects.
Methods: We evaluated the socio-demographic, clinical, smoking history and
laboratory biomarkers of inflammation and oxidative stress in smokers and never
smokers. We selected 150 smokers (72 depressed and 78 non-depressed) recruited
from outpatients at the Centre of Approach and Treatment for Smokers (CRATT), at
the Londrina State University (UEL). We also selected 191 never smokers (68
depressed and 123 non-depressed) recruited from the same institution. All subjects
had given informed consent to participate in this study, which was approved by the
Ethics Research Committee at UEL. A structured questionnaire was used to gather
information on socio-demographic, clinical risk screening of alcohol and s moking
history. Depressive disorder and tobacco use disorder were assessed by structured
clinical interview, clinical version (SCID-I), based on DSM-IV. Inflammatory markers
were measured by the following laboratory tests: C-reactive protein, erythrocytes
sedimentation rate, homocysteine and fibrinogen. Oxidative stress was evaluated by
the following tests: determination of malonic dialdehyde (MDA), lipid hydroperoxide
determination, determination of metabolites of nitric oxide (NOx), determination of
plasma total antioxidant potential (TRAP) and determination of advanced oxidation
protein products (AOPP). Results: Depressed smokers exhibited altered
concentrations of NOx, lipid hydroperoxides, AOPP, TRAP, fibrinogen. They also
were more unable to work, showed more severe depressive symptoms and higher
suicide attempts rates as compared to non depressed smokers, depressed and non-
depressed never smokers. Depressed smokers had s ignificant levels of oxidative
stress and i nflammatory biomarkers after adjusting for gender, age, years of
education, disability for work, and laboratory measures. Individuals with a history of
suicide attempts had significantly higher levels of NOx and lipid hydroperoxides and
lowered TRAP as compared to individuals without suicide attempts. Conclusion:
This study suggested that the comorbidity of depressive disorder and tobbaco use
disorder was associated with greater severity of depressive symptoms, suicide
attempts, more unable to work and altered levels of inflammation and oxidative stress
biomarkers. Thus, in the treatment planning of depressive smokers should consider
these findings to prevent morbidity and mortality in both deseases.

Keywords: Tobacco use disorder. Depressive disorder. Inflammation. Oxidative
Stress.
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1 INTRODUGAO

O transtorno por uso de tabaco é uma importante causa de
mortalidade em todo mundo e entre as doengas médicas mais frequentes
relacionadas ao seu uso estdo o cancer de pulmio e outros tipos de céanceres,
doenca pulmonares, doengas cardiovasculares entre outras enfermidades'. O
tabagismo e a exposigcao ao tabaco resultam em aproximadamente 443.000 mortes
prematuras por ano nos Estados Unidos? e é a maior causa de morte prevenivel em
todo 0 mundo. No Brasil, sua prevaléncia é estimada em 16,2% da populacéo®.

Os transtornos depressivos, segundo o Diagnostic and Statistical
Manual of Mental Disorders 52 edicdo (DSM-V), incluem um grupo amplo de
enfermidades nas quais, destacam-se os transtornos bipolares | e Il, que nos
Estados Unidos, apresentam uma prevaléncia em doze meses estimada de 0.6% e
0.8%, respectivamente, e transtorno depressivo maior com uma prevaléncia em um
ano, estimada em 7%". Associado as altas prevaléncias os transtornos depressivos
sao caracterizados por altas taxas de recorréncias, evolugido crbnica e
incapacidade®, o que gera, além de sofrimento, altos custos econdmicos e sociais
para os governos, devido aos gastos com tratamentos para a populagao e as perdas
de produtividade®.

Neste grupo de enfermidades de alta prevaléncia foram descritas
alteracbes similares de estresse oxidativo e inflamacdo, que contribuem para a
neuroprogresséo7'9. As alteragcbes de estresse oxidativo e inflamatérias em
transtornos depressivos abrem novos caminhos para o desenvolvimento de outras
terapéuticas que poderao ser efetivas no transtorno depressivo, como, por exemplo,
agentes que modulam o estresse oxidativo°.

Nos Estados Unidos, cerca de 20% da populagdo fuma, sendo que
esta porcentagem aumenta para 30% entre as pessoas que consultam um médico
regularmente e, aproximadamente, mais de 50% dos cigarros fumados sao
consumidos por pacientes com transtornos psiquiatricos’".

A dependéncia de nicotina € um fator de vulnerabilidade para o
desenvolvimento de sintomas depressivos e de ansiedade, que cursam com maior
gravidade, prejudicando, desta forma, a recuperagao dessas enfermidades’. O
inicio precoce do consumo de cigarro esta associado a um aumento do risco para o

desenvolvimento de depressdo’™. Por outro lado, sintomas depressivos estdo
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comumente associados com a dependéncia da nicotina e podem ter um importante
papel no desenvolvimento de comorbidades e manutencdo da dependéncia do
cigarro14 e, consequentemente, pior evolugcdo no tratamento dos transtornos
depressivos'®.

Em um estudo com 167 fumantes que buscaram tratamento no
Centro de Referéncia de Abordagem e Tratamento do Tabagismo (CRATT),
localizado no Ambulatério do Hospital de Clinicas (AHC), da Universidade Estadual
de Londrina (UEL), e com 272, nunca fumantes que procuraram, voluntariamente, o
hemocentro do Hospital Universitario de Londrina (HUL) para doagao de sangue,
verificou-se que 50% dos fumantes eram depressivos e, estatisticamente, havia mais
depressao entre fumantes do que entre pessoas que nunca fumaram'®.

Nos individuos com transtorno por uso de tabaco ocorre liberagcéo de
substancias que afetam fungdes celulares como aquelas relacionadas aos
ribossomos e as mitocéndrias, gerando as espécies reativas de oxigénio (EROs) e
as especies reativas de nitrogénio (ERN). A formagdo das EROs que sado pro-
oxidantes € um fendbmeno necessario para a vida aerdbia e para manter a
homeostase do nosso organismo sendo igualmente importante uma continua
regeneracdo da capacidade antioxidante'’. O estresse oxidativo pode ser resultado
da diminuicdo dos niveis dos antioxidantes e/ou aumento da producido de espécies
reativas a partir do oxigénio ou de nitrogénio'®. O estresse oxidativo aumenta a
lipoperoxidagdo, podendo gerar danos as proteinas, lipideos, carboidratos e ao
acido desoxiriboxinocleico (DNA), em uma sucessao de eventos que poderia iniciar a
morte celular'®.

A dependéncia cronica de tabaco provoca aumento das EROs o que
poderia gerar uma toxicidade extra pulmonar, assim como a oxidagao de lipideos na
membrana que com o tempo, esgotaria os niveis de antioxidantes no plasma,
gerando uma resposta inflamatoria, tanto nos tecidos pulmonares como em outros
6rgéos?.

O estresse oxidativo, particularmente o aumento da lipoperoxidacao
lipidica e dos metabdlitos de oxido nitrico, bem como uma diminuigdo na capacidade
antioxidante assim como o fibrinogénio podem estar associados a uma maior
incapacidade para o trabalho, gravidade dos sintomas depressivos e um historico de

tentativas de suicidio?®".
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Detectar os marcadores inflamatorios e de estresse oxidativo, em
individuos fumantes, com e sem depressdao, e nunca fumantes, com e sem
depressdo, podera contribuir para que, no futuro, possamos disponibilizar
intervengdes mais especificas que resultam na redugcéo de morbidade e mortalidade
atribuidas ao transtorno do uso de tabaco e transtorno depressivo.

O presente estudo teve como objetivo entender melhor o papel
quantificar os marcadores inflamatorios e do estresse oxidativo em fumantes
depressivos e ndo depressivos e nunca fumantes depressivos € ndo depressivos,
para saber se o estresse oxidativo e a inflamacado estdo associados ao tabaco, a
depressdao ou a ambas comorbidades. Também foram avaliados neste estudo, a
gravidade dos sintomas depressivos, taxas de tentativa de suicidio, incapacidade
laboral, risco para o consumo do alcool em individuos fumantes, com e sem
depressao, e nunca fumantes, com e sem depressao. Este € o primeiro estudo em
populacdo brasileira de marcadores de estresse oxidativo e inflamatdrios em

transtorno por uso de tabaco e em transtorno depressivo.
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2 REFERENCIAL TEORICO

A Organizagdo Mundial de Saude em sua décima versdao da
classificagao internacional das doencas classifica como F.17, os transtornos mentais
e de comportamento decorrentes do uso de tabaco®’. Em sua Ultima versdo o DSM-
V classifica como transtorno por uso de tabaco, um padrao problematico de uso de
tabaco que piora significativamente o funcionamento do individuo no ultimo ano®.
Este € um transtorno que além de ser a maior causa evitavel de doenga e morte
prematura em todo o mundo, gera como consequéncia grande impacto econémico
devido ao potencial de anos de vida perdidos, perda de produtividade e custos
elevados com mortes e cuidados de saude?.

O transtorno depressivo € classificado nas mesmas diretrizes
diagndsticas da Organizagdo Mundial de Saude como transtonos do humor (F.30-
39)2, e é igualmente uma doenca extremamente grave, levando a risco de
cronicidade, incapacidade progressiva e morte prematura®®. As pessoas portadoras
de transtornos depressivos estariam mais envolvidas com o transtorno por uso de
tabaco, do que aquelas que nunca tiveram depressdo® e, paralelamente, o
transtorno por uso de tabaco situam-se entre os varios comportamentos de risco
associados com a depresso0®®?’. Quando a depressdo e o transtorno por uso de
tabaco coexistem, a qualidade e a quantidade de vida sdo duplamente agredidas.

A comorbidade entre transtorno depressivo e transtorno por uso de
tabaco pode ser explicada por uma fisiopatogenia comum e/ou por fatores genéticos
e ambientais. Ha evidéncias de que inflamagao e estresse oxidativo compartilhariam
as mesmas vias fisiopatoldogicas nas duas desordens. O estresse oxidativo e a
inflamacao estao relacionados ao dano e/ou morte celular, o que poderia contribuir
para a neuroprogressao dos transtornos depressivos e a dependéncia de nicotina. A
patofisiologia de ambas as doencas incluem alteragcbes de neurotransmissores,
desregulacdo do eixo hipotalamo-hipofise-suprarrenal, aumento de citocinas
inflamatorias e das proteinas de fase aguda, ativagdo da micréglia, disfungao
mitocondrial, aumento do estresse oxidativo e nitrico e o decréscimo dos niveis de
antioxidante, o que gera danos de lipideos, proteina e no DNA com consequente
modificacdo da fungdo do gene?®. H4 também evidéncias de que o transtorno do uso
de tabaco esta associado a vias inflamatérias ativadas®® e igualmente associado ao

estresse oxidativo®®.
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2.1 COMORBIDADE DE TRANSTORNO POR USO DE TABACO E TRANSTORNO DEPRESSIVO

A comorbidade entre transtorno por uso de tabaco e transtorno
depressivo € alta. Cerca de 60% de fumantes, atuais ou que fumaram no passado,
apresentam historia de depressdo, comparados com 39% dos fumantes sem
depressao®. Ainda ndo esta claro na literatura se, é o transtorno por uso de tabaco
que aumentaria o risco para a depressao ou se, o0 transtorno depressivo elevaria o
risco para fumar cigarros®'. No entanto, um estudo de coorte no qual, 1265 criangas
foram avaliadas aos 18, 21 e 25 anos para o trantorno depressivo e para o
transtorno por uso de tabaco, foi demonstrado que fumar cigarros aumentou o risco
de sintomas depressivos™?.

A nicotina age diretamente nos receptores colinérgicos nos circuitos
de recompensa do cérebro, e €& a substancia psicoativa que mais leva a
dependéncia. Estima-se que, cerca de 20% da populagao geral fuma, sendo que 40
a 50% dos pacientes em uso de psicofarmacos fumam, incluindo cerca de 60 a 85%
dos pacientes com transtornos mentais''. Cerca de 80% dos individuos dependentes
de nicotina tentam parar em algum momento de sua vida, mas somente 5%
permanecem em abstinéncia por toda vida®.

As comorbidades psiquiatricas mais frequentemente associadas ao
transtorno do uso de tabaco sdo o consumo de alcool e outras drogas, ansiedade,
transtornos depressivos, transtorno de hiperatividade e déficit de atengcdo. Fumantes
dependentes de tabaco tém 2,7 a 8,1 vezes mais probabilidade de ter algum tipo de
enfermidade psiquiatrica do que nunca fumantes ou ex-fumantes®.

A comorbidade entre o transtorno por uso de tabaco e o transtorno
depressivo tem sido demonstrada em alguns estudos epidemioldgicos®**. O risco
de depressao é quatro vezes maior para fumantes pesados em comparagao aos
nunca fumantes®. A associacdo do tabagismo com os processos depressivos
ocorrem mais do que em outros diagndsticos psiquiatricos. Esta associagdo é
acompanhada de uma dificuldade maior de parar o consumo de cigarros e sintomas
depressivos podem ocorrer na abstinéncia dessa dependéncia®®. Existem hipdteses
que poderiam explicar esta associagao, entre elas, a da "auto-medicagao" que se
concentra nas propriedades quimicas estimulantes da nicotina, sugerindo que o

tabagismo poderia reduzir a disforia e os sintomas depressivos.*
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Em um estudo em gémeos, o consumo médio diario de cigarros foi
fortemente relacionado a prevaléncia uma maior prevaléncia depressao maior, em
grande parte devido a fatores familiares, provavelmente genéticos e que predispdem
para a dependéncia de nicotina e depressdo maior®’. Estudos comportamentais e de
genética molecular forneceram evidéncias para a base etiolégica genética comum
entre transtorno por uso de tabaco e transtorno depressivo, ainda que os estudos
estejam em fase inicial, pesquisas futuras sdo necessarias para identificar outros
genes promissores®®.

Entre as outras teorias que poderiam explicar a comorbidade entre
transtorno por uso de tabaco e transtorno depressivo estariam aquelas que, seriam
decorrentes das acbes dos neurotransmissores. A estimulacdo de receptores
colinérgicos nicotinicos libera uma variedade de neurotransmissores no ceérebro
como a dopamina, a serotonina e o glutamato. Os neurdnios dopaminérgicos na
area tegmental ventral do cérebro e no nucleus accumbens sao importantes para
aumentar o prazer e a recompensa, efeitos que, promovem a auto-administracao de
nicotina®®. A nicotina ativa o receptor nicotinicos a7, o qual libera glutamato, e
consequentemente dopamina no nucleo accumbens, responsavel pela sensacido do
prazer’®. Os transtornos depressivos apresentam em sua patogénese, alteragdes de
neurotransmissores monoaminérgicos tais como: noradrenalina, serotonina e
dopamina'’. Também foram observados receptores de glutamato periféricos
disfuncionais nos processos depressivos®’.

A exposicdo crénica a nicotina resulta em neuroadaptacgao,
caracterizada por um aumento do numero de receptores colinérgicos nicotinicos
a4B2, mais associados dependéncias, através da liberacdo de dopamina no nucleo
acumbens''. Dessa forma, a neuroadaptacédo associa-se as mudangas na express&o
do gene e a sintese de proteinas com a geragdo de novas conexdes sinapticas*.
Este fendmeno de novas conexdes, conhecido como aumento da plasticidade
sinaptica, participa do processo de aprendizagem, memoria e atengao®. Ha,
também, uma reducédo de dopamina como consequéncia do processo de adaptagcao
dos receptores nicotinicos pelo uso crénico de cigarros''. A dopamina tem uma agdo
bem conhecida na regulagdo do humor e sua diminuigdo pode ser comprovada com
a mensuracdo do acido homovanilico que é seu principal metabdlito**. O
antidepressivo bupropiona tem uma agado dopaminérgica, sendo utilizado para o

tratamento da cessagdo do tabagismo™.
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Na abstinéncia de tabaco, ocorre a presengca de sintomas
depressivos e ansiosos decorrentes da redugdo de dopamina, da disfuncédo do eixo
hipotalamo-hipofise-adrenal (HHA) e do aumento dos niveis do fator liberador de
corticotrofina (CRF)*. O efeito negativo que caracteriza a resposta a abstinéncia de
nicotina, provavelmente, resultaria em parte de uma cascata que envolveria o
aumento dos niveis de CRF*’. A liberagdo do CRF no ntcleo central da amigdala
pode provocar ansiedade e estresse®. A ativacdo deste eixo estaria associada aos
transtornos depressivos*® e também implicaria na patofisiologia da dependéncia de
nicotina®®.

A atividade da monoaminooxidase (MAO) no sistema nervoso central
(SNC) pode estar diminuida em fumantes de cigarros, e esta atividade modifica o
sistema serotoninérgico e noradrenérgico relacionados com depressao e ansiedade.
No SNC, a MAO nao s6 pode desempenhar um papel fisiolégico na inativagao
metabdlica dos neurotransmissores de monoamina (catecolaminas e serotonina),
mas também atuar na desintoxicagdo de aminas xenobitticas. A MAO tem, ainda,
um papel patofisioldgico, ao gerar radicais livres citotoxicos, uma vez que o produto
final de sua metabolizagao € o perdxido de hidrogénio, cujo, papel oxidante atua nos
processos de envelhecimento e nas doengas neurodegenerativas®. A formagdo dos
metabdlitos da serotonina através da MAO é acompanhada pela geragdo de EROs
em fumantes e ex-fumantes®, o que pode contribuir para as alteragdes de estresse
oxidativo.

A relagao entre a comorbidade entre o transtorno por uso de tabaco e
os transtornos depressivos pode ser explicada pela atividade da MAO, pois sua
inibicdo tem propriedades antidepressivas. Fumantes mostraram redugédo dos niveis
da MAO A e B no cérebro, comparados aos nao fumantes e aos ex—fumantes. A
inibicdo da MAO A e B pode ter um efeito antidepressivo, o que contribuiria para as
altas taxas de fumantes em individuos com transtorno depressivo*’. Esta atividade
da MAO reduzida no cérebro de fumantes poderia contribuir para o desenvolvimento
da dependéncia de nicotina®'. No entanto, a exposigdo cronica de nicotina leva a
neuroadaptacdo e a reducdo da funcdo dos neurotransmissores nos circuitos
cerebrais®®.

O sistema serotoninérgico esta envolvido no transtorno por uso de
tabaco e no transtorno depressivo decorrente, em parte, pelo envolvimento do

52-53 A

polimorfismo genético do transportador de serotonina relacdo do
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comportamento de fumar com a disfungdo do sistema serotonérgico podem ser
avaliadas em dois momentos: na administracdo aguda de nicotina, que resultaria na
liberagdo de serotonina, e por outro lado, seu uso crénico estaria associado a
diminuicdo da fungéo serotoninérgica cerebral. Esta atividade mostrou-se mais baixa
em fumantes depressivos que tentaram suicidio, demonstrada pela redugdo do
metabdlito da serotonina, o acido 5-hidroxindolacético (5-HIAA) no liquor e pela
resposta da prolactina a fenfluramina®.

A relacao entre os transtornos depressivos e o transtorno do uso de
tabaco também tem impacto na pratica clinica quando foi observado aumento do
risco de desenvolver depressdo entre fumantes', do mesmo modo que pacientes
com enfermidades psiquiatricas, como a depressao, estariam associados a um inicio
precoce e uso diario de tabaco®®.

O transtorno por uso de tabaco e o transtorno depressivo causam
graves problemas de saude publica, com multiplas dimensdes etiolégicas e de
prognoésticos. Embora cada uma das condi¢des seja importante por si s6, ambas as
enfermidades potencializam e agravam, uma a outra, sendo essencial entender a

natureza de seu relacionamento.

2.2 TRANSTORNO POR UsO DE TABACO, TRANSTORNO DEPRESSIVO E MARCADORES
INFLAMATORIOS

Na literatura existem poucos estudos que examinaram a relacdo da
inflamacado na co-ocorréncia de transtorno depressivo e transtorno por uso de
tabaco. Nao esta claro se essa associacdo € causal ou é devido a fatores
confundidores como atividade fisica, peso, consumo de alcool e género.

Homens e mulheres evoluem com diferentes padroes de uso da
substancia, o que sugere que, intervengdes especificas, sdo necessarias para o
tratamento. Fumantes deprimidos do sexo masculino usam mais cigarros por dia,
referem maior consumo de alcool e apresentam niveis mais baixos de colesterol de
alta densidade e marcadores inflamatérios elevados, como o fator de necrose
tumoral (TNFa), comparados aos fumantes deprimidos e n&o deprimidos do sexo

feminino®.
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A associacdo do transtorno por uso de tabaco e do transtorno
depressivo pode gerar alteragbdes de circuitos neurais que levam a alteracdes
inflamatdrias, aumento do estresse oxidativo e redugdo dos antioxidantes?.

Ha evidéncias de que existem vias inflamatérias comuns que
poderiam associar o transtorno por uso do tabaco e o transtorno depressivo. Em
fumantes deprimidos, existem niveis elevados de citocinas pro-inflamatdérias (PICs) e
mais hospitalizacdes do que em fumantes ndo depressivos®’.

Niveis elevados da proteina C reativa (PCR) foram encontrados em
transtorno depressivo e permaneceram significativos, mesmo quando ajustados por
fatores como: género, idade, tabagismo, atividade fisica, peso, o uso de
medicamentos e condicbes médicas que poderiam influenciar os niveis de
inflamacao>®°.

Muitos estudos confirmaram que os niveis elevados de PCR estariam
relacionados a um risco aumentado de desenvolvimento de transtorno depressivo®"
% Foi observada uma associagdo entre a gravidade dos sintomas depressivos
atuais e aumento dos niveis de marcadores inflamatorios, como a interleucina-6 (IL-
6) e PCR, no entanto somente a IL-6 estava correlacionada a um modelo biométrico
genético em gémeos . A cessagdo do tabagismo nao reduziria os niveis de PCR®°.

