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RESUMO

Introduc¢do: Na obesidade, ¢ comum a presenca de inflamag¢do cronica de baixo grau,
caracterizada, em partes, pela alteracdo no perfil de eicosanoides, com aumento na sintese de suas
variedades pro-inflamatorias. Os acidos graxos poliinsaturados n-3 da dieta apresentam efeitos
benéficos na redugdo do estado de inflamagao cronica, exibindo um papel anti-inflamatério, o que
pode auxiliar na manutengdo da homeostase fisioldgica na obesidade. O objetivo desta revisao
sistematica foi avaliar o efeito da ingestdo de 4acidos graxos n-3 no perfil de eicosanoides séricos
de pessoas adultas com obesidade e sobrepeso. Metodologia: A elaboracdo deste trabalho seguiu
as diretrizes proposta pelo PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analyses). Foram analisados os artigos publicados até julho de 2020 em 7 bases de dados distintas,
entre elas: PubMed, Scopus, Embase, Web of Science e Cochrane Library. Para a literatura
cinzenta, utilizou-se as bases ProQuest e Google Académico. Nio foram aplicadas restricdes em
relagdo a data de publicacdo ou idioma de publicagdo. Os estudos foram selecionados de maneira
independente por dois avaliadores, assim como a extragdo e analise dos dados. A avaliacao do risco de
viés seguiu os critérios estabelecidos pelo Joanna Briggs Institute. O efeito do consumo de 4cido graxo
n-3 na sintese das prostaglandinas foi estimado por A de Glass, tipo 1 em um modelo de efeito aleatério
para a metanalise. Resultados: De um total de 2941 artigos selecionados na busca, 39 atendiam aos
critérios de inclusdo. Apos a leitura completa dos artigos, 7 artigos foram incluidos ao final do
processo de sele¢do. O consumo de 4cidos graxos n-3 promoveu a reducio nos niveis séricos da
maioria dos eicosanoides pro-inflamatdrios analisados em individuos com obesidade e/ou
sobrepeso. No grupo das prostaglandinas pro-inflamatdrias, foi encontrado redugdo significativa
apos o consumo de acidos graxos n-3 (Glass’ A-0.35; CI -0.62, -0.07, i* = 31,48). As analises de
subgrupo mostraram maior efeito em periodos de consumo até 8 semanas (Glass’ A-0.51; CI-0.76,
-0.27) e doses superiores a 0.5 g de 4cidos graxos n-3 (Glass’ A -0.46; C1-0.72,-0.27). Conclusio:
O consumo de 4cidos graxos n-3 contribui na redugdo dos niveis séricos de eicosanoides pro-
inflamatorios, além de reduzirem os niveis séricos de prostaglandinas pro-inflamatdrias em
individuos com obesidade e/ou sobrepeso.

Palavras-chave: Eicosanoides, inflamacao, adcidos-graxos 0mega-3, obesidade



ABSTRACT

Introduction: In the context of obesity, low-grade chronic inflammation is a common feature,
partly characterized by a modification in eicosanoid profile, with an increase in pro-inflammatory
varieties. Dietary long chain polyunsaturated omega-3 fatty acids show benefits in the chronic
inflammatory state, exerting an anti-inflammatory effect, which can assist physiological
homeostasis in obesity. The objective of the present systematic review is to evaluate the effect of
omega-3 fatty acid intake in serum eicosanoid profile of adult individuals with obesity and/or
overweight. Methods: The elaboration of the present study followed PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and Meta-analyses). Articles published in 7
different databases until July 2020 were analyzed. For indexed databases, PubMed, Scopus,
Embase, Web of Science and Cochrane Library were selected. For grey literature, ProQuest and
Google Scholar were chosen. No restrictions were applied in terms of publication date or language.
Studies were selected independently by two reviewers, as well as data extraction and analysis. Risk
of bias evaluation followed the criteria proposed by Joanna Briggs Institute. The effect of omega-
3 fatty acid consumption over prostaglandin synthesis were estimated by A Glass type 1 in a
random-effects model for the meta-analysis. Results: A total of 2941 articles were selected and 39
of them attended inclusion criteria. After complete reading of the remaining articles, 7 studies were
included in the end of the selection process. The intake of omega-3 fatty acids promoted a
reduction in serum levels of the majority of pro-inflammatory eicosanoids in individuals with
obesity and/or overweight. A significant reduction was found in pro-inflammatory prostaglandins
after omega-3 intake (Glass’ A-0.35; CI-0.62,-0.07, 1> =31,48). Subgroup analysis showed greater
effects in periods up to 8 weeks (Glass’ A-0.51; CI -0.76, -0.27) and in doses higher than 0.5 g
omega-3 fatty acids (Glass’ A -0.46; CI -0.72, -0.27). Conclusion: Omega-3 fatty acid intake
contributes to a reduction in serum levels of pro-inflammatory eicosanoids. It also reduces serum
level of pro-inflammatory prostaglandins in individuals with obesity and/or overweight.

Key-words: Eicosanoids, Inflammation, omega-3 fatty acids, obesity.
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LTB4 — Leukotriene B4
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NALP3 - NACHT, LRR And PYD Domains-Containing Protein 3
NFk-B - Nuclear Factor Kappa B

NLRs - NOD-like Receptors

PCR-us — Proteina C Reativa ultra-sensivel

PGE2 — Prostaglandin E2



PGF2 — Prostaglandin F2

PGI3 — Prostaglandin 13

PLA2 — Phospholipase A2

RhoA-Rock - Rho/Rho-Associated Coiled-Coil Containing Protein Kinase
SPMs — Specialized Pro-Resolvin Mediators

TLRs — Toll-like Receptors

TNF-alpha — Tumor Necrosis Factor Alpha

TXB2 — Thromboxane B2
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APRESENTACAO DA DISSERTACAO

Este trabalho consiste na dissertacao de mestrado intitulada “O efeito da ingestao de dcidos
graxos n-3 no perfil de eicosanoides de individuos com obesidade e sobrepeso: revisio
sistemdtica e meta-andlise” realizada pelo Programa de Pds-Graduacdo em Nutricdo Humana da

Universidade de Brasilia (UnB). O trabalho divide-se da maneira apresentada a seguir:
1. Introducgdo, Revisdo de Literatura, Objetivos e Metodologia

2. Artigo Cientifico

3. Consideracdes Finais e Materiais complementares
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1.1. INTRODUCAO

A obesidade ¢ descrita pelo acimulo excessivo de gordura no organismo, capaz de
perturbar o estado de saude, tendo o seu diagnostico realizado no momento que um individuo
atinge um Indice de Massa Corpérea (IMC) igual ou superior a 30 kg/m2. O sobrepeso, de maneira
similar, também denota um aumento ponderal, em maior parte gerado pela expansdo do tecido
adiposo, entretanto, seu ponto de corte é o valor de 25 kg/m? (BLUHER, 2019). Embora a causa
principal envolvida na patogénese da obesidade seja o superavit caldrico prolongado, a condi¢do
também pode ser atribuida a fatores ambientais, tais como sedentarismo, estresse mental,
perturbagdes no ciclo circadiano e exposi¢do a poluentes ambientais (GHOSH; BOUCHARD,
2017). Na perspectiva fisiologica, um dos componentes observados na obesidade ¢ a presenga de
uma resposta inflamatoria, processo gerenciado pelo sistema imune e utilizado como mecanismo
de defesa e também como um importante regulador metabdlico (SHOELSON; LEE; GOLDFINE,
2006). Entretanto, na obesidade, essa resposta inflamatdria encontra-se cronicamente ativada por
intermédio do excesso de tecido adiposo, revelando o termo amplamente conhecido na literatura
cientifica como “inflamagao cronica de baixo grau” (low-grade chronic inflammation, do inglés).
A presenca de um ambiente inflamatorio estd intimamente relacionada a uma série de doengas, tais
como resisténcia insulinica, diabetes mellitus tipo 2, cancer e doencgas cardiovasculares (ELLULU

etal.,2016).

Bioquimicamente, a resposta inflamatoria ¢ composta por uma ampla variedade de
substancias, que vao desde hormonios, citocinas e proteinas de fase aguda, até moléculas
denominadas eicosanoides, convergindo para um propdsito comum de interromper ou minimizar
eventos nocivos ao organismo (TSOUPRAS; LORDAN; ZABETAKIS, 2018). Particularmente,
eicosanoides sdo um grupo de substincias compreendidas dentro do grupo dos autacoides e sdo
originados por meio do processo de oxidacdo de acidos graxos poli-insaturados de cadeia longa
presentes nas membranas celulares, tais como o acido araquidonico (AA) proveniente da familia
n-6, e os acidos graxos da familia n-3, EPA e DHA (4cido eicosapentaenoico e docosaexaenoico,
respectivamente) (DE CATERINA; BASTA, 2001). Estes eicosanoides sdo comumente nomeados
de acordo com sua origem, sejam eles provenientes de acidos graxos n-9, n-6, ou mesmo de acidos

graxos n-3, e algumas classes tradicionalmente estudadas sdo leucotrienos, tromboxanos,
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prostaglandinas, prostaciclinas, lipoxinas e 4cidos hidroxieicosatetraenoicos (HETE:s)

(SOBERMAN; CHRISTMAS, 2003).

Em um ponto de convergéncia entre a resposta inflamatdria e a geragdo de eicosanoides, ¢
possivel inserir o padrao dietético, em especial no que diz respeito ao consumo de gorduras. O
padrdo de consumo denominado Dieta Ocidental (“Western Diet”), predominante na sociedade
moderna, ¢ caracterizado por um alto consumo de gorduras saturadas e poli-insaturadas da série
n-6, em detrimento a um baixo consumo de gorduras da série n-3, sendo esta caracteristica
intimamente ligada a um estado pro-inflamatorio (CALDER, 2015b). Isso acontece porque a
proporcao entre acidos graxos n-6:n-3 ¢ capaz de determinar a composi¢cdo de fosfolipidios da
membrana celular e, consequentemente, modificar o perfil de eicosanoides secretados a partir
destes acidos graxos. Prostaglandinas, tromboxanos e leucotrienos de série par (PGE2, TXB2,
LTB4, por exemplo) estdo associadas a génese e/ou manuten¢ao de um ambiente inflamatorio e,
consequentemente, associados as doencas cronicas (SIMOPOULOS, Artemis P., 2008a;
SIMOPOULOQOS, Artemis P, 2008c). Por outro lado, acidos graxos n-3, em especial o EPA e o
DHA possuem uma agao inflamatdria menos potente e, até mesmo, ligeiramente anti-inflamatdria
e estdo ligados a manutengdo de um estado inflamatorio fisioldgico, e ndo patoldgico. Os
mediadores eicosanoides desta classe sdo representados pelas prostaglandinas, tromboxanos e
leucotrienos de série impar, em especial as séries 3 ¢ 5 (CRUVINEL et al., 2010; HEADLAND:;
NORLING, 2015). Sugere-se, desta forma, que um maior consumo de 4cidos graxos n-3 poderia

auxiliar na resolu¢do do estado pré-inflamatoério (SERHAN; SAVILL, 2005).

Pelos pontos citados nos paragrafos anteriores, torna-se importante contribuir para a
consolida¢do das informagdes acerca do impacto do consumo de acidos graxos da série n-3 no
perfil de eicosanoides de pacientes com sobrepeso e/ou obesidade, uma vez que o aumento no
consumo deste nutriente pode refletir na atenuagdo da resposta inflamatoria e, consequentemente,

reduzir a incidéncia de agravos de saide comumente relacionados a obesidade.
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1.2. REVISAO DE LITERATURA

1.2.1. Obesidade e Inflamagdo

A epidemia global da obesidade est4 associada ao aumento no nimero de doengas cronicas,
tais como esteatose hepdtica, esteatoepatite, cancer, asma, diabetes mellitus tipo 2 (DMT2),
doengas neurodegenerativas e cardiovasculares (REILLY; SALTIEL, 2017). Atualmente, a
ciéncia busca esclarecer os mecanismos que seriam capazes de justificar a ocorréncia destes
eventos de maneira conjunta. Estudos publicado nas ultimas duas décadas sugerem a inflamacao
cronica de baixo grau como o fendmeno metabolico capaz de conectar cada uma destas condi¢des
com a obesidade propriamente dita (DAS, 2001; HOTAMISLIGIL, 2006; LUMENG; SALTIEL,
2011).

Muitos podem ser os gatilhos para o inicio da resposta inflamatoria, desde poluentes
ambientais, antigenos oriundos do intestino (a exemplo da molécula de lipopolissacarideo, LPS),
manifestagdes alérgicas, e at¢ mesmo a morte de diferentes tipos celulares (HOTAMISLIGIL,
2006). No entanto, um importante gatilho a ser considerado ¢ o consumo excessivo de calorias
proveniente da dieta, o que resulta em estado hiper-anabodlico, especialmente nas células adiposas.
Este direcionamento ao ambiente anabolico induz a expansao dos estoques de acidos graxos na
forma de triglicerideos, no interior dos adipocitos, que respondem por meio da secrecdo de
moléculas sinalizantes, como as quimiocinas, dando inicio a resposta inflamatoria adaptativa

(ELLULU et al., 2016; LUMENG; SALTIEL, 2011).

Em um primeiro momento, o processo de expansdo adipocitaria na obesidade ¢ capaz de
preservar o equilibrio homeostatico, mas com o prolongamento do superavit calorico e a continua
expansao dos estoques intracelulares de acidos graxos, este equilibrio apenas consegue ser mantido
por meio do estabelecimento de novos padrdes de secre¢do hormonal, glicose sanguinea,
neurotransmissores € peso. A estes novos padrdes, atribui-se a coexisténcia dos processos de
resisténcia a acdo da insulina, resisténcia a a¢cdo das catecolaminas, fibrose e remodelamento do

tecido adiposo (REILLY; SALTIEL, 2017).
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Acredita-se que este mesmo processo de expansdo dos adipdcitos estd associado ao
aumento da resposta inflamatéria, por meio do fendmeno chamado de estresse mecanico. Este
estresse ¢ proveniente da expansdo volumétrica do adipdcito, uma vez que existe incorporagao
excessiva de triglicerideos, fazendo com que exista uma interagcdo entre adipdcitos e células
subjacentes da matriz extracelular. Os adipécitos sdo circundados por uma densa rede de
glicoproteinas e coldgeno que sofrem impacto direto da compressdo gerada pela expansdo
adipocitaria. Uma vez que isto ocorra, existe ativacdo do fator de transcricdo Nuclear Factor
Kappa B (NFk-B), molécula associada a expressdo de citocinas e quimiocinas pro-inflamatorias.
Esta ativacao induz o recrutamento de células imunitarias, tais como neutréfilos e mondcitos, e a
polarizag@o destas mesmas células para um fendtipo pro-inflamatédrio, como o que € classicamente
observado na transi¢do entre macréfagos do tipo M2 para o tipo M1 (HARA et al., 2011;
MCBEATH et al., 2004).

Outro mecanismo que parece estar associado ao estado inflamatdrio gerado pela obesidade
¢ o aumento na incidéncia de morte adipocitaria, fendmeno presente em maior escala no tecido
adiposo de individuos com obesidade (CINTI et al., 2005). Adip6citos mortos, ou mesmo aqueles
que estdo prestes a morrer, sdo capazes de disparar sinais que contribuem para a dissipagdo da
inflamacao, tais como a atragdo de mondcitos e a polarizagdo de macrofagos para o fenotipo M1,
como citado no pardgrafo anterior. Esta conformagdo de células mortas e células imunitérias
presentes no tecido adiposo ¢ visto, histologicamente, como estruturas denominadas “crown-like”,
ou do portugués, “similares a coroa”. Ademais, as substancias liberadas por estes adipdcitos sao
caracterizadas como padrdoes moleculares associados ao dano celular (do inglés, damage-
associated molecular patterns — DAMPs), capazes de sensibilizar os receptores do tipo NOD
(NLRs) e, consequentemente, ativar via do NALP3 inflamassoma, responsavel pela sintese de
algumas citocinas inflamatorias, tais como as interleucinas IL-1p e IL-18 (VANDANMAGSAR
etal.,2011).

Estudos que avaliaram a resposta inflamatoria associada a perda de peso em individuos
obesos, mostraram resultados significativos na reducdo de marcadores pro-inflamatorios como
interleucina-6 (IL-6), Proteina C-Reativa (PCR) e Proteina Quimioatrativa de Mondcitos (MCP-

1) quando a magnitude da perda de peso alcangou valores entre 5 a 16% de perda de peso total
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(JENSEN et al., 2014; MAGKOS et al., 2016). Estes resultados corroboram a ideia de que a

obesidade se associa ao padrao pro-inflamatorio descrito acima.

