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Silva, P.S. Influéncia da suplementacéo de acidos graxos poli-insaturados 6mega-3 nos perfis
de citocinas e lipidico de pacientes portadores de cardiopatia chagésica crénica. Rio de Janeiro,
2017. Tese [Doutorado em Pesquisa Clinica em Doencas Infecciosas] — Instituto Nacional de
Infectologia Evandro Chagas, Fundagéo Oswaldo Cruz.

RESUMO

Introducédo: A Cardiopatia Chagasica Cronica (CCC) é uma cardiopatia de carater inflamatorio, que
ocorre em cerca de 30% dos pacientes infectados pelo protozoario Trypanosoma cruzi. A progressao
para estagios mais avancados da CCC esta associada a resposta imune dos individuos infectados, com
producdo de citocinas pro-inflamatdrias e inibicdo de citocinas anti-inflamatorias. Alguns nutrientes
estdo relacionados com a inibicéo e/ou estimulo da producéo de citocinas, entre eles 0s acidos graxos
poli-insaturados (PUFAs - Polyunsaturated fatty acids). Porém, sdo escassos 0s estudos que avaliam
0 estado nutricional de pacientes com doenca de Chagas e ndo ha na literatura dados sobre 0 consumo
alimentar e suplementacdo de PUFAS nessa populacdo. Objetivo: avaliar o efeito da suplementacéo
de acidos graxos poli-insaturados 6mega-3 no perfil de citocinas e no perfil lipidico em pacientes
portadores de CCC. Métodos: Foi realizado um ensaio clinico randomizado, duplo-cego, em maiores
de 18 anos, ambos os sexos, portadores de CCC. Os pacientes foram divididos em dois grupos e
receberam por um periodo de 8 semanas, capsulas de dmega — 3 (1,89 de EPA e 1,2g de DHA) ou
placebo (capsulas de 6leo de milho). Foram avaliados, no inicio e no final do estudo, parametros
antropomeétricos, consumo alimentar, glicemia de jejum, colesterol total, triglicerideos, HDL-c, LDL-
¢, VLDL-c e os marcadores inflamatérios (IL-1p, IL-4, IL-6, IL-8, IL-10, IL-170, IL-33 TNF-a €
IFN-y). Resultados: Foram incluidos no estudo 42 pacientes (21 no grupo 6mega-3 e 21 no grupo
placebo). Houve reducéo nos niveis de triglicerideos (-21.1 vs. -4.1; p=0.05) e melhora nos niveis da
citocina anti-inflamatéria I1L-10 (-10.6 vs. -35.7; p=0.01) no grupo dmega-3. Nao houve alteracdo
significativa na avaliagdo do consumo alimentar, pardmetros antropométricos e demais marcadores
inflamatorios e bioquimicos. Conclusdo: Este estudo demonstrou que a suplementacdo com &cidos
graxos poli-insaturados dmega-3 melhorou o perfil inflamatorio e de lipideos em portadores de CCC.
Esses resultados evidenciam que a suplementacdo com 6mega-3 PUFAS pode ser considerada como

uma nova estratégia na atencao ao portador de CCC.

Palavras Chave: Trypanosoma cruzi, Doenca de Chagas, cardiomiopatia chagésica, &cidos graxos

O0mega-3, avaliacdo nutricional.
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ABSTRACT

Background: Chronic Chagasic Cardiopathy (CCC) is an inflammatory heart disease that occurs in
about 30% of the patients infected by the protozoan Trypanosoma cruzi. In CCC there is an important
immune response with the production of proinflammatory cytokines and inhibition of anti-inflamma-
tory cytokines, which are related to the progression of the disease. Some nutrients are related to the
inhibition and / or stimulation of the production of cytokines, among them polyunsaturated fatty acids
(PUFAS). However, there are few studies evaluating the nutritional status of patients with Chagas'
disease and there are no data on dietary intake and PUFAs supplementation in this population in the
literature. Objective: To evaluate the effect of omega-3 polyunsaturated fatty acid supplementation
on cytokine profile and lipid profile in patients with CCC. Methods: A randomized, double-blind
clinical trial was conducted in 18-year-old men and women with CCC. The patients were divided into
two groups and received, for a period of 8 weeks, omega - 3 capsules (1.8g EPA and 1.2g DHA) or
control (corn oil capsules). Anthropometric parameters, dietary intake, fasting glycaemia, total cho-
lesterol, triglyceride, HDL-c, LDL-c, VLDL-c and inflammatory markers (IL-13, IL-4, IL-6, IL-8,
IL-10, IL-17a, IL-33 TNF-a e IFN-y) were measured before and after the study. Results: Forty-two
patients (21 in the omega-3 group and 21 in the placebo group) were included in the study. There was
a reduction in triglyceride levels (-21.1 vs. -4.1, p = 0.05) and improvement in IL-10 levels (-10.6 vs.
-35.7, p = 0.01) in the omega-3 group. There was no significant change in food consumption, anthro-
pometric parameters and other inflammatory and biochemical markers. Conclusion: This study
demonstrated that supplementation with omega-3 polyunsaturated fatty acids improved the inflam-
matory and lipid profile in patients with CCC. These results show that supplementation with omega-

3 PUFAs may be considered as a new strategy in the care of patients with CCC.

Keywords: Trypanosoma cruzi, Chagas disease, chronic Chagasic cardiopathy, fatty acids omega-3,

nutritional assessment.
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1 INTRODUCAO

A doenca de Chagas é uma doenca negligenciada e um importante problema de saude
publica, principalmente na América Latina, onde é considerada endémica. Nos Gltimos anos
houve uma diminuic¢do do nimero de casos da doenca, principalmente pelo combate aos vetores
(Triatoma infestans e Rhodnius prolixus) e politicas de controle de doadores de sangue (DIAS,
2015; MONCAYO; SILVEIRA, 2009), poréem a Organizacdo Mundial da Saude (OMS) estima
que entre 6 a 7 milhGes de pessoas estejam infectadas no mundo, sendo 5,7 milhdes em 21
paises da America Latina (“WHO | Chagas disease (American trypanosomiasis)”, [s.d.]). A
globalizacdo facilitou a mobilidade de pessoas da América Latina, com isso, locais
considerados ndo endémicos, passaram a relatar casos de doenca de Chagas, como paises da
Europa, América do Norte, Asia e Oceania (COURA; VINAS; JUNQUEIRA, 2014).

O agente etiolégico da doenca de Chagas é o protozoario Trypanosoma cruzi. Os
processos patoldgicos basicos que o T. cruzi induz nos vertebrados sdo a resposta inflamatdria,
as lesbes celulares e a fibrose, que podem ocorrer em diversos 6rgaos e tecidos, sendo
observados com maior frequéncia e intensidade no coragéo, no sistema digestivo e no sistema
nervoso, podendo levar ao comprometimento cardiaco (cardiopatia chagasica) e/ou digestivo
(megaesodfago e megacolon) (BERN, 2015; PEREZ-MOLINA; MOLINA, 2017).

A cardiopatia chagasica cronica (CCC) é uma importante forma clinica da doenca de
Chagas, devido ao seu impacto na morbidade e mortalidade, diminuicdo da qualidade de vida
e limitacdo da capacidade de trabalho, sendo mais precoce e grave no sexo masculino
(HABERLAND et al., 2013; RASSI; RASSI; LITTLE, 2000). As caracteristicas da CCC sdo a
fibrose, as arritmias cardiacas, a insuficiéncia cardiaca, a grande incidéncia de morte subita e
os fenbmenos tromboembdlicos, sistémicos e pulmonares (BENZIGER; DO CARMO;
RIBEIRO, 2017; BERN, 2015). A sua apresentacéo clinica varia de acordo com a duragéo da
doenca e a localizacdo e extensdo de lesdes cardiacas (RASSI; RASSI; LITTLE, 2000). Quando
instalada, a CCC apresenta carater lentamente progressivo, com deterioragdo da funcgdo
miocérdica e alteracfes funcionais e estruturais, que ocorrem pela superposicao de inflamacéo,
destruicdo celular e fibrose (BENZIGER; DO CARMO; RIBEIRO, 2017). O pior prognostico
e a progressdao da CCC associam-se a resposta imune exacerbada com producéo de citocinas
pro-inflamatorias e inibicdo de citocinas anti-inflamatdrias, o que também ocorre em outras
cardiopatias (GUEDES et al., 2012; ROCHA RODRIGUES et al., 2012). Os niveis mais

elevados de inteferon-y (IFN-y) e fator de necrose tumoral-a (TNF-a) séo relacionados a valores
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mais baixos de interleucina-4 (IL-4) e interleucina-10 (IL-10), sendo encontrados nas formas
cardiacas ou nas formas mais graves; e niveis elevados de IL-10 ou moderados de IFN-y estéo
associados a pacientes na forma indeterminada (GOMES et al., 2003; PENAS et al., 2013).

Alguns nutrientes estdo relacionados com a inibi¢ao e/ou estimulo da produgdo de
marcadores inflamatorios, entre eles os 4acidos graxos poli-insaturados (PUFAs -
Polyunsaturated fatty acids), que sdo precursores da biossintese de varios metabolitos
importantes, especialmente os eicosandides (prostaglandinas, leucotrienos, tromboxanas,
lipoxinas, entre outros) que sao sintetizados a partir do acido araquidonico (CALDER, 2013).
Os PUFAs 6mega-6 (como o linoléico - 18:2n-6) e 6mega-3 (como linolénico - 18:3n-3, 4cido
eicosapentaenoico (EPA) — 20:5n-3 e docosahexaenoico (DHA) — 22:6n-3) sdo imprescindiveis
ao organismo e tém importante papel no metabolismo celular, incluindo a fluidez das
membranas, liberacdo de citocinas e moléculas de adesdo em macrofagos. Desta forma,
alteragdes na sua sintese e metabolismo podem estar vinculadas as alteragdes endoteliais e
hemodindmicas que contribuem para o aumento da morbimortalidade cardiovascular
(SIMOPOULOS, 1999). Uma metanalise que avaliou os efeitos da suplementagdo de 6mega-3
PUFAs nos marcadores inflamatorios em pacientes com insuficiéncia cardiaca crdnica
demonstrou uma reducdo nos niveis circulatorios de citocinas TNF-a, Interleucina-18 (IL-1pB)
e Interleucina-6 (IL-6) (citocinas pro-inflamatorias) apds um periodo de suplementagdo que
variou de 3 a 12 meses, utilizando uma dosagem de EPA ¢ DHA de 600 a 5540 mg/dia. Os
dados dessa metanalise sugerem que a suplementacdo com doses maiores de dmega-3 ou o
acompanhamento por um periodo mais prolongado estdo associados a reducdo mais efetiva das
citocinas estudadas (XIN; WEI; LI, 2012). Baseado nesses dados, construimos a hipotese de
que a suplementagdo de omega-3 poderia promover a modulacdo da resposta inflamatoria em
pacientes com CCC, com redugdo de citocinas pro-inflamatorias e aumento das citocinas anti-
inflamatorias.

Portanto, o presente estudo tem por finalidade investigar o efeito da suplementagéo de
PUFAs dmega-3 no perfil lipidico e no perfil de citocinas em portadores de CCC, e também

avaliar o consumo alimentar e estado nutricional nestes pacientes.
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2 REVISAO DA LITERATURA

2.1 Doenca de Chagas

A doenca de Chagas foi descoberta em 1909, em Lassance, interior de Minas Gerais,
por Carlos Ribeiro Justiniano Chagas, pesquisador do Instituto Oswaldo Cruz (KROPF;
AZEVEDO; FERREIRA, 2000). Trata-se de uma doenca infecciosa cujo agente etioldgico € o
T. cruzi, que é um protozoario flagelado da familia Trypanosomatidae. A principal forma de
transmissdo é por contato da pele lesionada e de mucosas com as fezes contaminadas de insetos
vetores da subfamilia Triatominae (Reduviidae) (BENZIGER; DO CARMO; RIBEIRO, 2017).
Outras formas de transmissao sao a transfusdo de sangue, transmissdo congeénita, transplante de
o6rgdos de individuos infectados e acidentes de laboratdrio. Mais recentemente a transmissao
por via oral tem sido relatada na regido Norte do Brasil, ocorrendo pela ingestdo de alimentos
contaminados com o inseto vetor infectado ou suas fezes, como suco de goiaba, acai, caldo de
cana e a ingestdo de carne crua ou mal cozida de animais silvestres contaminados (BELLO
CORASSA et al., 2016; FILIGHEDDU; GORGOLAS; RAMOS, 2017).

A fase aguda da doenca de Chagas é caracterizada por sintomas inespecificos como
febre e mal estar; aumento do volume de linfonodos e hepatoesplenomegalia também podem
ser identificados. Em casos mais raros pode-se observar o chagoma de inocula¢do. A maioria
dos casos de infeccdo aguda ndo é diagnosticada, e menos de 1% dos casos agudos cursam com
sintomas mais graves como meningoencefalite ou miocardite. O periodo de incubacgdo pode
variar de 1 a 2 semanas (BERN, 2015; MALIK; SINGH; AMSTERDAM, 2015).

A evolucdo dos pacientes da forma aguda, que pode durar de poucas semanas a meses,
para as formas cronicas indeterminada, cardiacas e/ou digestivas é acompanhada pelo
desaparecimento gradativo das manifestacfes clinicas, quando presentes, e diminuicdo da
parasitemia (RASSI; RASSI; MARCONDES DE REZENDE, 2012).

A fase crnica pode se apresentar nas formas clinicas indeterminada, cardiaca, digestiva
e mista. Na forma indeterminada os individuos apresentam o exame soroldgico positivo, porém
ndo sdo identificados os sintomas clinicos da doenca, ou alteragcdes nos exames especificos
(MUNOZ-SARAVIA et al., 2012; RIBEIRO; ROCHA, 1998). A apresentacao clinica da forma
cardiaca varia de acordo com o grau de dano miocéardico, podendo ser caracterizada apenas pela
presenca de anormalidades assintomaticas no eletrocardiograma (ECG) ou apresentar uma

ampla gama de manifestac@es, incluindo insuficiéncia cardiaca, arritmias, blogqueios cardiacos,
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morte subita, tromboembolismo e acidente vascular cerebral (BERN, 2015; ROCHA;
RIBEIRO; TEIXEIRA, 2003). Na forma digestiva ha alteracdes em todo trato digestivo,
ocasionadas por lesdes dos plexos nervosos (destruicdo neuronal simpatica), com consequentes
alteracdes da motilidade e morfologia, sendo 0 megaes6fago e 0 megacdlon as formas mais
comuns. As manifestacfes do megaesdfago variam de disturbios de motilidade assintomatica
e acalasia leve a0 megaesofago grave, com sintomas como disfagia, odinofagia, refluxo
esofagico, perda de peso, aspiracdo, tosse e regurgitacdo. O megacdlon é caracterizado por
constipacdo prolongada e pode dar origem a fecaloma, ao volvo e a isquemia intestinal (DE
OLIVEIRA et al., 1998; PINAZO et al., 2010). A forma mista ocorre quando no mesmo
paciente sdo identificadas pelo menos duas formas da doenca (geralmente cardiaca e digestiva).
Aproximadamente 5-10% das pessoas infectadas desenvolvem a forma digestiva e de 20-30%
a forma cadiaca (PRATA, 2001; TANOWITZ et al., 2009).

