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RESUMO

Introdugao: A forca muscular ¢ um importante preditor de qualidade de vida. A baixa forga
muscular estd associada a desfechos negativos em saude, logo, sua preservacdo ¢ de suma
importancia. Apesar da proteina ser o principal nutriente relacionado com a forca, o Omega-3
(®-3) tem sido estudado como um nutriente que poderia atuar em beneficio da for¢ga muscular.
Objetivo: Avaliar a associacdo entre ®-3 plasmatico e forca muscular, de acordo com o
consumo proteico. Metodologia: Foi realizado um estudo transversal, foram avaliados 1708
individuos, com idade entre 20 e 80 anos. Dados do National Health and Nutrition Examination
Survey (NHANES) do biénio de 2011-2012 foram utilizados. O ®-3 plasmatico foi avaliado
por meio de espectrometria de massa por cromatografia gasosa. A forga muscular foi avaliada
por meio da for¢a preensao manual e foi considerada a soma do maior valor de cada mao. Foram
realizadas analises de regressdo linear para avaliar a associag¢do entre o -3 plasmatico e a forga
muscular de acordo com o consumo proteico, para amostra total e separado por faixa etaria
(jovens: < 60 anos; idosos: > 60 anos). As faixas de consumo proteico foram divididas da
seguinte forma: < 0,8g/kg/dia (hipoproteica); > 0,8g/kg/dia - < 1,2g/kg/dia (normoproteica); >
1,2 g/kg/dia (hiperproteica). Resultados: O ®-3 plasmatico e seus subtipos, acido alfa
linolénico (ALA), acido eicosapentaenodico (EPA) e acido docosahexaenoico (DHA) nao foram
associados com a for¢ca muscular independentemente do consumo proteico na amostra total e
separado por faixa etaria. Conclusdo: O ®-3 plasmatico ndo esta associado com a forga

muscular de acordo com o consumo proteico.

Palavras-chave: ®-3, For¢a Muscular, Proteina
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ABSTRACT

Introduction: Muscle strength is an important predictor of quality of life. Low muscle strength
is associated with negative health outcomes; therefore, the preservation of muscle strength is
important. Although protein is the main nutrient related to strength, omega-3 (®-3) has been
studied as a nutrient that could benefit muscle strength. Aim: To evaluate the association
between plasma -3 and muscle strength, according to protein intake. Method: A cross-
sectional study was carried out with 1708 individuals aged between 20 and 80 years. Data from
the 2011-2012 National Health and Nutrition Examination Survey (NHANES) were used.
Plasma ®-3 was assessed using gas chromatography mass spectrometry. Muscle strength was
assessed using handgrip strength and the sum of the highest value for each hand was considered.
Linear regression analyses to assess the association between plasma ®-3 and muscle strength
according to protein intake, for the total sample and separated by age group (young people: <
60 years old; older people: > 60 years old) were performed. The protein intake ranges were
divided as follows: < 0.8g/kg/day (hypoproteic); > 0.8g/kg/day - < 1.2g/kg/day (normoproteic);
> 1.2 g/kg/day (hyperproteic). Results: Plasma ®-3 and their subtypes (alpha-linolenic acid
(ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were not associated
with muscle strength regardless of protein intake and age group. Conclusion: Plasma ®-3 is

not associated with muscle strength according to protein intake.

Keywords: »-3, Muscle strength, Protein
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1. INTRODUCAO

A forg¢a muscular ¢ um importante preditor de qualidade de vida para individuos
de todas as faixas etarias, mas principalmente para individuos idosos (Goodpaster, Park
et al. 2006, Cruz-Jentoft, Bahat et al. 2019). A perda de forca muscular ¢ um processo
comum ao decorrer do avangar da idade (Cruz-Jentoft, Bahat et al. 2019, Zammit,
Robitaille et al. 2019) e estd associada a desfechos negativos em saude, como por
exemplo, maior risco de quedas (Schaap, Van Schoor et al. 2018), menor autonomia nas
atividades diarias (Brooks 2003, Goodpaster, Park et al. 2006, Beaudart, Biver et al. 2017,
Cruz-Jentoft, Bahat et al. 2019) e aumento da mortalidade (Rantanen, Harris et al. 2000,
Volaklis, Halle et al. 2015, Garcia-Hermoso, Cavero-Redondo et al. 2018).

Diversos fatores estdo relacionados com a for¢a muscular, como idade (Cruz-
Jentoft, Bahat et al. 2019) (Zammit, Robitaille et al. 2019), sexo (Cruz-Jentoft, Bahat et
al. 2019), nivel de atividade fisica (Stenholm, Tiainen et al. 2012) e fatores dietéticos, dos
quais o consumo proteico parece ser o mais importante (Gregorio, Brindisi et al. 2014).
O mecanismo que estabelece a relagdo entre a ingestdo proteica e a forga muscular ainda
ndo ¢ muito claro, contudo, diversos estudos demonstraram uma relagdo importante
(Lemieux, Filion et al. 2014, Isanejad, Mursu et al. 2016, Robinson, Granic et al. 2019).
Apesar da proteina ser um dos principais nutrientes relacionados com a for¢a muscular
(Gregorio, Brindisi et al. 2014), outras estratégias nutricionais podem otimizar este
processo. O acido graxo 6mega-3 (®-3) tem sido estudado como um nutriente que poderia
também atuar em beneficio da for¢a muscular (Robinson, Jameson et al. 2008, Rossato,
de Branco et al. 2020). O possivel mecanismo proposto ¢ a incorporacao desse acido
graxo na membrana celular (Da Boit, Sibson et al. 2017), tornando-a mais fluida e
sensivel a acdo da acetilcolina, que ¢ um importante neurotransmissor para a contragao
muscular (Patten, Abeywardena et al. 2002). Assim, a acdo mais eficiente da acetilcolina
poderia melhorar a contratilidade muscular, diretamente relacionada com a geracdo da
forca muscular (Patten, Abeywardena et al. 2002).

Além disso, outra possivel contribuicdo do -3 na for¢ca muscular esta relacionada
com o seu efeito anti-inflamatdrio, o qual ja ¢ bem estabelecido na literatura (Rangel-
Huerta, Aguilera et al. 2012). A inflamacdo de baixo grau, seja ela decorrente do
envelhecimento ou de comorbidades, estd associada com a perda de for¢a muscular
(Fulle, Protasi et al. 2004), logo a redugdo desta inflamacao poderia prevenir a perda de

forga. Portanto, uma vez que a proteina e o ®-3 podem exercer um papel importante sobre
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a forga muscular, ¢ relevante avaliar a associagdo entre o -3 e a forga muscular, de

acordo com o consumo proteico.

