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RESUMO

Introdugéo: O potencial pré-inflamatério dos acidos graxos saturados (AGS) pode prejudicar
o musculo esquelético e, portanto, seus paradmetros relacionados. Algumas pesquisas investigaram
a associacao entre AGS dietéticos e parametros musculares, mas pouco se sabe sobre os niveis
plasmaticos de AGS neste cenario. Objetivos: Verificar a associagao entre os niveis plasmaticos
de AGS e parametros musculares (massa magra e forga muscular) em adultos e idosos.
Métodos: Uma pesquisa transversal foi realizada utilizando dados do National Health and Nutrition
Examination Survey (NHANES) 2011-2012, dos quais, 937 individuos com idade entre 20 e 59 anos
e 1591 com idade entre 20 e 80 anos foram incluidos para analisar a massa magra e forga muscular,
respectivamente. Cromatografia gasosa-espectrometria de massa foi utilizada para detectar os
AGS totais no plasma e seus subtipos. A massa magra foi avaliada através do indice de massa
magra apendicular (IMMA) por meio da divisdo da massa magra apendicular pela estatura ao
quadrado. A forca muscular foi avaliada através do somatério da forca de preensdo manual. A
analise de regressao linear foi realizada para avaliar as associagdes sob controle de potenciais
fatores de confusdo. Resultados: Os AGS totais plasmaticos e seus subtipos (acido caprico, acido
laurico, acido miristico, acido palmitico, acido estearico, acido margarico, acido pentadecandico,
acido araquidico, acido tricosandico, acido lignocérico e acido docosandico) nao se associaram
com o IMMA (ajustes de ingestdo de energia e proteinas, tabagismo, renda familiar, diabetes,
hipertensao, alcool, estado civil, escolaridade, artrite, massa gorda, atividade fisica, idade, sexo e
etnia). Igualmente, os AGS totais plasmaticos e seus subtipos ndo foram associados com a forga
de preensdo manual (ajustes de ingestdo de energia e proteinas, tabagismo, renda familiar,
diabetes, hipertensao arterial, alcool, estado civil, escolaridade, artrite, atividade fisica, idade, sexo,
raca e indice de massa corporal), entretanto, quando os individuos foram divididos de acordo com
a idade, foram observadas associa¢gdes negativas com o acido caprico (f = -0,2978; 1C95% = -
0,5855, -0,0100; p = 0,043) e acido estearico (B = -0,0058; IC95% = -0,0100, -0,0003; p = 0,038)
apenas para aqueles com idade <60 anos. Conclusao: No geral, os AGS plasmaticos totais e seus
subtipos nao estdo associados com o IMMA e for¢a muscular em norte-americanos. Observou-se,
apenas, associagao inversa para forga muscular com acido estearico e acido caprico para aqueles
com idade <60 anos.

Palavras-chave: lipidios; massa muscular; forga muscular; acidos graxos saturados.



SUMMARY

Background: The pro-inflammatory potential of saturated fatty acids (SFAs) can hinder
skeletal muscle and hence its related parameters. Some research has investigated the association
between dietary SFAs and muscle parameters, but little is known about the plasma SFA levels in
this regard. Aims: Thus, we aimed to verify the association between plasma SFA levels and muscle
parameters (muscle mass and strength) in adults. Methods: A cross-sectional research was
performed using the National Health and Nutrition Examination Survey (NHANES) 2011-2012,
whereby 937 subjects aged 20-59 and 1591 aged 20-80 years were included for AMMI and muscle
strength, respectively. Gas chromatography-mass spectrometry was used to detect plasma total
SFAs and their subtypes. Muscle strength was assessed through the sum of handgrip strength.
AMMI was calculated by dividing appendicular lean mass by height squared. Linear regression
analysis was performed to evaluate the association between SFAs and AMMI adjusting for potential
confounders. Results: No association (p-value > 0.05) was observed between plasma total SFAs
and their subtypes (capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, margaric acid,
pentadecanoic acid, arachidic acid, tricosanoic acid, lignoceric acid, and docosanoic acid) with
AMMI (adjustments for energy and protein intakes, smoking, family income, diabetes, hypertension,
alcohol, marital status, education level, arthritis, fat mass, physical activity, age, sex, and race).
Plasma total SFAs and their individual types were not associated with handgrip strength
(adjustments for energy intake, protein intake, smoking, family income, diabetes, arterial
hypertension, alcohol, marital status, education level, arthritis, physical activity, age, sex, race, and
body mass index), however, when subjects were divided according to age, negative associations
were observed for capric acid ($-value = -0.2978; 95%CI = -0.5855, -0.0100; p = 0.043) and stearic
acid (B-value =-0.0058; 95%CI = -0.0100, -0.0003; p = 0.038) levels only for those aged <60 years.
Conclusion: Overall, plasma total SFAs and their types are not associated with AMMI and muscle
strength in Americans. We only observed an inverse association for muscle strength with stearic

acid and capric acid for those aged <60 years.

Keywords: lipids; muscle mass; muscle strength; saturated fatty acids.
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Consideracoes iniciais

A formatagdo desta tese segue o modelo alternativo estabelecido pelo Programa
de Po6s-Graduacdao e Pesquisa em Ciéncias Saude da Faculdade de Medicina da
Universidade Federal de Uberlandia, o qual determina que os resultados da tese sejam
apresentados em formato de artigos cientificos.

A tese foi organizada nas seguintes se¢des: inicialmente, uma Fundamentacgdo
Tedrica serd apresentada como forma de revisdo da literatura sobre os temas abordados
na tese. Serdo entdo elencados os Objetivos em que sdo expostos os propositos do estudo;
os Resultados, que contemplam dois artigos elaborados; a Conclusao, que discorre sobre
a sintese dos principais resultados do estudo; as Perspectivas, nas quais sdo apresentadas
as expectativas para estudos futuros; e o Pos-texto, no qual estdo incluidos referéncias
bibliograficas, anexos e apéndices.

Ambos os artigos foram adaptados a norma do perioddico Clinical Nutrition (Fator

de impacto = 6,360).
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1. INTRODUCAO

A preservagdo da massa e forca muscular é fundamental no
envelhecimento saudavel (SEIDEL; BRAYNE; JAGGER, 2011). Como
indicadores cruciais de saude, a massa e forca muscular estdo associadas com
maior qualidade de vida por melhorar a pratica das atividades fisicas diarias e
reduzir o risco de inumeras doengas crénicas nao-transmissiveis (doengas
cardiovasculares, doengas ortopédicas, diabetes, cancer etc.) e mortalidade
(ABRAMOWITZ; HALL; AMODU; SHARMA et al., 2018; BOKSHAN; DEPASSE;
DANIELS, 2016; HONG; CHANG; JUNG; YUN et al., 2017; KIM; SHIN; LEE;
SONG et al., 2021; PSUTKA; BOORJIAN; MOYNAGH; SCHMIT et al., 2016;
SRIKANTHAN; HORWICH; CALFON PRESS; GORNBEIN et al, 2021).
Coletivamente, a reducdo da massa e forga muscular pode preceder o
desenvolvimento de doencas por serem, parcialmente, oriundas de um pior
estado nutricional (HOUSTON; NICKLAS; DING; HARRIS et al., 2008).

De forma mais especifica, a fraqueza muscular mensurada pela forgca de
pressdo manual (FPM) esta associada com resultados adversos graves, tais
como morbidade, incapacidade, dependéncia e morte, conforme mostrado por
pesquisas longitudinais envolvendo paises de rendas e ambientes socioculturais
variados (LEONG; TEO; RANGARAJAN; LOPEZ-JARAMILLO et al., 2015). O
indice de massa magra apendicular (IMMA) também esta inversamente
associado com mortalidade; contudo, esta associagdo nao esta completamente
explicada por diferencas na FPM ou outros fatores clinicos e demograficos
conhecidos (DE SANTANA; PREMAOR; TANIGAVA; PEREIRA, 2021).

Uma reducao consideravel do IMMA é um fator preditivo de mortalidade

por todas as causas em homens idosos independentemente da idade (SZULC;



MUNOZ; MARCHAND; CHAPURLAT et al., 2010). Esta associagao inversa com
a mortalidade é observada tanto em homens quanto em mulheres (LEE;
GIOVANNUCCI, 2018). Representativamente, um IMMA elevado foi associado
com uma redugéo de 18% (por 1 kg/m?) no risco de mortalidade em adultos
norte-americanos utilizando dados do National Health and Nutrition Examination
Survey (NHANES) (ABRAMOWITZ; HALL; AMODU; SHARMA et al., 2018).

O alto consumo de acidos graxos saturados (AGS) € um problema global,
afetando principalmente norte-americanos (DANIEL; CROSS; KOEBNICK;
SINHA, 2011; GREENBERG; BUIJSSE, 2013; YU; HU, 2018). Do ponto de vista
bioquimico, o potencial pré-inflamatério dos AGS afeta as vias moleculares do
miocito (LIPINA; HUNDAL, 2017), hipoteticamente, podendo culminar em menor
hipertrofia e forga muscular. Alguns estudos analisaram a associacdo do
consumo de AGS com massa magra e forga muscular (ARIAS-FERNANDEZ;
STRUIJK; RODRIGUEZ-ARTALEJO; LOPEZ-GARCIA et al, 2020;
GEDMANTAITE; CELIS-MORALES; HO; PELL et al, 2020; TATANGELO;
MUOLLO; GHIOTTO; SCHENA et al., 2022). Em contrapartida, pouco se sabe a
respeito da associagdo da massa magra e forgca muscular com os AGS
plasmaticos, os quais podem ser mais precisos que o consumo de AGS estimado
por inquéritos alimentares devido subrelatos e dificuldade de determinagcdo em
receitas e alimentos (MACDIARMID; BLUNDELL, 1998; WATERWORTH,;
KERR; MCMANUS; COSTELLO et al., 2022).

Portanto, investigar a associacdo dos AGS plasmaticos com o IMMA e a
FPM como parédmetros pragmaticos relacionados a massa e forga muscular &

promissor. Os aspectos basicos destas varaveis sao pormenorizados na



fundamentagao teorica a seguir, a qual, também, ressalta a importancia cientifica

inerente as novidades.

2. FUNDAMENTACAO TEORICA

2.1. Declinio da massa e forca muscular no envelhecimento

Ha um declinio da massa e forca muscular em idosos devido a senescéncia
e aos processos de inflamatdrios e estresse oxidativo associados (WILKINSON;
PIASECKI; ATHERTON, 2018). Estima-se uma reducdo de ~3,5-5,5 kg de
massa muscular em homens e de ~3,0-3,5 kg em mulheres quando a faixa etaria
de adultos jovens (18-30 anos), respectivamente, apés os 60 anos
(HEYMSFIELD; STANLEY; PIETROBELLI; HEO, 2020; JANSSEN;
HEYMSFIELD; WANG; ROSS, 2000). Ademais, enquanto o declinio na forga
muscular ndo é expressivo em adultos jovens e de meia-idade, ele € pronunciado
em idosos, com uma perda estimada de 15% por década (TATANGELO;

MUOLLO; GHIOTTO; SCHENA et al., 2022).

2.2. Relagdo entre nutrientes e grupos alimentares com massa e forca
muscular

Varios nutrientes, tais como proteinas e vitaminas (principalmente as
antioxidantes) vém ganhando destaque fisiolégico por aprimorar a fungédo e a
massa muscular (BEASLEY; SHIKANY; THOMSON, 2013; CESARI; PAHOR,;
BARTALI; CHERUBINI et al., 2004). Além disso, o consumo de acidos graxos
insaturados (acidos graxos monoinsaturados e poliinsaturados) também pode
ser benéfico ao musculo esquelético devido a atividade anti-inflamatéria,

conforme suportado por ensaios clinicos randomizados e estudos longitudinais



abarcando idosos (isto €, uma populacdo de maior risco de fragilidade)
(RODACKI; RODACKI; PEREIRA; NALIWAIKO et al., 2012; SANDOVAL-
INSAUSTI; PEREZ-TASIGCHANA; LOPEZ-GARCIA; GARCIA-ESQUINAS et
al., 2016; SMITH; JULLIAND; REEDS; SINACORE et al., 2015). Entretanto,
maior atengdo é necessaria concernente a atividade pro-inflamatéria dos AGS
com a massa e forga muscular.