2.2 Cardiopatia Chagasica Cronica (CCC)

A presenca de cardiopatia em pacientes com doenca de Chagas foi inicialmente descrita
por Carlos Chagas em 1910 quando descreveu a presenca de arritmia cardiaca em pacientes
cronicos e um caso de insuficiéncia cardiaca associada a inflamacgéo do miocérdio e a presenga
de ninhos de parasita durante a autopsia (BESTETTI; RESTINI; COUTO, 2016).

A CCC é uma cardiomiopatia inflamatéria que afeta aproximadamente 30% dos
individuos infectados e ocorre entre 5 e 30 anos apds a fase aguda. Aproximadamente 1/3 dos
portadores de CCC desenvolvem uma forma de cardiopatia dilatada com disfuncéo ventricular,
insuficiéncia cardiaca e arritmia (CUNHA-NETO; CHEVILLARD, 2014).

A CCC é caracterizada pela presenca de anormalidades eletrocardiograficas sugestivas
de comprometimento cardiaco, em individuo sintomatico ou assintomaticos (RASSI JR;
RASSI; MARIN-NETO, 2009). O dano do miocéardio devido a persisténcia do parasito no
tecido e considerado o mecanismo mais importante no desenvolvimento da cardiomiopatia
chagéasica (ZHANG; TARLETON, 1999). Embora necessario para o controle da proliferacéo
parasitaria, a inflamacdo resulta em danos nos tecidos que levam a fibrose miocérdica e ao
remodelamento cardiaco que, por sua vez, leva a miocardiopatia chagasica (MACHADO et al.,
2012; TANOWITZ et al., 2009). Também é possivel observar a presenca de arritmias
ventriculares complexas em associagdo com os distdrbios da formagé&o e condugéo do estimulo

elétrico atrioventricular e intraventricular, elevada incidéncia de morte sibita e de fendmenos
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tromboembdlicos, além de disfungdo ventricular direita e aneurismas ventriculares (CRUZ et
al., 2017).

A CCC apresenta carater progressivo e tende a agravar-se pela superposicdo de infla-
macao, destruicdo celular e fibrose (ROSSI, 1998). Existem algumas hipdteses para explicar a
natureza da reacdo inflamatdria cardiaca. Destas, a resposta auto-imune e a persiténcia do
parasita que persistem no coracdo sdo as mais cogitadas (PUNUKOLLU et al., 2007).

Os sintomas e sinais fisicos presentes na forma cronica da cardiopatia chagasica derivam
de trés sindromes essenciais, que podem coexistir no mesmo paciente: insuficiéncia cardiaca
(IC), arritmias, e tromboembolismo sistémico e/ou pulmonar (MARIN NETO; SIMOES;
SARABANDA, 1999).

A Sociedade Americana de Cardiologia (ACC/AHA - American College of Cardiology
and American Heart Association) subdivide os pacientes com doenca cardiaca em quatro
estagios:

» A —presenca de condices clinicas de risco para cardiopatia, sem lesdo estrutural (ex.
hipertensdo arterial sisttmica ou diabetes mellitus), que ja devem iniciar tratamento a
fim de evitar doenca estrutural cardiaca;

« B —presenca de doenca estrutural cardiaca assintomatica;

« C - IC presente ou prévia, controlada com tratamento;

D —IC refratéria.

O Consenso de Doenca de Chagas (DIAS et al., 2016) apresenta a classificacdo da CCC
adaptada por Xavier et al. (2005) (XAVIER; SOUSA; MORENO, 2005), aplicando a
classificagdo de insuficiéncia cardiaca da ACC/AHA para a doenca de Chagas, permitindo
identificar subgrupos distintos do ponto de vista prognostico e terapéutico. Segundo esses
mesmos autores, a classificacdo da ACC/AHA aplicada de forma modificada melhora o
desempenho prognostico quando o grupo B € estratificado de acordo com a fragdo de ejecéo do
ventriculo esquerdo (FEVE), conforme apresentado a seguir:

» Estagio A: ECG alterado e ecocardiograma (ECO) normal;

» Estagio B: ECO alterado e IC ausente;

- B1: FEVE >45%;
- B2: FEVE <45%;
» Estagio C: IC compensada;

» Estagio D: IC refrataria.
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O tratamento da CCC nos estagios assintométicos ou leves da IC tem por objetivo
retardar a evolugdo da doenga, e nos estagios mais avancados, melhorar a qualidade de vida e
a sobrevida dos pacientes. Recomenda-se dieta para correcdo da obesidade e manutencéo do
peso ideal; ingestdo controlada de sal: 3 a 4g/dia de cloreto de sodio para aqueles com doenca
leve e moderada ou 2g/dia para 0s casos mais graves; restricdo hidrica nos casos mais graves;
ndo ingestdo de bebida alcoolica; atividade fisica individualizada de acordo com o grau da

insuficiéncia cardiaca e a idade do paciente (DIAS et al., 2016).

2.3 Estado nutricional e Doenca de Chagas

S&o poucos os estudos que relatam o estado nutricional dos pacientes com doenca de
Chagas. Os estudos que avaliaram os pacientes com a forma digestiva da doenca encontraram
um elevado percentual de desnutricdo. Um estudo avaliando pacientes com megaesofago
chagésico (n=27), avaliados pelos métodos de Avaliacdo Nutricional Subjetiva Global (ANSG)
e Indice de Massa Corporal (IMC) encontrou cerca de 66,7% e 63% respectivamente, dos
pacientes com diagndstico de desnutri¢do, de acordo com cada um dos métodos (PENHAVEL
et al., 2004). Em outro estudo foi avaliado o estado nutricional de 33 pacientes com diagnéstico
de megacolon chagasico, demonstrando que 63,6% dos pacientes encontravam-se desnutridos
(VIEIRA et al., 1996). Porém, outro estudo que avaliou pacientes diagnosticados com
megaesdfago chagasico (n=10), encontrou apenas um paciente com desnutri¢cdo, os demais
foram classificados em eutrofia ou sobrepeso, mas quando avaliaram a porcentagem de perda
de peso nos dltimo seis meses, esta foi considerada grave (> 10%) em 8 pacientes (CELANO
et al., 2007). Embora o nimero total de pacientes avaliados seja reduzido, parece haver uma
associacdo entre formas digestivas avancadas e desnutricéo.

Estudo realizado em Sao Paulo avaliou o estado nutricional de 66 pacientes portadores
da doenca de Chagas atendidos no ambulatorio de nutricdo entre 2002 e 2006. Foi observada
uma elevada prevaléncia de sobrepeso e obesidade (94%) e perimetro da cintura aumentada em
55% dos individuos. A forma indeterminada da doenca foi a mais prevalente com 71% dos
casos. A prevaléncia de dislipidemia foi de 74%, sendo que em 36,4% dos pacientes foi
diagnosticada dislipidemia mista, em 22,7% hipercolesterolemia e 15,1% hipertrigliceridemia
(GERAIX et al., 2007). O estudo sugere que nos anos mais recentes, a populagdo com doenca
de Chagas de um grande centro urbano sem sintomas digestivos ou cardiacos parece estar
sujeita aos mesmos riscos metabolicos que aqueles sem doenca de Chagas, configurando uma

mudanca historica neste perfil populacional, antes mais acometido por determinantes sociais.
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Um estudo realizado na coorte de Bambui, Minas Gerais, teve como objetivo investigar
a associagédo do estado nutricional e a infecc¢do cronica pelo T. cruzi em uma populagéo idosa.
Foram incluidos no estudo 1479 pessoas, 38,1% destes com sorologia positiva para T. cruzi. Os
idosos com sorologia positiva para T. cruzi apresentaram valores significativamente menores
para IMC, perimetro da cintura (PC), perimetro braquial (PB), perimetro muscular do brago
(PMB) e area muscular do brago corrigida (SANTOS; LIMA-COSTA; PEIXOTO, 2013). Uma
publicacdo deste mesmo grupo discutiu se a associacdo do baixo peso com a infeccao por T.
cruzi, maior hospitalizacdo e menor renda poderia refletir na perda de peso secundaria a doencas
ou a privacao social do idoso nesta comunidade (BARRETO; PASSOS; LIMA-COSTA, 2003).
Outro estudo realizado na coorte de Bambui demonstrou que o IMC mais elevado (30-32kg/m?)
foi associado com menor taxa de mortalidade absoluta em uma populacéo idosa, mesmo com
alta prevaléncia de doenca de Chagas (n = 1271), independente da presenca (46-47%) ou
auséncia de doenca cardiaca (20-21%) (BELEIGOLI et al., 2013).

Por fim, em estudo que avaliou o estado nutricional de 100 pacientes com CCC, nos
estagios B, C e D, por meio do IMC, observou uma diminuicdo significativa do IMC de acordo
com os estagios da doenca respectivamente (27,2, 25,7, e 23,8 kg/m?, p < 0,008)
(ECHEVERRIA et al., 2017), sugerindo que condi¢Bes morbidas, sejam cardiacas, ou
digestivas (como previamente descrito) seriam as responsaveis pela alteracdo do estado

nutricional.

2.4 Resposta imunoldgica a infeccdo por T. cruzi

A resposta imunoldgica durante a infeccdo pelo T. cruzi (fase aguda e crénica) é um
importante mecanismo relacionado com a progressdao na doenca de Chagas. A producéo
aumentada de citocinas pré-inflamatorias e a diminuicdo dos niveis de citocinas anti-inflama-
torias podem ser associadas a progressdo da doenca e aumento da morbimortalidade nestes
pacientes (CHAVES et al., 2016; SOUSA et al., 2014). Estudos demonstram que o T. cruzi
induz uma forte ativacdo do sistema imune celular e humoral durante a infec¢do aguda, e que
esta influencia a atividade imune presente na fase crénica (MARIN NETO; SIMOES:
SARABANDA, 1999; MARIN-NETO et al., 2007; SATHLER-AVELAR et al., 2003).

Durante a infecg@o por T. cruzi muitas células do sistema imune inato, como ceélulas
dendriticas, macréfagos e células “natural Killer” promovem endocitose dos parasitas,
desempenhando um importante papel nesse controle inicial de replicagdo do T. cruzi
(SATHLER-AVELAR et al., 2003). A producdo elevada de citocinas pro-inflamatdrias é



18

necessaria para ativar as respostas efetoras dos linfocitos T, que initerruptamente ou em excesso
podem estar associadas com a patogénese tardia da CCC (GOMES et al., 2003). Por outro lado,
a producao de citocinas pelas células T regulatorias (Treg) esta relacionada ao controle local da
resposta inflamatoria, evitando destruicao tecidual extensiva (GUEDES et al., 2016).

As citocinas sdo importantes mediadores envolvidos na manutengdo do processo
inflamatorio, podendo estimular ou inibir a resposta imune (SHER et al., 1992). Dentre as
diversas citocinas estudadas na infeccdo pelo T. cruzi, o IFN-y tem sido associado, tanto em
modelos experimentais quanto em humanos, com a resisténcia do hospedeiro a infeccdo. O
IFN-y estimula a producgdo de metabdlitos do 6xido nitrico, que tem atividade tripanocida em
macréfagos infectados (BAHIA-OLIVEIRA et al., 1998; GOMES et al., 2003).

Na fase aguda ha estimulo da producéo de citocinas pro-inflamatérias como IL-1p, IL-
6, Interleucina-12 (IL-12), Interleucina-18 (IL-18), Interleucina-27 (IL-27) e TNF-a.. A ativacéao
de macrofagos por TNF-a e IFN-y e a producdo de déxido nitrico desenvolve um importante
papel no controle de crescimento de parasitas (DUTRA; ROCHA; TEIXEIRA, 2005).

Pacientes com CCC avancada apresentam deficiéncia na atividade supressiva
inflamatdria, levando a producdo exacerbada de citocinas pré-inflamatoérias, como TNF-a e
IFN-y pelos leucdécitos, enquanto que individuos com a forma indeterminada da doenga
apresentam niveis mais altos de citocinas regulatorias, como a IL-10 e Interleucina-17a (IL-
170) (BELKAID, 2007; GUEDES et al., 2012). Adicionalmente, a reducdo de células Treg,
associada a reducdo de IL-10 foi correlacionada com o desenvolvimento de formas mais severas
de cardiomiopatia (BELKAID, 2007). A producéo excessiva de IFN- y associada a reducéo dos
niveis de IL-10 pode resultar no controle eficiente da replicacdo do parasita, no entanto a
inflamacéo cronica mediada pelo IFN- y pode contribuir com as lesdes teciduais mais
tardiamente no miocardio (GUEDES et al., 2012).

A producédo de TGF- (Fator transformador de crescimento-p) e TNF-a, que contribuem
para o desenvolvimento e gravidade da cardiomiopatia, estd aumentada na infeccéo por T. cruzi
e este aumento provavelmente estaria relacionado com o processo de fibrose encontrada na
CCC. Esses resultados sugerem que as citocinas podem desenvolver um papel fundamental no
controle da morbidade na doenga cronica (CUNHA-NETO et al., 2009; DUTRA; ROCHA,
TEIXEIRA, 2005; PEREZ-FUENTES et al., 2003).
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2.5 Acidos graxos poli-insaturados

Os PUFAs, 6mega-6 (como o linoléico - 18:2n-6) e dmega-3 (como linolénico - 18:3n-
3) sdo imprescindiveis ao organismo e tém importante papel no metabolismo celular, incluindo
a fluidez das membranas, ativacdo de enzimas e receptores de membrana, acilacéo de proteinas
e regulacdo da expressdo génica (CALDER, 2010). S&o precursores da biossintese de varios
metabolitos importantes, especialmente os eicosandides (prostaglandinas, leucotrienos,
tromboxanas, lipoxinas, entre outros) que sdo sintetizados a partir do acido araquiddnico
(PERINI et al., 2010). As prostaglandinas tém um importante papel fisioldgico, pois participam
de diversos processos como a modulagdo dos processos de contracdo, dilatacdo e
permeabilidade vascular, adesdo leucocitaria, promoc¢ao da agregacao plaquetaria, mobilizacdo
de calcio intracelular, entre outros (SIMOPOULQS, 1999, 2008). Desta forma, alteracdes na
sintese e metabolismo dos PUFAs podem estar vinculadas as alteragcGes endoteliais e
hemodinamicas que contribuem para o aumento da morbimortalidade (CALDER, 2001;
SIMOPOULOS, 1991).

