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RESUMO

Introducio: A forga muscular ¢ um componente importante da sarcopenia e um preditor de
mortalidade com o envelhecimento. Enquanto a hiperglicemia parece induzir menor forga
muscular, o 6mega-3 parece ter uma influéncia benéfica na mesma e poderia promover um
efeito protetor. No entanto, a associacdo entre os acidos graxos plasmaticos poli-insaturados
omega-3 (n3-PUFA) e a for¢a muscular em individuos com e sem alteragdo na hemoglobina
glicada ainda ndo foi investigada. Objetivo: Avaliar se os niveis plasmaticos de n3-PUFA
estdo associados a for¢a de preensdo manual isométrica em individuos acima de 50 anos com
niveis alterados e ndo alterados de hemoglobina glicada incluidos no NHANES 2011-2012.
Métodos: Este estudo transversal incluiu um total de 952 adultos e idosos (50-85 anos)
pertencentes ao estudo NHANES 2011-2012 que possuiam dados sobre os niveis plasmaticos
de n3-PUFA, niveis de hemoglobina glicada e for¢a de preensao manual. Analise de regressao
linear foi realizada com estratificacdo de niveis alterados (> 5,7%) e ndo alterados (<5,7%) de
hemoglobina glicada sem e com ajustes por potenciais confundidores. Resultados: Foi
observada elevada propor¢do de hemoglobina glicada alterada (49,7%). Embora os niveis
plasmaticos de n3-PUFA ndo tenham sido diferentes nos grupos, os individuos com
hemoglobina glicada alterada apresentaram menor forca de preensdo manual média (63,1 +
21,7kgf). Nao foi encontrada associa¢do entre os niveis plasmaticos de n3-PUFA e a forca de
preensdao manual nos grupos. Conclusdo: Os niveis plasmaticos de n3-PUFA nao foram
associados a forca de preensdo manual isométrica em individuos com mais de 50 anos de
idade com niveis alterados e ndo alterados de hemoglobina glicada. No entanto, estudos
experimentais podem ser realizados para uma avaliagdo controlada do potencial dmega-3

nesta populagdo.

Palavras-chaves: Forca de preensdo manual, 6mega-3, adultos, HbAlc, intolerancia a

glicose.



Abstract

Background: Muscle strength is an important component of sarcopenia and a predictor of
mortality with aging. While the hyperglycemia seem induce lower muscle strength, the
omega-3 seem to have a beneficial influence on muscle strength and may promote a
protective effect. However, the association between plasma omega-3 polyunsaturated fatty
acids (n3-PUFA), and muscle strength in the older adults population with altered and
unaltered glycohemoglobin levels has not yet been investigated. Objective: To evaluated
whether n3-PUFA plasma levels are associated with isometric handgrip strength in
individuals over 50 years old with altered and unaltered levels of glycohemoglobin included
in the NHANES 2011-2012. Methods: This cross-sectional study included a total of 952
older adults individuals (50-85 years) from the NHANES 2011-2012 who had complete data
on plasma omega-3 levels, glycohemoglobin levels, and handgrip strength. Linear regression
analysis was performed with stratification of altered (> 5.7%) and unaltered (< 5.7%)
glycohemoglobin levels without and with adjustments. Results: A high proportion of altered
glycohemoglobin (49.7%) were observed. Although the n3-PUFA plasma levels were not
different by groups, individuals with altered glycohemoglobin presented lower mean handgrip
strength (63.1£21.7kgf). There was no association between plasma levels of n3-PUFA and
handgrip strength. Conclusion: The n3-PUFA plasma levels of were not associated with
handgrip strength in individuals over 50 years old with altered or unaltered glycohemoglobin
levels. However, experimental studies can be carried out for a controlled evaluation of the

omega-3 potential in this population.

Key-words: Handgrip strenght, 6mega-3, adults, HbAlc, impaired glucose.
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CONSIDERACOES INICIAIS

Trata-se de uma dissertagdo de mestrado apresentada ao Programa de Pos-
graduacao em Ciéncias da Saude (PPCSA) da Universidade Federal de Uberlandia (UFU)
em formato alternativo em que prevé a apresentacao do artigo escrito que sera submetido
em revista cientifica. Pretende-se a publicagdo do artigo no peridodico Clinical Nutrition
(Fator de impacto: 7.324). A dissertagdo esta estruturada com elementos pré-textuais (capa,
folha de rosto, ficha catalografica, folha de aprovacdo, dedicatéria, agradecimentos,
epigrafe, resumo na lingua portuguesa, abstract, lista de ilustragdes, lista de quadros e
tabelas, lista de abreviatura e siglas, sumadrio), elementos textuais (introducao,
fundamentagdo teorica, objetivos, copia de artigo submetido) e elementos pds-textuais

(referéncias) conforme estruturagdo exigida pelo PPCSA.
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1 INTRODUCAO

O processo de envelhecimento promove reducdo da for¢a e massa muscular
(ZAMMIT et al., 2019). Atualmente as novas diretrizes reconhecem que a for¢a muscular ¢
um dos principais componentes para determina¢do da fun¢do muscular e defini¢do do
diagnodstico de sarcopenia (CRUZ-JENTOFT et al., 2018), porque foi identificado que a
forca muscular diminui de forma mais rapida que os outros componentes da sarcopenia
(massa muscular e desempenho fisico) (MITCHELL et al., 2012), estd associada a maior
ocorréncia de quedas (SCHAAP et al., 2018) e a maior mortalidade com o envelhecimento
(GARCIA- HERMOSO et al., 2018).

Em estudos com diabetes, a reducdo da forca e massa muscular também tem sido
observada em individuos que apresentam hiperglicemia (DE FREITAS et al., 2020; MORI
et al., 2021; MORI; KURODA; MATSUHISA, 2019). O pior controle glicémico
determinado pelo nivel de hemoglobina glicada (HbAlc) parece favorecer a sarcopenia
(MORI et al., 2021; WIERZBICKA et al., 2018). Os possiveis mecanismos que podem
estar associados a essa relacdo envolvem: a resisténcia a insulina, a presenca da inflamagao
cronica, o aumento do estresse oxidativo e o acimulo de produtos de glicacdo avangada
(AGES), os quais promovem a atrofia e piora na for¢a muscular (ANAGNOSTIS et al.,
2020).

Por outro lado, os 4acidos graxos poli-insaturados 6mega-3 (n3-PUFA) tem sido
associados a maior for¢ga muscular (DA BOIT et al., 2017; DUPONT et al., 2019; LALIA et
al., 2017; REINDERS et al., 2015; ROBINSON et al., 2008; RODACKI et al., 2012;
ROSSATO et al., 2020; SMITH et al., 2011a, 2015), podendo assim desempenhar uma
protecdao aos individuos com alteragdo nos niveis de hemoglobina glicada. Contudo, essa
associacao positiva do d6mega-3 com forga muscular ainda € questionavel, pois ainda ha
controvérsia nos estudos, principalmente quando ha ajuste por fatores potencialmente
confundidores dessa relacdo (ROSSATO; SCHOENFELD; DE OLIVEIRA, 2019).

Do nosso conhecimento, somente um estudo transversal avaliou a associacao dos
acidos graxos poli-insaturados 6mega-3 e sarcopenia em uma populagao diabética, em que
foi identificado que a menor ingestdo de acidos graxos poli-insaturados Omega-3 estd
associada a presenca de sarcopenia (OKAMURA et al., 2020). No entanto, esse estudo foi
realizado somente em populagdo com diabetes que apresentam alteracdes metabdlicas e
complicacdes clinicas em diversos niveis e a analise do dmega-3 foi realizada por meio da
ingestdo dietética, a qual pode sofrer interferéncia dos processos metabolicos para

disponibilidade plasmatica do nutriente aos tecidos, devido a redugdo do suprimento de
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oxigénio ou pelo prejuizo na extragdo e utilizacdo de glicose pelo musculo. Portanto, ndo
existem estudos que avaliam a associagdo entre os n3-PUFA plasmaticos e a forca de
preensdo manual isométrica na populacdo geral com intolerancia a glicose, evidenciado
pelo nivel de HbAIc alterado.

Dentre esses aspectos e diante das principais formas dietéticas dos 4cidos graxos
poli- insaturados Omega-3: alfa-linolénico (ALA), eicosapentaendico (EPA) e docosa-
hexaenoico (DHA) torna-se importante compreender a influéncia dos niveis de HbAlc na
for¢a de preensdo manual isométrica com o envelhecimento e o impacto da nutrigdo para

melhora da satde e da qualidade muscular dessa populagao.

2 FUNDAMENTACAO TEORICA
2.1 Aspectos gerais da sarcopenia e for¢a muscular

O envelhecimento ¢ um processo natural e progressivo que gera diversas mudangas
na composicao corporal (BACHETTINI et al., 2019). Uma dessas mudangas ¢ a atrofia
muscular esquelética caracterizada pela reducdo do nimero e tamanho de fibras musculares
(predominantemente fibras tipo II), infiltragdo de gordura, alteragdes no sistema nervoso
central com disfuncdo do nervo periférico e mudangas nas jungdes neuromusculares
(BRUNNER et al., 2007; MILJKOVIC et al., 2015). Todas essas modificagdes em nivel
muscular podem atrapalhar a producdo de forca e poténcia levando ao quadro de
sarcopenia. No entanto, ¢ importante destacar que nao necessariamente a redugdo da massa
muscular gera reducao na forca muscular.

Inicialmente, os estudos relacionavam a sarcopenia somente ao envelhecimento,
entretanto, vem sendo investigada seu inicio precoce (SAYER et al., 2008), principalmente
quando associada a um processo inflamatorio e catabdlico os quais sd3o comuns nas doengas
cronicas. Além da idade e das doengas cronicas, a presenga da sarcopenia na populagdo
depende de diversos fatores enddgenos e exdgenos, tais como: fatores genéticos, peso ao
nascer, crescimento precoce, alimentacao, nivel de atividade fisica, alteracdes hormonais e
qualidade do sono (MITCHELL et al., 2012; RUBIO-ARIAS et al., 2019).