Além de uma visédo exclusiva dos AGS, o consumo de determinados
grupos alimentares deve ser observado para mimetizar a vida real. O consumo
de embutidos e alimentos de padaria conhecidos por serem ricos em AGS foram
associados com um risco aumentado de fraqueza muscular em individuos de
meia idade e idosos (ARIAS-FERNANDEZ; STRUIJK; RODRIGUEZ-
ARTALEJO; LOPEZ-GARCIA et al., 2020). Outrossim, um padrao alimentar rico
em carne vermelha e manteiga foi associado com menor forga muscular e
desempenho fisico em octogenarios (>85 anos) acompanhados durante 5 anos
(GRANIC; JAGGER; DAVIES; ADAMSON et al., 2016).

Apesar destes dados de associacao, vale salientar que o desenho clinico
observacional nédo € o ideal para deduzir recomendacdes devido a fatores de
confusdo residuais intrinsecos ao estilo de vida. Portanto, deve-se ter senso
critico em alguns aspectos, ja que o contexto alimentar do cotidiano é
extremamente amplo. Por exemplo, embora o consumo de carne vermelha
possa ser associado com menor forga muscular por teoricamente ser rica em
AGS (GRANIC; JAGGER; DAVIES; ADAMSON et al., 2016), varios estudos
mostram que o consumo de carne vermelha esta associado com melhor status
da massa magra e é endossado como uma das principais estratégicas

alimentares objetivando a hipertrofia (ASP; RICHARDSON; COLLENE; DROLL



et al., 2012; DALY; O'CONNELL; MUNDELL; GRIMES et al., 2014; LYNCH;
KOOPMAN, 2018). Esta contradicdo provavelmente existe pois o teor de AGS
varia conforme o corte da carne, de modo que substancias especificas de carnes
processadas podem ser nocivas a saude independentemente da quantidade dos

AGS (CHAI; MORIMOTO; COONEY; FRANKE et al., 2017).

2.3. Mecanismos inflamatorios dos dcidos graxos saturados no midcito

Os AGS podem afetar inumeras vias moleculares devido ao estimulo pro-
inflamatério  sisttmico (FRITSCHE, 2015; HAVERSEN; DANIELSSON;
FOGELSTRAND; WIKLUND, 2009; HUANG; RUTKOWSKY; SNODGRASS;
ONO-MOORE et al., 2012). Este estimulo inflamatoério € evidente no midcito,
conforme mostrado in vitro e em roedores (PILLON; ARANE; BILAN; CHIU et al.,
2012; SEBE; TSUTSUMI; SENOURA,; KISHI et al., 2022).

O excesso de palmitato no midcito € o principal modelo biolégico que
representa o efeito deletério dos AGS em diversas vias moleculares em nivel
citosélico e nuclear, gerando ceramidas e ativando o complexo IkB/NF-kB,
permitindo o transporte do fator de transcricio NF-kB para o nucleo e,
consequentemente, ativando genes atréficos e favorecendo a degradagao
proteica (LIPINA; HUNDAL, 2017).

Além disso, maior concentracao de AGS nos midcitos estdo associados com
resisténcia a insulina mesmo em pacientes sem diabetes (MANCO; MINGRONE;
GRECO; CAPRISTO et al, 2000), cuja desordem pode prejudicar os
mecanismos de hipertrofia muscular (SHOU; CHEN; XIAO, 2020). Este estimulo
pro-inflamatério e a supressao da sinalizacido da insulina nos midcitos induzidos

pelos AGS reduz a atividade dos principais transportadores de nutrientes



responsaveis pela captacdo de aminoacidos (por exemplo, o transportador de
aminoacidos neutros acoplado ao s6dio) e aumenta a expressao de atrogina-
1/MAFbx e MURF1 (isto €, genes pro-atréficos), paralelamente, atenuando a
sintese proteica muscular ao inibir a sinalizacdo dependente do complexo
mTOR/p70-S6 quinase 1, cujos processos podem justificar a redugao clinica de

massa muscular (LIPINA; HUNDAL, 2017).

2.4. Indice de massa magra apendicular

Mensurar a massa muscular € um desafio no cenario clinico, pois o
padrao-ouro consiste em técnicas de alto custo, como a ressonancia magnética
e a tomografia computadorizada (KURIYAN, 2018). Irrefutavelmente, a
dissecagdo cadavérica, por sua vez, €& impraticavel na configuracdo de
prognésticos, dado que é uma area de estudo post-mortem (CLARYS; MARTIN;
MARFELL-JONES; JANSSENS et al., 1999).

Assim sendo, o IMMA surgiu como um meio util de avaliar o status de
massa muscular nos cenarios clinicos e epidemiolégicos (CHEN; SHIVAPPA;
DONG; MING et al., 2021; KIM; JANG; LIM, 2016; SERGI; DE RUI; VERONESE;
BOLZETTA et al., 2015). Calcula-se o IMMA através da divisdo da massa magra
de pernas e bragos pela estatura ao quadrado; por isso, esta € uma forma
confiavel para avaliar a hipertrofia muscular esquelética por excluir regides
viscerais e focar em regides periféricas, desempenhando assim um papel
importante em intervengdes clinicas, bem como em estudos progndsticos e
transversais (BUSCEMI; FERRO; PUJIA; MAZZA et al., 2021; DE BRANCO;
ROSSATO; RINALDI; AZEREDO et al., 2022; MITCHELL; MILAN; MITCHELL;

ZENG et al., 2017).



Apesar da analise corporal por absormetria de raios-x de dupla energia
(DXA) n&o conseguir distinguir o musculo de outros tipos de massa livre de
gordura, assim quantificando a retengdo de liquidos, fibrose e gordura
intramuscular como massa magra (SZULC; MUNOZ;, MARCHAND;
CHAPURLAT et al.,, 2010), esta € uma técnica viavel e de consideravel
aceitabilidade cientifica para analisar a massa magra e usa-la no calculo do

IMMA (SERGI; TREVISAN; VERONESE; LUCATO et al., 2016).

2.5. Forcga de preensdo manual

A forca muscular é imperativa no ser humano como uma ferramenta
clinica associada com melhor capacidade funcional por aprimorar a realizacao
de atividades fisicas e melhor bem-estar (IZQUIERDO; MERCHANT; MORLEY;
ANKER et al., 2021; PAPIOL; SERRA-PRAT; VICO; JEREZ et al., 2016). De
forma alarmante, a baixa forca muscular esta associada com desfechos criticos,
tais como hospitalizagédo e mortalidade relacionadas com quedas (BALOGUN;
WINZENBERG; WILLS; SCOTT et al., 2017). De fato, a forga muscular vem se
destacando como um parametro clinico e epidemioldgico, tanto que foi
considerada como o componente de sarcopenia de maior importancia —
superando a massa magra (CRUZ-JENTOFT; BAHAT; BAUER; BOIRIE et al.,
2019).

A FPM, mensurada por dinamémetro hidraulico, € um dos principais meios
de examinar a forga muscular, cujo teste é rapido, barato, e o equipamento é
portatil (TATANGELO; MUOLLO; GHIOTTO; SCHENA et al., 2022). Posto que
a redugéao de forga € originada principalmente do declinio da fungédo muscular

das extremidades do corpo devido a alteragdes neuromusculares (REID;



PASHA; DOROS; CLARK et al., 2014), de fato, a FPM merece consideragao nos
ambitos praticos e cientificos (STRANDKVIST; LARSSON; PAUELSEN;
NYBERG et al., 2021). Ademais, € um dos principais meios de mensurar a forga
associada com melhoras cardiovasculares e de reducdo de mortalidade

(LEONG; TEO; RANGARAJAN; LOPEZ-JARAMILLO et al., 2015).

2.6. Consumo de dacidos graxos saturados e indice de massa magra
apendicular

Varios estudos observacionais mostraram associagbes negativas entre
consumo de AGS com o IMMA e parametros musculares relacionados (ARIAS-
FERNANDEZ; STRUIJK; RODRIGUEZ-ARTALEJO; LOPEZ-GARCIA et al.,
2020; MONTIEL-ROJAS; SANTORO; NILSSON; FRANCESCHI et al., 2020;
SCOTT; BLIZZARD; FELL; GILES et al., 2010; WELCH; MACGREGOR;
MINIHANE; SKINNER et al., 2014). Em uma coorte prospectiva australiana de
pacientes de meia idade e idosos (n = 1099), a ingestdo de AGS foi
negativamente associada com o IMMA (SCOTT; BLIZZARD; FELL; GILES et al.,
2010). Em um estudo transversal britanico de mulheres adultas e idosas (n =
2689), o IMMA e a massa livre de gordura foram mais baixos nos quintis mais
elevados do consumo de AGS (WELCH; MACGREGOR; MINIHANE; SKINNER
et al., 2014). Em uma coorte de idosos europeus (n = 986), a substituicao das
AGS dietéticos por acidos graxos poliinsaturados melhorarou a pontuagéo de
risco de sarcopenia (massa muscular esquelética e FPM) (MONTIEL-ROJAS;

SANTORO; NILSSON; FRANCESCHI et al., 2020).

2.7. Consumo de acidos graxos saturados e forca de preensdo manual



Em aproximadamente 68.000 individuos com =60 anos de uma analise
transversal do UK Biobank, os AGS dietéticos ndo foram associados com a FPM
nem em mulheres ou em homens (GEDMANTAITE; CELIS-MORALES; HO;
PELL et al., 2020). Em uma coorte prospectiva espanhola com cerca de 1900
individuos com idade =60 anos, em que 331 participantes desenvolveram
fraqueza muscular durante um periodo de acompanhamento de
aproximadamente cinco anos, a ingestdo de AGS nao foi associada com
fraqueza muscular medida pela FPM, mas foi negativamente associada com a
funcionalidade dos membros inferiores medida com o Short Physical
Performance Battery (ou seja, um conjunto de equilibrio em pé, velocidade de
marcha e capacidade de levantar-se de uma cadeira) (ARIAS-FERNANDEZ;

STRUIJK; RODRIGUEZ-ARTALEJO; LOPEZ-GARCIA et al., 2020).

2.8. Concentragoes plasmadticas de dcidos graxos saturados e pardmetros
musculares

A maioria dos estudos que analisou a associagao dos AGS com massa ou
forga muscular ndo dosaram os AGS circulantes, focando apenas no consumo
dietético (ARIAS-FERNANDEZ; STRUIJK; RODRIGUEZ-ARTALEJO; LOPEZ-
GARCIA et al., 2020; GEDMANTAITE; CELIS-MORALES; HO; PELL et al., 2020;
MONTIEL-ROJAS; SANTORO; NILSSON; FRANCESCHI et al., 2020; SCOTT;
BLIZZARD; FELL; GILES et al., 2010; WELCH; MACGREGOR; MINIHANE;
SKINNER et al., 2014). Aparentemente, apenas um estudo dosou os AGS
circulantes neste ambito (ABBATECOLA; CHERUBINI; GURALNIK; ANDRES
LACUEVA et al., 2009). Este foi um estudo epidemioldgico de italianos idosos no

qual menores niveis plasmaticos de AGS foram associados com maior



capacidade funcional dos membros inferiores dada por uma pontuag¢ao do Short
Physical Performance Battery maior que nove, a0 passo que 0S niveis
plasmaticos de AGS foram associados com um tempo maior no teste de
caminhada de sete metros (ABBATECOLA; CHERUBINI; GURALNIK; ANDRES
LACUEVA et al., 2009).