Os PUFAs dmega-3 (EPA e DHA) atenuam a resposta inflamatdria por meio de
dieferentes mecanismos, como alteracdo na constitui¢do de fosfolipideos da membrana celular,
influenciando a sintese de mediadores inflamatério derivados de lipideos, como as
prostaglandinas, os tromboxanos e os leucotrienos (CALDER, 2010; PERINI et al., 2010). A
suplementacdo com PUFAs 6mega-3 promove uma competicdo com o &cido araquiddnico
como precursores da sintese de eicosandides. Essa via favorece a sintese de prostaglandinas e
lucotrienos das séries 3 e 5, em detrimento da das prostraglandina e tromboxanos da série 2 e
leucotrienos da série 4, os quais apresentam propriedade pré-inflamatéria mais exarcebada
(CALDER, 2010). Portanto, o PUFAs dmega-3 limita o efeito pré-inflamatorio, uma vez que
prostaglandinas e tromboxanos de série 3 e lucotrienos de série 5 apresentam potencial pré-

inflamatorio reduzido (Figura 1).
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Figura 1. Producdo de eicosandides derivados de PUFAs 6mega-3 e 6mega-6. AA, Acido
araquiddnico; COX, ciclo-oxigenase; EPA, acido eicosapentanoico; LOX, lipoxigenase; LTB,
leucotrienos; PGE, prostaglandinas; TX, tromboxanos.

A substituicdo dos acidos graxos saturados na dieta por PUFASs reduz o colesterol total
(CT) e a lipoproteina de baixa densidade (LDL-C) plasmatica. Os PUFAs dmega-3 (linolénico,
EPA e DHA) séo encontrados respectivamente nos vegetais (soja, canola e linhaga) e em peixes
de aguas frias (cavala, sardinha, salm&o, arenque). Promovem reducdo dos triglicerideos
plasméticos pela diminuicdo da sintese hepatica de lipoproteina de muito baixa densidade
(VLDL-c) (FRENOUX et al., 2001; SONG et al., 2003; SPOSITO et al., 2007).

O perfil de acidos graxos sérico apresenta uma relagdo com marcadores inflamatérios e
com disfuncéo endotelial. Estudo realizado com pacientes obesos que apresentavam resisténcia

insulinica demonstrou que os PUFAs dmega-6 apresentam associagdo positiva com IL-6,
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enquanto que os PUFAs dmega-3 séricos apresentam associagdo negativa com a proteina C
reativa (FERNANDEZ-REAL et al., 2003).

Os niveis plasmaticos de PUFAs 6mega-3 de cadeia longa (EPA e DHA) estdo
inversamente relacionados ao risco de morte subita (ALBERT et al., 2002) e podem reduzir o
risco de doenca cardiaca isquémica (LEMAITRE et al., 2003). Estes compostos possuem
atividade anti-inflamatdria e seu uso tem sido indicado em doencas inflamatdrias como artrite
reumatdide e doenca de Crohn (GIUGLIANO; CERIELLO; ESPOSITO, 2006). Os PUFAs
0mega-3 reduzem o contetdo de acido araquidénico nas membranas celulares, resultando na
sintese de eicosandides que tém menor propriedade inflamatoria do que aqueles derivados da
familia dos 6mega-6 (CALDER, 2001; GIUGLIANO; CERIELLO; ESPOSITO, 2006). Os
PUFAs 6mega-3 também inibem a sintese de citocinas pro-inflamatérias, como TNF-a, IL-1 e
Interleucina-2 (IL-2) (VON SCHACKY, 2000) e reduzem a expressao de moléculas de adesdo
no endotélio (BROWN; HU, 2001).

Estudo realizado pelo grupo italiano GISSI-HF (TAVAZZI et al., 2008) em 326 centros
cardiologicos e 31 centros de medicina interna selecionou 6.975 pacientes com diagndstico de
insuficiéncia cardiaca para receber uma capsula diaria contendo 1g de PUFAs 0mega-3
(n=3.494) ou placebo (n=3.481). Todos os pacientes foram estimulados a continuar com seu
tratamento medicamentoso regular para insuficiéncia cardiaca. A mortalidade total do grupo
com suplementacéo foi de 27% e, no grupo placebo, 29%. A reducdo absoluta de risco de morte
foi pequena, 1,8%, mas significativa. A admissdo hospitalar por eventos cardiovasculares foi
de 57% no grupo PUFAs dmega-3 versus 59% no placebo. Esta reducdo de risco apresentou
significancia estatistica marginal.

A suplementacdo de 1g /dia de PUFAs dmega-3 em cépsulas, reduziu em 10% os
eventos cardiovasculares (morte, infarto do miocardio, acidente vascular cerebral) em
portadores de doenga arterial coronaria (SPOSITO et al., 2007). Alguns estudos realizados em
adultos saudaveis, para verificar o efeito da suplementacdo de PUFAs dmega-3 na resposta
imunologica, utilizaram dosagens de EPA e/ou DHA que variou de 1g a 99 por dia, semelhante
ao consumo dos Esquimds da Groelandia, que ¢é de 6-14g/dia, o que corresponde a 2,7%-6,3%
do consumo caldrico total (KIM; MCMURRAY; CHAPKIN, 2010). Outro estudo verificou
que a suplementacdo de PUFAs 6mega-3, por 8 semanas, é correlacionado com o aumento do
numero de células mononucleares periféricas enriquecidas com EPA e DHA (DAMSGAARD;
FROKIAER; LAURITZEN, 2008). Na Figura 2 podemos observar de forma esquematica as
principais efeitos esperados da suplementardo dos PUFASs a partir dos dados avaliados pelos

recentes estudos.
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Figura 2. Efeitos da Suplementacdo de PUFAs omega-3

Pelo seu efeito na reducdo dos triglicerideos, os PUFAs podem ser utilizados como
terapia adjuvante na hipertrigliceridemia, ou em substitui¢éo a fibratos, niacina ou estatinas em
pacientes intolerantes (SPOSITO et al., 2007). O FDA (Food and Drugs Administration), em
2004, aprovou a prescricdo de capsulas de PUFAs no tratamento de hipertrigliceridemia (>
500mg/dL) (MCKENNEY; SICA, 2007).

Deve ser destacada a importancia da relacdo dmega-6:0mega-3 na dieta. Na Europa e
Estados Unidos, a relacdo de ingestdo dmega-6:6mega-3 é de 50:1, no Japdo € de 12:1, e nos
Esquimos da Groeléndia de 1:1. A mortalidade por eventos cardiovasculares nessas populagdes
é de 45%, 12% e 7%, respectivamente, o que demonstra que uma dieta equilibrada (com menor
razdo Omega-6:0mega-3), dentre outros fatores, favorece a diminuicdo da mortalidade
cardiovascular (GOODNIGHT; CAIRNS, 1995).

A recomendacdo do Food and Nutrition Board of the National Academies para &cidos
graxos essenciais é de 5 a 10%, para 6mega-6, e de 0,6 a 1,2%, para 6mega-3, do consumo
caldrico total. A Al (Ingestdo adequada - Adequate Intake) para acidos graxos essenciais €
baseada na média do consumo de individuos saudaveis nos Estados Unidos. Para o &cido lino-

léico, a Al é de 17g/d para homens e 12g/d para mulheres enquanto que para o acido a-
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linolénico é 1,6 e 1,1g/d para homens e mulheres, respectivamente (INSTITUTE OF
MEDICINE, 2005). Segundo o FDA o consumo maximo de 3g/dia de EPA + DHA ¢
considerado seguro para populacdo (HARRIS et al., 2009).

Os efeitos adversos relacionados com a suplementacdo com 6mega-3 sdo em sua
maioria sintomas gastrintestinais sem gravidade como observado em estudos com mulheres
gravidas e pacientes com cancer, que relataram mudancgas gastrointestinais (diarréia,
flatuléncia, refluxo gastroesofagico, nauseas), embora ndo tenham sido observadas diferencas
entre os grupos de tratamento e placebo (FABER et al., 2012; FREEMAN; SINHA, 2007).
Também pode ocorrer sangramentos, devido & atividade trombolitica da suplemntacdo com
Odmega-3, que atua inibindo a sintese do tromboxano A2, responsavel por induzir a agregacao
plaquetaria (DYERBERG; BANG, 1979; VILLANI et al.,, 2013). No entanto esta Gltima
possibilidade é incomum, ndo havendo relato deste efeito em grandes séries de individuos
suplementados (TAVAZZI et al., 2008).
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3 JUSTIFICATIVA

A doenca de Chagas é uma doenca negligenciada e representa um dos principais
problemas de sade publica e uma importante causa de insuficiéncia cardiaca em areas endémi-
cas (BRAGA et al., 2006). A cardiopatia chagésica cronica é uma importante forma clinica da
doenca de Chagas, devido ao seu impacto na morbidade e mortalidade, diminuicao da qualidade
de vida e limitacdo da capacidade de trabalho, sendo mais precoce e grave no sexo masculino
(HABERLAND et al., 2013; RASSI; RASSI; LITTLE, 2000).

A cardiopatia chagésica cronica tem carater progressivo e tem sua génese associada a
resposta imunolégica alterada com grande producao de citocinas inflamatorias e diminuicdo da
producdo de citocinas anti-inflamatorias, 0 que esta diretamente associado a progressdo para
formas mais graves da doenca (CHAVES et al., 2016). A modulagdo da resposta inflamatoria
pode representar um potencial alvo terapéutico para evitar a progresséo para a cardiomiopatia
chagasica e suas formas mais graves de apresentacao.

Os écidos graxos poli-insaturados 6mega-3 apresentam atividade anti-inflamatdria, pois
reduzem o conteido de &cido araquiddnico nas membranas celulares, resultando na sintese de
eicosanoides que tém menor propriedade inflamatéria do que aqueles derivados dos &cidos
graxos poli-insaturados 6mega-6. Diante dos potenciais efeitos benéficos dos acidos graxos
poli-insaturados 6mega-3 em processos inflamatorios, dislipidema e doencas cardiovasculares,
ofertar suplementacdo de PUFAs dmega-3, em pacientes com CCC, pode se constituir em

instrumento terapéutico neste grupo de individuos.
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4 OBJETIVO GERAL

Investigar o efeito da suplementacdo de acidos graxos poli-insaturados 6mega-3 no

perfil lipidico e no perfil de citocinas em pacientes portadores de cardiopatia chagasica cronica.

4.1 Objetivos especificos

Este estudo, realizado em pacientes com cardiopatia chagasica crénica, tem como
objetivos especificos:

» Avaliar o efeito da suplementacdo de émega-3 no perfil sérico de citocinas,

lipidograma e glicemia de jejum antes e ap0s a suplementacdo com 6mega-3;
» Auvaliar o efeito da suplementacdo com 6mega-3 no estado nutricional;

» Avaliar se ha diferenca entre os grupos placebo e intervencdo quanto ao

consumo alimentar de macronutrientes e acidos graxos poli-insaturados.



26

5 METODOS

5.1 Desenho de estudo

Ensaio clinico randomizado [1:1], duplo-cego, placebo-controlado, no qual pacientes
adultos portadores de cardiopatia chagasica crénica foram suplementados diariamente com
capsulas de 6mega-3 ou placebo, por 8 semanas, para avaliacdo da eficacia da suplementacéo
com dmega-3 nos perfis de citocinas e lipidico.

5.2 Selecdo de pacientes (critérios de inclusdo e excluséo)

Os pacientes foram recrutados, no periodo de maio a setembro de 2013, de uma
sequéncia de atendimentos no ambulatorio de cardiologia do INI/Fiocruz, Rio de Janeiro/RJ,
Brasil, no periodo determinado para o rastreamento de inclusdo até completar o tamanho
amostral estimado.

Foram selecionados pacientes maiores de 18 anos, de ambos os sexos, portadores de
cardiopatia chagasica cronica nos estdgios B, C ou D, de acordo com a classificagdo do
Consenso Brasileiro de doenca de Chagas.

Os seguintes critérios de exclusdo foram aplicados: doenca diarréica cronica, doenca
inflamatoéria intestinal, uso de medicagdes anti-inflamatorias, gestantes e nutrizes, alcoolismo,
utilizacdo de suplementacdo de vitaminas, minerais ou Omega-3 nos ultimos trinta dias,

internagao hospitalar no periodo do estudo e presenga de outras cardiopatias, além da CCC.

5.3 Grupos intervencéo e placebo

Cada participante recebeu 5 capsulas por dia de 6mega-3 (1,89 de EPA e 1,2 g de DHA)
ou 6leo de milho por um periodo de 8 semanas. As capsulas de 6mega-3 e 6leo de milho foram
fornecidas pela empresa Relthy Laboratorios Ltda., registro na ANVISA n ©: 6.2582.0022.001-
1. As embalagens do tipo blister e as capsulas gelatinosas de émega-3 e 6leo de milho eram
idénticas, sendo diferenciadas pelo numero do lote na embalagem, s6 o farmacéutico tinha
acesso a essa informacédo. A adeséo ao tratamento do estudo foi verificada pela contabilidade
de comprimidos retornados de dmega-3/6leo de milho. Nas consultas das semanas 4 e 8 foram

contabilizados os comprimidos retornados de 6mega-3/6leo de milho, calculando-se a relagédo
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entre nimero de comprimidos retornados e de comprimidos que deveriam ter sido retornados
de acordo com a dose prescrita.

Em 20 de novembro de 2011 o Instituto Nacional de Infectologia Evandro Chagas e
Relthy Laboratorios Ltda assinaram um contrato de colaboracdo interinstitucional, que
constitui-se de um acordo técnico cientifico com o objetivo de facilitacdo de pesquisa, educacao
e desenvolvimento tecnoldgico, onde foi firmado o acordo de fornecimento de cépsulas de
PUFAs dmega-3 (8000 capsulas) e de dleo de milho (8000 capsulas). Os pesquisadores do
INI/Fiocruz envolvidos no protocolo permaneceram com total autonomia na elaboracdo do
desenho e conducéo do estudo, bem como a responsabilidade de analise e publicacdo dos dados
ao final da pesquisa, sendo o Laboratdrio Relthy apenas o fornecedor das capsulas, atraves de

doacéo.

5.4 Métodos e técnicas de avaliacdo

Foram coletados os seguintes dados nesse estudo: sexo, idade, renda, escolaridade,
classificacdo da disfuncdo cardiaca, medicamentos utilizados, recordatério de 24 horas
(HEBERT et al., 1999), avaliacdo antropométrica (altura, peso, indice de massa corporal,
perimetro da cintura, dobra cuténea tricipital e perimetro do braco), perfil lipidico (colesterol
total, triglicerideos, HDL-colesterol, LDL-colesterol), glicemia de jejum, citocinas (IL-1p, IL-
4, IL-6, Interleucina-8 (IL-8), IL-10, IL-17q, Interleucina-33 (IL-33), TNF-a, IFN-y) e adeséo
ao tratamento (apéndice A).