1.2.2. Obesidade e Perfil de eicosanoides

Ao considerar a inflamacdo do tecido adiposo e todas as moléculas envolvidas neste
processo, ¢ necessario enfatizar a sintese dos eicosanoides, lipidios bioativos responsaveis por uma
importante rede de sinalizagdo, ndo s6 no tecido adiposo, mas em todo o organismo. Os
eicosanoides sdo originados, principalmente, por meio de uma ac¢ao enzimatica coordenada pelas
enzimas ciclooxigenase (COX-1 e COX-2), lipooxigenase (5-LOX e 15-LOX) e epoxigenases
(Cytocromo P450) que usam como substrato os acidos graxos poli-insaturados, em especial o dcido
araquidonico (ARA), o acido eicosapentaenoico (EPA) e o 4cido docosaexaenoico (DHA) (SAINI;
KEUM, 2018). De acordo com a familia de 4cido graxo metabolizado, sejam eles acidos graxos n-
3 (EPA e DHA) ou n-6 (ARA), um diferente arranjo de eicosanoides serd originado. Para a
primeira familia, havera predominancia na formacao de prostaglandinas e leucotrienos de série
impar, processo auxiliado pela acdo COX-2 e 5-LOX, respectivamente. Ja para a familia n-6, a
formagdo de eicosanoides de série par ocorrerda mediante agdo das enzimas das mesmas enzimas
citadas anteriormente. Em adi¢3o a isso, algumas enzimas da familia Citocromo P450, epoxigenase
e epoxido hidrolase, conseguem originar acidos epoxieicosatrienoicos (SCHMITZ; ECKER,

2008).
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Figura 1. Acidos graxos e subprodutos eicosanoides (Saini, 2018).
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A formacgdo de eicosanoides ¢ importante, ndo somente no contexto imunologico, enquanto
reguladores da inflamag¢ao, mas também no contexto metabolico, enquanto reguladores de distintos
processos fisiologicos, como regulagdo da fun¢do renal (IMIG, 2015), da pressdo arterial (IMIG,
2010), e at¢ mesmo defesa contra microorganismos (WAN et al., 2014). Entretanto, quando
sintetizados em excesso, eicosanoides sao capazes de gerar desequilibrio na resposta inflamatoria,
estando associados a fisiopatologia da aterosclerose, trombose, cancer e asma (ARAUJ 0;

WHEELOCK; HAEGGSTROM, 2018).

Alguns trabalhos em modelos animais sdo capazes de estabelecer conexao entre a expansao
do tecido adiposo e acdo dos eicosanoides. Um dos principais representantes da classe das
prostaglandinas, a Prostaglandina E2 (PGE2), tem sido mencionada como elemento importante no
recrutamento de células do sistema imune para o tecido adiposo, bem como no processo de
diferenciagdo de macréfagos M1, caracteristicas marcantes no processo inflamatorio deflagrado
pela obesidade (ARAUJ O; WHEELOCK; HAEGGSTROM, 2018). Na classe dos leucotrienos, o
Leucotrieno B4 (LTB4) parece ter grande associacdo com a inflamag¢do do tecido adiposo, sendo
capaz de ativar o NF-kB e aumentar a producdo de IL-6, TNF-alfa e MCP-1 em culturas de
adipocitos de camundongos obesos (HORRILLO et al., 2010). Li e colaboradores mostraram o
papel do LTB4 na promogao de resisténcia insulinica no tecido muscular e adiposo, € no acimulo
de gordura hepatica em camundongos obesos, corroborando seu papel na indu¢do do ambiente

inflamatoério encontrado na obesidade (LI et al., 2015).

Estudos em humanos sdo mais escassos, porém apresentam resultados que corroboram com
os dados apresentados em modelos experimentais. Baek e colaboradores submeteram um total de
86 criangas asmaticas ao exercicio fisico e mensuraram, entre outros parametros, os niveis de
LTB4 e PGF2 urinarios. Seus achados revelaram que os niveis destes eicosanoides pro-
inflamatorios em criangas asmadticas e obesas eram superiores aos seus niveis em criangas
asmaticas ndo-obesas, inclusive apds a realizagdo do exercicio (BAEK et al., 2013). Em individuos
adultos com obesidade os niveis de LTB4 urinarios foram associados a circunferéncia de cintura
aumentada, um classico marcador antropométrico de obesidade (BACK et al., 2014). Garcia-
Alonso e colaboradores compararam amostras de tecido adiposo de individuos eutréficos e

saudaveis, encontrando maiores niveis de PGE2 e 6-Keto prostaglandina F1 alfa (6-Keto-PGF1
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alfa) em obesos quando comparado aos eutroficos. Como analise adicional, avaliou-se a expressao
de mRNA da enzima COX-2 entre os dois grupos de participantes, com resultados propondo maior
atividade da enzima em pacientes obesos. Tal fato ¢ congruente com o aumento na producao de

prostaglandinas pro-inflamatérias, embora estudos mais robustos precisem ser realizados acerca

deste tema (GARCIA-ALONSO et al., 2016).

Alteragdes nos niveis de eicosanoides observados na obesidade se correlacionam com
comorbidades e agravos de saide encontrados em pacientes com excesso de peso, a exemplo de
aterosclerose, esteatose hepatica ndo alcoolica e diabetes tipo 2 (ARAUJO et al., 2018). Os
principais, mas nao exclusivos, eicosanoides envolvidos no processo sdo elencados na imagem

abaixo, de acordo com suas respectivas condi¢des metabolicas.

COX LOX CYP
Obesidade/DM2 1 PGE2 1 12-HETE, 15-HETE 1 20-HETE
1 PoE2 20-HETE, EE
- t:
DCV PGE2 — TXA2 1 Cys-LTs, LTB4 » IS

(desequilibrio)
(desequilibrio)

Esteatose 1 PGD2, LXA2 1 8,9-DHET
1 5-HETE, 15-HETE
Hepética 1T PGE2 111, 12-DHET

Figura 2. Alteragdes nos niveis de eicosanoides em diferentes condi¢des metabolicas. Adaptado de

Aratjo, 2018.

1.2.3. O papel dos acidos graxos omega-3 e 6 na inflamagdo e no perfil de eicosanoides

Diversos tipos de lipidios dietéticos sdo relevantes e podem contribuir para o processo pro-
inflamatorio existente na obesidade. Um mecanismo classico que ja vem sendo elucidado ¢ a
ligacdo de alguns éacidos graxos, em especial os acidos graxos saturados e os trams, com 0s
receptores do tipo Toll-Like (TLRs), a exemplo dos TLR4 e TLR2. Ao efetivar esta conexao, estes

acidos graxos sdo capazes de ativar a via de sinalizacdo do NFk-B, consequentemente ativando a
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secrecdo de citocinas e quimiocinas, € estimulando o recrutamento de macréfagos M1 para o tecido
adiposo (REILLY; SALTIEL, 2017). Outras proteinas seriam capazes de agir como “‘sensores
lipidicos”, a exemplo da Fatty Acid Binding Protein 4 (FABP4), também associada a ativacao de
macrofagos (MAKOWSKI et al., 2012).

Entretanto, um dos principais mecanismos estudados no ambito da inflamagdo ¢ o papel
dos acidos graxos poli-insaturados n-3 e n-6 na modulagdo da resposta inflamatoria. Isso ocorre
pois o conteudo de lipidios dietéticos consumidos, em especial quando nos referimos a propor¢ao
entre n-6 por n-3, determina a constitui¢do dos fosfolipideos de membrana, substrato para a
formagdo de eicosanoides. Diferentes composi¢des destes fosfolipidios geram diferentes padrdes
de resposta inflamatoria , uma vez que acidos graxos n-6, representados pelo acido araquidénico
(ARA), sdo precursores de eicosanoides com caracteristica pro-inflamatéria , ao passo que acidos
graxos n-3, estdo associados a geracdo de eicosanoides de menor poténcia inflamatdria e, até
mesmo, com caracteristica anti-inflamatéria (HEADLAND; NORLING, 2015). Os fosfolipideos
de membrana sdo submetidos a acdo da enzima fosfolipase A2 (PLA2), ficando suscetiveis a acao
das enzimas (COX-1 e COX-2), (5-LOX e 15-LOX) e da familia citocromo P450 formando
diferentes conjuntos de eicosanoides, a depender do acido graxo que compunha o fosfolipidio de

membrana em questao (CALDER, 2003; FLACHS et al., 2009).

De maneira geral, o consumo de acidos graxos poli-insaturados ¢ associado com efeitos
benéficos a satide, entretanto, atribui-se participacdes opostas aos acidos graxos n-6 e 3, uma vez
que sdo responsaveis pela geracao de mediadores antagonicos, na perspectiva inflamatoria (SAINI;
KEUM, 2018). Dietas ricas em n-6 estdo associadas a manuten¢do do quadro de inflamacao
crénica, 0 que se associa, consequentemente, a doengas cardiovasculares, cancer e diabetes. Do
contrario, dietas ricas em n-3 estdo associadas a resolu¢dao do processo inflamatdrio e protecao
contra doencas metabolicas cronicas (ADKINS; KELLEY %, 2010; KANG; LIU, 2013; SERHAN;
SAVILL, 2005). Uma das primeiras evidéncias que estabeleceu conexdo entre o consumo de n-3
e desordens cronicas foi a avali¢do do consumo destes 4cidos graxos em esquimos da Groenlandia.
O consumo dietético desta populacdo era baseado em alimentos de origem animal com alto teor
de gorduras do tipo n-3, e apresentavam pequenas taxas de doengas cardiacas, diabetes tipo 1,

asma e esclerose multipla (SIMOPOULOS, Artemis P., 2011).
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Diferente da Groénlandia, o padrdo de consumo predominante nas sociedades ocidentais,
¢ caracterizado pela ingestdo elevada de n-6 e gorduras saturadas, em detrimento a um baixo
consumo de gorduras n-3, padrdo alimentar chamado de “Western Diet”, ou “Dieta Ocidental”.
Acredita-se que populacdes ancestrais ha cerca de 40 a 50 mil anos atrds, consumiam proporgoes
equitativas entre os dois dcidos graxos, proximas a 1:1, entretanto, o padrao de consumo Western
Diet acentuou diferencas entre eles, revelando que paises como Estados Unidos e do ocidente
europeu chegam a atingir propor¢des de 40-50:1. Esta despropor¢ado ¢ capaz de gerar um ambiente
celular substancialmente mais propenso a formagao de eicosanoides pro-inflamatorios. (PELLA
et al., 2003; SIMOPOULOS, Artemis P.; DINICOLANTONIO, 2016). A figura 3 exemplifica a

modifica¢do do consumo de gorduras dietéticas ao longo do tempo.

Hunter-gatherer Agricultural Industrial
40 Vitamin C
g 30
I
e Total fat - =
N iR " VitaminE T3 8
E 20 >
o> E
§ 10| Saturated P - Trans
————————————— =110
'—'—0{’6 ../
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Figura 3. Evolugdo histdrica do consumo de acidos graxos 6mega-6, 0mega-3 e outros nutrientes.

(Simopoulos, 2016).

Uma vez que os lipidios dietéticos sdo precursores dos eicosanoides, o consumo de EPA
ou DHA estd associado a reducdo na sintese de PGE2 e de TXB2, importantes agregantes
plaquetarios e vasoconstrictores. Da mesma forma, sdo capazes de reduzir a sintese de LTB4,
potente indutor inflamatdrio, responséavel por processo de quimiotaxia e aderéncia leucocitaria
(JIANG et al., 2016). Celada e colaboradores forneceram 2 g de acidos graxos n-3 (ALA, EPA e

DHA) por meio de alimentos fortificados para 18 individuos com sobrepeso e obesidade, em um
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protocolo com duracdo de 4 semanas. Seus achados revelaram uma redugao significativa (p<0.05)
nos niveis de TXB2 séricos ao término do protocolo (CELADA et al., 2019a). Uma possivel
justificativa para esta resposta, reside na capacidade dos &cidos graxos EPA e DHA agirem como
inibidores competitivos da enzima prostaglandina sintetase, responsavel por gerar as moléculas
supracitadas por meio da reagdo com o0 ARA (MARTINEZ-FERNANDEZ et al., 2015). Os 4acidos
graxos n-3 associam-se, também, a uma ampla gama de eicosanoides anti-inflamatorios (TXB3,
PGI3, LTBS), responsaveis por processos de vasodilatagdo, inibicdo da agregacdo plaquetaria e
amenizacao da resposta inflamatoria (SIMOPOULOS, Artemis P., 2008b). O trabalho conduzido
por Nielsen e colaboradores propos que a suplementagdo de capsulas oleosas na quantidade de
1.12 g de 4cidos graxos n-3 (EPA e DHA) aumentou significativamente os niveis de LTBS5 ao final
de 6 semanas de protocolo (p<0.001), em 50 individuos adultos com sobrepeso (NIELSEN et al.,
2012a). Também estdo relacionados a formacdo de mediadores especificos relacionados a
resolucdo da inflamagdo aguda (Specialized Pro-Resolvin Mediators, SPMs) (a exemplo das
maresinas, lipoxinas, protectinas e resolvinas). Estas moléculas, estdo associadas ao processo de
resolucdo da inflamacdo e reestabelecimento das propriedades nativas do tecido alvo (DOYLE;
SADLIER; GODSON, 2018). Ferrucci e colaboradores analisaram os niveis plasmaticos dos
marcadores pro-inflamatorios TNF-alfa, PCR, IL-6 e IL-1ra em um total de 1123 pessoas entre 20
e 90 anos, com média de IMC 27,5 kg/m? (+ 4,4). As niveis plasmaticos de n-3 foram associados,
de forma independente, com menores niveis destes marcadores, atribuindo importancia a estes
acidos graxos ndo somente na perspectiva dos eicosanoides, mas na modula¢ao de todo o ambiente
inflamatorio (FERRUCKCI et al., 2006). Coletivamente, estes fatos atribuem grande importancia a

razao entre os acidos graxos dmega-6 e 3, e ndo somente a suas quantidades absolutas.

A partir do entendimento de estudos prévios que mostram a influéncia dos acidos graxos
n-3 na sintese dos eicosanoides, e que estes marcadores estdo associados a resposta inflamatdria
em individuos com obesidade, torna-se importante contribuir para aumentar o nivel de evidéncias
cientificas sobre esta relacdo. Ainda ndo hé na literatura cientifica nenhuma publicacdo analisando
de maneira sistematica as evidéncias disponiveis sobre o efeito do consumo de 4cidos graxos n-3
sobre e as classes de eicosanoides em pessoas com excesso de peso. Esta lacuna de conhecimento

motivou a elaboracdo deste trabalho, cujo objetivo consistiu em conduzir uma revisao sistematica
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e meta-andlise de ensaios clinicos avaliando o efeito do consumo de acidos graxos n-3 no perfil de

eicosanoides em pacientes com obesidade e/ou sobrepeso.

1.3 OBJETIVOS

1.3.1 OBIJETIVOS GERAIS
- Avaliar o impacto do consumo de acidos graxos n-3 no perfil de eicosanoides em individuos

adultos com obesidade e/ou sobrepeso.

1.3.2  OBJETIVOS ESPECIFICOS

- Avaliar o efeito do consumo de 4cidos graxos n-3 nas variedades pro-inflamatorias e anti-
inflamatorias de eicosanoides em individuos adultos com obesidade e/ou sobrepeso por meio de
revisdo sistematica com meta-analise

- Analisar o efeito da fonte (suplemento ou alimento), dose e tempo de suplementagdo dos acidos
graxos n-3 na modifica¢do do perfil de eicosanoides;

- Avaliar a qualidade dos estudos publicados sobre suplementag¢do de 4cidos graxos n-3 e perfil

inflamatorio de eicosanoides individuos adultos com obesidade e/ou sobrepeso.

1.4. METODOLOGIA

A presente revisao sistematica com meta-analise foi conduzida conforme recomendacdes
do PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) e seu
protocolo foi registrado na plataforma PROSPERO (Prospective Register of Systematic Reviews)
sob o codigo CRD42020153362.

1.4.1. Fonte das informagoes e estratégias de busca

O procedimento de busca foi executado nos seguintes bancos de dados: PubMed, biblioteca

Cochrane, Embase, Scopus ¢ Web of Science. Também foram buscados estudos na literatura
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cinzenta, como Google Académico e ProQuest. Publicagdes até a data de 7 de novembro de 2019

foram analisadas e as buscas atualizadas na data de 14 de julho de 2020.

A estratégia de busca foi revisada por um pesquisador com experiéncia em revisdes

sistematicas, de acordo com o checklist PRESS (Peer Review of Electronic Search Strategies).

A estratégia de busca utilizada no PubMed foi adaptada de acordo com o respectivo banco
de dados: (“Morbid obesity” OR “Severe obesity” OR “Abdominal obesity”” OR “Central obesity”
OR “Visceral obesity” OR “Obese men” OR “Obese women” OR “Overweight” OR “Overweight
men” OR “Overweight women” OR “Excess weight” OR “obese” OR “obesity” OR “Fat
accumulation” OR “fatness” OR “body fatness” for population main characteristic and combined
with intervention keywords "N3 fatty acids" OR "n-3 Fatty Acids" OR "n 3 Fatty Acids" OR "n3
Fatty Acids" "W3 fatty acids" OR "w-3 fatty acids" OR "w 3 fatty acids" OR "N3 Polyunsaturated
Fatty Acid" OR "n-3 Polyunsaturated Fatty Acid" OR "n 3 Polyunsaturated Fatty Acid" OR "n3
Polyunsaturated Fatty Acid" OR "n-3 PUFA" OR "N 3 PUFA" OR "N3 PUFA" OR "N-3 oils" OR
"N3 oils" OR "N 3 oils" OR "Omega 3 Fatty Acids" OR "Eicosapentanoic Acid" OR "omega 3
Eicosapentaenoic Acid" OR "omega-3-Eicosapentaenoic Acid" OR "Timnodonic Acid" OR
"Docosahexenoic Acid" OR "omega 3 Docosahexenoic Acid" OR "Docosahexaenoate" OR "alpha
Linolenic Acid" OR "Linolenate" OR "Linolenic Acid" OR “EPA and DHA supplementation” OR
EPA OR DHA OR “omega 3” OR “omega-3” OR “fish oil” OR “arachidonic acid” OR
“arachidonate”) AND (“eicosatetraenoic acid” OR eicosanoid OR Icosanoid OR Prostanoid OR
Lipoxin OR Prostaglandin OR Thromboxane OR Leukotriene OR "hydroxyeicosatetraenoic acid"
OR "Isoprostane" OR “dinoprostone”). A busca realizada no Google Académico se limitou aos
primeiros 200 artigos mais relevantes. Nenhum dos filtros de idioma, data de publica¢do ou status
foram aplicados aos resultados de cada banco de dados. Mais informagdes acerca das estratégias

de busca podem ser visualizadas no Apéndice 1.