Elevadas taxas de homocisteina plasmatica tém sido relacionadas
aos processos depressivos e a piora cognitiva em especial, em depressivos com
idades avancadas®. Por outro lado, nem sempre foi possivel avaliar a relagdo dos
processos inflamatérios com ou sem quadros psiquiatricos, assim como nao foram
visualizados niveis diminuidos da atividade das células Natural Killers, ou o aumento
de IL-6 nos depressivos que fumavam, comparados com nunca fumantes, nem com
depressivos com ou sem histdria de alcool®’.

Foram observados niveis elevados de PCR, fibrinogénio e células
brancas do sangue em individuos que estavam deprimidos e que foram maltratados
durante a primeira década de vida (idade entre 3-11 anos). Essa associagédo néo foi
explicada por fatores de risco associados, tais como a recorréncia de depressao,
baixo nivel socioecondmico na infancia ou na idade adulta, problemas de saude, ou
fumar. No entanto, os individuos deprimidos e maltratados eram mais propensos a
fumar®®. Outro estudo também confirma a resposta inflamatéria aumentada naqueles
individuos que tiveram maus-tratos na infancia®. As disfungdes no eixo hipotalamo-

hipdfise-adrenal (HPA) que contribuem para o processo inflamatério sdo observadas
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071 "na depressao’? e em individuos com transtorno por

em estresse de vida precoce
uso de tabaco”. Individuos, com transtorno de humor, com comorbidade com
transtorno de uso de substancias psicoativas e estresse de vida precoce tém um
efeito cumulativo de risco o que, poderia contribuir para alterar o sistema
imunoldgico. Esta observacdo estd de acordo com o modelo de sobrecarga
alostatica do transtorno depressivo’™.

A vulnerabilidade genética associada ao estresse de vida precoce
podem ativar os circuitos do SNC, incluindo o eixo HPA e citocinas pré-inflamatérias,
entre elas, o TNFq, interleucinal(lL-1) e IL-6. Estas citocinas levam ao aumento da
atividade da enzima Indolamina 2-3- dioxygenase (IDO), reduzindo o triptofano, e
consequentemente, alterando a funcdo do sistema serotoninérgico’. Estas
fator neurotrofico derivado do cérebro (BDNF), ao declinio nos fatores
neuroprotetores e ao aumento do estresse oxidativo’®.

Os pacientes com transtornos depressivos refratarios tinham niveis
subsequentes elevados de marcadores inflamatorios (PCR, IL-6 e fibrinogénio), mas
esta associacdo também ocorreu em outros comportamentos ndo saudaveis, como
tabagismo, sedentarismo e obesidade’”.

A maioria dos estudos citados relataram alteragcbes em marcadores
inflamatérios, tanto no transtorno depressivo como em transtorno por uso de tabaco,
sem esclarecer se estas alteracdes estariam relacionadas a ambas comorbidades ou

individualizadas em cada transtorno?®.

2.3 CO-OCORRENCIA DE TRANSTORNO POR USO DE TABACO E TRANSTORNO DEPRESSIVO
COM O ESTRESSE OXIDATIVO

O transtorno depressivo maior € acompanhado por uma diminuigcao
na capacidade antioxidante e um aumento do estresse oxidativo, 0 que pode causar
neuroprogressao e neurodegeneragdo por apoptose, redugcdo da neurogénese e
neuroplasticidade, todos desempenhando um papel importante na fisiopatologia dos
transtornos depressivos®®7®7°. Estas alteragdes podem induzir danos cerebrais, o
que pode ser um caminho para as doencgas neurodegenerativas19.

Também foi observada alteracdo no estresse oxidativo em pacientes

com transtorno por uso de tabaco®. A nicotina ou outros componentes do tabaco no
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SNC poderiam aumentar a lipoperoxidagao e o 6xido nitrico, bem como diminuiriam
antioxidantes como a catalase, com consequente dano cerebral contribuindo para o
aumento de risco de doencas psiquiatricas®®. A nicotina é uma fonte de radicais
livres e pode estar associada a lipoperoxidacao e a oxidagao proteica. Como existiria
uma correlacdo entre elevados niveis de estresse oxidativo e os transtornos
depressivos graves que retornariam ao normal apds o tratamento, poder-se-ia
concluir que a depressao seria uma sequela do estresse oxidativo gerado pela
dependéncia de nicotina'. Esta dependéncia estaria ainda, associada a um inicio
precoce, piorando a sintomatologia depressiva nos transtornos bipolares, além de
aumentar o risco de suicidio e de outras dependéncias®'.

O SNC ¢é propenso ao estresse oxidativo, assim como é
adequadamente equipado com sistemas de defesa antioxidantes para prevenir o
dano oxidativo, mas nao esta preparado para o aumento do dano oxidativo causado
pela disfungdo mitocondrial que leva a morte celular e, consequentemente, a
neurodegeneracgao'®. O aumento de indicadores de estresse oxidativo no transtorno
afetivo bipolar, que pode ser demonstrado pelo aumento da peroxidagao lipidica e
niveis de 3-nitrotirosina, ja no inicio da doenca e tendem a aumentar nas fases
tardias®’. O transtorno depressivo esta associado a um aumento dos niveis do
estresse oxidativo, bem como a diminuicdo das enzimas antioxidantes (superoxido
dismutase, catalase e glutationa peroxidase), e isto poderia ser a possivel
contribuicdo para ajudar a explicar o processo de neurodegeneracdo da doenca®.

Os transtornos depressivos podem ser considerados como uma
doenga neurodegenerativa, porque estdo associados a diminuigdo da plasticidade
sinaptica, a perda neuronal e redugdo da neurogénese. As alteragcbes que levam a
deficiéncia de plasticidade sinaptica e a resiliéncia celular nos transtornos
depressivos incluem as alteracdes de fungdo mitocondrial®®. Eventos que podem
comprometer a funcao e integridade mitocondrial incluem dano ou mutagdo do DNA
mitocondrial, aumento das EROs, e a elevagao anormal de calcio, que em conjunto
levam ao excesso do glutamato e morte celular®®. A disfungdo mitocondrial também
€ encontrada em transtorno por uso de tabaco, pois o0 monéxido de carbono (CO),
que € um transmissor gasoso endogeno, apresenta varias fungdes bioldgicas e esta
envolvido na manutencédo da homeostase celular. Em condi¢des fisiolégicas, as
mitocdndrias sdo as principais fontes de EROs, as quais sdo neutralizadas pelo

sistema de defesa antioxidante®®. No entanto, em situacdes, nas quais existem um
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desequilibrio entre pro-oxidantes e antioxidantes, as EROs podem acumular e levar
a morte celular®.

Contagem de células brancas do sangue significativamente elevadas
foram encontradas entre os individuos com depressdo moderada e grave, no
entanto, nao foi possivel associar essas alteragdbes com marcadores correlatos de
avaliacao de estresse oxidativo como vitamina C e acido urico, mesmo quando
outras variaveis foram ajustadas®’.

Em um grupo de individuos depressivos, foram encontrados niveis
aumentados de 8-hydroxy-2'-deoxyguanosine um biomarcador de dano em DNA®®,
assim como alteracdo de 8 iso-PGF,, que avalia dano lipidico por estresse
oxidativo®’.

O estresse oxidativo em pacientes bipolares poderia acelerar o
envelhecimento, com piora funcional e cognitiva, e poderia relacionar-se a morte
prematura®®. Os transtornos de humor possuem niveis séricos elevados de espécies
reativas ao acido tiobarbiturico (TBARS), um marcador de lesdo oxidativa dos
lipideos, bem como da atividade da superdoxido dismutase (SOD). Esses dados
sugerem que o entendimento dos mecanismos subjacentes a progressdo do
transtorno, pode ajudar no planejamento terapéutico e progndstico, assim como a
intervengao precoce para prevenir agravamento do transtorno do humor'®.

Diversos tratamentos para transtornos de humor podem reduzir o
estresse oxidativo e inflamagao®. Foi demonstrado que a atividade antioxidante
tende a normalizar durante o tratamento com antidepressivos e compostos anti-
inflamatorios incluindo  substancias naturais anti-estresse oxidativo com
componentes, como por exemplo, vitamina E e zinco e que poderiam ter eficacia
antidepressiva ou poderiam aumentar a eficacia dos antidepressivos, abrindo novas
perspectivas no entendimento e manejo dessas enfermidades®®%.

Na pratica clinica, pacientes com transtornos depressivos e com
dependéncia da nicotina sdo comuns, por isso, os médicos deverao tratar as duas
comorbidades. Esta observagao tem relevancia clinica, pois ambos os transtornos
pioram o progndstico e podem levar a disturbios neurodegenerativos.

No futuro, novos tratamentos poderao ser utilizados como as terapias
anti- inflamatérias e antioxidantes, incluindo dietas, vitaminas , acidos graxos,
Omega-3 , acido acetilsalicilico, ciclo- oxigenase, inibicdo de citocinas inflamatdrias,

minociclina e N-acetilcisteina. Esses tratamentos aumentam a eficacia clinica de
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agentes estabelecidos e servem como novos tratamentos para comorbidade de de

transtorno depressivo e transtorno por uso de tabaco? .

2.4 CO-OCORRENCIA DE TRANSTORNO POR UsO DE TABACO,TRANSTORNO DEPRESSIVO E
HISTORIA DE TENTATIVA DE SUICIDIO COM O ESTRESSE OXIDATIVO

Nos processos depressivos, podem-se observar alteracdes, tanto de
estresse oxidativo como de processos inflamatérios que poderiam contribuir para
mudangas na fungdo dopaminérgica e serotoninérgica, o que pode estar associado
aos comportamentos suicidas’® .

O transtorno por uso de tabaco estaria correlacionado ao risco de
ansiedade, depressdo e comportamento suicida®"**. Por outro lado, exitem estudos
que relatam que a associagao entre transtorno por uso do tabaco e comportamento
suicida ocorreria independentemente do transtorno depressivo® .

Em um estudo pdés-morte em humanos foi evidenciado alteracdo da
funcdo serotoninérgica no cortex pré-frontal, em individuos com transtorno
depressivo que cometeram suicidio®. Em outro estudo pds-morte, também em
humanos, comparando fumantes e nao fumantes, foi relatado que os fumantes
tinham concentracdes significativamente mais baixas de metabdlito da serotonina,
na formagao hipocampal e na rafe mediana®.

Outras alteragbes do comportamento como tragos agressivos e
impulsivos, alcoolismo, e outras dependéncias por outras substancias de abuso tém
sido associados a um elevado risco de suicidio e anormalidades serotoninérgicas®.

Fumar cigarros também parece estar associado a disfungdo do
sistema serotoninérgico. A deplegdo de serotonina no cérebro estaria associada a
maior risco de suicidio em fumantes com depressdo. As alteragdes de serotonina
poderiam modular, em parte, a ligagao entre o transtorno por uso de tabaco e o

comportamento suicida'®.

Evidéncia de baixas concentragdes de 5-HIAA em
individuos suicidas € consistente com a baixa atividade da MAO. A possibilidade de
ligagcbes neurobioldgicas entre o tabagismo e suicidio sugere que novos estudos
sejam realizados entre o tabagismo e os quadros psiquiatricos'®.

Existem evidéncias de que alteracbes no estresse oxidativo e nos
processos inflamatérios poderiam levar a alteragcbes nos neurotransmissores,

incluindo a serotonina e a dopamina e estes poderiam estar associados ao
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100191 Paralelalemente foi demonstrado que fumantes

comportamento suicida
depressivos apresentavam maiores niveis de inflamagao® e estavam associados a
alteragdes de biomarcadores de estresse oxidativo?'.

O estresse oxidativo, mas ndo os marcadores inflamatorios, esta
relacionado a historia de tentativas de suicidios. Individuos com histérico de
tentativas de suicidio tiveram niveis significativamente mais elevados de NOx e de
hidroperdxidos lipidicos e menores niveis de TRAP, em comparagdo com Os
individuos que n&o tentaram suicidio. A regressdo logistica mostrou que tanto
transtorno afetivo unipolar e bipolar, sexo feminino, o comportamento de fumar e
hidroperoxidos lipidicos foram significativamente associados com um histérico de
tentativas de suicidio, mesmo quando ajustados a outros fatores classicos de risco

de suicidio™".



3 OBJETIVOS

3.1 OBJETIVO GERAL
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Avaliar as alteragbes inflamatorias e o estresse oxidativo em fumantes

depressivos e nao depressivos comparados com nunca fumantes com ou sem

depressao.

3.2 OBJETIVOS ESPECIFICOS

1)

2)

3)

4)

Analisar caracteristicas socio-demograficas, clinicas, gravidade
dos transtornos depressivos, tentativas de suicidio, risco para o
uso do alcool em fumantes depressivos € nao depressivos e em
nunca fumantes, com e sem depressdao, da Universidade
Estadual de Londrina (UEL).

Comparar a histéria tabagistica, a gravidade da dependéncia de
nicotina, numero de cigarros fumados por dia, idade de inicio,
anos/macos, hospitalizagdes clinicas, incapacidade de trabalhar
e para atividades domésticas de tabagistas entre fumantes, com
e sem depressao, e nunca fumantes com e sem depressao.
Comparar os niveis séricos de marcadores inflamatérios tais
como, VHS, PCR, homocisteina e fibrinogénio entre fumantes
depressivos e nao depressivos e nunca fumantes, depressivos e
nao.

Avaliar o estresse oxidativo em fumantes, depressivos e nao
depressivos, e nunca fumantes, depressivos e nao, utilizando
técnicas especificas: determinacdo de dialdeido malbnico
(MDA), determinagdo de hidroperoxidos lipidicos (FOX),
determinagcdo de metabdlitos do éxido nitrico (NOx), Potencial
Antioxidante Total Plasmatico (TRAP) e determinacdo dos

produtos avancados de oxidagao protéica (AOPP).



26

4 METODOLOGIA
4.1 CARACTERISTICAS DA POPULACAO ESTUDADA

A amostra foi de conveniéncia de tempo e lugar, com a inclusdo dos
fumantes do Centro de Referéncia de Abordagem e Tratamento do Tabagismo
(CRATT), localizado no Ambulatério do Hospital de Clinicas (AHC). O CRATT foi
implantado com o apoio da Fundagao Araucaria em 15/08/2005, referéncia 5397 e
atendendo ao Programa Nacional de Controle do Tabagismo do Ministério da Saude
(MS) / INCA, sendo credenciado para abordagem e tratamento do fumante, no
Cadastro Nacional de Estabelecimentos de Saude pelo MS, de acordo com a
Portaria SAS/MS 442 de 13 de agosto de 2004, quando foi elaborado o Plano para
Implantacdo da Abordagem e Tratamento do Tabagismo na Rede do Sistema Unico
de Saude (SUS)'%>"%, Todos os participantes assinaram Termo de Consentimento
Livre e Esclarecido, aprovado pelo Comité de Etica da UEL, numero 250/2010
(Anexo A).

O delineamento do estudo foi do tipo caso—controle com amostra de
conveniéncia no qual, foram recrutados no periodo de margo de 2011 a agosto de
2012. Foram avaliados 150 fumantes depressivos e nao depressivos, recrutados no
CRATT e comparados com 191 individuos do grupo controle ndo tabagista e nao
depressivo que trabalham na Universidade Estadual de Londrina. O calculo do
tamanho da amostra foi baseado em fumantes e nunca fumantes com ou sem
depressdo. O estudo para calcular o tamanho da amostra constatou que uma
amostra de 34 nunca fumantes e 27 fumantes (N total=61) seria capaz de detectar
59% da prevaléncia de transtornos depressivos entre os fumantes, comparados com
17% de desordens depressivas entre ndo fumantes (OR= 7,03) com um intervalo de
confianga com um nivel de 0,95 e um poder de 95%. A raz&o entre casos e controles
foi estimada em 1,27. Como foi possivel recrutarmos 191 nunca fumantes e 150
dependentes de nicotina, o tamanho da amostra apresentava um poder adequado
para detectar a prevaléncia de transtornos depressivos entre dependentes de
nicotina e nunca fumantes, de acordo com a literatura®.

Os critérios de inclusao foram: ambos os sexos, todas as ragas,
idade entre 18 e 60 anos, e consentimento de participagdo voluntaria no estudo.

Todos os participantes incluidos no estudo apresentavam os seguintes exames
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laboratoriais normais: hemograma, aspartato aminotransferase (AST), alanina
aminotransferase (ALT), ureia e creatinina. Os critérios de exclusao foram: presenca
de delirium, deméncia, amnésia e outros transtornos cognitivos, doengas infecciosas
como Hepatite B e C, HIV, doencas crénicas como insuficiéncia renal, doenca
pulmonar obstrutiva e auto-imune, tratamento com interferon, uso patoldgico de
substancias psicoativas e consumo de substancias antioxidantes. Estas situagoes

poderiam afetar o processo inflamatorio e/ou imunolc')gico78.
4.2 INSTRUMENTOS
4.2.1 Questionarios

Os participantes responderam a um questionario constando os
seguintes dados: socio-demograficos, historia de hospitalizagbes, historia
tabagistica, historia pregressa de doengas, capacidade de trabalho e para atividades
domésticas, condicionamentos relacionados ao tabagismo, motivagdes para cessar
o tabaco, historia familial para o tabagismo, tratamentos efetuados anteriores, além
de histéria de outras comorbidades médicas, psiquiatricas e tentativas de suicidio
(Anexo B).

4.2.2 Avaliagao do Diagndstico do Transtorno Depressivo e de Dependéncia de

Nicotina

Os critérios diagnodsticos para pesquisa de episodio ou transtorno
depressivo, bem como de dependéncia de nicotina foram avaliados por psiquiatra
treinado de acordo com a Entrevista Clinica Estruturada para o D.S.M.-IV” — versao

clinica traduzida e validada para o portugués'®*.
4.2.3 Avaliagao da Gravidade da Depresséo

A avaliagdo da severidade da depressao entre os participantes do
estudo foi realizada pela escala de depressdao de Hamilton que foi traduzida e

adaptada para a populacéo brasileira®.
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4.2.4 Triagem de Uso de Substancias Psicoativas

Utilizou-se o ASSIST (Alcohol, Smoking and Substance Involvement
Screening Test) que €& um questionario para rastreamento desenvolvido pela
Organizagdo Mundial da Saude para pessoas que fazem uso de substancias
psicoativas, que abrange: tabaco, alcool, canabinoides, cocaina, estimulantes do
tipo anfetamina, sedativos, alucinégenos, inalantes, opioides e outras drogas'®.
Esse teste foi traduzido e adaptado para o portugués por Henrique e
colaboradores'” e utilizado para o rastreio do uso do alcool, a seguinte pontuacgao:
baixo risco (0-10), moderado risco (11-26) e alto risco (>27). O ponto de corte

utilizado neste trabalho foi o de alto risco, ou seja, uma pontuagao >27.
4.2.5 Triagem da Gravidade da Dependéncia de Nicotina

O teste de Fagerstrom para Dependéncia da Nicotina (FTND) foi
utilizado para avaliar a gravidade da dependéncia de tabaco'®®. Foi traduzido e
adaptado para a lingua portuguesa por Carmo e Pueyo'®. O FTND possui uma
escala de seis itens e a pontuacdo de 0 a 10. Os escores para dependéncia de
nicotina permitem a classificagdo em cinco niveis: muito baixo (0 a 2 pontos); baixo
(3 a 4 pontos); moderado (5 pontos); alto (6 a 7 pontos); muito alto (8 a 10 pontos)

90 ponto de corte de FTND para a dependéncia de nicotina foi = 5'"".
4.3 AVALIACOES LABORATORIAIS

As obtengdes das amostras de sangue periférico para todos
participantes foram realizadas as 8 horas da manha apés um jejum de 12 a 14
horas, em ambientes com temperatura local, no Laboratério de Analises Clinicas do
Hospital Universitario de Londrina (HUL). As avaliagdes laboratoriais de rotina, tais
como hemograma, lipidograma, glicose, creatinina, acido urico, AST, ALT, Gama
GT, marcadores para hepatite C e B e sorologia para HIV foram realizados pelos

setores de rotina do laboratério de analises clinicas do HUL.
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4.3.1 Avaliagao dos Marcadores Inflamatorios

A concentragao da proteina de fase aguda (hs-CRP High-sensitivity)
foi realizada pelas concentragdes séricas por meio de um Nefaldmetro BNII
(Siemens®SystemBNTMII, Deerfield, IL, USA). A determinacdo quantitativa do
fibrinogénio no plasma foi baseada no método de Clauss que mede a taxa de
fibrinogénio derivado da conversao de fibrina na presenga de excesso de trombina
com a coagulagao verificada em um analisador (Destiny Plus - Trinity Biotech GmbH,
Lemgo, Germany). A determinacdo da homocisteina sérica foi realizada no
ARCHITECT i System (Abbot, Wiesbaden, Germany). A velocidade de
hemossedimentacao (VHS) foi analisada em um analisador automatico (MicroTest1X

- Sire Analytical Systems, Udine, Italy).
4.3.2 Avaliagao do Estresse Oxidativo

A avaliacdo do estresse oxidativo foi realizada utilizando-se dos
seguintes métodos laboratoriais: 1-Determinacéo de dialdeido mal6nico (MDA), 2-
Determinacédo de hidroperodxidos lipidicos (FOX), 3- Determinagado de subprodutos
do Oxido Nitrico (NOx), 4-Potencial Antioxidante Total Plasmatico (TRAP), 5-

Determinacgao dos produtos avangados de oxidacao proteica (AOPP).
4.3.3 Determinacéao de Dialdeido Malénico (MDA) TBARS — Colorimétrico

O MDA é um produto secundario da peroxidacao lipidica e pode ser
considerado um biomarcador geral do dano oxidativo plasmatico'’?. Este método
consiste na medida de um cromoégeno réseo formado pela reagédo do MDA com duas
moléculas de acido tiobarbiturico, em meio acido e em alta temperatura. A
quantificacdo do MDA foi feita em um espectrofotdmetro (Helios a Thermo
Spectronic®, Waltham, MA, USA) nos comprimentos de onda de 535 e 572nm. Os
valores encontrados foram ajustados pelo valor de proteina e apresentados na
unidade nmol MDA/g de proteina.

