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RESUMO

Sarcopenia e diabetes mellitus tipo 2 (DM2) sdo doengas em crescente aumento de
prevaléncia nas ultimas décadas relacionado ao envelhecimento populacional. O
estudo da relacdo entre estas duas doencas é recente. O DM2 pode acelerar o
desenvolvimento da sarcopenia. O diagndstico de sarcopenia em pacientes com
DM2 deve ser realizado precocemente para que medidas preventivas sejam
adotadas. O rastreamento para sarcopenia deve fazer parte dos procedimentos de
rotina no exame fisico nas consultas médicas. O estudo avaliou a prevaléncia de
pré-sarcopenia e sarcopenia em pacientes com diabetes mellitus tipo 2 (GDM) acima
de 50 anos de ambos os sexos (n= 177,114 mulheres). Avaliou a associagao da
sarcopenia com a presenca de comorbidades e complicagdes crdnicas, comparados
a um grupo controle saudavel (GC n=146,80 mulheres). Estudo transversal, amostra
por conveniéncia de pacientes com GDM que responderam a um questionario sobre
habitos de vida, informacdes sobre o tipo de tratamento e complicacdes
relacionados ao DM2. As complicagdes associadas ao DM2 foram avaliadas como
presenca de neuropatia, retinopatia, nefropatia e complicagcdo cardiovascular.
Neuropatia diabética foi definida com perda do reflexo Aquileu ou presenca de
sintomas neuropaticos, a retinopatia diabética foi caracterizada através do exame de
fundo de olho com pupila dilatada realizado por oftalmologista experiente, nefropatia
diabética foi definida como presengca de albuminuria maior que 30 mg/g. A
complicacdo cardiovascular foi definida por captura de dados de prontuario
caracterizado por presencga de infarto de miocardio, realizagcao de revascularizacao
miocardica, realizacdo de angioplastia coronariana, histérico de acidente vascular
cerebral isquémico e presenca de doencga arterial periférica ateroscleroética.
Realizaram densitometria de corpo total para avaliagdo da composicao corporal (CC)
realizado com a densitometria de corpo total (DEXA), avaliagdo de forga muscular
com dinamémetro de preensdo manual e o teste de velocidade da marcha para
avaliacdo de desempenho fisico. O diagnostico de pré- sarcopenia e sarcopenia
foram realizados de acordo com as definicdes do European Working Group on
Sarcopenia in Older Pepole (EWGSOP) utilizando os critérios do Foundation for the
National Institues of Health (FNIH) e do critério de Baumgartner. Os prontuarios
foram avaliados com analise dos dados mais recentes sobre a doenca. Os dados
foram apresentados como médiat e desvio padrao, através de medianas (minimo e
maximo) e frequéncias absolutas ou relativas. Os testes foram estratificados por
sexo. Teste de Kolmogorov-Smirnov avaliou a normalidade de distribuicdo das
variaveis. Teste T de Student avaliou a comparagao entre variaveis quantitativas
entre dois grupos para amostras independentes ou através do teste de Mann-
Whitney. Usamos o teste exato de Fischer e o teste do qui-quadrado para avaliar
associacao entre duas variaveis qualitativas. Resultados: O GDM foi comparado a
um grupo controle (GC) de individuos saudaveis sem DM2 que realizaram as
mesmas avaliacbes. O GDM apresentou idade de 65,6 + 8,6 anos e o GC = 65,0
19,1 anos (p= 0,52). O IMC do GDM foi de 29,2+4,8 kg/m2 e do GC foi 26,2
+3,1kg/m2 (p<0,001). Nao houve diferenca na prevaléncia de pré-sarcopenia entre o
GDM e GC. A fragueza muscular encontrada foi de 46 (25,9%) no GDM e de 10 (9
%) no GC (p<0,001). No GDM sarcopenia foi diagnosticada em 23 (12,9 %) e no GC
em 8 (5,4%) (p<0,03). Encontramos maior prevaléncia da presenga de albuminuria
nos pacientes GDM com sarcopenia (GDMS+). Pacientes de ambos os sexos com
sarcopenia apresentaram maior porcentagem de gordura total e gordura androide se



comparados com 0s nao sarcopénicos. A presencga de sarcopenia no GDM mostrou
associagdo com habitos alimentares ndo saudaveis (p = 0.01), baixo desempenho
fisico (p <0.01), albuminuria (p = 0.02), e fraturas de punho (p = 0.03). Em homens e
mulheres encontramos associagao da sarcopenia com porcentual de gordura total (p
<0.05) e associagdo de aumento de gordura visceral (p = 0.02). A diminui¢cdo de
massa magra total (p = 0.03) foi encontrada apenas nas mulheres. O tempo que o
paciente apresentou o DM2 e a suplementacdo com calcio e vitamina D tendeu a ser
maior nos pacientes com DM2 e sarcopenia (DMGS+) (p = 0.06). Nao encontramos
associacado da sarcopenia com hipertensao, dislipidemia, hipotireoidismo, nivel de
hemoglobina glicada, tempo de doenga, niveis de vitamina D, PTH e taxa de filtragao
glomerular. Apds selecéo das variaveis, as seguintes foram usadas na analise de
regressdo logistica usando a sarcopenia como variavel dependente associado
presenga de albuminuria OR 2,70 (95% CI 1,04-7,02 p= 0,03). Nas mulheres, OR
1,31 para porcentual de gordura total (95% CI -1,10- 1,75 p= 0,01) e nos homens
OR 1,18 para percentual de gordura total (95 % CI 1,03- 1,43 p = 0,03). Pacientes
GDM apresentaram maior prevaléncia de sarcopenia que GC. A avaliacdo da forga
foi mais importante para o diagndstico de sarcopenia do que a avaliagdo da massa
muscular. Encontramos uma diferenca significativa na composicao muscular de
mulheres GDMS+ quando comparadas a GDMS-. Mulheres GDMS+ apresentaram
menor massa magra apendicular (p<0,01), menor massa magra total (p= 0,03) e
aumento do percentual de gordura total (p =0,01) e de gordura androide (p =0,002)
quando comparadas com a GDMS-. Encontramos um risco significativo de
sarcopenia em pacientes que apresentaram albuminuria e aumento da porcentagem
de gordura corporal. Existe alta probabilidade de pacientes DM2 adultos, de ambos
os sexos desenvolverem sarcopenia quando a albuminuria esta presente.

Palavras—chave: Pré-sarcopenia. Sarcopenia. Diabetes mellitus tipo 2. Fraqueza
muscular. Albuminuria.



ABSTRACT

Sarcopenia and type 2 diabetes mellitus (T2DM) are diseases in increasing
prevalence in recent decades related to population aging. The study of the
relationship between these two diseases is recent. T2DM can accelerate the
development of sarcopenia. The diagnosis of sarcopenia in patients with
T2DM should be performed early for preventive measures to be adopted.
Screening for sarcopenia should be part of routine physical examination
procedures at the doctor's office. The study evaluated the prevalence of pre-
sarcopenia and sarcopenia in patients with type 2 diabetes mellitus (GDM)
over 50 years of both sexes (n = 177,114 women). It evaluated the association
of sarcopenia with the presence of comorbidities and chronic complications,
compared to a healthy control group (CG n = 146,80 women). Cross-sectional
study, convenience sample of patients with GDM who answered a
questionnaire about life habits, information about the type of treatment and
complications related to T2DM. The complications associated with T2DM were
evaluated as the presence of neuropathy, retinopathy, nephropathy and
cardiovascular complications. Diabetic neuropathy was defined as loss of the
Aquileu reflex or presence of neuropathic symptoms; diabetic retinopathy was
characterized by dilated pupil fundus examination performed by an
experienced ophthalmologist; diabetic nephropathy was defined as the
presence of albuminuria greater than 30 mg / g. The cardiovascular
complication was defined as the capture of data from a chart characterized by
the presence of myocardial infarction, myocardial revascularization, coronary
angioplasty, a history of ischemic cerebral vascular accident and the presence
of atherosclerotic peripheral arterial disease. They performed total body
densitometry to evaluate body composition (CC) performed with total body
densitometry (DEXA), muscle strength evaluation with hand grip dynamometer
and gait velocity test to evaluate physical performance. The diagnosis of pre-
sarcopenia and sarcopenia was performed according to the definitions of the
European Working Group on Sarcopenia in Older People (EWGSOP) using
the criteria of the Foundation for the National Institutions of Health (FNIH) and
the criteria of Baumgartner. The medical records were evaluated with the most
recent data on the disease. Data were presented as mean  standard
deviation, through medians (minimum and maximum) and absolute or relative
frequencies. The tests were stratified by sex. Kolmogorov-Smirnov test
assessed the normal distribution of the variables. Student's t-test evaluated
the comparison between quantitative variables between two groups for
independent samples or through the Mann-Whitney test. We used Fisher's
exact test and the chi-square test to evaluate the association between two
qualitative variables. Results: GDM was compared to a control group (CG) of
healthy individuals without T2DM who performed the same evaluations. GDM
age was 65.6 + 8.6 years and GC 65.0 £ 9.1 years (p = 0.52). The BMI of
GDM was 29.2 + 4.8 kg / m2 and the GC was 26.2 £ 3.1kg / m2 (p <0.001).
There was no difference in the prevalence of pre-sarcopenia between GDM
and GC. Muscle weakness was found in 46 (25.9%) in the GDM and 10 (9%)
in the CG (p <0.001). In GDM sarcopenia was diagnosed in 23 (12.9%) and
GC in 8 (5.4%) (p <0.02). We found a higher prevalence of albuminuria in
GDM patients with sarcopenia (GDMS +). Patients of both sexes with