A avaliacdo do consumo alimentar (recordatério de 24h) (apéndice B), os dados antro-
pomeétricos e avaliacdo de adesdo ao tratamento ocorreram nos tempos 0, 4 e 8 semanas. Os

perfis lipidicos e de citocinas foram avaliados nos tempos 0 e 8 semanas.

5.4.1 Avaliagéo antropométrica

Os parametros antropométricos utilizados neste estudo foram peso, estatura, perimetro
braquial (PB), dobra cuténea triciptal (DCT), perimetro muscular do braco (PMB) e perimetros
da cintura e do quadril. A avaliagdo antropométrica foi realizada nos tempos 0, 4 e 8 semanas.

O peso atual (PA) foi aferido com balanca de preciséo de plataforma, da marca Filizola,
com capacidade de 150 kg com divisdes de 10 gramas, com o valor expresso em quilogramas.
Para a obtencdo da estatura foi utilizado o estadidmetro da propria balanca antropométrica com

escala de 0,1cm. Os individuos foram colocados sobre a plataforma da balanca, de costas para
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0 seu marcador, com 0s pés unidos, em posicao ereta, com o olhar no horizonte. A leitura foi
realizada no 0,5 centimetro mais proximo, quando a haste horizontal da barra vertical da escala
da estatura encostou-se a cabeca do individuo.

O indice de Massa Corporal, ou indice de Quetelet, é um indice simples de peso/estatura
utilizado pela Organizacdo Mundial da Saude para a classificacdo do estado nutricional,
conforme descrito no Quadro 1. E calculado a partir da seguinte equagao:

IMC = PA (kg) / estatura? (m?)

O perimetro braquial foi aferida no braco esquerdo no ponto médio entre o acrémio e o
olécrano, com o braco flexionado junto ao corpo, formando um angulo de 90° e o valor da PB
foi obtido com o braco relaxado na lateral do corpo e a palma da méo voltada para a coxa, com
0 cuidado para ndo comprimir partes moles. Foi utilizada fita celuldide inextensivel de
graduacéo de 0,1 cm.

A dobra cutanea tricipital foi aferida a partir do local da medicéo do ponto médio obtido
na avaliacdo da CB. Apds a marcacdo do ponto médio, foi pincado o correspondente ao
subcutaneo, mensurando-o com plicometro (Cescorf®). Foram realizadas trés medidas,
assumindo-se como resultado final a média das trés mensuragoes.

O perimetro muscular do braco foi obtido a partir dos valores da PB e da DCT,

utilizando-se a seguinte formula:

PMB = PB (cm) — [0.314 x DCT (mm)]

A aferigdo do perimetro da cintura foi realizada com o paciente em pé, utilizando-se fita
métrica inextensivel horizontalmente ao redor da menor curvatura localizada no ponto médio

entre a ultima costela e a crista iliaca, tendo sua classificacdo descrita no Quadro 5.

5.4.2 Consumo alimentar

O consumo alimentar foi avaliado utilizando-se o recordatério de 24 horas de dia tipico,
que consiste em definir e quantificar todos os alimentos e bebidas ingeridos no dia anterior a
entrevista. O paciente foi entrevistado, nos tempos 0, 4 e 8 semanas, por um mesmo profissional
habilitado (nutricionista), sempre as tergas-feiras, respondendo detalhadamente sobre todos o0s

alimentos e bebidas consumidos, informando o tamanho e o volume da por¢do consumida.
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(apéndice B). Apos transformacdo das porgdes alimentares consumidas em gramas de
alimentos, os nutrientes foram calculados utilizando-se o Diet Win plus 3.0® software package

(Brubins Ltda.). Foi calculada a média de calorias e nutrientes de trés dias de avaliacgéo.

5.4.3 Avaliagdo bioquimica e de marcadores inflamatérios

A coleta de material biologico (sangue) foi realizada no setor de coleta do INI/Fiocruz.

As analises da glicemia de jejum, do colesterol total (CT) (ALLAIN et al., 1974), dos
triglicerideos (TGL) (FOSSATI; PRENCIPE, 1982) e lipoproteina de alta densidade-colesterol
(HDL-c) (HINO, 1996) foram realizadas pelo método colorimétrico enzimatico, utilizando-se
Kits Siemens (Tarrytown, NY, USA), no Laboratério de Bioquimica do INI/Fiocruz.

O LDL-colesterol foi avaliado pela equacdo de Friedewald et al. (1972)
(FRIEDEWALD; LEVY; FREDRICKSON, 1972) que ¢é expressa como: lipoproteina de baixa
densidade-colesterol (LDL-c) (mg/dL) = colesterol total — (HDL-c — Trigliceridios) + 5.

A lipoproteina de muito baixa densidade-colesterol (VLDL-c) foi calculado a partir da
formula descrita por Friedwald et al. (1972) (FRIEDEWALD; LEVY; FREDRICKSON, 1972),
valida somente se a concentracdo sérica de trigliceridios for menor do que 400 mg/dL:
VLDL-c (mg/dL) = Trigliceridios + 5.

Foram analisados os seguintes marcadores inflamatorios: IL-1p, IL-4, IL-6, IL-8, IL-
10, IL-17q, IL-33, TNF-a, IFN-y pelo método Elisa, utilizando-se kits eBioscience (San Diego,

CA, USA). Essas dosagens foram realizadas no Laboratdrio de Hanseniase do IOC/Fiocruz.

5.5 Célculo amostral

A amostra calculada foi de 40 pacientes, inferida a partir de dados da literatura,
considerando uma prevaléncia estimada de 60% de consumo inadequado de &cidos graxos poli-
insaturados (SALVADOR et al., 2008), utilizando-se o pacote estatistico EpiCalc; versdo 1.02.
Foram considerados os seguintes parametros: niveis de IFN-y, basais e apos suplementacdo
com acidos graxos 6mega-3; 3986 + 738 pg/mL e 2922 + 1275 pg/mL, respectivamente (KEW
et al., 2004), com poder de 0,8 e alfa de 5%.
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5.6 Plano de andlise

As analises estatisticas foram realizadas com o software Stata 13.0 (College Station,
TX, 2013) e o nivel de significancia foi definido em p < 0,05 para todas as analises.

As caracteristicas basais dos dois grupos foram expressas como média (desvio padrao)
para variaveis continuas e percentuais para variaveis categoricas. O teste Skewness e Kurtosis
foi realizado para avaliar a normalidade dos dados que foram transformados em log em caso de
distribuicdo ndo normal. As mudancas longitudinais entre 0s grupos para todas as variaveis
foram examinadas usando modelo linear misto, que considera a atribuicdo do tratamento e
incluem todas as observacOes de cada participante, independentemente da perda ao
acompanhamento, caracterizando uma analise de intencéo de tratar. O modelo longitudinal foi
ajustado para os valores basais da variavel dependente em caso de desbalanceamento maior
para valores basais.

Houve alteracdo no plano de anélise previsto no primeiro artigo, para a realizada
efetivamente no artigo subsequente. O objetivo geral do estudo néo foi alterado, tendo sido esta
mudanca apenas um ajuste ao pacote estatistico de maior familiaridade ao pesquisador, que
propds ainda a utilizacdo do modelo linear misto, corrigindo as perdas e realizando a analise

por intencdo de tratar.

5.7 Consideracdes éticas

O estudo foi aprovado pelo Comité de Etica em Pesquisa do Instituto de Pesquisa
Clinica Evandro Chagas (INI/Fiocruz) numero CAAE-0037.0.009.000-10 (anexo A), e
registrado no ClinicalTrials.gov numero NCT01863576. Todos 0s pacientes que aceitaram
participar do estudo assinaram um termo de consentimento livre e esclarecido (TCLE)

(apéndice C).

5.8 LimitagOes

O presente estudo tem algumas limitagcbes. Embora o tamanho da amostra tenha sido
calculado para identificar diferencas estatisticas longitudinais para citocinas entre 0s grupos
PUFAs 6mega-3 e placebo, o nimero pequeno de pacientes pode ter contribuido para as
diferencas observadas no perfil de citocinas entre os grupos na linha de base. No entanto,

incluimos valores basais em modelos longitudinais, a fim de minimizar a influéncia do
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desequilibrio de linha de base na anélise estatistica. O periodo de seguimento de curto prazo

ndo nos permitiu avaliar resultados clinicos, embora esse ndo fosse o escopo do presente estudo.
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6 ARTIGOS

O protocolo e os resultados deste ensaio clinico foram apresentados em formato de
artigo.

6.1 Artigo 1: Apresenta o protocolo do estudo, descrevendo a metodologia desenvolvida
neste ensaio clinico.

Titulo: “Effects of omega-3 polyunsaturated fatty acid supplementation in patients with
chronic chagasic cardiomyopathy: study protocol for a randomized controlled trial”
Submetido a Trials em 5 de junho de 2013.

Aceito em 28 de outubro de 2013.
Publicado em 11 de novembro de 2013.

6.2 Artigo 2: Discute o efeito da suplementacdo de Omega-3 nos marcadores
inflamatorios e no perfil lipidico dos pacientes portadores de CCC. Foram apresentados ainda
dados da avaliacdo antropométrica e consumo alimentar.

Titulo: “Omega-3 supplementation on inflammatory markers in patients with chronic
Chagas cardiomyopathy: a randomized clinical study”

Submetido a Nutrition Journal em 10 de marco de 2017.
Aceito em 05 de junho de 2017.
Publicado em 09 de junho de 2017.
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Abstract

Background: Chronic chagasic cardiomyopathy is an inflammatory disease that occurs in
approximately 30% of patients infected by the protozoan Trypanosoma cruzi, and it has a profile
of high morbidity and mortality. The worst prognosis and the progression of this
cardiomyopathy are associated with an exacerbated immune response and the production of
pro-inflammatory cytokines, which also occur in other cardiomyopathies. Some nutrients,
including omega-3 polyunsaturated fatty acids (PUFAs), promote the inhibition and/or
stimulation of cytokine production. The objective of this trial is to study the effects of omega-
3 PUFAs supplementation on the inflammatory response and lipid profile in patients with
chronic chagasic cardiomyopathy.

Methods/Design: This is a parallel, randomized, placebo-controlled, double-blind clinical trial
with 40 patients that will be conducted at a reference unit for Chagas disease patients, where
the patients will be selected. The study will include patients with chronic chagasic
cardiomyopathy who are 18 years of age or older. The exclusion criteria are (a) ongoing
diarrheal disease, (b) inflammatory bowel disease, (c) diabetes or other endocrine disease, (d)
use of fibrates, niacin, or statins, (e) use of anti-inflammatory drugs, (f) pregnant and lactating
women, (g) use of vitamin, mineral, or omega-3 supplementation during the previous 30 days,
(h) hospital admission during the study, and (i) other associated cardiomyopathies. The
intervention will be treatment with omega-3 PUFAs at a dose of 3 g/day for 8 weeks, compared
to placebo (corn oil). The primary endpoints will be the concentrations of inflammatory markers
(IL-1, IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, and TGF-B). Secondary endpoints will be the
fasting glucose, lipid, and anthropometric profiles. For statistical analysis, we plan to run either
a t-test or Wilcoxon test (numerical variables) and Pearson’s chi-squared or Fisher’s exact test
(categorical data), as appropriate.

Discussion: Evidence suggests that the anti-inflammatory action of omega-3 PUFAs may have
beneficial effects on chronic chagasic cardiomyopathy, as shown for other cardiomyopathies,
due to improved control of the inflammatory response. At the end of the study, we predict that
patients will have lower inflammatory markers and an improved metabolic and anthropometric
profile.

Trial registration: Current Controlled Trials NCT01863576.

Key words: Chagas disease, Trypanosoma cruzi, chronic chagasic cardiomyopathy, omega-3,

cytokines, lipid profile, nutritional assessment.
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Background

Chagas disease is endemic in Latin American countries, where approximately 8 to 10
million people are infected with Trypanosoma cruzi [1]. In Brazil, the number of infected
people is approximately 1.9 million, or 1% of the Brazilian population [2].

The etiologic diagnosis of Chagas' disease is performed by detection of the parasite by
parasitological methods (direct or indirect) and confirmed by two different serological

techniques indirect immunofluorescence and enzyme-linked immunosorbent assay (ELISA)

[3].

Chagas disease has two distinct clinical phases: acute and chronic [3]. The chronic phase
has three forms: indeterminate, cardiac involvement, and/or digestive involvement [3-5]. In
most cases, acute disease is not recognized at onset, and the individual remains asymptomatic
with no evidence of damage to any organ but with reactive serology for Chagas disease and low
parasitemia during the chronic phase [4]. After two or more decades, 20 to 30% of the patients
progress to the cardiac stage of the disease, when the majority of the deaths and severe
complications related to the disease occur [6—8]. Therefore, chronic chagasic cardiomyopathy
(CCC) is an important clinical form of Chagas disease due to its impact on morbidity and its
high mortality, worsening of the quality of life, and limitation of the ability to work. It is
characterized by a myocarditis with multifocal mononuclear inflammatory infiltrates, varying
degrees of fibrosis, constant low-grade tissue parasitism, and low or undetectable parasitemia
[9] and it occurs earlier and more severely in males [8, 10]. Patients in the chronic cardiac
phase may manifest heart failure, ventricular and atrial arrhythmias, atrioventricular blocks,
thromboembolism, stroke, and sudden death [2, 7, 11], which together carry a high economic

and mortality burden.

Once settled, CCC is progressive and tends worsen due to overlap with inflammation,
cell destruction, and fibrosis. Some hypotheses have been proposed to explain the nature of the
cardiac inflammatory reaction, mainly persistent heart immune response and reaction to the
parasite [12]. Cytokines are important mediators in the maintenance of the inflammatory
process, and they can stimulate or inhibit the immune response [13]. Among the several
cytokines studied in 7. cruzi infection, interferon-y (IFN-y) has been associated with host
resistance to infection in both experimental models and humans [14, 15]. Transforming growth

factor-B (TGF-B) production is increased in 7. cruzi infection, and this increase is most likely
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related to the fibrotic process observed in CCC [16]. These results suggest that cytokines play
essential roles in controlling CCC morbidity [17-19].

