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Resumo

A medida da composic¢ao corporal representa uma importante ferramenta para a
melhor compreensao do estado nutricional e do seu papel na evolucédo de doencas e
seus tratamentos em diversas populacdes. Dentre os diversos fatores que
influenciam a composicdo corporal estdo a idade, o género, atividade fisica e
alimentagao, todos interagindo entre si. A adiposidade corporal tem sido associada
com algumas situagdes de risco a saude, como diabetes, doenga cardiovascular e
cancer, mas esta associagcdao ainda parece controversa devido a variedade de
populacdes estudadas e técnicas de medida utilizadas para a avaliagcdo da
adiposidade. Existem varias técnicas de medida disponiveis para avaliacdo da
composic¢ao corporal, mais atualmente, as mais utilizadas sdo a Absorciometria de
Raios X de Dupla Energia, a Bioimpedancia e as Dobras Cutaneas. O
reconhecimento sobre as caracteristicas e limitagdes dos diferentes métodos de
avaliagao é fundamental para determinar a aplicabilidade das técnicas nas diversas
situacbes de pesquisa ou pratica clinica. Portanto, ainda sdo necessarios mais

estudos de validacdo com populagdes e equipamentos especificos.

Descritores: Gordura Corporal, Diabetes tipo 2, Bioimpedancia
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Abstract

The measurement of body composition is an important tool for better
understanding of the nutritional status and its role in the diseases evolution and their
treatment. Age, gender, physical activity and nutritional factors are among the factors
that influence body composition, all interacting with each other. Body adiposity has
been associated with health risk situations, such as diabetes, cardiovascular disease
and cancer, but this association is still controversial because of the variety of studied
populations and techniques used to assess adiposity. There are several techniques
available for body composition assessment, the most used is the Dual Energy X-ray
absorptiometry, the bioimpedance and skinfolds. The understanding about the
characteristics and limitations of each method is important to determine the
applicability in different situations of research or clinical practice. Therefore, further

validation studies with specific populations and diverse equipments are still needed.

Key words: Body Fat, Type 2 Diabetes, bioimpedance
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Introducgao

A medida da composi¢ao corporal tem se tornado uma importante ferramenta
para a melhor compreensdo do estado nutricional e do seu papel na evolucao de
doencas e seus tratamentos em diversas populagdes (1). Atualmente, a composi¢ao
corporal tem sido mais estudada para determinar o conteudo de gordura e/ou de
massa magra dos individuos, assim como utilizada para analise do conteudo de
agua corporal (2,3). O interesse no estudo da gordura corporal tem se baseado
principalmente nas evidéncias mais recentes do seu papel entre os fatores de risco
para o desenvolvimento de doengas como a Doenga Cardiovascular (DCV) e o
Diabetes tipo 2 (4-7).

Tradicionalmente, a composi¢cdo corporal é estudada ou didaticamente
dividida em niveis ou modelos: atébmico, celular, tecidual, molecular e corpo total
(divisdo entre cabecga, tronco e extremidades). Cada nivel é subdividido em
diferentes componentes conforme ilustrado na Figura 1. Esta forma de descrever a
composic¢ao corporal permite o0 melhor entendimento e estudo da estrutura basica da
corpo humano e as relacbes entre seus diferentes componentes. No entanto, é
importante ressaltar que frequentemente é necessario o estudo da relagdo de
componentes de diferentes modelos, por exemplo: conteudo de gordura
(componente do modelo molecular) em diferentes localizagbes (tronco vs.

extremidades - componente do modelo de corpo total).

No modelo molecular divide-se a composigao corporal em agua (intra e extra-
celular), proteina, lipideo, carboidratos e mineral 6sseo e mineral de partes moles.
Varias divisbes do modelo molecular podem ser criadas, variando de 2 a 6
componentes. O modelo de dois componentes € dividido em massa gorda e massa
livre de gordura e € o modelo mais utilizado no estudo da composi¢céao corporal. A
massa livre de gordura € o componente ativo metabolicamente e pode ser
subdividido em até quatro componentes. O modelo de 4 componentes é largamente
utilizado e subdivide a massa livre de gordura (MLG) em agua, proteinas e minerais.
Neste modelo as proporgdes aproximadas sdo: massa gorda (homens — 16 a 20%,
mulheres — 20 a 30%), massa livre de gordura (80%), massa magra/proteina (15%),

agua intra- e extracelular que compdem a agua corporal total (60%) e massa Ossea
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(7%) (8,9). Esta proporcao vai se modificando ao longo da vida e esta diretamente

associada a fatores como género, idade, composigcao da dieta, entre outros (10).