2. FUNDAMENTACAO TEORICA

2.1 Omega-3 (w-3)

Os 4cidos graxos poli-insaturados ®-3 sdo caracterizados por serem de
cadeia longa e apresentarem dupla ligacao a partir do terceiro carbono (Arterburn,
Hall et al. 2006). Este acido graxo possui alguns subtipos, como o acido alfa
linolénico (ALA; 18:3n-3), acido eicosapentaenoico (EPA; 20:5n-3) e o acido
docosahexaenoico (DHA; 22:6n-3) (Arterburn, Hall et al. 2006). O ®-3 ¢
considerado um 4cido graxo essencial, ou seja, o corpo humano ndo produz
endogenamente, logo ¢ essencial ser ingerido via dieta (Arterburn, Hall et al.
2006). As principais fontes de ALA sdo de origem vegetal, como sementes, nozes,
6leos vegetais (canola, soja, linhaca) (Arterburn, Hall et al. 2006, McGlory,
Calder et al. 2019). Em relacdo ao EPA e DHA, as principais fontes alimentares
sdo provenientes de peixes gordurosos, como o salmio (Arterburn, Hall et al.
2006, McGlory, Calder et al. 2019).

Apesar dos acidos graxos ®-3 serem considerados essenciais, o EPA e
DHA sao produzidos endogenamente a partir do ALA (Arterburn, Hall et al.
2006), o qual ¢ mais abundante na dieta. A conversao de ALA em EPA e em DHA
ocorre principalmente no figado, mais especificamente no reticulo
endoplasmatico, por meio de uma série de reacdes mediadas por enzimas
(Arterburn, Hall et al. 2006). Estas enzimas adicionam duas unidades de carbono
a cada reacdo, resultando primeiro na formagao do EPA (20:5) e a partir dele o
DHA (22:6)(Arterburn, Hall et al. 2006). E importante ressaltar que esta cadeia de
conversdo parece ser mais eficiente em individuos do sexo feminino (Burdge and
Wootton 2002), resultando em maiores quantidades de EPA e DHA nas mulheres.
Apesar de toda a cadeia de conversao, apenas uma parcela pequena do ALA ¢
utilizada para este processo, a maior parte ¢ utilizada como fonte de energia
(Goyens, Spilker et al. 2005, Arterburn, Hall et al. 2006). A Figura 1 detalha o

processo de conversao.
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O o-3, principalmente o EPA e DHA (provenientes da suplementagdo de
6leo de peixe), tem sido amplamente estudado em diversas areas da satide humana.
A literatura demonstra possiveis beneficios do -3 na fun¢do cognitiva (Cardoso,
Afonso et al. 2016), inflamag¢ao (Rangel-Huerta, Aguilera et al. 2012), no controle
do perfil lipidico e satde cardiovascular (Cabo, Alonso et al. 2012).
Adicionalmente, especula-se seu possivel papel em relagdo a forca e massa
muscular (Rossato, Schoenfeld et al. 2020). No entanto, os resultados

permanecem controversos (Rossato, Schoenfeld et al. 2020).

OMEGA
ALA (18:3)

A6-desaturase

Elongase

A5-desaturase
Elongase

Elongase

Ab-desaturase v

Oxidacdo peroxissomal

DHA (22:6)

Figura 1. Conversdo do 4cido alfa linolénico (ALA) em acido eicosapentaenodico (EPA)

e acido docosahexaenodico (DHA).

2.2 Omega-3 (w-3) e For¢ca Muscular

A for¢a muscular ¢ dependente de diversos fatores, como sexo, idade,

comorbidades, nivel de atividade (Stenholm, Tiainen et al. 2012, Cruz-Jentoft,
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Bahat et al. 2019, Zammit, Robitaille et al. 2019), entretanto, tem sido especulado
uma possivel contribuicdo do ®-3 na forga. O mecanismo de atuagdo ainda nao
estd completamente elucidado, mas sugere-se que o ®-3 poderia influenciar na
acdo da acetilcolina (Patten, Abeywardena et al. 2002). A acetilcolina é um
neurotransmissor produzido no citosol do terminal da fibra nervosa e que ¢
armazenada em vesiculas nos terminais nervosos do musculo esquelético,
responsavel pela contragdo muscular (Guyton 2006). A medida que um estimulo
chega ao terminal nervoso, os canais de célcio sdo estimulados e abertos (Guyton
2006). A alta concentracao de célcio liberada atrai as vesiculas que armazenam
acetilcolina para a membrana neural (Guyton 2006). A fusdo das vesiculas na
membrana ocasiona a liberacdo da acetilcolina, a qual se liga a receptores na
membrana da fibra muscular e resulta na abertura de canais i6nicos, desta forma,
resultando na contragao muscular (Guyton 2006). Diante deste mecanismo, o ®-3
poderia influenciar na fluidez da membrana da fibra muscular (Da Boit, Sibson et
al. 2017), facilitando a ligagdao da acetilcolina nos receptores e proporcionando
melhor contratilidade muscular (Patten, Abeywardena et al. 2002). Outra hipotese
seria uma modificagdo nos canais id6nicos, bem como nos mecanismos que
envolvem a acgdo do calcio (Negretti, Perez et al. 2000).

Além disso, outra possivel acdo do ®-3 em beneficio da forca muscular
estd relacionada com a inflamagao (McGlory, Calder et al. 2019). A inflamagao
esta presente principalmente em individuos com algumas doencas (McGlory,
Calder et al. 2019) (exemplo: artrite, diabetes, cancer), individuos obesos e
também durante o processo de envelhecimento (Fulle, Protasi et al. 2004). O
processo inflamatorio € caracterizado principalmente pelo aumento da expressao
de citocinas pro-inflamatoérias, como a Interleucina-1 (IL-1), Interleucina-6 (IL-
6), Fator de Necrose Tumoral (TNF) (McGlory, Calder et al. 2019), que estdo
relacionados com a perda de forca e massa muscular (Fulle, Protasi et al.
2004)(Crossland, Skirrow et al. 2019)(Tuttle, Thang et al. 2020). O ®-3, mais
especificamente o EPA e DHA, possui diversos mecanismos de agdo para reduzir
a producdo de citocinas pro-inflamatorias (McGlory, Calder et al. 2019). Um dos
mecanismos ¢ por meio da sintese de mediadores lipidicos (prostaglandinas e
leucotrienos), do qual o EPA e o DHA sdo substratos para sua produgao
(McGlory, Calder et al. 2019). Entretanto, o cido araquidonico (ARA), que é um