Assim como sua origem, a prevaléncia da sarcopenia pode variar de acordo com:
idade, sexo, presen¢a de doengas cronicas e discrepancias nas defini¢cdes utilizadas. As
taxas de prevaléncia em idosos que vivem em comunidade, instituigdes de longa
permanéncia e hospitalizados variam de 1 a 29%, 14 a 33% e 10%, respectivamente

(CRUZ-JENTOFT et al., 2014). Na populagdo geral conforme dados de uma metandlise a
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estimativa da prevaléncia de sarcopenia ¢ de 10%, variando de 8 a 12% nos homens e 8 a

13% nas mulheres (SHAFIEE et al., 2017).

Atualmente a sarcopenia ¢ reconhecida por ser uma doenga muscular e a sua
defini¢do passou por uma revisdo conforme o consenso europeu do grupo “European
Working Group on Sarcopenia in Older People (EWGSOP)”. Foi estabelecido que a baixa
forca muscular determina uma provavel sarcopenia e que para confirmagdo do diagnostico ¢
necessario a identificagao da reducao da quantidade ou da qualidade muscular somado a
baixa forca muscular. J& quando ocorre a diminuicdo da quantidade ou da qualidade
muscular ¢ do desempenho fisico juntamente com a baixa forga muscular a sarcopenia
grave ¢ determinada (CRUZ-JENTOFT et al., 2018). A partir dessa revisdo a forga
muscular se tornou o principal componente para determinagdo da sarcopenia. Isso foi
estabelecido, porque a for¢ca muscular demonstrou prever melhor os desfechos negativos e
reduzir de forma mais rapida com o envelhecimento quando comparado aos outros
componentes ¢ ¢ a medida mais confidvel para avaliagdo da funcionalidade muscular
(CRUZ-JENTOFT et al., 2018; MITCHELL et al., 2012).

O prejuizo na forga muscular assim como a sarcopenia ndo esta relacionado somente
ao processo de envelhecimento, alguns fatores podem impactar negativamente, tais como:
diabetes mellitus (CHEN et al., 2013; STENHOLM et al., 2012), hipertensao (STENHOLM
et al., 2012), artrite (CHEN et al., 2013), doencas cardiovasculares, tabagismo
(STENHOLM et al., 2012), sedentarismo (LANGHAMMER; BERGLAND; RYDWIK,
2018) e baixo consumo de alimentos fontes de proteinas (VERLAAN et al., 2015).

Dada a importancia clinica da medicdo da forga muscular nos individuos ela ¢é
bastante investigada. Diante dos métodos para mensura¢do da for¢a tem-se o método de
preensdo manual, de for¢a de extensdo do joelho, teste de elevagdo da cadeira ¢ a
eletromiografia (BANDEIRA; BIGATON, 2009; CRUZ-JENTOFT et al., 2018;
VIGOTSKY et al., 2018; YEUNG et al., 2018).

O método de preensao manual ¢ um dos métodos mais simples e baratos capaz de
predizer a for¢a do corpo todo e ¢ um importante preditor de desfechos negativos em saude,
como: maior tempo de internagdo hospitalar, maior restri¢ao funcional, menor qualidade de
vida, maior associagdo a morbidades cronicas e mortalidade (CRUZ-JENTOFT et al., 2018;
MCGRATH et al., 2021). Para avaliacao da for¢ca de membros inferiores, tem-se a forga de
extensdo do joelho que é um método menos acessivel e é necessaria maior técnica para

avaliagdo (YEUNG et al., 2018) e o teste de elevacao da cadeira que ¢ um método simples e
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¢ uma atividade essencial para capacidade fisica que necessita da forca e resisténcia
(CRUZ- JENTOFEFT et al., 2018). Ja a eletromiografia de superficie (EMGs) permite avaliar
os musculos envolvidos na realizacdo do movimento e observar a fadiga muscular
(VIGOTSKY et al., 2018). E mensurada pela soma dos potenciais elétricos vindos das
unidades motoras ativas na realizacdo do movimento (BANDEIRA; BIGATON, 2009).
Com base nos métodos disponiveis para avaliagdio da for¢ca conforme os
grupamentos musculares a preensdao manual ¢ uma medida confidvel sendo executada com
um aparelho calibrado, de facil acesso na pratica clinica e pode ser um substituto para as
demais medidas da for¢a muscular em idosos (CRUZ-JENTOFT et al., 2018). Os valores de
referéncia para esse método variam segundo o sexo, para homens o ponto de corte
estabelecido e recomendado que determina baixa for¢a muscular ¢ < 27kgt e para mulheres

¢ < 16kgt (ROBERTS et al., 2011).

2.2 Desfechos negativos em saude relacionados a alteragdo da forca muscular

A baixa forca muscular evidenciada na sarcopenia impacta negativamente nos
custos com a saude publica, pois estd relacionada com o aumento dos custos com a
assisténcia a saide (NORMAN; OTTEN, 2018). No ano de 2000, o custo médico direto
atribuido foi estimado em US$18,5 bilhdes, que representou em torno de 1,5% do total de
gastos com saude nesse ano (JANSSEN et al., 2004). Um estudo prospectivo realizado no
ano de 2011 a 2014 demonstrou que a sarcopenia aumentou os custos de internacao em
€1240 (IC95%; € 596—-1887) para pacientes com idade <65 anos e €721 (IC95%; € 13—
1429) para pacientes com idade >65 anos (SOUSA et al., 2016).

Além do impacto financeiro, a baixa forca muscular est4 relacionada a prejuizos na
realizacdo das Atividades de Vida Diarias (AVD) (MIJNARENDS et al., 2018) decorrente
do declinio funcional, do aumento do risco de quedas (BEAUDART et al., 2017; SCHAAP
et al., 2018), do maior risco de internacdo hospitalar e internacdes prolongadas, da
qualidade de vida prejudicada (CRUZ-JENTOFT et al., 2018) e da maior mortalidade
(BEAUDART et al., 2017; COSTANZO et al., 2020; GARCIA-HERMOSO et al., 2018).

Com base na associagdo da baixa for¢ca muscular a maior mortalidade, foi observado
em uma metanalise que a for¢a ¢ um preditor independente para mortalidade em ambos os
métodos de avaliagdo da forga (forga de preensao manual e extensdo do joelho). Os adultos
com niveis elevados de for¢a muscular, pelo teste de preensdao manual e extensdo de joelho

apresentam redugdo do risco de mortalidade por causas multiplas em relacao aqueles com
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menor for¢a muscular de 31% (HRO0.69, IC 95% 0.64-0.74) e 14% (HRO0.86, IC 95% 0.80-
0.93), respectivamente (GARCIA-HERMOSO et al., 2018).

Outro importante dano a ser evidenciado ¢ a relacdo da baixa for¢a muscular com o
maior risco de quedas (SCHAAP et al., 2018; VON HAEHLING; MORLEY; ANKER,
2010; WANG et al., 2016b), a qual possivelmente ocorre devido a fraqueza muscular.
Dentre esses individuos que apresentam baixa for¢a muscular, o risco de ocorrer quedas
recorrentes ¢ duas vezes maior e apresentam maior risco de forma independente do prejuizo

nos outros componentes da sarcopenia (SCHAAP et al., 2018).

2.3 Acidos graxos poli-insaturados dmega-3 (n3-PUFA)

Os 4cidos graxos poli-insaturados 0mega-3 denominados acidos graxos essenciais
compreendem um grupo de acidos graxos que sdo provenientes da dieta e sdo responsaveis
pela mediacao de varias reagdes bioquimicas no organismo. As principais formas dietéticas
do 6mega-3 sdo: acido alfa-linolénico (ALA; 18: 3n-3), 4cido eicosapentaenoico (EPA; 20:
5n-3) e acido docosahexaendico (DHA; 22: 6n-3) (ROSSATO; SCHOENFELD; DE
OLIVEIRA, 2019).

Os alimentos fonte de ALA abrangem o grupo de nozes, sementes e seus 6leos. J& o
EPA e DHA tém como principal fonte alimentar o 6leo de peixe. Além disso, também
ocorre uma conversao endégena de ALA em maior propor¢cao em EPA e menor proporgao
em DHA conforme as vias bioquimicas. Porém, os niveis plasmaticos de EPA e DHA sao
estabelecidos especialmente pelo consumo alimentar, pois essa conversdao endogena nos
seres humanos nao ¢ muito eficiente (PUNIA et al., 2019; ROSSATO; SCHOENFELD; DE
OLIVEIRA, 2019).

Outro aspecto importante a ser destacado ¢ a forma de avaliagcdo do nivel de 6mega-
3, pois a analise realizada somente pelo consumo alimentar ¢ limitante, visto que a absor¢ao
desse nutriente pode sofrer interferéncias da presenca de substancias presentes no intestino,
por exemplo, os ions de célcio que podem formar um complexo com os acidos graxos livres
e reduzir a sua disponibilidade. Além disso, essa absorcdo também ¢ dependente de
mudancas do trato gastrointestinal provocadas pela secrecao de bile, pH intestinal e micro-
organismos presentes na microbiota intestinal (DE GROOT; MEYER, 2019; PUNIA et al.,
2019). Ou seja, a ingestdo de Omega-3 ndo necessariamente corresponde ao seu nivel
plasmatico devido a influéncia da biodisponibilidade, o que torna a avaliagdo da

concentracdo desse nutriente pelo nivel plasmatico mais efetivo. No entanto, ainda nao
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existem recomendagdes para concentragdo plasmatica do 6mega-3.

Segundo a “Food and Agriculture Organization of the United Nations (FAO)” e
Organizagao Mundial da Saude a recomendacao dietética de 6mega-3 para populacao geral
¢ de 1-2% do total de energia consumida (ALASFOOR; RAJAB; AL-RASSASI, 2009). A
Ingestao Adequada estabelecida pela Dietary Reference Intakes (DRIs) recomendam para os
homens 1,6 g/dia e para mulheres 1,1g/dia (PADOVANI et al., 2006). De forma geral, as
recomendagdes dietéticas de Omega-3 variam de 200mg/dia a 1g/dia (PUNIA et al.,, 2019;
ROSSATO; SCHOENFELD; DE OLIVEIRA, 2019) e a Organizacdo Mundial da Satide (OMS)
orienta o consumo de 1-2 porg¢des de peixes por semana.