Visto que a avaliagdo da ingestdo alimentar através de questionarios é
suscetivel a subrelatos (MACDIARMID; BLUNDELL, 1998; WATERWORTH;
KERR; MCMANUS; COSTELLO et al., 2022), é crucial o desenvolvimento de
novos estudos para elucidar as associagdes das doses circulantes dos AGS com
a forca e massa muscular.

Vale enfatizar que os AGS podem ser classificados de acordo com os
atomos de carbono: AGS de cadeia curta (1-6 carbonos) (SCHONFELD;
WOJTCZAK, 2016), AGS de cadeia média (7—12 carbonos) (SCHONFELD;
WOJTCZAK, 2016), AGS de cadeia longa (13-21 carbonos) (HIDALGO;
CARRETTA; BURGOS, 2021) e AGS de cadeia muito longa (22 carbonos ou
mais) (KIHARA, 2012), de modo que exercem um papel prognostico diferente
(FERNANDEZ; WEST, 2005; LAI; YEHIA; SEMNANI-AZAD; MEJIA et al., 2023;
LEMAITRE; FRETTS; SITLANI; BIGGS et al., 2015; LI; LEI; JIANG; FAN et al.,
2022). Portanto, além dos AGS plasmaticos totais, analisar associagdes de seus
diversos com parametros musculares é promissor para melhor entendimento

bioldgico.

2.9. Populacio americana
Apesar da redugao do consumo de AGS pela populacéo norte-americana

nos ultimos anos, dados do NHANES mostram um consumo médio um pouco



superior (~11% do valor energético total, ~26-28 g/d) aquele endossado por
diretrizes (<10% do valor energético total) (LIU; FORD; HU; ZELMAN et al., 2017;
SNETSELAAR; DE JESUS; DESILVA; STOODY, 2021). Por se tratar de média,
€ concebivel a presenga de um consumo de AGS alarmante em milhares de
norte-americanos.

E indubitavel que a populagdo norte-americana culturalmente tem um
padrao alimentar consistente em alimentos ricos em AGS, tais como: carnes
processadas, manteigas, laticinios integrais, chocolates, fast-food (exemplos:
batata fritas e sanduiches) e outros alimentos hiperpalataveis (DANIEL; CROSS;
KOEBNICK; SINHA, 2011; GREENBERG; BUIJSSE, 2013; YU; HU, 2018),
enquanto perdas progressivas e generalizadas da massa muscular esquelética,
bem como piora de parametros relacionados, continuam a ser uma preocupagao
para esta populagédo (COLL; PHU; HAJJAR; KIRK et al., 2021).

O NHANES € um banco de dados de saude publica voltado ao controle e
prevencdo de doencas nos Estados Unidos que permite avaliar os AGS
plasmaticos, IMMA e a FPM através de um desing transversal (NHANES, 2011).
Portanto, estudos abarcando estas variaveis podem nortear futuras condutas do
status de AGS com parametros musculares em uma populagdo de grande

relevancia.

3. OBJETIVOS

3.1. Objetivo geral
Analisar a associagao dos AGS plasmaticos com parametros pragmaticos

de massa e forca muscular em norte-americanos. Dois estudos transversais



foram realizados, os quais foram compostos por amostra norte-americana dos

dados do NHANES.

3.2. Objetivos especificos

Artigo 1: analisar a associagdo dos AGS plasmaticos totais e seus
subtipos com o IMMA em norte-americanos.

Artigo 2: analisar a associagdo dos AGS plasmaticos totais e seus

subtipos com a FPM em norte-americanos.



4. ARTIGOS

4.1.

Artigo 1 (Plasma saturated fatty acids are not associated with
appendicular skeletal muscle mass index in adults: NHANES
2011-2012)
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SUMMARY

Background & Aims

Saturated fatty acids (SFAs) can hinder mechanisms of skeletal muscle
hypertrophy; however, little is known about the association between plasma
SFAs and their subtypes with muscle mass. This study sought to investigate the
cross-sectional relationship between plasma SFAs and appendicular muscle
mass index (AMMI) in adults.

Methods

A cross-sectional study was conducted with 937 subjects aged 20-59 years from
a subsample of the National Health and Nutrition Examination Survey (NHANES)
2011-2012. Gas chromatography-mass spectrometry was used to detect plasma
total SFA and its subtypes. Dual-energy x-ray absorptiometry (DXA) was used to
assess lean body mass. AMMI was calculated by dividing appendicular lean
mass by height squared. Linear regression analysis was performed to evaluate
the association between SFAs and AMMI adjusting for potential confounders.
Results

No association (p-value > 0.05) was observed of plasma total SFA and its
subtypes (capric acid, lauric acid, myristic acid, palmitic acid, stearic acid,
margaric acid, pentadecanoic acid, arachidic acid, tricosanoic acid, lignoceric
acid, and docosanoic acid) with AMMI after adjustments for energy and protein
intakes, smoking, family income, diabetes, hypertension, alcohol, marital status,
education level, arthritis, fat mass, physical activity, age, sex, and race.
Conclusion

Plasma SFA and its subtypes are not associated with AMMI in adults.

Keywords: arachidic acid; lipids; muscle mass; saturated fatty acids.

31



1. Introduction

Adequate muscle mass is associated with higher quality of life [1, 2] and is
considered an indicator of general health status [3, 4]. Muscle mass is also
associated with decreased risks of cardiovascular and metabolic diseases,
orthopedics disorders, cancer, and mortality [5-10]. The appendicular muscle
mass index (AMMI) has emerged as a useful form to evaluate muscle mass in
both clinical and epidemiological scenarios [11-13]. The AMMI is calculated
dividing the lean mass of legs and arms by height squared [14] and is a reliable
form to evaluate skeletal muscle hypertrophy, thereby playing an important role
in clinical interventions as well as in prognostic and in cross-sectional studies [15-
17]. Thus, it is of paramount importance to know the main factors associated with
muscle mass. Several factors can affect the muscle mass, such as physical
activity level [18], chronic diseases [19], increased oxidative stress and
inflammation [20], and dietary factors [21].

Regarding the association between dietary intake and muscle mass, recent
studies have shown that not only protein intake [22] is associated with muscle
mass in adults, but also other nutrients such as fatty acids [23]. Although the
majority of studies have focused to evaluate the association between omega-3
intake and muscle mass in several populations [23-27], little is known about the
association between saturated fatty acids (SFAs) intake and muscle mass in
adults. SFAs can affect health due to systemic pro-inflammatory pathways [28-
30] and an in vitro study suggests that SFAs raise inflammation in skeletal muscle
[31]. Moreover, increased levels of SFAs in skeletal muscle are associated with
insulin resistance even in patients without diabetes [32], and insulin resistance

can impair the mechanisms of muscle hypertrophy [33].
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Since increased inflammation is associated with lower muscle mass and
strength [34], it is plausible to assume that increased intake of SFAs would
increase inflammation and thus would affect muscle mass. In this way, a negative
association between dietary SFAs and muscle mass in young and older adults
has been observed in several studies [35-38], but no research has assessed
circulating SFAs levels, which can be considered a more reliable form to evaluate
the chronic intake of SFAs [39]. Therefore, further epidemiological research is
warranted to elucidate the association of circulating SFA and its subtypes with
AMMI. Such a proposal can focus on Americans due to their dietary pattern that
encompasses SFA-rich foods (unprocessed or processed meat, butter, whole-fat
dairy, chocolate and other hyper-palatable foods) [40-42], while progressive and
generalized losses of skeletal muscle mass and related parameters remain a
concern for this population [43].

That said, we performed a cross-sectional study evaluating a population
survey for Americans (National Health and Nutrition Examination Survey —
NHANES) to evaluate the association between plasma total SFA and its subtypes
with AMMI in adults. Given the widespread SFA-induced inflammation, we
hypothesized that plasma total levels of SFAs and even some individual types of

SFAs would be negatively associated with AMMI.

2. Methods

2.1. Research Design

A cross-sectional study was carried out employing data from the NHANES,
2011-2012. NHANES is an American survey developed by the National Center

for Health Statistics (NCHS) that encompasses medical and nutritional data for
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noninstitutionalized subjects, with a multi-stage representative sample consisting
of children and adults. Since NHANES cross-sectional data are public, further
information can be assessed on the Centers for Disease Control and Prevention

(CDC) website.

2.2. Subjects

From 9756 subjects enrolled for NHANES 2011-2012, a subsample of 5643
subjects for plasma fatty acids was obtained. Then, the following exclusion
criteria were used for this study: 1- subjects aged under 20 years, and 2- missing
information for plasma SFAs, anthropometric and body composition data.
Breastfeeding mothers were also excluded. Subjects aged 60 years or older were
not eligible for the NHANES survey (2011-2012) for DXA assessment, thereby
older adults were not included in the present data. Thus, 937 subjects (496 men
and 441 women) aged 20-59 years were included in the present study (Figure
1). NHANES is a public data set and all subjects provided written informed
consent, consisting of approval from the National Center for Health Statistics
Research Ethics Review Board (NCHS ERB) (Protocol #2011-17 for NHANES

cycle 2011-2012).

2.3. Body composition

A whole-body dual-energy x-ray absorptiometry (DXA) scanning, Hologic
Discovery model A densitometers (Hologic, Inc., Bedford, Massachusetts;
software version Apex 3.2.), was used to assess body composition. Patients
exposed to radiographic contrast material in the 7 days before the test, those with

body mass over ~200 kg (450 pounds) and height over 1.96 m (6’5”), and
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pregnant women were excluded from the DXA scanning. AMMI (kg/m?) was
calculated by dividing appendicular lean body mass (lean body mass of legs and

arms excluding bone mass, values in kg) by height squared [14].

2.4. Plasma saturated fatty acids

Blood samples were collected after an overnight fast. An 0.5-mL sample
of plasma or serum was required to allow for repeated analyses and a volume of
100uL was required per analysis. The appropriate content of plasma or serum
was dispensed into a Nalge 2.0-mL cryovial or another plastic screw-capped vial
labeled with the specimen identification and stored at -70°C.

Plasma total levels of SFAs and eleven types of SFAs were evaluated by
using gas chromatography—spectrometry and expressed in umol/L. The subtypes
of SFAs were capric acid (C10), lauric acid (C12), myristic acid (C14), palmitic
acid (C16), stearic acid (C18), margaric acid (C17), pentadecanoic acid (C15),
arachidic acid (C20), tricosanoic acid (C23), lignoceric acid (C24) and docosanoic
acid (C22). Further details on plasma SFAs evaluation can be seen in the

NHANES manual [44].

2.5. Dietary intake

Two 24-hour food recalls were used to assess the dietary intake of each
subject. The first 24-hour food recall interview was collected in-person and the
second one was recorded by telephone three to ten days later. For subjects who
had two 24-hour food recalls, the mean of nutrients was calculated. For subjects
who had only the first 24-hour food recall, nutrient data for this single day was

calculated as well (n=97). Dietary data were collected using The Automated
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Multiple Pass Method [45]. Such a method consists of an interview in 5 steps
(quick list, forgotten foods, time and occasion, detail cycle, and final probe).
USDA'’s Food and Nutrient Database for Dietary Studies (FNDDS) 2011-2012
was used to obtain the elements of dietary intake, such that underlying nutrient
values were based on data from the USDA National Nutrient Database for
Standard Reference, release 26, produced by USDA'’s Nutrient Data Lab
(http://www.ars.usda.gov/nutrientdata). We evaluated the intake of total energy
(kcal/d), carbohydrate (g/d), protein (g/d and g/kg/d), total fat (g/d), as well as
SFAs (g/day), monounsaturated fatty acids (g/d), polyunsaturated fatty acids
(g/d), omega-3 polyunsaturated fatty acids (g/d), alpha-linolenic acid (g/d),
eicosapentaenoic acid (g/d), docosahexaenoic acid (g/d), linolenic acid (g/d),

fiber (g/d), and alcohol (g/d).