acido graxo m-6, também ¢ substrato para estes mediadores lipidicos, porém do
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tipo pro-inflamatorios (McGlory, Calder et al. 2019). Isto se torna um problema,
visto que o ARA é um acido graxo mais abundante em relagdo ao EPA e DHA
(McGlory, Calder et al. 2019). Contudo, o ARA e o EPA s3o metabolizados pelas
mesmas enzimas, ciclooxigenase (COX) e lipooxigenase (LOX) (Wada, DeLong
et al. 2007), logo, com uma alta quantidade de EPA disponivel, menos ARA sera
metabolizado, reduzindo a produgdo de citocinas pro-inflamatorias (McGlory,
Calder et al. 2019). Outro mecanismo de atuacdo do EPA ¢ DHA ¢ em relagao a
inibicdo do Fator nuclear kappa B (NF-kp), inibindo a expressdo de genes que
codificam as citocinas pro-inflamatérias (Sigal 2006) (McGlory, Calder et al.
2019). Por fim, o ®-3 produz resolvinas, protectinas e maresinas, que sao
mediadores lipidicos que atuam na reducdo da produgdo de citocinas pro-
inflamatérias (McGlory, Calder et al. 2019). Neste contexto, o ®-3 poderia atuar
como anti-inflamatorio, prevenindo ou reduzindo a perda de forga progressiva.
Alguns estudos respaldam os mecanismos propostos, evidenciando uma
relacdo entre o ®-3 e a for¢ca muscular (Robinson, Jameson et al. 2008, Rossato,
de Branco et al. 2020). Contudo, os dados ainda permanecem controversos
(Rossato, Schoenfeld et al. 2020). Robinson et al avaliaram 2983 idosos e
encontraram uma associagdo positiva entre o consumo de peixes gordurosos e
for¢a muscular, avaliada pela for¢a de preensdo manual (Robinson, Jameson et al.
2008). Corroborando estes dados, Rossato et al. avaliaram a associag¢ao entre o ®-
3 dietético com a for¢a muscular, avaliada pela forga isocinética dos extensores
do joelho (forca de pico), e encontraram uma associacdo positiva (Rossato, de
Branco et al. 2020). Por outro lado, Reinders et al ndo observaram associagdo entre
o ®-3 plasmatico e a for¢a de preensdo manual (Reinders, Song et al. 2015). Além
disso, uma recente meta-analise que avaliou estudos de intervengdo com a
suplementacgdo de w-3, encontrou resultados positivos na for¢ca muscular (Cornish,
Cordingley et al. 2022). Entretanto, o tamanho de efeito encontrado foi pequeno
e os estudos apresentavam uma alta heterogeneidade metodologica, logo a

importancia clinica do ®-3 ainda ¢ questionavel (Cornish, Cordingley et al. 2022).

2.3 Omega-3 (w-3), For¢ca Muscular e Proteina

A relagdo entre a ingestdo proteica e a forga muscular ainda ndo estd

completamente esclarecida, mas diversos estudos encontraram uma associagao



19

positiva entre essas variaveis (Robinson, Granic et al. 2019) (Lemieux, Filion et
al. 2014, Isanejad, Mursu et al. 2016, McLean, Mangano et al. 2016, Celis-
Morales, Petermann et al. 2018, Kuczmarski, Pohlig et al. 2018). Por outro lado,
a relagdo entre ingestao proteica ¢ a massa muscular ja € muito bem estabelecida,
diante do papel da proteina na sintese proteica muscular, processo de extrema
importancia para o anabolismo muscular (Phillips, Glover et al. 2009). Diante
disso, a quantidade de massa muscular, bem como a qualidade muscular,
especialmente no que se refere a infiltragdo de gordura nos musculos, parece estar
relacionada com a for¢a muscular (Manini and Clark 2012). Apesar da massa
muscular ser um importante determinante para a forga, nao € possivel admitir que
estas duas variaveis (for¢a e massa muscular) sao proporcionalmente equivalentes,
uma vez que existem outros fatores determinantes para a forca muscular (Manini
and Clark 2012, McLean, Mangano et al. 2016).

Como mencionado anteriormente, a sintese proteica ¢ um mecanismo
essencial para a constru¢ao de massa muscular, contudo, especula-se que o ®-3
poderia atuar em beneficio da sintese proteica muscular (Da Boit, Sibson et al.
2017). Uma vez que a captacao de aminoacidos pelas células musculares ¢ um
ponto chave na via de sintese proteica (Phillips, Glover et al. 2009), o ®-3 parece
melhorar a fluidez da membrana muscular, podendo auxiliar na captacao dos
aminoacidos disponiveis e consequentemente, melhorar a sintese proteica (Da
Boit, Sibson et al. 2017). Por meio deste mecanismo, o ®-3 parece ter uma relagao
importante com a massa muscular e por consequéncia também auxiliar na forga
muscular, ja que estas variaveis t€ém alguma relagdo. Além disso, a melhor
captagdo dos aminoacidos, devido a fluidez da membrana, poderia influenciar na
melhor acdo da acetilcolina (Patten, Abeywardena et al. 2002), mecanismo este
que parece estar mais diretamente relacionado com a forga. Diante disso, o ®-3
poderia atuar em beneficio da for¢a muscular tanto indiretamente, por meio da
massa muscular, quanto diretamente por meio dos mecanismos expostos.

Apesar de alguns estudos ja terem investigado as associag¢des entre forca
muscular ¢ ®-3 (Robinson, Jameson et al. 2008, Reinders, Song et al. 2015,
Rossato, de Branco et al. 2020), nenhum deles considerou o consumo proteico
como uma variavel que poderia modular esta relagdio. Como ja mencionado, o
consumo proteico ¢ um importante fator para a for¢ga muscular, logo, individuos

com diferentes consumos proteicos podem apresentar respostas diferentes. As
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recomendacdes atuais de proteina sdo de 0,8g/kg/dia até 2,2g/kg/dia (Morton,
Murphy et al. 2018). As Dietary Reference Intakes (DRIs), por meio das
Recommended Dietary Allowances (RDA) recomendam 0,8g/kg/dia (Padovani,
Amaya-Farfan et al. 2006), portanto, abaixo dessa quantidade pode ser
considerada uma ingestdo sub otima de proteina. Sendo assim, individuos que
consomem < 0,8g/kg/dia, tem uma dieta hipoproteica. Alguns estudos
demonstraram que a ingestao de 0,8g/kg/dia pode ndo ser suficiente para aumentar
forca e massa muscular (Morton, Murphy et al. 2018), entretanto uma dieta entre
0,8g/kg/dia e 1,2g/kg/dia e > 1,2 g/kg/dia demonstraram resultados positivos na
forca muscular (Phillips, Chevalier et al. 2016) (Morton, Murphy et al. 2018).
Diante disso, a hipotese de atuacao do w-3 ¢ que individuos que consomem uma
quantidade sub 6tima de proteina (de Branco, Rinaldi et al. 2023) poderiam ter
uma melhor resposta da sintese proteica. Uma vez que a incorporacao do ®-3 na
membrana parece torna-la mais fluida, isso poderia facilitar a captacdo e o
aproveitamento dos aminoacidos disponiveis (Da Boit, Sibson et al. 2017), em
individuos com baixa disponibilidade destes aminoacidos. de Branco et al
investigaram a relacdo do -3 com a massa muscular, de acordo com o consumo
proteico, e encontraram associagdo somente para individuos com consumo baixo
de proteina (< 0.8 g/kg/dia) (de Branco, Rinaldi et al. 2023). Como citado
anteriormente, a relacdo entre massa muscular e for¢ca ndo ¢ direta, logo esta

associagdo precisa ser investigada considerando a for¢ca muscular.

2.4 National Health and Nutrition Examination Survey (NHANES)

O National Health and Nutrition Examination Survey (NHANES) é um programa
do Centro Nacional de Estatisticas de Saude dos Estados Unidos (EUA) que coleta
informacdes de saude, estado nutricional e comportamentos em satide da populagdo ndo
institucionalizada dos EUA. O programa teve inicio no ano de 1960, porém passou a ser
continuo a partir de 1999, e desde entdo as coletas ocorrem bienalmente. O NHANES
coleta informagdes de questiondrio, dados laboratoriais, dietéticos, demograficos e de
exame fisico, de uma amostra representativa da popula¢do dos EUA. As avaliagdes sao
conduzidas em um centro de exames movel (MEC), como mostrado na Figura 2.