sarcopenia presented higher percentage of total fat and android fat when
compared to non sarcopenic ones. The presence of sarcopenia in GDM
showed association with unhealthy eating habits (p = 0.01), low physical
performance (p <0.01), albuminuria (p = 0.02), and wrist fractures (p = 0.03).
In men and women we found association of sarcopenia with total fat
percentage (p <0.05) and visceral fat (p = 0.02). The decrease in total lean
mass (p = 0.03) was found only in women. The mean time of T2DM and
calcium and vitamin D supplementation tended to be higher in patients with
T2DM and sarcopenia (GDMS +) (p = 0.06). We found no association of
sarcopenia with hypertension, dyslipidemia, hypothyroidism, glycated
hemoglobin level, disease time, vitamin D levels, PTH and glomerular filtration
rate. After selection of variables, the following variables were used in the
logistic regression analysis using sarcopenia as a dependent variable
associated. We found an OR 2.70 for sarcopenia with the presence of
albuminuria (95% CI 1.04-7.02 p = 0.03). In women, OR 1.31 for percentage
of total fat (95% CI -1.10 -1.75 p = 0.01) and in men OR 1.18 for percentage of
total fat (95% CI 1.03- 1.43 p = 0.03). GDM patients had a higher prevalence
of sarcopenia than GC. Strength assessment was more important for the
diagnosis of sarcopenia than the evaluation of muscle mass. We found a
significant difference in the muscle composition of GDMS + women when
compared to GDMS-. GDMS + women presented lower appendicular lean
mass (p <0.01), lower total lean mass (p = 0.03) and increased percentage of
total fat (p = 0.01) and android fat (p = 0.002) when compared to GDMS-. We
found a significant risk of sarcopenia in patients who presented albuminuria
and increased percentage of body fat. There is a high probability of adult
T2DM patients, of both sexes developing sarcopenia when albuminuria is
present.

Keywords: Pre-sarcopenia. Sarcopenia. Type 2 diabetes mellitus. Muscle
weakness. Albuminuria.
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1 INTRODUGAO

Diabetes mellitus tipo 2 (DM2) é uma doenga cronica altamente prevalente. A
International Diabetes Federation (IDF) estimou uma incidéncia mundial de 425 milhdes de
pessoas em 2017 e muitos pacientes convivem com a doenga sem diagndstico. Até a pouco
tempo a sarcopenia era considerada uma sindrome geriatrica, porém recentemente recebeu
o reconhecimento de uma condigdo independente pelo Cdodigo Internacional de Doengas,
décima revisao (CID-10CM) cédigo (M62.84) (ANKER et al. 2016) e tem sido relacionada a
diversas doencgas cronicas.

A partir dos 30 anos ha perda de 1 % ao ano de massa muscular e redugao de
desempenho fisico. A sarcopenia ocorre quando ha perda excessiva e acelerada com
deterioracao funcional( MORLEY; MALMSTROM; et al. 2014), que é caracterizada pela
faléncia muscular. Em 2018, o “European Working Group on Sarcopenia in Older People”
(EWGSOP2) atualizou suas recomendacgoes e sugeriu escalonamento para o diagnéstico de
sarcopenia. A primeira etapa é a busca dos casos realizada pela suspeita clinica ou pelo
questionario SARC-F (MALMSTROM et al. 2016), seguida pela avaliacdo de forga,
quantidade e qualidade muscular, e finalmente com a avaliacdo do desempenho fisico, que
quando alterado, caracteriza sarcopenia grave. Nesta recomendacdo a medida da forga
muscular passa a ser o parametro mais importante da avaliagdo(CRUZ-JENTOFT, et al.
2018).

O DM2 apresenta varios mecanismos que podem predispor a sarcopenia e esta
relagdo entre as duas doencgas ainda € pouco estudada e diagnosticada. Parece existir uma
relagdo do controle glicémico inadequado e comorbidades associadas ao diabetes com
maior prevaléncia de alteragdes de mobilidade(KALYANI, et al.2010). A sarcopenia pode se
desenvolver de maneira crénica com o progredir do diabetes ou de forma aguda, durante
hospitalizagdes ou imobilizagdes prolongadas (MARZETTI et al. 2017). O tecido muscular
esquelético, além de gerar forga € crucial para manter a homeostase glicémica (UMEGAKI
et al,2015), apresenta importante papel na mobilidade e no metabolismo e qualquer
deterioragdo em suas propriedades contrateis, mecanicas ou metabdlicas leva a
importantes alteragbes (LANG et al. 2010).

A sarcopenia ocorre precocemente nos pacientes com DM2 devido a
glicotoxicidade, resisténcia insulinica e fatores genéticos associados ao diabetes. Os
produtos de glicacdo avancada (Advanced glycation end products -AGEs) sao marcadores

de toxicidade glicEmica de longo prazo e se acumulam na musculatura esquelética em
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pessoas com diabetes. As AGEs estdo associadas com menor forca palmar em idosos e
também com menor velocidade de marcha (MORLEY; MALMSTROM,; et al. 2014). Estudos
recentes a partir de 2015 comecaram a relatar a associagado entre a resisténcia insulinica
com a albuminuria, achado precoce da nefropatia diabética e a presengca de
sarcopenia(BOUCHI et al. 2017; MOON et al. 2015 e NYUN KIM et al. 2016).

A reducdo de massa muscular e forca foi observada com maior frequéncia nos
pacientes com longa duragdo do DM2 e altos niveis de hemoglobina glicada (A1c)
(BIANCHI; VOLPATO 2016). Sugere-se que a sarcopenia possa ser considerada uma nova
complicacéo crénica do diabetes tipo 2 além das conhecidas complicagdes micro e macro
vasculares (TRIERWEILER ET AL, 2018).

Como a relagdo entre a sarcopenia e o diabetes ainda € pouco estudada e
diagnosticada sdo necessarios mais estudos de prevaléncia com estas duas patologias.
Apesar dos esforgos dos consensos para padronizagcao dos critérios diagndsticos ainda ha
heterogeneidade em seu uso. Utilizamos critérios diagnosticos adequados para nossa
amostra de pacientes com DM2 de ambos os sexos acima de 50 anos e avaliamos a
composicao corporal, prevaléncia de pré sarcopenia e sarcopenia comparados a um grupo
controle.

Nosso estudo avaliou a prevaléncia de sarcopenia em uma populacao relativamente
mais jovem do que outros estudos realizados nesta area, a justificativa € que a sarcopenia
ocorre precocemente nos pacientes com DM2.A falta de conhecimento sobre a importancia
da perda de massa muscular pode retardar a prevencéo e o diagnostico precoce que até o
momento sdo as melhores ferramentas para o manejo da sarcopenia(MORLEY; ANKER; et
al. 2014). E de extrema importancia informar aos pacientes sobre seu estado pré-
sarcopénico ou sarcopénico principalmente se houver presenga de albuminuria durante
suas consultas por ser uma complicacdo grave e mal reconhecida por meédicos e
profissionais de saude(CEDERHOLM; MORLEY 2015).

2 OBJETIVOS

2.1 OBJETIVO PRINCIPAL: Avaliar a prevaléncia de pré-sarcopenia, sarcopenia e a
composi¢cao corporal em pacientes adultos de ambos os sexos portadores de DM2

comparados a um grupo controle saudavel.
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2.2 OBJETIVO SECUNDARIO: Conferir a associacdo de sarcopenia com a
presenca de comorbidades e complicacdes crénicas do Diabetes Mellitus tipo 2
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3 REVISAO DA LITERATURA

3.1 DEFINICAO E CLASSIFICACAO

Sarcopenia é uma sindrome caracterizada por progressiva e generalizada perda de
massa e forca muscular, com risco de complicacbes como incapacidade fisica, pobre
qualidade de vida e até morte. As categorias sarcopenia primaria e secundaria podem ser
usadas na pratica clinica. Na sarcopenia primaria ou relacionada ao envelhecimento
nenhuma outra causa € evidenciada. A secundaria pode estar relacionada a inatividade
fisica, repouso prolongado, sedentarismo, descondicionamento ou condi¢des de gravidade
zero, doencgas inflamatérias, endocrinolégicas, malignas, cardiacas, pulmonares, hepaticas,
renais ou cerebrais e relacionada a nutricdo com ingestdo inadequada de proteinas,
quantidade menor de calorias necessarias e doengas de ma-absorcdo (CRUZ-JENTOFT
AJ, 2010).