Para avaliar os niveis de dialdeido malbénico (MDA) foi utilizado a

|.113

metodologia descrita por Jentzch et a que consiste em utilizar como reagentes o
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acido ortofosforico, hidréxido de sodio (NaOH), acido tiobarbiturico (TBA) e cloreto

de sodio (NaCl), tendo como padrao uma solugao de 0,03 umol MDA.
4.3.4 Determinagao de Hidroperoxidos Lipidicos (FOX)

Para avaliar um biomarcador de dano lipidico ou peroxidagao lipidica
foi utilizado o método baseado na oxidagao de ions ferrosos para ions férricos sob
condigbes acidas, que reagem com o corante indicador (xylenol orange) para
produzir um complexo colorido. Para a quantificacdo de hidroperdxidos lipidicos foi

utilizada uma adaptacdo da técnica descrita por Jiang et al.""*

que consiste em ter
como reagente o acido sulfurico (H2SO4), o padrao tetraetoxipropano (TEP) e o
reagente xylenol orange. Ao final do tempo de reacdo, esta foi lida em um
espectrofotémetro (Helios a Thermo Spectronic®, Waltham, MA, USA), ajustando o

comprimento de onda em 560nm.
4.3.5 Determinacdo de Subprodutos de Oxido Nitrico (NOx)

Para a estimativa da concentragdo de NOx (subprodutos de nitratos e
nitritos) nas amostras foi realizada a técnica descrita por Navarro-Gonzalvez e
colaboradores'™. ions nitratos presentes no meio de reagdo foram reduzidos a ions
nitrito através de reacao de oxi-rredug¢ao ocorrida entre o nitrato presente na amostra
e o0 sistema cadmio-cobre dos reagentes, com posterior diazotacdo e detecgao
colorimétrica do azocomposto formado pela adigdo do reagente de Griess. A leitura
da reacdo deu-se em 550 nm em uma leitora de microplacas (Biochrom ASYS
Expert Plus®, Holliston, MA, USA).

4.3.6 Potencial Antioxidante Total Plasmatico (TRAP)

Esta metodologia detecta o total das defesas antioxidantes hidro e/ou
lipossoluveis presentes no plasma. Este experimento foi conduzido em um contador
B marca Beckman® (EUA) modelo LS 6000, em um modo de contagem ndo
coincidente por 30 minutos e uma faixa de resposta entre 300 a 620nm. A
capacidade antioxidante total plasmatica (TRAP) foi avaliada por quimiluminescéncia

(QL) em uma adaptacdo do método da técnica descrita por Repetto e
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u [ u : zobis), luminol,
colaboradores'"® e consiste em usar como reagentes: ABAP (azobis), luminol

TROLOX em tampéao glicina. O calculo do TRAP foi realizado pela equacéo:

TRAP = 802 x Tempo da amostra
Tempo de trolox

4.3.7 Determinagao dos Produtos Avancados de Oxidacao Proteica (AOPP)

As proteinas plasmaticas s&o alvos importantes para os agentes
oxidantes. Para a quantificacdo de AOPP no plasma foi utilizado o método descrito

1.7 Sendo a leitura realizada em 340nm em um

por Witko-Sarsat et a
espectrofotdmetro (Helios a Thermo Spectronic®, Waltham, MA, USA). A curva de
calibragao foi obtida a partir da solugao estoque cloramina T 1 mM diluida com PBS.
A concentracdo de AOPP foi expressa em pmoles/L de equivalente de cloramina T.
Todos os resultados das determinagdes acima descritas foram comparados
entre o grupo dos fumantes depressivos, fumantes ndo depressivos, depressivos

nunca fumantes e nao depressivos nunca fumantes.
4.4 ANALISE ESTATISTICA

As andlises estatisticas foram realizadas para examinar a relacao
entre ndo depressivos nunca fumantes comparando-os com o0s grupos dos
depressivos fumantes e com os depressivos nunca fumantes. Foram feitas
comparagdes entre estas medidas socio-demograficas, clinicas e laboratoriais,
utilizando testes paramétricos adequados nos quais os dados foram distribuidos
normalmente e testes estatisticos n&do-paramétricos para os dados categoricos ou
nao-normal. A significancia estatistica adotada foi de 0,05.

Para a apresentacdo dos dados utilizou-se a média (x), desvio
padrdo (+DP) para as variaveis com distribuicdo gaussiana, a mediana para as
variaveis com distribuicdo nao gaussiana, frequéncia bruta e percentual. As
associagdes entre variaveis socio-demograficas, clinicas e histéria tabagistica foram
analisadas utilizando o teste Qui-quadrado (x?) ou teste Exato de Fisher. Os testes
estatisticos ndo paramétricos foram utilizados para dados ordinais e continuos

analisados pelo teste Kruskal-Wallis. A ANOVA foi aplicada quando as variaveis
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apresentaram distribuicdo gaussiana e homogeneidade de variancias, caso
contrario, aplicou-se o teste Kruskal-Wallis.

Comparagdes univariadas foram inicialmente conduzidas e, em
seguida, as variaveis que foram estatisticamente significativas foram incluidas nas
analises multivariadas. A analise de regressao multinomial generalizada foi realizada
com nao-deprimidos nunca-fumantes, deprimidos nunca fumantes, fumantes néao
deprimidos e categorias fumantes deprimidos como variavel dependente. A analise
de regressdo multinomial foi utilizada para estimar as chances de que nunca
fumantes deprimidos, fumantes deprimidos ou fumantes sem depressao em
comparagao com os nunca fumantes nao deprimidos estavam associados a cada
uma das variaveis independentes. Todas as analises foram realizadas utilizando o

programa SPSS (versao 20).
4.5 AsPECTOS ETICOS

Em consonéncia com a Resolugdo 196/96 do Conselho Nacional de
Saude/Comissdo Nacional de Etica em Pesquisa e buscando atender a Resolugéo
196/96, do Conselho Nacional de Saude de 1998, este estudo foi encaminhado ao
Comité de Etica em Pesquisa da UEL. A pesquisa foi aprovada pelo Comité de Etica
em Pesquisa da UEL numero 250/2010 e todos os individuos da amostra receberam,
previamente, todas as informagdes pertinentes a pesquisa, asseguramento sobre o
sigilo dos dados e a possibilidade de retirar o consentimento na participagao, a
qualquer momento, sem sofrer nenhuma censura. Nessa ocasidao também tiveram
sanadas todas suas duvidas e assinaram o Termo de Consentimento Livre e
Esclarecido em duas vias (Anexo A).

A pesquisa fez parte do projeto 07517, cadastrado na Pré-Reitoria de
Pesquisa e Pés-Graduagao da UEL, intitulado Marcadores Biolégicos em Fumantes

de um Centro de Referéncia de Abordagem e Tratamento do Tabagismo.
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5 RESULTADOS

A revisao da literatura, a elaboragao de um banco de dados e analise
estatistica, permitiu-nos resolver os objetivos propostos inicialmente e, finalmente,
com uma parceria com outros pesquisadores nacionais e internacionais foi possivel

a realizagao dos seguintes artigos publicados:
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1. Introduction

Tobacco use is a risk factor for disability and morbidity, as well
as the most preventable cause of death in the world [32]. Smokers
more often presented with impaired work/domestic functionality,
more frequent hospitalization, more depressive disorders, more
sedative use and a family history of mental disorders, as well as
scoring lower on the quality of life scale compared with never
smokers [6]. Smoking with nicotine dependence increases the risk
of developing major depressive disorders [25], contributes to more
severe depressive symptoms [3,14] and is associated with suicidal
behavior [4,20].

Major depressive disorder is accompanied by an increase in
oxidative stress and a decrease in antioxidant status, which dam-
ages neurons and has an important role in the pathophysiology
of depressive disorders [2,10,17,19,22]. There is also data link-
ing oxidative stress and nicotine dependence [28]. Oxidative and
nitrosative stress and inflammation induced damage to fatty acids,
proteins, DNA, mitochondria and consequent autoimmune reac-
tions, which link to neuroprogression and degenerative processes
that occur in depressive disorders [2,19]. Nitric oxide plasma con-
centration is associated with cognitive impairment in patients with
recurrent depressive disorders [29]. These alterations may lead
brain damage, which may be a pathway to neurodegenerative dis-
eases [13], as well as neuroprogression of mood disorders [2,19].

The purpose of this study was to elucidate the involvement
of oxidative and nitrosative stress and inflammatory markers,
including nitric oxide metabolites (NOx), lipid hydroperoxides,
malondialdehyde (MDA), advanced oxidation protein products
(AOPP), total reactive antioxidant potential (TRAP) and inflam-
matory biomarkers (high-sensitivity C-reactive protein (hs-CRP),
fibrinogen, homocysteine, erythrocytes sedimentation rate (ESR))
in depressed and non-depressed smokers compared to depressed
and non-depressed never smokers. We also hypothesized that
depressive smokers would have co-occurring disorders such as
more risk of alcohol use, more suicide attempts, more physical dis-
eases, more severe symptoms, as well as more disability for work
than non-depressed never smokers.

2. Materials and methods
2.1. Study population

Smokers (n=150) were recruited from outpatients at the Cen-
tre of Approach and Treatment for Smokers, at Londrina State
University (UEL), Parand, Brazil and never smokers (n=191) were
recruited from staff of UEL. The sample size calculation of was based
on smokers and never smokers with and without depression. The
study sample size calculation showed that a sample of 34 never
smokers and 27 smokers (total n=61) would be able to detect a
59% prevalence of depressive disorders among smokers compared
to 17% depressive disorders among non-smokers (odds ratio=7.03)
with a confidence level of 0.95 and 95% power. It was assumed
that the ratio of control to case was 1.27. However we are able to
recruit 191 never smokers and 150 smokers and that sample size
would be adequately powered to detect population level preva-
lence of depressive disorders among smokers and never smokers
as reported in the literature [6,7].

Smokers and never smokers were men and women aged 18-60
and all ethnicities were accepted for this study. The study was con-
ducted from March 2011 to July 2012.

Exclusion criteria were presence of medical comorbidities
including chronic obstructive pulmonary disease, rheumatoid
arthritis, systemic lupus erythematosus, inflammatory bowel dis-
ease, HIV infection, neurodegenerative and neuroinflammatory

disorders, such as Alzheimer’s, Huntington’s and Parkinson’s disor-
der, multiple sclerosis and stroke, conditions such as hemodialysis,
use of interferon. All these conditions are known to share periph-
eral inflammation and cell-mediated immune activation [17]. All
study participants needed to have normal blood values on the fol-
lowing laboratory tests: hemogram, aspartate transaminase (AST),
alanine transaminase (ALT), urea, and creatinine.

All subjects had given written informed consent to participate in
the study after the approval of this research by the Ethics Research
Committee at Londrina State University (UEL), number 250/2010.

2.2. Instruments

2.2.1. Questionnaire
A self-reported questionnaire was used to gather information
on socio-demographic, clinical characteristics and smoking status.

2.2.2. Major depressive disorder and nicotine dependence

The diagnoses of major depressive disorder and nicotine
dependence were made at interview by a trained clinician using
DSM-1V, criteria translated and validated into Portuguese [8].

2.2.3. Hamilton Depression Rating Scale

A translated and validated version of the Hamilton Depres-
sion Rating Scale, adapted to the Brazilian cultural context and
Portuguese language [21] was used to measure the severity of
depression in study participants who had been diagnosed with
major depressive disorder.

2.2.4. The Alcohol, Smoking and Substance Involvement
Screening Test (ASSIST)

The World Health Organization (WHO) developed Alcohol,
Smoking and Substance Involvement Screening Test (ASSIST) is a
questionnaire to screen for levels of risk for alcohol, smoking and
substance use in adults. ASSIST scores were calculated for all par-
ticipants. A risk score for alcohol was calculated as low risk (score
0-3), moderate risk (score 4-26) or high risk (score >27) [31].

2.3. Laboratory assessments

Peripheral blood samples were collected from all participants
after 12-14 h overnight fasting. Lipid hydroperoxides were mea-
sured by the ferrous oxidation of xylenol assay using an adaptation
of the technique described by Jiang [16]. The levels of nitric oxide
metabolites (NOx) were assessed by measuring the plasma concen-
tration of nitrite and nitrate, using an adaptation of the technique
described by Navarro-Gonzalvez et al. [23]. TRAP was measured by
chemiluminescence in an adaptation of the method described by
Repetto et al.[27]. The quantification of advanced oxidation protein
products (AOPP) in plasma used the method described by Witko-
Sarsat et al. [30]. Malondialdehyde (MDA) is a secondary product of
lipid peroxidation and was determined using the method described
by Jentzch et al. [15].

We measured the serum concentration of hs-CRP by
immunonephelometry system on a BNII analyzer (Siemens®
System BNTMII, Deerfield, IL, USA). ESR was performed by an
automatic analyzer for erythrocyte sedimentation rate determi-
nation (MicroTest1X - Sire Analytical Systems, Udine, Italy). The
quantitative determination of fibrinogen in plasma was based on
the Clauss method. This method measures the rate of fibrinogen to
fibrin conversion in the presence of excess thrombin. This method
was performed by a coagulation analyser (Destiny Plus - Trinity
Biotech GmbH, Lemgo, Germany). The determination of serum
homocysteine was performed on an ARCHITECT i System (Abbot,
Wiesbaden, Germany).
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Table 1
Demographic and clinical characteristics by smoking and depressive disorder.
Characteristics Never-smoker Smoker p-Value?
Non-depressed (n=123) Depressed (n=68) Non-depressed (n=78) Depressed (n=72)
n % n % n % n %
Gender 0.008
Male 47 (38.2) 14 (20.6) 35 (44.9) 20 (27.8)
Female 76 (61.8) 54 (79.4) 43 (55.1) 52 (72.2)
Age 0.079
18-29 6 (4.9) 1 (1.5) 4 (5.1) 6 (8.3)
30-39 18 (14.6) 8 (11.8) 8 (10.3) 12 (16.7)
40-49 63 (51.2) 38 (55.9) 29 (37.2) 25 (34.7)
50-60 36 (29.2) 21 (30.9) 37 (47.4)" 29 (40.3)
Ethnicity 0.524
Caucasian 84 (68.3) 48 (70.6) 53 (67.9) 48 (66.7)
African 14 (11.4) 5 (7.4) 8 (10.3) 9 (12.5)
Asian 9 (7.3) 3 (44) 4 (5.1) 0 [€))
Mixed 16 (13.0) 12 (17.6) 13 (16.7) 15 (20.8)
Marital status 0.289
Stable relationship 85 (69.1) 48 (70.6) 52 (66.7) 40 (55.6)
Years of education 0.000
<12 years 28 (22.8) 9 (13.2) 58 (74.4)" 51 (70.8)"
>13 years 94 (76.4) 55 80.9 19 (24.4)" 18 (25.0)"
Disability for work 0.000
Yes 2 (1.6) 1 (1.5) 14 (17.9)" 19 (26.4)"
Suicide attempt
Yes 0 (.0) 2 (2.9) 2 (2.6) 22 (30.6)" 0.000
Hamilton scale (mean, SD)
Yes 1.6 (2.3) 6.9 (7.9) 4.5 (4.6) 14.4 (9.4)" 0.000
Alcohol ASSIST
Yes 1 (.8) 1 (1.5) 8 (10.3)” 16 (22.2)" 0.000
2 The p-value tests based on Pearson Chi-square test. The Hamilton scale based Kruskal-Wallis test, other characteristics it is based on the Pearson Chi-square test.
" p=0.05.
" p=0.01.

2.4. Statistical analyses

Analyses were performed examining the relationship between
the non-depressed never-smoker with depressed smokers, non-
depressed smokers and depressed never smokers. Comparisons
were made between these for socio-demographic, clinical and lab-
oratory measurements, using appropriate parametric tests where
data were normally distributed and non-parametric statistical tests
for categorical or non-normal data. All tests were 2-tailed and a
p-value of 0.05 was used for statistical significance.

Univariate comparisons were initially conducted and then
variables that were statistically significant were included in the
multivariate analyses. A generalized multinomial regression anal-
ysis was carried out using non-depressed never-smoker, depressed
never-smoker, non-depressed smoker and depressed smoker cat-
egories as the dependent variable. The multinomial regression
analysis was used to estimate the odds that depressed never-
smokers, non-depressed smokers or depressed smokers, compared
with non-depressed never-smokers, was associated with each of
the independent variables. All analyses were performed using SPSS
(Version 20).

3. Results

In examining socio-demographic and clinical variables, smoking
and depressive status did not differ with respect to marital sta-
tus, age and ethnicity. The depressed and non-depressed smokers
were significantly different in having fewer years of education and
more disability for work compared to non-depressed never smok-
ers (p<0.01). Depressed smokers had significantly more disability
for work than non-depressed never smokers (p<0.01). The mean
age for all groups was 46.25 years (Table 1).

Depressed smokers showed statistically significant differ-
ences in consuming more alcohol, requiring more frequent

hospitalization, attempting suicide more frequently, and being
more unable to work than non-depressed never smokers. The
depressed smokers also exhibited significant differences in severity
of depression (higher Hamilton scores) compared with depressed
never smokers (Table 1).

Depressed smokers had significantly higher levels of oxidative
stress (NOx, AOPP) and lower levels of antioxidants (TRAP), higher
levels of inflammatory biomarkers (fibrinogen, hs-CRP, ESR) com-
pared to non-depressed never smokers However, smokers from all
groups did not differ with respect to levels of homocysteine, lipid
hydroperoxides and MDA (Table 2).

These results did not change when we analyzed these vari-
ables using multinomial regression analysis after adjusting for
gender, age, years of education, disability for work, and labora-
tory measures. We found the levels of NOx, AOPP (OR=1.02, 95%
CI=1.01-1.03), and fibrinogen were substantially higher, and lev-
els of TRAP were lower (OR=0.99, 95% CI=0.99-1) in depressed
smokers compared to non-depressed never smokers. However, the
association between hs-CRP and ESR in depressed smokers was
no longer significant after the multinomial regression analysis. On
the other hand, we found significant differences in levels of lipid
hydroperoxides (OR =3.14, 95% Cl=1.25-7.88) (Table 3).

Using multinomial regression analysis, depressed never
smokers comprised more women (odds ratio was 4.06, 95%
CI=1.58-10.43) compared to non-depressed never smokers.
Depressed smokers were more unable to work (OR=7.85, 95%
CI=1.29-47.90) compared to non-depressed never smokers.

4. Discussion

The current study demonstrated that depressed smokers had
significantly higher levels of oxidative stress such as raised
NOx (products of nitrates and nitrites), lipid hydroperoxides (a
biomarker of oxidative damage to lipids), AOPP (a biomarker
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Table 2
Comparison of laboratory measurements of oxidative stress and inflammatory biomarkers by smoking status and/or depressive disorder.
Laboratory measures Never-smoker Smoker p-Value?
Non-depressed Depressed Non-depressed Depressed
Mean SD Mean SD Mean SD Mean SD
CRP 2.8 (4.1) 2.5 (34) 4.1 (4.7)" 4.1 (4.7)" 0.000
NOx 33 (1.8) 33 (2.1) 53 (2.7)" 4.5 (2.1)" 0.000
Lipid hydroperoxides 0.9 (.4) 0.9 (.4) 1.0 (.4) 1.1 (.6) 0.125
AOPP 98.5 (38.6) 103.5 (41.8) 109.9 (46.9)" 117.3 (48.0) 0.018
TRAP 838.3 (131.7) 830.7 (135.3) 836.0 (142.5) 780.1 (126.8) 0.020
MDA 16.0 (5.4) 14.8 (5.4) 16.0 (5.4) 16.4 (7.1) 0.501
Fibrinogen 3279 (66.2) 3234 (62.1) 368.1 (73.8)" 365.6 (67.9) 0.000
ERS 12.3 (10.8) 115 (9.1) 14.6 (10.5) 17.8 (14.3) 0.015

3 The p-value for all the laboratory measurements except TRAP is based on the independent samples Kruskal-Wallis test and for TRAP it is based on the oneway ANOVA.

" Significance at the 0.05 level.

™ Significance at the 0.01 level and the comparison is between the non-depressed never-smokers and the other three groups based on the Mann-Whitney U test for all

variables except TRAP and for TRAP it is based on the independent sample t-test.

of oxidative damage to proteins) and lower levels of TRAP (a
biomarker of anti-oxidants) than non-depressed never smokers.
In depressed smokers we also found differences in inflammatory
biomarkers such as fibrinogen compared to non-depressed never
smokers. Furthermore, non-depressed and depressed smokers had
significantly higher levels of NOx and fibrinogen compared to
non-depressed never smokers. Our results were consistent with
previous studies which have examined markers of oxidative stress
disturbances in patients with depression, but which did not con-
sider comorbid nicotine dependence [10,29]. Our study included
depressed smokers with nicotine dependence.

This study provides evidence for an association between
depressed smokers and higher levels of AOPP, a measure of oxi-
dation damage to proteins [1]. AOPP correspond to highly oxidized
proteins and specifically to albumin and might be formed during
oxidative stress by reaction of plasma proteins with chlorinated
oxidants. Thus, AOPP have been considered as a novel marker of
oxidant-mediated protein damage [1].

Patients with both major depression and nicotine dependence
also had higher levels of lipid hydroperoxides, a marker of oxida-
tive damage. Consistent with previous research that found higher
levels of serum F2a-isoprostanes (8-iso-PGF2a), we found high lev-
els of lipid hydroperoxides, a biomarker of oxidative damage to
lipids, in depressed compared to non-depressed individuals [33].
Furthermore, depressive smokers had significantly lower concen-
trations of TRAP, a measure of global antioxidant defenses. Cigarette
smoking and depression are significant factors in alterations of
the oxidant and antioxidant balance in blood, resulting in potent

Table 3

Multinomial regression analysis of variables associated with smoking and/or depression.

oxidative stress and in these conditions a lipoperoxidation process
can occur [5,19].