2.6. Statistical analysis

Sociodemographic data, anthropometry, body composition, physical activity,
dietary intake, medical history, and lifestyle characteristics were described for the
total sample and according to tertiles of plasma total SFAs. As plasma fatty acids
consist of an NHANES subsample, all statistical analyses were carried out using
the "svy" command to add information about the “2-year fatty acid subsample’
sample weight, primary sampling units, and strata for correct variance estimation.
A missing category was used for smoking status, annual family income, arthritis,
hypertension, and diabetes in order to categorize subjects who had missing data
on these variables. Comparison across tertiles of plasma total levels of SFAs was

performed using linear regression analysis. Continuous variables were described
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as mean and standard deviation, while categorical variables were described as
percentage and confidence interval.

Linear regression analysis (coefficients and 95% confidence intervals) was
performed to evaluate the association of plasma total SFAs and their individual
types with AMMI. Crude (model 1) and fully adjusted (model 2) analyses were
carried out. Fully statistical adjustment covered the following confounding factors:
age (years), race (non-Hispanic white, non-Hispanic black, Mexican American,
other Hispanic, among other races), marital status (married or living with a partner
versus widowed, divorced, separated, or never married), educational level (high
school graduate or under versus some college or above), and annual family
income (0 to $19,999, $20,000 to 54,999, 55,000 to 74,999 or over $75,000);
diabetes (pre-diabetes, yes or no), arthritis (yes or no), hypertension (presence
or absence), smoking status (yes or no) and physical activity level rated as
moderate and vigorous exercises (yes or no); total energy (kcal/d), total protein
(g/d), and alcohol (g/day); body fat mass (kg). P-values <0.05 indicated significant
associations. Stata software version 14.0 (StataCorp, College Station, TX, USA)

was used for obtaining all statistical analyses.

3. Results

Subject characteristics are described in Table 1, where data are divided into
tertiles of plasma total levels of SFAs. The individuals in upper tertiles of plasma
total SFAs had higher age, as well as a high prevalence of non-Hispanic whites,
married/living with partner, non-menopausal women (regarding women status),
arthritis and smoking, when compared to the lower tertile. Concerning

anthropometric characteristics and body composition, higher values of body
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mass, BMI, WC, total fat, and AMMI were observed in the upper tertiles of plasma
total SFAs. Higher levels of all individual types of plasma SFAs (capric acid, lauric
acid, myristic acid, palmitic acid, stearic acid, margaric acid, pentadecanoic acid,
arachidic acid, tricosanoic acid, lignoceric acid, and docosanoic acid) were
observed in higher tertiles of plasma total SFAs. Regarding dietary intake, a lower
intake of PUFAs, omega-3 fatty acids, alpha-linolenic acid, and linoleic acid,
along with a higher intake of alcohol was observed in the upper tertiles of total
plasma SFAs. In addition, individuals in higher tertiles presented a higher protein
intake (g/kg) (Table 1).

Linear regression analyses evaluating continuous values are displayed in
Table 2. Plasma levels of total SFAs, palmitic acid, stearic acid, and margaric
acid were positively associated, while tricosanoic acid was inversely associated
with AMMI in model 1 (crude analysis). However, SFA and its subtypes were not
associated with AMMI after adjustments for confounders (model 2).

Additionally, the linear regression according to tertiles of SFA and its subtypes
can be seen in Table 3. Higher tertiles of plasma total SFA, palmitic acid, and
tricosanoic acid levels were associated with AMMI in the crude model (model 1);
however, these associations were no longer significant after adjustments for
confounders (model 2). In addition, a low (p = 0.052) and inverse association was
observed between tertiles of arachidic acid levels and AMMI after adjustments

for confounders (model 2).

4. Discussion

This study aimed to verify the association between plasma levels of total

SFA and its subtypes with AMMI in adults. We hypothesized that plasma total
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levels of SFA as well as its individual types would be negatively associated with
the AMMI, as SFA induces inflammation at the cellular (myocyte) level,
suppresses insulin signaling, downregulates activity of key nutrient transporters
responsible for amino acid uptake (e.g., sodium-coupled neutral amino acid
transporter, increases expression of pro-atrophic genes (e.g., atrogin-1/MAFbx
and MURF1), declines protein synthesis by inhibiting mTOR/p70-S6 kinase 1-
dependent signaling, and may reduce cell size and muscle mass [46]. However,
although several mechanisms of SFA-induced skeletal muscle loss are
suggested, we did not observe significant associations either for plasma total
SFAs or their individual types with AMMI. This lack of association can be possible
explained because the muscle mass loss induced by increased inflammation,
insulin resistance and/or anabolic resistance occurs mainly in older adults or in
specific clinical populations [47, 48], and may have few effects on muscle mass
loss of general adults. Future studies should be performed evaluating the
association between plasma SFAs and muscle mass in other populations, such
as older adults and individuals with muscle-wasting diseases.

Concerning the diseases in our sample, a small-to-modest prevalence of
diabetes, hypertension, and arthritis was observed (~5%, ~22%, ~14%,
respectively), whose ailments can affect muscle mass and its related parameters
due to abnormalities in insulin resistance, oxidative stress, and skeletal muscle
circulation [49-51]. Nevertheless, we adjusted the results for these diseases. In
addition, excess body fat accumulation may affect muscle mass by virtue of a
broad crosstalk relationship between adipokines and myokines [52]. On average,
the individuals of the present study had overweight or class 1 obesity according

to BMI (~28 kg/m?) and total body fat mass (~31%), respectively, along with
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abdominal obesity according to the waist circumference (~96 cm). Therefore, the
results were also adjusted for fat mass in order to provide better reliability and
specificity.

Contrary to the results of the present study, other observational studies
have shown negative associations between dietary SFAs and muscle parameters
[35-38]. In an Australian prospective cohort study evaluating 1099
noninstitutionalized men and women aged 50-79 years, a negative association
was observed between SFA intake and AMMI [38]. In a British cross-sectional
cohort study comprising 2689 women aged 18—79 years, fat-free mass index and
fat-free mass were lower in the highest quintiles of dietary saturated fatty acids
after adjustments for confounders [37]. A favorable impact of replacing dietary
SFAs with polyunsaturated fatty acids on sarcopenia risk score (skeletal muscle
mass and handgrip strength) was found in a cohort study consisting of 986
European, non-frail, older men and women [35]. Although is not fully clear, some
differences between the present and other studies [35, 37, 38] can explain the
discrepant results. The present study had a cross-sectional design, evaluated
adults from the USA aged up to 59 y, and SFAs intake was evaluated through
plasma levels; while the other studies [35, 37, 38] had a longitudinal design,
evaluated both older and young adults, and dietary SFAs was evaluated through
questionnaires. Thus, future longitudinal studies evaluating the association of
plasma SFAs and muscle mass are needed to confirm our results.

Despite neutral associations between plasma total SFAs and their
individual types with AMMI in linear regression evaluating the continuous values
of the variables, when we divided the SFAs and their types into tertiles a weak

and inverse association was observed between plasma arachidic acid levels and
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AMMI; although the p-value (p = 0.052) was borderline for statistical significance.
Arachidic acid (also named eicosanoic acid or icosanoic acid) is an SFA
consisting of a 20-carbon chain (C 20:0) and accounts only for ~0.5% of the
plasma total phospholipid fatty acids [53], while its physiological and clinical
functions are incipient mainly in the field of skeletal muscle mass and related
parameters. To the best of our knowledge, no study has evaluated the
association of arachidic acid levels with muscle mass, but erythrocyte arachidic
acid levels has been associated with an elevated risk of type 2 diabetes [54],
which indicates a possible effect on insulin resistance, that would have possible
effects on muscle mass, although this is only speculative. Since the association
between tertiles of arachidic acid and muscle mass was weak (p = 0.052) and no
association was observed evaluating the continuous values, we did not consider
that arachidic acid can have relevant clinical effects on muscle mass.

The present study has limitations. The cross-sectional design does not
allow to infer causality. We did not measure directly the muscle mass. DXA
scanning was used to evaluate the lean body mass used in AMMI. Although DXA
scanning cannot evaluate muscle mass, such a method is viable for assessing
lean body mass, with the advantages of a straightforward technology, quick
assessment, and a low radiation dose compared to gold-standard techniques
[55]. Low grade-inflammation was not assessed, which could help to explain our
results. The results cannot be extrapolated to older adults as we did not evaluate
subjects aged 260 years due to the absence of DXA evaluation in NHANES
database. Last but not least, our results cannot be translated into different
populations, since the NHANES survey covers a representative sample in the

USA; however, the USA is a continental country with efforts toward scientific
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progress whereby our data may be useful for expanding particular clinical and
epidemiological aspects. As for strengths, this study is a novelty, as associations
between circulating SFAs and their individual types with muscle mass remain an
area to be elucidated. Furthermore, the sample size (n = 937) is viable taking into

account the principles of observational research.

5. Conclusion

Plasma total levels of SFAs and their individual types are not associated
with AMMI in young and middle-aged adults. Further research is warranted to
investigate the relationship between plasma total levels of SFAs and their
individual types in other populations such as older adults and subjects at high risk

of pathophysiological muscle wasting.
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Figure 1. Flowchart of the subjects evaluated. Sample selection from NHANES, 2011-
2012.
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Table 1. Sociodemographic, body composition, anthropometric, and dietary characteristics the in total sample and according to plasma total saturated fatty acids

levels. Data from NHANES (2011-2012).

Variables Total Tertile 1 Tertile 2 Tertile 3 p-Value
Plasma saturated fatty acids, umol/L 4017.4 £ 1367.5 2831.2 + 335.9 3723.6 + 242.5 5395.9 + 1418.5 <0.001
Sociodemographic Characteristics

Age, y 39.1+£11.7 346+ 11.7 401 +11.1 42 +11.2 <0.001

Sex, % 0.067
Women 51.7 (46.9; 56.4) 49.3 (43.5; 55.1) 48.1 (39.5; 56.9) 57.5 (50.1; 64.6)

Men 48.3 (43.6; 53.1) 50.7 (44.9; 56.5) 51.9 (43.1; 60.5) 42.5 (35.4; 49.9)

Race/ethnicity, % 0.014
Non-Hispanic white 64.4 (55.8; 72.2) 56.9 (47; 66.3) 67.8 (57.2; 76.9) 67.7 (59.2; 75.1)

Marital status, % 0.033
Married/Living with Partner 60.3 (54.6; 65.7) 51.9 (44.2; 59.5) 61.2 (51.1; 70.5) 66.9 (55.9; 76.3)
Single/Divorced/Widowed/Never Married 39.7 (34.3; 45.4) 48.1 (40.5; 55.8) 38.8 (29.5; 48.9) 33.1(23.7; 44.1)

Annual Family Income, % 0.324
$0-19,999 19.9 (14.8; 26.2) 24.8 (16.1; 36.2) 16.7 (11.9; 23) 18.8 (12.5; 27.1)
$20,000-54,999 32 (27;37.4) 27.8 (20.2; 37) 34 (27.6; 40.9) 33.8 (27.5; 40.7)

Over $55,000 12.1 (8.8; 16.4) 8.8 (5.7;13.3) 14 (8.4; 22.5) 13(7.8;21.1)
Over $75,000 33.3 (27.1; 40.3) 35.7 (25.8; 47) 33.2 (23.6; 44.4) 31.3 (24.7; 38.9)
Missing 2.7 (2;3.7) 2.9(1.2;6.7) 2.2 (0.9;5.3) 3.1(1.1;8.3)