Uma consulta no portal ClinicalTrials.gov foi conduzida (U.S. National Library of
Medicine) de forma a verificar se havia algum outro estudo finalizado ou em andamento com
dados nao publicados que pudesse ser incluido em nossa revisao sistematica. A lista de referéncias

foi manualmente revisada para identificar potenciais estudos que ndo puderam ser localizados por
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meio das buscas nos bancos de dados. As duplicatas foram removidas e o processo de sele¢ao de

artigos foi realizado com auxilio do software Rayyan.
1.4.2. Critério de eligibilidade

Ensaios clinicos e estudos observacionais conduzidos em adultos com sobrepeso e/ou
obesidade com mais de 18 anos e menos de 65 anos de idade foram considerados elegiveis. O
critério de inclusdo consistiu em estudos que avaliassem o consumo de a&cido graxos poli-

insaturados da série dmega-3 por meio da alimentacdo ou suplementagao.

Os critérios de exclusdo foram: 1) Estudos com individuos submetidos a cirurgia
metabolica/bariatrica; 2) Consensos, revisoes, cartas ao editor, resumos de conferéncia e editoriais;
3) Estudos que envolvessem individuos com doencas inflamatdrias pré-existentes; 4) Utilizacao
de farmacos ou suplementos de caracteristica anti-inflamatoria; 5) Mensuragdo de eicosanoides

ausentes ou realizadas em locais diversos do soro ou plasma.
1.4.3. Extracdo de dados

A selecdo dos trabalhos foi realizada de forma independente por dois revisores. Os estudos
foram alocados em um dos trés grupos a seguir: “incluidos”, “excluidos” ou “conflitantes”, e
respostas conflitantes foram posteriormente resolvidas entre os revisores. Os dados foram
extraidos e selecionados por um autor (G. S.). Todas as informacdes obtidas foram conferidas por

um segundo autor (I. R.).

A informagao extraida foi categorizada da seguinte maneira: 1) Autor, Ano de publicacao,
e Pais; 2) Desenho do estudo; 3) Periodo do Estudo; 4) Fonte dos 4cidos graxos dmega-3; 5)
Protocolo do Estudo; 6) Protocolo de adesdo para alimentos/suplementos; 7) Idade; 8) IMC inicial;

9) Marcadores inflamatorios Pré e Pés-intervencdo; 10) Resultados principais.
1.4.4. Risco de viées em estudos individuais

O risco de viés dos artigos incluidos foi realizado de acordo com a ferramenta Joanna
Briggs Institute Critical Appraisal Tools. Um checklist de 9 questdes (“Checklist of quasi-
experimental studies’) foi utilizado para determinar o risco de viés em ensaios clinicos nao

randomizados e um checklist de 13 questdes (“Checklist of randomized controlled trials™) para
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determinar o risco de viés nos ensaios clinicos randomizados. O risco de viés de cada estudo
incluido foi determinado de forma independente por dois revisores (G. S. e I. R.) e pode ser

visualizado na Figura 2.
1.4.5. Medidas sumario e sintese dos resultados

De acordo com os dados de desfechos primarios coletados a partir da extragdo dos dados,
foi possivel conduzir a meta-andlise para investigar a magnitude de efeito do consumo de 4cidos
graxos dmega-3 nos niveis séricos de prostaglandinas pro-inflamatorias. Para isso, realizamos um
modelo de efeitos aleatorios (random-effect model) utilizando o método de estimativa por maxima
verossimilhanga restrita (restricted maximum likelihood, REML). O modelo de efeitos aleatorios
aplicado a meta-andlise parte do principio que diferentes estudos estdo estimando diferentes,
porém relacionados, efeitos de intervengdo, o que esta de acordo com os dados obtidos na extragao.

O valor entre a diferenca dos marcadores inflamatdrios investigados do momento inicial
(baseline) ao momento final (endpoint) foi estimado pelo modelo Glass Tipo 1, utilizando 95% de
intervalo de confianga. O delta (A) de Glass ¢ adequado pois permite comparar as alteragdes de
desvios-padrdo e sua inferéncia sobre a variancia, além de padronizar as diferentes medidas
analisadas criando a medida sumério. Da mesma forma, o Delta de Glass ¢ oportuno para aqueles
trabalhos cuja comparacdo com o grupo controle ndo ¢ possivel, fato que ocorreu em nosso estudo
em virtude da auséncia de parte dos dados basais em um dos estudos incluidos. Houve tentativa de
contato com os autores do respectivo estudo para aquisicdo dos dados faltantes, entretanto nao
obtivemos resposta. Para os estudos com mais de um grupo de intervencdo, o grupo com a maior
dosagem de 4cidos graxos n-3 consumida foi levada em consideragdo para a analise. Para o estudo
com o desenho crossover, a alteracdo média no nivel dos marcadores inflamatorios ao fim dos
periodos de intervengdo foi utilizada.

A heterogeneidade dos efeitos do tratamento entre os estudos foi testada utilizando o teste
Qui-Quadrado (p<0.10) e a magnitude de seus efeitos utilizando o I2. Quando o I? era inferior a
40% atribuia-se pouca relevancia, de acordo com as recomendagdes da Colaboragdo Cochrane. De
forma a investigar os parametros capazes de influenciar a heterogeneidade, foram realizadas
andlises de subgrupo, considerada os seguintes estratos: i) doses de acidos graxos n-3 (maior ou
menor que 0.5 g EPA + DHA , conforme recomendado pela ISSFAL, para populagdo geral)

(CUNNANE, 2004); i) fontes dos acidos graxos dmega-3 (alimentos ou suplemento por via oral);
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ii1) tempo de intervencdo (mais de 8 semanas ou até 8 semanas). Em virtude do pequeno ntimero

de estudos incluidos na meta analise, ndo foi possivel realizar meta-regressao e analise de viés de

publicacao.

2. RESULTADOS

2.1 Artigo original

Artigo Original

Effect of n-3 long chain polyunsaturated fatty acid intake on eicosanoid
profile of individuals with obesity and overweight: a systematic review and

meta-analysis of clinical trials

Manuscrito submetido ao periddico Prostaglandins, Leukotrienes and Essential Fatty Acids

(Periddico classificado pelo QUALIS CAPES como A2 na area de Nutrigdo)
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1. INTRODUCTION

Obesity is one of the most prevalent chronic conditions currently seen in western society
(WHO, 2000) and can interfere in a balanced inflammatory response through eicosanoid
metabolism modulation (PICKENS et al., 2017). In individuals with obesity, visceral adipose
tissue presents a dysfunctional phenotype when compared to lean individuals’ tissue. Excessive
adipose tissue accumulation can potentially modify phospholipase A2 (PLA2), cyclooxygenase 2
(COX-2) and 5-lipooxygenase (5-LOX) activity, thereby increasing eicosanoid mediators such as
prostaglandins (PG) and leukotrienes (LT) (DJURIC et al.,2017; LANG; DUAN; HO, 2019). This
metabolic modification seems to determine a state of chronic low-grade inflammation, which is
recognized as a critical factor for the establishment and progression of metabolic dysfunction
associated with obesity (HOTAMISLIGIL, 2006). The pro-inflammatory eicosanoids synthesis is
associated with several obesity manifestations, such as insulin resistance (YING et al., 2017),
tissue inflammation (WANG, D.; DUBOIS, 2012), renal injury (NASRALLAH; HASSOUNEH;
HEBERT, 2016) and increased cardiovascular maladaptations (VIANELLO et al., 2020).

Inflammation and dietary fat, especially n-6/n-3 polyunsaturated fatty acids (PUFA) ratio,
have a tight correlation NETTLETON; KATZ, 2005), since there is enzymatic competition by the
use of these PUF As as substrates for synthesis of inflammatory mediators (PICKENS et al., 2017).
The unbalanced PUFA intake can be directly associated with markers of inflammation and
augmentation in COX and LOX-derived proinflammatory eicosanoids (MAS et al., 2012;
SIMOPOULOS, A P, 2006) such as prostaglandin E2 (PGE2), leukotriene B4 (LTB4) and
thromboxane A2 (TXA2), derived from n-6 fatty acids such as arachidonic acid (AA)(GROPPER,
S. S.; SMITH, J. L.; GROFF, 2013).

A higher intake of n-3 PUFA, such as eicosapentaenoic acid (EPA) and docosaexaenoic
acid (DHA) has the capability to modulate eicosanoid profile in COX and LOX dependent
pathways, generating 3-series prostaglandins and thromboxanes, and 5-series leukotrienes and
lipoxins (FISCHER et al, 2014; LEUNG; ZHANG, 2014). Also, because of enzymatic

competition, a higher EPA and DHA consumption might shift eicosanoid metabolism from AA
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metabolites (pro-inflammatory activity) to EPA and DHA metabolites (less pro-inflammatory
activity and even modestly anti-inflammatory activity) (CALDER, 2015a). Besides COX and LOX
enzyme, cytochrome P450 enzyme family also synthetize eicosanoid mediators as 5S-HEPE (EPA-
derived) and 5-HETE (AA-derived) contributing to modulate inflammation (ONODERA et al.,
2017; WANG, W. et al., 2016).

Significant modifications on inflammatory signaling and eicosanoid profile in human have
been seen during intervention with EPA and DHA fatty acids (BROWNING, 2003; CALDER,
2003) (), suggesting a protective effect of n-3 PUFA on chronic diseases. A previous study (JIANG
et al., 2016) showed that marine-derived n-3 PUFA had a beneficial effect on reducing the
concentration of major pro-inflammatory eicosanoids in unhealthy subjects. However, there has
been no study conducted to summarize the available evidence of the effects of n-3 PUFA
supplementation on pro- and anti-inflammatory eicosanoids markers on individuals with obesity
and overweight. Therefore, the aim of this study was to evaluate the effects of n-3 PUFA intake
on a variety of pro-inflammatory and anti-inflammatory eicosanoids on adults with obesity and

overweight, through systematic review and meta-analysis of controlled trials.

2. MATERIALS AND METHODS

The current systematic review and meta-analysis was conducted as recommended by the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (MOHER et al., 2015), and
the protocol was registered in the Prospective Register of Systematic Reviews (PROSPERO -
CRD42020153362).

2.1. Information sources and search strategies

A comprehensive search was executed in the following databases: PubMed, Cochrane
library, Embase, Scopus and Web of Science, and grey literature (Google Scholar and ProQuest).
Publications up to November 7, 2019 were examined, and updated on July, 14th, 2020.
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The search strategy was reviewed by an investigator with experience in systematic reviews
in accordance with the Peer Review of Electronic Search Strategies checklist criteria (MOHER et
al., 2015). The following strategy was adapted for the databases: (“Morbid obesity” OR “Severe
obesity” OR “Abdominal obesity”” OR “Central obesity” OR “Visceral obesity” OR “Obese men”
OR “Obese women” OR “Overweight” OR “Overweight men” OR “Overweight women” OR
“Excess weight” OR “obese” OR “obesity” OR “Fat accumulation” OR “fatness” OR “body
fatness” for population main characteristic and combined with intervention keywords "N3 fatty
acids" OR "n-3 Fatty Acids" OR "n 3 Fatty Acids" OR "n3 Fatty Acids" "W3 fatty acids" OR "w-
3 fatty acids" OR "w 3 fatty acids" OR "N3 Polyunsaturated Fatty Acid" OR "n-3 Polyunsaturated
Fatty Acid" OR "n 3 Polyunsaturated Fatty Acid" OR "n3 Polyunsaturated Fatty Acid" OR "n-3
PUFA" OR "N 3 PUFA" OR "N3 PUFA" OR "N-3 oils" OR "N3 oils" OR "N 3 oils" OR "Omega
3 Fatty Acids" OR "Eicosapentanoic Acid" OR "omega 3 Eicosapentaenoic Acid" OR "omega-3-
Eicosapentaenoic Acid" OR "Timnodonic Acid" OR "Docosahexenoic Acid" OR "omega 3
Docosahexenoic Acid" OR "Docosahexaenoate" OR "alpha Linolenic Acid" OR "Linolenate" OR
"Linolenic Acid" OR “EPA and DHA supplementation” OR EPA OR DHA OR “omega 3” OR
“omega-3” OR “fish o0il” OR “arachidonic acid” OR “arachidonate”) AND (“eicosatetraenoic
acid” OR eicosanoid OR Icosanoid OR Prostanoid OR Lipoxin OR Prostaglandin OR
Thromboxane OR Leukotriene OR "hydroxyeicosatetraenoic acid" OR "Isoprostane" OR
“dinoprostone”). The Google search was limited to the first 200 most relevant articles. No filters
on language, publication date, or status were applied to the results found in each database. More

information about search strategies is provided in Appendix 1.

A consultation was carried out on the ClinicalTrials.gov Database portal (U.S. National
Library of Medicine) in order to verify if there was any on-going or non-published data that could
be included in our systematic review. Reference lists of included records were manually reviewed
to identify potentially studies not retrieved from databases. The duplicates were removed, and the

screening procedure was applied using Rayyan software (OUZZANI, 2017).
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2.2. Eligibility criteria

Clinical trials studies that were conducted on adults with obesity and overweight (more
than 18 years old and less than 65 years old) were eligible. The intervention criteria were n-3

polyunsaturated fatty acid intake either through oral supplements or foods.

Exclusion criteria were: 1) Studies with subjects that underwent bariatric/metabolic
surgery; 2) Consensus, management, reviews, letters, conference abstracts, editorials; 3) Studies
evaluating subjects with inflammatory diseases; 4) Use of non-steroidal anti-inflammatory drugs
or anti-inflammatory supplements; 5) Absent eicosanoid measurement or measurements other than

serum or plasma eicosanoids.

2.3. Data extraction

Study selection was undertaken independently by two reviewers. Studies were allocated in
one of the three following groups: “included”, “excluded” or “conflict” and discrepant answers
were resolved between reviewers. Data were extracted from selected studies by one author (G. S.).

All the retrieved information was cross checked by a second author (I. R.).

The extracted information was categorized as follows: 1) Author, Year of publication, and
Country; 2) Study design; 3) Study Period; 4) n-3 PUFA source; 5) Study Protocol; 6) Food or
supplement adherence protocol; 7) Age; 8) Baseline BMI; 9) Baseline and Post-Intervention

Inflammatory markers; 10) Main results.
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2.4. Risk of bias in individual studies

The risk of bias of included articles was performed according to the Joanna Briggs Institute
Critical Appraisal Tools. A 9-question checklist (“Checklist of quasi-experimental studies”) was
used to assess risk of bias in non-randomized clinical trials and a 13-question checklist (“Checklist
of randomized controlled trials”) in order to evaluate randomized clinical trials. The risk of bias

of each included study was assessed independently by two reviewers (G. S. and I. R.).

2.5. Summary measures and Synthesis of results

The primary outcomes were the identified measures of association between the n-3 PUFA
intake and serum inflammatory markers levels for the qualitative analysis.

Due to available data collected regarding the primary outcomes, we were able to conduct a
meta-analysis to investigate the effect size of the n-3 PUFA intake on prostaglandins pro-
inflammatory eicosanoid levels. For this, we built random-effect models using the restricted
maximum likelihood (REML) method (RAUDENBUSH, 2009). The random-effects meta-
analysis approach incorporates an assumption that the different studies are estimating different,
yet related, intervention effects (DEEKS; HIGGINS; ALTMAN, 2019; DERSIMONIAN,
REBECCA; LAIRD, 1986), which agrees with our data.

The difference between the parameters investigated from baseline to endpoint was
estimated by Glass's, type 1, with its respective 95% CI (SMITH; GLASS, 1977). The Glass’s A
is suitable for studies whose comparison with a control group is not possible (KLINE, 2013), which
happened in this study due to the absence of part of the data and the non-response of the authors
to the attempts to contact them to request them. In studies with more than one intervention group,
the highest n-3 PUFA dose group was considered for analysis. For the study with a crossover
design, mean changes between the levels of markers at the end of two intervention periods were
used (HIGGINS JPT, 2011).

Heterogeneity of treatment effects between studies was tested using the Chi-square method
(p<0.10) and its magnitude using I>. When I? was less than 40% it was not considered important,
according to Cochrane's collaboration recommendation (HIGGINS JPT, THOMAS I,
CHANDLER J, CUMPSTON M, LI T, PAGE MJ, 2020). In order to investigate parameters



influencing heterogeneity, we performed subgroup analyzes, considering the following strata:
doses of n-3 (higher or lower than 0.5 g EPA + DHA n-3 PUFA as recommended by ISSFAL for
general people (SPECTOR, 2004); source of administration of n-3 (food or oral supplement); and
intervention time (more than 8 weeks or up to 8 weeks). Due to the small number of studies
included in the meta-analysis, it was not possible to perform meta-regression and analysis of

publication bias (DEEKS; HIGGINS; ALTMAN, 2019).