O conceito de sarcopenia foi primeiramente descrito por Rosenberg (ROSENBERG
et al,1997) em 1997 que observou que o mais dramatico e significante declinio fisico
relacionado a idade é a perda de massa magra corporal, ele observou que este fenbmeno
era sub diagnosticado e deveria ser classificado com objetivo de ganhar reconhecimento
clinico. Em 1998, Baumgartner e col. (BAUMGARTNER et al,1998) foram os primeiros a
propor um metodo para diagnostico de sarcopenia baseado na medida de massa magra
realizada por densitometria por dupla emissdo de raio X (DXA). Estes investigadores
calcularam o indice relativo de musculatura esquelética (RSMI = ALM/ALT?). Os autores
definiram sarcopenia como RSMI com - 2 DP abaixo do padrao de referéncia da populagao
sexo —especifica. Baumgartner e cols. foram os primeiros a ressaltar a importancia da
sarcopenia no impacto da saude publica,

O conceito de sarcopenia baseado na DXA foi usado em varios estudos
epidemiologicos nos anos seguintes (KIM TN et al,2010) (PARK SW et al, 2007). A
densitometria de corpo total é ndo invasivo, tem baixa radiacdo e boa acuracia. E
considerada o método diagndstico “padrao-ouro” de composi¢ao corporal em estudos
clinicos(GUGLIELMI et al, 2016).Outros exames como a ressonancia magnética e
tomografia computadorizada sdo métodos diretos e precisos, porém, restritivos devido ao
custo elevado (GOING S Bet al,1993). Bioimpedéncia e antropometria sdo métodos
indiretos da avaliagéo corporal, que dependem das caracteristicas da populagdo de origem
e da equacgao desenvolvida.

A analise da impedancia analise bioeléctrico (BIA) mede a impedancia ou oposi¢ao ao
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fluxo de uma corrente elétrica através dos fluidos corporais contidos principalmente nos
tecidos magro e adiposo. A impedancia é baixa no tecido magro, onde os fluidos
intracelulares e eletroliticos s&do encontrados principalmente, e elevados no tecido adiposo,
sendo proporcionais a agua corporal total. A BIA &, assim como a antropometria, um
procedimento rapido, portatil, ndo invasivo, com pouca dificuldade técnica e baixo custo.
Também ¢é seguro, pois utiliza corrente alternada constante de 800 A e frequéncia de 50
kHz, sem capacidade de estimular tecidos eletricamente excitaveis. (TOVAR-GALVEZ et
al,2017).

O DXA tem uma histéria de desenvolvimento e evolugdo nos ultimos 30 anos,
desde os primeiros antecessores que eram incémodos e limitados em suas aplicacoes
clinicas aos atuais instrumentos elegantes com uma ampla gama de usos. O DXA é usado
para diagnosticar a osteoporose, avaliar o risco de fraturas e monitorar mudangas na
densidade mineral 6ssea (DMO). Outras aplicagdes incluem avaliagao de fratura vertebral,
medi¢do da geometria do quadril, medicdo da massa de tecido corporal total (ou seja, 0sso,
gordura e massa magra) (LEWIECKI et al, 2016).

Apesar do DXA ter sido usada em varios estudos para avaliagdo de massa magra,
ela apresenta algumas limitagdes. O envelhecimento esta associado com acumulo de agua
e deposicao de tecido fibrosos dentro do musculo, ambos podem fazer com que a massa
magra seja superestimada em pessoas idosas(CHEN et a,. 2007).

Uma definicdo de sarcopenia baseada apenas na massa muscular é insuficiente
para identificar idosos com alteragdes significantes da massa muscular, por isto nos ultimos
anos um grupo de pesquisadores desenvolveu um consoércio chamado FNIH - The
Foundantion for the National Institutes of Health Sarcopenia Project em 2014 (STUDENSKI
et al, 2014). O objetivo deste projeto era reunir dados de estudos prévios realizados em
idosos, tanto observacionais como randomizados que apresentavam medidas da massa
magra e fungao para estabelecer um consenso de fraqueza muscular e baixa massa magra
que fosse baseado em evidéncias e ndo apenas baseado em opinides de especialistas
como estabelecido pelo EWGSOP( European Working Group of Sarcopenia in Older
People) (CRUZ-JENTOFT et al,2010).Foram analisados 26.625 individuos(11.427 homens e
15.198 mulheres) cujos dados foram provenientes de nove estudos. A média de idade foi de
75,2 (+ 6,1 DP) e 78,6 (x 5,9) anos para homens e mulheres, respectivamente. O FNIH
observou que a obesidade influencia a relagdo entre massa e forga muscular, por isto
pontos de corte foram determinados usando a massa magra apendicular (ALM) / indice de

Massa Corporal -IMC) medida por DXA como um discriminador de massa magra e
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considerado critério primario. O FNIH diagnostica pré-sarcopenia quando a ALM, indexado
pelo indice de massa corporal (ALM / IMC), é <0,789 para homens e <0,512 para mulheres
(STUDENSKI et al, 2014).0 critério do EWGSOP ou Baumgartner considera pré-sarcopenia
quando o RSMI ( ALM/ALT? é <7,26 kg / m2 para homens e <5,45 kg / m2 para mulheres
(CRUZ-JENTOFT et al. 2018). A diminuicdo concomitante na ALM / IMC e no desempenho
fisico e / ou na forga muscular diagnostica a sarcopenia. Todos os trés parametros alterados
diagnosticam sarcopenia grave.

Os pontos de corte foram encontrados com base em populagdo grande e
diversificada reforcando a fidedignidade dos resultados. O critério de diagnodstico proposto
pelo FNIH apresentou definicdo mais conservadora para o diagnéstico de sarcopenia
quando comparado ao EWGSOP(CRUZ-JENTOFT et al,2010). A prevaléncia do diagnostico
de sarcopenia foi inferior, 1,3% em homens e 2,3% em mulheres e 5,3% em homens e
13,3% em mulheres, respectivamente (DAM et al, 2014).

Os pesquisadores do FNIH recomendam o uso dos critérios acima para a
identificacdo de participantes de estudos clinicos e de intervengdo para tratamento e
prevencao de limitacbes de mobilidade em adultos idosos com fraqueza e baixa massa
muscular (STUDENSKI et al,2014).

3.2 EPIDEMIOLOGIA DA SARCOPENIA NO DIABETES MELLITUS TIPO 2

Estudos tem mostrado o envolvimento muscular esquelético associado ao DM2 em
que ha diminuigdo da qualidade muscular (forca em relagdo a massa) de pernas e bragos
quando comparados aos controles (KALYANI et al, 2010) (GUERRERO et al,2016)
(LEENDERS et al.2013).Num estudo de coorte de trés anos houve maior perda de massa,
forgca e qualidade dos musculos extensores dos joelhos em pacientes DM2 comparados a
controles (PARK et al. 2007). A diminuicdo de massa apendicular em pacientes idosos com
DM2 é observada em varios estudos (KIM et al,2010)(KALYANI et al,2010). A perda de
massa muscular e forga foi observada com maior frequéncia nos pacientes com longa
duracdo da doencga e altos niveis de hemoglobina glicada (A1c) (BIANCHI; VOLPATO
2016).

A obesidade associada ao diabetes pode ser considerada ndo apenas a causa da
doenca mas também uma consequéncia da mesma que tipicamente apresenta mudancas
na distribuicdo de gordura e massa muscular. Ha uma maior distribuicdo de gordura visceral

e no tronco com reducdo de gordura em MMIlI por apresentar diminuicdo do tecido
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subcutaneo(PARK et al. 2007).Na regido de MMIl ha maior depdsito de gordura
intramuscular e intermuscular(NEWMAN et al. 2003). Este conceito tem ganhado bastante
atencao nos ultimos anos e corresponde a um estado extremo de alteragdo da composigao

corporal.