Aproximadamente, dados de cinco mil pessoas, de todas as faixas etdrias, sdo coletados
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por ano. Os dados ficam disponiveis no enderego eletronico oficial do NHANES

(https://www.cdc.gov/nchs/nhanes/index.htm).

A sele¢@o da amostra ocorre por meio de um desenho de amostragem complexa,
probabilistico e de multi-estagios para selecionar uma amostra representativa. O primeiro
estagio ocorre com a selecdo de unidades amostrais primarias (PSUs), caracterizada como
conglomerados ou pequenos grupos de condados. A selecdo das PSUs ocorre por meio
de uma probabilidade proporcional ao tamanho (PPS), ou seja, populagdes maiores tem
mais chances de serem selecionadas em relacdo as menores. O segundo estdgio consiste
na selecdo de segmentos, a partir destas unidades amostrais, que constituem um bloco ou
grupo de blocos, 0s quais contém um conjunto de domicilios. Dentro dos segmentos, sdo
selecionadas algumas familias de forma aleatoria, este consiste no terceiro estagio. E por
fim, o quarto estdgio consiste na sele¢do de um individuo dentro de cada domicilio
selecionado. A Figura 3 ilustra 0s estagios de selecao

(https://wwwn.cdc.gov/nchs/nhanes/tutorials/SampleDesign.aspx).

Além disso, a ponderagdo dos dados, conhecida também como peso amostral, é
realizada para que a amostra seja considerada representativa. O peso amostral reflete a
representacdo de uma unica pessoa da amostra, em relagdo a populacao total. Logo, os
dados de uma unica pessoa na amostra, representa milhares de individuos da populagao.
A ponderagao dos dados considera cada individuo da amostra e considera alguns fatores
importantes. Em primeiro lugar, a ponderacdo dos dados considera as probabilidades de
selecdo para dominios individuais. Em segundo lugar, a ponderagdo leva em consideracao
a falta de resposta em alguns dados coletados. Por fim, considera as diferencas entre a
amostra final e a populagdo total. Logo, para melhor confiabilidade e representatividade

dos dados, ¢ imprescindivel a inclusdo do peso amostral.


https://www.cdc.gov/nchs/nhanes/index.htm
https://wwwn.cdc.gov/nchs/nhanes/tutorials/SampleDesign.aspx

Figura 2. Centro de Exames Movel (https://blogs.cdc.gov/nchs/2013/04/17/164/)
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Figura 3. Estagios de selecdo da amostra.


https://blogs.cdc.gov/nchs/2013/04/17/164/
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3. OBJETIVOS
3.1 Objetivo Geral

Avaliar a associagao entre -3 plasmatico e forca muscular de acordo com

0 consumo proteico.

3.2 Objetivo Especifico

Avaliar a associagdo entre -3 plasmatico e seus subtipos (ALA, EPA e
DHA) e a for¢ca muscular de acordo com o consumo proteico, separado por faixa

etaria (jovens e idosos).
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Abstract

Background & aims: Muscle strength is an important predictor of quality of life and
mortality. Several studies have evaluated the association between omega-3 (»-3) intake
and muscle strength, but the evidence is still limited. In addition, no study has investigated
whether this association is dependent on protein intake. The aim of the study was to
evaluate the association between plasma -3 (a marker of ®-3 intake) and muscle strength
according to protein intake. Method: A cross-sectional study was performed evaluating
1708 individuals aged between 20-80 years old from the National Health and Nutrition
Examination Survey (NHANES) 2011-2012. Total plasma w-3 fatty acids and their
subtypes (alpha-linolenic acid (ALA), -eicosapentacnoic acid (EPA), and
docosahexaenoic acid (DHA)) were evaluated using chromatography-mass spectrometry.
Muscle strength was evaluated through handgrip strength, with the combined grip
strength of both hands considered. Food intake was assessed through two 24-hour recalls.
Linear regression analysis was used to evaluate the association between plasma ®-3 fatty
acids and muscle strength according to protein intake (< 0.8g/kg; > 0.8 - < 1.2g/kg; > 1.2
g/kg) adjusting for potential confounders. These analyses were conducted for the entire
sample, as well as stratified by age groups (young individuals: < 60 years old; older
individuals: > 60 years old). Results: Total plasma -3, ALA, EPA, and DHA were not
associated with muscle strength regardless of the protein intake. This lack of association
persisted even when individuals were stratified by age groups. Conclusion: Plasma ®-3
fatty acids were not associated with muscle strength in older and young people regardless
of protein intake.
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Introduction

Low muscle strength is associated with low quality of life [1-5], higher risk of
falls [6], and mortality [7-9]. Hence, understanding the primary factors associated with
muscle strength is crucial. Several factors are associated with muscle strength, such as
age [2, 10], sex [2], physical activity [11], comorbidities [11], oxidative stress [12] and
dietary habits[ 13]. Although protein is recognized to be the most important nutrient linked
with muscle strength [14] [13], another nutrients, such as omega-3 (®»-3), seem to exhibit

a positive relationship with strength [15, 16].

Omega-3 (»-3) is an essential long-chain fatty acid with a double bond from the
third carbon [17, 18]. The main subtypes of w-3 are alpha-linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA)[17, 18]. Although these
fatty acids must be obtained through diet, ALA can be converted into EPA and DHA [17].
The primary sources of ALA include seeds, nuts, soy oil, and other vegetable oils, while

the main sources of EPA and DHA are salmon, tuna and sardines [17, 18].

It has been suggested that a greater intake of ®-3 may enhance muscle membrane
fluidity, which may increase the action of acetylcholine, a neurotransmitter responsible
for muscle contraction, which is directly related to muscle strength [19]. Thus, several
studies have investigated the association between w-3 intake and muscle strength [15, 16,
20]; however, the evidence is still conflicting [15, 20-22]. Moreover, there is currently no
study investigating whether the association between ®-3 intake and muscle strength is
influenced by protein intake. It is plausible to assume that the relationship between ®-3
intake and muscle strength may depend on protein intake, given that plasma ®-3 is
positively correlated with muscle mass only in adults consuming a low-protein diet (<0.8
g/kg/day) [23]. Since strength is moderately associated with muscle mass [24, 25], it is
conceivable that the impact of ®-3 on muscle strength may be influenced by protein
intake. This assumption is supported by the notion that higher ®-3 levels may enhance
amino acid uptake by muscle cells, particularly in conditions of low amino acid
availability in the blood [26], as may occur with suboptimal daily protein intake (<0.8
g/kg/d). Therefore, the aim of the study was to evaluate the association between plasma
-3 and muscle strength according to protein intake. We hypothesized that plasma ®-3

would be associated with strength only in individuals consuming hypoproteic diet.
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Methods

Design and participants

This is a cross-sectional study using a fatty acids subsample from NHANES
(National Health and Nutrition Examination Survey) biennium 2011-2012. NHANES is
public dataset from non-institutionalized population of United States of American (USA).
NHANES is a program conducted by National Center for Health Statistics (NCHS) and
collect information about health and nutrition. The eligible sample is selected by complex
sampling random method in three stages of selection - stratum, conglomeration and
weighting and presents a representative sample of USA. All participants written informed
consent before the data collection and all the procedures was approved by Ethics Review

Board (ERB) (protocol #2011-17).