Atualmente, a ingestdo adequada de Odmega-3 vem sendo relacionada a diversos
beneficios a satde, como: prevencdo de doengas cardiovasculares e cancer, melhora no
controle lipidico e no controle da hipertensdo, melhor satide materna e infantil, reducao da
inflamag¢ao e sindrome metabolica (PUNIA et al., 2019; ROSSATO; SCHOENFELD; DE
OLIVEIRA, 2019; SHAHIDI; AMBIGAIPALAN, 2018). Por isso, se torna tdo importante
a determinacdo de politicas publicas de satide com estimulacdo e/ou facilitagdo do acesso

do consumo dos alimentos fontes desse nutriente.

2.4 Acidos graxos poli-insaturados dmega-3 (n3-PUFA) e for¢a muscular

Os n3-PUFA podem estar envolvidos em possiveis mecanismos de a¢do capazes de
interferir na for¢ca muscular. Esses mecanismos partem do pressuposto de suas propriedades
anti-inflamatorias e antioxidantes e das possiveis media¢des no metabolismo (HUANG et
al., 2020; ROSSATO; SCHOENFELD; DE OLIVEIRA, 2019). Além disso, o dmega-3
pode ser incorporado a membrana das células musculares para modulacdo das interagdes
lipideo- proteina (DA BOIT et al., 2017) otimizando a fluidez da membrana celular e
facilitando a captagdo de aminodacidos, tornando-a sensivel a sintese proteica (MCGLORY
et al., 2016; SMITH et al., 2011a, 2011b). Outras duas importantes agdes estao relacionadas
ao aumento da sinalizag¢do anabdlica pela ativagdo da via mTOR (SMITH et al., 2011a) e ao
aumento da sensibilidade ao neurotransmissor acetilcolina que potencializa a transmissao
de impulsos elétricos entre as jungdes de células nervosas e musculares promovendo maior
contragao muscular (FAROOQUI; HORROCKS, 2006; PATTEN et al., 2002).

Considerando esses mecanismos de agdo, recentemente vem sendo investigado a
relacdo dos n3-PUFA com a for¢a muscular. No entanto, ainda ¢ uma relagdo que nao esta
bem estabelecida, pois existem varios estudos com resultados controversos. No quadro 1

estao dispostos os dados dos estudos encontrados que avaliam a relacdo dos n3-PUFA e
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forca muscular. Esse compilado demonstra que ha grande variacdo de intervengdes e
metodologias demonstrando que esses estudos ndo sdo homogéneos, o que resulta nas
conclusdes divergentes.

Dentre os estudos que analisam a relagdo dos n3-PUFA plasmaticos e a forca
muscular, a maioria realiza intervencdo por meio da suplementacdo de 6mega-3 e em
alguns casos associam o treinamento de for¢a (DA BOIT et al.,, 2017; LALIA et al.,
2017, RODACKI et al., 2012; SMITH et al., 2011a). Reinders et al. (2015) analisaram os
n3-PUFA plasmaticos com relacdo a forga muscular, porém sem intervengdes e so
encontraram associa¢do positiva de acido linoleico (ALA) com a for¢ca muscular apos 5
anos de acompanhamento.

Além desses estudos, na literatura existem alguns estudos de revisao sobre a relagao
dos n3-PUFA com a satde muscular que destacam a plausibilidade biologica, porém
concluem que a associagdo da forca muscular com os n3-PUFA ainda nao esta totalmente
comprovada e por isso ainda sdo necessarios mais estudos com metodologias apuradas
(ABDELHAMID et al., 2019; CRUZ-JENTOFT et al., 2020; DI GIROLAMO et al., 2014;
DUPONT et al., 2019; HUANG et al., 2020). Em uma metandlise que reuniu dez estudos
concluiu que a suplementacdo de n3-PUFA tem evidéncias moderadas na satide muscular e
até o momento ainda ndo ¢ possivel afirmar com clareza que a suplementacao de n3-PUFA
beneficia a satide muscular (HUANG et al., 2020). Rossato et al. (2019) em uma revisao
também concluiram que a associacdo dos n3-PUFA com a forca muscular ¢ ambigua
mesmo quando incluido os treinamentos de resisténcia e portanto sdo necessarios mais

estudos para determinagdo desse possivel beneficio.

2.5 Contextualizando a intolerancia a glicose

O aumento da prevaléncia da obesidade no mundo contribui para desenvolvimento
de vérias doengas especialmente as doencas cardiometabdlicas, tais como: doengas
cardiovasculares, cancer e diabetes mellitus (DM) (BARAZZONI et al., 2018; ENGIN;
ENGIN, 2017). Um desses disturbios metabdlicos conhecido como resisténcia a insulina
pode ser proveniente da inflamagao cronica existente na obesidade, a qual é provocada pelo
aumento das citocinas pro-inflamatorias (TNF-a, IL-6), que podem interferir de forma
intracelular e promover alteragdes nas etapas de sinalizacdo das vias da insulina
(GABRIEL; FELIPE, 2021; SHOELSON; LEE; GOLDFINE, 2006).

Por isso em consequéncia ao aumento da obesidade e da resisténcia a insulina, a
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prevaléncia da intolerancia a glicose, também definida como pré-diabetes vem crescendo
mundialmente (COMPEAN-ORTIZ et al., 2017). Em 2017 a “International Diabetes
Federation” (IDF) estimou a prevaléncia mundial de intolerancia a glicose em 374 milhdes
de pessoas com idades entre 18-99 anos com projecao 587 milhdes de pessoas até 2045.
Além disso, também foi identificado que a prevaléncia ¢ menor nos mais jovens € mais

elevada nos individuos de idade mais avancada (CHO et al., 2018).

Uma das definicdes existentes e reconhecidas para intolerancia a glicose foi
estabelecida pela “American Diabetes Association” (ADA), a qual determinou que o termo
pré-diabetes pode ser utilizado para os individuos que possuem niveis de glicose mais
baixos do que os critérios para diabetes e mais altos do que os valores normais, com a
definicdo do ponto de corte da hemoglobina glicada (HbAlc) de 5,7-6,4% (39-47 mmol
/mol) (AMERICAN DIABETES ASSOCIATION, 2021). A intolerancia a glicose pode
acarretar em iniumeros maleficios a saide da populagdo que incluem redugdo da taxa de
filtragdo glomerular (TFG), risco aumentado para desenvolvimento de diabetes mellitus tipo
2, doengas cardiovasculares, nefropatias, microvascularizacdo precoce e complicacdes
macrovasculares (AMERICAN DIABETES ASSOCIATION, 2021; EDWARDS; CUSI,
2016). Dentre esses prejuizos em nivel metabdlico, a hiperglicemia persistente favorece a
formacdo de produtos de glicagdo avangcada (AGES) e acelera o estresse oxidativo
intracelular, pois os AGES podem potencializar a produgdo das espécies reativas de
oxigénio (ROS) (FORBES; COOPER, 2013; YANG et al., 2019). Portanto, quando o nivel
celular de ROS excede ocorre um desequilibrio entre as a¢des oxidantes e antioxidantes
estabelecendo assim o estresse oxidativo e pode desencadear mais alteragdes no
metabolismo da glicose causando um circulo vicioso. Além disso, esse estresse oxidativo
provocado pelo excesso de ROS induz a uma cascata de reagdes intracelulares que podem

acarretar em disfungdo endotelial remodelagdo miocardica (YANG et al., 2019).

2.6 Intolerancia a glicose, forca muscular e dmega-3

Diante de todos esses aspectos, outro dano importante que tem sido identificado nos
individuos que apresentam alteragdes no metabolismo da glicose € a baixa forga muscular.
Porém, com base nos estudos encontrados na literatura normalmente a associacdo dessas
duas condicdes ¢ realizada em uma populagdo que apresenta o diagndstico de diabetes
mellitus tipo 1 ou tipo 2 e de sarcopenia, ou seja, até onde sabemos ndo existem estudos que

avaliam a associagdo da forca muscular com individuos investigando o papel da alteragdo
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da hemoglobina glicada, ou seja, na populacao geral que apresente ou nao a intolerancia a
glicose (HbAlc 5,7-6,4%) ou niveis que possivelmente estdo associados ao diabetes
mellitus (HbAlc > 6.4%).

A prevaléncia da sarcopenia na populagdo idosa com diabetes pode variar de 15 a
58% (CUI et al., 2020; FUNG et al., 2019; MURATA et al., 2018; TRIERWEILER et
al., 2018; VELAZQUEZ-ALVA et al., 2020; WANG et al., 2016a). Essa variacao pode
ocorrer devido as diferentes andlises metodologicas e definicdes da sarcopenia que sdo
utilizadas pelos estudos. Além disso, foi identificado que o pior controle glicémico
determinado pelo nivel de HbAlc pode aumentar a frequéncia de sarcopenia (SUGIMOTO
et al., 2019; TRIERWEILER et al., 2018).

Anagnostis et al. (2020) em um estudo de revisdo sistemdtica e metanalise
demonstrou que individuos com alteragdo glicémica tém associagdo a um maior risco de
sarcopenia em relagdo aos que ndo apresentam alteracdo, mesmo quando analisado pelos
diferentes critérios de diagnodsticos de sarcopenia. Os possiveis processos fisiopatoldgicos
que podem estar envolvidos nessa associacdo compreendem: a resisténcia a insulina que
pode levar a uma reducdo da captacdo da glicose muscular, o acimulo dos AGES que
podem desencadear a atrofia e disfun¢do muscular e o aumento do estresse oxidativo que
pode provocar a disfungdo mitocondrial e causar apoptose da célula muscular.