3.3 FISIOPATOLOGIA DA SARCOPENIA NO DIABETES MELLITUS TIPO 2

Um dos mecanismos fisiopatoldgicos da sarcopenia no diabetes; a hiperglicemia é
um dos fatores mais importantes para o desenvolvimento do stress oxidativo o que causa
lesdo celular. O stress oxidativo e a inflamagao celular sozinhos ou combinados com a
Resisténcia insulinica (Rl) desempenham papel muito importante na atrofia muscular (
MENG et al,2010).

A insulina atua na funcdo muscular por promover a captagcado e participar do
metabolismo intracelular de glicose. Além de ser importante horménio anabdlico, estimula a
sintese proteica por meio do aumento da viabilidade dos aminoacidos que sdo necessarios
para a sintese proteica dentro do musculo( MENG et al,2010).

Na RI ha ativacido da via da ubiquitina-proteasoma com alteracdo do aproveitamento
da glicose pelo musculo esquelético e da produgéo de energia intracelular por modificagéo
da funcdo mitocondrial e contragdo muscular. A Rl causa efeito negativo sobre a sintese
proteica resultando numa atividade proteolitica maior com perda de massa muscular, forga
ou ambas. Um ciclo é criado onde a perda de massa e forca muscular levam a diminuicéo
da area de transporte de glicose com potencial exacerbagdo da resisténcia insulinica. A
progressao da disfungdo mitocondrial também pode piorar a Rl. A medida que a RI se
agrava isto ativa as vias que aceleram a perda muscular e o ciclo inicia-se
novamente(KALYANI et al. 2014). Figura 1

FIGURA 1 — FISIOPATOLOGIA DA RI NO MUSCULO
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Esta resisténcia do musculo a insulina € um dos primeiros passos para o
desenvolvimento da sarcopenia. Apds a instalacdo da RI, ha um aumento da secrecao de
insulina pds prandial, isto reduz a gliconeogénese hepatica e permite que o musculo capte o
excesso de glicose do plasma para manter as concentragdes de glicose normais. A perda
de massa muscular leva a uma diminuigdo da area do corpo que transporta glicose o que
exacerba a RI(KAUSHIK et al,2010). Estes fatores podem causar disfungdo mitocondrial e
induzir apoptose levando a atrofia da fibra muscular, perda das fibras musculares
culminando com o aparecimento da sarcopenia no diabetes(MENG ET AL,2010). Neste
estagio ja se verifica uma diminuicdo de forga muscular principalmente de membros
inferiores onde a forga do quadriceps por kg de musculo esta inversamente associado ao
HOMA-IR (Homeostatic model assessment on Insulin Resistant), independente de outros
fatores que sabidamente influenciam a forca muscular como idade, sexo feminino, baixo
nivel de atividade fisica, intolerancia a glicose e aumento de gordura corporal total(
BARZILAY et al. 2009).

Além disso, pacientes com DM2 apresentam quadro cronico de inflamacao
(“inflammaging”), em que ha aumento de até quatro vezes dos niveis circulantes de
citocinas inflamatdrias. Esses marcadores (TNF-Alfa, IL1 e IL6 e PCR) estao relacionados
com RI e outras condicdes associadas a Rl como obesidade, hipertensao e dislipidemia. O
TNF- Alfa atua na RI diminuindo a agdo dos GLUT-4 (transportador de glicose-4) O
transporte de glicose € o primeiro passo para a utilizacao periférica de glicose, a captacao
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de glicose é realizada pelos transportadores de glicose, o GLUT4 € o principal transportador
de glicose no musculo. A insulina e a contragdo da fibra muscular induzem a translocagao
do GLUT4 das vesiculas de depdsito do intracelular para a membrana plasmatica onde eles
realizam suas agées(GASTER M et al,2002).Também ocorre alteragdo do transporte da
cadeia de elétrons nas mitocdndrias, gerando uma insuficiéncia no metabolismo
energético(HOTAMISLIGIL et al, 1999).

Ha maior sintese dos produtos finais de glicagdo avangada (Advanced glycation end
products- AGEs) que sao marcadores de toxicidade glicémica de longo prazo, eles se
acumulam na musculatura esquelética em pacientes com DM2. As AGEs estdo associados
a menor forca palmar em idosos e também com menor velocidade da marcha. A IR também
pode aumentar a expressdo génica da miostatina que € um inibidor do crescimento da
musculatura esquelética (MORLEY et al,2014).

Pacientes com DM 2 frequentemente sao orientados a perder peso por meio de
estilo de vida saudavel, a perda de peso que ocorre subitamente na hiperglicemia por perda
muscular e perda de forca. Quando a perda de peso € acompanhada de exercicios,
principalmente os de resisténcia, estes efeitos negativos sobre os musculos séao
atenuados(MORLEY; MALMSTROM,; et al, 2014).

O declinio de hormdnios anabdlicos com a idade € umas das principais causas da
sarcopenia, além da insulina os niveis de testosterona estdo diminuidos em pacientes com
diabetes e obesidade, esta deficiéncia leva a um declinio na sintese de proteinas
musculares(MORLEY; ANKER et al, 2014).

O Sistema vascular regula a dispensacao de varios nutrientes e horménios aos
musculos. A doencga vascular periférica leva a diminuigao do fluxo sanguineo aos musculos.
No diabetes ha alteragao dos capilares para aumentar a distribuicdo de nutrientes, insulina e
oxigénio aos musculos durante o exercicio. Este mecanismo € oxido nitrico e insulino
dependente, e com ele acontece a vasodilatagdo. O recrutamento alterado deste capilares
pode levar a diminuigdo da captagédo de glicose com piora da hiperglicemia ja existente e
diminuicdo marcante na perfusdo e na extragdo de oxigénio pelo musculo(PERKISAS;
VANDEWOUDE et al, 2016).

Sabe-se que a neuropatia diabética causa alteragdes de mobilidade e perda de
funcdo muscular com aumento de fraqueza muscular nas extremidades. Alteragao da funcao
do sistema neuromuscular é observada e pacientes e modelos animais com sarcopenia. O

stress oxidativo, inflamagao cronica, disfuncdo mitocondrial e alteragdo da capacidade
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regenerativa ocorrem no DM2 e contribuem para o aparecimento da sarcopenia. (CHENG Q
et al,2017). Figura 2
FIGURA 2 - EFEITOS DA RI E DA OBESIDADE NO MUSCULO
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ABSTRACT

Aims: To evaluate the prevalence of pre-sarcopenia and sarcopenia in patients with
DM2 (DMG) and the association of sarcopenia with the presence of chronic
complications compared to a paired control group (CG).

Methods: We recruited men and women = 50 years with DM2 during their appointment to
the endocrinology clinic. They answered a questionnaire about demographics, and
disease aspects and underwent total body densitometry, strength, and performance
evaluation. The control group realized the same evaluations except for performance.

Results: 177 subjects were included in the DMG (65.1 + 8.2 years), with 114 women, and
146 subjects (68.8+ 11.0 years) were included in the CG, with 80 women. There was no
difference in the prevalence of pre-sarcopenia between groups. The DMG had more
muscle weakness and sarcopenia compared to the CG. A positive correlation was found
between albuminuria and sarcopenia, and the presence of albuminuria increased the
possibility to develop sarcopenia (OR 2.70 (95% CI 1.04-7.02, p = 0.03).

Conclusion: DMG patients had a higher prevalence of sarcopenia than the CG. The
strength evaluation was better than the assessment of muscle mass for the diagnosis of
sarcopenia in DM2 patients. Albuminuria seems to be a good marker for the
development of sarcopenia.

Keywords: pre-sarcopenia, sarcopenia, diabetes mellitus, type 2, muscle weakness, albuminuria

1. INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a highly prevalent chronic disease with a worldwide
incidence estimated by the International Diabetes Federation (IDF) of 425 million people in

2017 (1).

With aging and from the age of 30, there is a decrease of up to 1% per year of muscle mass;
sarcopenia occurs when this loss is excessive and accelerated and leads to functional
deterioration (2), characterized by muscle function impairment. In 2018, the "European
Working Group on Sarcopenia in Older People" (EWGSOP2) updated its recommendations and
suggested a systematic method for the diagnosis of sarcopenia. The first step is the search of
cases, followed by the evaluation of strength, quantity and muscular quality and physical
performance, when the three conditions are present, characterizes severe sarcopenia (3) (4).
T2DM presents several mechanisms that can lead to sarcopenia like inadequate glycemic
control, diabetes-associated comorbidities, long illness duration, and high levels of glycated

hemoglobin (HBA1c) which are associated with changes in mobility and loss of muscle mass and
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strength (5) (6). Sarcopenia develops chronically with the progression of diabetes or acutely

during hospitalizations or prolonged immobilization. (10).

Both diseases, sarcopenia and T2DM, have become more prevalent with ageing, predisposing to
long-term complications and also frailty, hospitalizations, and premature death. Sarcopenia may

be considered as a new complication of diabetes (7).