For the present study, 1708 individuals aged between 20-80 years old from the
fatty acids subsample were evaluated. In the 2011-2012 biennium, 9756 individuals were
initially assessed. However, 5643 individuals were part of the fatty acid subsample.
Individuals who had <20 years old, with invalid muscle strength data, without plasma ®-
3 fatty acids data, without at least one day of dietary data, pregnant and lactating women,
and people without anthropometric data were excluded. The sample was divided into

ranges according to protein intake: < 0.8g/kg; >0.8g/kg -< 1.2g/kg; > 1.2 [27] (Figure 1).

Dietary Intake

Dietary data were collected through two 24-hour recalls. The first recall was
collected in-person and the second by phone call. The evaluation was realized by trained
professionals using 5-step multiple pass method [28]. The Automated Multiple Pass
Method consists of the following steps: quick list, forgotten foods, time and occasion,
detail cycle and final probe. The USDA’s Food and Nutrient Database for Dietary Studies
(FNDDS) 2011-2012 to measure the dietary data was used. Energy (kcal/day),
carbohydrates (g/day), protein (g/day), protein (g/kg), fat (g/day), saturated fat (g/day),
monounsaturated fat (g/day), polyunsaturated fat (g/day), total ®-3 (g), alpha-linolenic
acid (ALA, g), eicosapentaenoic acid (EPA, g), docosahexaenoic acid (DHA, g), linoleic
acid (g), fiber (g/day), caffeine (mg/day) and alcohol (g/day) were evaluated. The usual



27

food intake was calculated using the National Cancer Institute (NCI) method. This
method consists in specific statistical analyses to estimates usual food intake and

minimize the limitations inherent in traditional food intake measurements [29].

Muscle Strength

The muscle strength was evaluated by grip strength using a handgrip
dynamometer (Takei Digital Grip Strength Dynamometer, Model T.K.K.5401). Prior to
the test, the participants completed a period of learning the test. The test was performed
three times in each hand, alternating the hands with 60-second interval between the
attempts. The order to start the test with dominant or non-dominant hand was randomized.
The test was conducted by a trained examinator who asked to participants exert the
maximum effort on each attempt. The sum of highest values of both hands was used for

the analyses.

Plasma w-3 fatty acids

Plasma ®-3 fatty acids were evaluated by gas chromatography — mass
spectrometry. The samples were collected after overnight fasting by trained professionals.
For each analysis, 100uL of plasma were necessary, however 0.5 ml of plasma was
extracted to perform repeated analyzes. Samples collected in the field were frozen and
then shipped on dry ice. The samples were stored at a temperature of -70°C for later
analysis. To obtain the total plasma ®-3 fatty acids, ALA (18:3n- 3), EPA (20:5n-3),
DHA (22:6n-3), stearidonic acid (SDA; 18:4n-3) and docosapentaenoic acid (DPA;
22:5n-3) were added. Besides that, for values of the plasma ®-6 fatty acids the sum of
linoleic (18:2n-6) and arachidonic (20:4n-6) were used, since the others fatty acids had
missing values. Regarding the total saturated fatty acids, there are missing variables and
a sample of 1362 was considered. The sum of capric acid (C10:0), lauric acid (C12:0),
myristic acid (14:0), pentadecanoic acid (C15:0), palmitic acid (16:0), margaric acid
(C17:0), stearic acid (18:0), arachidic acid (20:0), docosanoic acid (22:0), tricosanoic acid
(C23:0) and lignoceric acid (24:0) was used. For more details of plasma fatty acids, the
procedures are available in NHANES manual [30].

Covariates of interest
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Several covariates were included for adjustment as potential confounding factors.
Demographic data, health conditions and behavior, anthropometric, strength, plasma fatty
acids and dietary intake were included in this study. Regarding demographic data, age,
sex, race and annual family income were included. About health conditions and behavior,
arthritis, physical activity (moderate and vigorous) and smoking status were included.
Anthropometric data included was waist circumference (cm). For dietary data energy

(kcal/day) and alcohol (g/day) were included.
Statistical analyses

Characteristics of the participants were described as a mean and standard
deviation for continuous variables or percentage and confidence interval for categorical
variables. For some categorical variables, missing categories were created. Linear
regression was used to evaluate the association between plasma -3 fatty acids and their
subtypes (ALA, EPA and DHA) and muscle strength according to protein intake ranges
(< 0.8g/kg; >0.8 -< 1.2g/kg; > 1.2g/kg) and separated by age range (< 60 years old; > 60
years old) . Model 1 was the unadjusted analyses. Model 2 was adjusted for confounding
variables (energy intake (kcal), alcohol (g/d) intake, waist circumference (cm), smoking,
familiar annual income, race, arthritis, physical activity, age and sex). Biological criteria
were used to select the adjustment variables. For all analyses the “svy” command were
used to insert the sample weight ‘fatty acid subsample 2 year’. We adopted p<0.05 as a

significance. All analyses were performed using Stata software version 14.0 (Stata- Corp,

College Station, TX, USA).

Results

Table 1 describes the participant’s characteristics according to protein intake
(g/kg/d). Regarding health conditions and behavior, the group that ingested less protein
(< 0.8 g/kg/d) had a higher prevalence of diabetes, hypertension, and arthritis; and had
lower prevalence of individuals performing moderate physical activity. These individuals
presented higher weight, body mass index and waist circumference. Regarding the dietary
intake, these individuals exhibited lower consumption of all assessed nutrients, with the

exception of caffeine.

Table 2 shows the linear regression between plasma ®-3 fatty acids and their sub

types and muscle strength according to protein intake. In the model 1, muscle strength
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was negatively associated with total plasma ®-3 fatty acids (< 0.8 g/kg/d, and >
1.2g/kg/d), EPA (< 0.8 g/kg/d, > 0.8 - < 1.2 g/kg/d), and DHA (all ranges of protein
intake). No association was observed for ALA (all ranges of protein intake). However,
after the adjustments for confounders (model 2), total plasma ®-3 fatty acids and their

subtypes were not associated with muscle strength independent of the protein intake.

Table 3 shows the linear regression between plasma ®-3 fatty acids and their sub
types and muscle strength in young people (< 60 years old) according to protein intake.
In the model 1, muscle strength was negatively associated with total plasma ®-3 fatty
acids (< 0.8 g/kg/d, and > 1.2g/kg/d), EPA (< 0.8 g/kg/d, and > 1.2g/kg/d), and DHA (<
0.8 g/kg/d, and > 1.2g/kg/d). No association was observed for individuals with protein
intake of >0.8 - <1.2 g/kg/d. No association was observed for ALA (all ranges of protein
intake). However, after the adjustments for confounders (model 2), total plasma -3 fatty
acids and their subtypes were not associated with muscle strength in young people

independent of the protein intake.