Pensando nesses processos € os provaveis mecanismos de acdo dos n3-PUFA,
imagina-se que os n3-PUFA poderiam agir de forma protetora a preservagdo da forca
muscular nessa populacao. Okamura et al. (2020) em uma analise transversal identificou
associacdo positiva entre a ingestdo dos acidos graxos Omega-3 e a sarcopenia em
individuos idosos com diabetes mellitus. Esse foi o tnico estudo encontrado na literatura
que avalia a relacdo dos n3-PUFA com a for¢a muscular em individuos com alteracao
glicémica. No entanto, foi realizado em uma populagdao com diagnostico de diabetes
mellitus e a avaliagdo dos n3- PUFA foi feita por meio do consumo alimentar, a qual como
ja citada anteriormente pode sofrer interferéncias da biodisponibilidade desse nutriente.

Portanto, at¢ o momento ndo ¢ do nosso conhecimento estudos que avaliem a
associacdo do nivel plasmatico dos n-3 PUFA com a for¢a muscular em uma populacao
geral que apresentem alteragdes glicémicas. Portanto, se faz necessario essa investigagao
devido a sua plausibilidade biologica e a possivel contribuicao desse conhecimento na
saude da populacdo geral, possibilitando o incentivo a elaborac¢do de politicas publicas de

saude que viabilizem o consumo de alimentos com elevado teor em n3-PUFA.



24

Quadro 1. Principais dados dos estudos encontrados que avaliaram a relagdo entre -3 (com ou sem suplementagao) e forca muscular em adultos
mais velhos.

Autores (Ano) | Desenho Amostra (H;M) | Idade média Intervencoes Tempo da Analise Analise de for¢a Principais resultados
(anos) intervenciao | alimentar | muscular
Estudos observacionais sem analise laboratorial de n3-PUFA

Rossato et al. Transversal 2141 62.56 £9.47 NA NA R24h Pico de forga isocinética | Ingestdo dietética de ®-3 associada

(2020) (1119;1022) do extensor do joelho positivamente ao pico de for¢a em
homens. Sem associa¢do com a
forga a substitui¢do de outros
acidos graxos por ingestdo de ®-3

Robinson et al. Transversal 2983 H:65.7+2.9 NA NA QFA Forga de preensdo A cada porgéo adicional de peixes

(2008) (recorte de um (1569;1414) M: 66.6 £2.7 manual gordurosos consumidos por semana

estudo de coorte

(ingestao dietética de ®-3)

retrospectivo) aumentou a for¢a de preensao
manual em homens e mulheres
Estudos de intervenciao sem analise laboratorial de n3-PUFA
Krzyminska- ECR (ndo cego) | 50 (17;33) 74.6 £ 8.0 Grupo ®-3: 660mg 12 semanas NC Forga de preensdo Sem efeitos benéficos na forca
Siemaszko et al. EPA + 440mg manual muscular com a suplementagdo de
(2015) DHA +200mg ®-3
outros acidos
graxos -3 + 10mg
vitamina E
Grupo controle:
11mg de vitamina E
Smith et al. ECR (duplo- 44 (15; 29) Grupo controle: | Grupo ®-3: 1,86g 6 meses NC Forga de preensdo Suplementagdo de -3 associada
(2015) cego) 69.0+ 7.0 EPA+ 1.50g DHA manual, teste de 1-RM e | positivamente a for¢a de preensdo
Grupo ®-3: 68.0 | Grupo controle: 4 pico de forga isocinética | manual, for¢a muscular de 1-RM e
+5.0 comprimidos de do extensor do joelho a poténcia isocinética média em
o6leo de milho homens e mulheres
Estudo observacional com analise laboratorial de n3-PUFA
Reinders et al. Coorte Coorte Coorte NC NC QFA Forca de preensao ALA associou positivamente ao
(2015) prospectiva transversal: 836 | transversal: manual e pico de forga aumento da for¢a de extensdo do
(388; 448) 76.76 £ 5.60 isocinética do extensor joelho na analise longitudinal (apos
Coorte Coorte do joelho 5 anos). Nao houve associagdes na
longitudinal: longitudinal: analise transversal
459 (210; 249) 74.96 + 4,98
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Estudos de intervencdo com analise laboratorial de n3-PUFA

Smith et al. ECR 9(:4) 65.0 1,86g EPA + 1.50g | 8 semanas NC NC Suplementagdo de -3 aumentou a
(2011) DHA. Sem grupo sintese de proteina muscular ¢ a
controle resposta anabdlica a infusdo de
aminodacidos e insulina
Lalia et al. EC (aberto) 12 (5;7) 76.0+5.0 2.7g EPA + 1.2mg 16 semanas NC Pico de forca isocinética | Suplementagdo ®-3 aumentou a
(2017) DHA do extensor do joelho e sintese de proteina muscular pos-
Exercicio: 1 secdo calculo 1-RM absortiva e as taxas de sintese de
aguda de exercicio proteinas mitocondriais e
miofibrilares apds o exercicio
Da Boit et al. ECR (duplo- 50 (27; 33) 70.6 £4.5 Grupo ©-3: 2.1g 18 semanas | NC Torque isométrico Suplementagdo ®-3 aumentou o
(2017) cego EPA + 600mg maximo dos musculos torque isométrico maximo dos
controlado) DHA extensores do joelho da musculos extensores do joelho nas
Grupo controle: perna direita mulheres apds o treinamento, sem
3g de dleo de diferengas para os homens
cartamo
Exercicio: Treino
de resisténcia
1x/semana
Rodacki et al. ECR (aberto 45 (0; 45) 64.0+1.4 Grupo »-3: 0.8¢ 12 semanas QFA Torque isométrico Suplementacdo ®-3 aumentou o
(2012) controlado) EPA + 0.6g DHA maximo e torque isométrico maximo
Grupo controle: eletromiografia

somente o treino
Exercicio: Treino
de resisténcia
3x/semana

Abreviacdes: EC: Ensaio Clinico. ECR: Ensaio Clinico Randomizado. H: Homem. M: Mulher. NA: Nao aplicavel. NC: Nao Controlado. QFA: Questionariode

Frequéncia Alimentar. R24h: Recordatério Alimentar de 24h. 1-RM: Uma Repeticdo maxima.
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3. OBJETIVOS
3.1 Objetivo Geral

Avaliar a associagdo dos niveis plasmaticos de acidos graxos poli-insaturados 6mega-3
com a for¢a de preensdo manual isométrica em individuos com mais de 50 anos de idade, com
e sem alteracdo nos niveis plasmaticos de hemoglobina glicada, incluidos no National Health

and Nutrition Examination Survey (NHANES) 2011-2012.

3.2 Objetivos Especificos

- Caracterizar a populagdo quanto aos fatores sociodemograficos, antropométricos e de
composi¢do corporal segundo os niveis de hemoglobina glicada alterados e nao alterados por
tercis dos niveis plasmaticos de 4cidos graxos poli- insaturados 6mega-3.

- Avaliar os valores médios da for¢a de preensdo manual na populagdo geral com os niveis de

hemoglobina glicada alterados e nao alterados.



27

ARTIGO:

Association between plasma omega-3 and isometric handgrip strength according to
glycohemoglobin levels in older adults: Results from NHANES 2011-2012.

Raissa A.B. Batista®, Flavia M.S. de Brancob, Rafaela Nehmeb, Erick P. de Oliveirab, Georgia
das G. Pena®".

*Graduate Program in Health Sciences, School of Medicine, Federal University of Uberlandia
(UFU), Uberlandia, Minas Gerais, Brazil.

bLaboratory of Nutrition, Exercise and Health (LaNES), School of Medicine, Federal
University of Uberlandia (UFU), Uberlandia, Minas Gerais, Brazil.

*Corresponding author: Federal University of Uberlandia, School of Medicine, Av. Para,
1.720 Bloco 2U e Sala 6, Campus Umuarama, Umuarama, 38400-902, Uberlandia, MG,

Brazil. E-mail addresses: georgiapena@gmail.com.



28

Abstract

Background: Low muscle strength is a predictor of mortality in older adults. While the
hyperglycemia seems to be inversely associated, omega-3 intake has been positively
associated with muscle strength. However, the association between plasma omega-3 and
muscle strength in older adults according to glycohemoglobin levels has not yet been
investigated. Objective: To evaluate whether plasma omega-3 levels are associated with
isometric handgrip strength in individuals over 50 years according to glycohemoglobin levels
(altered or unaltered values). Methods: This cross-sectional study included 952 older adults
(50-85 years) from NHANES 2011-2012 who had complete data on plasma omega-3
(Capillary gas chromatography and negative ion mass spectrometry), glycohemoglobin levels
(High Performance Liquid Chromatography), and handgrip strength (Takei Digital Grip
Strength Dynamometer). Linear regression analysis was performed to evaluate the association
between plasma omega-3 and handgrip strength in individuals with altered (> 5.7%) or
unaltered (< 5.7%) glycohemoglobin levels after adjustments for confounders (age, race, sex,
marital status, annual family income, educational level, smoking, arthritis, physical activity,
body mass index, energy intake, protein intake and alcohol intake). Results: Total plasma ®-3,
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and alpha-linolenic acid (ALA)
were not associated with handgrip strength both in older adults with altered and unaltered
glycohemoglobin levels. Conclusion: The plasma ®-3 levels of were not associated with
isometric handgrip strength in individuals over 50 years old independent of glycohemoglobin
levels.

Key Words: Oxidative stress, dmega-3, older adults, HbAlc, impaired glucose tolerance.
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Introduction

Low muscle strength is associated with the occurrence of falls [1] and higher risk of
mortality in older adults [2]. Several components are associated with muscle strength loss
over the years, such as hormonal changes [3], physical inactivity [3], inadequate dietary intake
[3,4], and increased inflammation [5] and oxidative stress [6]. Individuals with
hyperglycemia, that can be evaluated through glycated hemoglobin (HbAlc) levels, may have
an accumulation of advanced glycation products (AGES), insulin resistance, and increased
oxidative stress [7]. Thus, several studies have reported that individuals with altered glucose
levels have lower muscle strength when compared with those with unaltered glucose levels
[8—11]. Therefore, it is important to evaluate whether protective factors for muscle strength
have different associations separating the individuals with unaltered or altered HbA1c levels.