Health Conditions and Behavior

Diabetes, % 0.068
No 93.5 (91.4; 95.2) 94.8 (90.5; 97.2) 96.9 (94.9; 98.2) 88.9 (83.2; 92.8)

Yes 5.4 (3.7;7.8) 4.5 (2.2; 8.9) 2.6 (1.6;4.1) 9.2 (5.8; 14.3)
Pre-diabetes 1(0.3; 3.5) 0.8(0.3;2.2) 0.3(0.1;1.4) 1.9(0.3; 11.1)
Missing 0.0005 (0.00006; 0.0046) - 0.001 (0.001; 0.012) -

Hypertension, % 0.076
No 77.6 (71.9; 82.4) 81.6 (74.4; 87.2) 78 (71.4; 83.4) 73.5(63.1; 81.8)

Yes 22.4 (17.6; 28) 18.4 (12.8; 25.6) 22 (16.6; 28.6) 26.4 (18.2; 36.8)
Missing 0.0003 (0.00003; 0.00253) - - 0.0009 (0.0001; 0.007)

Menopause, % 0.008
No 67.8 (59.4; 75.1) 51.9 (44.2; 59.5) 61.2 (51.1; 70.5) 66.9 (55.9; 76.3)

Yes 31.6 (24.9; 39.2) 48.1 (40.5; 55.8) 38.8 (29.5; 48.9) 33.1(23.7; 44.1)

Arthritis, % 0.017
No 86.1 (83.2; 88.6) 89.6 (83; 93.8) 86.9 (80.1; 91.7) 82.2 (76.6; 86.7)

Yes 13.8 (11.3; 16.6) 10.1 (6; 16.7) 13.1 (8.3; 19.9) 17.8 (13.3; 23.4)
0.002 (0.0003; 0.02) - -

Physical activity, % 0.143

Yes 45.4 (41.1; 49.7) 42.3 (34.3; 50.8) 43.6 (36.9; 50.5) 49.9 (43.3; 56.6)
No 54.6 (50.3; 58.9) 57.7 (49.2; 65.7) 56.4 (49.5; 63.1) 50.1 (43.4; 56.7)
Smoking status, % <0.001
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No
Yes

77.5 (72.9; 81.5)
22.5(18.4; 27.1)

84.3 (78.1; 89.1)
15.7 (10.9; 21.9)

79 (72.2; 84.5)
20.8 (15.3; 27.6)

69.7 (63.7; 75.1)
30.3 (24.9; 36.3)

0.002 (0.0002; 0.01)

Anthropometric Characteristics and Body Composition

Body Mass, kg 81.7+19.7 77.8+216 81.8+18.6 85.1+ 18.6 0.001
Height, m 1.7+£0.1 1.7+0.1 1.7+0.1 1.7+ 0.1 0.873
Body mass index, kg/m? 28116 26.7+6.7 28.3+55 29.2+56 <0.001
Waist circumference (cm) 96.2 + 15.1 91.3+16.8 96.6 + 13.4 100.4 £ 14 <0.001
Total fat mass, kg 27.0+10.7 248+ 124 275199 28.3+9.6 0.001
Total fat mass, % 324+ 8.1 30.9+94 332176 33+7.3 0.007
Lean mass, kg 52.7 £ 12.8 51.0+13.3 52.3+12.3 54.8 +12.7 0.007
Appendicular muscle mass index, kg/m? 79+1.6 77+18 78+15 81+15 0.028
Plasma fatty acids

Total saturated fatty acids, umol/L 4017.4 £ 1367.5 2831.2+335.9 3723.6 + 242.5 5395.9 + 1418.5 <0.001
Capric acid, umol/L 3.0£5.1 1.6+1.1 1.9+1.0 55%+8.0 <0.001
Lauric acid, pmol/L 13.9+194 6.8+x7.5 10.1+£9.2 243+ 27.8 <0.001
Myristic acid, pmol/L 141.9 £ 102.3 73.8 +28.6 113.8 £ 32.6 2329+ 1229 <0.001
Palmitic acid, ymol/L 2928.6 + 1061.4 2021.1 + 257 2699.8 £ 210.4 3987.6 £ 1117.0 <0.001
Stearic acid, ymol/L 694.4 £ 195.3 529.2 +73.1 661.4 + 78.7 877.9 £ 200.2 <0.001
Margaric acid, ymol/L 31.2+93 247+4.4 29.6+57 38.6 £ 10.3 <0.001
Pentadecanoic acid, pmol/L 249+ 10.9 17.5+5.9 23.1+6.4 33.5+12.1 <0.001
Arachidic acid, pmol/L 23.7+54 204+ 3.7 23.8+4.6 26.5+59 <0.001
Tricosanoic acid, pmol/L 29.0+7.5 252+57 29.8+7.0 31679 <0.001
Lignoceric acid, umol/L 58.5+ 14.3 50.8 £ 10.8 60.3 £ 13.0 63.6 + 15.0 <0.001
Docosanoic acid, ymol/L 68.3+17.0 60.0 + 13.1 70.1+15.1 73.8+18.7 <0.001
Dietary Intake

Energy, kcal/d 2210.6 + 850.3 2239.1 + 898.7 2154.6 + 831 2243 + 822.7 0.923
Carbohydrate, g/d 268.9 £ 107.5 271.8+117.3 268.3 £ 106.8 267 £ 99.2 0.515
Protein, g/d 85.6 + 36.4 86.9 + 38.8 83.2+35.3 87.0+35.3 0.95
Protein, g/kg 1.1+£0.5 1.2+0.6 1.0+£0.5 1.1+04 0.03
Total fat, g/d 82.9+39.7 86.7 + 42 79.8 £ 38.2 82.7 £ 38.8 0.351
Cholesterol, mg/d 280 + 189.9 292.2 +£194.3 268.7 £ 200.7 280.6 £ 172 0.504
Saturated fatty acids, g/d 26.7+£13.6 27.3+144 254 +13 276 +13.5 0.778
Monounsaturated fats, g/d 29.6 + 15.1 31.0+ 16 28.7 +14.7 294+ 148 0.355
Polyunsaturated fatty acids, g/d 19.6 £ 10.9 211+ 1.7 19.2+10.5 18.8+10.4 0.038
Sugar, g/d 116.3 £ 66.2 116.5 £ 69.1 119.7 £ 67.5 112.5+61.8 0.517
Omega-3 polyunsaturated fatty acids, g/d 1.89+1.1 2.09+1.35 1.79 £ 0.99 1.81 £ 0.96 0.01
Alpha-linolenic acid, g/d 1.8+ 1.06 2.01+1.32 1.71+0.95 1.71 £ 0.91 0.004
Eicosapentaenoic acid, g/d 0.03 £ 0.07 0.02+£0.05 0.02 £ 0.05 0.03 £ 0.09 0.388
Docosahexaenoic acid, g/d 0.06 £ 0.13 0.06 £ 0.12 0.05+0.12 0.06 + 0.14 0.708
Linoleic acid, g/d 17.4+9.8 18.6 £ 10.4 17.0+9.6 16.7 £ 9.5 0.047
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Total fiber (g/d) 184+94
Alcohol, g/d 10.8 + 23.7

18.4+10
7.4 +22

18.3+9
8.8 £20.7

18.7+9.4
15.9+26.8

0.748
0.002

Data are described as mean (standard deviation) or percentage (confidence interval).
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Table 2. Linear regression between appendicular muscle mass index with plasma total SFAs and their

individual types. Results from NHANES (2011-2012).

Model 1: crude analysis. Model 2: each variable was adjusted for energy intake, protein intake, smoking, family income,

Model 1 Model 2

Plasma fatty B (95%ClI) p-value B (95%ClI) p-value
acids

Saturated 0.0001 (0.0; 0.0002) 0.014  -0.0003 (-0.00009; 0.00002) 0.258
Lauric Acid 0.001 (-0.004; 0.007) 0.523  -0.001 (-0.004;0.008) 0.173
Palmitic acid 0.0001 (0.0; 0.0003) 0.011 -0.00003 (-0.0001; 0.00004) 0.366
Capric acid 0.014 (-0.01; 0.04) 0.260  -0.007 (-0.02; 0.005) 0.254
Stearic acid 0.0006 (0.0001; 0.001) 0.015  -0.0004 (-0.0009; 0.0001) 0.120
Margaric acid 0.019 (0.006; 0.032) 0.006 -0.003 (-0.012; 0.005) 0.471
Pentadecanoic 0.004 (-0.010; 0.019) 0.546  -0.004 (-0.013; 0.005) 0.347
acid

Arachidic acid -0.02 (-0.05; 0.004) 0.095  -0.019 (-0.04; 0.001) 0.070
Tricosanoic acid  -0.02 (-0.04; -0.01) 0.002 -0.091 (-0.021; 0.003) 0.143
Lignoceric acid -0.002 (-0.009; 0.005) 0.536  -0.006 (-0.012; 0.0002) 0.057
Docosanoic acid  -0.002 (-0.010; 0.004) 0.404  -0.004 (-0.01;0.0004) 0.069
Myristic acid 0.001 (-0.0003; 0.002) 0.120  -0.0005 ( -0.001; 0.0002) 0.169

diabetes, arterial hypertension, alcohol, marital status, education level, arthritis, fat mass (kg), physical activity, age,
sex, and race. Data are shown as coefficients. and 95% confidence intervals (95% CI). P-values < 0.05 were considered

statistically significant.
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Table 3. Linear regression between AMMI and tertiles of plasma total SFAs and their
individual types. Results from NHANES (2011-2012).

Model 1 Model 2
B (95%CI) B (95%CI)
T1 T2 T3 p-trend T1 T2 T3 p-trend

Saturated Ref. 0.13 (- 0.36 0.028 Ref. 0.04 (- -0.02 (- 0.799
0.13;0.41) (0.04;0.68) 0.13;0.21) 0.23;0.18)

Lauric Acid Ref. 0.01 (- -0.04 (- 0.781 Ref. -0.01 (- -0.14 (- 0.123
0.35;0.38) 0.40;0.31) 0.22;0.19) 0.32;0.04)

Palmitic acid Ref. 0.25 0.44 0.008 Ref. 0.07 (- 0.06 (- 0.430
(0.06;0.43) (0.13;0.75) 0.05;0.20) 0.10;0.23)

Capric acid Ref. 0.08 (- -0.01 (- 0.962 Ref. -0.05 (- -0.12 (- 0.159
0.22;0.39) 0.45;0.42) 0.25;0.14) 0.30;0.05)

Stearic acid Ref. 0.26 (- 0.27 (- 0.053 Ref. -0.02 (- -0.17 (- 0.182
0.03; 0.56) 0.004;0.55) 0.22;0.18) 0.43;0.09)

Margaric acid Ref. 0.06 (- 0.25 (- 0.169 Ref. -0.12 (- -0.13 (- 0.224
0.35;0.48) 0.12;0.63) 0.33;0.08) 0.34;0.08)

Pentadecanoic acid Ref. -0.31 (- -0.01 (- 0.888 Ref. -0.28 (- -0.15 (- 0.352
0.56;-0.06) 0.37;0.34) 0.49;- 0.38;0.09)

0.07)

Arachidic acid Ref. 0.04 (- -0.27 (- 0.109 Ref. -0.009 (- -0.25(- 0.052

0.16;0.26) 0.62;0.06) 0.19;0.18) 0.50;-
0.002)

Tricosanoic acid Ref. 0.001 (- -0.34 (- 0.013 Ref. 0.10 (- -0.04 (- 0.667
0.29;0.29) 0.61;-0.06) 0.74;0.28) 0.25;0.17)

Lignoceric acid Ref. 0.03 (- -0.01 (- 0.907 Ref. -0.02 (- -0.13 (- 0.182
0.36;0.42) 0.31;0.28) 0.23;0.19) 0.35;0.07)

Docosanoic acid Ref. 0.23 (- 0.01 (- 0.948 Ref. 0.04 (- -0.13 (- 0.144
0.06;0.52) 0.25;0.28) 0.16;0.2)  0.32;0.05)

Myristic acid Ref. 0.18 (- 0.18 (- 0.422 Ref. -0.03 (- -0.15 (- 0.142
0.16;0.54)  0.25;0.63) 0.20;0.13) 0.35;0.06)

T, tertile. Model 1: crude analysis. Model 2: each variable was adjusted for energy intake,

protein intake, smoking, family income, diabetes, arterial hypertension, alcohol, marital status,
education level, arthritis, fat mass (kg), physical activity, age, sex, and race. Data are shown as
coefficients. and 95% confidence intervals (95% CI). P-values < 0.05 were considered
statistically significant.
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4.2.