3. RESULTS

The initial search identified a total of 2941 articles from seven databases, and after
removing duplicates, 39 potential studies met the eligibility assessment and complete full-text
reading. Thirty-two articles were excluded and the reasons are presented in Appendix 2. At the
end, seven articles (CELADA et al., 2019b; DAWCZYNSKI et al., 2013; DE LUIS et al., 2016;
NIELSEN et al., 2012b; O’SULLIVAN et al., 2014; POLUS et al., 2016; RAMEL et al., 2010)
were selected for this systematic review. After selection, the full reference list of each article was
checked in order to identify possible additions and no article was potentially eligible. In addition,
the Clinicaltrials.gov registers were consulted and no protocol associated with eligible articles has

been identified. Flow diagram of the screening process is shown in Figure 1.
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3.1. Characteristics of included studies

In total, seven clinical trials included 610 individuals with obesity and/or overweight
published between 2010 (RAMEL et al., 2010) and 2019 (CELADA et al., 2019b) (Table 1).
Among them, six studies (DAWCZYNSKI et al., 2013; DE LUIS et al., 2016; NIELSEN et al.,
2012b; O’SULLIVAN et al., 2014; POLUS et al., 2016; RAMEL et al., 2010) are randomized
trials and only one study (CELADA et al., 2019b) is a non-randomized trial. The studies were
conducted in different countries which included Spain (CELADA et al., 2019b; DE LUIS et al.,
2016), Germany (DAWCZYNSKI et al., 2013), Denmark (NIELSEN et al., 2012b), Poland
(POLUS et al., 2016). Ramel et al was a multicenter study that included Spain, Iceland and Ireland
(RAMEL et al., 2010).

The lower BMI between studies was 25.91 + 3.67 (DAWCZYNSKI et al., 2013) and the
higher BMI was 34.4 + 2.69 (POLUS et al., 2016). The mean age ranged from 31 £ 5.9 years old
(RAMEL et al., 2010) to 61.82 = 7.13 (DAWCZYNSKI et al., 2013). The majority of studies
analyzed both men and women (DAWCZYNSKI et al., 2013; DE LUIS et al., 2016; NIELSEN et
al.,2012b; O’SULLIVAN et al., 2014; RAMEL et al., 2010), except by Celada et al and Polus et
al, which included only men and only women, respectively. The intervention period ranged from

4 weeks (CELADA et al., 2019b) to 24-week (DE LUIS et al., 2016).

The n-3 PUFA content of the protocol interventions was provided by oral oil supplements
(DE LUIS et al., 2016; NIELSEN et al., 2012a; O’'SULLIVAN et al., 2014; POLUS et al., 2016;
RAMEL et al., 2010) or by food such as n-3 enriched frankfurters and patés (CELADA et al.,
2019b), n-3 enriched yogurt (DAWCZYNSKI et al., 2013) and salmon, a fatty fish (RAMEL et
al., 2010). N-3 enriched-food were provided as a mixture of different n-3 long chain PUFA family,
including EPA, DHA, DPA (docosapentaenoic acid) (CELADA et al., 2019b) and ALA (alpha
linolenic acid) (DAWCZYNSKI et al., 2013). One study supplemented individuals using
exclusively DHA fatty acid capsules (DE LUIS et al., 2016) and three other studies supplemented
with EPA plus DHA capsules (NIELSEN et al., 2012b; O’SULLIVAN et al., 2014; POLUS et al.,
2016). Only one study presented total fat amount and did not mention which specific fatty acids
were included in the intervention protocol (RAMEL et al., 2010). The control group were
supplemented with olive oil (NIELSEN et al., 2012b), corn/soybean oil (O’SULLIVAN et al.,
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2014) or sunflower oil capsules (RAMEL et al., 2010) and one study did not specify which oil was
used (POLUS et al., 2016). Studies that utilized food as PUFAs source presented conventional
fruit yoghurt (DAWCZYNSKI et al., 2013) and normal-fat frankfurters and pates as control groups
(CELADA et al., 2019b).

The lower amount of fatty acid dosage observed was 0.25 g of DHA (DE LUIS et al., 2016)
and the higher amount was 3 g of n-3 PUFA (including ALA, EPA, DPA and
DHA)(DAWCZYNSKI et al., 2013; O’SULLIVAN et al., 2014).

Each study measured a particular subset of eicosanoids, varying from leukotrienes,
prostaglandins, thromboxanes, lipoxins to PUFA metabolites such as HEPEs and HETEs (Table
1). Five of seven studies measured both pro- and anti-inflammatory eicosanoids (DAWCZYNSKI
et al., 2013; DE LUIS et al., 2016; NIELSEN et al., 2012b; O’SULLIVAN et al., 2014; POLUS
et al., 2016), and two studies were measured only the pro-inflammatory ones (CELADA et al.,
2019b; RAMEL et al., 2010) .
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Table 1 — Data Extraction

Author, Study Design ~ Study n-3 PUFA Study Protocol Food or Age Baseline BMI ~ Marker n-3 Intervention Group Significance”
Year and Period Source supplement (meanSD) (kg/m?) (mean=SD)
Country adherence
protocol
Baseline Post
Values Intervention
(pg/mL) Values
(pg/mL)
Celada, Non- 4 weeks Enriched n-3 Seventy- Both groups: Both groups: 6-keto PGFla 747+452 5634336 p <0.001
2019 — randomized Frankfurters and Intervention two-hour 449+10.3 28.6£2.5
Spain crossover patés group (n=18): dietary
[31] clinical trial 15.5% total fat; registers
2 g of ALA plus
EPA plus TXB2 309+158 254+75.7 p<0.05
DHA/d

Control Group
(n=18): 18%
total fat for
frankfurters and
30% total fat for
patés)




Dawczynski

, 2013
Germany
[32]

Placebo-
controlled,
randomized
double-blind
parallel
clinical trial

10weeks

Enriched Yogurt

n-3
Intervention
group (n=16):.
5.5 % total fat;
1.59 g EPA/d,
1.12 g DHA/d,
0.07 g ALA/d
and 023 g
DPA/d

Control Group
(n=14): 3.5%
total fat

Food
Frequency
Protocol

Intervention

group
61.82+ 7.13

Control
Group
58.23 +£7.38

Intervention

group
2591+ 3.67

Control
Group
26.14+ 3.87

5-HEPE

8-HEPE

9-HEPE

11-HEPE

12-HEPE

15-HEPE

18-HEPE

5-HETE

8-HETE

9-HETE

11-HETE

12-HETE

15-HETE

PGE3

PGE2

PGD2

PGE1

TXB2

LTB4

6.16+6.80

0.20+0.21

0.44+0.38

0.22+0.19

0.76+0.82

0.29+0.26

0.58+0.41

22.68 + 19.96

0.97+0.77

0.82+0.90

0.89+0.78

2.92+2.70

1.26+0.97

0.01+0.00

0.07+0.05

0.52+0.52

0.06+0.07

0.06+0.08

0.18+0.39

3.19+4.02

0.18+0.24

0.31£0.30

0.21+£0.23

1.01+0.83

0.37+0.38

0.70+0.73

11.60 + 27.

0.57£1.16

0.53+1.18

0.52+1.29

2.24+1.62

0.87+1.68

0.08+0.19

0.06+0.07

0.29+0.79

0.03+0.06

0.09+0.11

0.07+0.05

p=0.063

p=0.646

p=0.284

p=0.570

p=0312

p=10.507

p=0.406

p=0.030

p=0.030

p=0.041

p=0.030

p=0.305

p=0422

p=0.008

p=0.148

p=0.041

p=0213

p=0397

p=0.176
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DeLuis, Single- 24 weeks  Oral oil n-3 Not Intervention Intervention 15-HETE 23.76+38.35 72.95£51.50 p<0.05
2016 blinded, supplement Intervention informed group: group:
Spain randomized, group (n=14): 47.449.1 33.4+1.4 12 -HETE 535926+ 3226.87+ p<0.05
[33] controlled, DHA 0.5 g/day 3431.47 1431.22
prospective during the first
el gggay;zzg i 8-HETE 578565138 s28se3e02 P00
180 days 5-HETE
Control Control 369.63+ 369.10+ 149.68 p>0.05
Control Group Group: Group: 106.82
(n=15): placebo 44.3£11.7 32.95+1.9
capsules  with L) 1312649562 14801£71.79  p>0.05
the same scheme
(composition PGE2 0.14+0.34 13.31£15.46 p<0.05
not mentioned)
LTB4 Not detectable ~ 10-31£18.99 p<0.05"
PD1 3.80£5.27 6.3143.03 p>0.05
Nielsen, Parallel 6 weeks Oral oil n-3 Food Intervention Intervention 5-HETE* 5-HETE: p = 0.46"
2012 double- Supplement Intervention Frequency group: group: 350+ 18 328+ 18
Denmark blinded group (n=25): Questionnai 58.0+ 7.4 30.8+4.2
[34] randomized 0.64 g EPA/d re 5-HEPE 5-HEPE: p<0.001°
controlledclini and 048 g 58+6 117+6
cal trial DHA/d.
Control Control LTB4 LTB4 p=0.26"
Control Group Group: Group : 240+ 12 205+ 12 p = 0.005¢
(n=25): 2 g of 55479.5 29.5+3.3
olive oil/d. LTBS: LTBS: p<0.001°
9+1 14+1
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O’Sullivan,  Double-blind, Oral oil N-3 Food- Intervention Intervention 5- HEPE! Slope = 11,12 =0.55 p<0.0001
2014 - placebo Supplement intervention frequency group: group: (n=28)
United controlled group questionnair  37.2 + 12 27.0+4.3
States randomized (n=28):5g fish es
[35] clinical trial oil with 2 g LTB4° Slope = - 2.0, 12 = 0.25 p =0.005
EPA/d and 1 g (n=29)
DHA/d Control Control
Group: Group:
Control Group 34.1+12 27.7+4.6
(n=42): 5 g
soybean oil/d.
Polus, 2016 Randomized Oral oil n-3 No Intervention Intervention LXA4 50.29+19.10  57.63 £17.83 p=0.069
— Poland placebo- Supplement Intervention adherence group: group:
[36] controlled group protocol 459+9.3 34.4+2.69
double-blind (n=24):129 g was LXAS 62.3 +£24.38 79.8 £31.16 p=0.058
clinical trial DHA and 0.27- informed
0.45 g EPA/d.
Control Control
Control Group Group: Group:
(n=35): Not 473+12 34.743
informed
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Ramel, Randomized, 8 weeks
2010 - controlled

Iceland, dietary

Spain and intervention

Treland trial

(371

Salmon
and oral oil
supplement

Food
intervention
group
(n=84):150 ¢
salmon, 3 times
per week. 2,1 g
LC n-3 PUFA;

Fish oil
intervention
group (n=80):
1.3 g EPA plus
DHA

(6 capsules per
day)

Control Group

(n=80): no
seafood

(6 sunflower oil
capsules per
day);

Food
Frequency
Questionnai
re

Food
intervention
group

Male:
31.6£5.6
Female:
30.9+£5.0

Fish oil
intervention
group

Male:
31.0+£5.9
Female:
30.9+£5.0

Control
Group
Male:
32.6+4.9
Female:
31.7+5.6

Food
intervention
group

Male:
30.5+1.3
Female:
30.3£1.5

Fish oil
intervention
group

Male:
29.5+1.2
Female:
30.1+1.7

Control
Group
Male:
30.1+1.5
Female:
29.9+1.5

PGEF2

Salmon

Male:
188+182
Female:
202+199

Fish oil

Male:
270+451
Female:
2284321

Salmon

Male:
170+197
Female:
148+184

Fish oil
Male: 189+141

Female:
139+199

p<0.05'

p<0.05'

Abbreviators: RF: reduced-fat, EPA: Eicosapentaenoic acid, DHA: docosahexaenoic acid, PG: Prostaglandin, LT: Leukotriene, n-3 PUFAs: omega-3 polyunsaturated fatty acids, 6-Keto PGF2a: 6-Keto
Prostaglandin F2 Alpha; PGI2: prostacyclin 12, HODE: hydroxyoctadecaenoic, HEPE: hydroxy eicosapentaenoic acid, HETE: hydroxyeicosatetraenoic acid, HETrE: 15-hydroxyeicosatrienoic acid, PG:
prostaglandin, LXA: Lipoxin A; TXB2: thromboxane B2, LtB4: leukotriene B4, LA: linoleic acid, ALA: a-linolenic acid, LC-PUFA: long chain polyunsaturated fatty acid, LtB5: leukotriene B5,LOX:
lipooxygenase enzymes; COX: Cyclooxygenase enzymes; CYP450: Cytochrome P450.

* p values without letters represents significant difference or not from within groups
 All results are presented in pg/mL, except for Nielson et al (ng/10 cells) and O’Sullivan et al with association analysis.

° Compared to control group
¢ Compared within n-3 intervention groups

45-HEPE (nM) vs Red Blood Cells EPA (mol%) Linear regression analyses
¢LTB4 (nM) vs Red Blood Cells EPA (mol%) Linear regression analyses
" Significant before-after differences when the data were viewed for all subjects together
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3.2. Adherence Protocols and Analysis of cell fatty acid content

Different protocols were used in each of the studies in order to verify adherence to the
intervention. Food frequency questionnaires (DAWCZYNSKI et al., 2013; NIELSEN et al.,
2012b; O’SULLIVAN et al., 2014; RAMEL et al., 2010) and Dietary Register (CELADA et al.,
2019b) were used. Two studies did not mention the specific adherence protocol used (DE LUIS et
al.,2016; POLUS et al., 2016).

To confirm the n-3 oil supplement or n-3 enriched food intake after the intervention period,
five of the seven studies analyzed the fatty acid content, four of them in red blood cells membrane
(DAWCZYNSKI et al., 2013; DE LUIS et al., 2016; O’'SULLIVAN et al., 2014; POLUS et al.,
2016) and one in neutrophils membrane (NIELSEN et al., 2012b), all of them using gas
chromatography (GC) as the standard technique. All studies proposed that n-3 PUFA intake led to
a significant membrane fatty acid incorporation, further suggesting compliance with the n-3 PUFA

intervention protocol.

3.3. Risk of bias within individual studies

The Joanna Briggs Institute appraisal tools were used to assess risk of bias in individual
studies. Among the RCT two were categorized as “low-risk of bias” (DAWCZYNSKI et al., 2013;
NIELSEN et al., 2012b). The non-randomized trial (CELADA et al., 2019b) and the other four
RCT (DE LUIS et al., 2016; O’'SULLIVAN et al., 2014; POLUS et al., 2016; RAMEL et al.,
2010) were considered as a “high risk of bias” study.

The included trials reported low-risks of bias of assessed domains in the trials regarding
randomization, blindness, outcomes measured. Considering the randomized trials, only the
following criteria were completely fulfilled: randomization of participants to treatment group,
blinding of participants to treatment assignment, identical groups other than the intervention of

interest, complete follow-up, outcome measured in an equal and reliable way for treatment groups



and appropriate statistical analysis. In all RCT assessed, the one domain judged with total high
risk for bias was regarding intention-to-treat analysis, resulting in one “unclear” (NIELSEN et al.,

2012b) and six “no” answers (DAWCZYNSKI et al., 2013; DE LUIS et al., 2016; O’'SULLIVAN

Was thetrial design appropriate, and any deviations from the standard RCT design accounted for in...
Was appropriate statistical analysis used?
Were outcomes measured in a reliable way?
Were outcomes measured in the same way for treatment groups?
Were participants analyzed in the groups to which they were randomized?

Was follow up complete and if not, were differences between groups n terms of their follow up...
Were treatment groups treated identically other thanthe intervention of interest?
Were outcomes assessors blind to treatment assignment?

Werethose delivering treatment blind totreatment assignment?

Were participants blind to treatment assignment?
Were treatment groups similar at the baseline?  IEGE_-—o__—

Was allocation to treatment groups concealed?  INEEG_—_—_
Was true randomization used for assignment of participants to treatm ent groups?  /EE——

0 106 20% 0% 40% S0 60%  T0%  80% 9%  100%
wNo «Unckar #Yes

et al.,2014; POLUS et al., 2016; RAMEL et al., 2010). In two studies the individuals delivering

the treatment and the outcome assessors were not blind to treatment assignment (DE LUIS et al.,

2016; RAMEL et al., 2010). In only one study the allocation of treatment groups was not concealed

(RAMEL et al., 2010). In all trials assessed, there was at least one domain judged with unclear

risk for bias, resulting in overall low quality of trials. Risk-of-bias graph is shown in Figure 2.

Figure 2. Risk of bias in the included studies according to The Joanna Briggs Institute Critical
Appraisal Checklist for Randomized Controlled Trials

3.4. Results of individual studies

Five of seven studies presented an overall reduction in pro-inflammatory markers after n-
3 PUFA intervention, and a less pronounced effect on anti-inflammatory eicosanoids (Table 1).

Only DeLuis et al. [33] showed enhanced effects in eicosanoids levels after n-3 PUFA intake.

In COX-derivatives pro-inflammatory markers as 6-keto-PGF1la (CELADA et al., 2019b),
PGE2 (DAWCZYNSKI et al., 2013; DE LUIS et al., 2016), PGD2 (DAWCZYNSKI et al., 2013)
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and PGEF2a (RAMEL et al., 2010) and TBX2 (CELADA et al., 2019b) presented lower serum
levels after n-3 PUFA intervention. DeLuis et. al. (DE LUIS et al., 2016) was the only study that
presented opposite effects with an increase in PGE2 and TBX2 levels after EPA plus DHA
supplementation. The anti-inflammatory marker PGE3 levels reduced after n-3 enriched yogurt

(DAWCZYNSKI et al., 2013).