In our study, fibrinogen concentrations were higher in smokers
with and without depression compared to non-depressed never
smokers. These findings are in accordance with other research
that has found strong associations between fibrinogen, persistent
depressive symptoms and smoking [12]. Fibrinogens and hs-CRP
are inflammatory biomarkers. Thus, cigarette smoking and depres-
sive disorders may increase the levels of inflammatory biomarkers
and the production of oxidants, and may decrease the levels of
antioxidants. An increase in inflammation and oxidative stress is
documented in mood disorders [2,19]. There is also data linking
oxidative stress and inflammation in cigarette smoking and lung
disease [28].

Higher levels of CRP were consistently associated with depres-
sive disorder, and remained significant after controlling for gender,
age, smoking status, physical activity weight, as well as medication
use and medical conditions potentially influencing inflammation
levels [9,18,25]. Furthermore, in univariate analyses, there were
higher levels of CRP in smokers with and without depression than
non-depressed never smokers. However, in multinomial analysis
our data did not suggest that the highest levels of CRP were a
consequence of smoking or depressive disorder.

Our study found an association between higher levels of NOx
and smokers with and without depression compared with non-
depressed never smokers. Higher concentration of plasma NOx in
patients with recurrent depressive disorder was associated with
the severity of depressive symptom and cognitive impairment,

Independent variables Depressed never-smoker versus

non-depressed never-smokers

Non-depressed smoker versus
non-depressed never-smokers

Depressed smoker versus
non-depressed never-smokers

ORP 95% CI p-Value ORP 95% CI p-Value ORP 95% Cl p-Value
Female? 406 (1.58-10.43) 0.00" 0.84 (0.34-2.08) 0.70 1.48 (0.55-3.98) 0.44
Age 1.02 (0.98-1.07) 0.29 1.02 (0.98-1.07) 030 0.99 (0.95-1.04) 0.74
Years of education 1.03 (0.96-1.12) 0.40 078 (0.72-0.86) 0.00” 0.82 (0.75-0.90) 0.00”
Disability for work,? yes 0.60 (0.04-8.32) 0.70 5.17 (0.86-30.99) 0.07 7.85 (1.29-47.9) 0.03
CRP 0.98 (0.88-1.09) 0.72 0.94 (0.85-1.04) 0.25 0.93 (0.83-1.03) 0.16
NOx 1.03 (0.85-1.25) 0.75 145 (1.21-1.75) 0.00” 1.28 (1.05-1.57) 0.02"
Lipid hydroperoxides 156 (0.65-3.71) 032 141 (0.56-3.52) 0.47 3.14 (1.25-7.88) 0.01°
AOPP 1.01 (1.00-1.02) 0.15 1.01 (1.00-1.02) 0.10 1.02 (1.01-1.03) 0.00”
TRAP 1.00 (1.00-1.00) 0.56 1.00 (0.99-1.00) 0.07 0.99 (0.99-1.00) 0.00”
Fibrinogen 1.00 (0.99-1.01) 0.63 1.01 (1.01-1.02) 0.00" 1.01 (1.01-1.02) 0.00"
ERS 0.96 (0.92-1.01) 0.11 0.96 (0.92-1.00) 0.07 0.97 (0.93-1.01) 0.18

2 Reference categories: gender, male; disability for work, no.

b Odds ratios (OR) mutually adjusted for each of the presented variables.
' p=0.05.

" p=0.01.
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suggesting that an overproduction of nitric oxide via inducible
nitric oxide synthase, inducible nitric oxide synthase (iNOS), which
results in oxidative stress and cell damage [29]. Increased produc-
tion of NO and peroxynitrite may cause nitration and nitrosylation
of proteins that appears related to the pathogenesis of depression
[22].Induction of nitric oxide leads to an activation of nuclear factor
kappa B (NF-kB), which is relevant to the development of depres-
sive disorders [26].

Depressive smokers were more unable to work, showed more
severe depressive symptoms and attempted suicide more fre-
quently compared with non-depressed never smokers. Our data
are consistent with previous reports that have shown that current
smoking is associated with subsequent suicidal behavior [4] and
more disability for work and more hospitalization [7,24].

The results of this study should be interpreted with regard to
its strengths and limitations. The present study design was a cross-
sectional study, which can only examine an exposure at a particular
time, but cannot determine causal relationships [11]. In our study,
the never smokers were highly educated; this could generally lead
to healthy behavior patterns.

Despite of some limitations, our findings provide evidence of a
link between depressed smokers and altered oxidative stress and
inflammatory marker. In addition, our data suggest that depressed
smokers were more unable to work, showed more severe depres-
sive symptoms and attempted suicide more frequently.

5. Conclusion

Our results corroborate the inflammatory, oxidative and
nitrosative stress theory of depression, and suggest that inflam-
matory, oxidative and nitrosative stress could be worsened by
concomitant nicotine dependences. Depressed smokers exhibited
altered concentrations of NOX, lipid hydroperoxides, AOPP, TRAP,
and fibrinogen. Depressive smokers were more unable to work,
showed more severe depressive symptoms and attempted suicide
more frequently.

These findings need further studies to better understand the role
of shared inflammatory, oxidative and nitrosative stress pathways
in depressive disorders and nicotine dependence, which impacts
on the course and severity of both diseases. The translational
implications of these findings include the opportunity to iden-
tify subgroups of major depressive disorder with comorbidity with
nicotine dependence, to potentially protect them from the effects
of oxidants by applying new therapies.
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1. Introduction

Depressive disorder is highly comorbid with nicotine depend-
ence. In the National Comorbidity Survey, nearly 59% of individuals
with a life-time history of depression were current or past smokers,
compared to less than 39% of those without a life-time history of
depression (Lasser et al., 2000; Ziedonis et al., 2008). The comor-
bidity of nicotine dependence and depressive disorders can be
explained either through common pathways or shared predis-
posing factors, such as genetic or environmental factors that may
increase both smoking and depression. Smoking also appears to
increase the risk for the development of mood disorders (Pasco
et al., 2008; Pedersen and von Soest, 2009; Ziedonis et al., 2008).
Depressive and anxiety disorders are an overwhelmingly strong
predictor of daily smoking (Patton et al., 1998). Pre-existing psy-
chiatric disorders predict the subsequent onset of daily smoking
and progression to nicotine dependence (Breslau et al., 2004).

People with current nicotine dependence exhibit greater preva-
lence and severity of several depressive symptoms compared
to people with no history of nicotine dependence (Leventhal
et al., 2009). Smokers with nicotine dependence have more severe
depressive and anxiety symptoms and recover more slowly (Jamal
etal., 2012) such that smoking worsens treatment prognosis (Dodd
et al, 2010).

There is significant literature describing the pathways that may
explain the co-occurrence of depressive disorder and nicotine
dependence. The effects of diverse neurotransmitters, particularly
glutamate, serotonin, and dopamine, have been demonstrated in
both addiction and mood regulation. Dopaminergic agents such
as the antidepressant bupropion have been used successfully for
the relief of smoking withdrawal syndromes (Danovitch, 2011).
Dopamine plays a key role in the regulation of mood and in depres-
sion (Berk et al., 2007a; Malhi and Berk, 2007). Cigarette smoking
is associated with decreased serotonin function (Malone et al.,
2003), and there is extensive evidence of serotonergic abnormali-
ties in depression (Stockmeier, 2003). Plasma levels of glutamate in
patients with mood disorders were significantly higher than those
in the control group (Hashimoto, 2011), and dysfunctional periph-
eral glutamate receptors are reported in depression (Berk et al.,
2001).

There is also evidence that inflammatory pathways may link
smoking and depression. Depressed smokers have higher levels of
pro-inflammatory cytokines (PICs) than non-depressed smokers,
including tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
and acute phase proteins such as C-reactive protein (CRP) (Nunes
et al, 2012).

Both depressive disorders and cigarette smoking are associated
with increased levels of oxidative stress (Berk et al., 2011a,b; Maes
etal,, 2011; Rytild et al., 2006; van der Vaart et al., 2004). Oxidative
stress results from an oxidant-antioxidant imbalance, as either an
excess of oxidants and/or a depletion of antioxidants, leading to
potential protein, lipid, carbohydrate, and deoxyribonucleic acid
(DNA) damage (Sies, 1991, 1997).

This article focuses on inflammation and oxidative stress in
nicotine dependence and depressive disorders. Inflammation and
oxidative stress may interact to increase the risk of neuropro-
gression of these diseases. In this context, we used studies to
provide a better characterization of the shared role of inflam-
mation and oxidative stress in individuals with co-occurring
disorders that affect neurotransmitters and that activate the

hypothalamic-pituitary-adrenal (HPA) axis and microglial cells.
This review article also discusses the fact that both nicotine
dependence and depressive disorders both diseases with brain
dysfunction by increase the levels of inflammatory biomarkers,
increase the production of oxidants, decrease the levels of antiox-
idants, alter mitochondrial function and modify gene function.
Finally, this review provides some evidence for clinical practice.

2. Methods

A narrative review was performed to investigate studies show-
ing explicit associations between depressive disorder, nicotine
dependence, inflammation and oxidative stress. The sources used
were identified in the electronic database Medline (PubMed)
and were limited to English language articles published between
January 2000 and July 2012. Using the MeSH (Medical Subject Head-
ings), the following search terms were used: “depressive disorder”
and “smoking” and “inflammation”, and “depressive disorder” and
“smoking” and “oxidative stress”. Furthermore, review articles
were searched, and other publications cross-referenced for addi-
tional published articles.

In this review, articles were excluded if inflammatory or
immune abnormalities were accompanied by physical illnesses
including diabetes, coronary artery disease, Crohn’s disease,
rheumatoid arthritis, cancers, human immunodeficiency virus,
and multiple sclerosis. These disorders are associated with an
increased prevalence of major depressive disorder (MDD) (Benton
et al., 2007). Medical comorbidities may include the following:
cardiovascular disease, chronic obstructive pulmonary disease,
rheumatoid arthritis, systemic lupus erythematosus, inflammatory
bowel disease, HIV infection, diabetes and metabolic syndrome;
neurodegenerative and neuroinflammatory disorders, such as
Alzheimer’s, Huntington’s and Parkinson’s disorder, multiple scle-
rosis and stroke, conditions such as the postpartum period,
hemodialysis, interferon-induced depression and psychological
stressors. All of these conditions are known to involve peripheral
inflammation and cell-mediated immune activation (Leonard and
Maes, 2012). Inflammation in depressive disorders is closely linked
with behavioral parameters such as exercise, sleep, alcohol abuse,
and nicotine dependence, as well as with medical comorbidities
including coronary artery disease, obesity and insulin resistance,
osteoporosis, and pain (Goldstein et al., 2009).

Pro-inflammatory cytokines and acute phase proteins, which
normally coordinate the local and systemic inflammatory response
to microbial pathogens, also appear to act directly on the brain
where they can cause behavioral symptoms, including sickness
behavior (Dantzer et al., 2008; Leonard and Maes, 2012; Maes et al.,
2012a,c).

The analysis also excluded depression in patients with hepati-
tis C receiving interferon alpha (IFN-a) treatment because it is
associated with depression in 30-50% of patients (Asnis and De
La Garza, 2006; Raison et al., 2006). Articles focusing on patients
with depression due to previous brain injury were also excluded.
Prolonged microglial hyperactivity may lead to neuronal apoptosis
and brain injury, which are commonly observed in neurodegenera-
tive disorders such as Parkinson’s disease, Alzheimer’s disease and
schizophrenia (Monyji et al., 2009).

The exclusion criteria were based on the following Medical Sub-
ject Heading (MeSH) categories “not”: (1) carried out in “animals”;
(2) depression due to medical diseases (“Cardiovascular Disease”,
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“Heart Failure”, “Neoplasm”, “Multiple Sclerosis”, “Dementia”,
“Irritable Bowel Syndrome”, “Acquired Immunodeficiency Syn-
drome”, “Hepatitis”, and “Herpes”); (3) depression due to drug
treatments (“Interferons”); and (4) depression due to brain injury.

3. Shared oxidative stress pathways and inflammatory
markers in both depressive disorder and nicotine
dependence

The selected articles matched inclusion criteria regarding
involvement of inflammatory biomarkers and oxidative stress in
both depressive disorder and nicotine dependence. This review
excluded medical comorbidities and medicines that are associated
with excess inflammation. The results are summarized in Table 1.

A small number of studies have examined shared inflammation
and oxidative stress pathways in both depressive disorder and nico-
tine dependence. It is unclear if this association is causal or is due
to confounding and bias or modulated by factors such as physical
activity, weight, alcohol consumption and gender.

Elevated levels of circulating CRP have been found in depression
and remained significant when controlling for sex, age, smoking
status, physical activity, weight, as well as medication use and med-
ical conditions influencing inflammation levels (Danner et al., 2003;
Elovainio et al., 2009; Ford and Erlinger, 2004; Liukkonen et al.,
2006).

Many studies have confirmed that elevated levels of CRP pre-
dict an increased risk of development of depression (Almeida et al.,
2007; Hamer et al., 2009a,b; Pasco et al., 2010) and precede the
cognitive symptoms of depression (Gimeno et al., 2009). Smok-
ing cessation does not reduce CRP (Asthana et al., 2010). Increased
levels of CRP and the presence of clinically significant depressive
symptoms can additionally be influenced by the presence of other
factors, most notably poor physical health (Almeida et al., 2007) or
weight gain (Hamer et al., 2009b) among men (Danner et al., 2003;
Elovainio et al., 2009; Ford and Erlinger, 2004; Liukkonen et al.,
2006). However, the presence of high CRP has also been shown to
be a risk marker for major depressive disorder in women (Pasco
et al., 2010). In particular, female hormones may protect tissues;
pre-menopausal women experience fewer and less severe adverse
cardiovascular events when compared with men of similar age or
with post-menopausal women (Vassalle et al., 2011).

Adults with depressive symptoms had higher rates of smok-
ing, had greater sleep disturbance, and higher levels of interleukin
1 receptor antagonist (IL-1RA) and IL-6 compared with non-
depressed individuals (Lehto et al, 2010a). The pronounced
secretion of the anti-inflammatory marker IL-1RA was thought
to reflect the presence of compensatory mechanisms during a
depression-related inflammatory state (Lehto et al., 2010a).

Significantly elevated white blood cell counts were found
among subjects with moderate and severe depression. Oxidative
stress and a medical history of inflammatory diseases did not
appear to mediate this association (Kobrosly and van Wijngaarden,
2010). However, other studies failed to find either lower levels of
Natural Killer (NK) activity or increased IL-6 in depressed smokers
compared to depressed nonsmokers or in depressed patients with
and without a history of alcohol abuse or dependence (Pike and
Irwin, 2006).

An association was observed between the severity of current
depressive symptoms and increased levels of the inflammatory
markers IL-6 and C-reactive protein (CRP). Genetic modeling found
asignificant genetic correlation between IL-6 and depressive symp-
toms. There were no significant differences due to zygosity and
current smoker status (Su et al., 2009).

The inflammatory response appears to be greater in those who
suffered childhood abuse (Miller and Cole, 2012), suggesting a

cumulative effect of contributory risks on the immune system.
This observation is compatible with the allostatic load model of
illness (Kapczinski et al., 2008). Depression is part of a family of
interrelated disorders in the affective disorders spectrum, including
anxiety disorders and fibromyalgia, where alterations in mitochon-
dria, inflammation and neurodegeneration are observed (Gardner
and Boles, 2011).

Elevated levels of CRP, fibrinogen, and white blood cells are
found in individuals who were both depressed and maltreated dur-
ing the first decade of life (age 3-11 years). This association was not
explained by correlated risk factors such as depression recurrence,
low socioeconomic status in childhood or adulthood, poor health, or
smoking. Depressed and maltreated individuals were more likely to
smoke. In turn, smoking was associated with elevated mean levels
of the inflammatory factors (Danese et al., 2008).

Adolescents with depressive or anxiety disorders have signif-
icantly higher levels of interleukin-2 (IL-2), interleukin 1 beta
(IL1-B) and interleukin-10 (IL-10) compared to adolescents with-
out depressive disorders. However, higher levels of IL-6 and
interferon-gamma (IFN-y) were significantly related to more
severe self-assessed symptoms of anxiety and depression after
adjustment for use of tobacco (snuff and smoking of cigarettes)
or intake of tea, coffee, caffeinated soft drinks or beta stimulant
asthma medication (Henje Blom et al., 2012). The depressed partic-
ipants who smoked had higher depression scores and lower levels
of MCP-1, MIP-1f3, and IL-8 than healthy controls. Low chemokine
levels may lead to increased neurotoxicity, neuronal loss, or both
(Lehto et al., 2010b).

One study demonstrated increased levels of immunologic
and oxidative stress markers among individuals with depressive
symptoms who smoked. Levels of the oxidative stress marker
v-glutamyltransferase were positively correlated with the sever-
ity of depression, after adjustment for oxidative stress measures,
sex (male or female), age, smoking status and physical activity
(Kobrosly and van Wijngaarden, 2010).

Serum levels of F(2a)-isoprostanes [8-iso-PGF(2a)], a
biomarker of oxidative damage to lipids, were elevated in a
group of depressed individuals, and this finding may represent a
common pathophysiological mechanism by which depressed indi-
viduals become more vulnerable to atherosclerosis and its clinical
sequelae (Forlenza and Miller, 2006; Yager et al., 2010). Depressed
patients were significantly less educated and significantly more
likely to be regular daily smokers (Yager et al., 2010).

Depression has also been shown to predict subsequent inflam-
mation, but not vice versa. Patients with more persistent depression
had higher subsequent levels of inflammatory markers (CRP,
IL-6, and fibrinogen), but this association was also explained
by unhealthy behaviors such as smoking, inactivity and obesity
(Schroeder, 2011). Although research suggests that depression
increases the risk for inflammatory markers in non-smokers, the
majority of the studies cited in this review have reported an
interaction between both major depressive disorder and nicotine
dependence, which are highly comorbid, and the influence of oxida-
tive stress and inflammatory markers in both conditions.

4. Inflammation and the involvement of neurotransmitters
in both depressive disorder and nicotine dependence

The current understanding of the pathogenesis of depressive
disorder has expanded significantly from the historical focus on the
role of a monoamine deficit (e.g., noradrenaline and/or serotonin)
and how that may be causally involved in the symptoms of illness
(Baldessarini, 1975). Drugs that increase the synaptic availability of
monoamines (serotonin, norepinephrine and dopamine) have been
used to treat depression for more than 50 years.
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Inflammatory markers and oxidative stress pathways in both depressive disorder and smoking.

Author/year

PICs/APP IO&NS

Gender/age

Covariates

(1) Henje Blom et al. (2012)

(2) Nunes et al. (2012)

(3) Sublette et al. (2011)

(4) Pasco et al. (2010)

(5) Kobrosly and van

Wijngaarden (2010)

(6) Yager et al. (2010)

(7) Lehto et al. (2010a)

(8) Lehto et al. (2010b)
(9) Hamer et al. (2009b)
(10) Su et al. (2009)

(11) Elovainio et al. (2009)

(12) Danese et al. (2008)

(13) Almeida et al. (2007)

(14) Pike and Irwin (2006)

(15) Liukkonen et al. (2006)

(16) Forlenza and Miller (2006)

(17) Ford and Erlinger (2004)

(18) Douglas et al. (2004)

(19) Danner et al. (2003)

IL-2, IL-4, IL-6, IL-10
TNFa, IFN-y: IL-1B:
IL-1B, IL-6, TNFar, CRP

KYN, TRP, neopterin

CRP

CRP, GGTv, vitamin C,
bilirubin, uric acid
platelet counts, WBC
counts

8-I1so-PGF(2a)

IL-6, IL-10, IL-1RA

MCP-1, MIP-1f3, IL-8
CRP, fibrinogen
IL-6, CRP

CRP

CRP, fibrinogen, WBC

CRP

NK, IL-6, s IL-2R

CRP

8-OHdG

CRP

CRP

CRP

Adolescents with MDD or anxiety disorders

Men and women (age 18-65 years)

Depressive smokers (n=77); non-depressive smokers
(n=78)

Men and women (age 18-73 years)

Healthy volunteers (n=31) Depressive with suicide
attempt (n=14)

Depressive without suicide attempt (n=16)

Women (age 20-84 years)

Depressive (n=151), non-depressive (n=671)

Men and women (age 20 to 80+ years)

No/mild depression (n=3080), moderate depression
(n=705), severe depression (n=_82)

Men and women (age +28 years)

Depressed (n=73); non-depressed (n=72)

Men and women (age +50 years)

Elevated depressive symptoms (n =44); non-depressed
(n=372)

Men and women (age 53+ years) MMD (n=61),
non-depressed (n=61)

3609 men aged 60.5 & 9.2 years, 2 years of follow up
Depression at baseline and persistent

188 male twins, age of 55 +£2.75 years

Past and current depressive symptoms

Men and women (age > 30 years)

men (n=2748), women (3257)

depressed and non-depressed

Men and women (age > 32 years)

Non-depressed, non-maltreated (n=673)
Depressed-only (n=109)

Maltreated-Only (n=56)

Depressed and maltreated (n=27)

Older male

Non depressive (n=5098)

Depressive (n=340). 28.7

Men (age non-depressed +45, depressed +42 years)
Depressed (n=25),

Non-depressed (n=25)

Men and women (was born from 1st January and 31st
December in 1966)

Men (n=2688),

Women (n=2837)

Men and women (age +28 years)

Depressed (n=84); non-depressive (n=85)

Men and women (age 18-39 years)

Men (n=3154), Women (n=3760)

MDD and non-depressed

Men and women (age 39-45 years)

n=696, US army 18% women

18% depressed, 82% non-depressed

Men and women (age 17-39 years), men (n=2981),
women (n=3119)

past and current of MDD

Adjustment for the use of tobacco

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco, physical
activity, and BMI

Adjustment for the use of tobacco,
Socioeconomic status and physical activity

Adjustment for the use of tobacco, age, gender,
years of education, physical activity, and BMI
Adjustment for the use of tobacco, physical
activity, and BMI

adjusted for age, gender, BMI, smoking, and
alcohol consumption

Adjustment for BMI, smoking, alcohol, physical
activity

Adjustment for tobacco (pack-years), marital
status, and education

Adjustment for education, BMI, physical
activity, alcohol consumption, smoking status,
long-term illness,

Adjustment for the use of tobacco,
socioeconomic status, gender, medication

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco, physical
exercise, and BMI

Adjustment for the use of tobacco, BMI, age,
gender, ethnicity, years of education, alcoholic
drinks and physical activity

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco and BMI

Adjustment for the use of tobacco and BMI

The macrophage hypothesis suggests that depressive disorder is
associated with innate immune system activation due to abnormal
secretion of cytokines, such as IL-1 and interferon-alpha (IFN-at)
(Smith, 1991). This notion has expanded to include the interre-
lationship between inflammation and oxidative stress and has
been termed the inflammatory and oxidative and nitrosative stress
(O&NS) theory of depression.