Sarcopenia occurs prematurely in patients with T2DM due to glycotoxicity, insulin resistance,
and possibly genetic factors associated with diabetes (8) (9). Skeletal muscle tissue, in addition
to mobility, plays an important role in metabolism and is crucial for maintaining glycemic
homeostasis. Any deterioration in its contractile, mechanical, or metabolic properties leads to
important changes in the health of the human being (10). Advanced glycation products (AGEs)
are markers of long-term glycemic toxicity, accumulate in the skeletal muscle and are associated
with lower strength and walking speed in the elderly(2). The impact of sarcopenia in the T2DM
complications and vice-versa is less defined.

This study evaluated the prevalence of pre-sarcopenia and sarcopenia in patients T2DM and the
association of sarcopenia with the presence of comorbidities and chronic complications of T2DM

compared to a healthy control group.

2 - METHODOLOGY
2.1 -STUDY SAMPLE AND DATA COLLECTION

This cross-sectional study evaluated patients diagnosed with T2DM (DMG) treated at the
outpatient clinic of Servico de Endocrinologia e Metabologia do Hospital de Clinicas da
Universidade Federal of Parana (SEMPR) from March to October 2017, recruited by convenience
during their routine visit. We included men and women over 50 years old, with T2DM diagnosed
for at least 1 year and undergoing treatment in SEMPR. Patients with other chronic diseases
(including type 1 diabetes, any severe or uncontrolled disease), those who used drugs that could
directly modify body composition (except for T2DM), illicit drug users, patients with body mass
index (BMI)> 40 kg/m? or BMI <18 kg/m?, patients on nutritional or hormonal supplementation,

professional athletes, and immobilized or disabled patients were excluded.

After signing the informed consent form, patients answered standardized questionnaires,
including demographic data, information on the disease, presence of comorbidities, history of
fractures, and a questionnaire on lifestyle habits (past and present history of smoking and

alcohol consumption and food intake). Dietary habits were classified according to the
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recommendations of the World Health Organization (WHO) present in the food guide of the
Brazilian population, and were considered unhealthy when the number of servings of fruits and
vegetables consumed was between 0 and 6 servings per day and healthy if it was more than 6
servings per day (11). Calcium intake was classified as sufficient if daily intake was greater than
1200 mg based on the Dietary Ingestion Reference (DRI). Data discordant or not obtained at the

time of the interview were captured from the medical records (11).

The T2DM complications were classified in cardiovascular, retinopathy, peripheral neuropathy

and nephropathy.

ANTHROPOMETRIC MEASURES

Body weight was measured on a scale weighing 0.1 kg, with a capacity of up to 150 kg, using
light clothing and without shoes (Filizola® scale); height was measured with the Tonelli®
stadiometer (0.1 cm precision). The BMI was calculated and classified as recommended by the
WHO. Abdominal circumference was measured with a non-extensible tape at the umbilical scar
level with the patient standing after expiration. Normal values were considered below 88.0 cm

for women and 102.0 cm for men (12).
2.2 - BODY COMPOSITION EVALUATION

All participants underwent total body densitometry to evaluate body composition (BC) by dual-
energy X-ray absorptiometry (DXA) in a Lunar Prodigy device (GE Medical Systems, Madison,
WI, USA) equipped with the Encore software. This software provides data on lean mass (LM), fat
mass (FM), and bone mass (BM). The parameters analyzed were percentage of total fat (% TF),
percentage of android fat (% AF), and total lean mass (TLM), analyzed by gender separately. The
LM of the upper and lower limbs was used to calculate the appendicular lean mass (ALM); the
relative skeletal muscle mass index (RSMI), which is the ALM divided by the squared height
(ALM/height?) (13); and the ALM/IMC recommended by the Foundation for the National
Institute of Health (FNIH) (14), were calculated. Eight DMG patients did not perform the BC.

2.3 —HAND GRIP STRENGHT

Measurement of handgrip strength in the dominant member was made three times in a
CharderR MG 4800 Medical Handgrip digital dynamometer, FDA no: D072477 / 3007074192,
and the average of the 3 measurements was used. Weakness was defined according to FNIH cut
points, when the muscle strength was lower than 26 kg in men and lower than 16 kg in women

(14).
2.4 - PERFORMANCE ASSESSMENT

Physical performance was assessed through gait speed test after proper orientation. Patients

walked ten meters as fast as possible in a hallway; the individual walked without assistance for
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10 meters, and the time was measured at the intermediate 6 meters to allow acceleration and
deceleration. To quantify the time related to the distance walked, a digital timer triggered when
one of the lower limbs crossed the second meter, and when one of the lower limbs crossed the
eighth meter the investigator interrupted the test. DMG did three measures, and in case of
disparity, fourth test was carried out, using the average of the measures; a gait speed < 0.8 m/s

was considered as low physical performance (15) (4).
2.5 - PRE-SARCOPENIA AND SARCOPENIA DIAGNOSIS

The diagnosis of pre-sarcopenia and sarcopenia was performed according to the definitions of
the European Working Group on Sarcopenia in Older People (EWGSOP) (16) using the FNIH and
the Baumgartner criteria. The FNIH diagnoses pre-sarcopenia when the ALM, indexed for body
mass index (ALM/BMI) is < 0.789 for men and < 0.512 for women (14). Baumgartner's criterion
considers pre-sarcopenia when the RSMI is < 7.26 kg/m?2 for men and < 5.45 kg/m? for women
(13). The concomitant decrease in ALM/BMI or in RSMI, and physical performance or muscle
strength diagnoses sarcopenia, and when all three parameters are altered characterize severe

sarcopenia. (4).
2.6 - BIOCHEMICAL EVALUATION

The laboratory tests closest to the clinical evaluation were captured from medical records and
were performed in the routine clinical pathology laboratory of Hospital de Clinicas da UFPR. The
following tests were evaluated: fasting plasma glucose serum [Hexoquinase / G-6- PD, reference
value (RV) <100 mg/dl]; serum calcium [Arzenazo III, RV = 8.5-10.2 mg/dl]; serum creatinine
[Japaf, NV = 0.8-1.3 mg/day]; mean of the last 3 glycated hemoglobin levels [NBSP RV <5.8%
(IFCC = 68mmol/mol)], serum total cholesterol [colorimetric analysis, RV <200 mg/dl], serum
low-density lipoprotein (LDL) [Friedwald equation RV = 85-125mg/dl]; serum high-density
lipoprotein (HDL), serum triglycerides [glycerol-phosphate oxidase, RV = <150 mg/dl];
albuminuria [turbidimetric assay, RV <30 mg/g], calculated by the albumin/creatinine ratio in a
morning urine sample and classified as present when = 30 mg/g (17); and serum parathyroid
hormone(PTH)[chemiluminescence RV=15 to 68pg/ml]. The glomerular filtration rate (GFR)
was calculated by the MDRD (Modification of diet in renal disease) formula (18); serum 25-
hydroxyvitamin D was classified as deficient when <20 ng/ml], insufficient when <21-29 ng/ml,
and normal when = 30 ng/ml according to the Endocrine Society (immunochemiluminescence -

LIAISON®) (19).

The control group (CG) was composed of healthy, non-athlete individuals, recruited from the
community, belonging to the SEMPR database, matched by age and gender with the DMG,
excluding those with chronic non-controlled diseases, T2DM, glucose intolerance as either

impaired fasting glucose or impaired glucose tolerance and the use of any medication that affects
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bone metabolism or muscle mass. The CG answered the same questionnaires and evaluations as
the DMG, performed by the same technician in the same equipment, between the years 2013 and

2015, except for the evaluation of the physical performance.
2.7 STATISTICAL ANALYSIS