Concerning the LOX-5-derivatives, lower serum levels of the pro-inflammatory marker
LTB4 was observed after n-3 PUFA supplementation in one study (NIELSEN et al., 2012b), and
the opposite result was observed by De Luis et. al (DE LUIS et al., 2016). The HETE family, such
as 5-HETE, 8-HETE, 9-HETE, 11-HETE (DAWCZYNSKI et al., 2013) and 12-HETE (DE LUIS
et al., 2016), arachidonic acid derived pro-inflammatory markers, showed reduced serum levels
after supplementation. However, 15-HETE and 8-HETE presented increased serum levels after n-
3 PUFA intervention in the study conducted by DeLuis et. al. (DE LUIS et al., 2016). In terms of
anti-inflammatory markers, only the 5-HEPE EPA-derived eicosanoid, presented higher serum

levels after intervention (NIELSEN et al., 2012b).

3. 5 Synthesis of results

Due to the available data, we were able to conducted a subgroup analysis with the
prostaglandin eicosanoid group. Meta-analysis presented an overall reduction in pro-inflammatory

PG series (Glass’ A -0.35; 95% CI: -0.62, -0.07) (Figure 3).

Glass's A Weight

Study with 95% ClI (%)
Celada, 6-keto PGF1a -0.55[-1.23, 0.13] 11.96
Dawczynski, PGE2 -0.14[-0.82, 0.53] 12.05
DeLuis, PGE2 N = 0.85[ 0.04, 1.66] 9.11
Ramel a, PGF2 -0.57 [ -1.11, -0.04] 16.56
Ramel b, PGF2 - -0.45[-0.98, 0.08] 16.89
Ramel ¢, PGF2 -0.57 [ -1.11, -0.04] 16.56
Ramel d, PGF2 ~ -0.45[-0.98, 0.08] 16.89
Overall -0.35[-0.62, -0.07]
Heterogeneity: T = 0.04, I” = 31.48%, H’ = 1.46
; —
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Figure 3. Pooled effect size of n-3 PUFA on prostaglandins markers in subjects with obesity and
overweight (standard mean difference).

3.6. Subgroup analysis

Subgroup analysis showed significant effects on PG when n-3 PUFA was consumed in
higher doses (Glass’ A -0.46; 95% CI: -0.72, -0.27) and with period of intervention less than 8
weeks (Glass’ A -0.51; 95% CI: -0.76, -0.27). There was no difference on PG levels in serum of
adults with obesity and overweight when either food (Glass’ A -0.34; 95% CI: -0.83, 0.13) or

Subgroups N Glass's A 95% CI IZ (%) D (Chi-
squared)

Overall 7 -0.35 -0.62, -0.07 31.48 -

n-3 PUFA dose

High 5 -0.46 -0.72,-0.27 0.00 0.88

Low 2 0.13 -1.24, 1.50 85.16 0.01

Time of intervention

More than 8 weeks 2 033 -0.65, 1.30 70.74 0.06

Up to 8 weeks 5 2051 -0.76,-0.27 0.00 0.99

n-3 PUFA source

Food 2 -0.34 -0.83,013 0.00 0.41

Oil Supplement 5 -0.31 -0.73, 012 63.17 0.04

supplement source (Glass’ A -0.31; 95% CI: -0.73, 0.12) was taken into consideration. More details

are shown in Table 2.

Table 2 — Subgroup analysis for the effect of and n-3 PUFA intake on prostaglandins profile on subjects with obesity
and overweight

4. DISCUSSION AND CONCLUSIONS
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The studies presented in this systematic review showed a reduction in pro-inflammatory
markers after n-3 PUFA intervention in the serum of adults with obesity and overweight, and a
minor effect in anti-inflammatory markers. Regarding PG markers, the meta-analysis results
supported that pro-inflammatory PG markers are reduced after n-3 PUFA supplementation in

doses higher than 0.5g/day of EPA + DHA and with duration of intervention less than 8 weeks.

The daily supply of n-3 PUFAs either by supplementation or enriched-food by diet are
recommend by several agencies and organizations since previous studies suggest their protective
effect on cardiovascular diseases (HARRIS; POSTON; HADDOCK, 2007; KARK et al., 2003)
and cancer (GOODSTINE et al., 2003; ZOCK; KATAN, 1998). World Health Organization
(WHO, 2002) recommends 1-2% of daily energy consumption from 6mega-3 PUFAs for general
population and the International Society for the Studies of Fatty Acids and Lipids (SPECTOR,
2004) recommend at least 500 mg/day of EPA+DHA for general adult population aiming for
cardiovascular health. However, there is no current daily recommendation for adults with obesity
and overweight, but it is notice that the excess of fat, especially the visceral fat, increases risk for
cardiovascular diseases and other comorbidities (GAAL; MERTENS; BLOCK, 2006;
SIMOPOULOQOS, Artemis P; A.P.; SIMOPOULOS, 2016). In addition, in the context of obesity,
several immune cells infiltrate in adipose tissue introducing a process known as chronic low-grade
inflammation (RICCIOTTI E. & FITZGERALD G. A., 2012), and this sustained inflammatory
process can contribute to the pathophysiology of chronic diseases (LIBBY, 2007). Dietary fatty
acids play an important role in the inflammatory response, since long-chain n-6 and n-3 PUFAs
act as substrates for LOX and COX enzymes to generate several classes of eicosanoids. In fact,
three families of eicosanoids (prostaglandins, hydroxyeicosatetraenoic acids and leukotrienes),
especially those from n-6 PUFAs metabolism, have key functions in obesity-associated adipose
tissue inflammation. When pro-inflammatory eicosanoids are enhanced, they unbalance the
inflammatory signal and enhance recruitment of MIl-polarized macrophages, increasing
proinflammatory adipokines and cytokines secretion by adipose tissue (GARCIA-ALONSO et al.,
2016; HSIEH et al., 2009).

The n-6/n-3 ratio intake in developed and under development countries has been changing

over the past century since n-6 PUFA consumption has dramatically risen due to increased
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consumption of vegetable edible oils like soybean, corn, sunflower, safflower and cottonseed,
known as Western dietary pattern (SIMOPOULOS, Artemis P; A.P.; SIMOPOULOS, 2016).
Furthermore, the n-3 PUFAs (ALA, EPA, and DHA) intake has simultaneously decreased in
Western diets (SIMOPOULOS, A.P., 2000). Based on the understanding that n-6 FAs induce a
more potent inflammatory response, whereas n-3 PUFAs are thought to have a less potent
inflammatory effect, the fluctuation in n-6/n-3 ratio intake may contribute to eicosanoid release
from adipose tissues. Long chain fatty acids presented the highest rate of mobilization from
phospholipase A2 enzyme activity (CONNOR; LIN; COLVIS, 1996) and n-3 long chain PUFAS,
especially EPA, are mobilized and metabolized more rapidly than the others (HERZBERG;
SKINNER, 1997), and may also help reducing inflammatory response in individuals with obesity
(BUCKLEY; HOWE, 2010; LORENTE-CEBRIAN; COSTA, 2013).

Investigation about mechanisms underlying the attenuation of inflammatory response and
metabolic dysfunction in individuals with obesity by n-3 PUFA intake are progressing on the last
decades. Effect in obese animal models (high-fat diet-induced obesity and genetic obesity) are
promising, but the proposed mechanisms still require further confirmation in humans. Evidence
from in vitro and in vivo studies suggests that EPA and DHA can reduce pro-inflammatory
adipokine synthesis, decreasing the inflammatory crosstalk between adipocytes and infiltrative
immune cells (CALDER, 2003), murine macrophages (DE BOER; MONK; ROBINSON, 2014)
and mice CDS8 lymphocytes cells (LIDDLE et al., 2019).

White adipocytes have an important role in the orchestrating inflammatory response in
white adipose tissue, by releasing several pro-inflammatory molecules and activating and
recruiting immune cells. This pro-inflammatory response can be mediated by several transcription
factors, including NF-kB, a major complex that stimulates pro-inflammatory response through
transcription processes. It regulates inflammatory adipokine gene transcription (STAT3), releasing
mediators like monocyte chemoattractant protein 1 (MCP-1), interleukin 6 and IL-1p, alpha tumor
necrosis factor (TNF-a), interferon gamma (IFN-y) and leptin. Also, IL-1p and TNF-a stimulate
IL-1 Receptor (IL-1R) and TNF Receptor 1 (TNFR1), respectively, promoting TAK1/TABI
binding and subsequent NF-kB activation, contributing to perpetuate the pro-inflammatory

environment in white adipose tissue (LIDDLE et al., 2017). The COX-1 and COX-2 enzymes are
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involved in the inflammation regulatory process, being mainly regulated by growth factors and
cytokines, such as IL-1 B, IL-6, or TNF-a (BOWERS; DEGRAFFENRIED, 2015). The COX-2
gene is situated on chromosome 1 and its promoter region displays both an NF-xB and an IL-6
response element (KAWAHARA et al., 2015). Thus, a pro-inflammatory microenvironment leads
to a higher release of pro-inflammatory eicosanoids from AA, especially from the prostaglandin
family. PG plays an important role in cell proliferation and differentiation, vascular tone and
energy metabolism. During an inflammatory response, the levels of PG can dramatically rise with
the recruitment of infiltrated immune cells. In the breast tissue of women with obesity, was
demonstrated that a higher concentration of pro-inflammatory cytokines promotes greater
macrophage COX-2 expression and produces more PGE2 (SUBBARAMAIAH et al., 2013). This
study clearly links obesity and low-grade chronic inflammation, processes mediated by COX-2

and aromatase expression in human breast tissue.

Different studies have demonstrated that n-3 PUFA may replace AA and shift eicosanoid
profile. An in vitro study with macrophage cells, EPA and DHA replaced 25 to 50% of AA in
membrane cellular lipids, and that fatty acids modification significantly reduced 50 to 65% of
prostaglandin E2 (PGE2), thromboxane B2 (TXB2) and 6 keto prostaglandin Fla (6 keto PGF1a)
synthesis, when stimulated with opsonized zymosan (LOKESH; KINSELLA, 1987). Also, healthy
subjects were supplemented with n-3 long chain PUFA (3.2 g EPA + 2.2g DHA) and presented
significantly decreased by 37% the AA proinflammatory eicosanoid generated by neutrophils after
6 weeks period (LEE et al., 1985). De Luis et. al. (2016) (DE LUIS et al., 2016) supplemented
subjects with obesity with DHA 0.5 g/day during the first 60 days and 0.25 g/day till 180 days and
the intervention group reduced serum levels of 15, 12 and 8-HETE, PGE2 and LTB4 when
compared to control. During 6 weeks of oral supplementation, n-3 EPA + DHA were effective in
reducing LTB4 serum levels when compared to controls. These results were seen in individuals
with obesity with 0.64g EPA/d and 0.48g DHA/d supplementation (NIELSEN et al., 2012b) and
with 2g EPA/d and 1g DHA/d in overweight subjects (O’'SULLIVAN et al., 2014). Besides the
inflammatory mediators derived from n-3 PUFA, in vitro and in vivo studies also have
demonstrated the potential effects of n-3 PUFA in suppressing proinflammatory mediators such as

cytokines in healthy women (MEYDANI et al., 1991) and NF«xB in vitro studies (BOER et al.,
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2016; NOVAK et al., 2003; ZHAO et al., 2005) which may reflect on reducing proinflammatory

PG mediators.

Regarding prostaglandins, our meta-analysis presented a significant reduction in pro-
inflammatory PG in studies that utilized more than 0.5 g/day EPA + DHA, and when provided by
food source then oil supplement. This is in accordance with previous studies that stated a dose-
dependent immunological response with n-3 intake on prostaglandin E2 (PGE2) and Prostaglandin
E3 (PGE3) (FISCHER et al., 2014; REES et al., 2006). The better bio-utilization of lipids from
foods can be attributed to the larger amount of fat as part of the natural composition of food,
favoring lipid absorption and conferring a higher bioavailability (VISIOLI ef al., 2003). There are
also evidence in humans suggesting that an intake between 1.35 g and 2.7 g n-3 PUFA would be
required to affect PGE2 production by mononuclear cells in healthy younger and older men (REES
et al., 2006) and that could be part of the reason why most anti-inflammatory markers and some

pro-inflammatory markers included in our primary analysis did not present altered serum levels.

Time is a critical factor when it comes to n-3 effectiveness, since the benefits over
inflammation appear to be dependent on incorporation of fatty acids in the cell membrane
(MOCELLIN et al., 2015) and that process might take about 3 weeks to reach its peak
(COCKBAIN; TOOGOOD; HULL, 2012). It is important to mention that the studies included in
our meta-analysis started from a 4-week period intervention, which comprehend sufficient time to
incorporate n-3 fatty acids on cell membrane. Our subgroup analysis showed a significant
reduction in pro-inflammatory prostaglandins when the time of intervention was less than 8 weeks,
a pattern that could not be seen for more prolonged periods (more than 8 weeks). One reason that
could be related to such result is that the majority of our included studies with periods shorter than
8 weeks offered higher quantities of n-3 PUFA, even greater than 2 g per day, an amount that
appears to be an immunologic checkpoint in order to affect the inflammatory process in humans
(CALDER, 2010). Studies specifically measuring prostaglandins after n-3 PUFA supplementation
in periods shorter than 8 weeks are scarce, but exist. Tecklenburg-Lund et. al (TECKLENBURG-
LUND et al., 2010) showed that a high dose n-3 PUFA fish oil supplementation (3.2 g EPA plus
2.0 g DHA) taken daily for 3 weeks was effective in reducing 11p-prostaglandin F (2) in asthmatic

individuals. However, a reasonable amount of evidence also show beneficial effects of n-3 PUFAs
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for more prolonged periods, with reductions in prostaglandins being observed even at the third
(FORTIN et al., 1995; GOLDBERG; KATZ, 2007) and sixth month (VEDIN et al., 2010) of

intervention.

There are many confounding factors and limitations in human studies, which may difficult
the understanding of n-3 PUFA in inflammatory response. Those include dose, source of n-3
PUFA, distribution and amounts of total and subtypes fatty acids in the n-3 PUFA source,
population evaluated, genetic backgrounds, environmental conditions, quality and quantity of the
diet, etc. Besides that, the baseline values of anti-inflammatory markers may mask the real effect
of PUFA supplementation. Also, individual responsiveness to n-3 fatty acids should be taken into
account as another major limitation to assess the effect on the inflammatory process and to suggest
an optimal dose for n-3 PUFA. One practical example of these difficulties can be observed in one
of our included studies (DE LUIS ef al., 2016), where unexpected results appeared, such as a
significant increase in the pro-inflammatory markers LTB4, PGE2, 8-HETE and 12-HETE
(p<0,05) after n-3 PUFA intake. In that particular protocol, participants were submitted to a
ketogenic diet during an initial period of 45-60 days and according to the author that could interfere

in both anti-inflammatory and pro-inflammatory eicosanoid secretion.