Some nutrients are associated with the inhibition and/or stimulation of cytokine
production, including polyunsaturated fatty acids (PUFAs). Omega-3 PUFAs (linolenic acid,
eicosapentaenoic acid, and docosahexaenoic acid) are found in vegetables (soy, canola, linseed)
and cold-water fish (mackerel, sardines, salmon, herring). PUFAs are precursors to the
biosynthesis of several important metabolites, especially eicosanoids (prostaglandins,
leukotrienes, thromboxanes, lipoxins, and others), that are synthesized from arachidonic acid
[20]. Omega-6 PUFAs (such as linoleic acid - 18:2n-6) and omega-3 PUFAs (such as linolenic
acid - 18:3n-3) are fundamental to the body and have important roles in cell metabolism,
including influencing membrane fluidity, promoting the release of cytokines, and acting as
adhesion molecules on macrophages. Thus, changes in their synthesis and metabolism may be
associated with endothelial and hemodynamic changes that contribute to the increase in
cardiovascular morbidity and mortality [21].

The fatty acid composition of inflammatory cells can be modified by increasing the
intake of marine n-3 fatty acids, which leads to a higher content of eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA). A number of cell culture studies have reported that both EPA
and DHA decrease the activation of the transcription factor nuclear factor kappa B (NF-«xB) in
response to inflammatory stimuli, such as lipopolysaccharide and inflammatory cytokines [22].
Omega-3 PUFAs reduce arachidonic acid content in cell membranes, resulting in the synthesis
of eicosanoids that have weaker inflammatory properties than the eicosanoids derived from
omega-6 PUFAs [23].

Omega-3 supplementation is safe and well tolerated in infectious disease as demon-
strated in HIV-infected patients treated with antiretroviral therapy [24, 25], and on host re-
sistance to infection from Plasmodium berghei or Plasmodium falciparum, the causative agents
of malaria [26], which is a parasitic infection as well as Chagas disease.

Several studies involving supplementation of the diet with marine n-3 PUFAs in healthy
human volunteers have demonstrated decreased production of tumor necrosis factor-o (TNF-
a), interleukin-1f (IL-1P), IL-2, and IL-6 [22, 23, 27]. Omega-3 PUFAs supplementation for 8
weeks has been associated with an increase of peripheral mononuclear cells with high
concentrations of EPA and DHA, which have an immunomodulating effect [28]. In healthy
adults, fish oil supplementation at 5 mL/day for 8 weeks reduced the production of IL-6 but did
not change the production of IL-10, TNF-a, or INF-y [29]. Long-chain omega-3 PUFAs (EPA

and DHA) plasma levels are inversely associated with the risk of sudden death [30] and may
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reduce the risk of ischemic heart disease [31]. EPA and DHA are also involved in the reduction
of plasma very low-density lipoprotein cholesterol (VLDL-c) and triglycerides [32].

A study conducted by the Italian group GISSI-HF at 326 cardiology sites and 31 internal
medicine sites selected 6,975 patients with heart failure diagnosis to receive one daily capsule
containing 1 g of omega-3 PUFAs (n=3,494) or placebo (n=3,481) [33]. The total mortality of
the supplemented group was 27%, and that of the placebo group was 29% (adjusted HR 0.91;
95.5% confidence interval (CI) 0.833-0.998; p=0.041). Hospital admissions due to
cardiovascular events were 57% in the omega-3 PUFAs group vs. 59% in the placebo group
(adjusted HR 0.92; 99% CI 0.849-0.999; p=0.009). The advantages of n-3 PUFAs, which were
reduced fatal events and hospital admissions from cardiovascular causes, suggest that they have
an effect on the mechanisms leading to progression of heart failure [33].

Supplementation with 1 g/day of omega-3 PUFAs in capsules can decrease
cardiovascular events by 10% (death, myocardial infarction, stroke) in coronary arterial disease
patients [34]. Some studies that assessed the effect of omega-3 supplementation on the immune
response used EPA and/or DHA at 1 gto 9 g per day, similar to the ingestion levels of Greenland
Eskimos: 6 to 14 g/day, corresponding to 2.7% to 6.3% of their total calorie intake. The highest
doses can reduce arachidonic acid in peripheral mononuclear cells [35].

Studies conducted in heart failure patients have not shown adverse events after omega-
3 supplementation [33, 36]. In contrast, studies in pregnant women and cancer patients have
reported gastrointestinal changes (diarrhea, flatulence, gastroesophageal reflux, nausea),
although no differences between the treatment and placebo groups were noted [37, 38].

Few studies have evaluated the nutritional status of Chagas’ patients. Three studies have
evaluated patients with the digestive form of the disease. In two of these studies [39, 40], there
was a high prevalence of malnutrition (> 60%). The other study evaluated 10 patients diagnosed
with megaesophagus, and only one had malnutrition. The others were eutrophic or overweight
[41]. A study performed in Sdo Paulo, Brazil, assessed the nutritional state of 66 Chagas’
patients and found a high prevalence of overweight and obesity (94%) and large waist
circumference (55%). The indeterminate form of the disease was the most prevalent and
constituted 71% of cases [42]. There is no literature on the nutritional assessment of CCC
patients.

Supplementation with omega-3 PUFAs may lead to increased body weight in patients
with heart cachexia, as reported by a study that assessed 14 patients with severe heart failure

supplemented with 8 g/day omega-3 PUFAs or placebo [43].
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Although several studies have shown the beneficial effects of polyunsaturated fatty
acids on inflammatory processes, dyslipidemia, and cardiovascular diseases, there are no
reports about food intake and PUFAs supplementation in CCC patients. Thus, the objective of
this study is to assess the effects of omega-3 PUFAs supplementation on the lipid profile and

the pro-inflammatory and anti-inflammatory cytokine profiles in CCC patients.

Methods/Design

Study Design
This is a parallel, double-blind, placebo-controlled clinical trial with balanced

randomization [1:1].

Settings

The proposed clinical trial will be held at a single site, the Evandro Chagas Clinical
Research Institute (IPEC), which is one of the technical scientific units of the Oswaldo Cruz
Foundation (Fiocruz). IPEC is a 93-year-old institution that is fully dedicated to clinical
research on infectious diseases, including Chagas disease. IPEC is a major reference center for

Chagas disease research, care, and training.

Participants (inclusion and exclusion criteria)

Patients will be recruited from the cardiology ambulatory service at IPEC/Fiocruz, Rio
de Janeiro, Brazil, during the period determined for screening until the minimum estimated
sample size is reached. All patients had a previous epidemiologic history of Chagas disease
confirmed with at least two Chagas serology tests (indirect immunofluorescence and ELISA),
and clinical evaluations, electrocardiographic and echocardiographic data obtained recently.
Selected patients will be older than 18 years, males and females with CCC at stage B (no heart
failure symptoms but with segmental or global left ventricular systolic dysfunction by
echocardiogram), stage C (symptomatic heart failure), or stage D (end-stage heart failure),
according to the current Brazilian Chagas disease Consensus [3]. The following exclusion
criteria will be applied: diarrheal disease; inflammatory bowel syndrome; diagnosis of diabetes
or other endocrine pathologies; use of fibrates, niacin, or statins; use of anti-inflammatory
drugs; pregnant and lactating women; vitamin mineral or omega-3 supplementation during the
previous 30 days; hospital admission during the study; and the presence of cardiomyopathies

other than CCC.
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Interventions: omega-3 vs. corn oil placebo

Each participant will receive five omega-3 capsules per day (1.8 g EPA and 1.2 g DHA)
or placebo for 8 weeks (Figure 1). The omega-3 and corn oil capsules will be provided by
Relthy Laboratorios Ltda. (Brazilian Health Surveillance Agency (Agéncia Nacional de
Vigilancia Sanitdria — ANVISA) registration: 6.2582.0022.001-1).

Endpoints

The primary endpoint of this study will be the cytokine profile. IL-1, IL-2, IL-4, IL-6,
IL-10, TNF-a, IFN-y, and TGF-B will be measured in the serum of patients using specific
sandwich enzyme-linked immunosorbent assays. Capture and detection antibodies will be
obtained from eBioscience (San Diego, CA, USA). The tests will be conducted according to
the manufacturer's instructions and performed in triplicate.

The first secondary endpoint will be the lipid profile. Total cholesterol, triglycerides,
and high-density lipoprotein cholesterol (HDL-c) will be measured with enzymatic-
colorimetric assays using Siemens reagents on a Siemens Dimension RXL chemistry analyzer
(Siemens Healthcare Diagnostics, Tarrytown, NY, USA). Low-density lipoprotein cholesterol
(LDL-c) and VLDL-c will be calculated according to the Friedewald equation [44].

Another secondary endpoint of this trial will be anthropometric measures. The
anthropometric assessment will consist of body mass index (BMI), waist circumference,
tricipital skinfold thickness, and arm circumference [45, 46]. BMI will be determined using the

standard formula: BMI=weight/height? [47].

Procedures, follow-up, and data collection.

After patients are selected by cardiologists, they will be seen by study nutritionists, who
will explain the study procedures to the patients and administer the free and informed consent
form. The patients who agree to participate in the study will sign the consent form and undergo
the initial assessment.

The following data will be collected and evaluated in the study: sociodemographic data
(age, sex, ethnicity/race, education, and domicile), clinical data (functional class and vital
signs), alcoholism, smoking, prescription drugs, 3-day food record [48], 24-hour recall [49],
anthropometric assessment (height, weight, BMI, waist circumference, tricipital skinfold
thickness, and arm circumference), lipid profile (total cholesterol, triglycerides, HDL-c, LDL-
¢, and VLDL-c), and cytokines (IL-1, IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, and TGF-p).
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Clinical, nutritional, and anthropometric assessments will take place immediately before
starting the intervention and after 4 and 8 weeks during the study; lipid profile and cytokines
will be evaluated before the intervention and at the end of 8 weeks. Each patient will be
followed for 8 weeks.

Compliance with study treatment will be assessed by the 3-day treatment recall and the
number of omega-3/placebo capsules returned. At every visit, the patients will be asked about
the number of doses of the prescribed treatment that they did not take during the previous 3
days, and the ratio between the number of doses taken and the number prescribed will be
calculated. The capsules will be dispensed at the beginning of the study and after 4 weeks, and
the returned capsules will be verified at weeks 4 and 8.

The dietary omega-3 PUFAs intake will be followed-up during the study (first visit and
weeks 4 and 8) by analyzing the 24-hour recall and 3-day food record, which are considered
indirect methods of analyzing the diet, current dietary standards of a certain population, and
their development over time [50].

Patients may be excluded from the study in case of complications during follow-up,
such as significant changes in intestinal transit, use of anti-inflammatory drugs, and hospital
admissions. Other complications will be assessed by the study team. All endpoints will be

collected at time 0 and 8 weeks after omega-3/placebo supplementation starts.

Safety monitoring

Patients will be followed up by a multidisciplinary team at three time points: study start,
week 4, and week 8. Possible complications will be assessed by the study cardiologist and
pharmacist. The safety assessment will consist of monitoring adverse events, such as changes
in the digestive tract, physical exams, and laboratory tests. Events, onset, and duration will be
reported to the cardiologist, who will determine if it is necessary to suspend supplement use.
Regular intake of omega-3 PUFAS is not a risk to health. According to the United States Food
and Drug Administration (FDA), the maximum intake of 3 g/day EPA + DHA is considered
safe [51].

Randomization and concealment
After the screening phase, patients will be randomly assigned to one of two groups of
20 patients each: intervention group or control group. Assignment to either group will be

performed by a computer-generated 1:1 randomization. This assignment will occur within
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randomly ordered blocks of size 4 or 6. This procedure will be conducted using R-project
software with package “blockrand” [52].

The allocation sequence will be concealed from the researchers, who will enroll and
assess participants in sequentially numbered, opaque, sealed, stapled envelopes. To prevent
subversion of the allocation sequence, the name and date of birth of the participant will be
written on the envelope before the envelope is opened. The information in the envelope will be
transferred onto the allocation card inside the envelope. Corresponding envelopes will be
opened only after the enrolled participants have completed all baseline assessments and at the
time of allocation to the intervention. These procedures will be carried out by a professional
without access to the baseline evaluation results. The blister packaging and gel capsules of
omega-3 PUFAs and placebo will be identical. They will be identified by the lot number on the
package, which will be retained in the pharmacy, and only the blisters will be provided to
patients. The pharmacist responsible for distribution and compliance assessment will be the

only person who can access this information.

Blinding

The nutritionists and physician that will perform the initial evaluation before
randomization, the monthly evaluations and anthropometric profile, and the final evaluation of
the health care questionnaires after the end of the patient follow-up will be blinded to the

patients’ assignments.

Statistical methods

The EpiData [53] and Statistical Package for Social Sciences [54] software will be used
for data entry and analysis, respectively. For categorical data, we will use Pearson’s chi-squared
or Fisher’s exact test to verify the association between variables in the two groups (omega-3
and placebo). Statistical analysis will be performed by descriptive analysis, with numerical
variables expressed as the mean and standard deviation (SD) or median and inter-quartile range.
The Kolmogorov-Smirnov test will be used to test the normality of the sample distribution.
Student’s #-test will be used in cases with a normal distribution to compare means between the
two groups. The Wilcoxon test will be used in cases with a non-normal distribution. P values

<0.05 will indicate a significant association in all of the statistical tests used.
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Minimum sample size estimation

The minimum estimated sample size is 40 patients according to previous data,
considering a prevalence of 60% of inadequate PUFAs intake [55]. The following parameters
were considered: baseline IFN-y = 3986 + 738 pg/mL, IFN-y after n-3 PUFAs supplementation
= 2922 + 1275 pg/mL [56], power = 0.8, and a = 5%. We used the R-project software with

package “Epicalc” version 1.02 [57] to obtain this estimate.

Ethical issues

The study was approved by the Research Ethics committee of the Evandro Chagas’
Clinical Research Institute (IPEC/Fiocruz), registration number CAAE-0037.0.009.000-10
[58]. It is registered at Clinical Trials.gov, number NCT01863576. All study supplies and data
collected will be used exclusively in this study, and its results will be made public, whether they

are favorable or not.

Discussion

Omega-3 PUFAs intake is associated with beneficial health effects. Omega-3 PUFAs
are helpful in the prevention and treatment of pathologies such as inflammatory diseases,
hypertension, hypertriglyceridemia, metabolic syndrome, and heart diseases. An Italian study
of heart failure patients showed a reduction in mortality and hospital admissions due to
cardiovascular events, suggesting beneficial effects of omega-3 PUFAs on the progression of
heart disease [33].

Omega-3 administration is effective at treating hypertriglyceridemia. According to
clinical trials, supplementation with 2 to 4 g of EPA/DHA per day may reduce triglyceride
levels by 25% to 30% [59] by decreasing the liver synthesis of VLDL-c [34]. Omega-3
supplementation for Chronic chagasic cardiomyopathy may be similar to other
cardiomyopathies and promote reductions in triglyceride and VLDL-c levels.