A presente revisdo abordara os fatores que influenciam a composi¢ao
corporal, a sua associagdao com algumas situagdes de risco a saude, e as técnicas

de medida disponiveis.
Fatores que influenciam a composig¢ao corporal

A composicao corporal sofre a influéncia de diversos fatores, entre eles a

idade, género (11), atividade fisica (12), composigao da dieta, entre outros.

A idade esta associada com um aumento e redistribuicdo da gordura corporal
(10). Na adolescéncia a média de percentual de gordura corporal (PGC) entre os
homens é de aproximadamente 15% e entre as mulheres de 30%. A partir dos 35
anos nos homens e dos 45 anos nas mulheres, ocorre um aumento significativo no
PGC. O pico do PGC ocorre em torno dos 85 anos nos homens e dos 75 anos nas
mulheres. Além disso, a redistribuicdo de gordura subcutdnea da parte inferior do
corpo para a regido abdominal ou visceral € muitas vezes observada em idosos e
pode ocorrer independente de mudancas na adiposidade total, no peso corporal ou
na circunferéncia da cintura (13). Isto pode ser explicado em parte pela redugao da
taxa de metabolismo basal em idosos o que contribui para mudangas na gordura

corporal e na massa livre de gordura (14).

A composicao corporal também é afetada de forma diferente entre os sexos.
Frequentemente no homem, ocorre a reducdo da oxidacao lipidica e acumulo de
gordura na regiao abdominal acompanhada de perda de musculatura estriada, e na
mulher ocorre o aumento da relagdo entre a parte superior e inferior do corpo e
perda de massa 6ssea (11). Provavelmente os maiores responsaveis por estas
alteragdes sao as regulagdes endocrinas destes tecidos. A testosterona entre os
homens esta envolvida na manutengdo dos musculos e nas mulheres o estrogénio é
claramente associado a regulagdo da distribuicdo de gordura corporal (15). Estudo
realizado a partir de dados do National Health and Nutrition Examination Survey
(NHANES) com 13.066 homens e mulheres acima de 20 anos mostrou uma grande

e significativa diferenga entre homens e mulheres na média do PGC, no peso de
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gordura em Kg e na MLG. Essa diferenga persistiu em todas as categorias de IMC e

também apds ajuste para idade e etnia (16).

Outro fator determinante da composic¢ao corporal € o nivel de atividade fisica.
Ela pode exercer um importante papel na prevencdo do aumento do PGC e reducéao
da MLG nos homens e nas mulheres com o passar da idade (17). Em estudo
longitudinal realizado com 1 a 3 anos de seguimento com pessoas saudaveis, no
primeiro ano observou-se que as pessoas fisicamente ativas eram menos propensas
a ganhar gordura corporal com o aumento de peso e mais propensas a perder

gordura corporal com a perda de peso do que os individuos sedentarios (18).

Estudo recente realizado para determinar o efeito de um programa de
exercicios sobre a composicao corporal e capacidade funcional de mulheres idosas
verificou que o grupo submetido aos exercicios apresentou aumento na massa
muscular esquelética e massa magra e redugdo na gordura corporal total e
abdominal quando comparado ao grupo controle (19). Além disso, a relagao entre o
gasto energético consequente da atividade fisica e a quantidade de calorias
provenientes da dieta, € um importante determinante na modificagcdo da composicao

corporal, especialmente no PGC (12).

O papel dos nutrientes da dieta sobre a composi¢cao corporal também tem
sido assunto de interesse. Em relagdo as gorduras da dieta, tem sido descrito que o
consumo do acido linoléico conjugado atua na redugao da massa corporal adiposa
(20, 21). Ensaio clinico randomizado duplo cego com 60 individuos com sobrepeso e
obesidade, realizado com o objetivo de investigar a relagdo de dose-resposta do
acido linoléico conjugado com o PGC, demonstrou que 3,4 e 6,8 gramas deste acido
graxo reduziram significativamente o PGC (20)

Também relacionado a ingestdo de acidos graxos poliinsaturados, um ensaio
clinico randomizado recente, realizado com individuos com Diabetes tipo 2 com
sobrepeso e obesidade grau |, analisou o efeito da suplementagéo de 30g de nozes
ao dia sobre a composicao corporal. Ao final de 6 meses de estudo foi observada
uma redugao significativa da gordura subcutdnea e uma tendéncia a redugédo do
PGC, mas que ndo se manteve nos 6 meses seguintes de acompanhamento (22).