The present study has strengths, such as: (I) an effort was made to search for data in seven
different databases and rigorously following PRISMA directions in order to minimize publication
bias; (II) utilization of validated tools to characterize included studies in terms of methodological
quality; (IIT) the summarized analysis focused on studies measuring comparable outcomes with
similar protocols, reducing methodological heterogeneity. Additionally, there are limitations in the
present study. Firstly, our meta-analysis results were constructed based on the before-and-after
values within a same group, and not in between groups. Secondly, different types of n-3 fatty acids
could be observed in intervention groups, and that may influence the final results, since there is a
discrepant rate of interconversion in between ALA, EPA, DPA and DHA (INNES; CALDER,
2018). Lastly, due to the limited amount of evidence, our study included a small number of clinical
trials (n=7) and therefore a greater number of controlled trials are required to strengthen our

findings.
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In conclusion, our systematic review and meta-analysis evidence the anti-inflammatory
role of n-3 PUFAs through diet or supplementation on eicosanoid synthesis, especially
prostaglandins markers, on adult individuals with obesity and overweight. Further clinical trials
with high quality are needed to confirm these effects and explore optimal n-3 PUFA doses and
period of intake in individuals with overweight and obesity. Finally, is imperative to remember
that obesity is a complex condition, directly and indirectly influenced by environmental and
genetic factors, thus the interaction of nutrients, especially n-3 fatty acids, with the inflammatory
process may be considered as an important anti-inflammatory strategy by healthcare professionals

in obesity treatment.
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COMPLEMENTARY CONTENT

Appendix 1 — Database Search Strategy

Pubmed

(("Morbid obesity"[All Fields] OR "Morbid obesities"[All Fields] OR "Severe obesity"[All Fields]
OR ("obesity, morbid"[MeSH Terms] OR ("obesity"[All Fields] AND "morbid"[All Fields]) OR
"morbid obesity"[All Fields] OR ("severe"[All Fields] AND "obesities"[All Fields])) OR
"Abdominal obesities"[All Fields] OR "Abdominal obesity"[All Fields] OR "Central obesities"[All
Fields] OR "Central obesity"[All Fields] OR "Visceral obesity"[All Fields] OR ("obesity,
abdominal"[MeSH Terms] OR ("obesity"[All Fields] AND "abdominal"[All Fields]) OR
"abdominal obesity"[All Fields] OR ("visceral"[All Fields] AND "obesities"[All Fields])) OR
"Obese men"[All Fields] OR "Obese women"[All Fields] OR "Overweight"[All Fields] OR
"Overweight men"[All Fields] OR "Overweight women"[All Fields] OR "Excess weight"[All
Fields] OR "obese"[All Fields] OR "obesity"[All Fields] OR "Fat accumulation"[All Fields] OR
"fatness"[All Fields] OR "body fatness"[All Fields]) AND ("N3 fatty acids"[All Fields] OR "n-3
Fatty Acids"[All Fields] OR "n 3 Fatty Acids"[All Fields] OR "n3 Fatty Acids"[All Fields] AND
"W3 fatty acids"[All Fields] OR "w-3 fatty acids"[All Fields] OR "w 3 fatty acids"[All Fields] OR
"N3 Polyunsaturated Fatty Acid"[All Fields] OR "n-3 Polyunsaturated Fatty Acid"[All Fields] OR
"n 3 Polyunsaturated Fatty Acid"[All Fields] OR "n3 Polyunsaturated Fatty Acid"[All Fields] OR
"n-3 PUFA"[All Fields] OR "N 3 PUFA"[AIIl Fields] OR "N3 PUFA"[AIl Fields] OR "N-3 oils"[All
Fields] OR ("fatty acids, omega-3"[MeSH Terms] OR ("fatty"[All Fields] AND "acids"[All Fields]
AND "omega-3"[All Fields]) OR "omega-3 fatty acids"[All Fields] OR ("n3"[All Fields] AND
"oils"[All Fields])) OR "N 3 oils"[All Fields] OR "Omega 3 Fatty Acids"[All Fields] OR
"Eicosapentanoic Acid"[All Fields] OR "omega 3 Eicosapentaenoic Acid"[All Fields] OR "omega-
3-Eicosapentaenoic Acid"[All Fields] OR "Timnodonic Acid"[All Fields] OR "Docosahexenoic
Acid"[All Fields] OR (("fatty acids, omega-3"[MeSH Terms] OR ("fatty"[All Fields] AND
"acids"[All Fields] AND "omega-3"[All Fields]) OR "omega-3 fatty acids"[All Fields] OR "omega
3"[All Fields]) AND Docosahexenoic[All Fields] AND ("acids"[MeSH Terms] OR "acids"[All
Fields] OR "acid"[All Fields])) OR "Docosahexaenoate"[All Fields] OR "alpha Linolenic Acid"[All
Fields] OR "Linolenate"[All Fields] OR "Linolenic Acid"[All Fields] OR "EPA and DHA
supplementation"[All Fields] OR EPA[AIl Fields] OR DHAJALII Fields] OR "omega 3"[All Fields]
OR "omega-3"[All Fields] OR "fish oil"[All Fields] OR "arachidonic acid"[All Fields] OR
"arachidonate"[All Fields] OR "eicosatetraenoic acid"[All Fields])) AND (("eicosanoids"[MeSH
Terms] OR "eicosanoids"[All Fields] OR "eicosanoid"[All Fields]) OR ("eicosanoids"[MeSH
Terms] OR "eicosanoids"[All Fields] OR "icosanoid"[All Fields]) OR ("prostaglandins"[MeSH
Terms] OR "prostaglandins"[All Fields] OR "prostanoid"[All Fields]) OR ("lipoxins"[MeSH Terms]
OR "lipoxins"[All Fields] OR "lipoxin"[All Fields]) OR ("prostaglandins"[MeSH Terms] OR
"prostaglandins"[All Fields] OR "prostaglandin"[All Fields]) OR ("thromboxanes"[MeSH Terms]
OR "thromboxanes"[All Fields] OR "thromboxane"[All Fields]) OR ("leukotrienes"[MeSH Terms]
OR "leukotrienes"[All Fields] OR "leukotriene"[ All Fields]) OR "hydroxyeicosatetracnoic acid"[All
Fields] OR "Isoprostane"[All Fields] OR "dinoprostone"[All Fields])
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Web
science

of

("Morbid obesity" OR "Severe obesity" OR "Abdominal obesity” OR "Central obesity" OR
"Visceral obesity" OR "Obese men" OR "Obese women" OR "Overweight" OR "Overweight men"
OR "Overweight women" OR "Excess weight" OR "obese" OR "obesity" OR "Fat accumulation"
OR "fatness" OR "body fatness") AND TOPICO: ("N3 fatty acids" OR "n-3 Fatty Acids" OR "n 3
Fatty Acids" OR "n3 Fatty Acids" "W3 fatty acids" OR "w-3 fatty acids" OR "w 3 fatty acids" OR
"N3 Polyunsaturated Fatty Acid" OR "n-3 Polyunsaturated Fatty Acid" OR "n 3 Polyunsaturated
Fatty Acid" OR "n3 Polyunsaturated Fatty Acid" OR "n-3 PUFA" OR "N 3 PUFA" OR "N3 PUFA"
OR "N-3 oils" OR "N3 oils" OR "N 3 oils" OR "Omega 3 Fatty Acids" OR "Eicosapentanoic Acid"
OR "omega 3 Eicosapentaenoic Acid" OR "omega-3-Eicosapentaenoic Acid" OR "Timnodonic
Acid" OR "Docosahexenoic Acid" OR "omega 3 Docosahexenoic Acid" OR "Docosahexaenoate"
OR "alpha Linolenic Acid" OR "Linolenate" OR "Linolenic Acid" OR "EPA and DHA
supplementation" OR EPA OR DHA OR "omega 3" OR "omega-3" OR "fish o0il" OR "arachidonic
acid" OR "arachidonate" OR "eicosatetraenoic acid") AND TOPICO: (eicosanoid OR Icosanoid OR
Prostanoid OR Lipoxin OR Prostaglandin OR Thromboxane OR Leukotriene OR
"hydroxyeicosatetraenoic acid" OR "Isoprostane”" OR "dinoprostone")

Scopus

TITLE-ABS-KEY ( ( "Morbid obesity" OR "Morbid obesities" OR "Severe obesity" OR "Severe
obesities” OR "Abdominal obesities” OR "Abdominal obesity” OR "Central obesities" OR
"Central obesity" OR "Visceral obesity" OR "Visceral obesities" OR "Obese men" OR "Obese
women" OR "Overweight" OR "Overweight men" OR "Overweight women" OR "Excess
weight" OR "obese" OR "obesity" OR "Fat accumulation" OR "fatness" OR "body fatness"
AND "N3 fatty acids" OR "n-3 Fatty Acids" OR "n 3 Fatty Acids" OR "n3 Fatty Acids" "W3
fatty acids" OR "w-3 fatty acids" OR "w 3 fatty acids" OR "N3 Polyunsaturated Fatty Acid" OR
"n-3 Polyunsaturated Fatty Acid" OR "n 3 Polyunsaturated Fatty Acid" OR "n3 Polyunsaturated
Fatty Acid" OR "n-3 PUFA" OR "N 3 PUFA" OR "N3 PUFA" OR "N-3 oils" OR "N3 oils"
OR "N 3 oils" OR "Omega 3 Fatty Acids" OR "Eicosapentanoic Acid" OR "omega 3
Eicosapentaenoic Acid" OR "omega-3-Eicosapentaenoic Acid" OR "Timnodonic Acid" OR
"Docosahexenoic Acid" OR "omega 3 Docosahexenoic Acid" OR "Docosahexaenoate" OR
"alpha Linolenic Acid" OR "Linolenate" OR "Linolenic Acid" OR "EPA and DHA
supplementation” OR epa OR dha OR "omega 3" OR "omega-3" OR "fish oil" OR
"arachidonic acid" OR "arachidonate" OR "eicosatetraenoic acid" AND eicosanoid OR
eicosanoid OR prostanoid OR lipoxin OR prostaglandin OR thromboxane OR leukotriene OR
"hydroxyeicosatetraenoic acid" OR "Isoprostane"” OR "dinoprostone" ) )
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Embase

('morbid obesity' OR 'severe obesity' OR 'abdominal obesity' OR 'central obesity' OR 'visceral
obesity' OR 'obese men' OR 'obese women' OR 'overweight' OR 'overweight men' OR 'overweight
women' OR 'excess weight' OR 'obese' OR 'obesity’ OR 'fat accumulation' OR 'fatness' OR 'body
fatness') AND (('n-3 fatty acids' OR 'n 3 fatty acids' OR 'n3 fatty acids') AND 'w3 fatty acids' OR
'w-3 fatty acids' OR 'w 3 fatty acids' OR 'n-3 polyunsaturated fatty acid' OR 'n 3 polyunsaturated
fatty acid' OR 'n3 polyunsaturated fatty acid' OR 'n-3 pufa' OR 'n 3 pufa’ OR 'n3 pufa' OR 'n-3 oils'
OR 'n3 oils' OR 'n 3 oils' OR 'omega 3 fatty acids' OR 'eicosapentanoic acid' OR 'omega 3
eicosapentacnoic acid’ OR 'omega-3-eicosapentacnoic acid' OR 'timnodonic acid’ OR
'docosahexenoic acid' OR 'omega 3 docosahexenoic acid' OR 'docosahexaenoate' OR 'alpha linolenic
acid' OR 'linolenate' OR 'linolenic acid' OR 'epa and dha supplementation' OR epa OR dha OR
'omega 3' OR 'omega-3' OR 'fish oil' OR 'arachidonic acid' OR 'arachidonate' OR 'eicosatetracnoic
acid') AND (eicosanoid OR icosanoid OR prostanoid OR lipoxin OR prostaglandin OR thromboxane
OR leukotriene OR 'hydroxyeicosatetraenoic acid' OR 'isoprostane' OR 'dinoprostone')

Cochrane

Title Abstract Keyword “Morbid obesity” OR “Severe obesity” OR “Abdominal obesity” OR
“Central obesity” OR “Visceral obesity” OR “Obese men” OR “Obese women” OR “Overweight”
OR “Overweight men” OR “Overweight women” OR “Excess weight” OR “obese” OR “obesity”
OR “Fat accumulation” OR “fatness” OR “body fatness” in Title Abstract Keyword AND "N3 fatty
acids" OR "n-3 Fatty Acids" OR "n 3 Fatty Acids" OR "n3 Fatty Acids" "W3 fatty acids" OR "w-3
fatty acids" OR "w 3 fatty acids" OR "N3 Polyunsaturated Fatty Acid" OR "n-3 Polyunsaturated
Fatty Acid" OR "n 3 Polyunsaturated Fatty Acid" OR "n3 Polyunsaturated Fatty Acid" OR "n-3
PUFA" OR "N 3 PUFA" OR "N3 PUFA" OR "N-3 oils" OR "N3 oils" OR "N 3 oils" OR "Omega
3 Fatty Acids" OR "Eicosapentanoic Acid" OR "omega 3 Eicosapentaenoic Acid" OR "omega-3-
Eicosapentaenoic Acid" OR "Timnodonic Acid" OR "Docosahexenoic Acid" OR "omega 3
Docosahexenoic Acid" OR "Docosahexaenoate" OR "alpha Linolenic Acid" OR "Linolenate" OR
"Linolenic Acid" OR “EPA and DHA supplementation” OR EPA OR DHA OR “omega 3” OR
“omega-3” OR “fish oil” OR “arachidonic acid” OR “arachidonate” OR “eicosatetraenoic acid” in
Title Abstract Keyword AND eicosanoid OR Icosanoid OR Prostanoid OR Lipoxin OR
Prostaglandin OR Thromboxane OR Leukotriene OR "hydroxyeicosatetraenoic acid" OR
"Isoprostane" OR “dinoprostone” in Title Abstract Keyword - (Word variations have been searched)
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Appendix 2. Excluded articles and reasons for exclusion (n = 32).

Author, Year

Reason for exclusion

Aronson et al. (2011)
Allaire et al. (2016)
Denzlinger et al. (1995)
Djuric et al. (2017)

Gammelmark et al. (2012)

Huerta et al. (2014)
Holt et al. (2017)
Lang et al. (2019)
Murphy et al. (2007)
Newman et al. (2014)
Peres et al. (2018)
Petersson et al. (2010)
Pickens et al. (2015)
Shearer et al (2018)
Trebble et al. (2004)
Young et al. (2011)
Celada et al (2014)
Bohm et al (2013)
Itariu et al (2012)
Fisk et al (2018)
Lengfelder et al (2016)
Quach et al (2017)
Uach et al (2017)
Hill et al (2007)
Gruslova et al (2017)
Pickens et al. (2017)
Qin et al. (2015)
Nieman et al. (2012)
Kaatz et al (2004)

NN NN NN

()]
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Garcia et al (2016) 5

Garcia-Ravelo et al (2018) 5
Brenner et al (2017) 2
Stephensen et al (2011) 5

1) Patients that underwent bariatric/metabolic surgery;

2) Consensus, management, reviews, letters, conference abstracts, editorials

3) Studies evaluating subjects with inflammatory diseases

4) Use of non-steroidal anti-inflammatory drugs or n-3 PUFA supplements

5) Absent eicosanoid measurement or measurements other than serum or plasma eicosanoids

6) Participants out of BMI range
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3. CONSIDERACOES FINAIS

Este trabalho resultou na elaboragdo de revisdo sistematica de ensaios clinicos com
meta-andlise acerca do efeito do consumo de acidos graxos n-3 no perfil de eicosanoides
de pacientes com obesidade e/ou sobrepeso, mas sem quaisquer outras condigdes cronicas
de carater inflamatdério. O objetivo foi auxiliar na consolidagdo do conhecimento
cientifico na area de lipidios e resposta inflamatoria, e até o presente momento ainda nao

ha trabalhos publicados no tema desta revisao sistematica.

A inflamagao constitui um importante pilar no surgimento e agravamento de diversas
doengas, motivo este pelo qual a consolidagdo de estratégias nutricionais focando o
consumo saudavel de lipidios com caracteristicas anti-inflamatodrias ¢ de grande valia para
a pratica de profissionais de satide, em especial para pacientes portadores de obesidade,

cuja inflamag¢do manifesta-se de forma crdnica.

Com o presente trabalho, torna-se possivel concluir que tanto medidas nutricionais,
(estimulo ao consumo de alimentos fontes de Omega-3), como estratégias de
suplementa¢do (utilizagdo de 6leo de peixe em capsulas), sdo capazes de modificar o
perfil de eicosanoides de pessoas com obesidade, assim como reduzir os niveis séricos

das prostaglandinas pro-inflamatdrias.

4. BIBLIOGRAFIA

ADKINS, Yuriko; KELLEY %, Darshan S. Mechanisms underlying the cardioprotective
effects of omega-3 polyunsaturated fatty acids¥. The Journal of Nutritional
Biochemistry, [s. [], v. 21, p. 781-792, 2010. Disponivel em:
https://doi.org/10.1016/j.jnutbio.2009.12.004. Acesso em: 24 out. 2019.

ARAUIJO, Ana Carolina ef al. The Eicosanoids, Redox-Regulated Lipid Mediators in
Immunometabolic Disorders. Antioxidants and Redox Signaling, J.Z. Haeggstrom,
Division of Physiological Chemistry II, Department of Medical Biochemistry and
Biophysics, Karolinska Institutet, Scheeles vdg 2, Stockholm, Sweden, United States, v.
29, n. 3, p. 275-296, 2018. Disponivel em: https://doi.org/10.1089/ars.2017.7332
296&date=2018&auinit1=A&auinitm=C

ARAUJO, Ana Carolina; WHEELOCK, Craig E.; HAEGGSTROM, Jesper Z. The
Eicosanoids, Redox-Regulated Lipid Mediators in Immunometabolic Disorders.
Antioxidants and Redox Signaling, [s. /.], v. 29, n. 3, p. 275-296, 2018. Disponivel em:
https://doi.org/10.1089/ars.2017.7332



BACK, Magnus et al. Leukotriene production is increased in abdominal obesity. PLoS
ONE, [s. L], v. 9 n 12, p. 1-11, 2014. Disponivel em:
https://doi.org/10.1371/journal.pone.0104593

BAEK, Hey Sung et al. Leptin and urinary leukotriene E4 and 9a,11p- prostaglandin F2
release after exercise challenge. Annals of Allergy, Asthma and Immunology, [s. L], v.
111,n. 2, p. 112-117, 2013. Disponivel em: https://doi.org/10.1016/j.anai.2013.05.019

BLUHER, Matthias. Obesity: global epidemiology and pathogenesis. Nature Reviews
Endocrinology, [s. /], v. 15 n. 5, p. 288-298, 2019. Disponivel em:
https://doi.org/10.1038/s41574-019-0176-8

BOER, Anna A De et al. Fish-oil-derived n-3 polyunsaturated fatty acids reduce NLRP3
inflammasome activity and obesity-related inflammatory cross-talk between adipocytes
and. The Journal of Nutritional Biochemistry, [s. /.], v. 34, p. 61-72, 2016. Disponivel
em: https://doi.org/10.1016/j.jnutbio.2016.04.004

BOWERS, Laura W.; DEGRAFFENRIED, Linda A. Targeting the COX-2 Pathway to
Improve Therapeutic Response in the Obese Breast Cancer Patient Population. Current
Pharmacology Reports, L.A. deGraffenried, Department of Nutritional Sciences,
University of Texas at Austin, 1400 Barbara Jordan Boulevard, R1800, Austin, TX,
United States, v. 1, n. 5 p. 336-345, 2015. Disponivel em:
https://doi.org/10.1007/s40495-015-0041-y

BROWNING, Lucy M. n -3 Polyunsaturated fatty acids, inflammation and obesity-
related disease. Proceedings of the Nutrition Society, [s. /], v. 62, n. 2, p. 447-453,
2003. Disponivel em: https://doi.org/10.1079/pns2003252

BUCKLEY, Jonathan D; HOWE, Peter R C. Long-Chain Omega-3 Polyunsaturated Fatty
Acids May Be Beneficial for Reducing Obesity—A Review. [s. L], p. 1212-1230, 2010.
Disponivel em: https://doi.org/10.3390/nu2121212

CALDER, Philip C. Marine omega-3 fatty acids and inflammatory processes: Effects,

mechanisms and clinical relevance <. BBA - Molecular and Cell Biology of Lipids, [s.
L], V. 1851, p. 469484, 2015a. Disponivel em:
https://doi.org/10.1016/j.bbalip.2014.08.010

CALDER, Philip C. Modulation of inflammation and metabolism by dietary fatty acids.
Obesity Facts, P.C. Calder, Faculty of Medicine, University of Southampton,
Southampton, United Kingdom, v. 8, p. 1, 2015b. Disponivel em:
https://doi.org/10.1159/000382140

CALDER, Philip C. n—3 Polyunsaturated fatty acids and inflammation: From molecular
biology to the clinic. Lipids, [s. L], v. 38, n. 4, p. 343-352, 2003. Disponivel em:
https://doi.org/10.1007/s11745-003-1068-y

CALDER, Philip C. Omega-3 fatty acids and inflammatory processes. Nutrients, [s. /],
v.2,n. 3, p. 355-374, 2010. Disponivel em: https://doi.org/10.3390/nu2030355



CELADA, Paloma et al. Coagulation, Thrombogenesis, and Insulin Resistance Markers
in Increased-Cardiovascular-Risk Subjects Consuming Improved-Fat Meat Products.
Journal of the American College of Nutrition, [s. /], v. 38, n. 4, p. 334-341, 2019a.
Disponivel em: https://doi.org/10.1080/07315724.2018.1513345

CELADA, Paloma et al. Coagulation, Thrombogenesis, and Insulin Resistance Markers
in Increased-Cardiovascular-Risk Subjects Consuming Improved-Fat Meat Products.
Journal of the American College of Nutrition, F. Jiménez-Colmenero, Departamento
de Nutricion y Bromatologia I (Nutriciéon), Facultad de Farmacia, Universidad
Complutense, Madrid, Spain, v. 38, n. 4, p. 334-341, 2019b. Disponivel em:
https://doi.org/10.1080/07315724.2018.1513345. Acesso em: 13 ago. 2020.