Omega-3 has beneficial effects against heart cachexia after 18 weeks of supplementa-
tion [43]. Women with polycystic ovarian syndrome and BMI between 25 and 40 kg/m?, how-
ever, exhibited no significant changes in BMI after supplementation for 8 weeks [60]. The pe-
riod of treatment in this study may not be long enough to observe significant anthropometric
changes after omega-3 administration with no other associated instruction or intervention.

The action of omega-3 PUFAs is most likely related to their anti-inflammatory effects,

which are not yet completely understood; however, it is known that omega-3 PUFAs
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supplementation reduces arachidonic acid content in cell membranes, resulting in the synthesis
of eicosanoids that are less inflammatory than the ones derived from omega-6 PUFAs [23].
Omega-3 PUFAs can also decrease activation of NF-kB in response to inflammatory stimuli,
such as lipopolysaccharide and inflammatory cytokines [22]. A meta-analysis of the effects of
fish oil supplementation on the inflammatory markers of patients with chronic heart failure
showed that circulating TNF-q, IL-1, and IL-6 (pro-inflammatory cytokines) decreased after a
supplementation period of 3 to 12 months with an EPA and DHA dose of 600 to 5540 mg/day.
These data suggest that supplementation with higher doses of omega-3 PUFAs or longer follow-
up times are associated with more substantially decreased cytokines [61], which could benefit
CCC patients.

A clinical trial evaluated 3-month omega-3 PUFAs supplementation in patients with
heart failure. Patients were divided into three groups: placebo, 1 g/day omega-3 PUFAs, and 4
g/day omega-3 PUFAs. Only the 4 g/day group had an improvement in ventricular function
with an increase in the ejection fraction and endothelial function and a reduction in IL-6 [36].
We will use 3 g/day omega-3 PUFAs in our study based on recent results suggesting higher
efficacy when compared to the usual 1 g dose, in addition to the fact that 3 g/day is considered
safe by the FDA [51]. According to American College of Cardiology and American Heart
Association (ACC/AHA) in a recent Heart Failure Guideline, omega-3 supplementation is
reasonable to use as adjunctive therapy in heart failure patients (Class of Recommendation Ila,
Level of Evidence B ) [62].

The worse prognosis and progression of CCC are related to increased immune response
with the production of pro-inflammatory cytokines and the inhibition of anti-inflammatory cy-
tokines, which also occur in other cardiomyopathies [63, 64]. In Chagas disease, heart tissue is
an important target of T. cruzi infection, and substantial amounts of pro-inflammatory cyto-
kines, chemokines, and enzymes, including inducible nitric oxide synthase and metalloprotein-
ases, are produced, resulting in inflammation and cardiac remodeling in response to parasite
infection [65]. Higher levels of IFN-y and TNF-a are associated with lower levels of 1L-4 and
IL-10, in both cardiac and more severe forms of Chagas disease, and high levels of IL-10 or
moderate levels of IFN-y are associated with the indeterminate form [15, 66]. Omega-3 and
omega-6 PUFAs intake may lead to an increase in IL-10 production, as shown in an experi-
mental study in Wistar rats supplemented with ethyl-eicosapentaenoic acid and ethyl-y-lino-
lenic acid compared to a group supplemented with palm oil [67]. Thus, omega-3 PUFAS sup-
plementation in CCC patients may lead to increased IL-4 and IL-10, reducing the inflammatory

effect on heart tissue.
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Omega-3 PUFAs supplementation, due to its anti-inflammatory effects, is expected to
decrease the serum levels of pro-inflammatory cytokines, which are associated with the
proliferation of parasites and the fibrotic process characteristic of Chagas’ myocarditis. We thus
suppose that the benefits to CCC patients with regard to the immunological profile could
translate into a less severe progression of cardiomyopathy, with subsequent reduction in

morbidity, in addition to secondary gains in the lipid profile.

Trial Status

This study is currently recruiting patients.
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Abstract

Background: Several studies have been focusing on the effect of omega-3 polyunsaturated fatty
acids on modulation of inflammatory markers in several cardiopathies. Although immunoreg-
ulatory dysfunction has been associated to the chronic cardiac involvement in Chagas disease,
there is no study examining the effects of omega-3 supplementation in these patients. We in-
vestigated the effects of omega-3 PUFAs on markers of inflammation and lipid profile in
chronic Chagas cardiomyopathy patients.

Methods: The present study was a single-center double-blind clinical trial including patients
with chronic Chagas cardiomyopathy. Patients were randomly assigned to receive omega-3
PUFAs capsules (1.8g EPA and 1.2g DHA) or placebo (corn oil) during an 8-week period.
Cytokines, fasting glucose, lipid, and anthropometric profiles were evaluated.

Results: Forty-two patients (23 women and 19 men) were included in the study and there were
only two losses to follow-up during the 8-week period. Most of sociodemographic and clinical
characteristics were similar between the groups at baseline, except for the cytokines IL-18, IL-
6, IL-8, IL-10, IL-17a, and IFNy. The omega-3 PUFAs group demonstrated greater improve-
ments in serum triglycerides (-21.1 vs. -4.1; p=0.05) and IL-10 levels (-10.6 vs. -35.7; p=0.01)
in comparison to controls after 8 weeks of intervention. No further differences were observed
between groups.

Conclusion: Omega-3 PUFAs supplementation may favorably affect lipid and inflammatory
profile in chronic Chagas cardiomyopathy patients, demonstrated by a decrease in triglycerides
and improvements on IL-10 concentration. Further studies examining the clinical effects of

omega-3 fatty acids supplementation in chronic Chagas cardiomyopathy are necessary.

Trial registration: NCT01863576.
https://clinicaltrials.gov/ct2/show/NCT01863576
Keywords: Chagas disease, Chagas cardiomyopathy, Omega-3, Cytokines, Lipid profile
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Background

Chagas disease is a neglected disease infection caused by the protozoan Trypanosoma
cruzi [1], affecting approximately 6 million people worldwide, mostly in Latin America [2].
Over the last years, migratory movements have been increasing the number of cases reported
in non-endemic countries such as North America and Europe [3], with the possibility of non-
vectorial transmission in these countries.

Chronic Chagas cardiomyopathy (CCC) is an important clinical manifestation of Cha-
gas disease, including heart failure, ventricular and atrial arrhythmias, atrioventricular blocks,
thromboembolism, stroke and sudden death [4-6]. The degree of heart dysfunction is associated
with a progressive inflammatory reaction, which is characterized by a myocarditis with multi-
focal mononuclear inflammatory infiltrates, a varied degree of myocardium fibrosis, a constant
low-grade tissue parasitism, and a low or undetectable parasitemia [7-10].

Immunoregulatory dysfunction has been speculated as an important mechanism related
to the progression of Chagas disease[11]. The unbalance between excessive pro-inflammatory
cytokines and decreased anti-inflammatory cytokines produces a low-grade pro-inflammatory
state that could be associated to the progression of disease and the increased morbidity and
mortality rates among these patients [11,12].

Several studies have been focusing on the effect of nutritional interventions on modula-
tion of inflammatory markers, including omega-3 polyunsaturated fatty acids (PUFAS)[13-15].
A study including 133 patients with a diagnosis of non-ischemic dilated cardiomyopathy and
left ventricular systolic dysfunction (defined as an ejection fraction < 45%) showed that omega-
3 PUFAs supplementation promoted improvements on inflammatory markers, cardiac function

and functional capacity in comparison to placebo after 12 months of follow-up. In addition, the



56

hospitalization rates were 6% in the omega-3 PUFAs and 30% in the placebo group, highlight-
ing the important clinical benefits promoted by omega-3 PUFAs supplementation among pa-
tients with systolic dysfunction [14].

The anti-inflammatory properties of omega-3 PUFAs are associated with short and
long-term cardioprotective effects [16,17]. The GISSI-HF trial, the major study evaluating the
long-term effects of omega-3 PUFAs in individuals with chronic heart failure (CHF), showed
a significant decrease in all-cause mortality and a composite of cardiovascular mortality and
cardiovascular hospitalization in omega-3 PUFAS group in comparison to controls [13]. In ad-
dition, another study including 250 CHF patients achieved important improvements on cardiac
function among those who received omega-3 PUFAs supplementation after six months of fol-
low-up [18].

In this context, although several studies have been showing beneficial effects of omega-
3 PUFAs on inflammatory and biochemical markers in individuals with CHF, none of them
included patients with CCC and the potential effects of omega-3 PUFAs in this population is
still unknown. In this study, we sought to investigate the effects of omega-3 PUFAs on inflam-

matory markers and lipid profile in CCC patients.

Methods
Study design

The present study was a single-center double-blind clinical trial conducted at the
Evandro Chagas National Institute of Infectious Disease (Rio de Janeiro, Brazil). The full de-
scription of the study protocol have been published previously [19].

Patients aging > 18 years, with a diagnosis of CCC on stages B, C or D according to the
current Brazilian Chagas disease consensus were included in the study [20]. The exclusion

criteria were diarrheal disease, inflammatory bowel syndrome, the use of anti-inflammatory
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drugs, pregnant and lactating women, vitamin mineral or omega-3 PUFAs supplementation
during the previous 30 days before the beginning of study, and the presence of
cardiomyopathies other than CCC. All patients received information about the goals and the
procedures of the study and signed an informed consent. The research protocol was approved
by the local Institutional Review Board (CAAE-0037.0.009.000-10) and was registered in the

ClinicalTrials.gov website (NCT01863576).

Intervention

Patients were randomly assigned in a blinded fashion in a 1:1 ratio using sequentially
numbered opaque sealed envelopes into one of the two groups: 1) an intervention group that
received omega-3 PUFAs capsules (1.8g eicosapentaenoic acid and 1.2gdocosahexaenoic
acid); 2) control group that received placebo (corn oil). The randomization list was computer-
generated with blocking in advance (4 or 6 patients). The single researcher responsible for
placing participants on study had no participation in the process of randomization.

Participants were counseled to take five omega-3 or placebo capsules per day (three in
the morning and two the evening) and were followed during an 8-week period. They were also
advised to not change their usual dietary habits during the study. The capsules were dispensed
at the beginning of the study and after 4 weeks. The returned capsules were checked at weeks
4 and 8 to evaluate compliance to treatment.

The blister packaging and gel capsules of omega-3 PUFAs and placebo were identical
and identified by the lot number on the package (Relthy Laboratories Ltda; Brazilian Health

Surveillance Agency registration: 6.2582.0022.001-1).
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Measurements

Sociodemographic (age, sex, race and schooling) and clinical characteristics (NYHA
functional class, alcohol consumption, smoking, and drugs prescription) were assessed at base-
line using the information contained in the medical records. Food consumption and anthropo-
metric measurements were evaluated thrice (baseline, after 4 and 8 weeks) whereas biochemical
markers and cytokines were evaluated twice during the study (baseline and after 8 weeks).

Food intake was estimated by a single-trained nutritionist using the mean of 24-hour
dietary recalls assessed in three different moments during the study (weeks 0, 4, and 8) [21].
The 24-hour dietary recall is a structured interview intended to capture detailed information
about all foods and beverages consumed by the respondent in the past 24 hours from midnight
to midnight of the previous day. The dietitians entered dietary data directly into a nutrition
analysis software (Diet Win plus 3.0® software package, Brubins Ltda.) to obtain the amount
of carbohydrates, proteins, lipids, fiber, cholesterol, fatty acids (monounsaturated, polyunsatu-

rated, saturated) and total calories intake.

The anthropometric evaluation consisted of measurements of height, body weight, waist
and hip circumferences, tricipital skinfold thickness and arm circumference. Height and body
weight were assessed with minimal clothes and without shoes using a calibrated digital scale
coupled with a stadiometer. The body mass index (BMI) was calculated to determine the nutri-
tional status [22]. Waist and hip circumferences were taken at the smallest girth of the waist
and largest girth of the hip, respectively. An inelastic measuring tape was used to measure the
mid-upper arm circumference and a scientific calibrated caliper (Cescorf®) was used to meas-
ure triceps skinfold thickness. The results were compared to the standards values established

according to age [23,24].
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Blood samples were collected after 12h of overnight fasting. Aliquots of plasma and
serum were isolated from the blood samples and frozen at -70 C within 2 h of being drawn.
Total cholesterol, triglycerides, HDL-cholesterol, and glucose were measured using Siemens
Dimension® reagent cartridge with an intra and inter-assay coefficients of variability <5%. The
LDL- and VLDL-cholesterol concentrations were calculated according to the Friedewald equa-
tion based on the triglycerides measures [25]. Cytokine serum levels (IL-1p, IL-4, IL-6, IL-8,
IL-10, IL-17-a, IL-33 TNF-0 and IFN-y) were measured in the serum of patients using specific
sandwich enzyme-linked immunosorbent assays. Capture and detection antibodies were ob-
tained from eBioscience kits (San Diego, CA, USA). The tests were conducted according to the

manufacturer’s instructions.

Blinding
All sociodemographic, clinical characteristics, food consumption and anthropometric
measurements, biochemical markers and cytokines measurements were performed in a blinded

fashion by the same single evaluator.

Sample size

Considering a prevalence of 60% of inadequate omega-3 PUFAs intake [26], IFNy
values of 3986 (738) pg/mL at baseline and IFNy values of 2922 (1275) pg/mL after omega-3
PUFAs supplementation [27], and assuming 80% of power and 5% of significance level, the

minimum estimated sample size was 40 patients (20 in each group).

Data analysis
Baseline characteristics of the two groups were expressed as the mean (standard devia-

tion) for continuous and percentages for categorical variables. Skewness and Kurtosis test was
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performed to evaluate the normality of data that were log-transformed in case of skewed distri-
bution. Longitudinal changes between groups for all variables were examined using linear
mixed models, which considers the treatment assignment and includes all observations of each
participant regardless of loss to follow-up or compliance, characterizing an intention-to-treat
analysis. The model included intervention group, time and time X intervention group interac-
tion. The term of interest was time X group interaction, which estimates the rate of changes in
the outcomes. The longitudinal model was adjusted for baseline values of the dependent varia-
ble in case of major unbalance for baseline values. Residual plots of all models were examined
and did not show major deviations from regression assumptions. All statistical analysis were
accomplished using Stata 13.0 software (College Station, TX, 2013) and significance level was

set at p <0.05 for all analyses.

Results

A total of 42 patients (23 women and 19 men) were included in the study from May,
2013 to September, 2013. Baseline characteristics of patients randomized to the two groups are
shown in table 1. Most of sociodemographic and clinical characteristics were similar between
the groups at baseline, except for the cytokines IL-1p, IL-6, IL-8, IL-10, IL-17a, and IFNy.

The majority of patients were in use of beta-blockers (69.1%) and 85% were in use of
angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers with no major treat-
ment differences between groups (81%, n=17 for control and 90.5%, n=19 for intervention),
except the omega-3 PUFASs intervention.