Em contrapartida, também tem sido descrita uma associagdao positiva entre o
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consumo de alimentos ricos em gorduras, como batatas fritas e hamburgueres e a
maior adiposidade abdominal (23).

Ainda, o consumo de carboidratos provindos de frutas e verduras e o maior
consumo de carboidratos refinados foram negativa- e positivamente associados a
maior circunferéncia abdominal, respectivamente (24). Também a alta ingestao de
fibras de cereais, principalmente cereais integrais, foi associada a um menor PGC e

gordura abdominal (25).
Associagao entre Gordura Corporal e Doengas Crénicas

O indice de Massa Corporal (IMC), pela simplicidade da medida e célculo, é o
parametro antropométrico mais utilizado para caracterizar alteracbes do peso
corporal e sua associagdo com doengas, principalmente metabdlicas (26). No
entanto, devido a sua limitagédo em discriminar o peso relacionado a gordura corporal
Ou massa magra, o seu desempenho diminui em faixas intermediarias do peso
corporal. Neste contexto, o PGC tem sido bastante estudado e associado a co-
morbidades como Diabetes tipo 2, Hipertensdo, Sindrome Metabdlica, Doenca

cardiovascular e Cancer (27).

Gordura corporal e Diabetes tipo 2

Ja desde a década de 50 tem se chamado a atengdo sobre a importante
associagao entre a concentragdo de gordura abdominal e a maior incidéncia de
Diabetes (28, 29). A adiposidade central € um importante marcador para a sindrome
metabdlica, que € uma condicdo preditora do desenvolvimento do Diabetes. Esta
associacdo tem sido descrita tanto em pacientes com obesidade como em

individuos com peso corporal normal (30).

Além da adiposidade central, outros parametros antropométricos também tem
se mostrado preditivos para o desenvolvimento do Diabetes em diferentes
populagdes (31, 32). Na coorte de 1073 individuos de diferentes etnias do estudo
IRAS (“The Insulin Resistance Atherosclerosis Study”), foram avaliadas varias
medidas antropométricas como fatores preditivos para o desenvolvimento de
Diabetes tipo 2: circunferéncia da cintura, IMC, raz&o cintura-quadril, razao cintura-
altura, dobras cutaneas ¢ o PGC. Com excec¢ao das dobras cutaneas, todas as

medidas foram associadas ao desenvolvimento do Diabetes tipo 2. Com relagao ao
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PGC aumentado, este apresentou uma razao de risco significativa que variou de
2,12 a 3,43 em individuos brancos hispanicos e nao-hispanicos. Em outro estudo de
coorte prospectivo que acompanhou 4.193 individuos idosos durante 12 anos,
observou-se que varios parametros antropométricos (IMC, peso, gordura corporal,
circunferéncia da cintura, relagdo cintura-quadril e a relagado cintura-altura) foram
fortemente associados com o risco de Diabetes. Ao avaliar isoladamente a gordura
corporal, o risco de desenvolvimento de Diabetes nos individuos no quinto quintil

aumentou em 3,3 vezes em relagéo ao primeiro quintil (33).

No entanto, a associacdo positiva entre o PGC e o desenvolvimento do
Diabetes ndo é unanime entre os estudos. Menke et al (34), avaliando adultos
participantes do Third National Health and Nutrition Examination Survey em um
estudo transversal, também observou uma maior prevaléncia de Diabetes nos
individuos com maior PGC. Entretanto, quando esta associacao foi avaliada
ajustando para a circunferéncia da cintura, ela inverteu e se tornou negativa, ou seja,
quanto maior o PGC, menor o risco de diabetes. E importante ressaltar que esta
divergéncia entre os estudos possa estar associada a diferengas nos seus
delineamentos (estudo transversal vs coorte); diferengas entre as populagdes (idade,
etnias); técnicas de medida da composicdo corporal ou ainda pontos-de-corte

adotados para definir aumento de PGC.