Omega-3 polyunsaturated fatty acids (w-3) intake has been considered a promising
protective factor for muscle strength in several populations [12—20]. It has been proposed that
®-3 may increase acetylcholine sensitivity and membrane fluidity [21], which can make the
synaptic transmission faster at the neuromuscular junction and thus result in a faster
contractility [21]. In addition, since increased inflammation seems to be an important factor
for muscle strength loss in older adults and in individuals with hyperglycemia [7], a higher
intake of ®-3 can promote more strength as ®-3 have anti- inflammatory properties
[18,20,22,23]. However, the current evidence as to whether ®- 3 is positively associated with
muscle strength in older adults is conflicting [13,16,19,24].

Few studies have evaluated the association between omega-3 fatty acids (»-3) intake
and muscle strength in older adults [16,19,24]. The first study to raise a hypothesis about the
relationship between w-3 and muscle strength showed that the consumption of fatty fish, a ®-3
food source, was the largest predictor of handgrip strength in older adults [16]. However, this
study did not evaluate the -3 intake per se [16], which limits the conclusion of a direct
association with strength. To the best of our knowledge, only one study evaluated the
association between omega-3 (blood markers of ®-3 intake) and muscle strength [19].
Reinders et al. (2015) investigated the association of plasma total ®-3 polyunsaturated fatty
acids, alpha-linolenic acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid
(EPA) with muscle strength in older adults at baseline and after 5 years of follow-up. Total ©-
3, ALA, DHA and EPA were not associated with handgrip strength in cross-sectional and
longitudinal data. However, ALA was positively associated with increased knee extension

strength after 5 years of follow-up. These studies suggest that -3 intake might be associated
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with muscle strength in older adults, but this conclusion is based on limited data and the
clinical relevance of this association is still questionable [24].

To the best of our knowledge, only one cross-sectional study identified the association
of reduced dietary intake of omega-3 fatty acids with the presence of sarcopenia in elderly
individuals with diabetes, but without plasma analysis of omega-3 plasma and with this
specific population that normally presents chronic metabolic alterations [25]. It is known that
the plasma assessment of the level of omega-3 is higher to dietary assessment, because the
plasma level may be affected by the absorption and bioavailability of this nutrient according
to the presence of other substances and changes in the gastrointestinal tract [26,27]. Thus, the
association between omega-3 plasma levels with handgrip strength has not yet been
investigated in the general population with adequate and inadequate levels of
glycohemoglobin (important marker for demonstrating hyperglycemia peaks in the last 3-4

months).

Therefore, this is especially important to understand if and how the altered
glycohemoglobin levels considering impaired glucose tolerance influence a major component
of sarcopenia and the role of nutrition, potentially improving the health of this population. We
hypothesized that plasma omega-3 is positively associated with isometric handgrip strength in
individuals with altered glycated hemoglobin.

Considering that the main dietary forms of omega-3s are the fatty acids: alpha-
linolenic (ALA), eicosapentaenoic (EPA), docosahexaenoic (DHA) and which can be found in
different food sources and their plasma levels are mainly determined by the consumption [27],
our objective was to assess whether plasma omega-3 are associated handgrip strength
according to adequate and inadequate glycohemoglobin levels in individuals over 50 years of
age included in the National Health and Nutrition Examination Survey (NHANES) 2011-
2012.

Material & Methods

Data source

This study was based on population data of the older adults aged 50 to 85 years
included in the National Health and Nutrition Survey (NHANES) 2011-2012. The NHANES
is a national research program coordinated by the National Center for Health Statistics that

conducts a population-based, representative survey with data on the health and nutritional
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status of non-institutionalized individuals in the United States, tracking changes over the years
since the 1960. Each year a survey is carried out with approximately 5000 people, collecting
demographic, socioeconomic, dietary and health- related data, physical, and laboratory
examinations. For the estimates to be representative, the survey is conducted by a multi-stage
complex in which it overestimates people age 60 and older, African Americans and Hispanics,
and stratified by locating candidates in 15 counties across the country that are visited to every
year. Furthermore, all protocols and research data are publicly available and online and all
participants consented to participate with approval from the National Center for Health
Statistics Research Ethics Review Board (NCHS ERB) (Protocol #2011-17 for NHANES
cycle 2011-2012) (CENTERS FOR DISEASE CONTROL AND PREVENTION, 2011-
2012).

Sample selection

This cross-sectional study includes all older adults aged 50 to 85 years enrolled in
NHANES 2011-2012 who had complete data on plasma ®-3 levels, plasma glycohemoglobin
levels, and handgrip strength assessment. Individuals under 50 years of age, missing data from
dietary analysis and individuals who did not have plasma analysis of the omega-3 level,
anthropometric data (weight and height) and analysis of handgrip strength were excluded
from the sample in this study (Figure 1). A total of 952 individuals, 476 men and 476 women

were evaluated.

Plasma levels of omega-3 polyunsaturated fatty acids (Main exposure)

Serum fatty acid analysis from the NHANES 2011-2012 database was performed in a
fasting subsample. For extraction of total fatty acids, matrix (100uLL serum or plasma) hexane
was used along with an internal standard solution containing eighteen isotopically stable
labeled fatty acids to account for recovery. Derivatization of the extract was performed with
pentafluorobenzyl bromide (PFBBr) in the presence of triethylamine to form
pentafluorobenzyl esters. The reaction mixture was placed on a capillary gas chromatography
column to separate the individual fatty acids of interest from other matrix constituents.

Negative ion mass spectrometry by electron capture in 34 minutes was used to detect fatty
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acids. Quantification was performed by comparing the peak area of the analyte in the
unknown with the peak area of a known amount in a calibrator solution. To correct the
calculations, the peak area of the internal standard in the unknown was used in comparison
with the peak area of the internal standard in the calibrator solution.

The main fatty acids were evaluated in this study: alpha-linolenic acid (ALA),
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), linoleic acid and the total amount
of omega-3 fatty acids in the plasma. Omega-3 fatty acids were analyzed separately, because
they are acquired from different food sources and food consumption is crucial for the

plasmatic level [27].

Plasma glycohemoglobin levels

For measurement of stable glycohemoglobin (HbAlc) in NHANES 2011-2012 the
whole blood sample was diluted with a hemolysis solution by the analyzer. Subsequently, a
small volume of the treated sample was placed on the analytical column of High Performance
Liquid Chromatography (HPLC). Separation was performed using differences in ionic
interactions between the cation exchange group on the column resin surface and the
hemoglobin components. To extract the hemoglobin fraction (Alc) from the column material,
step elution was used. After separation, the hemoglobin fraction passed through the
photometer's flow cell and the analyzer measured the changes in absorbance at 415nm. The
analyzer integrated the raw data and calculated the percentage of the hemoglobin fraction. The

entire analysis process took three minutes.

Isometric handgrip strength (Outcome)

The muscle strength component was obtained through handgrip strength (Takei Digital
Grip Strength Dynamometer, Model T.K.K.5401) with both hands. According to the
procedure detailed in the NHANES Muscle Strength - Grip Test data participants who had
surgery on the hand or wrist in the past three months were not tested on that hand when
possible. To perform the measurement, the participant was asked to stand (unless the
participant was physically limited) and squeeze the dynamometer as hard as possible with one

of the dominant or non-dominant hands, exhaling while squeezing to avoid an increase in
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intrathoracic pressure. The measurement was performed after the trained examiner had
explained and demonstrated the procedure to the participant, adjusted the grip size of the
dynamometer to the participant's hand size, and the participant had made a practical trial.
Each hand was tested three times, alternately and with a 60-second rest between
measurements on the same hand. At the end, the combined handgrip strength was used,
calculated by the sum of the highest reading of each hand in kilograms. This variable was not

calculated when participants performed the test with only one hand.

Other variables of interest

We analyze other variables of interest to understand the population and to make the
necessary adjustments to the database according the conceptual model. These variables were:
sociodemographic data (age, ethnicity, sex, marital status, annual household income,
educational level), health conditions and habits (hypertension, pre- diabetes, diabetes, arthritis
and smoking), level of physical activity (moderate and vigorous), anthropometric measures
(weight, height, body mass index), laboratory variables (fasting glucose level), dietary data
(energy, carbohydrate, protein, lipids, saturated fat, monounsaturated fat, polyunsaturated fat,
total omega-3, linoleic acid, fiber and alcohol) and medications (insulin and oral
hypoglycemic agents).

Sociodemographic data, health conditions and habits, and medication use were
collected through the application of questionnaires at home and administered by trained
interviewers. The determination for the presence of diabetes or hypertension was based on the
question: "Did the doctor say you have diabetes or high pressure?". The level of physical
activity was established using the Global Physical Activity Questionnaire (GPAQ), which
includes 16 questions related to daily activities, leisure activities and sedentary lifestyle, with
the metabolic equivalent (MET) score being performed. Through this questionnaire, physical
activity is evaluated considering the last 7 days and classified as moderate (activities that take
more than 10 minutes without interruption that require moderate physical effort and cause
small increases in breathing or heart rate) and vigorous (activities that take longer than 10
minutes without interruption that require great physical effort and cause large increases in
breathing or heart rate) (WHO, 2010). The variable physical activity (yes or no) was created
based on the performance of any type of physical activity (moderate or vigorous).

Anthropometric, strength measurement and laboratory data were performed based on the
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assessment protocol established for each NHANES item. Dietary data were collected through

24-hour food recalls, the first being in person and the second by telephone.

Statistical analyzes

The USA adult population sample was characterized according to the American
Diabetes Association (ADA) cutoff point considering since the impaired glucose tolerance,
unaltered (< 5.7%) and altered e glycohemoglobin (> 5.7%) [30]. To assess the concentration
gradient of the data, we analyzed the same characteristics by tertile of plasma omega-3 in both
groups (glycohemoglobin < 5.7% and > 5.7%). In both characterization analyzes we used
linear regression when continuous dependent variables and logistic regression when
categorical dependent variables. To compare plasma ®-3 levels and handgrip strength in these
groups, we used linear regression, which allowed us to identify the potential of the
association. This linear regression analyze were performed without (Model 1) and with
adjustments for potential confounding factors (Model 2), such as: age, race, sex, marital
status, annual family income, educational level, smoking (yes, no), arthritis (yes, no), physical
activity (yes, no), body mass index (BMI), energy intake (kcal/day), protein intake (g/day),
alcohol intake (g/day). The determination of the variables used in the adjusted model was
performed considering the biological plausibility of possible interferences with handgrip
strength.