Losses to follow-up during the 8-week period were 5% (one sudden death during a rec-
reational soccer game and one patient in use of anti-inflammatory drug during the study period,
both not related to the omega-3 PUFAs intervention) and the flow chart of patients included in

the study is depicted in figure 1. Compliance levels were high for both groups, with no statistical
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differences to the percentage of ingested capsules at the end of follow-up (92.6% for placebo
vs. 94.4% for omega-3 PUFAS; p = 0.41).

Crude means and changes from baseline for anthropometric, biochemical, and inflam-
matory variables are depicted in tables 2 to 4. No significant differences were found for carbo-
hydrates, proteins, lipids, fiber, cholesterol, fatty acids (monounsaturated, polyunsaturated, sat-
urated) and total calories intake between placebo and omega-3 PUFASs groups during the entire
follow-up period (table 5). There were no differences between groups for any of the investigated
anthropometric variables after 4 and 8 weeks of follow-up. However, the omega-3 PUFAS
group demonstrated improvements in serum triglycerides (-21.1 vs. -4.1; p = 0.05) and IL-10
levels (-10.6 vs. -35.7; p = 0.01) in comparison to controls at the end of study (8 weeks). No
further differences were observed between groups for biochemical and inflammatory markers.
No adverse reactions associated with omega-3 PUFAs supplementation were reported during

the follow-up.

Discussion
Omega-3 PUFASs supplementation has been demonstrating significant effects on pre-
vention and treatment of many chronic health conditions, including heart failure [13,28,29]. A
prospective cohort study conducted by Mozzafarian et al.[30] demonstrated an important asso-
ciation between an increased omega-3 PUFAs concentration and a lower incidence of conges-
tive heart failure (HR 0.70; CI 95% 0.49-0.99) following 2735 U.S. adults free of heart disease
during 14 years.
The physiological effects of omega-3 PUFAs supplementation are associated to the in-
corporation of long chain omega-3 PUFAs into the cell membranes, modulating their biophys-
ical properties and functionality. PUFAs are biosynthesis precursors of several important me-

tabolites, especially eicosanoids (prostaglandins, leukotrienes, thromboxanes, lipoxins, and
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others), synthesized from arachidonic acid [31]. Omega-3 PUFAs reduce arachidonic acid con-
tent in cell membranes, resulting in the synthesis of eicosanoids that have greater anti-inflam-
matory properties than the eicosanoids derived from omega-6 PUFAs [32]. The American Col-
lege of Cardiology and American Heart Association (ACC/AHA) considers that omega-3
PUFAs supplementation is an important adjuvant in the heart failure therapy [33].

To our knowledge, the present study was the first one to demonstrate a reduction of
serum triglycerides as result of the omega-3 PUFAs supplementation in patients with CCC.
This is important given that elevated triglyceride levels are considered independent predictors
of cardiovascular risk [34]. Results from preclinical and clinical studies suggested that omega-
3 PUFASs decrease serum triglycerides concentrations by reducing its synthesis, reducing the
triglyceride incorporation into VLDL, reducing triglyceride secretion, and enhancing triglycer-
ide clearance from VLDL particles [15]. In a study conducted by Kastelein et al. [35], 399
subjects with severe hypertriglyceridemia (=500 mg/dL to <2000 mg/dL) were randomly as-
signed to receive placebo (olive oil 4 g/d) or omega-3 PUFAs supplementation at different
dosages (2 g/d, 3 g/d or 4 g/d). Fasting serum triglycerides changed from baseline by —25.9%
(p < 0.01 vs. placebo), —25.5% (p < 0.01 vs. placebo), and —30.9% (p < 0.001 vs. placebo) for
29/d, 3g/d, and 4g/d of omega-3 PUFAs, respectively. In another study, patients with metabolic
syndrome treated with 2 g/d of omega-3 PUFAs also found a decrease in triglycerides levels
from day 0 to 28 and 84 (p < 0.01) and in serum total cholesterol levels (p < 0.01), highlighting
the importance of omega-3 supplementation on improvements of lipid profile [36].

Most of studies involving omega-3 supplementation have been demonstrating a de-
creased production of pro-inflammatory cytokines such as TNF-a, IL-1f and IL-6 [37,38]. Sim-
ilar results were observed in a meta-analysis that evaluated of the effects of fish oil supplemen-
tation in patients with chronic heart failure, showing that circulating TNFa, IL-1p, and IL-6

decreased after 3 to 12 months of follow-up [39].
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In our study, omega-3 PUFAs were able to attenuate the decrease observed in the IL-10
concentration (an anti-inflammatory cytokine) at the end of follow-up, showing an important
positive effect of omega-3 PUFAs supplementation on inflammatory modulation in patients
with CCC. Although these results have been demonstrated by studies conducted in several dif-
ferent populations [40-42], those examining the effects of omega-3 PUFAs supplementation
on IL-10 in patients with HF presented controversial results. For instance, no changes for IL-
10 were observed in a study including 16 male patients with HF that received omega-3 PUFAS
supplementation during 60 days [43]. In addition, another study including 190 patients with
paroxysmal or persistent atrial fibrillation showed no significant effects of omega-3 PUFAS
supplementation on IL-10 concentration after a 6-month period [44].

Specific immune expression of anti-inflammatory and pro-inflammatory cytokines may
play a relevant role in the clinical presentation of chronic Chagas disease [45]. T. cruzi infection
induces a strong inflammatory response dominated by the Th1 pattern, with the IFN-y and TNF-
a expressions regulated by the 1L-10 production [46]. The immunological balance in patients
with indeterminate form has a high expression of IL-10, whereas cardiac form is associated
with a reduction of IL-10 production and increased production of TNF-cand IFN-y. The pro-
inflammatory cytokines IL-12, IFN-y and TNF-a activate macrophages to promote parasite
killing through the production of trypanocidal radicals. These cytokines also acts as a positive
feedback for Thl differentiation. Thl cells orchestrate an expressive CD8+ T cell response,
causing tissue damage and fibrosis [46,47]. Correlation analysis showed that higher IL-10 ex-
pression was associated with better cardiac function, as determined by left ventricular ejection
fraction and left ventricular diastolic diameter values [12]. In this way, the results of our study
demonstrate a positive influence of omega-3 PUFAs supplementation upon inflammatory pro-

file in patients with CCC.
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The present study has some limitations. Although sample size has been calculated to
identify longitudinal statistical differences for cytokines between omega-3 PUFAs and placebo
groups, this small number of patients may have contributed to the differences observed between
groups for some cytokines at baseline. However, we included baseline values in longitudinal
models in order to minimize the influence of baseline imbalance on statistical analysis. The
short-term follow-up period did not allow us to evaluate clinical outcomes, though that was not
the scope of the present study. In addition, the lack of a health control group and the absence
of a physical activity measurement could make the interpretation of results difficult. Strengths
included the very low frequency of losses to follow-up and the high compliance rates, which
are very difficult to achieve in clinical trials [48].

To conclude, omega-3 PUFAs supplementation may favorably affect lipid and inflam-
matory profile in chronic Chagas cardiomyopathy patients, demonstrated by the decrease in
triglycerides and improvements on IL-10 concentration. This results highlights to the im-
portance of omega-3 PUFAs supplementation as a new coadjuvant strategy to treat patients
with CCC, promoting a better control of inflammatory parameters and triglycerides. Studies
evaluating the effects of increased consumption of omega-3 rich foods as well as the long-term
effects of omega-3 PUFASs on inflammatory profile and clinical outcomes in CCC requires fur-

ther investigation.
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Table 1 — Baseline characteristics of patients included in the study (n=42).
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Variable Control (n=21) Intervention (n=21)
Age (years) 55.0 (9.5) 58.6 (11.0)
Sex
Male 38.1% (n=08) 52.4% (n=11)
Female 61.9% (n=13) 47.6% (n=10)
Income (Reais, R$) 1028.2 (556.9) 1168.9 (602.8)
Schooling
Iliterate 14.3% (n=3) 19.0% (n=4)

Incomplete elementary school
Complete elementary school
Incomplete high school
High school
Ejection fraction (%)
Weight (kg)
Height (m)
Body mass index (kg/m?)
Brachial circumference (cm)
Triceps skinfold thickness (mm)
Brachial muscle circumference (cm)
Waist circumference (cm)
Hip circumference (cm)
Triacylglycerol (mg/dL)
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
VLDL-cholesterol (mg/dL)
Glucose (mg/dL)
Tumour necrosis factor-a

Interleukin-4

61.9% (n=13)
14.3% (n=03)
4.8% (n=01)
4.8% (n=01)
45.7(14.8)
67.3 (11.3)
1.56 (0.1)
27.7 (5.2)
29.4 (4.2)
18.4 (11.1)
23.3(2.6)
87.0 (9.6)
100.4 (10.0)
93.8 (39.5)
166.7 (27.5)
50.4 (13.4)
97.5 (23.2)
18.8 (8.0)
93.8 (9.5)
66.4 (20.9)

22.2 (6.6)

61.9% (n=13)
4.8% (n=01)
9.5% (n=02)
4.8% (n=01)
44.2(14.0)
69.1 (14.1)
1.60 (0.1)
27.0 (4.7)
28.3(3.9)
15.1 (7.7)
23.7 (2.8)
89.0 (12.8)
99.5 (10.9)
97.7 (50.9)
171.7 (38.8)
51.1 (16.2)
105.8 (32.9)
18.8 (9.1)
95.6 (8.0)
65.6 (19.1)

23.1(9.2)
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Interleukin-6

Interleukin-8

Interleukin-10

Interleukin-33

Interleukin-1b

Interleukin-172

Interferon-y

335.4 (486.9)
84.8 (58.1)
105.2 (71.2)
77.2 (23.6)

21.1 (8.9)

5082.3 (5086.2)

75.5 (112.9)

163.9 (142.1)
59.8 (26.2)
70.4 (28.4)
86.7 (66.5)

18.9 (4.4)

3940.4 (4685.9)

47.8 (84.2)

Data are expressed as means (standard deviation) and prevalence of frequency.
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Table 2 — Crude means (standard deviation) and estimated changes from baseline (A) for an-

thropometric variables during the follow-up.

4 week

(Control = 20; Intervention = 21)

8 week

(Control = 20; Intervention = 21)

Mean (DP) A? p? Mean (DP) A? p?
Weight (kg)
Control  67.9 (11.6) +0.43 68.7 (10.2) +0.52
Intervention 68.2 (13.7) +0.46 0.946 69.9 (13.4) +0.84 0.386
Body mass index (kg/m?)
Control  28.1(5.2) +0.18 28.4 (4.7) +0.36
Intervention  26.7 (4.7) 0.00 0.438  27.2(4.5) +0.21 0542
Arm circumference (cm)
Control  29.6 (5.0) +0.04 29.9 (4.6) +0.16
Intervention 28.1 (4.2) +0.03 0.986 28.6 (3.7) +0.33 0.703
Tricipital skinfold thickness (mm)
Control  18.4 (9.9) -0.29 18.5(10.1) -0.17
Intervention 15.7 (8.2) +0.26 0.057 15.1 (7.6) +0.14 0.261
Arm circumference (cm)
Control  23.3 (2.3) 0.00 24.0 (2.8) +0.48
Intervention 23.6 (2.9) +0.09 0.840 23.8(2.7) +0.08 0.323
Waist circumference (cm)
Control 87.1(9.5) -0.28 88.1 (8.5) +0.59
Intervention 88.2 (12.7) +0.20 0.263 89.1 (12.6) +0.12 0.259
Hip circumference (cm)
Control  100.3 (10.1) -0.25 101.3 (9.1) +0.11
Intervention  99.0 (10.6) +0.29 0.213 100.1 (10.1) +0.59 0.258

4Linear mixed models include time, group and time x group interaction adjusted for baseline

values.
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Table 3 — Crude means (standard deviation) and estimated changes from baseline (A) for bio-

chemical variables.

8 week

(Control =19 Intervention =21)

Mean (DP) A? p?
Triglycerides (mg/dL)
Control 90.4 (35.3) -4.1
Intervention 76.6 (31.0) -21.1 0.05
Total cholesterol (mg/dL)
Control 168.5 (27.0) +3.4
Intervention 179.1 (34.6) +7.4 0.60
HDL cholesterol (mg/dL)
Control 49.7 (11.5) -0.3
Intervention 53.7 (15.1) +2.6 0.31
LDL cholesterol (mg/dL)
Control 100.7 (22.7) +4.7
Intervention 110.1 (31.0) +4.3 0.96
VLDL cholesterol (mg/dL)
Control 18.1(7.1) -0.9
Intervention 15.3(6.1) -3.5 0.13
Glucose (mg/dL)
Control 92.3 (13.3) -2.0
Intervention 95.2 (9.2) -0.4 0.59

4Linear mixed models include time, treatment and time x treatment interaction, adjusted for
baseline values.
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Table 4 — Crude means (standard deviation) and estimated changes from baseline (A) for in-

flammatory markers.

8 week

(Control = 19 Intervention =21)

Mean (DP) A? p?
Tumor necrosis factor-a (pg/dL)
Control 84.5(51.2) +19.4
Intervention 90.7 (48.8) +27.2 0.58
Interleukin-4 (pg/dL)
Control 21.5(9.7) -0.8
Intervention 20.7 (6.7) -1.5 0.67
Interleukin-6 (pg/dL)
Control 67.3 (80.2) -228.1
Intervention 61.5 (54.3) -85.3 0.45
Interleukin-8 (pg/dL)
Control 64.7 (48.4) -11.3
Intervention 53.6 (12.4) -3.3 0.47
Interleukin-10 (pg/dL)
Control 53.8(7.1) -35.7
Intervention 56.3 (8.3) -10.6 0.01
Interleukin-33 (pg/dL)
Control 70.4 (15.6) -5.2
Intervention 69.4 (17.0) -5.5 0.97
Interleukin-1b (pg/dL)
Control 18.0 (3.4) -2.3
Intervention 179 (3.4) -0.6 0.24
Interleukin-17a (pg/dL)
Control  3649.2 (4254.2) +951.5
Intervention  6130.0 (7644.2) +3621.7 0.24

Interferon-y (pg/dL)



Control 82.6 (112.3) +9.3

Intervention 53.2 (100.7) +7.1 0.90
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Linear mixed models include time, treatment and time X treatment interaction, adjusted for
baseline values.