Artigo 2 (Association between plasma saturated fatty acids and
muscle strength in Americans aged <60 versus 260 years:
Results from NHANES 2011-2012)
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SUMMARY

Background & Aims

The pro-inflammatory potential of saturated fatty acids (SFAs) can affect skeletal
muscle and hence its related parameters. A handful of research has investigated
the association between dietary SFAs and muscle strength, such that assessing
plasma SFA levels is even more incipient in this regard. Thus, we aimed to
ascertain the association between plasma SFA levels and muscle strength in
adults.

Methods

A cross-sectional study was performed with 1591 individuals (20-80 years) from
a subsample of the National Health and Nutrition Examination Survey (NHANES)
2011-2012. Gas chromatography-mass spectrometry was used to detect plasma
total SFAs and their subtypes. Muscle strength was assessed through the sum
of handgrip strength. Linear regression analysis was performed to evaluate the
association between plasma SFA levels according to the entire population as well
as for age (<60 and =60 years).

Results

Plasma total SFAs and their individual types were not associated with handgrip
strength in all individuals upon the adjustment model (energy intake, protein
intake, smoking, family income, diabetes, arterial hypertension, alcohol, marital
status, education level, arthritis, physical activity, age, sex, race, and body mass
index). However, when subjects were divided according to age, negative
associations were observed for capric acid (B-value =-0.2978; 95%CI = -0.5855,
-0.0100; p = 0.043) and stearic acid (B-value = -0.0058; 95%CI = -0.0100, -

0.0003; p = 0.038) levels only for those aged <60 years.
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Conclusion
Overall, plasma total SFAs and their types were not associated with handgrip
strength in Americans, except stearic acid and capric acid for those aged <60

years, which were inversely associated.

Keywords: capric acid; handgrip strength; muscle strength; saturated fatty acids;

stearic acid.
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1. Introduction

Muscle strength is of pivotal importance in human beings as a harbinger of
falls and functionality [1]. In light of this, low muscle strength may ultimately be
associated with critical medical outcomes such as fall-related hospitalization and
mortality [2]. Moreover, declines in muscle function affect welfare by hindering
the capacity to perform daily physical activities and maintain independent
functioning [3, 4]. Not surprisingly, adequate muscle strength has overwhelmed
muscle mass as the main component of sarcopenia [5], such that a reduction in
muscle strength anticipates that of muscle mass with respect to mortality rates
and impaired daily living activities [6].

Among a myriad nutrition factors that may disturb muscle strength, saturated
fatty acids (SFAs) can be a concern in virtue of their undisputable role in triggering
systemic inflammatory pathways [7-9], thereby disturbing skeletal muscle [10].
Some observational studies have evaluated the association between dietary
SFAs and muscle strength, in which inconsistencies are raised [6, 11, 12]. In older
patients, dietary SFAs were not associated with muscle strength in two studies
[11, 12], but one study revealed benefits of replacing dietary SFAs with
polyunsaturated fatty acids on sarcopenia risk score [13].

In addition to dietary SFAs, plasma SFA levels are a noteworthy parameter in
monitoring SFA status thought an epidemiological manner [14-16]. However, only
one study assessed such a biomarker in the context of muscle parameters, in
which plasma SFA levels were associated with impaired functional capacity [17].
In this sense, the epidemiological comprehension of SFA status and muscle

strength is an incipient area of research.
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Interestingly, the National Health and Nutrition Examination Survey
(NHANES) is a public health database that allows assessment of plasma SFAs
and muscle strength in Americans [18]. In addition, NHANES contains muscle
strength data through handgrip strength (HGS) [18], a pragmatic tool widely used
in epidemiological and clinical settings that predicts crucial adverse outcomes
(e.g., cardiometabolic diseases, disability, morbidity, and early mortality) [6]. All
things considered, the aim of this study was to verify the association or the lack
thereof between plasma SFA levels (total and individual types) and HGS using
NHANES database.

We hypothesized that plasma total and individual types of SFA levels would
be negatively associated with HGS primarily in older patients since this population
is more likely to suffer from muscle strength loss than young adults due to
senescence and its accompanying inflammation and oxidative stress processes
[19]. Correspondingly, declines in muscle strength are slight in young and middle-
aged adults while they are pronounced in older adults through an estimated loss

of 15% per decade [6].

2. Methods

2.1. Research Design

A cross-sectional study was carried out employing data from the NHANES,
2011-2012. NHANES is an American survey developed by the National Center
for Health Statistics (NCHS) that encompasses medical and nutritional data for
noninstitutionalized subjects, with a multi-stage representative sample consisting

of children and adults. Since NHANES cross-sectional data are public, further
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information can be assessed on the Centers for Disease Control and Prevention

(CDC) website.

2.2. Subjects

From 9756 subjects enrolled for NHANES 2011-2012, a subsample of 5643
subjects was collected for plasma SFA levels. A total of 1591 individuals aged
20-80 years (1106 patients <60 years; 485 patients 260 years) were finally
included after employing the exclusion criteria: subjects aged under 20 years and
no information on plasma SFAs, anthropometry, HGS and dietary data (Figure
1).

NHANES is a public data set and all subjects filled out written informed
consent based on endorsement from the National Center for Health Statistics
Research Ethics Review Board (NCHS ERB) (Protocol #2011-17 for NHANES

cycle 2011-2012).

2.3. Muscle strength

Muscle strength was assessed through the sum of HGS (Takei Digital Grip
Strength Dynamometer, Model T.K.K.5401), i.e., measured values from both
hands. Albeit subjects capable of holding the dynamometer with one hand were
tested and are available in the NHANES dataset (Muscle Strength—Grip Test
data), they were excluded from our analysis as the sum of HGS was not possible.

Each subject was asked to stand and squeeze the dynamometer as hard
as possible with one of the dominant or non-dominant hands, exhaling while
squeezing the device to avoid increasing intrathoracic pressure. HGS test was

carried out after the examiner explained and demonstrated the procedure,
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adjusted the grip size of the dynamometer to the subject's hand size, and
performed a practical trial on the subject. Each hand was tested three times,
alternately and with one minute of rest between measurements on the same
hand. Ultimately, combined HGS values were calculated in kilograms by adding

the highest value of each hand.

2.4. Plasma saturated fatty acids

Blood samples were collected after an overnight fast. A 0.5-mL sample of
plasma or serum was used to allow for repeated analyses, with a volume of 100uL
per analysis. A suitable amount of plasma or serum was dispensed into a Nalge
2.0-mL cryovial or another screw-capped plastic vial labeled with sample
identification and stored at -70°C.

Plasma total levels of SFAs and eleven types of SFAs were detected by
using gas chromatography—spectrometry and expressed in umol/L. Capric acid
(C10:0), lauric acid (C12:0), myristic acid (C14:0), pentadecanoic acid (C15:0),
palmitic acid (C16:0), margaric acid (C17:0), stearic acid (C18:0), arachidic acid
(C20:0), docosanoic acid (C22:0), tricosanoic acid (C23:0), and lignoceric acid
(C24:0) were the individual types of SFAs. NHANES manual provides further

information on the biochemistry assessment of plasma SFAs [18].

2.5. Dietary habits

Two 24-hour food recalls were used to assess each subject's dietary
intake. The first 24-hour food recall interview was collected face-to-face and the
second one was recorded by telephone three to ten days later. The average of

nutrients was calculated for subjects who underwent two 24-hour food recalls.
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Nutrient data for this single day were also calculated for subjects who performed
only the first 24-hour food recall.

Dietary data were collected using the Automated Multiple Pass Method
[20], whose method is based on a five-step multiple-pass interview approach:
quick list, forgotten foods, time and occasion, detail cycle, and final probe. The
USDA Food and Nutrient Database for Dietary Studies (FNDDS) 2011-2012 was
used to obtain dietary items. Underlying nutrient values were derived from the
USDA National Nutrient Database for Standard Reference, release 26, created

by USDA'’s Nutrient Data Lab (http://www.ars.usda.gov/nutrientdata).

2.6. Statistical analysis

Plasma total SFAs and their individual types, sociodemographic data,
anthropometry characteristics, physical activity, dietary habits, medical history,
and lifestyle features were reported for the entire sample and according to age.
Given that plasma fatty acids are obtained from an NHANES subsample,
statistical analyses were performed using the "svy" command to add information
concerning the “2-year fatty acid subsample’ sample weight, primary sampling
units, and strata for correct variance estimation.

Smoking status, annual family income, arthritis, hypertension, and diabetes
were parameters not reported for the entire population in data collection, thereby
we elaborated a missing category as a means of categorizing those subjects with
missing values.

Linear regression analysis was used to compare the entire population and the

division as per age (<60 versus =60 years). Continuous variables were described
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as mean and standard deviation. Categorical variables were described as
percentages and 95% confidence intervals.

The association of plasma total SFAs and their individual types with HGS was
carried out through linear regression analysis based on crude (model 1) and
adjusted (model 2) models. Regarding the latter, a fully statistical adjustment
encompassed: body mass index (kg/m?), age (years), race (non-Hispanic white,
non-Hispanic black, Mexican American, other Hispanic, among other races),
marital status (married or living with a partner versus widowed, divorced,
separated, or never married), educational level (high school graduate or under
versus some college or above), and annual family income (0 to $19,999, $20,000
to 54,999, 55,000 to 74,999 or over $75,000), diabetes (pre-diabetes, yes or no),
arthritis (yes or no), hypertension (presence or absence), smoking status (yes or
no), physical activity level rated as moderate and vigorous exercises (yes or no),
total energy (kcal/d), total protein (g/d),and alcohol (g/day).

Significant associations were adopted as p-values <0.05. Altogether,
statistical analyses were derived using Stata software version 14.0 (StataCorp,

College Station, TX, USA).

3. Results

Subjects’ characteristics are shown in Table 1, in which the data are depicted
according to the entire population and age groups (<60 and =60). In general,
patients aged =60 years presented low HGS as well as a lower prevalence of
smoking and practice of vigorous physical activity, whereas they had a high
prevalence of men, non-Hispanic white and diseases (hypertension, diabetes,

pre-diabetes, and arthritis). While total plasma SFA levels did not differ between
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groups, higher plasma stearic acid, margaric acid, tricosanoic acid, and arachidic
acid levels were observed for those aged =60 years. Regarding dietary pattern,
patients aged =60 years had a lower intake of calories and macronutrients
(carbohydrates, protein, and total fat), including dietary SFAs and some
unsaturated fatty acids (monounsaturated fatty acids, total polyunsaturated fatty
acids, omega-3 fatty acids, and linoleic acid).

The adjusted model employed in linear regression analyses revealed no
association between HGS with plasma total SFAs and their individual types in the
entire sample (Table 2). In contrast, when subjects were divided according to age
groups, there was a negative association between capric acid and stearic acid

levels only for those aged <60 years (Table 3).

4. Discussion

Although we hypothesized that plasma SFA levels would be negatively
associated with muscle strength mainly in older patients, we observed a negative
association between a couple of types of SFAs (capric acid and stearic acid) and
HGS only in adults aged <60 years.