All analyzes were performed using the Stata 14 software (StataCorp®, College
Station, TX, USA) considering the weighting factor, as it is a complex sample, and “SVY”
commands were used. The results of analyzes were shown as mean or percentage + standard

deviation or confidence interval. Significant difference was considered for p-value <0.05.

Results

The characteristics of the population were showed in Table 1. Individuals with altered
glycohemoglobin were mostly older and with lower educational level. These individuals also
had a higher frequency of smokers, presence of hypertension and diabetes, higher means
values of body weight, body mass index, less vigorous physical activity. Interestingly, this

group also had lower handgrip strength, lower consumption of omega-3s and calories.
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Population’ characteristics by omega-3 plasma tertiles were presented in Table 2.
Individuals with unaltered glycohemoglobin, we observed that age, vigorous physical activity
and fasting blood glucose had higher values as increased plasma omega-3 and handgrip
strength and height showed inverse values with plasma omega-3. However, for individuals
with altered glycohemoglobin, we identified other trends with plasma omega-3, including:
women, non-smokers and moderate physical activity.

A linear regression analysis between plasma ®-3 levels and handgrip strength in
individuals with altered and unaltered levels of glycohemoglobin was shown in Table 3. No
specific associations were found between neither the total plasma omega-3, nor the DHA,

EPA and ALA with handgrip strength even with the adjusted models.

Discussion

The present study showed that there was no association between plasma ®-3 levels
with handgrip strength in individuals over 50 years old with altered and unaltered
glycohemoglobin levels. So far as we know, this is a pioneering study, as it investigates this
association in a general population and uses plasma omega-3 analysis that demonstrates the
bioavailable value of this nutrient and handgrip strength that is considered among the many
ways to measure muscle strength a gold standard measure for sarcopenia determination and a
predictor of whole-body muscle strength.

Although our study did not find any association of plasma ®-3 levels with handgrip
strength in older adults hyperglycemic individuals, it has been suggested in the literature that
omega-3 promotes several effects that may benefit skeletal muscle. Therefore, we could
imagine that this nutrient would have a protective effect on the conditioning factors that
glycemic changes promote on muscle function. Possible benefits of omega-3 described in the
literature include: increased membrane fluidity by incorporation into skeletal muscle cells
[18], improves amino acid uptake, making the cell more sensitive to protein synthesis
[22,23,31], anti-inflammatory effect, antioxidant, ability to increase anabolic signaling by
activating mTOR phosphorylation [31] and sensitivity to the neurotransmitter acetylcholine -
associated with transmission of electricity impulses between nerve junctions and muscle cells
that cause muscle contraction [21,32]- and the ability to reduce insulin resistance [12]. So,
once the glycemic changes can also be found in the general population as form of impaired

glucose tolerance, it is instinctive to investigate whether the ®-3 could impact the handgrip
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strength if these glycemic changes occurring. The results of this association could be
important to reinforce the counseling through health public policies aimed at stimulating and
facilitating access to the consumption of food sources, such as: group of nuts and seeds, fish
and fish oil.

In short, while many studies analyze the effects of glycemic changes focusing on the
diabetic population [7-9,25,33-36] or consumption of omega-3 [12-14,16,24,31,37] or
plasma ®-3 levels [19] with muscle strength, only one study evaluated the association of both
exposures in relation to muscle strength, but with a focus on sarcopenia and diabetes
population as aforementioned [25]. In this study, they evaluated 342 elderly (> 65 years)
without physical inactivity with type 2 diabetes with cross-sectional measurements of omega-
3 food intake and muscle mass by the dual-energy X-ray absorptiometry method to calculate
the mass index skeletal muscle with handgrip strength (dynamometer), and demonstrated in a
multivariate regression analysis that low omega-3 intake was associated with the presence of
sarcopenia in elderly patients with type 2 diabetes even after adjustments (age, sex, exercise,
smoking status, diabetes duration, HbAlc, energy intake, protein intake, fat intake and omega-
3 fatty acids intake). The divergence in the result of this study with ours can be elucidated
by the difference in population and methodology in the analysis of omega-3, which may be
influenced by the bioavailability of this nutrient and adjustments variables.

That way, to the best of our knowledge, no studies like ours were found that evaluated
glycemic changes since glucose intolerance. Studies are carried out with a diabetic population
and the hyperglycemic state is usually associated with the loss of muscle strength with aging
[8,9,38]. Factors that may be related to this condition involve chronic inflammation,
accumulation of advanced glycation products (AGES), insulin resistance, and increased
oxidative stress [39,40], that induce skeletal muscle dysfunction and atrophy [7].

On the other hand, analyzing the studies that evaluated omega-3 consumption or
plasma ®-3 levels with muscle strength, there were some that present results in agreement
with our findings. Reinders and colleagues investigated the association plasma -3 levels and
muscle strength in the elderly. In this study, the total of omega-3, ALA, DHA and EPA were
not associated with the muscle strength by hand grip. However, after 5 years of follow-up,
ALA was positively associated with knee extension strength. Besides that, a
randomized clinical trial observed that 12-week omega-3 supplementation (660mg de EPA,
440mg de DHA, 200mg of others omega-3 fatty acids) did not significantly affect muscle
strength in 50 individuals (mean age: 74.6 £+ 8.0 years). Importantly, the size of the studied

group was small and was not performed in individuals with metabolic changes [41].
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In another randomized clinical trial, the supplementation of omega-3 was performed
over a longer period of time (6 months) and in a greater amount of EPA and DHA (1.86g and
1.50g, respectively) increase in thigh volume and handgrip strength, i.e., supplementation
influenced the muscle outcome [14]. Finally, a meta-analysis with ten studies showed the
effect of omega-3 on muscle strength has moderate evidence, especially when there is
supplementation with more than 2g/day [42].

Loépez-Seoane et al. (2021) in a systematic review study that evaluated -3
supplementation as a nutritional technique to improve muscle hypertrophy and strength, it
identified great heterogeneity in the studies (supplementation protocol, population, age, sex,
exercise protocol) which makes it difficult to determine whether supplementation is effective.
But, in general, given the analyzes showed that there were no benefits with ©-3
supplementation for hypertrophy and strength biomarkers, there were only benefits for muscle
function measured by range of motion, electromechanical delay and muscle quality, when
supplementation was performed with more than 3g/day and for more than 8 weeks.

Another important factor to consider is that the effect of increased anabolic sensitivity
on skeletal muscle promoted by omega-3 may be negatively interfered from other factors
[44,45], such as: age, race, sex, marital status, annual family income, educational level,
smoking, arthritis, physical activity, body mass index (BMI), energy intake, protein intake,
alcohol intake.

Therefore, the influence of omega-3 on muscle strength seems not to be firmly
established yet and remains a challenge. The dosage and duration of omega-3 supplementation
may favor the increase in the level of biological markers and be related to better muscle
function outcome. In addition, a cut-off point for healthy individual’s plasma -3 levels is not
known in the literature, studies show very divergent mean values and there is no completeness
of data to determine how much the time of consumption/supplementation of ®-3 interferes

with the plasma -3 levels (its bioavailable form).

This study shows a limitation. Because it is a cross-sectional study in which it was not
possible to establish causality. The strengths of our study involve the use of the gold standard
for analysis of omega-3, hyperglycemic status, and handgrip strength considering the standard

for sarcopenia in addition to a population-based study.
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Conclusion

Plasma -3 levels were not associated with isometric handgrip strength in individuals
older than 50 years with altered and unaltered glycohemoglobin levels considering impaired
glucose tolerance. We suggest carrying out standardized experimental studies may investigate
this association in an experimental context maintaining the analysis pattern of the conceptual
model, analysis of plasma omega-3 levels, daily dose control of omega-3 intake with
separation of sources (EPA and DHA) and protein count, analysis of time of supplementation

and control of physical activity levels.
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Figure 1. Flowchart of the sample selection from NHANES 2011-2012.
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Table 1. Sociodemographic, anthropometric and body composition characteristics in
individuals with altered and unaltered glycohemoglobin. NHANES, 2011-2012.
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Total

Glycohemoglobin

Glycohemoglobin

Variables (100%) <5.7% (50.3%) >5.7% (49.7%) p-value

Age, years 63.0+8.9 61.1+7.5 64.8+9.8 <0.001

Non-Hispanic white, % 76.5 (68.9-82.6) 84.3 (77.0-89.7) 68.5 (58.5-77.1) 0.001

Sex, % 0.511
Men 45.8 (41.8-50.0) 47.4 (43.0-52.0) 44.2 (36.5-52.0)

Women 54.2 (50.0-58.2) 52.6 (48.1-57.0) 56.0 (48.0-63.5)

Marital status, % 0.800
Single/divorced/widowed/never married  31.5 (26.6-36.8) 30.8 (22.9-39.9) 32.2(26.1-39.0)

Married/ living as married 68.5 (63.2-73.4) 69.2 (60.0-77.1) 67.8 (61.1-74.0)

Annual family income, % 0.005
$0-19.999 15.9 (12.1-20.7) 11.6 (8.9-14.0) 20.3 (14.1-28.5)
$20.000-54.999 37.5(30.1-45.6) 32.0 (23.4-42.0) 43.1 (35.3-51.3)
$55.000-74.999 13.7 (9.6-19.3) 14.0 (9.3-19.4) 14.0 (8.2-22.6)

Over $75.000 29.8 (20.6-41.0) 40.4 (30.0-51.8) 19.0 (11.7-29.3)
Missing 3.0(1.7-5.4) 2.5 (1.0-6.0) 4.0 (2.0-6.4)

Educational level, % <0.001

High school graduate or under 39.1(32.4-46.2) 28.0 (21.0-36.2) 50.3 (41.3-59.3)