Table 5 — Means (standard deviation) of dietary variables and energy intake (n=42)

Variable Control (n=21) Intervention (n=21) p

Energy (kcal) 1487.59 (407.36) 1480.18 (419.08) 0.95
Carbohydrates (g) 202.75 (49.04) 200.59 (49.71) 0.89
Protein (g) 72.30 (27.77) 70.99 (26.00) 0.88
Total fat (g) 42.94 (19.93) 43.03 (19.50) 0.99
Fiber (g) 18.48 (7.01) 19.22 (7.75) 0.75
Cholesterol (mg) 215.60 (129.55) 205.70 (87.81) 0.77
Saturated fatty acids (g) 12.60 (5.93) 13.81 (7.62) 0.57
Monounsaturated fatty acids (g) 12.36 (7.82) 13.15 (8.02) 0.75
Polyunsaturated fatty acids (g) 9.54 (5.70) 8.41 (3.80) 0.45
Trans fatty acids (g) 0.65 (0.58) 0.80 (0.76) 0.48
Linoleic acid, n-6 (g) 6.17 (4.24) 5.65 (2.99) 0.65
Alfa-linoleic acid, n-3 (g) 0.72 (0.80) 0.56 (0.32) 0.42
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7 CONCLUSAO

Neste grupo de pacientes com cardiopatia chagasica cronica, a suplementacdo por 8
semanas com acidos graxos poli-insaturados 6mega-3 produziu as seguintes alteracdes:
a. diminuicdo dos niveis de triglicerideos configurando uma melhora no perfil lipidico;
b. atuacdo favordvel no sistema imune, ao reduzir a intensidade da queda progressiva da

citocina anti-inflamatdria 1L-10, ja esperada na evolucéo da cardiopatia;

N&o houve alteracao na glicemia de jejum nem nos demais parametros do perfil lipidico
e de citocinas ap6s oito semanas de suplementagdo de 6mega-3.

O estado nutricional dos pacientes do grupo intervencao e placebo néo foi alterado pela
suplementacdo de émega-3, assim como nédo houve diferenca entre os grupos na avaliacdo

basal.

Ndo houve diferenca significativa na avaliacdo do consumo alimentar dos

macronutrientes e PUFAS entre os grupos 6mega-3 e placebo.
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8 PERSPECTIVAS FUTURAS

Esses resultados sugerem que a suplementacdo com acidos graxos poli-insaturados
O0mega-3 pode ser considerada como uma nova estratégia de tratamento coadjuvante na atencao
ao paciente com CCC, principalmente por sua atuacdo no perfil lipidico e possivel atuagdo no
sistema imune. Este estudo inicial gera a hipotese de que, através da atuacao benéfica no sistema
imune, haveria beneficios posteriores, retardando a progressao da cardiopatia e o surgimento
dos sintomas. Para avaliacdo dos desfechos clinicos, um outro estudo deve ser realizado,
possivelmente com um periodo mais prolongado de suplementacdo de &cidos graxos poli-
insaturados 6mega-3, e, certamente, englobando um nimero maior de voluntarios. A avaliacdo
do sistema imune e dos desfechos clinicos, como ECO, ECG, mortalidade, internacao
hospitalar, entre outros, devem ser mensuradas para determinar um possivel efeito da
suplementacdo com 4&cidos graxos poli-insaturados 6mega-3 na evolucdo da cardiopatia
chagasica crénica.

A avaliacdo do consumo de macro e micronutrientes dos pacientes com cardiopatia
chagésica cronica pode ser uma nova linha de pesquisa para identificar as possiveis deficiéncias
e ou excessos no consumo alimentar, permitindo desenvolver estratégias de educacdo, visando
a promocao de uma alimentacdo adequada e saudavel, estimulando a autonomia para praticas

alimentares saudaveis.
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10 APENDICES

1-Dados Gerais

Data / /

APENDICE A — AVALIACAO NUTRICIONAL

Nome:

Registro:

Telefone:

91

Ende-

reco:

Sexo:

Data de Nascimento:

Idade:

Naturalidade:

Escolaridade:

Renda:

Classificacdo da disfuncao cardiaca:

Co-morbidades:

Etilismo: () Sim Frequéncia Quantidade
() Néo () Ex-etilista Tempo:
Tabagismo: () Sim Frequéncia Quantidade
() Néo () Ex-etilista Tempo:

Data de retorno:

Medicacdo utilizada

Quantidade

horario




2-Avaliacao Antropométrica

92

Antropometria 12 avaliacéo 2% avaliacdo 3% avaliacdo
Estatura (m)
Peso Atual (kg)
IMC (kg/m2)
PCT (mm)
CB (cm)
CMB (cm)
CC (cm)
CQ (cm)
3-Avaliacdo Bioquimica e Imunoldgica
Exames 12 avaliacdo |2%avaliacdo |cCitocinas 12 avaliacdo |22 avaliagéo
Bioquimicos
Triglicerideo IL-1B
Colesterol Total IL-2
HDL-c IL-4
LDL-c IL-6
VLDL-c IL-8
Glicose em jejum IL-10
IL-17
IL-33
TNF-a
IFN-y

Observacoes:




Nome

APENDICE B — RECORDATORIO DE 24 HORAS

Data

93

REFEICAO

HORARIO

ALIMENTO

QUANTIDADE
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APENDICE C — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto: Influéncia da suplementacéo de acidos graxos poliinsaturados dmega-3 no perfil

de citocinas e lipidico de pacientes portadores de Cardiopatia Chagasica Cronica.

Equipe: Coordenadora Paula Simplicio da Silva, Dr® Andréa Silvestre de Sousa, Dr? Andrea
Pereira de Souza, Dr. Alejandro Marcel Hasslocher Moreno, Cristiane Fonseca de Almeida,
Claudia Santos de Aguiar Cardoso, Dr. Gilberto Marcelo Sperandio da Silva, Dr? Patricia Dias

de Brito, Dr. Pedro Emmanuel Americano do Brasil, Dr2 Roberta Olmo Pinheiro

A gordura dmega-3 é encontrada principalmente em peixes de agua fria (cavala,
sardinha, salméo, arenque), é considerada uma gordura essencial e esté relacionada a prevencao
de doencas cardiacas, a diminuicdo de gordura no sangue (colesterol, triglicerido e VLDL-c) e
diminuicdo citocinas (que sdo proteinas encontradas no sangue e que estdo relacionadas a
inflamacdo). O(A) Senhor(a) esta sendo convidado a participar desta pesquisa, coordenada pela
nutricionista Paula Simplicio da Silva que tem por objetivo investigar se a suplementacdo de
gordura 6mega-3 tem influéncia no perfil de citocinas, nos niveis de glicose de jejum e no perfil
lipidico (colesterol, triglicerideo, VLDL-c, HDL-c, LDL-c). O(A) Senhor(a) sera sorteado para
receber capsulas de 6mega-3 ou placebo, sendo para tomar 5 capsulas por dia (2 capsulas no
café da manhd, 3 no jantar), por um periodo de 8 semanas. Nem o senhor nem o avaliador
saberdo se 0 senhor recebeu dmega-3 ou placebo. A coleta de sangue sera realizada no inicio
do projeto e ap6s 8 semanas, a avaliacdo nutricional e dietética sera realizada no inicio do
projeto, com 4 e 8 semanas.

Nesta pesquisa, também seréa realizada uma avaliacdo dos compartimentos (partes) cor-
porais que é chamada bioimpedancia elétrica, nesta avaliacdo utilizaremos quatro eletrodos po-
sicionados no corpo, que através da passagem de uma corrente elétrica imperceptivel, registram
em um aparelho os valores dos tecidos muscular, gorduroso e de agua. Esta avaliacéo € indolor
e ndo-invasiva, porém necessita da minha colaborag@o em alguns cuidados pre-teste como: estar
em jejum de pelo menos 4 horas; com a bexiga vazia; sem o consumo de cafeina e alcool 24

horas antes do teste, e que ndo tenha realizado atividade fisica pelo menos 4 horas antes.

Procedimentos

Eu concordo em participar deste estudo:
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Permitirei que meu peso, altura e a quantidade de gordura sejam verificados através do
uso de balanca, fita métrica, régua de altura, adipbmetro (aparelho que mede a espessura da
camada de gordura sob a pele) e no inicio e apos dois meses do estudo.

Permitirei que seja realizado o procedimento de bioimpedancia elétrica, onde ficarei na
posicdo deitada, sendo os eletrodos colocados em pontos padronizados na superficie posterior
do punho direito e no tornozelo direito.

Informarei sobre 0 meu consumo alimentar e qualidade de vida preenchendo os formu-
larios especificos.

Tomarei as capsulas de 6mega-3/placebo conforme orientacéo.

Permitirei que coletem o meu sangue para exames bioquimicos (glicose, colesterol total,

triglicerideos, HDL-c).

Poderei ser desligado do projeto caso me recuse a ingerir as capsulas de émega-

3/placebo conforme orientagdo, faltar a coleta de sangue ou nao fornecer as informagoes

referentes ao meu consumo alimentar.

O(A) Senhor(a) devera continuar com o seu tratamento medicamentoso regular.

Caso seja de meu interesse, poderei desistir de participar desta pesquisa em qualquer
etapa, sem qualquer prejuizo ao meu tratamento, precisando informar apenas aos pesquisadores
minha intencdo neste sentido.

Concordo com a publicacdo dos resultados obtidos na pesquisa. Estou consciente da
importancia desta pesquisa e de que receberei os resultados com explicacéo detalhada dos seus
significados, e se for necessario, serei encaminhado ao ambulatério de nutricdo para
acompanhamento. Durante a pesquisa o(a) Senhor recebera orientacdo sobre alimentacdo

saudavel.

Riscos/Desconfortos

A coleta de sangue podera causar algum desconforto, sangramento ou hematoma no
local do furo da agulha.

A suplementacdo de émega-3, ou placebo nas quantidades que serdo fornecidas e se
consumido de acordo com a orientagdo do nutricionista ndo oferecem riscos ao participante.

A avaliacdo nutricional e de compartimentos ndo oferecem nenhum risco ao

participante.
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Beneficio esperados

Espera-se que a suplementacdo de dmega-3 reduza os niveis de gordura no sangue (tri-
glicerideos, colesterol total, LDL-c e VLDL-c) e que diminua a producdo de citocinas pro-
inflamatdrias em pacientes com cardiopatia chagasica cronica, reduzindo a progressao e mor-

bidade desta cardiopatia.

Confidenciabilidade dos dados.

As informagdes serdo codificadas e mantidas em local reservado. Somente 0s responsa-

veis pela pesquisa terdo acesso as informaces e questionarios. Apds o término deste estudo as
informacdes serdo transcritas dos questionarios para arquivos no computador, e estes serdo des-
truidos. Os dados deste estudo poderao ser discutidos com pesquisadores de outras instituicdes,
mas nenhuma identificacdo sera fornecida.

Se tiver qualquer duvida sobre sua participacdo neste estudo, favor telefone para 3865-
9602 ou 8862-6916 para falar com a coordenadora da pesquisa Paula Simplicio da Silva.

Data:
Assinatura do voluntério ou testemunha Nome completo
Assinatura do entrevistador Nome do entrevistador

Nome de alguma pessoa que possa ser contactada, caso o (a) Sr(a) ndo possa fornecer o seu

endereco ou telefone no momento:

Nome: Tel:

Rua: Cidade: Estado:
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Ministério da Salde
Fundacio Oswaido Cruz

o
instituto de Pesquisa Clinica Evandrec Chagas I P EC

Comité de Etica em Pesquisa

PARECER CONSUBSTANCIADO - 056/2010

Protocolo 0037.0.009.000-10

1. Identificagdo:

Titulo do Projeto: “Influéncia da suplementagéo de &cidos poliinsaturados 6mega-3
no perfil de citocinas e lipidico de pacientes portadores de Cardiopatia Chagasica
Crénica”.

Pesquisadora Responséavel: Paula Simplicio da Silva

Instituigio Responsavel: Instituto de Pesquisa Clinica Evandro Chagas/FIOCRUZ
Data de Apresentacido ao CEP: 16/08/2010

2. Sumario:

Visa a verificar o efeito da suplementagao de &cidos graxos poliinsaturados émega-3
no perfil lipidico e no perfil de citocinas em pacientes portadores de cardiopatia
chagasica crbnica atendidos no Instituto de Pesquisa Clinica Evandro Chagas —
IPEC/Fiocruz. Tem como objetivos especificos: 1) Avaliar o estado nutricional e
composigdo corporal de pacientes portadores de Doenga de Chagas; 2) Avaliar o
consumo alimentar de macronutrientes e acidos graxos poliinsaturados; 3) Avaliar o
perfil sérico de citocinas, lipidograma e glicemia de jejum antes e apos a
suplementacdo com dmega-3; 4) Correlacionar citocinas com 0 consumo alimentar
de lipideos totais e acidos graxos essenciais; 5) Correlacionar o lipidograma com o
consumo alimentar de lipideos totais e acidos graxos essenciais. Sera realizado um
ensaio clinico randomizado, duplo-cego, em pacientes adultos portadores de
cardiopatia cronica, para avaliagao da eficicia da suplementagao de PUFA 6mega-3
nos perfis de citocinas e lipidico. Seréo selecionados aleatoriamente 40 pacientes
portadores de cardiopatia chagasica cronica, atendidos no ambulatério de doenga de
Chagas do IPEC/Fiocruz. Os pacientes serdo randomizados por um estatistico e
divididos em 2 grupos. Cada grupo tera 20 individuos. Grupo 1 (6mega-3): recebera 6
capsulas/dia, cada cépsula contém 1g de lipideos, sendo 500mg de omega,
totalizando 3g de 6mega-3 por dia (1,8g de EPA e 1,2g de DHA) por um periodo de 8
semanas. Grupo 2 (placebo): recebera 6 capsulas/dia de 6leo de milho, contendo
1000mg cada, durante 8 semanas. O 6leo de milho sera encapsulado em farméacia de
manipulagéo. Os pacientes serdo orientados a ingerir 2 capsulas de 6mega-3 ou
placebo trés vezes ao dia (desjejum, almogo e jantar). Apés 8 semanas de
suplementagdo, todos os pacientes (grupo émega-3 e placebo) serdo atendidos em
uma nova consulta nutricional para avaliagdo antropométrica, dietética e coleta de
sangue para avaliagéo bioquimica e imunolégica.

3. Observagoes Gerais: (Atendendo a Resolugdo CNS 196/96).
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“Influéncia da suplementagao de acidos poliinsaturados émega-3 no perfil de citocinas e
lipidico de pacientes portadores de Cardiopatia Chagasica Cronica”

Projeto com delineamento adequado. O Termo de Consentimento Livre e
Esclarecido foi elaborado em linguagem acessivel ao sujeito de pesquisa. Recurso
financeiro previsto no POM 2011/IPEC.

4. Diligéncias:
Sim. Foram satisfeitas.

5. Parecer: APROVADO.
Data: 29 de novembro de 2010.

Assinatura do Coordenador:
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Or.* Léa Camillo-Coura
Coordensdora do Comité
de Etica em Pesquiss
PEC / FROCRUZ