Since dietary patterns rich in polyunsaturated fatty acids and antioxidants may
be associated with higher HGS in patients aged 260 years [21], we thought that
the mechanistic link of SFA-induced inflammation in myocytes (inhibition of the
mTOR signaling pathway, downregulation of amino acid transporters, and
elevated expression of pro-atrophic genes [22]) could affect HGS in older
patients. Regardless of mechanistic interplays, the lack of association can be
evident in epidemiological studies upon full adjustment models. For instance,

although omega-3 fatty acids may be favorable for modulating muscle pathways
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due to their anti-inflammatory and heightening skeletal muscle protein synthesis
[23], a neutral association between their plasma levels and HGS for older adults
was reported in another study using NHANES data [24]. That said, our data
enable neutral association when viewed collectively, as the inverse association
between capric acid and stearic acid levels we found does not overwhelm the
lack of association between total SFA levels and the other nine individual types.
Taking into account that we assessed many types of plasma SFAs, they must
be better discussed in an attempt to find a biological reasoning especially for
those that achieved statistical association. SFAs can be classified according to
carbon atoms: short-chain SFAs (1-6 carbons) [25], medium-chain SFAs (7-12
carbons) [25], long-chain SFAs (13—-21 carbon) [26], and very long-chain SFAs
(22 carbons or more) [27]. In our study, the types of SFAs negatively associated
with HGS in adults aged <60 years are medium-chain and long-chain SFAs,
represented by capric (C10:0) acid and stearic acid (C18:0), respectively [28].
As the main type of SFAs consumed in the United States, the intake of stearic
acid (5.2 g/d for women and 8.1 g/d for men) is second only to palmitic acid (16:0),
accounting for ~26% of SFA intake, 9% of total fat, and ~3% of total calories [29].
Regarding common foodstuffs, stearic acid accounts roughly for 12% of the fat
content of cooked beef and pork, as well as whole milk, hard cheese, and butter
[30]. Compared to red meat, white meat (e.g., skinless roast chicken breast)
contains less stearic acid, representing ~8% of total fat [30]. Seemingly,
chocolate is the main common food rich in stearic acid, as ~33% total fat in cocoa
butter consists of stearic acid, accounting for ~33% and ~21% total fat of sweet

chocolate and milk chocolate, respectively [30].
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Dietary intake of capric acid is not abundant such as stearic acid, yet capric
acid is present in typical foods, e.g., coconut oil, palm oil, milk, and some seeds
[31-33]. Capric oil accounts for 20%—-50% of medium-chain triglycerides [34, 35],
whose efficacy remains unclear in the field of muscle strength and related
parameters due to methodological limitations (e.g., combination with a myriad of
nutrients and lack of proper dietary monitoring) [36-38] and therefore neither
positive nor negative effects may be endorsed.

Similar to the dietary amount, stearic acid is the second most common
SFA found in circulation, such that it is not only supplied by the diet but also
endogenously synthesized from palmitic acid [25]. While circulating stearic acid
levels are associated with both diet and endogenous status [25], circulating capric
acid has a more exclusive relationship with diet since its endogenous synthesis
is related to the mammary glands of lactating women [39].

Our results are paradoxical since plasma stearic acid levels were low in
subjects aged <60 years compared with those aged =60 years, whereas plasma
capric acid was non-statistically high (Table 1). Perhaps, such a high level of
plasma stearic acid in subjects aged =60 years could have originated from de
novo lipogenesis, aging-related impairment of lipid metabolism, or intrinsic
pathophysiological facets as residual factors [40, 41]. Furthermore, a highly
detrimental process may ensue by which stearic acid serves as a precursor to
very long-chain SFAs upon elongase actions, whose high plasma levels are
associated with diabetes and cardiovascular events [25]. No wonder patients
aged =60 years had a high prevalence of diabetes, hypertension, and arthritis in

our study, but we statistically adjusted the variables according to these diseases.
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A couple of human studies shed light on the effect of stearic acid in triggering
low-grade inflammation [42, 43]. In a three-month randomized controlled trial
assessing red blood cell SFAs, stearic acid levels, but not total SFAs and palmitic
acid, were positively associated with raised C-reactive protein levels (35%
increase per 1 standardized deviation increment) [42]. In a randomized clinical
trial of four-week isocaloric interventions, the stearic-acid diet led to higher levels
of interleukin-6, tumor necrosis factor-alpha, and insulin resistance compared
with the palmitic-acid diet [43]. Besides, patients with insulin resistance—a
condition of low-grade inflammation—had higher postprandial stearic acid levels
than healthy subjects [44], such that glucose load and high glycemic index loads
favored this change compared to low glycemic index, whose process is mediated
by the insulin-stimulated de novo lipogenesis in the liver via the sterol regulatory
element-binding protein-1c pathway [45]. Although the majority of SFA-induced
inflammation models address treatment with palmitic acid [22, 46], such an
aforementioned background is noteworthy and merits further clinical attention, as
a stearic acid-rich diet can be even more harmful than a palmitic acid-rich diet for
the inflammatory state [43] and we observed an inverse association between

HGS and plasma levels of stearic acid, but not with palmitic acid.

Additionally, in vitro studies may provide a better biological understanding of
our results, mainly towards stearic acid-induced inflammation. In different cell
models, treatment with stearic acid induces the production of pro-inflammatory
cytokines whereby the TLR4-dependent inflammation pathway is triggered and
impairs insulin action by increasing the p-JNK/JNK ratio [47, 48]. Moreover,

treatment with stearic acid promotes the IkB-a and NF-kB expression through a
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dose-dependent manner, thereby supporting the pro-inflammatory stimulus at the
nuclear level [49]. Conversely, in vitro and animal studies show an anti-
inflammatory potential of capric acid [50-53], thus, the inverse association
between such a fatty acid in plasma with HGS we found is strikingly bearing in
mind a biological reasoning. Therefore, further mechanistic studies are required
to better elucidate the role of capric acid, particularly in myocytes.

A handful of studies have assessed dietary intake of SFAs and muscle
strength, the association of which is unclear. In ~68,000 individuals aged 260
years from a cross-sectional analysis through the UK Biobank, dietary SFAs were
not associated with HGS in either women or men [11]. In a prospective Spanish
cohort addressing 1873 individuals aged =60 years whereby 331 participants
developed muscle weakness during a ~5-year follow-up period, dietary SFA
intake was not associated with muscle weakness measured by HGS, but was
negatively associated with lower extremity functional impairment measured by
the Short Physical Performance Battery (i.e., a cluster of standing balance, gait
speed, and ability to rise from a chair) [12]. A cohort study of European, non-frail
European men and women (n = 986), in turn, revealed benefits of replacing
dietary SFAs with polyunsaturated fatty acids on sarcopenia risk score by
combining HGS and skeletal muscle mass [13].

While the above-mentioned studies examined dietary SFA intake through
questionnaires, we assessed plasma SFA levels [6, 11, 12], which can be more
specific in terms of control since dietary intake is susceptible to underreporting
when it is not well-controlled through a gold-standard method [54, 55]. To the best
of our knowledge, only one study measured circulating SFAs in the field of muscle

parameters [17]. Such a study showed that older Italians with low plasma SFA
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levels were associated with a greater functional capacity of the lower limbs given
by a Short Physical Performance Battery score greater than nine, whereas
plasma SFA levels were associated with a longer time in the seven-meter walk
test (50). Accordingly, this study assessed only functional capacity, reinforcing
the importance of our findings as a means of bringing HGS as a novelty.

The pros and cons of using HGS ought to be highlighted. HGS is a non-
invasive, inexpensive, easy-to-use, and portable test for assessing muscle
strength [6]. HGS is even correlated with limb strength [56], however, due to its
non-specificity, nuances arise as to its use for assessing global or lower limb
muscle function [6].

Regarding strengths, as far as we know, this is the first study that
examined the associations between circulating SFA levels and muscle mass
strength. In addition, the sample size (n = 1591) is decent in terms of a cross-
sectional design. Some limitations nevertheless can be observed. First and
foremost, the cross-sectional fashion is incapable of portraying causation.
Inflammation and metabolic biomarkers were not assessed, e.g., circulating
cytokines, lipids and lipoproteins, C-reactive protein, fibrinogen, and insulin
sensitivity; however, we adjusted the statistical model for diseases. Finally,
insofar as NHANES data are a representative sample for Americans, our findings
are impractical for other populations.

As for perspectives, further research is needed to reach the worldwide
setting. More specifically, longitudinal studies are warranted to determine the
relationship between plasma SFAs and muscle strength, such that well-controlled

randomized clinical trials can help to elucidate the underlying mechanisms.
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5. Conclusion

Taken together, plasma total SFAs and their types were not associated with HGS
in Americans, except stearic acid and capric acid for those aged <60 years, which
were inversely associated. Further research is imperative to investigate such an
association is individuals suffering from major fragilities and disabilities. Likewise,
randomized clinical trials are crucial to afford insights into causation and hence

determine clinical effects.
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NHANES 2011-2012
n=9756

Plasma saturated fatty acids

n=5643

Excluded (exclusion criteria)
<20 years (n =3016)
No SFA levels (n = 699)
No HGS values (n = 220)
Excluded (missings)
Dietary data (n = 106)
Anthropometry (n =11)

Total evaluated (20-80 years)
n=1591
(1106 patients <60 years; 485 patients >60 years)
(496 men and 441 women)

Figure 1. Flowchart of the sample selection from NHANES (2011-2012).

HGS, handgrip strength; SFA, saturated fatty acid.
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Table 1. Sociodemographic, anthropometric, and dietary characteristics the in total sample and according to age. Data from NHANES (2011-2012).

Variables Total <60 years 260 years p-Value

Sociodemographic Characteristics

Age, y 47.2 +16.8 39.4+11.6 69+6.8 <0.001

Sex, % 0.023
Women 48 (45;51.1)  49.6 (45.7; 53.5) 43.5 (40.2; 47)

Men 52 (48.9; 55)  50.4 (46.5; 54.3) 56.5(53; 59.8)
Race/ethnicity, % <0.001
Non-Hispanic White 69.11 (60.4, 76.6) 64.6 (55.4;72.9) 81.6 (74.6; 87.1)

Others (Mexican American, Other Hispanic,

. . _ _ 30.9 (234, 39.6) 35.4 (23.1;44.6) 18.4 (12.9; 25.4)

Non-Hispanic Black, and Multi-Racial)

Marital status, % 0.020
Married/Living with Partner 63 (58; 67.7) 60.3 (54.3; 66) 2.9 (76.2; 0)
Single/Divorced/Widowed/Never Married 37 (32.3; 42) 39.7 (34;45.7) 29.6 (23.8; 36.1)

Annual Family Income, % 0.217
$0-19,999 18.1 (14.3;22.6) 19.3(14.6;25) 14.8(10.2; 21)
$20,000-54,999 36.2 (31.1; 41.7) 33.5(28.3; 39.1) 43.8 (33.8; 54.4)

Over $55,000 12.2(9.1;16.1) 11.4(8.8;14.7) 14.3(7.5;25.5)

Over $75,000 30.6 (24.3; 37.8) 32.9 (26.9; 39.6) 24.2 (13.9; 38.7)

Missing 2.9(2;4.2) 2.9(1.9;4.3) 2.8 (1.5; 5.5)
Educational level, % 0.033

Under high school graduate 34.9 (29;41.3) 32.5(26.5;39.2) 41.5(32.8; 50.8)

Some college or over 65.1 (68.7; 71) 67.5(60.8; 73.5) 58.5(49.2; 67.2)

Health Conditions and Behavior

Hypertension, % <0.001

No

Yes

66.8 (62.1; 71.2)
33.2 (28.8; 37.9)