Some college or above 60.9 (53.8-67.6) 72.0 (63.8-79.0) 50.0 (40.7-58.7)

Health conditions and habits, %

Hypertension 51.8 (40.9-55.5) 44.4 (36.6-52.6) 59.3 (48.9-68.9) 0.008

Diabetes <0.001
Pre-diabetes 2.9 (1.6-5.1) 1.9 (0.5-6.2) 4.0 (2.0-8.6)

Yes 15.7 (11.0-21.9) 1.3 (0.5-3.2) 30.3 (22.7-39.2)
No 81.4 (76.1-85.8) 96.8 (92.8-98.6) 65.8 (58.6-72.4)
Missing 0.0 (0.0-0.2) 0.0 (0.0-0.4) -

Smoking 0.025
Yes 16.6 (13.0-21.1) 13.0 (9.6-17.4) 20.3 (14.9-27.0)

No 83.3 (78.9-87.0) 86.9 (82.6-90.3) 79.7 (73.0-85.1)
Missing 0.0 (0.0-0.3) 0.0 (0.0-0.5) -

Arthritis 0.130
Yes 41.1 (36.0-46.5) 37.0 (29.7-45.0) 45.3 (39.0-51.9)

No 58.6 (53.3-63.8) 62.5 (55.0-69.8) 54.7 (48.1-61.2)
Missing 0.3 (0.2-0.4) 0.5 (0.3-0.8) -

Physical activity, % 0.035
Yes 46.9 (40.1-53.9) 53.3 (45.9-60.6) 40.5 (31.1-50.6)

No 53.1 (46.1-60.0) 46.7 (39.4-54.1) 59.5 (49.4-68.9)

Moderate PA 0.144
Yes 44.2 (37.4-51.3) 48.7 (40.4-56.9) 39.7 (30.4-49.8)

No 55.8 (48.7-62.6) 51.3 (43.1-59.6) 60.3 (50.2-69.7)

Vigorous PA 0.002
Yes 11.5(6.8-18.7) 16.5(9.5-27.0) 6.4 (3.6-11.0)

No 88.5(81.3-93.2) 83.5(73.0-90.5) 93.6 (89.0-96.4)

Anthropometrics

Weight, kg 82.7+20.7 78.9+15.0 86.5+25.7 0.002

Height, m 1.68 £0.1 1.69£0.1 1.67+0.1 0.040

Body mass index, kg/m2 293+6.5 27.6+44 31.0+8.2 <0.001

Strength

Sum of handgrip strength, kg 65.7+£20.6 68.2 +18.8 63.1+21.7 0.005

Laboratory data

Fasting glucose, mg/dL 110.6 +30.0 99.5+8.7 121.8+42.2 <0.001

Glycohemoglobin, % 59+1.0 53+0.2 64+12 <0.001

Plasma Fatty Acids

Total plasma ®-3, umol/L 363.2+177.2 3572+ 158.2 369.3+194.1 0.425

ALA, pmol/L 96.1 £55.8 91.3+38.5 101.0+72.3 0.097

EPA, pmol/L 87.7+87.9 91.0+93.9 84.4+71.7 0.465

DHA, pmol/L 179.4 + 83.5 1749 +71.2 183.9+95.4 0.179

Total plasma -6, pmol/L 5170.1 £1121.0 5085.2 £ 839.2 5256.4 £ 1398.4 0.173



Linoleic acid, pmol/L
Dietary intake
Energy, kcal
Carbohydrate, g
Protein, g
Protein, g/kg
Lipids, g
Saturated fat, g
Monounsaturated fat, g
Polyunsaturated fat, g
Total -3, g

ALA, g

EPA, g

DHA, g
Linoleic acid, g
Fiber, g
Alcohol, g
Medicines, %

Oral hypoglycemic agents

Yes

No

Not eligible
Insulin

Yes

No

3895.8 £937.6

1960.9 + 672.1
237.8+91.4
77.9+29.7

1.0+£04
74.0 £ 32.0
23.6+11.2
26.6+12.8
17.8+8.7
1.8+1.0
1.7+0.9
0.0+0.1
0.1+0.1
15.7+7.9
182+104
8.8+20.2

13.7 (9.0-20.4)
4.8 (3.1-7.4)

81.5 (76.1-85.8)

94.7 (92.2-96.5)

5.3 (3.5-7.8)

3845.8 +704.3

2038.6 +597.9
2492 + 854
79.6 £27.0

1.0+0.3
75.9+26.9
242+94
27.1+10.8
184+7.9
1.9+0.9
1.8+£0.9
0.0+0.1
0.1+0.1
16.2+7.1
19.6 £10.9
10.9 +£18.0

0.7 (0.2-2.8)
2.4 (0.9-6.3)

96.9 (92.9-98.6)

100.0 (99.7-100.0)

0.0 (0.0-0.3)

3946.5 +£1169.8

1882.2 +729.5
226.3+93.5
76.3+31.9
09+04
72.2+37.0
23.0+13.0
26.0 +14.7
172+9.4
1.7£0.9
1.6+0.9
0.0+0.1
0.1+0.1
152+8.5
16.7+ 8.6
6.7+21.9

26.9 (19.0-36.4)
7.3 (4.0-13.0)
65.8 (58.6-72.4)

89.4 (84.9-92.6)
10.6 (7.4-15.1)

0.204

0.012
0.001
0.193
0. 002
0.157
0.139
0.292
0.122
0.030
0.034
0.113
0.456
0.148
0.001
0.114

0.079

<0.001
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p<0.05. Notes: DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; ALA: alpha linolenic acid.

Data described as mean (standard deviation) or percentage (confidence interval).
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Table 2. Sociodemographic, anthropometric and body composition characteristics in individuals with altered and unaltered glycohemoglobin and
according to plasma omega-3 tertiles. NHANES, 2011-2012.

Variables Glycohemoglobin < 5.7% (50.3%) Glycohemoglobin > 5.7% (49.7%)

Tertile 1 Tertile 2 Tertile 3 p-trend Tertile 1 Tertile 2 Tertile 3 p-trend
96.8-268.8 pmol/L 270-385.9 pmol/LL 387.6-1803.7 pmol/LL 115.1-281.2 pmol/L.  281.6-383.2 pmol/L.  385.4-1561 pmol/L

Age, years 59.5+7.6 61.9+8.8 62.2 £8.7 0.013 63.8+8.4 65.1+94 65.7£8.9 0.149

Non-Hispanic white, % 85.9 (76.1-92.1) 82.0 (69.5-90.1) 85.0(76.4-90.8) 0.833 73.8 (61.4-83.3) 63.6 (50.5-74.9) 67.5(57.8-75.9) 0.201

Sex, % 0.084 0.004
Men 57.8 (50.9-64.5) 37.4 (28.4-47.4) 46.1 (36.4-56.1) 49.2 (37.3-61.3) 54.3 (42.6-65.6) 29.3 (20.7-39.6)

Women 42.2 (35.5-49.1) 62.6 (52.6-71.6) 53.9 (43.9-63.6) 50.8 (38.7-62.7) 45.7 (34.4-57.4) 70.7 (60.4-79.3)

Marital status, % 0.702 0.139
Single/divorced/widowed/never 70.2 (54.9-82.0) 71.5 (55.6-83.4) 65.9 (49.4-79.4) 73.1(65.3-79.6) 63.7 (50.2-75.4) 66.1 (55.9-75.1)

married
Married/ living as married 29.8 (18.0-45.1) 28.5(16.7-44.4) 34.1 (20.6-50.6) 26.9 (20.4-34.7) 36.3 (24.6-49.8) 33.9 (24.9-44.1)

Annual family income, % 0.021 0.217
$0-19.999 15.3(10.7-21.3) 11.9 (6.0-21.9) 7.3 (3.7-14.1) 22.4 (12.0-38.0) 21.9 (16.0-29.1) 16.6 (11.1-24.1)
$20.000-54.999 35.5(25.9-46.4) 29.7 (17.2-46.3) 30.5 (18.6-45.8) 41.6 (31.7-52.3) 42.0 (29.5-55.7) 45.8 (32.3-59.8)
$55.000-74.999 18.9 (11.6-29.3) 8.3 (3.4-18.9) 13.0 (5.4-28.4) 13.9 (6.3-27.9) 12.1 (6.2-22.5) 15.6 (9.7-24.1)

Over $75.000 27.6 (17.1-41.4) 48.7 (31.6-66.0) 46.0 (33.6-59.0) 18.1 (9.3-32.5) 19.0 (9.7-33.8) 20.0 (10.2-35.3)
Missing 2.7 (0.6-11.9) 1.5 (0.6-3.4) 3.2 (07-13.1) 3.9(1.2-12.4) 5.0 (2.0-12.0) 2.1(0.9-4.9)

Educational level, % 0.870 0.910

High school graduate or under 25.0 (16.2-36.7) 35.4 (22.7-50.5) 23.8 (15.7-34.4) 48.8 (36.4-61.2) 54.5 (41.8-66.6) 48.1 (36.8-59.5)

Some college or above 75.0 (63.3-83.8) 64.6 (49.5-77.3) 76.2 (65.6-84.3) 51.2 (38.8-63.6) 45.5 (33.4-58.2) 51.9 (40.5-63.2)

Health conditions and habits, %

Hypertension 47.6 (33.4-62.2) 42.9 (29.9-56.9) 42.6 (30.0-56.3) 0.509 57.7 (37.8-75.4) 59.4 (49.7-68.5) 60.9 (50.3-70.6) 0.749

Diabetes 0.926 0.144
Pre-diabetes 2.9 (0.5-15.4) 0.7 (0.2-2.3) 2.0 (0.2-16.4) 1.6 (0.5-4.7) 3.0 (0.9-10.2) 7.0 (2.5-18.0)

Yes 0.7 (0.2-3.5) 1.0 (0.3-3.5) 2.1 (0.5-8.7) 37.7 (28.0-48.4) 26.2 (21.4-31.7) 26.3 (15.2-41.5)
No 96.3 (85.9-99.1) 98.4 (95.8-99.4) 95.7 (84.9-98.7) 60.7 (49.8-70.7) 70.8 (65.7-75.4) 66.6 (53.6-77.6)
Missing 0.1 (0.0-1.1) - - - - -