Inflammation might regulate brain functions, including neuro-
transmitter systems, neuroendocrine functions, synaptic plasticity,
and the neural circuitry of mood (Salim et al., 2012).

The alterations of neurotransmitters by inflammation and
oxidative stress suggest that antidepressant treatments may have
an anti-inflammatory and antioxidant effect. Previous studies
have reported that antioxidant activity normalizes during sub-
chronic treatment with antidepressants and anti-inflammatory

compounds. Furthermore, natural anti-oxidative stress sub-
stances may augment the efficacy of antidepressants or may
have antidepressant efficacy (Maes et al., 2009, 2011, 2012b).
Diverse treatments for mood disorders reduce oxidative stress and
inflammation (Berk et al., 2011a). Antidepressants and lithium
enhance ATPase activity, improving mitochondrial dysfunction
and inflammation (Gardner and Boles, 2011).

The mechanisms underlying the association between nicotine
dependence and MDD appear to involve neurotransmitter path-
ways that are linked to both conditions. Monoamine oxidases
catalyze the metabolism of dopamine, norepinephrine, and sero-
tonin. Cigarette smoke inhibits the activity of monoamine oxidase
type A (MAO A) and B (MAO B) (Benowitz, 2010).

Smoking also appears to be associated with dysfunction of the
serotonergic system. Depletion of serotonin and lowered brain
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serotonin is associated with a higher risk for suicide and attempted
suicide in smokers with depression. Acute administration of nico-
tine may result in the release of serotonin as well as dopamine,
and chronic nicotine administration has been shown to decrease
the concentrations and biosynthesis of serotonin. Impaired seroto-
nergic function was found in smokers after fenfluramine challenge
(Malone et al., 2003). The lowered MAO activity observed in the
brain of smokers may contribute to addiction in that disorder
(Talhout et al., 2007). Lowered MAO activity, which may play a
role in central nervous system (CNS) serotonin metabolism, could
modulate, in part, the link between cigarette smoking and suicidal
behavior (Breslau et al., 2005).

Dopamine is a shared and robust biomarker for depressive dis-
order as well as smoking. Individuals with depressive disorder have
a decreased turnover of homovanillic acid, the primary metabolite
of dopamine (Berger et al., 1980; Lambert et al., 2000). Bupropion
is an atypical antidepressant that helps to normalize noradrenaline
and dopamine and is effective in smoking cessation and depressive
disorder (Cox et al., 2012).

Nicotine has diverse effects throughout the CNS, acting on mul-
tiple forms of nicotinic acetylcholine receptors. Nicotine can hijack
synaptic plasticity mechanisms in key brain circuits, most impor-
tantly in the mesolimbic dopamine system, which is central to
reward processing in the brain (Dani and Bertrand, 2007).

Neuroadaptation and tolerance involve changes in nicotinic
receptors and neural plasticity, which could cause nicotine depend-
ence (Benowitz, 2010). Addictive drugs elicit or modify synaptic
plasticity in many of the key brain regions involved in addiction, and
these synaptic modifications have important consequences (Dani
and Bertrand, 2007). Self-reported measures of tolerance, loss of
control, and other behaviors such as relapse during a quit attempt
and withdrawal symptoms must be present for an individual to
receive a diagnosis of tobacco/nicotine dependence (Fagerstrom
and Eissenberg, 2012).

o432 receptors appear to be crucial to the effects of nicotine
on mood and the development of dependency. Nicotine acti-
vates o432 receptors in the ventral tegmental area, resulting in
dopamine release in the shell of the nucleus accumbens (Benowitz,
2010). Dopamine D2 and D3 receptors in the striatum are down
regulated by smoking. Activation of dopaminergic neurons in the
ventral tegmental area is enhanced by excitatory glutamatergic
projections and inhibited by y-aminobutyric acid (GABA) projec-
tions that are also stimulated by nicotine (Benowitz, 2008). Thus,
stimulation of nicotine cholinergic receptors releases dopamine,
glutamate, and GABA, which affects the development of neuroadap-
tation and increases levels of corticotrophin-releasing factor (CRF).
These alterations may play a key role in withdrawal. The negative
effect that typifies the response to nicotine withdrawal most likely
results in part from a cascade involving increased levels of CRF. The
release of CRF in the central nucleus of the amygdala causes anxiety
and stress (Benowitz, 2010).

There is growing evidence that the glutamatergic system plays
an important role in the neurobiology and treatment of depres-
sive disorders (Berk et al., 2011a,b). In nicotine dependence, the
rewarding effect of nicotine can be attenuated by administer-
ing compounds that reduce glutamate transmission (D’Souza and
Markou, 2011).

5. Stress in individuals with depressive disorders and
nicotine dependence

Nicotine dependence and depressive disorders could be linked
by the role of stress in the activation of the HPA axis. Psycho-
logical stress can activate the HPA axis, inducing secretion of
corticotrophin-releasing factor (CRF) and subsequent increases in

adrenocorticotrophic hormone (ACTH) and cortisol (Bateman et al.,
1989).

Stressful life events (personal loss, infection, trauma, child-
hood maltreatment) and genetic vulnerability to stress may alter
the HPA axis, which can activate the release of pro-inflammatory
cytokines. The increased secretion of CRF, a key factor involved in
the stress response, has been implicated in the pathophysiology of
both nicotine dependence and depressive disorder. Patients with
depressive disorders exhibit higher rates of CRF neuronal activation
and increased levels of cortisol compared to age-matched controls
(Nemeroff and Vale, 2005). In addition, many depressive symp-
toms can be induced by intracerebroventricular injections of CRF
(Holsboer et al., 1992). Stressors facilitate the initiation of smoking,
decrease the motivation to quit, and increase the risk of relapse. The
role of brain stress systems in nicotine addiction indicates that CRF
plays a pivotal role in nicotine addiction (Bruijnzeel, 2012).

Dysfunction of the HPA axis, with amygdala hyperfunction and
decreased activity of the hippocampus (defective glucocorticoid-
negative feedback), has been reliably observed in patients with
depressive disorder (Pariante and Miller, 2001), as well as patients
who suffered childhood sexual abuse (Heim et al., 2000; Nunes
et al., 2010). Similar findings are observed in nicotine dependence
(Rohleder and Kirschbaum, 2006).

A central tenet of the glucocorticoid cascade hypothesis is that
excess glucocorticoid results in damage to key brain structures
involved in HPA axis restraint, including, most notably, the hip-
pocampus (Raison and Miller, 2003).

The pathways by which inflammatory cytokines produce
depressive disorder include activation of the HPA axis, which
causes microglial activation. This pathway is reactive to stress-
ful life events, infection, trauma, toxins and immunogenetics. This
activation releases pro-inflammatory cytokines and free radicals.
These mediators are known to cause neuronal degeneration and
decreased neurogenesis, which may be an important factor in the
pathophysiology of depressive disorder (Moylan et al., 2012).

6. Epigenetic effects in both depressive disorder and
nicotine dependence

Epigenetic modification of gene function may be related to
depressive disorder and nicotine dependence. Chronic exposure
to nicotine results in changes in gene expression and protein
synthesis, including the generation of new synaptic connections,
analogous to other forms of learning (Kauer and Malenka, 2007).
The identification of single candidate genes associated with MDD
and nicotine dependence has been difficult because of the like-
lihood that complex psychiatric illnesses are under polygenic
influence and are associated with interactions between genetic
variants and environmental exposures (Uher, 2009).

The importance of serotonin in the depression-nicotine depend-
ence nexus indicates that pro-inflammatory cytokines may also
affect serotonin neurotransmission. Altered levels of cytokines are
known to stimulate production of kynurenine (KYN) from its pre-
cursor, tryptophan (TRP), and may thus potentially deplete TRP,
leading to reduced levels of the TRP metabolite serotonin (Sublette
etal, 2011).

The short (“s”) allele in the promoter region of the serotonin
transporter gene (5-HTTLPR) is associated with lower transcrip-
tional efficiency of the promoter compared with the long (“1”) allele.
The hypothesis of a gene-by-environment interaction showed that
childhood maltreatment predicted adult depression only among
individuals carrying an “s” allele but not among 1/l homozygotes
(Caspi et al., 2003). This original observation has been replicated
by many subsequent studies. Individuals with the “s” allele in the
promoter region of the serotonin transporter gene (SLC6A4) are
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Fig. 1. Oxidative and nitrosative stress damage.

unusually vulnerable to the depressogenic effects of early life stress
such as child abuse or neglect. Early life trauma and depression lead
to chronic activation of the immune system and prolonged pro-
duction of proinflammatory cytokines, as well as CRP (Saveanu and
Nemeroff, 2012).

The serotonin pathway has been associated with smoking
behavior, as well as several behavioral traits, such as neuroti-
cism, novelty seeking and anxiety-related personality traits (Quaak
et al., 2009). Genes involved in the serotonin pathway include
insertion/deletion polymorphisms in the promoter region of the
serotonin transporter gene (5-HTTLPR), which has been linked to
vulnerability to smoking and the ability to quit (Sieminska et al.,
2008).

Genetic polymorphisms and the 5-HTTLPR variant are associ-
ated with smoking-related phenotypes and diminished serotonin
neurotransmission. A polymorphism in the promoter region of the
5-HTTLPR gene modulates the mRNA and protein levels, such that
allelic variants may influence nicotine dependence. The presence of
the short or long alleles appears to influence transcription regula-
tion (Watanabe et al., 2011). Smoking is associated with epigenetic
alteration of MAO-B by reducing methylation of its gene promoter.
This alteration leads to increased production of MAO-B that persists
long after smoking cessation (Launay et al., 2009).

7. Inflammation and oxidative stress are linked to central
nervous system (CNS) dysfunction in both depressive
disorder and nicotine dependence

7.1. Neuroprogression pathways in depression

Oxidative and nitrosative stress and inflammation are linked to
neuronal cell injury or death, which contribute to the neuropro-
gression of depressive disorders, mediating changes in conjunction
with genetic vulnerability and environmental factors (Fig. 1). In
neurons, N-methyl-p-aspartate (NMDA) receptor (NMDAR) activa-
tion and subsequent Ca2* influx can induce the generation of nitric
oxide (NO)-via neuronal NO synthase, which leads to nitrosative
stress, synaptic damage, and neuronal loss (Nakamura and Lipton,
2011). The excessive accumulation of these free radicals causes
damage and can lead to alterations in the structure and function
of membrane fatty acids and proteins. Furthermore, free radicals

can alter the activity of proteins residing in the cell membrane and
can alter or damage DNA and mitochondrial function, leading to
cell death via necrosis or apoptosis (Maes et al., 2011).

An increase in inflammation-induced apoptosis, together with
a reduction in the synthesis of neurotrophic factors caused by a
rise in brain glucocorticoids and a reduction in the neuroprotec-
tive components of the kynurenine pathway, contributes to the
pathological changes that are postulated to cause neuronal damage.
This effect may predispose chronically depressed patients to neu-
roprogressive processes including dementia (Leonard and Myint,
2006).

The neurodegeneration hypothesis proposed that depressive
disorder is a consequence of an imbalance between neuroprotec-
tive and neurodegenerative metabolites in the kynurenine pathway
(Myint et al., 2007). Kynurenic acid (KYNA) is regulated by IDO
(indoleamine 2-3-dioxygenase), which catalyzes the first step in
the pathway, specifically the degradation from tryptophan to
kynurenine (KYN). KYNA acts as a blocker of the glycine co-
agonistic site of the NMDA receptor and as a noncompetitive
inhibitor of the a7 nicotinic acetylcholine receptor, which has a
role in cognitive disturbances. Depressive symptoms have been
shown to be related to an increased ratio of KYN/KYNA (Miiller
and Schwarz, 2008).

Through stimulation of multiple inflammatory signaling path-
ways, including activation of nuclear factor kappa B (NF-kB) and
p38 mitogen activated protein kinases (MAPKs), cytokines can
activate IDO, which breaks down tryptophan (TRP), the primary
precursor of serotonin, into quinolinic acid (QUIN), a potent NMDA
agonist and stimulator of glutamate release (Miller et al., 2009).

Activation of NF-kB leads to an inflammatory response including
the release of the pro-inflammatory cytokines. Once in the brain,
cytokine signals participate in pathways known to be involved in
the development of depression, including altered neurotransmit-
ters such as serotonin and dopamine, activation of the HPA axis,
and disruption of synaptic plasticity through alterations in rele-
vant growth factors. NF-kB induction in the brain might contribute
to alterations in neuronal growth and survival, especially through
the induction of nitric oxide and, ultimately, oxidative stress, which
has been shown to alter promoter function for several genes central
to synaptic plasticity (Raison et al., 2006).

Microglia activated by excess inflammation, astroglial loss, and
inappropriate glutamate receptor activation ultimately disrupt
the delicate balance of neuroprotective versus neurotoxic effects
in the brain, potentially leading to increased neurodegeneration
and decreased neurogenesis (McNally et al., 2008). Biochemical
factors including inflammatory, oxidative and nitrosative stress,
mitochondrial dysfunction, epigenetic alterations, HPA axis dys-
regulation and disturbed neurotrophic function interact to cause
cellular damage, stimulate apoptosis and decrease neuronal growth
and survival (Moylan et al., 2012).

Mechanisms that may contribute to brain damage by oxidative
and nitrosative stress are summarized in Fig. 1. Genetic vulnera-
bility and stressful life events activate CNS circuitry, including the
HPA axis and pro-inflammatory cytokines (TNFa, IL-1, IL-6), which
in turn lead to the release of IDO, which breaks down (TRP), the pri-
mary precursor of serotonin. Tryptophan-kynurenine metabolism
influences the ratio of KYN/KYNA (Miiller and Schwarz, 2008), and
this dysregulation of QUIN, a potent NMDA agonist, stimulates glu-
tamate release. Glutamate release is associated with inhibition of
BDNF, a decline in neuroprotective factors and increased oxidative
stress (Miller et al., 2009).

7.2. Neuroprogression pathways in nicotine dependence

Itis thought that smoking can predispose our brains to dementia
or cognitive impairment by inflammatory, oxidative and nitrosative
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stress pathways. These same pathways lead to neuroprogression
through exposure to free radicals and by inducing direct cellular
damage and inhibition of mitochondrial bioenergetics. Oxidative
and nitrosative stress can result from either increased production
of reactive species from nitrogen (RNS, such as nitric oxide) or
oxygen (ROS), which damage neurons and promote the release of
glutamate. Activation of synaptic NMDA can result in physiological
ROS and RNS production (Nakamura and Lipton, 2011). Oxidative
and nitrosative stress is manifested as increases in lipid peroxida-
tion end products, leading to protein, lipid, carbohydrate and DNA
damage. Thus, these events constitute a vicious cycle, and any one
of them could initiate neuronal cell death (Halliwell, 2006).

Chronic cigarette smoking also affects the synapse through
reducing the expression of pre-synaptic proteins that may induce
synaptic changes and other neuropathological alterations. These
changes might serve as evidence of early phases of neurodegen-
eration and may explain why smoking can predispose brains to
Alzheimer's disease and dementia (Ho et al., 2012).

Cigarette smoking is known to be an important inducer of oxida-
tive stress in multiple organs, including the brain (Rueff-Barroso
etal., 2010). Several factors could explain the link between tobacco
smoking and the higher risk of cognitive decline. For example,
tobacco smoke and chronic lead exposure is a well-known risk
factor for cognitive deterioration. Another ingredient of tobacco
smoke, cadmium, also has neurotoxic properties. Furthermore,
smokers have decreased levels of circulating antioxidants and
increased levels of oxidative stress (Dome et al., 2010).

In cigarette smokers, there is an excess of pro-inflammatory
cytokines such as CRP, IL-1-3, TNF-a and IL-6 (Yanbaeva et al.,
2007). Cigarette smoke increases TNFa, which can induce histone
acetylation, pro-inflammatory gene transcription and oxidative
stress. Smoking curiously impacts NF-kB by phosphorylating IkB
kinase o (IKKa) and causing enhancement of target gene expres-
sion. IKKa also reacts to cigarette smoke and plays a role in
regulating histone modification (Chung et al., 2011). The direct
exposure to oxidative stress from cigarette smoke also contributes
to additional endogenous oxidant formation through effects on
the inflammatory immune response pathway (Swan and Lessov-
Schlaggar, 2007).

Multiple studies have shown that current smoking is a risk fac-
tor for Alzheimer’s and Parkinson’s diseases (Dome et al., 2010).
However, contradictory research has suggested that smoking may
be protective against the development of neurodegenerative dis-
eases such as Alzheimer’s disease and Parkinson’s disease. In such
cases, alocal inflammatory response is sustained by microglial cells,
which are associated with CNS nicotinic acetylcholine receptors
and have recently been reported to inhibit TNF-a production in
human macrophages as well as in mouse microglial cultures (de
Simone et al., 2005).

Nicotine, on the other hand, may offer protective effects against
dopaminergic cell damage induced by various neurotoxins and may
also protect against aminochrome-induced toxicity in substantia-
nigra derived RCSN-3 cells. These protective effects of nicotine may
help to explain why smoking might reduce the incidence of Parkin-
son’s disease (Muiioz et al., 2012).

There is an inverse relationship between cancer and neu-
rodegeneration. The risk of Alzheimer’s disease is lower among
survivors of smoking-related cancers than among survivors of non-
smoking-related cancers and cannot be explained by a survival bias
(Driver et al., 2012).

In a meta-analysis of 43 studies, there was more evidence to
suggest that smoking was associated with an increased risk for
Alzheimer’s disease. Moreover, 11 of the 43 studies were conducted
by researchers with tobacco industry affiliations, although these
affiliations were often not disclosed. Studies with tobacco industry
affiliations have generally suggested that tobacco protects against

Alzheimer’s disease, whereas non-tobacco industry studies find
that smoking is a risk factor for Alzheimer’s disease (Cataldo et al.,
2010).

7.3. Mitochondrial dysfunction may contribute to
neuroprogression

CNS functions strongly depend on efficient mitochondrial func-
tion because brain tissue has a high-energy demand. Mutations
in the mitochondrial genome, defects in mitochondrial dynamics,
generation and presence of ROS, protein aggregate-associated dys-
functions and environmental factors may alter energy metabolism
and in many cases are associated with neurodegenerative diseases
(Federico et al., 2012).

Oxidative stress and mitochondrial involvement may be major
triggering factors in neurodegenerative disorders. Neurodegenera-
tive disorders lead to cellular energetic depression (CED), which is
characterized by a decreased cytosolic phosphorylation potential
that suppresses the cell’s ability to do work and control intracellu-
lar Ca2* homeostasis and its redox state. If progressive, CED leads
to cell death, whose type is linked to the functional status of the
mitochondria (Seppet et al., 2009).

Mitochondria are responsible for the energy supply of cells.
Mitochondria house the oxidative phosphorylation machinery,
which enables aerobic ATP generation, and multiple metabolic
pathways, such as [3-oxidation of fatty acids and the tricarboxylic
acid and urea cycles. Indeed, over 90% of cellular energy generation
takes place in mitochondria. In addition, mitochondria have impor-
tant biosynthetic activities, control intracellular Ca2* metabolism
and signaling, regulate thermogenesis, generate most cellular reac-
tive species from oxygen (ROS) and serve as gatekeepers of the cell
for programmed cell death (apoptosis). Several events can compro-
mise mitochondrial function and integrity. These include damage
or mutation of mitochondrial DNA, increases in ROS and abnormal
elevation of Ca* through NMDA (Manji et al., 2012). Mitochondrial
dysfunction is associated with an increasingly large proportion of
inherited human disorders and is implicated in common diseases,
such as neurodegenerative disorders (Nunnari and Suomalainen,
2012).

There is a growing body of evidence to suggest that impaired
mitochondrial function may affect key cellular processes, thereby
altering synaptic functioning and contributing to the atrophic
changes that underlie the deteriorating long-term course of major
psychiatric illnesses such as mood disorders and schizophrenia.
Because the brain is the body’s most metabolically active tissue, it
is not surprising that the majority of mitochondrial disorders have
a neurological phenotype (Manji et al., 2012).

Mitochondria are the key organelle involved in the control of
two cellular processes: cell metabolism and cell death. The action
of carbon monoxide (CO) on mitochondria is involved in cell death
(Queiroga et al., 2012). Thus, in the case of CO-mediated oxida-
tive stress exposure, neurons are especially sensitive to oxidative
lesions, which could be the basis for later memory impairment
(Garrabou et al., 2011). Evidence has shown that mitochondrial
dysfunction in cells is induced by tobacco smoke components. In
particular, CO could be responsible for impaired mitochondrial
function in smokers (Mir6 et al., 1999).

Mitochondrial dysfunction has been linked to neuron loss in
ischemia, traumatic brain injury and neurodegenerative diseases
(Monji et al., 2009). Smoking is associated with a decrease in neuro-
genesis, as well as white matter abnormalities in the brain. Chronic
nicotine dependence is related to global brain atrophy and to struc-
tural and biochemical abnormalities in anterior frontal regions,
subcortical nuclei and commissural white matter. Chronic nico-
tine dependence may also be associated with an increased risk for
various forms of neurodegenerative diseases (Durazzo et al., 2010).
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7.4. Autoimmune disorders may contribute to neuroprogression

It has been postulated that autoimmune dysfunction may be
part of the cognitive impairment in MDD. It is noteworthy that
humoral immunity dysfunction is frequently described in patients
with depressive disorder, as indicated by increased autoantibody
levels. MDD could be another autoimmune disease from the view
of autoantibodies (Chen et al., 2009). High levels of autoantibodies
were detected in serum of depressed patients (Laske et al., 2008;
Maes et al., 1993, 2011, 2012a; Nemeroff et al., 1985).