Gordura corporal e Doenca Cardiovascular

A adiposidade abdominal é também sabidamente um forte determinante dos
mais diversos fatores de risco cardiovasculares (35). Um maior Produto de
Acumulacdo Lipidica, indice que reflete a acumulagdo de gordura central, é
associado a presenga de DCV (36). Mas também além da adiposidade central, o
proprio aumento do PGC esta associado a DCV e seus fatores de risco tais como
hipercolesterolemia, hipertensdo, Diabetes e sedentarismo em populagdes de
diferentes etnias (5, 6, 37). Em estudo prévio realizado com 850 homens indianos de
25 a 64 anos que foram avaliados através da Bioimpedancia para estimar o PGC, foi
observada uma significativa associagcao entre a maior prevaléncia de DCV e as
categorias mais altas de PGC (5). Outro estudo, realizado com pacientes chineses
com Diabetes, analisou a associacao entre a doenca arterial coronariana e medidas

antropométricas como o IMC, Razado Cintura/Quadrii e o PGC. Os autores
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observaram que o PGC foi o melhor preditor de doenca arterial coronariana quando
comparado ao IMC e a Razao Cintura/Quadril nesta populagdo. Observaram que a
cada 1% de aumento no PGC, houve aumento de 2% no risco de doencga arterial
coronariana (7). Também em estudo realizado com adultos coreanos de 18 a 92
anos, que visou determinar o ponto de corte de PGC para predizer risco
cardiovascular, utilizando a Absociometria de Raios X de Dupla Energia (DXA),
observou-se que a prevaléncia dos fatores de risco cardiovascular (hipertensao,

diabetes e dislipidemia) foi crescente de acordo com o aumento do PGC (38).

Por outro lado, em estudos que avaliaram individuos de populagdo americana
o resultado n&o foi o mesmo. No estudo de Menke et al (34), acima citado, também
observou-se associacao entre varios parametros antropométricos, incluindo o PGC,
e fatores de risco cardiovascular, como hipertensao, colesterol HDL baixo e proteina
C reativa, assim como o Diabetes (ja comentado). No entanto, estas associacdes
deixaram de ser significativas quando avaliadas com ajuste para a circunferéncia da
cintura. Em outro estudo menor com 155 individuos saudaveis com idade entre 21 e
55 anos de uma cidade americana que teve como objetivo aprofundar o
conhecimento sobre as diferencas de pontos de corte entre os métodos de medida
da gordura corporal total e gordura corporal regional, apenas a circunferéncia
abdominal se manteve associada a maior risco de evento cardiovascular em 10

anos, determinado através do escore de Framinghan (39).

Gordura corporal e Neoplasias

Outra associacdo entre o aumento da adiposidade e co-morbidades
associadas é com o risco de desenvolvimento de alguns tipos de neoplasias. Uma
importante metanalise com mais de 280.000 casos de cancer mostrou que um maior
IMC esta associado com o aumento do risco de desenvolvimento de varios tipos de
cancer (40) entre eles o de colo do utero, mama, endométrio, préstata, tiredide, rins,
es6fago, pancreas e figado (41). Em estudo realizado para verificar a influéncia do
excesso de peso no risco de morte por cancer em uma coorte de 900.000
americanos que inicialmente encontravam-se livres da doencga, verificou que o risco

relativo de morte por cancer nas faixas maiores de IMC (>35Kg/m?) para os homens
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foi de 1,20 a 1,52 e para as mulheres foi de 1,62 para todos os tipos de cancer (42).
No entanto, apesar de o IMC estar claramente associado ao risco de cancer, ainda
nao € muito estudado o impacto da composicao corporal. Em estudo realizado com
o objetivo de verificar medidas de adiposidade total, abdominal, subcutédnea e
intermuscular com a incidéncia de céncer em 2.519 idosos através da DXA e
tomografia computadorizada, observou-se que a associagao entre a composi¢cao
corporal e todos os tipos de cancer foi nula. Entretanto, entre as mulheres, a massa
gorda total, a gordura visceral e subcutanea foram positivamente associadas com o

risco de desenvolvimento de cancer (43).
Técnicas de Medida da Composig¢ao Corporal

A medida da composi¢cao corporal em humanos é usualmente realizada
quando se quer responder a excessos ou deficiéncias que se pensa ou se sabe
estarem relacionadas com risco a saude. Os métodos disponiveis de avaliagao da
composi¢ao corporal, variam do simples ao mais complexo. Todos possuem suas

limitagdes em relagao a erros de medida (1).