All statistical analysis was performed with R software. Data are presented as mean * standard
deviation (SD) or median (minimum and maximum) or absolute and relative frequency as
appropriate. Kolmogorov-Smirnov test evaluated the normality of the distribution of the
variables. Comparisons between quantitative variables were done with Student’s t test for
independent samples, or nonparametric Mann- Whitney test. Fisher’s exact test and the chi-
square test were used to compare qualitative variables. Univariate analysis was performed
with a logistic regression model considering sarcopenia as the dependent variable and all
significant variables as explanatory. For each variable and for the presence of each variable
included in the model, we tested the null hypothesis that the probability of sarcopenia was equal
to any classification of the variable (lack of association between the variable and sarcopenia),
versus the alternative hypothesis of different probabilities. The significance (p) values of the
statistical tests and the odds ratios (ORs) with a 95% confidence interval were calculated. The
agreement coefficient (kappa) was applied between the palmar grip test and mean gait speed,.
Based on the results obtained in the multivariate analysis (logistic regression), probabilities of
developing sarcopenia were calculated. p values below 0.05 were considered statistically

significant.
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3.0 RESULTS

Out of 442 subjects diagnosed with T2DM recruited during routine consultations, 177 patients,
mean age 65.6 = 8.6 years (114 women), met the inclusion criteria, did not have the exclusion
criteria and were included in the study, constituting the DMG; 146 individuals composed the CG,
65.0 £ 9.1 years old, matched by age and sex (80 women). Age was similar between groups (p =
0.52), and more than 70% was older than 60 years. In the DMG, the number of black individuals
was higher, as was the BMI and waist circumference (p <0.01). The dietary habits of DMG were
worse than the CG; 78 (44%) of the DMG had an unhealthy diet, whereas in the CG, only 43
(29.4%) had this type of diet (p = 0.02). The DMG also consumed less calcium compared to
controls (p <0.01) Table 1. The mean time of DM diagnosis was 15.4 + 8.2 years in the DMG, with
a mean HBA1C of 8.5 + 5.7%; 66.6% presented with HBA1C above 7%, considered off target by
the Brazilian Society of Diabetes (20)

TABLE 1 -CLINICAL CHARACTERISTICS OF PATIENTS (DMG) AND CONTROLS (CG)

DMG n (%) CG n (%) p value
(177) (146)
Age (years) 65.6 £ 8.6 65.0 £ 9.1 0.520
Gender 0.070
Female 114 (64.4% ) 80 (54.7%)
Male 63 (35.5%) 66 (45.2%)
Ethnicity
Caucasians 149 (84.2%) 139 (95.2%) 0.440
Mulatto/Black 26 (14.6%) 5(3.42%) <0.010
BMI (kg/m?) 29.2 +4.89 26.2 £ 3.10 <0.010
Waist circuference (cm) 99.7+11.0 89.3+10.0 <0.010
Menopause 111 (95.6%) 69 (86.2%) 0.090
Current smoking 12 (6.77%) 6 (4.10%) 0.720
Alcohol intake 9 (5.08%) NA NA
Calcium intake (mg/day) 403 £ 3.5 651+ 3.8 <0.010
Unhealthy diet 78(44%) 43(29.4%) 0.020
Comorbidities
Dyslipidemia 154 (87.0%) 35(27.7%) <0.001
Hypertension 145 (82.0%) 39 (30.3%) <0.010
Hypothyroidism 50 (28.2% ) 16 (12.4% ) <0.001
Complications
Any complications 107(60.4%) NA
Cardiovascular 53(29.9%) NA
disease
Retinopathy 52(29.3%) NA
Peripheral 50(28.2%) NA
neuropathy
Nephropathy 45.0(25.4%) NA
Treatment of diabetes
Metformin 153(86.4%) NA
Insulin plus oral 98(55.3 %) NA
agent
Oral agent only 56(31.5 %) NA
Insulin only 22(12.4%) NA
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Legend: DMG: diabetes meliitus group, CG: control group, BMI: body mass index, Unhealthy dietary habits:
< 6 servings of fruits and vegetables/daily, p statistically significant < 0.05. The data are described as
absolute and relative (%) frequency or meanz standard deviation.

3.1 - BIOCHEMICAL ANALYSIS

Mean fasting plasma glucose and serum creatinine were higher in the DMG compared to the CG
(p <0.01), but the calculated GFR of the DMG was lower in 52 (29.3%) patients and below 60
ml/min (Stage 3A) compared to the CG (p <0.001). Albuminuria was detected in 49 (36.1%) of
the DMG, and 16 (9.0%) patients presented with albuminuria concomitantly with GFR <60
ml/min. Hypovitaminosis D and secondary hyperparathyroidism were observed in 80 (45.1%)

and 46 (41.4%) patients, respectively (Table 2).

TABLE 2 - BIOCHEMICAL ANALYSIS

DMG CG p value
Glucose mg/di 162 + 68.4 93 +18.5 <0.001
Creatinine mg/dl 1.18 £ 1.1 0.92 + 0.23 <0.001
Glomerular filtration rate 71.0+19.0 78.0£15.0 <0.010
(MDRD) ml/min/1.73m?
Calcium mg/dl 9.41+0.9 9.38 £ 0.47 <0.001
Total cholesterol mg/di 171.6 £ 50.2 NA NA
Triglycerides mg/di 154.1+£103.4 NA NA
LDL cholesterol mg/dl 96.8 + 39.1 NA NA
PTH pg/ml 72.7 £ 50.5 NA NA
Vitamin D ( ng/ml) 29.6 £ 13.3 NA NA
Deficienct (<20 ng/ml) 80(45.1%) NA NA
Insufficient (21 a 29 ng/ml) 47(26.6%) NA NA
Normal (230 ng/ml) 50(28.2%) NA NA
HBA1C (NGSP) 8.5% +5.7 NA NA
Albuminuria mg/g 49(36.1%) NA NA

DMG, Diabetes mellitus group; CG, control group; PTH, paratohormone NGSP, National Glycohemoglobin
Standardization Program., MDRD, modification of diet in renal disease, p statistically significant < 0.05.

3.2-BODY COMPOSITION

The DMG presented higher FM (kg) in women and lower %AF in men compared to the matched
CG (p = 0.02), the %TF was not different between groups. (Table 3).

TABLE 3 - BODY COMPOSITION (BC) STRATIFIED BY SEX

Women Men
DMG CG p value DMG CG p value
(n=114) (n=80) (n=63) (n=66)
TLM (kg) 40.3+6.3 36.1+4.9 <0.001 549+54 495156 <0.001
LM arms (kg) 4.32+12  3.88+7.3 <0.001 719+57 569+88 <0.001
LM legs (kg) 13.0+3.2 11.2+1.8 <0.001 18.2+34 158122 <0.001
TF (%) 39.7+6.4 40.2+6.2 0.350 30.0+6.6 30.6+£5.9 0.580

FM (kg) 27787 25265 0.030 23984 22657 0.320
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AF (%) 46174 457 +7.4 0.640 38.3+8.4 415269 0.020
TLM, total lean mass; LM, lean mass; TF, total fat FM, fat mass; AF, android fat; kg, kilograms; p statistical significance <
0.05; %, percentage; DMG,T2DM group; CG, control group.

3.3 - EVALUATION OF STRENGTH AND PERFORMANCE

DMG had lower strength (24.4 + 10.3 kg) than CG (30.9 + 9.15 kg) (p <0.001), and weakness was
present in 46 (25.9%) of the DMG and in 10 (9%) of the CG (p <0.001). The mean gait speed was
1.17 + 0.27m/s in the DMG; of these, 14 (15.0%) had values <0.8 m/s. The agreement coefficient
(kappa) was applied between the palmar grip test and mean gait speed, which was 0.5603 (p
<0.001)

3.4 - PRE-SARCOPENIA

The DMG presented with greater ALM than the CG (p <0.001), and only 8,6% of the DMG
compared to 27,1% of the CG reached the cut-off point for a diagnosis of pre-sarcopenia
according to RSMI. Although DMG presented with higher MM, ALM and RSMI compared to the
CG, the differences between groups were not confirmed after correction by BMI, when FNIH

criterion was applied (p = 0.51) Figure 1

FIGURE 1: PREVALENCE OF PRE-SARCOPENIA AND SARCOPENIA IN BOTH GROUPS USING
FNIH AND RSMI CRITERIA
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DMG, T2DM group; CG, control group; FNIH, The Foundation for the National Institutes of Health Sarcopenia Project;
RSM], Relative skeletal muscle mass index; p statistically significant < 0.05

3.5 -SARCOPENIA

The prevalence of sarcopenia according to the FNIH criteria was higher in the DMG (23, 12.9%)
than in the CG (8, 5.4%) (p <0.03) with no difference between genders. When RSMI criterion was
applied there was no difference between groups (p=0,19). Severe sarcopenia was found in 5

(2.82%) DMG. (Figure 1)

TABLE 4 - BODY COMPOSITION IN DMG PATIENTS WITH (DMGS+) AND WITHOUT
(DMGS-) SARCOPENIA

Total MEN WOMEN

(n =177) (n=63) (n=114)

Variable DMGS+ DMGS- pvalue DMGS+ DMGS - p value
(n=6) (n=57) (N=17) (n=97)