7.5. Neuroimaging studies have demonstrated brain
abnormalities

Nicotine-dependent depressive disorder could be conceptual-
ized as a neurodegenerative disease because it is associated with
impairment of synaptic plasticity, neuron loss and reduced neuro-
genesis (Manji et al., 2012).

Neuroimaging studies have demonstrated brain abnormalities
that link nicotine dependence and depressive disorders, par-
ticularly involving portions of the prefrontal cortex. Magnetic
resonance imaging has shown volume loss in regions of the
orbitofrontal cortex and the medial prefrontal cortex in MDD, con-
cordant with post-mortem-derived evidence of tissue loss. MDD
patients with a family history of affective illness showed left hemi-
sphere gray matter loss in a region immediately ventral to the genu
of the corpus callosum - the subgenual anterior cingulate cortex
(Savitz and Drevets, 2009).

Neuroimaging studies have also shown cigarette smoking to
be associated with numerous structural brain changes, including a
reduction in the integrity of the cerebral white matter microstruc-
ture (Gons et al, 2011) and reduced gray matter volumes in
the prefrontal cortices (Brody et al., 2004; Zhang et al., 2011).
Other brain abnormalities in cigarette smokers include ventricular
enlargement and atrophy (Brody et al., 2004), as well as volumetric
changes and atrophy (Brody et al., 2004; Gons et al., 2011; Zhang
etal., 2011). One possible explanation may be the stimulating effect
of nicotine on nicotine receptors expressed in oligodendrocyte pre-
cursor cells, which could result in microstructural alterations of
white matter integrity in cigarette smokers, leading to cognitive
decline (Gons et al., 2011).

8. Conclusions and implications for clinical practice

The depression-nicotine dependence nexus may increase the
levels of inflammatory markers and oxidative and nitrosative
stress. The exact pathways that underpin the common patho-
physiology of both diseases are still not well defined. Some
hypotheses have been postulated for common pathways for nico-
tine dependence and depressive disorders that have implications
for neuroprogression. These pathways include alterations of neuro-
transmitters, HPA axis dysregulation, increased pro-inflammatory
cytokines and levels of acute phase proteins, increased oxidative
and nitrosative stress, decreased levels of antioxidants leading to
damage to lipids, proteins, and DNA, microglia activation, mito-
chondrial dysfunction, and modification of gene function.

Smokers with serious mental disorders are at risk of dying pre-
maturely, on average, 25 years earlier than the general population.
Clinicians need to intervene to encourage their patients to cease
smoking (Schroeder, 2011). Smoking is a risk factor in psychiatric
disorders, in addition to causing a legion of other documented
health problems. Aggressive targeting of smoking cessation must
be a part of routine care (Berk, 2007b).

Patients with co-occurring depressive disorders and nicotine
dependence in clinical practice are common; therefore, clinicians

may have to treat these patients as having co-occurring disor-
ders. This observation has clinical relevance because both disorders
worsen the prognosis and could be regarded as neurodegenerative
disorders.

In the future, anti-inflammatory treatments that promote neu-
rogenesis and neuronal survival could be used by people with
co-occurring disorders. Treatments with anti-inflammatory and
antioxidant-target therapies, including diets, vitamins, omega-
3 fatty acids, acetylsalicylic acid, cyclo-oxygenase, inhibiting
inflammatory cytokines, minocycline and N-acetyl cysteine,
may augment the clinical efficacy of established agents and
serve as novel treatments in depressive disorder and nicotine
dependence.
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Background: There is evidence that depression is accompanied by inflammation, oxidative and
nitrosative stress (O&NS) and metabolic disorders. However links between oxidative stress and suicide
attempts in depressed patients are poorly understood. This study examines whether a history of suicide
attempts is associated with inflammation, O&NS and metabolic disorders.

Methods: Blood specimens were collected from study participants aged 18-60 (N=342) recruited at the
State University of Londrina, Brazil, and measured for oxidative stress biomarkers: nitric oxide
metabolites (NOx), lipid hydroperoxides, malondialdehyde, advanced oxidation protein products and
plasma total antioxidant potential (TRAP); inflammatory biomarkers: fibrinogen, high-sensitivity
C-reactive protein, erythrocyte sedimentation rate, interleukin-6 and tumor necrosis factor-«; and
metabolic variables. Subjects were divided into those with (n=141) and without (n=201) a history of
suicidal attempts.

Results: Individuals with a history of suicide attempts had significantly higher levels of NOx and lipid
hydroperoxides and lowered TRAP as compared to individuals without suicide attempts. There were no
significant associations between a history of suicide attempts and inflammatory and metabolic
biomarkers and metabolic syndrome. Logistic regression showed that both unipolar and bipolar disorder,
female gender, smoking behavior and lipid hydroperoxides were significantly associated with a history of
suicide attempts. The combined effects of oxidative stress, smoking, depression, female gender were
independent from classical risk factors, including marital status, years of education and anxiety.
Conclusions: O&NS as well as lowered antioxidant levels may play a role in the pathophysiology of
suicidal behavior independently from the effects of depression and smoking, both of which are
associated with increased O&NS, and classical suicide predictors, such as years of education and marital
status.

Keywords:

Suicide

Oxidative stress
Inflammation
Metabolism
Depressive disorders
Nicotine dependence

© 2013 Published by Elsevier B.V.

1. Introduction

Activation of inflammatory pathways and oxidative and nitrosa-
tive stress (O&NS), O&NS damage to fatty acids, proteins, DNA,
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mitochondria and consequent autoimmune reactions frequently
occur in depressive disorders (Berk et al., 2011; Maes et al., 2011).
Major depressive disorder is accompanied by a decrease in anti-
oxidant status and an increase in O&NS, which may cause illness
neuroprogression, from neurodegeneration and apoptosis, and
lowered neurogenesis and neuroplasticity, all playing an important
role in the pathophysiology of depressive disorders (Forlenza and
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Miller 2006; Berk et al., 2011; Maes et al., 2011; Leonard and Maes,
2012; Moylan et al.,, 2012; Talarowska et al., 2012).

Depression is accompanied by higher levels of acute phase
proteins and pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a), and interleukin-6 (IL-6) (Nunes et al., 2012).
There are many studies confirming that elevated levels of
C-reactive protein (CRP) predict a higher risk for depression
(Almeida et al., 2007; Hamer et al., 2009; Pasco et al., 2008) even
when other variables are adjusted for, e.g. gender, age, smoking
status, physical activity weight, as well as medication use and
medical conditions (Danner et al., 2003; Elovainio et al., 2009;
Ford and Erlinger, 2004; Liukkonen et al., 2006). These alterations
in oxidative stress and inflammatory pathways may lead to
alterations in neurotransmitters, including serotonin and dopa-
mine, which in turn may be associated with suicidal behavior
(Miller et al., 2009; Raison et al., 2006). To the best of our
knowledge there are no data linking O&NS to suicide attempts,
although one report showed lower levels of carotenoids in subjects
with a history of suicide attempts (Li and Zhang, 2007). There
are also some data that activation of immune-inflammatory path-
ways may occur in association with suicidal acts. Higher concen-
trations of plasma soluble interleukin-2 receptor (S-IL-2R) were
detected in suicide attempters who were free of medication
compared to healthy controls, suggesting T cell activation
(Ndssberger and Traskman-Bendz, 1993). Mendlovic et al. (1999)
reported a Thl-like response in suicide attempters. Kim et al.
(2007) on the other hand found lowered IL-2 and IL-6 production
in depressed suicidal patients. To the best of our knowledge there
are no data relating suicide attempts with acute phase proteins,
such as CRP and fibrinogen and pro-inflammatory cytokines, such
as TNFa.

Previous studies have reported that smoking is associated with
a risk of suicidal behavior and depressive disorders (Malone et al.,
2003; Breslau et al., 2005; McGee et al., 2005; Hughes, 2008;
Goodwin et al., 2013). Other studies have found associations
between prior smoking or nicotine dependence and subsequent
suicidal behavior, which were independent of depression (Bolden
et al., 2008; Bronisch et al., 2008). There is also some evidence that
smoking is associated with activated inflammatory pathways
(Nunes et al., 2012) and that nicotine dependence is similarly
associated with oxidative stress (Rytild et al., 2006). In addition,
the smoking-suicide nexus may be explained, in part by depletion
of serotonin (Malone et al., 2003; Sublette et al., 2011).

There is also some evidence that metabolic biomarkers of
depression, e.g. lowered levels of cholesterol and in particular
HDL-cholesterol, may be associated with suicidal behavior (Maes
et al.,, 1997). The metabolic syndrome is more frequent in heavy
smokers (more than 20 pack-years) (Chen et al, 2008). Long
term smokers are more insulin resistant and hyperinsulinemic
and also have higher concentrations of plasma triglycerides (TG)
and lower high-density lipoprotein (HDL) cholesterol concen-
trations than nonsmokers (Facchini et al., 1992). Smoking is
also associated with hypercholesterolemia and may be linked
to oxidative stress by reducing isoprostanes (Burke and
Fitzgerald, 2003).

The purpose of this study was to elucidate the association of
different biomarkers in study participants with a history of suicide
attempts compared to those without a history of suicide attempts:
O&NS biomarkers, including nitric oxide metabolites (NOx), lipid
hydroperoxides, malondialdehyde (MDA), advanced oxidation
protein products (AOPP), plasma total antioxidant potential
(TRAP); inflammatory biomarkers, including CRP, fibrinogen, IL-6,
TNFa and erythrocyte sedimentation rate (ESR); and metabolic
biomarkers, including total cholesterol, LDL and HDL-cholesterol,
TG, insulin, glucose, homocysteine, body mass index (BMI) and
metabolic syndrome.

2. Methods
2.1. Study population

Subjects with a history of suicide attempts (n=150) and with-
out suicide attempts (n=201) were recruited from outpatients at
the Centre of Approach and Treatment for Smokers and from staff,
at Londrina State University (UEL), Parand, Brazil. All participants
were men and women aged 18-60 and all ethnicities were
accepted for this study. The study was conducted from March
2011 to July 2012.

Exclusion criteria were presence of medical comorbidities, such
as chronic obstructive pulmonary disease, rheumatoid arthritis,
systemic lupus erythematosus, inflammatory bowel disease, HIV
infection, neurodegenerative and neuroinflammatory disorders,
such as Alzheimer's, Huntington's and Parkinson's disorder, multi-
ple sclerosis and stroke, and conditions such as hemodialysis and
use of interferon-a-based immunotherapy. All these conditions are
known to share peripheral inflammation and cell-mediated
immune activation (Leonard and Maes, 2012).

All study participants had normal blood values on the following
laboratory tests: hemogram, aspartate transaminase (AST), alanine
transaminase (ALT), urea and creatinine.

All subjects had given written informed consent to participate
in the study after the approval of this research by the Ethics
Research Committee at Londrina State University (UEL), number
250/2010.

2.2. Instruments

2.2.1. Questionnaire

A self-reported questionnaire was used to gather information
on socio-demographic, clinical characteristics, smoking status and
life time suicidal behavior.

2.2.2. Major depressive disorder and nicotine dependence

The diagnoses of major depressive disorder and nicotine
dependence were made at interview by a trained clinician using
the semistructured DSM-IV interview (SCID), that was translated
into Portuguese and validated (Del Ben et al., 2001).

2.2.3. The alcohol, smoking and substance involvement screening
test (ASSIST)

The ASSIST is a questionnaire to screen for levels of risk for
alcohol, smoking and substance use in adults (World Health
Organization (WHO), 2002). ASSIST scores were calculated for all
participants. A risk score for alcohol was calculated as low risk
(score 0-3), moderate risk (score 4-26) or high risk (score 227)
(World Health Organization (WHO), 2002).

2.3. Metabolic syndrome

The International Diabetes Federation had generated the pre-
vious definitions of metabolic syndrome (visceral obesity, dyslipi-
demia, hyperglycemia, and hypertension), To assess the presence
of metabolic syndrome, an accordance to these criteria, metabolic
syndrome is defined by central obesity ( waist circumference for
ethnic-specific cutoffs ) and plus any two or more of the following
characteristics: (1) hypertriglyceridemia, serum triglyceride
level=21.69 mmol/L (2150 mg/dL) or on hypolipidemic agent; (2)
low serum high-density lipoprotein cholesterol (HDL-C) level
< 03 mmol/L ( <40 mg/dL) in men or <.29 mmol ( <50 mg/dL)
in women or on hypolipidemic agent; (3) average blood pressure
2130/85 mm Hg or currently taking antihypertensive medication;
(4) high fasting glucose 2100 mg/dL or on oral antidiabetic
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medication. The waist circumference in Europids origen of
294.0 cm for men and of 280.0 cm for women as a diagnostic
criterion of abdominal obesity ( Alberti et al.,2005, 2009). Waist
circumference cut-offs for different ethnicity: waist circumference
in South Asian and South Americans of 290 cm for men and
280 cm for women (Alberti et al., 2005; Lear et al., 2010).

2.4. Laboratory assessments

Peripheral blood samples were collected from all participants
after 12-14 h overnight fasting. We measured serum concentration
of hs-CRP by immunonephelometry system on a BNII analyzer
(Siemens ® System BNTMII, Deerfield, IL, USA). ESR was per-
formed by an automatic analyzer (MicroTest1X - Sire Analytical
Systems, Udine, Italy). The quantitative determination of fibrino-
gen in plasma was based on the Clauss method, measuring the rate
of fibrinogen to fibrin conversion in the presence of excess
thrombin coagulation analyzer, Destiny Plus - Trinity Biotech
GmbH, Lemgo, Germany). Evaluation of lipid hydroperoxides was
carried out by spectrophotometry using an adaptation of the
technique (FOX) described by Jiang et al. (1991). The method is
based on oxidation of ferrous to ferric ions by peroxides under
acidic conditions, which react with the indicator dye (xylenol
orange) and produce a colored complex. The reading was per-
formed in a spectrophotometer (Helios a ThermoSpectronic ®,
Waltham, MA, USA) at a wavelength of 560 nm. The levels of nitric
oxide metabolites (NOx) were assessed by measuring the plasma
concentration of nitrite and nitrate, using an adaptation of the
technique described by (Navarro-Gonzilvez et al., 1998). The
method is based on the reduction of nitrate to nitrite, mediated
by oxidation-reduction reactions occurring between the nitrate
present in the sample and the system cadmium-copper reagent
with subsequent diazotization and colorimetric detection of com-
pound formed by complexation with the Griess reagent at a
wavelength of 550 nm in a spectrophotometer (Helios « Thermo-
Spectronic ®, Waltham, MA, USA). Total plasma antioxidant
capacity (TRAP) was measured by chemiluminescence as
described by Repetto et al. (1996). The 2,2' azo-bis generates
peroxyl radicals rapidly via interaction with carbon-centered
radicals and molecular oxygen. These free radicals react with
luminol (which acts as an amplifier), producing chemilumines-
cence. The addition of plasma reduces the chemiluminescence at
baseline levels for a period (induction time) proportional to the
concentration of plasma antioxidants (TRAP) until free radicals are
regenerated, returning to initial levels of chemiluminescence. This
experiment was conducted in a Beckman g counter, model LS 6000
(Fullerton, CA, USA) in a non-coincident counting mode for 25 min
and with a response range between 300 and 620 nm. The
quantification of advanced oxidation protein products (AOPP) in
plasma used the method described by Witko-Sarsat et al. (1996).
The method is based on the reaction of oxidized proteins with
potassium iodide in acid conditions. The absorbance of the reac-
tion was read in a spectrophotometer (Helios « ThermoSpectronic
®, Waltham, MA, USA) at 340 nm. Malondialdehyde (MDA) is a
secondary product of lipid peroxidation and was determined using
the method described by Jentzch et al. (1996). The method is based
on the reaction of thiobarbituric acid (TBA) with MDA forming
TBA-MDA and the colorimetric complex formed was measured by
a spectrophotometer (Helios o ThermoSpectronic ®, Waltham,
MA, USA) at wavelenghts 535 and 572 nm.

The measurement of total cholesterol (TC), HDL-C, triglycerides
(TGs) and glucose were performed in an automated biochemical
system (Dimension ® RXL, Deerfield, IL, USA). LDL-C was calcu-
lated by Friedewald's equation. Plasma insulin levels were deter-
mined by MEIA (AXSYM, Abbott® Laboratory, Germany). Total
plasma homocysteine levels were measured by chemiluminescent

immunoassay (Immulite 2000 Homocysteine, Diagnostic Proce-
dures Corporation, Los Angeles, CA, USA). The inter-assay coeffi-
cients of variability for all analytes were less than 10%. Assays with
a coefficient of variation > 10% were reanalyzed.

Serum IL-6, and TNF-a levels were measured using commer-
cially available enzyme-linked immunosorbent assay (ELISA)
reagents (Becton Dickinson OptEIA, BD Biosciences Pharmingen,
San Diego, CA, USA).

2.5. Statistical analyses

Contrasts between groups, i.e. subjects with a history of suicide
attempts versus those without, were ascertained by independent
sample t-tests or Mann-Whitney U tests in case of heterogeneity
of variance. Analysis of covariance (ANCOVA) were used to
compare the biomarkers between the groups divided according
to suicide attempts while adjusting for relevant covariates. Analy-
sis of contingence Tables (Chi-square test) or Fisher's exact
probablilty test were used to ascertain the distribution of socio-
demographic and clinical measurements in individuals with sui-
cide attempts versus those without.

Univariate comparisons were initially conducted and then
variables that were statistically significant were included in multi-
variate analyses. A binary logistic regression analysis was carried
out using patients with suicide attempts compared to those
without suicide attempts as the dependent variable.

All analyses were performed using SPSS (Version 20). All tests
were 2-tailed and a p-value of 0.05 was used for statistical
significance.

3. Results
3.1. Socio-demographic and clinical characteristics

Table 1 shows the demographic data and the differences
between subjects with and without a history of suicide attempts.
Analysis of contingency tables showed that there was a significant
association between suicide attempts and female gender. There
was no significant association between suicide attempts and either
age or ethnicity. Individuals without stable relationships and
divorced and widowed individuals showed higher rates of suicide
attempts. There was also a significant association between years of
education and suicide attempts. Smokers showed a significantly
higher prevalence of suicide attempts than non-smokers. There
was no significant association between a history of suicide
attempts and use of alcohol or metabolic syndrome. Subjects with
bipolar depression and anxiety showed higher rates of a history of
suicide attempts.

3.2. Metabolic markers

Table 2 shows the differences in metabolic markers between
individuals with and without a history of suicide attempts. BMI
and waist circumference were significantly higher in subjects with
suicide attempts than in those without. There were no significant
differences in any of the other variables, including glucose, insulin,
cholesterol, either LDL or HDL, and triglycerides.

3.3. Measurements of the inflammatory and O and NS biomarkers

Table 3 shows the measurements of the inflammatory and
O&NS biomarkers between individuals with and without a history
of suicide attempts. There were no significant differences between
both groups in CRP, fibrinogen, ERS, IL-6 and TNFa. Individuals
with suicide attempts had significantly higher levels of NOx and
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lipid hydroxyperoxides than those without suicidal attempts,
whereas TRAP was significantly lower in suicide attempters. Using
depression versus non-depression as a covariate in ANCOVAS did

Table 1
Socio-demographic and clinical characteristics by suicide attempt.

55

not change these results. There were no significant differences in
AOPP or MDA between both groups.

3.4. Suicide attempt, clinical characteristics and laboratory measures

We also examined whether there were differences in any of the
variables between subjects with 1 or subjects with more than

Characteristics Suicide attempt p-value® 1 suicide attempt. The results showed that there were no sig-
No (n=315) Yes(n=27) Total nificant differences in any of the demographic data, including
mood disorders, anxiety, use of psychopharmacologic drugs,
n % N % no % positive family history or smoking, and inflammatory and O&NS
biomarkers (Table 4).

Gender 0.009
Female 202 (641) 24 (88.9) 226 (66.1)

Male 113 (359) 3 (111) 116 (33.9) 3.5. Logistic regression

Age group 0.610
18-29 15 (48 2 (74 17 (30) Table 5 shows the outcome of a binary logistic regression
Zgjg ]2; E}é?; 12 EE?? ]gg E}ég)) analysis with the groups according to suicide attempts as depen-
50-60 17 (371) 7 (259) 124 (363) dent variable and gender, smoking, unipolar and bipolar depres-

Race 0373 sion and inflammatory, O&NS and metabolic biomarkers as
Caucasian 213 (676) 21 (778) 234 (684)

Black 35 (111) 1 (3.7) 36 (10.5)

Yellow 16 (5.1) 0 (.0) 16 (4.7)

Mixed 51 (162) 5 (185) 56 (164) Table 3
Marital status 0.000 Laboratory measures by suicide attempt.