Table 4 shows the linear regression between plasma w-3 fatty acids and their sub
types and muscle strength in older people (> 60 years old) according to protein intake. In
the model 1, muscle strength was negatively associated with EPA (<0.8 g/kg/d) and DHA
(>0.8-<1.2 g/kg/d and > 1.2g/kg/d). No association was observed for total plasma ®-3
fatty acids and ALA. However, after the adjustments for confounders (model 2), no
association was observed between plasma ®-3 fatty acids and their subtypes with muscle

strength in older people independent of protein intake.

Discussion

The main finding of the present study was that muscle strength was not associated
with total plasma -3 fatty acids and their subtypes (ALA, EPA and DHA) irrespective
of protein intake and age range. This result contradicts our initial hypothesis, which
proposed an association between plasma ®-3 and strength specifically in individuals
consuming a low-protein diet. To the best of our knowledge, this is the first study that
evaluated the association between muscle strength and plasma ®-3 according to protein

intake.
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De Branco et al [23] observed an association between plasma ®-3 and muscle
mass in individuals who consumed < 0.8g/kg/d of protein. Based on this finding, we
hypothesize that ®-3 could be associated with muscle strength in individuals with low
protein intake. Since, ®-3 seems to increase the membrane fluidity [31], we expected that
individuals with low protein intake would optimize the utilization of available amino
acids. In addition, this membrane fluidity could increase acetylcholine sensitivity, which
is a neurotransmitter that supports muscle contraction and thus could result in a faster
muscle contractility [19]. However, our data contradicts this hypothesis. Hence, it appears
that -3 is associated with muscle mass according to protein intake, but this association

does not extend to muscle strength, as demonstrated in the present study.

Although the present study showed a lack of association between plasma ®-3 and
muscle strength, the current evidence is controversial [15, 16, 20, 21, 32]. Rossato et al.
conducted a study with 2141 individuals aged between 50 to 85 years and demonstrated
a positive association between dietary -3 and muscle strength in men, whereas no such
association was observed in women [15]. However, significant differences exist between
this study [15] and the present one, which may explain the contradictory results. Rossato
et al evaluated ®-3 intake using 24-hour recall, which has limitations inherent to the
method [29], while the present study evaluated plasma ®-3 which predicts the chronic
intake (2 to 4 weeks)[17]. Besides that, the present study evaluated the muscle strength
using handgrip strength, while the other one [15] used isokinetic knee extensor strength,
which is considered the gold standard method. On the other hand, Rendeirs et al.
conducted a cross-sectional study involving 836 individuals to assess plasma ®-3 levels.
Despite adjusting for confounding variables, they did not observe any significant
association, which is consistent with our findings. Similar to our data, Reinders et al.
assessed plasma -3 fatty acids and used handgrip strength and knee extensor strength to
measure muscle strength. Despite these data, the evidence remains contradictory and

future randomized clinical trials should be performed.

In addition, our study evaluated the association between ®-3 and muscle strength
according to protein intake separated by age range. Due to the aging process, older people
have higher levels of inflammation [12], which is associated with low muscle strength
[34]. The role of »-3 in reducing inflammation is already clear in the literature [18]. There
is evidence suggesting that -3 fatty acids can inhibit the formation of pro-inflammatory

cytokines [18]. Therefore, we expected a possible association in the older people due to
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their physiological impairment in muscle strength. However, regardless of the age range,
our results remain the same. Despite these data, the relationship between ®-3 and muscle

strength requires further investigation.

The present study has some limitations. This is a cross-sectional study and it is
not possible stablish causality. As strength, we evaluated a representative sample of USA,
and this allows to extrapolate the data for this specific population. Besides that, we used
the plasma -3 fatty acids that provides chronic intake (2 to 4 weeks) [17]. Finally, we
used the NCI method [29] to minimize the errors inherent to the method of assessing food

consumption.

In conclusion, plasma -3 fatty acids were not associated with muscle strength in
older and young people regardless of protein intake. Future randomized clinical trials are

needed to confirm our data.



Tablel. Characteristics of participants according to protein intake (g/kg/d) NHANES, 2011 - 2012

>0.8g/kg -

Total <0.8g/kg < 1.2g/ke >1.2 g/kg p-value

Demographic

Age,y 47.6 +16.6 47.6+16.8 50.1 £15.7 427+17.3 0.017

Sex, % 0.998
Male 50.0 (46.4 — 53.6) 48.5(42.9 —54.2) 51.3 (45.7 - 56.8) 48.8 (43.6 — 54.0)

Female 50.0 (46.4 — 53.6) 51.5(45.8-57.1) 48.7 (43.2 —54.3) 51.2 (46.0 — 56.4)

Race/ethnicity, % 0.003
Non-Hispanic white 70.0 (61.5-77.3) 70.9 (60.4 —79.5) 74.3 (65.9 - 81.2) 61.0 (52.0 - 69.3)

Other 30.0 (22.7 - 38.5) 29.1 (20.5-39.6) 25.7 (18.8 —34.1) 39.0 (30.7 —48.0)

Marital status, % 0.632
Single/Divorced/Widowed/Never married 37.3(32.4-42.5) 44.6 (38.8 —50.6) 32.1(26.7-37.9) 41.6 (34.3-49.2)
Married/Living with partner 62.7 (57.5-67.6) 55.4(49.4-61.2) 67.9 (62.1 —73.3) 58.4 (50.8 — 65.7)

Annual Family Income, % 0.017
$0 - 19,999 17.4 (13.8 - 21.8) 24.8 (18.2 -32.7) 154 (12.3-19.1) 15.4 (10.8 —21.5)
$20,000 - 54,999 36.4 (31.4-41.7) 41.8 (35.1 —49.0) 34.3(29.3 -39.7) 35.8(27.2 -45.3)

Over $55,000 11.7 (8.4—-15.9) 9.0 (4.7 -16.5) 12.4 (9.1 - 16.6) 12.5 (8.1 —18.8)
Over $75,000 31.8 (24.8 - 39.8) 22.3 (16.3 -29.7) 35.7 (27.6 — 44.8) 32.0(23.2-42.2)
Missing 2.7(1.9-3.9) 2.2 (0.8-5.6) 2.1(1.2-3.7) 43((29-6.3)

Education level, % 0.172
Under high school graduate 36.1 (30.1 —42.5) 39.5(34.2-45.1) 35.9 (28.6 —43.8) 33.6 (26.3 —41.8)

Some college or over 63.9 (57.5-69.9) 60.5 (54.9 — 65.8) 64.1 (56.2-171.4) 66.4 (58.2-173.7)

Health Conditions and Behavior

Diabetes% <0.001
Yes 8.7(6.7-11.3) 14.7 (10.8 — 19.7) 8.4(54-12.8) 45(29-6.9)

No 89.5(87.2-914) 82.2 (75.2-87.5) 89.9 (85.7-93.0) 94.6 (91.5 —96.6)

Pre-diabetes 1.8 (0.9 -3.3) 3.1(1.2-7.7) 1.7 (0.8 - 3.5) 0.8(0.2-3.5)