TLM (kg) 55.1+6.0 549+54 0.95 35.7+6.4 412+59 0.030

ARMS LM (kg) 7.316.0 6.0+7.3 0.40 3.4+8.1 44+12.0 <0.001

LEGSLM (kg) 169+26 183+3.6 0.43 104 +22 13.5+ 3.1 <0.001

TF (%) 359+44 29.3+6.5 0.01 43654 39.0+£6.2 0.010

AF (%) 451+56 376+8.3 0.05 50.2+£6.2 454+ 7.4 0.002

FM (kg) 271+49 235+87 0.20 26.3+10.4 279+8.4 0.570

TF, total fat; AF, android fat; TLM, total lean mass; LM, lean mass; FM, fat mass; %,
percentage; p statistical significance < 0.05

When the DMG was analyzed separately, showed a lower mean gait speed in the DMG with
sarcopenia (DMGS+) 0.79 + 0.12 m/s, compared to the DMG without sarcopenia (DMGS-) 1.22 +
0.31 (p <0.001). The women with DMGS+ presented with lower TLM and ALM than the DMGS-;
interestingly, men did not have this difference in body composition. Patients of both genders with

DMGS+ presented with a higher percentage of TF and AF when compared to DMGS-. (Table 4)

The univariate analysis showed that DMGS+ presented more patients with unhealthy diet, low
performance, positive albuminuria and wrist fractures (p <0.05, for all). In men and women,
there was an association of sarcopenia with %TF (p <0.05), but only in women an association
with AF (p = 0.02) and TLM (p = 0.03) was observed. The time of diagnosis of T2DM and calcium
plus vitamin D supplementation, tended to be higher in DMGS+ (p = 0.06). (Table 5)

TABLE 5 -VARIABLES ASSOCIATED WITH THE PRESENCE OR ABSENCE OF SARCOPENIA IN GDM
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Total =177 GDMS+(n=23) GDMS-(n=154) P
Age (years) 68.8+11.0 65.1+8.2 0.12
Mean time diagnosis for DM 18.7£ 9.9 14977 0.06
BMI (kg/m2) 30.0+4.7 291148 0.39
Abnormal waist circuference 14 (60.8%) 8 (35.7%) 0.54
Unhealthy diet 15(65.2%) 63(41.9%) 0.01
Calcium and Vitamin D 12(52.1%) 50(32.4%) 0.06
supplementation

Polivitamin supplementation 4(17.3%) 19(82.6%) 0.08
Calcium intake (mg/day) 508.48 388.36 0.47
Current smoking 8 (35,7%) 15 (65.2%) 0.84
Hypertension 18 (78.2%) 5(21.7%) 0.62
Hypothyroidism 9 (39.1%) 14 (26.6%) 0.21
Dyslipidemia 18 (78.2%) 5 (88.3%) 0.18
Depression 3(13.0%) 20(86.9%) 0.70
Arthrosis 7(30.4%) 16(69.5%) 0.1
COPD 2 (8.69%) 21(91.3%) 1.00
Myocardial infarction 4 (18.1%) 18(1.29%) 0.50
Retinopathy 8 (35.7%) 15(65.2%) 0.54
Albuminuria 11 (50%) 38(26.3%) 0.02
Glomerular filtration rate 71.49 68.40 0.19
(MDRD)mI/min/1,73m?

Vitamin D (ng/ml) 27.6 £+10.6 29.7£13.4 0.51
HBA1C (%) 7.9% +1.5 8.5% + 6.1 0.41
Gait speed (m/s) 0,79+0,1 1,22+0,3 <0,010

BM]I, body mass index; MDRD, modification of diet in renal disease, m/s meters per second

The multivariate analysis considered sarcopenia as a dependent variable, and all variables with a

significant difference in the univariate analysis, as independent variables. After binary logistic

regression the risk of sarcopenia was increased by the diagnosis of osteoporosis OR 3.77 (95%
CI 1.31-10.44 p = 0.01), presence of albuminuria OR 2.70 (95% CI 1.04-7.02 p = 0.03). In females
only the %TF OR 1.18 (95% CI 1.03 - 1.43 p = 0.03), and muscle weakness OR 24.4 (95% CI -
3.94-270, p = 0.02), and in male only the %TF OR 1.31 (95% CI - 1.10 - 1.75 p = 0.017), increased
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the risk.

4-DISCUSSION

In our study the prevalence of pre-sarcopenia between patients with T2DM was similar to
controls, but the prevalence of sarcopenia was higher. The evaluation of strength was decisive for
the diagnosis of sarcopenia in T2DM, and the presence of albuminuria and osteoporosis

increased the possibility to develop sarcopenia.

The study group, mostly white individuals, reflects the ethnic profile of southern Brazil, although
there was a difference in the percentage of ethnic subgroups; there was no association between
ethnicity and pre-sarcopenia or sarcopenia. The lifestyle could have contributed to the higher
prevalence of sarcopenia in the DMG, which showed a worse quality of diet with a lower intake of
fruits, vegetables, and calcium, which is similar to the diet of individuals with diabetes living in
the southern region of Brazil (21). The ethnical, cultural, and social habits may explain these
findings, besides the characteristics of patients with long-term T2DM with multiple
complications. Even though we did not evaluate the protein intake, studies have shown that poor
dietetic habits, especially low protein intake, are associated with an increased risk of sarcopenia
in the elderly (10). The demographic profile of our sample reflected the characteristics of elderly
patients with long-term T2DM and inadequate glycemic control, despite the use of insulin in most
cases. Patients with sarcopenia had a tendency to have diabetes for a longer time—around 15
years—and high mean HBA1C different from the recommended goal, but similar to the national

average (22).

Often, diabetes is associated with other morbidities, combined or not, in a variable prevalence.
The high number of chronic complications related to diabetes (60.4%), could also contribute to
sarcopenia. Our patients had a high occurrence of comorbidities commonly seen in patients with
diabetes such as dyslipidemia and hypertension (23). Hypertension was four times higher in the
DMG than in the CG, agreeing with the Brazilian data that shows 2.4 times more hypertension in
T2DM. However, the hypertension treatment with beta-blockers and renin angiotensin
inhibitors could have prevented muscle loss in these patients, and may have interfered with the

rates of sarcopenia (24) (25) (26) (27).

Patients with T2DM have obesity and insulin resistance (IR) for decades, even before the T2DM
diagnosis. Both have several effects on muscles, since the onset of the disease until advanced
stages. With severe insulin deficiency, there is a decrease of mTOR protein and in protein
synthesis, culminating with altered expression of proteins involved in myogenesis (28), such as
myostatin, an inhibitor of skeletal muscle growth (29). IR and hyperglycemia, by increasing free
fatty acids in the circulation, increase the deposition of lipids and adipocytes within and around

the muscle, leading to "myosteatosis”, a possible cause of the decline in muscle strength in
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patients with DM2, and which could explain the non-linear relationship between the decrease
in muscle mass and function/strength (30). Our study showed that strength loss was more
prevalent than the decrease in muscle mass, since DMG presented a 4.6-fold lower grip strength
but higher muscle mass, compared to the control group. Leenders et al. observed that in T2DM
patients, muscular atrophy occurs with greater severity in type Il muscle fibers and consequent
greater loss of strength (31). With aging, loss of strength exceeds the deterioration of muscle
mass, causing functional decline and greater probability of falls and fractures in T2DM patients;
this decline is even greater, considering the possible interference of concomitant chronic
complications. The changes in quality (myosteatosis) and muscle function early in these patients
justify the observed divergence between the criteria for assessing pre-sarcopenia, which
suggests that in this group of patients, the ALM should be corrected by BMI and not only by
squared height.

This study demonstrated a higher prevalence of sarcopenia in patients with T2DM compared to
controls and similar to other studies that showed 9.25% to 18% of sarcopenia, depending on the
method used (32) (33)(34). Diabetic sarcopenic patients of both sexes in this study had a higher
%TF and AF compared to non-sarcopenic diabetics; this difference was not evident when we
compared the DMG with the CG, suggesting that the modification in body composition, mainly
the accumulation of visceral fat and its association with insulin resistance, accompanies

sarcopenia (35) (36).

Women with upper limb muscle weakness were 24 times more likely to have sarcopenia,
showing that the initial evaluation of strength, suggested by EWGSOP2, appears to be suitable
for this population (4). A possible explanation for the low strength may be the presence of AGEs,
markers of long-term glycemic toxicity that accumulate in the skeletal muscles and are
associated with lower grip strength and gait speed in elderlies (2). Women with diabetes once
again appear to be a high-risk group for this new complication of diabetes, in addition to the
already known macrovascular complications (23), suggesting the need for early assessment of

muscle strength in these individuals and preventive measures.

The observed association of sarcopenia with wrist fractures is in accordance with the literature
that has demonstrated an increased risk of falls and fractures; besides, bone fragility is
associated with high levels of HBA1c, duration of DM2, and its complications and comorbidities
(37).