Single 45 (143) 6 (222) 51 (14.9)

Stable relationship 217 (68.9) 9 (33.3) 226 (66.1) Laboratory Suicide attempts p-value®

divorced/separated 48 (15.2) 9 (333) 57 (16.7) measures

Widow 5 (1.6) 3 (111) 8 (23) No Yes Total
Years of education 0.007
< =12 years 129 (42.0) 18 (692) 147 (441) Mean SD Mean SD Mean SD
> =13 years 178 (580) 8 (30.8) 186 (55.9)

Smoking 0.000 CRP 32 (44) 39 (34) 33 (43) 0059
No 188  (59.7) 3 (111) 191 (55.8) Fibrinogen 343.0 (71.0) 356.6 (60.2) 3441 (70.3) 0.219
Yes 127 (403) 24 (88.9) 151 (44.2) ERS 135 (11.2) 181 (13.5) 13.8 (11.4) 0.109

Alcohol (ASSIST) 0.142 IL-6% 4.8 (12.3) 26 (3.7) 44 (114) 0152
Low risk 292 (93.0) 23 (852) 315 (924) TNF-alpha® 93 (154) 83 (127) 91 (15.0) 0131
Moderate risk 22 (7.0) 4 (148) 26 (76) NOx 39 (23) 5.0 (18) 40 (23) 0.001

Mood disorder 0.000 Lipid 09 (4) 1.3 (.7) 1.0 (4) 0.001
No depression 199 (632) 2 (74) 201 (58.8) hydroperoxides
Unipolar depression 85 (27.0) 7 (25.9) 92 (26.9) AOPP 1051 (43.7) 1158 (42.2) 106.0 (43.6) 0.111
Bipolar depression 31 (98) 18 (66.7) 49 (14.3) TRAP 829.8 (135.1) 755.8 (120.6) 824.0 (135.3) 0.005

Metabolic syndrome 0.183 MDA 15.8 (5.8) 159 (5.2) 15.8 (5.8) 0.713
No 225 (714) 16 (59.3) 241 (70.5)

Yes 90 (286) 11 (40.7) 101 (29.5) Note: All variables except TRAP were not normally distributed.

Anxiety 0.000 2 The mean and SD for IL-6 and TNF-alpha are calculated only for the smokers
No 191 (60.6) 2 (74) 193 (56.4) and for the other laboratory measurements the full sample (i.e. smokers and non-
Yes 124 (394) 25 (926) 149 (43.6) smokers) was used.

" The p-value for all the variables except TRAP is based on the Mann-Whitney
2 The p-value is based on the Chi-square statistic. test and for TRAP it is based on the independent sample t-test.
Table 2
Metabolic characteristics by suicide attempt.
Metabolic characteristics Suicide attempts p-value®
No Yes Total
Mean SD Mean SD Mean SD

BMI 268 (5.0 292 (5.3) 27.0 (5.1) 0.033

Systolic 1222 (19.2) 123.7 (15.5) 122.3 (19.0) 0.659

Diastolic 78.6 (12.7) 82.2 (13.4) 78.9 (12.8) 0.233

Waist circumference 90.3 (12.7) 95.7 (7.4) 90.6 (12.5) 0.015

Hip circumference 105.6 (11.5) 109.1 (8.5) 105.8 (11.3) 0.133

Plasma glucose 90.3 (16.9) 90.8 (9.6) 90.3 (16.4) 0.804

Total cholesterol 195.1 (39.7) 199.0 (49.7) 195.4 (40.5) 0.694

HDL 47.6 (14.8) 46.9 (9.7) 47.5 (144) 0.719

LDL 1216 (35.7) 124.9 (44.6) 1218 (36.4) 0.709

Ratio of total cholesterol/HDL 4.4 (1.5) 4.4 (1.6) 4.4 (1.5) 0.959

Ratio of LDL/HDL 238 (12) 2.8 (13) 2.8 (12) 0.980

Triglycerides 128.7 (80.0) 134.0 (63.4) 129.1 (78.8) 0.685

Insulin 9.4 (5.6) 96 (3.6) 9.4 (5.5) 0.764

Homocysteine 13.2 (4.8) 13.2 (4.2) 13.2 (4.7) 0.989

2 The p-value is based on the independent sample t-test.

Please cite this article as: Odebrecht Vargas, H., et al., Oxidative stress and lowered total antioxidant status are associated with a history
of suicide attempts. Journal of Affective Disorders (2013), http://dx.doi.org/10.1016/j.jad.2013.05.016



http://dx.doi.org/10.1016/j.jad.2013.05.016
http://dx.doi.org/10.1016/j.jad.2013.05.016
http://dx.doi.org/10.1016/j.jad.2013.05.016

H. Odebrecht Vargas et al. / Journal of Affective Disorders u (anun) nun—-nnn 56

explanatory variables. This regression analysis showed that uni-
polar and bipolar depression, gender, smoking behavior and lipid
hydroperoxides increased the odds of suicide attempts. The
combined effects of oxidative stress, smoking, depression, female
gender are independent from classical risk factors, including
marital status, years of education and anxiety. These factors were
not significant in this analysis. Other O&NS biomarkers were
marginally significant, e.g. NOx, AOPP, and MDA. TRAP, the inflam-
matory and metabolic biomarkers were not significant in this
analysis.

4. Discussion

The first major finding of this study is that O&NS, but not
inflammatory and metabolic biomarkers, are related to a history of

Table 4
Number of suicide attempts by mood disorder, anxiety, drug and smoking history
and laboratory measures.

Characteristics Number of suicide attempts p-value®

1 (n=14) >2 (n=13)

n % n %
Bipolar depression 8 (57.1) 10 (76.9) 0.420
Anxiety 13 (92.9) 12 (92.3) 1.000
Psychopharmacologic drugs 5 (35.7) 6 (46.2) 0.704
Family psychiatric history 8 (61.5) 7 (53.8) 0.999
Smoking 12 (85.7) 12 (92.3) 1.000
Laboratory measures Mean SD Mean SD p-value®
CRP 3.8 (4.3) 4.1 (2.2) 0.374
IL-6° 39 (4.8) 1.2 (.6) 0.251
TNF-alpha® 8.7 (15.9) 7.9 (8.9) 0.809
NOx 51 (1.9) 4.8 (1.8) 0.560
Lipid hydroperoxides 12 (.5) 15 (.9) 0.430
AOPP 1106  (31.8) 1209 (51.5) 0.960
TRAP 746.6  (1243) 7656 (120.7) 0.685
MDA 15.6 (4.2) 16.2 (6.3) 0.519
Fibrinogen 3538 (60.3) 359.7 (62.5) 0.999
ERS 16.2 (11.2) 20.7 (16.2) 0.483

@ The p-value is based on the Fisher Exact Probability test and tests for the Chi-
square test between the listed groups the number of suicide attempts and the other
characteristics.

" The mean and SD for IL-6 and TNF-alpha are calculated only for the smokers
and for the other laboratory measurements the full sample (i.e. smokers and non-
smokers) was used.

¢ The p-value for the laboratory measures is based on the Mann-Whitney test.

Table 5
Logistic regression analysis for odds of suicide attempt.

suicide attempts. The current study demonstrated that patients
with suicidal behavior had significantly higher levels of NOx
(products of nitrates and nitrites), lipid hydroperoxides (a biomar-
ker of oxidative damage to lipids or lipid peroxidation) and lower
levels of TRAP (a biomarker of total anti-oxidant defenses) than
subjects without a history of suicide attempts. Studies examining
the association of O&NS markers with suicidal behavior are
limited. One study found that higher concentration of plasma
nitric oxide in patients with recurrent depressive disorder was
associated with the severity of depressive symptom and cognitive
impairment (Talarowska et al., 2012). Our findings on lower levels
of antioxidant defenses extent those of a previous study showing
lower carotenoid levels in subjects with a history of suicide
attempts (Li and Zhang, 2007).

Many pathways may explain the association between O&NS
and suicidal behavior. First, O&NS and lowered levels of antiox-
idants may cause neuroprogression. Data were recently published
linking neuroprogression to suicide (Underwood and Arango,
2011). Second, O&NS may cause secondary autoimmune responses
damaging neurotransmitters and mounting an autoimmune
response to the damaged epitopes (Maes et al., (1996)). There
are data linking suicide to central autoimmune reactions directed
against dopamine (Bergquist et al., 2002). Third, oxidative stress is
a mechanism activating IDO, which in turn may increase the
production of tryptophan catabolites (TRYCATs), e.g kynurenine
(Maes et al., 2011). Recent data show increased plasma kynurenine
levels in suicide attempters (Sublette et al., 2011). Activation of the
TRYCAT pathway also causes decreased levels of serotonin (Maes et al.,
2011), which is related to suicidal behavior (Malone et al. 2003).

The second major findings is that smoking and bipolar depres-
sion are associated with a history of suicide attempts. Our data
linking smoking with suicide are consistent with previous reports
that have shown that current smoking and depressive disorders
are associated with subsequent suicidal behavior (Malone et al.,
2003; Breslau et al., 2005; McGee et al., 2005; Hughes et al., 2008;
Goodwin et al., (2013)). Person with mental disorders and depres-
sion have increased rates of smoking than persons without mental
disorders or depression (Lasser et al., 2000). Therefore, it is
necessary to consider the cumulative effects of depression and
smoking on suicide rates. Doing so, we found that depression,
either unipolar or bipolar, and smoking have cumulative effects on
suicide attempt rates. Patients with affective disorders, either
unipolar or bipolar, have a high risk of subsequent suicide
(Lester, 1993). Lester (1993) reported that bipolar disorder is
associated with an increased number of suicide attempts (Lester,
1993). Disalver (2006) similarly found a significant correlation

Variables OR 95% CI p-value
Lower Upper
Gender? Female 6.66 1.09 40.72 0.040
Smoking® Smoker 6.59 1.40 31.12 0.017
Mood disorder® Unipolar depression 9.79 1.52 63.01 0.016
Bipolar depression 45.68 7.18 290.46 0.000
Oxidative stress markers CRP 0.96 0.82 111 0.566
Nox 1.25 0.97 1.60 0.083
Lipid hydroperoxides 5.19 1.68 15.98 0.004
AOPP 1.01 1.00 1.03 0.054
TRAP 1.00 0.99 1.00 0.240
MDA 0.93 0.84 1.01 0.099
Fibrinogen 1.00 0.98 1.01 0429

Note: Other variables like metabolic syndrome, anxiety, BMI, years of education, marital status, etc. were initially introduced into the model but they were not statistically.

@ Reference groups: Gender—male; smoking—non-smoker; mood disorder—no depression.
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between bipolarity and suicidal ideation among a sample of 311
adolescents (Disalver, 2006).

A third important finding is that unipolar and bipolar depres-
sion, gender, smoking behavior and lipid hydroperoxides have
cumulative effects predicting a history of suicide attempts.
Moreover, the combined effects of oxidative stress, smoking,
depression, female gender are independent of the effects of
classical risk factors, including marital status, years of education
and alcohol abuse. The latter well-known predictors of suicide risk
were not significant or no longer significant after considering the
effects of depression, oxidative stress and smoking. This could
indicate that the effects of classical social predictors are mediated
via depression, smoking or oxidative stress. Indeed, psychological
stress and psychosocial stress may cause increased reactive oxygen
species, O&NS and damage to lipids and DNA (Maes et al., 2011).

The fourth major finding of this study is that a lifetime history
of suicide attempts is not related to the presence of metabolic
syndrome. On the other hand, we found significantly higher values
of BMI and abdominal circumference in individuals with suicide
attempts. Since most persons with metabolic syndrome have
abdominal obesity, these data could suggest a relationship
between a history of suicide attempts and metabolic syndrome
(Alberti et al., 2009). However, after introducing other variables,
including O&NS biomarkers, in multivariate analyses these asso-
ciations disappeared. It is important to analyze these data with
mutivariate analyses because the variables may be interrelated,
e.g. depression, smoking, suicide, inflammation and O&NS. For
example, metabolic syndrome is more frequent in current smokers
than in those who have never smoked (Chen et al., 2008). There
was a weak association between depression and low high-density
lipoprotein cholesterol but not with other component criteria of
the metabolic syndrome (Foley et al., 2010). In addition, there are
some studies regarding the relationship between cholesterol and
depression and suicide. Some studies found that subjects with
both obesity and the metabolic syndrome had more depressive
symptoms than those without (Capuron et al., 2008; Williams
et al,, 2009). In both men and women, the metabolic syndrome
was associated with an increased prevalence of depression
(Skilton et al., (2007)) and the prevalence of the metabolic
syndrome in patients with depression is high (Kozumplik and
Uzun, 2011). There was a weak association between depression
and low high-density lipoprotein cholesterol but not with other
component criteria of the metabolic syndrome (Foley et al., 2010).

Previous studies found that serum HDL-C levels were signifi-
cantly lower in depressed men who had at some time made
serious suicidal attempts than in those without such suicidal
behavior (Maes et al., 1997). There are also studies showing that
suicidal ideation is associated with lower serum cholesterol and
HDL-cholesterol levels (Kim and Myint, 2004; Rabe-Jabloriska and
Poprawska (2000)). There was also a weak association between
depression and low HDL-cholesterol (Foley et al., 2010). Never-
theless, other studies have not found significant differences in serum
cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides
between patients who had attempted suicide and those who had
not. Low serum cholesterol levels did not predict subsequent suicide
(Fiedorowicz and Coryell, 2007). Given these conflicting data
between low serum cholesterol levels and suicide, researchers have
postulated that there may be a relationship between altered lipid
metabolism and changes in serotonin functioning (Sansone, 2008).

Finally, our findings that suicidal attempts are not related to
inflammation contrasts some previous findings. Those people with
major depressive disorders who were suicidal had significantly
lower IL-2 compared with non-suicidal patients and normal controls
Non-suicidal with major depressive disorders participants had
significantly higher IL-6 production than suicidal with major
depressive disorders patients and normal controls (Kim et al.,

2008). Levels of high-sensitivity C-reactive protein (CRP), interleukin
-6 (IL-6), and soluble receptor tumor-necrosis-factor alpha (TNF-a)
have been reported to be significantly higher in twins with meta-
bolic syndrome, free of symptomatic cardiovascular disease. Adjust-
ing for these associations is also important for inflammatory
biomarkers. For example, after adjusting for the effects of metabolic
syndrome, the relationships between severity of depression and
inflammatory biomarkers, including CRP and IL-6, remained sig-
nificant even after adjusting for age, education, and current smoking
(Capuron et al., 2008).

There are several strengths in our study: (a) many potential
confounders were included in our study, such as classical risk
factors for suicide and putative risk factors, such as metabolic
syndrome, BMI, age, and sex; and (b) by using multivariate
statistical analyses we have controlled for the cumulative effects
of important risk factors, such as smoking, bipolar depression and
oxidative stress. Limitations of this study are: (a) all participants
were recruited from the center for smoking cessation treatment,
while it is known that women tend to seek more assistance for
smoking cessation than men. (b) The inflammatory, O&NS and
metabolic biomarkers were assessed at baseline and correlated
with a history of attempted suicide. Obviously, in such analyses
only trait markers may come out significantly, whereas state
markers may not be significant in the analyses. This may perhaps
explain the lack of correlation between suicide attempts and the
inflammatory biomarkers, which are more state-related than
O&NS damage biomarkers. For example, Suchankova et al,
(2012) reported a significant association between suicide attempts
and a polymorphism located in the CRP gene, i.e. +1444C allele.
(c) Finally, many factors undoubtedly contribute to the develop-
ment of suicidal behavior including inherited and environmental
factors. Not all of these factors are known. Therefore, our results
can only delineate associations and not causality.

In conclusion, these results show that there is a positive
association between O&NS biomarkers, i.e. lipid peroxidation,
nitrosative stress and lowered total antioxidant levels, and a
history of suicide attempts. In addition, we found that smoking
behavior, bipolar depression and O&NS independently from
each other are associated with a history of suicidal attempts.
No associations were found between the latter and inflammatory
or metabolic biomarkers.
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6 CONCLUSOES E CONSIDERAGOES FINAIS

Os resultados dos artigos demonstraram que fumantes depressivos
apresentavam niveis maiores de NOXx, fibrinogénio, PCR, AOPP, VHS e menores
niveis de TRAP, quando comparados ao grupo de individuos que ndo apresentavam
transtornos depressivos e nunca fumaram. Foram verificadas, ainda, alteracbes
significativas nas concentragbes do NOx, lipidios hidroperéxidos, AOPP, TRAP e
fibrinogénio nos fumantes depressivos quando comparados aos outros grupos. Foi
demonstrado também que os individuos com transtornos depressivos e transtornos
por uso do tabaco apresentavam maior incapacitacido para o trabalho, com maior
gravidade dos sintomas depressivos, assim como maior risco para tentativas de
suicidios, quando comparados aos demais grupos. As alteragbes no estresse
oxidativo e nos marcadores inflamatorios permaneceram significativas, apds os
dados serem ajustados pelo género, idade, anos de educacéo, incapacidade para o
trabalho e pelas medidas laboratoriais. Individuos com historico de tentativas de
suicidio tinham niveis significativamente mais elevados de NOx e de hidroperoxidos
lipidicos e baixo TRAP, em comparagao com outros sem tentativas de suicidio. Nao
houve associagdo significativa entre a histéria de tentativas de suicidio e
biomarcadores inflamatérios e metabdlicos e sindrome metabdlica. A regressao
logistica mostrou que tanto o transtorno depressivo unipolar como o bipolar, no sexo
feminino, o comportamento de fumar e hidroperoxidos lipidicos foram
significativamente associados com um histérico de tentativas de suicidio. Os efeitos
combinados do estresse oxidativo, tabagismo e depresséo, no sexo feminino, eram
independentes de fatores de risco classicos, incluindo estado civil, anos de
escolaridade e ansiedade.

Pacientes com comportamento suicida tiveram niveis
significativamente mais elevados de NOx, hidroperéxidos lipidicos e menores niveis
de TRAP do que pacientes sem um historico de tentativas de suicidio.

Nossos dados estdo de acordo com outros estudos que demonstram
a associacao dos marcadores de estresse oxidativo e da atividade inflamatéria nos
processos depressivos e que podem ser agravados pela comorbidade com o
transtorno por uso de tabaco. Estes achados ajudam a entender melhor a
associagao de enfermidades comuns em grande parte dos pacientes e abre caminho

para o desenvolvimento de novas terapéuticas efetivas e com melhor resolutibilidade
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para o transtorno depressivo e para o transtorno por uso de tabaco, reduzindo a
morbidade e a mortalidade.

Para nosso sistema de saude é importante ressaltar que fumantes
depressivos sao muito comuns na pratica clinica, e o desconhecimento de que
ambas as enfermidades interagem pode piorar o progndstico e contribuir para uma
desordem neurodegenerativa. Desta forma, € indispensavel para o clinico tratar

ambas as comorbidades precocemente.
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Universidade Estadual de Londrina/ Hospital Universitario Regional Norte do Parana
Registro CONEP 268

'Parecer de Aprovacao N° 250/10
| CAAE N° 0230.0.268.000-10 Londrina, 19 de outubro de 2010.
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| CCS/DEPARTAMENTO DE CLINICA MEDICA

Prezada Senhora:

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina/ Hospital Universitario Regional Norte do Parana’ (Registro CONEP 268)—
de acordo com as orientacbes da Resolugdo 196/96 do Conselho Nacional de Saude/MS e
| Resolugdes Complementares, avaliou o projeto:
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‘ Prof®. Dra. Alexandrina Aparécida Maciel
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ANEXO B

Questionario

AMBULATORIO DE TABAGISMO — AVALIAGAO CLINICA

Instrumento Nimero: |___ | || Data da primeira avaliagao: / /

Etiqueta de Identificacao

1. Populagéo:

01.Tabagista Depressivo

02. Tabagista Nao Depressivo
03. Depressivo Nao Tabagista

04. Controle Saudavel

| - Caracterizagao Socio-demografica da clientela

Nome/Apelido:

. Data de Nascimento: _ /__ / . 3. Idade (em anos):

. Naturalidade: 5. Género: 1. Masculino 2. Feminino

. Situacao conjugal:

2
4
6
1. Solteiro 2. Unido estavel 3. Separado/Divorciado 4. Viuvo
7. Cor da pele:
1. Branca 2. Negra 3. Amarela 4. Mulata 5.Parda 6. Indigena
8. Anos de estudo:
9. Nivel de Escolaridade: 01. Analfabeto 02. Alfabetizado 03. Fundamental
incompleto
04. Fundamental Completo 05. Médio Incompleto 06. Médio Completo
07. Superior Incompleto 08. Superior Completo 09. Pés-graduacgéo lato sensu
10. P6s-graduacgéo stricto sensu
10. Reside:

1. Sozinho 2. Parceiro 3. Familia 4. Familiares 5. Asilo 6. Outros
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Endereco:

Municipio: CEP: Estado:

Telefone Contato: Celular:

Ramal:

Il - Situagao de Trabalho 1
13. Local de Trabalho:

Endereco:
Municipio: CEP: Estado:

14. Formacéo:

15. Profissao:

16. Ocupacao:

17. Relacéo com o trabalho:
1. Formal 2. Informal 3. Autbnomo 4. Servidor Publico
18. Situacgao trabalhista:
1. Desempregado 2. Auxilio-desemprego 3. Atividade ndo Remunerada
4. Atividade Remunerada 5. Auxilio-doenga 6. Estudante 7. Aposentado 8.
Outro

19. Possui doenga que o afaste do trabalho: 1. sim 2. n&o

20. Qual é a doenca?

21. Esta doenca torna-o incapaz para o trabalho? 1.sim 2. né&o
22. No ultimo més, quantos dias ficou afastado das suas atividades laborais?

23. Qual foi o motivo/doenca?

24. No ultimo ano, quantos dias ficou afastado das suas atividades laborais?

25. Qual foi o motivo/doencga?

26. Esta doenca o incapacitou para as atividades domésticas? 1.sim 2. nao
27. Teve alguma internagao geral recente:1. sim 2. nao

28. Por quantas vezes foi internado?

29. Quantos dias duraram cada internacao?
Il - DADOS DE ENCAMINHAMENTO

32. A procura deu-se:

1. Voluntariamente 2. Por encaminhamento médico ou clinica 3. Sugestao familiar
4. Sugestao amigo 5. Sugestao colega de trabalho 6. Outro
IV- ABORDAGEM E TRATAMENTO DO TABAGISTA
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Histéria Pregressa da Doenca

33. (01) Vocé tem ou teve frequentemente aftas, lesdes (feridas) e/ou sangramento na

boca?
1. Sim 2. Nao..
33.1. Esta em tratamento? 1.Sim 2. Nao
34.(02) Vocé tem diabetes mellitus?
1.Sim 2. Néo
34.1. Estad em tratamento? 1.Sim 2. Néo

35.(03) Vocé tem hipertenséo arterial?
1.Sim 2. Nao

35.1. Esta em tratamento? 1.Sim 2. Néo

36. (04) Vocé tem ou teve algum problema cardiaco?
1.Sim 2. Nao

36.1. Qual?

36.2. Esta em tratamento? 1.Sim 2. Néao

37.(05) Vocé tem ou teve frequentemente queimacgéao, azia, dor no estdbmago, ulcera ou

gastrite?
1. Sim 2. Nao

37.1. Esta em tratamento? 1.Sim 2. Nao

38.(06) Vocé tem ou teve algum problema pulmonar?
1.Sim 2. Nao
38.1. Qual?