Smoking 0.336 0.033
Yes 17.0 (8.9-30.2) 12.0 (6.0-22.4) 9.7 (4.6-19.4) 29.3 (19.4-41.6) 19.7 (11.3-32.1) 11.1(5.3-21.8)

No 83.0 (69.8-91.1) 87.8 (77.6-93.8) 90.3 (80.6-95.4) 70.7 (58.4-80.6) 80.3 (67.9-88.7) 88.9 (78.2-94.7)
Missing - 0.2 (0.0-1.7) - - - -

Arthritis 0.430 0.613
Yes 42.3 (26.6-59.8) 34.7 (23.4-48.0) 33.7(21.4-48.6) 50.4 (36.8-63.9) 38.9 (32.6-45.6) 45.8 (32.9-59.4)

No 57.7 (40.2-73.4) 63.7 (50.3-75.3) 66.3 (51.4-78.6) 49.6 (36.1-63.2) 61.1 (54.4-67.4) 54.2 (40.6-67.1)

Missing

1.6 (1.0-2.6)



Physical activity, %

Yes

No
Moderate PA

Yes

No
Vigorous PA

Yes

No
Anthropometrics
Weight, kg
Height, m
Body mass index, kg/m’
Strength
Sum of handgrip strength, kg
Laboratory data
Fasting glucose, mg/dL
Glycohemoglobin, %
Plasma Fatty Acids
Total plasma ®-3, pmol/L
ALA, pmol/L
EPA, pmol/L
DHA, pmol/L
Total plasma -6, pmol/L
Linoleic acid, pmol/L
Dietary intake
Energy, kcal
Carbohydrate, g
Protein, g
Protein, g/kg
Lipids, g
Saturated fat, g
Monounsaturated fat, g
Polyunsaturated fat, g
Total -3, g

ALA, g

EPA, g

DHA, g

46.0 (32.5-60.1)
54.0 (40.0-67.5)

44.9 (31.7-59.2)
55.1 (40.8-68.6)

6.9 (2.4-18.4)
93.1 (81.6-97.6)

82.2+164
1.71 £ 0.1
27.8+4.5

73.6 £20.8

97.5+£9.0
53+0.2

214.5+39.0
66.0 £ 18.6
46.2 £19.1
102.3 £27.8
4638.8 £ 686.1
3451.3 £549.2

2190.5 £761.8
259.4+99.0
85.9+36.9

1.1+04
852+354
284+11.6
30.7+13.5
19.4+£10.1
1.8+1.0
1.7+0.9
0.0+0.1
0.1+0.1

52.5 (40.6-64.2)
47.5 (35.7-59.4)

49.7 (36.6-62.8)
50.3 (37.2-63.4)

16.0 (7.7-30.4)
84.0 (69.6-92.3)

77.7+16.5
1.66+ 0.1
28.1+£5.3

63.8+204

999+109
54+02

3242+31.3
90.8 £26.8
66.6 £22.9
166.8 +£29.3
5230.9 £ 859.6
3966.6 + 789.9

1946.1 + 633.5
235.8+94.9
76.1 £24.8

1.0+0.3
70.8 £27.7
21.6+£8.8
255+12.8
17.9+7.5
1.8+0.8
1.7+0.8
0.0+0.0
0.0+0.1

61.9 (51.2-71.5)
38.1(28.5-48.8)

51.7 (41.1-62.2)
48.3 (37.8-58.9)

27.3 (17.0-40.7)
72.7 (59.3-83.0)

76.7+17.1
1.68 £0.1
27.0+49

66.6 £21.0

101.3£8.8
53+03

543.4+194.2
118.9+57.5
163.4+161.2
261.1+70.2
5371.7 £1062.9
41499 +851.4

1967.0 + 561.1
251.5+92.1
76.2+£254

1.0+0.3
70.9£23.0
22.1+9.3
25.0+£8.7
18.0£8.6
20+1.3
1.9+1.3
0.0+0.1
0.1+0.2

0.090

0.403

<0.001

0.050
0.013
0.331

0.019

0.002
0.764

<0.001
<0.001
0.001
<0.001
<0.001
<0.001

0.019
0.593
0.076
0.419

0.014
0.004
0.010
0.397
0.325
0.418
0.078
0.185

32.3 (22.0-44.5)
67.7 (55.5-78.0)

31.7 (21.6-43.8)
68.3 (56.2-78.4)

43 (1.4-12.7)
95.7 (87.3-98.6)

89.7+27.8
1.68 0.1
31.6+£8.9

63.6£19.0

125.1+£37.0
6.6+12

227.3+34.4
68.7+234
42.8+14.6
115.8+27.8
4637.9 £ 854.8
3471.5+738.3

1918.9 + 676.2
225.0+ 84.9
78.1 £30.9

09+04

77.9+34.3
249+11.7
28.3+13.9
18.1 £8.7
1.7+0.8
1.7+0.8
0.0+0.0
0.0+0.1

40.9 (30.2-52.5)
59.1 (47.5-69.8)

40.0 (29.3-51.7)
60.0 (48.3-70.7)

9.3 (3.8-21.6)
90.7 (78.4-96.3)

86.9+19.9
1.67+£0.1
31.1+£6.5

66.8 £20.3

116.3+£28.2
63+1.0

334.9+28.6
94.0+323
70.3 £26.2
170.7 +£33.5
5245.4+992.0
3963.1 £897.9

1908.6 + 664.3
234.7+91.4
76.8 £26.9

09+0.3
71.1+£33.9
223+11.6
259+132
17.2+£9.0
1.6 £0.9
1.6 £0.8
0.0+ 0.0
0.1+£0.1

49.1 (34.7-63.6)
50.9 (36.4-65.3)

48.2 (33.9-62.8)
51.8 (37.2-66.2)

5.9 (1.9-16.6)
94.1 (83.4-98.1)

82.5+19.3
1.65+0.1
303+6.1

59.3+19.1

123.7+46.4
64+1.1

556.0+188.4
142.7+ 943
143.0 + 82.1
270.4+£92.2
5968.9 + 1539.1
44455+ 1272.5

1817.3 £636.2
219.8+77.2
73.9 £28.1
09+04

67.1+31.3
216118
23.5+123
16.3+£7.8
1.7+0.9
1.6+0.8
0.0+0.1
0.1+0.2

0.026

0.028

0.659

0.080
0.017
0.340

0.187

0.795
0.167

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.331
0.689
0.410
0.985

0.106
0.096
0.104
0.276
0911
0.617
0.004
0.022



Linoleic acid, g
Fiber, g
Alcohol, g
Medicines, %

Oral hypoglycemic agents

Yes

No

Not eligible
Insulin

No

Yes

17.1+9.1 15.7+6.8
172 +8.2 19.4+11.6
103+ 159 13.9+27.4
0.3 (0.0-2.5) 0.7 (0.1-3.3)
3.3(0.7-14.5) 1.0 (0.3-2.8)

96.4 (85.8-99.2)  98.4 (95.8-99.4)

- 99.9 (99.0-100.0)
- 0.1 (0.0-1.0)

156 +7.7
22.5+159
8.7+15.6

1.3 (0.2-9.7)
2.9 (0.5-14.2)
95.9 (84.9-99.0)

0.299
0.062
0.699

0.884

0.755

16.1 £7.8
152+7.0
3.8+£10.8

31.6 (21.3-44.2)
7.6 (3.6-15.6)
60.7 (49.8-70.7)

85.3 (75.3-91.7)
14.7 (8.3-24.7)

152+£8.2
17.8£8.2
7.1+£16.7

21.8(17.2-27.3)
7.4 (3.7-14.3)
70.8 (65.7-75.4)

93.1 (87.2-96.4)
7.0 (3.6-12.8)

50

143+7.0
17.4+£8.1
9.5+28.6

26.5 (15.0-42.4)
6.9 (2.8-15.6)
66.7 (53.6-77.6)

90.3 (82.5-94.8)
9.7 (5.2-17.5)

0.222
0.054
0.242

0.800

0.110

p<0.05. Notes: DHA:
interval).

docosahexaenoic acid; EPA: eicosapentaenoic acid; ALA: alpha linolenic acid. Data described as mean (standard deviation) or percentage (confidence
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Table 3. Linear regression of plasma omega-3 levels and handgrip strength in individuals with altered and unaltered glycohemoglobin.
NHANES, 2011-2012.

Glycohemoglobin <5.7% (50.3%) Glycohemoglobin > 5.7% (49.7%)
Model 1 Model 2 Model 1 Model 2
B (95% CI) p-value B (95% CI p-value B (95% CI) p-value B (95% CI) p-value
Total plasma ©-3, pmol/L -0.02 (-0.03; -0.00) 0.018 -0.00 (-0.01; 0.01) 0.936 -0.01 (-0.03; 0.01) 0.272 0.00 (-0.00; 0.01) 0.525
ALA, pmol/L -0.01 (-0.10; 0.08) 0.819 0.01 (-0.02; 0.06) 0.429 0.01 (-0.03; 0.06) 0.614 0.01 (-0.00; 0.03) 0.148
EPA, pmol/L -0.01 (-0.03; 0.00) 0.094 -0.00 (-0.01; 0.01) 0.895 -0.03 (-0.06; 0.01) 0.105 -0.00 (-0.01; 0.01) 0.415
DHA, pmol/L -0.05 (-0.07; -0.02) 0.001 -0.01 (-0.02; 0.01) 0.485 -0.03 (-0.05; -0.01) 0.017 0.00 (-0.01; 0.01) 0.750

p<0.05. Notes: DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; ALA: alpha linolenic acid. Model 1: crude analysis; Model 2: adjusted for age, race, sex,
maritalstatus, annual family income, educational level, smoking (yes, no), arthritis (yes, no), physical activity (yes, no), body mass index (BMI), energy intake (kcal/day),
proteinintake (g/day), alcohol intake (g/day).
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