Missing 0.04 (0.01 - 0.2) 0 0.02 (0.003 -0.2) 0.1(0.01 -0.1)

Hypertension, % <0.001
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Yes 33.9(29.6 - 38.4) 45.4 (39.3-51.8) 35.8(31.0-41.0) 20.7 (14.8 —28.2)
No 66.0 (61.5-70.3) 54.5 (48.2 - 60.6) 64.1 (59.0 — 68.9) 79.2 (71.8 —85.1)
Missing 0.1 (0.02-0.4) 0.1 (0.01 -0.6) 0.1 (0.01-0.7) 0.1 (0.01 -0.5)
Arthritis, % <0.001
Yes 23.4(20.4-27.0) 28.0 (21.8-35.2) 26.3 (21.7-131.5) 14.5(11.5-18.2)
No 76.4 (73.0—79.5) 72.0 (64.8 —78.2) 73.6 (68.4 —78.2) 85.5 (81.8 —88.5)
Missing 0.1 (0.01-0.4) 0 0.1 (0.02-0.8) 0
Physical activity, % 0.067
Yes 44.5 (40.7 - 48.4) 42.6 (36.8 —48.6) 42.8 (36.8—-49.1) 49.3 (43.7-54.9)
No 55.5(51.6 -59.3) 57.4(51.4-63.2) 57.2(50.9 - 63.2) 50.7 (45.1 - 56.3)
Moderate physical activity, % 0.005
Yes 40.2 (36.6 —43.9) 36.2 (31.1 -41.6) 39.0 (34.0-44.2) 45.9 (39.9-52.0)
No 59.8 (56.1 - 63.4) 63.8 (58.4 — 68.9) 61.0 (55.8 — 66.0) 54.1 (48.0 - 60.1)
Missing
Vigorous physical activity, % 0.652
Yes 21.1 (17.7-25.0) 20.9 (13.8-30.5) 20.2 (15.9-25.3) 23.1(18.2-28.9)
No 78.9 (75.0 — 82.3) 79.1 (69.5 — 86.2) 79.8 (74.7 — 84.1) 76.9 (71.1 — 81.8)
Missing
Menopause, %** 0.196
Yes 48.4 (43.7-53.1) 48.6 (41.0 —56.3) 55.5(48.6 - 62.2) 35.0 (26.5 - 44.7)
No 44.0 (40.2 - 47.8) 46.6 (36.9 — 56.5) 37.8(32.0-43.9) 53.3 (45.6 — 60.8)
Missing 7.6 (4.5-12.5) 4.8(1.9-11.4) 6.7 (3.5-12.5) 11.7 (7.2 -18.3)
Smoking status, % 0.153
Yes 20.6 (16.4—-25.4) 26.5(21.4-32.4) 18.3(13.0-25.1) 20.0 (14.3 -27.1)
No 79.4 (74.6 — 83.5) 73.3(67.1 —78.6) 81.7 (74.9 - 87.0) 80.0 (72.9 — 85.6)
Missing 0.05 (0.01 - 0.2) 0.2 (0.02-1.3) 0.03 (0.004 —0.3) 0
Anthropometric
Weight, kg 83.0 £20.6 101.3+22.8 82.6 £16.0 68.6 £ 13.8 <0.001
Height, m 1.69 + 0.1 1.70 £ 0.1 1.69+£0.1 1.68+0.1 0.006
Body mass index, kg/m? 28.8+£6.3 348+73 28.7+4.7 242 +£3.8 <0.001
Waist circumference, cm 99.1+15.9 113.3+16.0 99.5+12.4 88.8+11.0 <0.001
Handgrip strength
Combined grip strength, kg 73.4+22.8 75.4+24.4 73.2+21.6 72.0 £23.8 0.106



Grip strength, hand 1, kg 36.5+£11.6 37.3£12.5 36.5+11.0 359+12.0 0.195
Grip strength, hand 2, kg 36.8+11.7 38.0+ 124 36.7+11.0 36.0+12.2 0.057
Plasma Fatty acids

Total plasma o -3, mmol/L 383.1+174.5 361.7+179.0 396.6 = 165.6 374.7+185.6 0.557
ALA, mmol/L 93.9+55.9 91.1+53.2 97.4 +58.8 89.2 +50.3 0.553
EPA, mmol/L 71.2+70.7 66.1 +100.7 74.7+51.9 68.6 +75.0 0.793
DHA, mmol/L 159.9+76.6 148.1 = 68.4 163.3£72.8 163.1 =88.9 0.117
Total plasma w-6, mmol/L 4725 £1045 4612 + 1057 4853 + 1037 4569 + 1014 0.427
Linoleic acid, mmol/L 3835+923.9 3720 £942.8 3934 £912.0 3740 £ 905 .4 0.989
Arachidonic acid, mmol/L 889.2 £254.3 891.5 +264.3 918.8 £246.3 830.0 +250.4 0.003
Omega-6:0mega-3 ratio 13.7+£4.0 14.0+4.0 13.5+3.8 13.8+4.3 0.615
Total plasma saturated, mmol/L" 4071 £ 1359 4132 + 1474 4138 + 1297 3902 + 1370 0.113
Dietary Intake

Energy (kcal/day) 2119+ 524 1780 +441.8 2103 £433.8 2327 + 568.1 <0.001
Carbohydrates (g/day) 258.5+65.1 227.3 £56.1 257.0+£57.8 287.1+72.8 <0.001
Protein (g/day) 82.7+20.0 672+ 159 81.4+14.9 98.1 +£20.7 <0.001
Protein (g/kg) 1.0+0.3 0.7+0.1 1.0+0.1 14+0.2 <0.001
Fat (g/day) 79.7£21.2 67.5+19.5 79.1+17.9 90.8 +£23.1 <0.001
Saturated fat (g/day) 25.5+6.9 219+ 64 253458 289+7.6 <0.001
Monounsaturated fat (g/day) 28.5+8.0 241+7.3 28.3+6.8 32.6 8.8 <0.001
Polyunsaturated fat (g/day) 19.0+4.8 16.4+4.5 19.0+4.2 21.0+5.1 <0.001
Total ®-3, g 2.1+0.5 1.8+04 2.1+04 23+0.5 <0.001
ALA, g 1.8+0.4 1.5+04 1.8+0.4 1.9+0.5 <0.001
EPA, g 0.022 £ 0.006 0.020 £+ 0.005 0.022 £ 0.006 0.024 +0.007 <0.001
DHA, g 0.064 +0.02 0.060 £ 0.02 0.063 £0.02 0.070 £0.03 <0.001
Linoleic acid, g 16.7+4.3 145+4.0 16.8 £3.8 18.5+4.6 <0.001
Fiber (g/day) 17.8 +5.9 14.8 £4.8 17.8 £4.8 203+7.4 <0.001
Caffeine (mg/day) 159.1 £117.0 1552 +121.5 165.0+117.0 150.7 +£111.8 0.595
Alcohol (g/day) 9.0+12.2 6.0£9.5 9.7+£12.6 10.2+£12.7 <0.001
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Notes: DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; ALA: alpha linolenic acid. Data described as mean (standard deviation) or percentage (confidence

interval).*Total plasma saturated, mmol/L (N= 1362). **Menopause (N= 833)
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Table 2. Linear regression between muscle strength and plasma fatty acids w-3 according protein intake (g/kg/d) NHANES, 2011-2012
Muscle strength