As técnicas de avaliagdo podem ser baseadas em niveis de composicio
corporal conforme proposto por Wang, 1992, e também pode ser subdividida em
compartimentos que vao do modelo de 2 Compartimentos (44), passando pelo

modelo de 4 Compartimentos (4C) até o modelo multicompartimentos (45).

O modelo de dois compartimentos (2C) tem sido a base do desenvolvimento
da andlise da composigédo corporal, dividindo a massa corporal em massa gorda
(MG) e massa livre de gordura (MLG). No entanto possui suas limitagdes no que se
refere a diferenciacdo de compartimentos como por exemplo a agua corporal total,
que corresponde a aproximadamente 73% da MLG, e que é dividida em agua
extracelular (reflete estado de hidratagao) e intracelular (reflete massa celular). Ja o
modelo de 4C é considerado o mais acurado padrao de medida de composicao
corporal, pois envolve a medida da massa, volume corporal, conteudo de agua e

massa ossea (1).

Dependendo da técnica de medida utilizada, diferentes compartimentos
corporais em niveis de complexidade variaveis podem ser descritos. Para tanto,

modelos mais complexos de analise, derivados da combinacao destas técnicas tem
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sido desenvolvidos para permitirem a mensuracdo de um maior numero de
compartimentos possivel (46). Abaixo serdo descritas as técnicas disponiveis e

utilizadas em pesquisa ou na pratica clinica.

A Pesagem Hidrostatica € o método densitométrico mais frequentemente

utilizado para determinar densidade corporal. Considerada padrao ouro no que se
refere a medida da composi¢ao corporal (47), requer submerséao total do sujeito em
um tanque contendo agua (44). O volume de agua deslocado e/ou peso subaquatico
do sujeito, combinado com o peso da pessoa em laboratério, sdo utilizados para
calcular a densidade de do corpo inteiro (48). Para tanto, € necessario que seja
realizado jejum e o consumo de bebidas gaseificadas deve ser evitado, uma vez que
o volume de ar nos pulmdes e no trato gastrointestinal deve ser minimo (47). Em
estudo que utilizou esta técnica para avaliar 200 individuos saudaveis, encontrou
como pontos de corte para o PGC 25% para homens de 45 a 49 anos e 38% para
homens de 60 a 65 anos. Ja nas mulheres o ponto de corte foi de 30% entre os 45 a

49 anos e de 43% entre os 55 aos 59 anos (49).

A Pletismografia por Deslocamento de Ar é também considerada um método

densitométrico e tem sido utilizada como método substituto a Pesagem Hidrostatica,
onde o individuo é imergido ndo em agua, mas sim colocado em uma camera
fechada de ar que usa a relagao pressdo e volume para determinar o volume
corporal e a partir disto, o PGC (50). Estudo prévio demonstrou boa correlagdo da
Pletismografia com a DXA ao avaliar o PGC de 62 homens brancos saudaveis de
meia idade (51).

A Absorciometria de Raios X de Dupla Energia (DXA), método por imagem

que tem sido muito utilizado em estudos transversais e atualmente é considerado a
técnica de referéncia para avaliagdo da composicdo corporal. Apresenta uma
variabilidade intra-individual de aproximadamente -3 a 4% (52). Esta técnica fornece
estimativas de trés componentes principais (massa mineral 6ssea, massa magra
sem 0sso e massa gorda), tanto do corpo como um todo como por segmento
corporal. Em estudo de validacdo do DXA que utilizou como padréao de referéncia o
modelo de 4 Compartimentos (4C) em adultos jovens saudaveis, a DXA se
correlacionou fortemente com o modelo de 4C, concluindo que a DXA é um