38.2. Esta em tratamento? 1.Sim 2. Nao

39.(07) Vocé tem alergia respiratoria?
1.Sim 2. Néo

39.1. Esta em tratamento? 1.Sim 2. Nao

40.(08) Vocé tem alergia cutanea?
1.Sim 2. Néao

40.1. Esta em tratamento? 1.Sim 2. Nao

41.(09) Vocé tem ou teve alguma lesao ou tumor maligno?
1.Sim 2. Néo
41.1. Onde (local)?

41.2. Esta em tratamento? 1.Sim 2. Nao

42. (10) Vocé tem ou teve crise convulsiva, convulséo febril na infancia ou epilepsia?
1.Sim 2. Néao

42.1.Esta em tratamento? 1.Sim 2. Ndo

43. (11)Vocé tem anorexia nervosa ou bulimia?
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1.Sim 2. Nao

43.1. Esta em tratamento? 1.Sim 2. Nao

44. (12)Vocé costuma ter crises de depressao ou ansiedade?
1.Sim 2. Nao

44. 1. Esta em tratamento? 1.Sim 2. Nao

45. (13) Vocé faz ou fez algum tratamento psicolégico ou psiquiatrico?
1.Sim 2. Néo

45. 1. Esta em tratamento? 1.Sim 2. Nao

45.2. Qual a medicagéao?

45.3. Vocé ja tentou suicidio? 1.Sim 2. Nao

45.4 Quantas vezes?

45.5 Métodos de tentativa de suicidio

1. Ingestdo de medicamento 5. Arma de fogo

2. Ingestdo de organofosforado 6. Gas

3. Enforcamento 7. Precipitar-se de alturas

4. Arma branca 8. Precipitar-se de carro em movimento
9. Outros

46. (a) Ja fez uso de alguma medicagao, mesmo que nao prescrita por médico, para dormir

Oou se

acalmar?
1.Sim 2. Néo.
46.1. Qual?
50.3. SCID - Transtorno de Humor

0- Sem alteragao de Humor 1- Transtorno Bipolar, tipo Maniaco 2- Transtorno Bipolar, tipo

Hipomaniaco 3- Transtorno Bipolar, tipo Depressivo 4- Transtorno Bipolar, tipo Misto
5- Transtorno Depressivo Maior, Unipolar  6- Transtorno Depressivo Maior, em Remissao
7- Transtorno Distimico 8- Transtorno de Humor, devido a uma Condi¢cdo Médica Geral

9- Transtorno de Humor, Induzido por Substancia 10- Transtorno Bipolar em Remissao

57. (15) Vocé tem ou teve algum outro problema sério de saude que nao foi citado?
1. Sim 2.Nao 57.1.Qual?

57.2. Estd em tratamento? 1.Sim 2. Nao

57.3. Qual?
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58. (16) Algum medicamento em uso atual?
1.Sim 2. Néo
58.1. Qual?

As perguntas 60 e 61 deverao ser respondidas por todos os pacientes do sexo feminino. Se

NAO ir para a questio 62.
60. (18)Esta gravida?
1.Sim 2. Néo

60.1. Quantos meses”?

60.2. Numero gestacgbes

61. (19) Esta amamentando?
1.Sim 2. Néo

Histéria Tabagistica

62. (01) Com quantos anos vocé comecgou a fumar ?

62. (02) Quantos anos fuma:

62.(03) Quantos cigarros fuma por dia?

62.(04) Anos/Maco. (n°cigarros x anos fumando/20)

65. (04) Quantas vezes vocé tentou parar de fumar?

1.De 1 a3 vezes 2. Mais de 3 vezes 3. Nunca tentou (seguir para a questdo 69)

66. (05) Quantas vezes vocé ficou sem fumar por pelo menos um dia?

1.Uma vez 2. Duas vezes 3. Trés vezes 4. Mais de trés vezes 5. Nenhuma vez

67. (06) Quais foram os motivos que levaram vocé a voltar a fumar? (Multipla escolha)

.Bebida [ | .Estressorde Perda [ | .Briga—Raiva [ | .Festa [ ] Tensao [
Alegria |:| .Influéncia |:| .Condicionamento |:| .Medo ganhar peso |:| .Ansiedade |:|
.Sem motivo aparente [ | .Outro [ ]

68. (07) Alguma vez na vida utilizou algum recurso para deixar de fumar?

1. Nenhum 2. Apoio de profissional de saude 3. Leitura em folhetos, revistas, jornais e

outros

4. Medicamento
4.1. Qual?
5. Outros

69. (08) Vocé participou de algum grupo de apoio para abordagem e tratamento do

tabagismo em

algum lugar?

1.Sim 2. Néo

70. Fez uso de tratamento para parar de fumar (pode escolher varias) :

[] []
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. bupropiona [ ] .reposicdo com adesivo .goma .acupuntura [ ]
. homeopatia |:| . grupo terapéutico |:| . apoio de profissionais de saude |:| . outros |:|
medicamentos []

. Qual?

71. A ultima vez que ficou abstinente foi por quanto tempo (em meses)

72. (09) Por que vocé quer deixar de fumar agora? (Pode assinalar varias
alternativas)
. Por que esta afetando minha saude
. Outras pessoas estdao me pressionando
. Pelo bem-estar de minha familia
. Estou preocupado com minha saude no futuro
. Porque meus filhos pedem
. Porque nao gosto de ser dependente
. Fumar é anti-social
. Porque gasto muito dinheiro com cigarro
. Fumar € um mal exemplo para as criancas
. Por conta das restricdes de fumar em ambientes fechados

. Outros

00 dododdogd

73. (10) Vocé convive com fumantes na sua casa?
1.Sim 2. Néo

73.1. Qual o grau de parentesco?

74. (11) Vocé se preocupa em ganhar peso ao deixar de fumar?
1.Sim 2. Nao

Escala de Tolerancia de Fagerstrom — Gravidade a Dependéncia de Nicotina

75. (01) Quanto tempo depois de acordar fuma o primeiro cigarro?

0. Ap6s 60 minutos 1. Entre 31 a 60 minutos 2. Entre 06 a 30 minutos

3. Nos primeiros 5 minutos
76. (02) Vocé acha dificil nao fumar em lugares onde ¢é proibido, como em igrejas,

bibliotecas, local de trabalho, shoppings, etc?

1. Sim 0. ndo

77. (03) Qual o cigarro do dia traz mais satisfagéo?

1.0 primeiro da manha 0. Outros

78. (04) Quantos cigarros vocé fuma por dia?
0. Menos de 10 1.De 11a20 2.De 21a30 3. Mais de 31




79. (05) Vocé fuma mais pela manha?
1. Sim 2. Nao

80. (06) Vocé fuma mesmo doente quando precisa ficar na cama a maior parte do tempo?

1.Sim 0. Nao

80.1. Pontuacao

Histéria Familiar de Tabagismo em Primeiro Grau

81. Seu pai fuma ou ja fumou? 1. Sim 2. Nao

82. Sua mae fuma ou ja fumou? 1. Sim 2. nao

83. Numero de irmaos? 84. Quantos irmaos fumam?
85. Numero de filhos? 86. Quantos filhos fumam?

87. Historia familial: 1. Positiva 2. Negativa 3. Desconhece

88. Historia familiar de transtorno mental:  1.Sim 2. Nao
88.1. Qual familiar?

88.2. Qual transtorno mental?

Exame Fisico — Fase 0

90. Altura do paciente (m): m cm  91. Peso (k): k g

92. IMC — indice de Massa Corpérea (peso/ altura?):

93. PA; X 94. FC: 95.1 Circunferéncia Abdominal:

95.2 Circunferéncia Quadril:

100. Glicemia:
102.1- Colesterol Total: 102.2- Colesterol HDL:
102.3- Colesterol LDL: 102.4- Triglicerideos:

ASSIST 103. (01) Na sua vida qual dessas substancias vocé ja usou (Somente uso nao

médico)

Sim

Z
(O}
o

103.1. Derivados do tabaco (cigarro, charuto, cachimbo, fumo de corda ...)

103.2. Bebidas alcodlicas (cerveja, vinho, destilados — pinga, uisque ...)

103.3. Maconha (baseado, erva, haxixe ...)

103.4. Cocaina, crack (po, pedra, branquinha, nuvem ...)

103.5. Estimulantes como anfetaminas ou ecstasy ( bolinhas, rebites ...)

103.6. Inalantes (cola de sapateiro, cheirinho-da-lold, tinta, gasolina, éter ...)

103.7. Hipnéticos e sedativos (remédios para dormir, diazepan, lorax ...)

o] O O] O] Ol o] o] ©
W| Wl W W W W W w

103.8. Drogas Alucinégenas (como LSD, acido, cha-de-lirio, cogumelos...)
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103.9. Opidides (heroina, morfina, metadona, coldeina ...) 0 3

103.10. Outros, Especificar : 0 3

Se NAO em todos os itens questionar “Nem mesmo quando vocé estava na escola?”.
Se NAO em todos os itens, pare a entrevista e va para a questéo 111.

Se SIM para alguma droga, prossiga para a questao 104 para cada droga usada.

104. (02) Durante os trés ultimos meses, com que frequéncia vocé utilizou essa(s)
substancia(s)
que mencionou?

Nunca 1a2 Mensalmente | Semanalmente | Diariamente ou
vezes quase todo dia
104.1. Derivados do tabaco (cigarro, charuto, 0 2 3 4 6
cachimbo, fumo de corda ...)
104.2. Bebidas alcodlicas (cerveja, vinho, 0 2 3 4 6
destilados — pinga, uisque ...)
104.3. Maconha (baseado, erva, haxixe ...) 0 2 3 4

104.4. Cocaina, crack (po, pedra, branquinha, 0

nuvem ...)

104.5. Estimulantes como anfetaminas ou 0 2 3 4 6

ecstasy ( bolinhas, rebites ...)

104.6. Inalantes (cola de sapateiro, cheirinho-da- | 2 3 4 6

lold, tinta, gasolina, éter ...)

104.7. Hipndticos e sedativos (remédios para 0 2 3 4 6
dormir, diazepan, lorax ...)

104.8. Drogas alucinégenas (como LSD, acido, |(Q 2 3 4 6
cha-de-lirio, cogumelos...)

104.9. Opidides (heroina, morfina, metadona, 0 2 3 4 6
coldeina ...)

104.10. Outras, Especifica 0 2 3 4 6

Se NUNCA em todos os itens da Questao 104, va para a questao 111.

Se SIM para alguns destes itens prossiga respondendo as questées 105 a 110.

105. (03) Durante os trés ultimos meses, com que frequéncia vocé teve um forte desejo ou
urgéncia em consumir? (Primeira droga, depois a segunda droga, etc)

Nunca |1a2 Mensalmente | Semanalmente | Diariamente ou
vezes quase todo dia
105.1. Derivados do tabaco (cigarro, charuto, 0 3 4 5 6
cachimbo, fumo de corda ...)
105.2. Bebidas alcodlicas (cerveja, vinho, 0 3 4 5 6
destilados — pinga, uisque ...)
105.3. Maconha (baseado, erva, haxixe ...) 0 3 4 5 6
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105.4. Cocaina, crack (pd, pedra, branquinha, 0 3 4 5 6
nuvem ...)

105.5. Estimulantes como anfetaminas ou 0 3 4 5 6
ecstasy ( bolinhas, rebites ...)

105.6. Inalantes (cola de sapateiro, cheirinho-da- | 3 4 5 6
lolg, tinta, gasolina, éter ...)

105.7. Hipndticos e sedativos (remédios para 0 3 4 5 6
dormir, diazepan, lorax ...)

105.8. Drogas alucinégenas (como LSD, acido, |(Q 3 4 5 6
cha-de-lirio, cogumelos...)

105.9. Opidides (heroina, morfina, metadona, 0 3 4 5 6
coldeina ...)

105.10. Outras, Especifica 0 3 4 5 6

106. (04) Durante os ultimos trés meses com que frequéncia o seu consumo de (Primeira

droga,

depois a segunda droga, etc) resultou em problemas de saude, social, legal ou

financeiro?
Nunca |1a2 Mensalmente | Semanalmente | Diariamente ou
vezes quase todo dia
106.1. Derivados do tabaco (cigarro, charuto, 0 4 5 6 7
cachimbo, fumo de corda ...)
106.2. Bebidas alcodlicas (cerveja, vinho, 0 4 5 6 7
destilados — pinga, uisque ...)
106.3. Maconha (baseado, erva, haxixe ...) 0 6 7
106.4. Cocaina, crack (p9, pedra, branquinha, 0 4 6 7
nuvem ...)
106.5. Estimulantes como anfetaminas ou 0 4 5 6 7
ecstasy ( bolinhas, rebites ...)
106.6. Inalantes (cola de sapateiro, cheirinho-da- | 4 5 6 7
lolé, tinta, gasolina, éter ...)
106.7. Hipndticos e sedativos (remédios para 0 4 5 6 7
dormir, diazepan, lorax ...)
106.8. Drogas alucindgenas (como LSD, acido, |(Q 4 5 6 7
cha-de-lirio, cogumelos...)
106.9. Opidides (heroina, morfina, metadona, 0 4 5 6 7
coldeina ...)
106.10. Outras, Especifica 0 4 5 6 7




82

107. (05) (Durante os trés ultimos meses, com que frequéncia por causa do seu uso vocé

deixou

de (Primeira droga, depois a segunda droga,etc) vocé deixou de fazer coisas que eram

normalmente esperadas por vocé?

Nunca |1a2 Mensalmente | Semanalmente | Diariamente ou
vezes quase todo dia
107.1. Derivados do tabaco (cigarro, charuto, 0 5 6 7 8
cachimbo, fumo de corda ...)
107.2. Bebidas alcodlicas (cerveja, vinho, 0 5 6 7 8
destilados — pinga, uisque ...)
107.3. Maconha (baseado, erva, haxixe ...) 0 5 6 7 8
107.4. Cocaina, crack (po, pedra, branquinha, 0 7
nuvem ...)
107.5. Estimulantes como anfetaminas ou 0 5 6 7 8
ecstasy ( bolinhas, rebites ...)
107.6. Inalantes (cola de sapateiro, cheirinho-da- | 5 6 7 8
lold, tinta, gasolina, éter ...)
107.7. Hipnoticos e sedativos (remédios para 0 5 6 7 8
dormir, diazepan, lorax ...)
107.8. Drogas alucindgenas (como LSD, acido, |(Q 5 6 7 8
cha-de-lirio, cogumelos...)
107.9. Opiodides (heroina, morfina, metadona, 0 5 6 7 8
coldeina ...)
107.10. Outras, Especifica 0 5 6 7 8

108.(06) H& amigos, parentes ou outras pessoas que tenha demonstrado preocupagdo com

seu

uso de (Primeira Droga, depois a segunda droga, etc)?

NAO, Nunca | SIM, mas ndo nos SIM, nos ultimos
ultimos 3 meses 3 meses

108.1. Derivados do tabaco (cigarro, charuto, cachimbo, fumo de | Q 3 6
corda ...)
108.2. Bebidas alcodlicas (cerveja, vinho, destilados — pinga, 0 3 6
uisque ...)
108.3. Maconha (baseado, erva, haxixe ...) 6
108.4. Cocaina, crack (po, pedra, branquinha, nuvem ...) 6
108.5. Estimulantes como anfetaminas ou ecstasy 6
(bolinhas, rebites ...)
108.6. Inalantes (cola de sapateiro, cheirinho-da-lold, tinta, 0 3 6
gasolina, éter ...)
108.7. Hipnaticos e sedativos (remédios para dormir, diazepan, |(Q 3 6
lorax ...)
108.8. Drogas alucindgenas (como LSD, &cido, cha-de-lirio, 0 3 6
cogumelos...)
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108.9. Opidides (heroina, morfina, metadona, coldeina ...)

108.10. Outras, Especifica

109. (07) Alguma vez vocé ja tentou controlar, diminuir ou parar o uso de (Primeira droga,

depois a segunda droga, etc)?

NAO, Nunca | SIM, mas ndo nos SIM, nos Uultimos
ultimos 3 meses 3 meses

109.1. Derivados do tabaco (cigarro, charuto, 0 3 6
cachimbo, fumo de corda ...)
109.2. Bebidas alcodlicas (cerveja, vinho, destilados — |0 3 6
pinga, uisque ...)
109.3. Maconha (baseado, erva, haxixe ...) 0 3 6
109.4. Cocaina, crack (po, pedra, branquinha, nuvem ...) |0 3 6
109.5. Estimulantes como anfetaminas ou 0 3 6
ecstasy (bolinhas, rebites ...)
109.6. Inalantes (cola de sapateiro, cheirinho-da-lolé, tinta, |0 3 6
gasolina, éter ...)
109.7. Hipndticos e sedativos (remédios para dormir, |0 3 6
diazepan, lorax ...)
109.8. Drogas alucindgenas (como LSD, acido, cha- |0 3 6
de-lirio, cogumelos...)
109.9. Opidides (heroina, morfina, metadona, coldeina ...) |0 3 6
109.10. Outras, Especifica 0 3 6

110. (08) Alguma vez vocé ja usou drogas por injecdo? (Apenas uso nao médico)

0. NAO, Nunca
3. SIM, mas nao nos ultimos 3 meses

2. SIM, nos ultimos 3 meses
110.1 Pontuagao — Hamilton

110.2 Pontuacéo - Tabaco
1.0-3 2.4-26 3. 27 ou mais

110.3 Pontuagao — Bebidas alcodlicas

1. 0-10 2.11-26 3. 27 ou mais




110.4 Pontuacgao - Maconha

1.0-3 2.4-26 3. 27 ou mais

110.5 Pontuacgao — Cocaina, crack

1.0-3 2.4-26 3. 27 ou mais

110.6 Pontuacao — Estimulantes como anfetaminas ou ecstasy

1.0-3 2.4-26 3. 27 ou mais

110.7 Pontuagao - Inalantes

1.0-3 2.4-26 3. 27 ou mais

110.8 Pontuagéo — Hipnéticos e sedativos

1.0-3 2.4-26 3. 27 ou mais

110.9 Pontuagao — Drogas alucinégenas

1.0-3 2.4-26 3. 27 ou mais

110.10 Pontuacao — Opidides

1.0-3 2.4-26 3. 27 ou mais

110.11 Pontuacao — Outras

1.0-3 2.4-26 3. 27 ou mais

137. Sesso6es Terapéuticas

Situacao Paciente (Sit Pac.)
1. Fumante 2. Nao fumante 3. Nao compareceu
4. Lapso recaida 5. Lapso abstinéncia 6. Abandono

Tratamento (Tratam.)

01. Grupo 02. Grupo+adesivo 03. Grupo+goma

04. Grupo+adesivo+goma 05. Grupo+bupropriona 06.
Grupo+bupropriona+adesivo

07. Grupo+bupropriona+adesivo+goma 08.
Grupo+bupropriona+goma

09. Grupo+ISRS 10. Grupo+ISRS+adesivo 11. Grupo+ISRS+goma

12. Grupo+ISRS+goma+adesivo 13. Grupo+nortriptilina 14.
Grupo+nortriptilina+goma

15. Grupo+nortriptilina+adesivo  16. Grupo+nortriptilina+adesivo+goma

17. Nenhum 18. Grupo + outro 19. Outro
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Monéxido de Carbono exalado (CO exal) - PPM e %

Sit.Pac Tratam CO exal Sit. Tratam CO exal

% ppm Pac % ppm
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Avaliagio 9Sessao
1 Sesséo 10 Sess.
2 Sessao 11 Sess.
3 Sessao 12 Sess.
4 Sessao 13 Sess.
5 Sessao 14 Sess.
6 Sessao 15 Sess.
7 Sessao 16 Sess.
8 Sessao 17 Sess.

139.1 Dosagem IL-6 — Fase O:

139.2 Dosagem da PCR - Fase 0:

139.3. 5 HTT — Polimorfismo — Fase 0:

1.12-12 2.12-10 3.10-10 4.9-12 5.9-10 6. 9-9

139.4 TNF a — Fase O:

139.5 IL- 1 - Fase O: ,

139.6 IL- 4 - Fase O:

139.7 IL- 10 - Fase O:

139.8 Potencial Antioxidante Total Plasmatico — (TRAP) - Fase 0:

139.9 Dialdeido Malénico (MDA) - Fase 0:

139.10 Oxido Nitrico (NO) - Fase 0:

139.11 Hidroperodxidos Lipidicos (FOX) - Fase 0:




139.12 Produtos Avancados de Proteinas Oxidadas (AOPP) - Fase 0:

139.13 Hb A1c - Fase 0:

139.14 a1 glicoproteina acida - Fase 0:

139.15 Insulina - Fase 0:

139.16 Gama GT - Fase 0:

139.17 Acido Urico - Fase 0:

139.18 Fibrinogénio - Fase 0:

139.19 Homocisteina — Fase 0:

139.20 Eletroforese Proteina — Fase 0: g/dl

, %
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139.21 Hemograma Anemia — Fase 0: 1- Normal 2- Alterado

139.22 Hemograma Infeccéo — Fase 0: 1- Normal  2- Alterado

139.23 VHS - Fase 0:

139.24 Hepatite B — Fase 0: 1- Reagente  2- Ndo Reagente
139.25 Hepatite C — Fase 0: 1- Reagente 2- Nao Reagente

139.26 HIV — Fase 0: 1- Reagente 2- Nao Reagente

139.27 TGO - Fase 0:

139.28 TGP — Fase O:

139.29 Creatinina — Fase 0:

139.30 Fungao Pulmonar - fase 0:

CVF: | CVF%: VEF;: VEF1%:

VEF4/CVF:

CV:

CV%:
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