Model 1 Model 2
B (95% CI) p-value B (95% CI) p-value

Protein intake < 0.8 g/kg/d

Total plasma ®-3, mmol/L -0.02 (-0.03; -0.009) 0.002 -0.0008 (-0.009; 0.007) 0.834
ALA, mmol/L -0.002 (-0.04; 0.04) 0.901 0.01 (-0.02; 0.04) 0.412
EPA, mmol/L -0.03 (-0.06; -0.006) 0.017 -0.003 (-0.02; 0.009) 0.602
DHA, mmol/L -0.07 (-0.09; -0.04) <0.001 -0.006 (-0.03; 0.02) 0.567
Protein intake > 0.8 - < 1.2 g/kg/d

Total plasma ®-3, mmol/L -0.01 (-0.02; 0.002) 0.096 0.003 (-0.006; 0.01) 0.507
ALA, mmol/L 0.03 (-0.01; 0.06) 0.143 0.01 (-0.02; 0.04) 0.351
EPA, mmol/L -0.04 (-0.08; -0.008) 0.018 -0.0005 (-0.02; 0.02) 0.964
DHA, mmol/L -0.05 (-0.08; -0.03) <0.001 0.002 (-0.01; 0.02) 0.788
Protein intake > 1.2 g/kg/d

Total plasma -3, mmol/L -0.02 (-0.04; -0.01) 0.001 -0.002 (-0.007; 0.006) 0.949
ALA, mmol/L -0.01 (-0.06; 0.03) 0.491 -0.01 (-0.04; 0.009) 0.234
EPA, mmol/L -0.04 (-0.09; 0.007) 0.090 -0.0005 (-0.02; 0.02) 0.950
DHA, mmol/L -0.07 (-0.09; -0.05) <0.001 0.006 (-0.02; 0.01) 0.112

p<0.05. Model 1: crude analysis; Model 2: adjusted for energy intake (kcal), alcohol (g/d) intake, waist circumference (cm), smoking, familiar annual income, race, arthritis,
physical activity, age and sex. Values shown as coefficients and 95% confidence intervals (95%CI).



Table 3. Linear regression between muscle strength and plasma fatty acids in young people according protein intake (g/kg/d) NHANES, 2011-2012

Muscle strength

Model 1 Model 2
B (95% CI) p-value B (95% CI) p-value

Protein intake < 0.8 g/kg/d

Total plasma -3, mmol/L -0.02 (-0.04; - 0.001) 0.040 -0.003 (-0.02; 0.01) 0.629
ALA, mmol/L -0.003 (-0.06; 0.05) 0.900 0.01 (-0.02; 0.04) 0.468
EPA, mmol/L -0.09 (-0.2; -0.009) 0.031 -0.03 (-0.1; 0.04) 0.384
DHA, mmol/L -0.06 (-0.09; -0.03) <0.001 -0.02 (-0.05; 0.01) 0.248
Protein intake > 0.8 - < 1.2 g/kg/d

Total plasma ®-3, mmol/L 0.004 (-0.01; 0.02) 0.555 -0.002 (-0.01; 0.01) 0.981
ALA, mmol/L 0.03 (-0.01; 0.07) 0.168 -0.002 (-0.04; 0.04) 0.910
EPA, mmol/L 0.006 (-0.05; 0.06) 0.825 -0.008 (-0.05; 0.04) 0.727
DHA, mmol/L -0.02 (-0.05; 0.01) 0.237 0.004 (-0.02; 0.03) 0.726
Protein intake > 1.2g/kg/d

Total plasma ®-3, mmol/L -0.02 (-0.03; -0.006) 0.004 -0.003 (-0.009; 0.003) 0.319
ALA, mmol/L -0.008 (-0.05; 0.04) 0.725 -0.03 (-0.05; 0.001) 0.058
EPA, mmol/L -0.04 (-0.07; -0.005) 0.026 -0.002 (-0.02; 0.02) 0.859
DHA, mmol/L -0.05 (-0.07; -0.03) <0.001 0.003 (-0.007; 0.01) 0.539
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p<0.05. Model 1: crude analysis; Model 2: adjusted for energy intake (kcal), waist circumference (cm), smoking, familiar annual income, race, alcohol (g/d) intake, arthritis,

physical activity, age and sex.



Table 4. Linear regression between muscle strength and plasma fatty acids in older people according protein intake (g/kg/d) NHANES, 2011-2012

Muscle strength

Model 1 Model 2
B (95% CI) p-value B (95% CI) p-value

Protein intake < 0.8 g/kg/d

Total plasma -3, mmol/L -0.004 (-0.01; 0.005) 0.381 0.007 (-0.004; 0.02) 0.194
ALA, mmol/L 0.01 (-0.07; 0.1) 0.725 0.01 (-0.04; 0.06) 0.694
EPA, mmol/L -0.007 (-0.01; -0.003) 0.002 0.006 (-0.003; 0.01) 0.158
DHA, mmol/L 0.006 (-0.04; 0.05) 0.783 0.03 (-0.004; 0.06) 0.086
Protein intake >0.8 - < 1.2 g/kg/d

Total plasma ®-3, mmol/L -0.02 (-0.04; 0.003) 0.094 0.001 (-0.01; 0.01) 0.784
ALA, mmol/L 0.02 (-0.09; 0.1) 0.717 0.03 (-0.02; 0.09) 0.214
EPA, mmol/L -0.04 (-0.09; 0.008) 0.096 -0.003 (-0.03; 0.02) 0.794
DHA, mmol/L -0.06 (-0.08; -0.03) <0.001 -0.005 (-0.02; 0.01) 0.500
Protein intake > 1.2g/kg/d

Total plasma ®-3, mmol/L -0.01 (-0.03; 0.009) 0.259 0.0007 (-0.01; 0.01) 0.893
ALA, mmol/L -0.007 (-0.07; 0.05) 0.810 0.02 (-0.02; 0.05) 0.258
EPA, mmol/L 0.003 (-0.06; 0.06) 0.908 -0.009 (-0.03; 0.008) 0.276
DHA, mmol/L -0.05 (-0.09; -0.01) 0.017 0.01 (-0.01; 0.03) 0.303
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p<0.05. Model 1: crude analysis; Model 2: adjusted for energy intake (kcal), waist circumference (cm), smoking, familiar annual income, race, alcohol (g/d) intake, arthritis,

physical activity, age and sex.
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Figure 1. Flowchart of the sample (NHANES, 2011-2012)
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4. CONCLUSAO DA DISSERTACAO

O -3 plasmatico ndo foi associado com a for¢ca muscular, independentemente
do consumo proteico e da faixa etaria. No entanto, os dados na literatura permanecem
controversos, por isso, ensaios clinicos randomizados e controlados por placebo sdo
necessarios para investigar o possivel efeito do ®-3 na for¢ca muscular, considerando o

consumo proteico como uma variavel importante.
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