76 (71.5; 79.9)
24 (20; 28.5)

41.3 (33.6; 49.5)
58.7 (50.5; 66.4)
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Missing 0 (0; 0.2) 0 (0; 0.2) 0 (0; 0)

Diabetes, % <0.001
No 89 (86.8;90.9) 93.3(91.5;94.8) 77.1(72.1; 81.5)
Yes 9(7.1;11.3) 5.6 (4.1;7.6) 18.5(13.5;24.8)
Pre-diabetes 1.9 (1; 3.8) 1.1(0.3; 4.2) 44 (2.2;84)
Missing 0 (0; 0.2) 0 (0; 0.4) 0 (0; 0.4)
Arthritis, % <0.001
No 76.2 (72.7,79.4) 84.5(81.7,86.8) 53.2 (46.2; 60)
Yes 23.7 (20.5; 27.2) 15.5(13.2;18.3) 46.3 (39.4; 53.3)
Missing 0.1(0.1; 0.2) 0 (0; 0) 0.6 (0.4; 0.8)
Smoking status, % 0.001
No 80.2 (76.1; 83.8) 77.4(72.9;81.4) 88(82.2;92.1)
Yes 19.7 (16.1; 23.9) 22.5(18.6;27) 11.9(7.8;17.7)
Missing 0.1 (0; 0.3) 0.1 (0; 0.4) 0.1 (0; 0.5)
Vigorous Physical Activity, % <0.001
Yes 19.1 (16.1; 22.6) 22.3(18.4;26.7) 10.2 (7; 14.6)
No 80.9 (77.4;83.9) 77.7(73.3;81.6) 89.8 (85.4; 93)
Moderate Physical Activity, % 0.161
Yes 39 (35;43.3) 40.7 (36.4; 45.2) 34.3(26.4;43.2)
No 61(56.7;65) 59.3 (54.8;63.6) 65.7 (56.8; 73.6)
Anthropometric Characteristics and Strength
Body Mass, kg 82.5 + 21 83.2+21.7 80.4 £ 18.9 0.126
Height, m 1.7+ 0.1 1.7+0.1 1.7+0.1 <0.001
Body mass index, kg/m? 28.7+6.5 28.6+6.7 289+59 0.581
Sum of handgrip strength, kg 7251225 76.7 £ 221 60.7 £ 19 <0.001
Plasma fatty acids
Total saturated fatty acids, pmol/L 4093.2 + 1386.8 4074.1+1438.6 4146.4+ 12312 0.385
Lauric acid, pmol/L 13.8£20.9 13.9+ 22 13.5+17.4 0.779
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Palmitic acid, pmol/L 2986.6 £ 1076  2975.7+ 1117.2 3017 £ 952.7 0.556
Capric acid, pmol/L 295 3+54 26+3.5 0.128
Stearic acid, ymol/L 707.6 £197.6 700.2 £ 202.7 728 £181.2 0.004
Margaric acid, umol/L 32+9.6 31.6+95 33.2+9.6 0.008
Pentadecanoic acid, pmol/L 254 + 11 254 +11.1 25.6 £ 10.7 0.756
Arachidic acid, pmol/L 241+57 23.8+56 249+57 0.005
Tricosanoic acid, pmol/L 294+7.5 291+7.4 302+7.8 0.010
Lignoceric acid, ymol/L 59 +14.5 58.5+ 13.9 60.2 £ 16.1 0.257
Docosanoic acid, ymol/L 69.2+17.2 68.6 £ 16.6 70.9+18.6 0.081
Myristic acid, pmol/L 143.2 £ 103.1 144.3 £ 106.9 140.3 £ 91.7 0.549
Dietary Intake

Energy, kcal/d 2112.4 £ 818.9 2215 + 854 1826.4 £ 629.9 <0.001
Carbohydrate, g/d 256.7 + 105.7 269.6 + 108.4 220.5+88.2 <0.001
Protein, g/d 82.6+35.2 86 + 37 73.3+27.6 <0.001
Protein, g/kg 1.0+ 0.5 1.1+0.5 09+04 <0.001
Total fat, g/d 79.6 £ 37.9 83.1+39.7 69.9 + 30.0 <0.001
Saturated fatty acids, g/d 25.7+13.3 26.9+13.9 22.2+10.7 <0.001
Monounsaturated fats, g/d 28.4+14.4 29.5+15 251+11.9 0.001
Polyunsaturated fatty acids, g/d 19+10.3 19.7£10.9 171+ 8.4 0.002
Omega-3 polyunsaturated fatty acids, g/d 383.2+177.8 358.4 + 152 452.7 £+ 221.3 <0.001
Alpha-linolenic acid, g/d 1.8+1.1 1.8+1.1 1.7+1.0 0.090
Eicosapentaenoic acid, g/d 0+£0.1 0+£0.1 0+£0.1 0.574
Docosahexaenoic acid, g/d 0.1+£0.1 0.1+£0.1 0.1+0.1 0.682
Linoleic acid, g/d 16.8+9.3 17.4+9.8 15+75 0.001
Total fiber (g/d) 18+9.9 18.3+9.5 17.2+ 11 0.296
Alcohol, g/d 9.7+217 10.5 + 23.1 7.4 +16.9 0.058

Data are described as mean (standard deviation) or percentage (confidence interval).
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Table 2. Linear regression between muscle strength with plasma total SFAs and their individual types in all
patients regardless of age. Results from NHANES (2011-2012).

Model 1: crude analysis. Model 2: each variable was adjusted for energy intake, protein intake, smoking, family income,

Model 1 Model 2
Plasma fatty B (95%Cl) p-value B (95%Cl) p-value
acids
Saturated total 0.0002 (-0.0006; 0.0010) 0.579 0.0000 (-0.0006; 0.0008) 0.795
Lauric acid -0.0060 (0.0600; 0.0500) 0.825 -0.0200 (-0.0700; 0.0200) 0.395
Palmitic acid 0.0005 (-0.0004; 0.0015) 0.252 0.0001 (-0.0007; 0.0010) 0.735
Capric acid 0.1000 (-0.1466; 0.3429) 0.409 -0.2278 (-0.5005; 0.0400) 0.096
Stearic acid -0.0052 (- 0.0100; 0.0016) 0.126 0.0002 (- 0.0046; 0.0052) 0.901
Margaric acid -0.0200 (0.1542; 0.1145) 0.759 0.0041 (-0.1000; 0.1064) 0.933
Pentadecanoic acid -0.0500 (0.1856; 0.0900) 0.488 -0.1000 (-0.1267; 0.1000) 0.801
Arachidic acid -0.8140 (-1.072; 0.5558) 0.000 0.0300 (-0.1166; 0.1700) 0.699
Tricosanoic acid -0.7082 (-0.8878; 0.5286) 0.000 0.0300 (-0.0900; 0.1444) 0.624
Lignoceric acid -0.0500 (0.1531; 0.0500) 0.291 0.0300 (-0.0200; 0.0900) 0.215
Docosanoic acid -0.1635 (0.2482; 0.0800) 0.001 0.0400 (-0.0071; 0.8000) 0.097
Myristic acid

diabetes, arterial hypertension, alcohol, marital status, education level, arthritis, body mass index (kg/m?2), physical
activity, age, sex, and race. Data are shown as coefficients. and 95% confidence intervals (95% CI). P-values < 0.05
were considered statistically significant.
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Table 3. Linear regression between muscle strength with plasma total SFAs and their individual types according to age (<60 years and

260 years). Results from NHANES (2011-2012).

Patients with <60 years

Patients with 260 years

Model 1 Model 2 Model 1 Model 2

Plasma fatty B (95%Cl) p-value B (95%Cl) p-value B (95%Cl) p-value B (95%Cl) p-value

acids

Saturated, total 0.0005 (-0.0000; 0.083 -0.0006 (-0.0014; 0.068 -0.0004 (-0.0043; 0.0034) 0.800  0.013 (-0.0003; 0.0031) 0.119
0.0011) 0.0000)

Lauric Acid -0.0081 (-0.0500; 0.720 -0.0400 (-0.0900; 0.130 -0.0200 (-0.2059; 0.1767) 0.874 0.0400 (-0.0800; 0.512
0.0300) 0.0100) 0.1511)

Palmitic acid 0.0009 (0.0000; 0.033 -0.0007 (-0.0017; 0.083 -0.0003 (-0.0053; 0.0046) 0.890 0.0018 (-0.0005; 0.119
0.0018) 0.0001) 0.0041)

Capric acid 0.0300 (-0.2259; 0.771 -0.2978 (-0.5855; - 0.043 0.1190 (-0.8763; 1.1143) 0.804 0.1302 (-0.3090; 0.540
0.2998) 0.0100) 0.5695)

Stearic acid -0.0007 (-0.058: 0.765 -0.0058 (-0.0100; - 0.038 -0.0100 (-0.0300; 0.0100) 0.317 0.0083 (-0.0011; 0.081
0.0043) 0.0003) 0.0200)

Margaric acid 0.1260 (0.0061; 0.040 -0.0700 (-0.1635; 0.142 -0.2129 (-0.6290; 0.2030) 0.295 0.1000 (-0.1094; 0.337
0.2460) 0.0300) 0.3024)

Pentadecanoic -0.3000 (-0.1189; 0.507 -0.0900 (-0.1956; 0.099 -0.0800 (-0.5003; 0.3434) 0.700 0.1375 (-0.0800; 0.198

acid 0.0600) 0.0200) 0.3542)

Arachidic acid -0.6508 (-0.9544; - 0.000 -0.1422 (-0.3380; 0.144  -0.8550(-1.3133; -0.3967)  0.001 0.0500 (-0.1893; 0.634
0.3472) 0.0500) 0.2985)

Tricosanoic acid -0.6700 (-0.8720; - 0.000 -0.1145 (-0.2410; 0.073  -0.5983 (-0.9154; -0.2812)  0.001 0.0400 (-0.1720; 0.713
0.4680) 0.0100) 0.2462)

Lignoceric acid -0.0033 (-0.1185; 0.951 -0.0500 (-0.1203; 0.220 -0.0700 (-0.2583; 0.1086) 0.401 0.0300 (-0.0600; 0.466
0.1117) 0.0300) 0.1328)

Docosanoic acid -0.1434 (-0.2401; - 0.006 -0.0300 (-0.0900; 0.402 -0.1317 (-0.2888; 0.0200) 0.095 0.0500 (-0.0500; 0.308
0.0500) 0.0400) 0.1418)

Myristic acid 0.0082 (-0.0040; 0.174 -0.0089 (-0.0200; 0.131 0.0100 (-0.0500; 0.0700) 0.682 0.0200 (-0.0100; 0.250
0.0200) 0.0029) 0.0500)

Model 1: crude analysis. Model 2: each variable was adjusted for energy intake, protein intake, smoking, family income, diabetes, arterial hypertension, alcohol,
marital status, education level, arthritis, body mass index (kg/m?), physical activity, age, sex, and race. Data are shown as coefficients. and 95% confidence

intervals (95% CI). P-values < 0.05 were considered statistically significant.
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5. CONCLUSAO

Apesar dos mecanismos pro-inflamatérios dos AGS no musculo esquelético, os
AGS plasmaticos totais e seus subtipos ndo associaram com o IMMA e forca
muscular em norte-americanos, no geral. Observou-se, apenas, associagcao
inversa para forga muscular com acido estearico e acido caprico para aqueles
com idade <60 anos, a qual ndo se sobressai em relagao a falta de associacao

como um todo.

6. PERSPECTIVAS

E primordial desenvolver estudos longitudinais para determinar a relacéo
entre os AGS plasmaticos e a forga muscular no longo prazo. Igualmente, a
conduta de ensaios clinicos randomizados bem controlados é frutifera, podendo
elucidar os mecanismos subjacentes através do padrdo-ouro de desenho de

estudo.
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