CINTI, Saverio et al. Adipocyte death defines macrophage localization and function in
adipose tissue of obese mice and humans. Journal of Lipid Research, [s. /], v. 46, n.
11, p. 2347-2355, 2005. Disponivel em: https://doi.org/10.1194/j1r.M500294-JL.R200

COCKBAIN, A J; TOOGOOD, G J; HULL, M A. Omega-3 polyunsaturated fatty acids
for the treatment and prevention of colorectal cancer. Recent advances in basic science,
[s. 1], 2012. Disponivel em: https://doi.org/10.1136/gut.2010.233718

CONNOR, William E; LIN, Z Don S; COLVIS, Christine. Differential mobilization of
fatty acids from adipose tissue ’. [s. L], v. 37, n. 1, p. 290-298, 1996.

CRUVINEL, W. M. ef al. Immune system - part I fundamentals of innate immunity with
emphasis on molecular and cellular mechanisms of inflammatory response. Revista
Brasileira de Reumatologia, [s. /], v. 50, n. 4, p. 443-461, 2010.

CUNNANE, Stephen C; Christian A.Drevon; Bill Harris; Andrew Sinclair; Art Spector.
Recommendations for intake of polyunsaturated fatty acids in healthy adults. [S. /.:
s. n.], 2004.

DAS, U. N. Is obesity an inflammatory condition? Nutrition, [s. ], v. 17, n. 11-12, p.
953-966, 2001. Disponivel em: https://doi.org/10.1016/S0899-9007(01)00672-4

DAWCZYNSKI, Christine ef al. Randomized placebo-controlled intervention with n-3
LC-PUFA-supplemented yoghurt: Effects on circulating eicosanoids and cardiovascular
risk factors. Clinical Nutrition, [s. /], v. 32, n. 5, p. 686696, 2013. Disponivel em:
https://doi.org/10.1016/j.clnu.2012.12.010

DE BOER, Anna A; MONK, Jennifer M; ROBINSON, Lindsay E. Docosahexaenoic acid
decreases pro-inflammatory mediators in an in vitro murine adipocyte macrophage co-
culture model. PloS one, United States, v. 9, n. 1, p. €85037, 2014. Disponivel em:
https://doi.org/10.1371/journal.pone.0085037

DE CATERINA, R.; BASTA, G. n-3 Fatty acids and the inflammatory response -
Biological background. European Heart Journal, Supplement, [s. /], v. 3, n. SUPPL 4,
p- 42—49, 2001. Disponivel em: https://doi.org/10.1016/S1520-765X(01)90118-X

DE LUIS, Daniel et al. Effect of DHA supplementation in a very low-calorie ketogenic
diet in the treatment of obesity: a randomized clinical trial. Endocrine, United States, v.



54,n. 1, p. 111-122, 2016. Disponivel em: https://doi.org/10.1007/s12020-016-0964-z

DEEKS, Jonathan J; HIGGINS, Julian PT; ALTMAN, Douglas G. Analysing data and
undertaking meta-analyses. /n: COCHRANE HANDBOOK FOR SYSTEMATIC
REVIEWS OF INTERVENTIONS. [S. L]: Wiley, 2019. p. 241-284. Disponivel em:
https://doi.org/10.1002/9781119536604.ch10

DERSIMONIAN, REBECCA; LAIRD, Nan. Meta-analysis in clinical trials. Controlled
Clinical Trials, [s. /], v. 7, n. 3, p. 177-188, 1986. Disponivel em:
https://doi.org/10.1016/0197-2456(86)90046-2

DJURIC, Zora et al. The Anti-inflammatory Effect of Personalized Omega-3 Fatty Acid
Dosing for Reducing Prostaglandin E 2 in the Colonic Mucosa Is Attenuated in Obesity.
Cancer Prevention Research, Z. Djuric, University of Michigan, 4360 Cancer Center, ,
MI, United States, v. 10, n. 12, p. 729-737, 2017. Disponivel em:
https://doi.org/10.1158/1940-6207.CAPR-17-0091

DOYLE, Ross; SADLIER, Denise M.; GODSON, Catherine. Pro-resolving lipid
mediators: Agents of anti-ageing? Seminars in Immunology, [s. L], v. 40, n. June, p.
3648, 2018. Disponivel em: https://doi.org/10.1016/j.smim.2018.09.002

ELLULU, Mohammed S et al. Obesity and Inflammation : The Linking Mechanism and
the Complications. Archives of Medical Science, [s. /], p. 851-863, 2016.

FERRUCKCI, Luigi et al. Relationship of plasma polyunsaturated fatty acids to circulating
inflammatory markers. Journal of Clinical Endocrinology and Metabolism, [s. ], v.
91, n. 2, p. 439-446, 2006. Disponivel em: https://doi.org/10.1210/jc.2005-1303

FISCHER, Robert ef al. Dietary omega-3 fatty acids modulate the eicosanoid profi le in
man primarily via the CYP-epoxygenase pathway. Journal of Lipid Research, [s. /], v.
55,n. 6, p. 11501164, 2014. Disponivel em: https://doi.org/10.1194/jlr.M047357

FLACHS, Pavel ef al. Cellular and molecular effects of n-3 polyunsaturated fatty acids
on adipose tissue biology and metabolism. Clinical science (London, England : 1979),
England, v. 116, n. 1, p. 1-16, 2009. Disponivel em: https://doi.org/10.1042/CS20070456

FORTIN, Paul R et al. Validation of a meta-analysis: The effects of fish oil in rheumatoid
arthritis. Journal of Clinical Epidemiology, [s. /.], v. 48, n. 11, p. 1379-1390, 1995.
Disponivel em: https://doi.org/10.1016/0895-4356(95)00028-3

GAAL, Luc F Van; MERTENS, Ilse L; BLOCK, Christophe E De. Mechanisms linking
obesity with cardiovascular disease. [s. /], v. 444, n. December, p. 875-880, 2006.
Disponivel em: https://doi.org/10.1038/nature05487

GARCIA-ALONSO, Verénica et al. Prostaglandin E2 Exerts Multiple Regulatory
Actions on Human Obese Adipose Tissue Remodeling, Inflammation, Adaptive
Thermogenesis and Lipolysis. PLOS ONE, [s. L], v. 11, n. 4, p. e0153751, 2016.
Disponivel em: https://doi.org/10.1371/journal.pone.0153751

GHOSH, Sujoy; BOUCHARD, Claude. Convergence between biological, behavioural



and genetic determinants of obesity. Nature Reviews Genetics, [s. /], v. 18, n. 12, p.
731-748, 2017. Disponivel em: https://doi.org/10.1038/nrg.2017.72

GOLDBERG, Robert J; KATZ, Joel. A meta-analysis of the analgesic effects of omega-
3 polyunsaturated fatty acid supplementation for inflammatory joint pain. [s. L], v. 129,
p. 210223, 2007. Disponivel em: https://doi.org/10.1016/j.pain.2007.01.020

GOODSTINE, Shelley L et al. Dietary (n-3)/(n-6) Fatty Acid Ratio: Possible
Relationship to Premenopausal but Not Postmenopausal Breast Cancer Risk in U.S.
Women. The Journal of Nutrition, [s. L], v. 133, n. 5, p. 14091414, 2003. Disponivel
em: https://doi.org/10.1093/jn/133.5.1409

GROPPER, S. S.; SMITH, J. L.; GROFF, J. L. Advanced nutrition and human
metabolism. 6th. ed. USA: Wardsworth Cengage Learning: [s. n.], 2013.

HARA, Yoshikazu et al. Rho and Rho-kinase activity in adipocytes contributes to a
vicious cycle in obesity that may involve mechanical stretch. Science Signaling, [s. /],
v.4,n. 157, p. 1-12, 2011. Disponivel em: https://doi.org/10.1126/scisignal.2001227

HARRIS, William S; POSTON, W Carlos; HADDOCK, C Keith. Tissuen—3 andn — 6
fatty acids and risk for coronary heart disease events. [s. L], v. 193, p. 1-10, 2007.
Disponivel em: https://doi.org/10.1016/j.atherosclerosis.2007.03.018

HEADLAND, Sarah E.; NORLING, Lucy V. The resolution of inflammation: Principles
and challenges. Seminars in Immunology, [s. L], v. 27, n. 3, p. 149-160, 2015.
Disponivel em: https://doi.org/10.1016/j.smim.2015.03.014

HERZBERG, G.R.; SKINNER, Craig. Differential accumulation and release of long-
chain <I>n</I>-3 fatty acids from liver, muscle, and adipose tissue triacylglycerols.
Canadian Journal of Physiology and Pharmacology, [s. /], v. 75, n. 8, p. 945-951,
1997. Disponivel em: https://doi.org/10.1139/cjpp-75-8-945

HIGGINS JPT, THOMAS J, CHANDLER J, CUMPSTON M, LI T, PAGE MJ, Welch
VA. Cochrane Handbook for Systematic Reviews of Interventions. 6.led. [S. /]:
Cochrane, 2020.

HIGGINS JPT, Green S. Cochrane Handbook for Systematic Reviews of
Interventions. 5.1.0ed. [S. /.]: The Cochrane Collaboration, 2011.

HORRILLO, Raquel ef al. 5-Lipoxygenase Activating Protein Signals Adipose Tissue
Inflammation and Lipid Dysfunction in Experimental Obesity. The Journal of
Immunology, [s. L], v. 184, n. 7, p. 3978-3987, 2010. Disponivel em:
https://doi.org/10.4049/jimmunol.0901355

HOTAMISLIGIL, Gokhan S. Inflammation and metabolic disorders. Nature, [s. L], v.
444, n. 7121, p. 860867, 2006. Disponivel em: https://doi.org/10.1038/nature05485

HSIEH, Po-shiuan et al. COX-2-mediated Inflammation in Fat Is Crucial for Obesity-
linked Insulin Resistance and Fatty Liver. Nature, [s. L], v. 17,n. 6, p. 1150-1157, 20009.
Disponivel em: https://doi.org/10.1038/0by.2008.674



IMIG, John D. Epoxyeicosatrienoic acids, hypertension, and kidney injury.
Hypertension, [s. L], v. 65 n. 3, p. 476-482, 2015. Disponivel em:
https://doi.org/10.1161/HYPERTENSIONAHA.114.03585

IMIG, John D. Targeting Epoxides for Organ Damage in Hypertension. Journal of
Cardiovascular Pharmacology, [s. /], v. 56, n. 4, p. 329-335, 2010. Disponivel em:
https://doi.org/10.1097/FJC.0b013e3181e96e0c

INNES, Jacqueline K; CALDER, Philip C. The Differential Effects of Eicosapentaenoic
Acid and Docosahexaenoic Acid on Cardiometabolic Risk Factors: A Systematic
Review. [s. ], 2018. Disponivel em: https://doi.org/10.3390/ijms19020532

JENSEN, Michael D. ef al. 2013 AHA/ACC/TOS Guideline for the Management of
Overweight and Obesity in Adults. Circulation, [s. L], v. 129, n. 25 suppl 2, p. S102—
S138, 2014. Disponivel em: https://doi.org/10.1161/01.cir.0000437739.71477 .ee

JIANG, Jiajing et al. Effect of marine-derived n-3 polyunsaturated fatty acids on major
eicosanoids: A systematic review and meta-analysis from 18 randomized controlled trials.
PLoS ONE, [s. 1], v. 11, n 1, p. 1-18, 2016. Disponivel em:
https://doi.org/10.1371/journal.pone.0147351

KANG, Jing X.; LIU, Angela. The role of the tissue omega-6/omega-3 fatty acid ratio in
regulating tumor angiogenesis. Cancer and Metastasis Reviews, [s. /], v. 32, n. 1-2, p.
201-210, 2013. Disponivel em: https://doi.org/10.1007/s10555-012-9401-9

KARK, Jeremy D et al. Adipose tissue n—6 fatty acids and acute myocardial infarction in
a population consuming a diet high in polyunsaturated fatty acids. The American
Journal of Clinical Nutrition, [s. /], v. 77, n. 4, p. 796-802, 2003. Disponivel em:
https://doi.org/10.1093/ajcn/77.4.796

KAWAHARA, Kohichi et al. Prostaglandin E 2 -induced in fl ammation : Relevance of

prostaglandin E receptors . Biochimica et Biophysica Acta, [s. /.], v. 1851, n. 4, p.
414421, 2015. Disponivel em: https://doi.org/10.1016/j.bbalip.2014.07.008

KLINE, R. B. Beyond significance testing: Statistics reform in the behavioral
sciences. 2nd Editioed. Washington, D.C.: American Psychological Association, 2013.

LANG, Sonja; DUAN, Yi; HO, Samuel. Serum and Fecal Oxylipins in Patients with
Alcohol-Related Liver Disease. Springer, [s. ], v. 64, n. 7, p. 1878-1892, 2019.
Disponivel em: https://doi.org/10.1007/s10620-019-05638-y. Acesso em: 13 ago. 2020.