An important finding of our study was the association of sarcopenia with the presence of
albuminuria. One-third of our sample of patients had some impairment of renal function
associated with albuminuria, and there was an approximately 2.5-fold greater chance of

sarcopenia in the presence of albuminuria. The interplay between albuminuria and sarcopenia is
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not fully understood. A possible explanation could again be the insulin resistance, which even in
people without diabetes can cause glomerular hyperfiltration, endothelial dysfunction, increased
vascular permeability and albuminuria (38) (39). In addition, the altered renin-angiotensin-
aldosterone system also influences this process. Albuminuria is associated with abdominal
obesity and visceral fat increase, similar to our findings (40); also, it is an early indicator of renal
damage and a key factor for the development of sarcopenia in patients with T2DM (38) (39)
(40).

Studies of patients with chronic end-stage renal disease have shown a relationship between
worsening of renal function and sarcopenia, but there are few reports of the association between
sarcopenia and the early stages of chronic kidney disease. Although we did not find an
association of sarcopenia and GFR, the association with albuminuria indicates that an early
evaluation of body composition and of the risk of sarcopenia in diabetic patients with initial and
intermediate chronic kidney disease is justified by their high prevalence in this specific group of

patients (39) (41) (42).

The high levels of vitamin D deficiency found in this study are justified by the unfavorable
geographic location (252 25 '40 "S) where the study was performed and by the diabetes itself,
which, like other chronic diseases, has a high prevalence of vitamin D deficiency (43). However,
we found no association between vitamin D levels or their classification with the presence of
sarcopenia. Vitamin D plays a role in the differentiation and metabolism of skeletal muscle and,
possibly, adipose tissue. Relationship between vitamin D status and lean body mass (LBM) in
adults have yielded inconsistent results, with some showing positive associations, and others
showing null associations with muscle. Obese individuals tend to have lower vitamin D levels
than those who are lean, and an inverse relationship between the body mass index (BMI) and

serum 25-hydroxyvitamin D [25(0OH)D] is well-established (44).

This study has some limitations as transversal and retrospective characteristics, which did not
allowed a causal evaluation; albuminuria and the amount of protein consumed were not
quantified. The absence of a physical performance test in the control group was entirely justified
by the inclusion only of individuals who were healthy, walking without any help and without risk
factors for sarcopenia. In addition, the strengths of the study were the acquisition of body
composition through DXA, the evaluation of performance and strength in patients with diabetes,

and the fact that this sample reflects the profile of the most part of the Brazilian population.

This study showed that patients with diabetes had a higher prevalence of sarcopenia than
controls, and it was better diagnosed by strength evaluation. The 2.5-fold increased chance of
sarcopenia in the presence of albuminuria in a population with minor decrease in GRF, and the

major body composition changes observed in GDMS+ women alert for the impact of sarcopenia
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in diabetes.

Lack of knowledge about the importance of muscle loss may delay preventive measures and
treatment, which might contribute to acceleration of the process and the onset of adverse effects
such as metabolic disorders, falls, and fractures. It is of utmost importance to evaluate and
inform patients about their pre-sarcopenic or sarcopenic status during their consultations,

mainly in the presence of albuminuria, (38) (40) (45).
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5 CONCLUSOES

e O diagnostico de pré -sarcopenia foi semelhante entre os grupos utilizando o
ponto de corte do FNIH.

e Prevaléncia de fraqueza muscular 4,6 maior nos diabéticos.

e A Sarcopenia foi mais prevalente no GDM 23(12,9%) em relagédo ao GC 8
(5,4%).

e Encontramos uma diferengca significante na composicdo muscular das
mulheres GDMS+ quando comparadas com GDMS-. Esta diferengca de
composi¢cao muscular nao foi encontrada entre o homens.

e Pacientes de ambos os sexos GDMS+ apresentaram maior porcentagem de
gordura total e gordura androide se comparados com aos GDMS-.

e Associagcdo da sarcopenia com presenga de albuminuria, aporte nutricional
inadequado, menor velocidade da marcha, fraturas de punho, porcentual de
gordura total em ambos os sexos e porcentual de gordura androide nas
mulheres.

e Na&o foi estabelecida associagdo entre sarcopenia, controle glicémico ou
tempo de doenca.

e O porcentual de gordura aumentado elevou o risco de sarcopenia em homens
e mulheres.

e As mulheres mostraram ser um grupo que exige uma avaliagdo mais precoce
e cuidadosa por apresentarem forca muscular bastante diminuida.

e A presenca de albuminuria aumentou em 2,7 vezes o risco de
desenvolvimento da sarcopenia.

e A avaliagao da forga muscular foi mais importante do que a mensuragao da
massa no diagnostico da sarcopenia.

e E de extrema importancia avaliar e informar os pacientes sobre seu estado
pré -sarcopénico ou sarcopénico durante suas consultas principalmente na

presenca de alteracio renal.
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Nome:

Registro hospital:

Género: ( ) Masculino
( ) Feminino
Idade:  anos
Data de nascimento / /
Etnia: ( ) branca
( ) parda
( ) negra
( ) asiatica
Estado Conjugal ( ) Casado
() Viavo
() Divorciado/desquitado/separado
() Solteiro
E alfabetizado? ( ) Sim ( )Nao
Grau de escolaridade: ( )1°grau ( )2°grau ( )3°grau

E aposentado ou pensionista? () Sim ( ) Nao
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Com quem mora? (Assinalar todas que se aplicam)
() Com o cbénjuge ou companheiro ( ) Com filhos solteiros
() Com netos ( ) Com bisnetos () Com a familia de um filho ou filha

() Com outros parentes ( ) Com amigos

Outro:

EXAME FiSICO

PESO: kg

ALTURA: cm

CIRCUNFERENCIA ABDOMINAL: cm
Dinamometria

12 medida kg

22 medida kg

32 medida kg

Teste da velocidade de marcha (tempos em segundos para percorrer 6m)

12 medida segundos 42 medida segundos (se necessario)
22 medida segundos
32 medida segundos
Menopausa: ( )Sim () Nao
Data do diagnéstico de DM: / /
Tempo de diagnostico de DM: ANOS
Fratura: () Sim ( ) Nao
() por queda ( ) sem queda
Fx punho( ) Fxombro( ) Fxpelve( ) Fx fémur( ) Fxtornozelo( )

Fx antebraco( ) Fxperna( ) Fxhallux( ) Fxcotovelo( )

Tabagismo atual: () Sim ( ) Nao _______magos/ano
Hx de tabagismo: ( )Sim ( ) Nao

Etilismo atual: ( )Sim ( ) Nao _ Doses/dia
Alimentacgéo saudavel: ( )Sim ( ) Nao

Ingestao de calcio /dia: mg/dia

Exposicao solar: horas/dia
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COMORBIDADES

DPOC ( ) Hipertensdo ( ) Hipotireoidismo ( ) Dislipidemia ( )
Catarata () Artrose () IAM () DRGE ( )
Hepatopatia ( ) Cancer ( ) AVC () Depressao ( )
Cardiomiopatia ( ) Sacrolieite ( ) Doenga autoimune ( ) AR ()
Sindrome de Sjogren ( ) Hashimoto ( ) LES( ) Doencga de Chron ( )

COMPLICACOES DM

Renal: () Sim ( ) Nao

Neuropatia Periférica: () Sim ( ) Nao

Neuropatia autondmica: () Sim ( ) Nao

Retinopatia: () Sim ( ) Nao

Cardiovascular : () Sim ( ) Nao

TIPO DE TRATAMENTO

Estatina ( ) Metformina ( ) Sulfonilureia ( ) Betabloqueador ( )

Insulina () Calcio+vitamina D ( ) Polivitaminico ( )  apenas calcio ( )

apenas vitamina D ()

AVALIACAO COMPOSICAO CORPORAL

Osteoporose: ( )Sim ( ) Nao
L1-L4 (g/cm?)
DMO Tscore-L1-L4
DMO Zscore-L1-L4
Colo (g/cm?)

Tscore-Colo

Z score-Colo

Fémur Total (g/cm?)
DMO T score-Fémur Total
DMO Z score-Fémur Total
Bragos MM (g)
Pernas MM (g)

% Gordura total
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% Gordura androide

Total MM (g)

ALM (g)

ALM (kg)

EXAMES:

Glicemia jejum mais proxima consulta (mg/dl)
Hemoglobina glicada 1 medida %
Hemoglobina glicada 2% medida %
Hemoglobina glicada 3% medida %

Creatinina (mg/dl)
Colesterol total (mg/dl)
LDL (mg/dl)
HDL_(mg/dl)

Triglicerideos (mg/dl)

Albuminuria (mg/g) (amostra — 1 urina) acimade 30 ( ) menor que 30 ( )

Calcio sérico (mg/dl)

Vit D sérica
Hb
PTH
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