LEE, Tak H. et al. Effect of Dietary Enrichment with Eicosapentaenoic and
Docosahexaenoic Acids on in Vitro Neutrophil and Monocyte Leukotriene Generation
and Neutrophil Function. New England Journal of Medicine, [s. /], v. 312, n. 19, p.
1217-1224, 1985. Disponivel em: https://doi.org/10.1056/NEJM198505093121903

LEUNG, Po Sing; ZHANG, Dan. Potential roles of GPR120 and its agonists in the
management of diabetes. Drug Design, Development and Therapy, Ann Arbor, p. 1013,
2014. Disponivel em: https://doi.org/10.2147/DDDT.S53892



LI, Pingping et al. LTB4 promotes insulin resistance in obese mice by acting on
macrophages, hepatocytes and myocytes. Nature Medicine, [s. L], v. 21, n. 3, p. 239—
247, 2015. Disponivel em: https://doi.org/10.1038/nm.3800

LIBBY, Peter. Inflammatory Mechanisms : The Molecular Basis of Inflammation and
Disease. [s. L], v. 2007, n. December, 2007. Disponivel em:
https://doi.org/10.1301/nr.2007.dec.S140

LIDDLE, Danyelle M et al. CD8+ T cell/adipocyte inflammatory cross-talk and ensuing
M1 macrophage polarization are reduced by fish oil-derived n-3 polyunsaturated fatty
acids, in part by a TNF-a-dependent mechanism. The Journal of Nutritional
Biochemistry, [s. L], p. 108243, 2019. Disponivel em:
https://doi.org/10.1016/j.jnutbio.2019.108243

LIDDLE, Danyelle M et al. Integrated Immunomodulatory Mechanisms through which
Long-Chain n-3 Polyunsaturated Fatty Acids Attenuate Obese Adipose Tissue
Dysfunction. Nutrients, Switzerland, v. 9, n. 12, 2017. Disponivel em:
https://doi.org/10.3390/nu9121289

LOKESH, B R; KINSELLA, J E. Modulation of Prostagiandin Synthesis in Mouse
Peritoneal Macrophages by Enrichment of Lipids with either Eicosapentaenoic or
Docosahexaenoic Acids in vitro. Immunobiology, [s. L], v. 175, n. 5, p. 406419, 1987.
Disponivel em: https://doi.org/10.1016/S0171-2985(87)80069-4

LORENTE-CEBRIAN, Silvia; COSTA, André G V. Role of omega-3 fatty acids in
obesity , metabolic syndrome , and cardiovascular diseases : a review of the evidence. [s.
], p. 633-651, 2013. Disponivel em: https://doi.org/10.1007/s13105-013-0265-4

LUMENG, Carey N.; SALTIEL, Alan R. Inflammatory links between obesity and
metabolic disease. Journal of Clinical Investigation, [s. /], v. 121, n. 6, p. 2111-2117,
2011. Disponivel em: https://doi.org/10.1172/JCI57132

MAGKOS, Faidon et al. Effects of Moderate and Subsequent Progressive Weight Loss
on Metabolic Function and Adipose Tissue Biology in Humans with Obesity. Cell
Metabolism, [s. /], v. 23, n. 4, p. 591-601, 2016. Disponivel em:
https://doi.org/10.1016/j.cmet.2016.02.005

MAKOWSKI, Liza et al. Fatty acid binding proteins (FABP’s) zijn vetzuur chaperonnes
die invloed uit oefenen op de NF-kB route. In een studie is aangetoond dat FABP4
deficiénte macrofagen verminderde NF-kB activiteit vertoonden en er ook minder
cytokines werden geproduceerd., w. J Biol Chem., [s. /], v. 280, n. 13, p. 12888—12895,
2012. Disponivel em: https://doi.org/10.1074/jbc.M413788200.The

MARTINEZ-FERNANDEZ, Leyre et al. Omega-3 fatty acids and adipose tissue function
in obesity and metabolic syndrome. Prostaglandins and Other Lipid Mediators, [s. /],
V. 121, p- 24-41, 2015. Disponivel em:
https://doi.org/10.1016/j.prostaglandins.2015.07.003

MAS, Emilie ef al. Resolvins D1, D2, and other mediators of self-limited resolution of



inflammation in human blood following n-3 fatty acid supplementation. Clinical
Chemistry, [s. L], v. 58, n. 10, p. 1476-1484, 2012. Disponivel em:
https://doi.org/10.1373/clinchem.2012.190199

MCBEATH, Rowena et al. Cell Shape, Cytoskeletal Tension, and RhoA Regulate Stem
Cell Lineage Commitment Rowena. Developmental Cell, [s. L], v. 6, n. 1, p. 483-495,
2004.

MEYDANI, Simin Nikbin et al. Oral (n-3) Fatty Acid Supplementation Suppresses
Cytokine Production and Lymphocyte Proliferation: Comparison between Young and
Older Women. The Journal of Nutrition, [s. /], v. 121, n. 4, p. 547-555, 1991.
Disponivel em: https://doi.org/10.1093/jn/121.4.547

MOCELLIN, Michel C et al. A systematic review and meta-analysis of the n-3
polyunsaturated fatty acids effects on in fl ammatory markers in colorectal cancer.
Clinical Nutrition, [s. L], n. May, 2015. Disponivel em:
https://doi.org/10.1016/j.clnu.2015.04.013

MOHER, David et al. Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement. Systematic Reviews, [s. /], v.4,n. 1, p. 1,2015.
Disponivel em: https://doi.org/10.1186/2046-4053-4-1

NASRALLAH, Rania; HASSOUNEH, Ramzi; HEBERT, Richard L. PGE2, kidney
disease, and cardiovascular risk: Beyond hypertension and diabetes. Journal of the
American Society of Nephrology, [s. /], v. 27, n. 3, p. 666—676, 2016. Disponivel em:
https://doi.org/10.1681/ASN.2015050528

NETTLETON, Joyce A.; KATZ, Robert. n-3 long-chain polyunsaturated fatty acids in
type 2 diabetes: A review. Journal of the American Dietetic Association, [s. /.], v. 105,
n. 3, p. 428-440, 2005. Disponivel em: https://doi.org/10.1016/j.jada.2004.11.029

NIELSEN, M.S. et al. The effect of low-dose marine n-3 fatty acids on the biosynthesis
of pro-inflammatory 5-lipoxygenase pathway metabolites in overweight subjects: A
randomized controlled trial. Prostaglandins, Leukotrienes and Essential Fatty Acids,
M.S. Nielsen, Department of Cardiology, Center for Cardiovascular Research, Aalborg
Hospital, Aarhus University Hospital, Soendre Skovvej 15, 9000 Aalborg, Denmark,
Scotland, V. 87, n. 1, p. 4348, 2012a. Disponivel em:
https://doi.org/10.1016/j.plefa.2012.05.009

NIELSEN, M.S. et al. The effect of low-dose marine n-3 fatty acids on the biosynthesis
of pro-inflammatory 5-lipoxygenase pathway metabolites in overweight subjects: A
randomized controlled trial. Prostaglandins, Leukotrienes and Essential Fatty Acids,
Scotland, V. 87, n. 1, p. 43-48, 2012b. Disponivel em:
https://doi.org/10.1016/j.plefa.2012.05.009

NOVAK, Todd E et al. NF-xB inhibition by ®-3 fatty acids modulates LPS-stimulated
macrophage TNF-a transcription. American Journal of Physiology-Lung Cellular and
Molecular Physiology, [s. L], v. 284, n. 1, p. L84-L89, 2003. Disponivel em:
https://doi.org/10.1152/ajplung.00077.2002



O’SULLIVAN, Aifric et al. Habitual Diets Rich in Dark-Green Vegetables Are
Associated with an Increased Response to ®-3 Fatty Acid Supplementation in Americans
of African Ancestry. The Journal of Nutrition, J.W. Newman, Department of Nutrition,
University of California, Davis, CA, United States, v. 144, n. 2, p. 123-131, 2014.
Disponivel em: https://doi.org/10.3945/jn.113.181875

ONODERA, Toshiharu et al. Eicosapentaenoic acid and 5-HEPE enhance macrophage-
mediated Treg induction in mice. Scientific reports, England, v. 7, n. 1, p. 4560, 2017.
Disponivel em: https://doi.org/10.1038/s41598-017-04474-2

OUZZANI, Mourad. Rayyan — a web and mobile app for systematic reviews.
Systematic Reviews, [s. 1], n. 2016, p. 1-10, 2017. Disponivel em:
https://doi.org/10.1186/s13643-016-0384-4

PELLA, Daniel et al. Effects of an Indo-Mediterranean diet on the omega-6/omega-3
ratio in patients at high risk of coronary artery disease: the Indian paradox. World review
of nutrition and dietetics, [s. /], v. 92, p. 74-80, 2003. Disponivel em:
https://doi.org/10.1159/000073793

PICKENS, Charles Austin et al. Obesity is positively associated with arachidonic acid-
derived 5- and 11-hydroxyeicosatetraenoic acid (HETE). Metabolism: Clinical and
Experimental, J.I. Fenton, Michigan State University, 469 Wilson Rd, Rm 208B, East
Lansing, MI, United States, United States, v. 70, p. 177-191, 2017.

POLUS, Anna et al. Omega-3 fatty acid supplementation influences the whole blood
transcriptome in women with obesity, associated with pro-resolving lipid mediator
production. Biochimica et biophysica acta, Netherlands, v. 1861, n. 11, p. 1746-1755,
2016. Disponivel em: https://doi.org/10.1016/j.bbalip.2016.08.005

RAMEL, A et al. Effects of weight loss and seafood consumption on inflammation
parameters in young, overweight and obese European men and women during 8 weeks of
energy restriction. European Journal of Clinical Nutrition, A. Ramel, Unit for
Nutrition Research, Landspitali University Hospital, Eiriksgata 29, IS-101 Reykjavik,
Iceland, England, v. 64, n. 9, p. 987-993, 2010. Disponivel em:
https://doi.org/10.1038/ejcn.2010.99

RAUDENBUSH, S W. Analyzing effect sizes: Random-effects models. The Handbook
of Research Synthesis and Meta-analysis, [s. /], p. 295-315, 2009.

REES, Dinka et al. Dose-related effects of eicosapentaenoic acid on innate immune
function in healthy humans: a comparison of young and older men. The American
Journal of Clinical Nutrition, [s. /], v. 83, n. 2, p. 331-342, 2006. Disponivel em:
https://doi.org/10.1093/ajcn/83.2.331

REILLY, Shannon M.; SALTIEL, Alan R. Adapting to obesity with adipose tissue
inflammation. Nature Reviews Endocrinology, [s. /], v. 13, n. 11, p. 633-643, 2017.
Disponivel em: https://doi.org/10.1038/nrendo.2017.90

RICCIOTTI E. & FITZGERALD G. A. NIH Public Access. Arterioscler. Thromb.
Vasce. Biol, [s. L], v. 31, n. 5, p. 986-1000, 2012. Disponivel em:



https://doi.org/10.1161/ATVBAHA.110.207449 Prostaglandins

SAINI, Ramesh Kumar; KEUM, Young-Soo. Omega-3 and omega-6 polyunsaturated
fatty acids: Dietary sources, metabolism, and significance - A review. Life sciences,
Netherlands, V. 203, p. 255-267, 2018. Disponivel em:
https://doi.org/10.1016/;.1fs.2018.04.049

SCHMITZ, Gerd; ECKER, Josef. The opposing effects of n-3 and n-6 fatty acids.
Progress in Lipid Research, [s. L], v. 47, n. 2, p. 147-155, 2008. Disponivel em:
https://doi.org/10.1016/j.plipres.2007.12.004

SERHAN, Charles N.; SAVILL, John. Resolution of inflammation: The beginning
programs the end. Nature Immunology, [s. L], v. 6, n. 12, p. 1191-1197, 2005.
Disponivel em: https://doi.org/10.1038/ni1276

SHOELSON, Steven E; LEE, Jongsoon; GOLDFINE, Allison B. Review series
Inflammation and insulin resistance. [s. [.], v. 116, n. 7, p. 1793—1801, 2006. Disponivel
em: https://doi.org/10.1172/JC129069.and

SIMOPOULOS, A.P. Evolutionary Aspects of Diet and Essential Fatty Acids. In:
FATTY ACIDS AND LIPIDS - NEW FINDINGS. Basel: KARGER, 2000. v. 88, p. 18—
27. Disponivel em: https://doi.org/10.1159/000059742

SIMOPOULOS, A P. Evolutionary aspects of diet, the omega-6/omega-3 ratio and
genetic variation: nutritional implications for chronic diseases. [s. /], 2006. Disponivel
em: https://doi.org/10.1016/j.biopha.2006.07.080. Acesso em: 22 out. 2019.

SIMOPOULOS, Artemis P. Evolutionary aspects of diet: The omega-6/omega-3 ratio and
the brain. Molecular Neurobiology, [s. /], v. 44, n. 2, p. 203-215, 2011. Disponivel em:
https://doi.org/10.1007/s12035-010-8162-0

SIMOPOULOS, Artemis P. The importance of the omega-6/omega-3 fatty acid ratio
in cardiovascular disease and other chronic diseases. [S. /.- s. n.], 2008a. Disponivel
em: https://doi.org/10.3181/0711-MR-311

SIMOPOULOS, Artemis P. The importance of the omega-6/omega-3 fatty acid ratio in
cardiovascular disease and other chronic diseases. Experimental Biology and Medicine,
[s. L], v. 233, n. 6, p. 674-688, 2008b. Disponivel em: https://doi.org/10.3181/0711-MR-
311

SIMOPOULOQOS, Artemis P.; DINICOLANTONIO, James J. The importance of a
balanced w-6 to w-3 ratio in the prevention and management of obesity. Open Heart, [s.
[],v.3,n.2,p. 1-6,2016. Disponivel em: https://doi.org/10.1136/openhrt-2015-000385

SIMOPOULOS, Artemis P. The omega-6/omega-3 fatty acid ratio, genetic variation,
and cardiovascular diseaseAsia Pac J Clin Nutr. [S. : s. n.], 2008c.

SIMOPOULOQOS, Artemis P; A.P., Simopoulos; SIMOPOULOS, Artemis P. An increase
in the Omega-6/0Omega-3 fatty acid ratio increases the risk for obesity. Nutrients, A.P.
Simopoulos, The Center for Genetics, Nutrition and Health, 4330 Klingle Street NW,



Washington, DC, United States, Switzerland, v. 8, n. 3, p. 128, 2016. Disponivel em:
https://doi.org/10.3390/nu8030128. Acesso em: 22 out. 2019.

SMITH, Mary L; GLASS, Gene V. Meta-analysis of psychotherapy outcome studies.
US:  American  Psychological ~ Association,  1977. Disponivel  em:
https://doi.org/10.1037/0003-066X.32.9.752

SOBERMAN, Roy J.; CHRISTMAS, Peter. The organization and consequences of
eicosanoid signaling. Journal of Clinical Investigation, [s. /], v. 111, n. 8, p. 1107—
1113, 2003. Disponivel em: https://doi.org/10.1172/JC1200318338

SPECTOR, Christian, A.Drevon; Bill Harris; Andrew Sinclair and Art.
Recommendations for intake of polyunsaturated fatty acids in healthy adults.
Brighton, UK: [s. n.], 2004.

SUBBARAMAIAH, Kotha et al. Increased levels of COX-2 and prostaglandin E2
contribute to elevated aromatase expression in inflamed breast tissue of obese women.
Cancer Discov, [s. L], v. 2, n. 4, p. 356-365, 2013. Disponivel em:
https://doi.org/10.1158/2159-8290.CD-11-0241.Increased

TECKLENBURG-LUND, Sandra et al. Randomized Controlled Trial of Fish Oil and
Montelukast and Their Combination on Airway Inflammation and. [s. L], v. 5, n. 10,
2010. Disponivel em: https://doi.org/10.1371/journal.pone.0013487

TSOUPRAS, Alexandros; LORDAN, Ronan; ZABETAKIS, Ioannis. Inflammation, not
cholesterol, is a cause of chronic disease. Nutrients, [s. /], v. 10, n. 5, 2018. Disponivel
em: https://doi.org/10.3390/nu10050604

VANDANMAGSAR, Bolormaa et al. The NLRP3 inflammasome instigates obesity-
induced inflammation and insulin resistance. Nature Medicine, [s. L], v. 17,n.2,p. 179—
189, 2011. Disponivel em: https://doi.org/10.1038/nm.2279

VEDIN, Inger et al. Reduced prostaglandin F 2 _, release from blood mononuclear
leukocytes after oral supplementation of [] 3 fatty acids : the OmegAD study. [s. L], v.
51, p. 1179-1185, 2010. Disponivel em: https://doi.org/10.1194/j1r.M002667

VIANELLO, Elena et al. Correlative study on impaired prostaglandin E2 regulation in
epicardial adipose tissue and its role in maladaptive cardiac remodeling via EPAC2 and
ST2 signaling in overweight cardiovascular disease subjects. International Journal of
Molecular  Sciences, [s. /], v. 21, n. 2, 2020. Disponivel em:
https://doi.org/10.3390/ijms21020520

VISIOLI, Francesco et al. Dietary intake of fish vs. formulations leads to higher plasma
concentrations of n—3 fatty acids. Lipids, [s. L], v. 38, n. 4, p. 415-418, 2003. Disponivel
em: https://doi.org/10.1007/s11745-003-1077-x

WAN, Min et al. Cathelicidin LL-37 induces time-resolved release of LTB4 and TXA
2by human macrophages and triggers eicosanoid generation in vivo. FASEB Journal, [s.
[],v.28,n. 8, p. 3456-3467, 2014. Disponivel em: https://doi.org/10.1096/1].14-251306



WANG, D.; DUBOIS, R. N. Associations Between Obesity and Cancer: The Role of
Fatty Acid Synthase. JNCI Journal of the National Cancer Institute, R.N. Dubois,
Department of Gastrointestinal Medical Oncology, MD Anderson Cancer Center, Unit
1492, 1515 Holcombe Blvd, Houston, TX 77030, United States, v. 104, n. 5, p. 343-345,
2012. Disponivel em: https://doi.org/10.1093/jnci/djs010

WANG, Weicang et al. Effects of high-fat diet on plasma profiles of eicosanoid
metabolites in mice. Prostaglandins & Other Lipid Mediators, [s. /.], v. 127, p. 9-13,
2016. Disponivel em: https://doi.org/10.1016/j.prostaglandins.2016.11.003. Acesso em:
22 out. 2019.

YING, Wei et al. Adipose tissue B2 cells promote insulin resistance through leukotriene
LTB4/LTB4R1 signaling. Journal of Clinical Investigation, [s. /.],v. 127,n. 3, p. 1019—
1030, 2017. Disponivel em: https://doi.org/10.1172/JCI90350

ZHAO, Xueying et al. Decreased epoxygenase and increased epoxide hydrolase
expression in the mesenteric artery of obese Zucker rats. American journal of
physiology. Regulatory, integrative and comparative physiology, United States, v.
288, n. 1, p. R188-96, 2005. Disponivel em: https://doi.org/10.1152/ajpregu.00018.2004

ZOCK, Peter L; KATAN, Martijn B. Linoleic acid intake and cancer risk: a review and
meta-analysis. The American Journal of Clinical Nutrition, [s. /.], v. 68, n. 1, p. 142—
153, 1998. Disponivel em: https://doi.org/10.1093/ajcn/68.1.142