instrumento acurado para estimativa de composicao corporal e que sofre poucos



21

efeitos da variacdo da massa magra, hidratagcdo e espessura corporal (53). Outro
importante estudo de validacdo que comparou a DXA com o modelo 4C em 152
adultos saudaveis em sua maioria homens com menos de 10% de PGC, verificou
que a medida que o PGC aumentava (>25% de PGC) a diferengca entre os dois
métodos foi menor e ainda, a DXA subestimou progressivamente o PGC no
individuos mais magros (54). Apesar da forte correlagdo entre os dois métodos, foi
observada uma diferencga significativa de 1,8% no PGC entre os dois métodos e uma
variacao intra-individual do PGC entre 2,6 e 7,3%. Apesar das limitagcbes da DXA, é
inquestionavel o seu papel na avaliacdo da composicdo corporal e como técnica

para avaliar mudangas na composigao corporal tanto total como regional (55).

A Ressonancia Magnética (RM) e a Tomografia Computadorizada (TC) sao

métodos de imagem para avaliagdo quantitativa de gordura intra-abdominal e sua
diferenciacao entre gordura visceral e subcutanea e que fornecem resultados muito
semelhantes (56). Juntamente com TC, a RM de cortes multiplos sdo consideradas
padrdo ouro para esta finalidade (57), com a vantagem de que a RM ndo expde o
individuo a radiagcdo. Entretanto o movimento de tecidos na cavidade intra-
abdominal € um grande problema para a avaliagcdo por RM em relagédo a TC (56).
Outro fator ainda limitante é a falta de critérios ainda bem definidos de gordura intra-
abdominal, através destes métodos, que definam riscos metabdlicos. Alguns estudos
vem sendo realizados com a populagéo japonesa utilizando a TC para avaliacédo do
conteudo de gordura na regido abdominal (58, 59, 60). Em estudo que avaliou o
risco de desenvolvimento para sindrome metabdlica a partir da adiposidade
abdominal, encontrou como pontos de corte para determinar o risco de
desenvolvimento de sindrome metabdlica 51,5cm? para mulheres com idade <56 e
de 83,6cm? para mulheres com idade maior que 56 anos. J4 nos homens as
medidas foram 88,6cm? e 90,0cm? para idade < 57 anos e para maior do que 57

anos, respectivamente (59).

O modelo de 4 Compartimentos (4C) também tem sido muito utilizado como

critério de referéncia para a avaliagao da composicao corporal. Este modelo divide a
composicao corporal em gordura, agua, mineral e proteina, e é estimado através da
combinagao de métodos. Nestes, a gordura e massas residuais (proteinas, minerais
e glicogénio) sao avaliadas através da férmula de densidade corporal pela

hidrodensitometria ou pesagem hidrostatica, a agua corporal total é avaliada pela
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diluicao isotdpica (deutério), a massa mineral 6ssea através da DXA (61, 54) e mais
recentemente a proteina pode ser avaliada isoladamente pela analise de ativacao de

néutrons (48).

A Bioimpedancia (BIA) € um método rapido, nao invasivo, com boa

reprodutibilidade e relativamente barato, que mede a composicdo corporal através
da variagao de resisténcia encontrada através dos tecidos por uma corrente elétrica
de baixa intensidade (52). Os componentes corporais avaliados sao principalmente a
agua corporal total, gordura corporal total e massa livre de gordura (62). A precisao
do método pode sofrer influéncias de varios fatores: temperatura do ambiente da
avaliagao, estado de hidratacdo do individuo, o ciclo menstrual, alimentacao, pratica
de atividade fisica e consumo de alcool. Para evitar a interferéncia destas variaveis,

um protocolo pré-avaliagao deve ser seguido (63).

Outro fator que também pode interferir na acuracia da BIA é o estado
nutricional. Alguns autores sugerem que a BIA é valida para IMC até 34Kg/m?, e que
para individuos com IMC acima, a avaliagdo devera ser realizada com cautela (64)
Shafer et al (65) avaliou 132 adultos saudaveis e comparou o viés da BIA em
relacdo a DXA entre as categorias de IMC (normal, sobrepeso e obesidade). Os
autores observaram que o viés aumentou conforme as categorias de IMC
aumentaram. Isto provavelmente se deve a uma desproporcao entre a massa
corporal e a condutividade corporal que diminui a acuracia da BIA em obesos, uma
vez que o tronco corresponde a cerca de 50% da massa corporal e a somente 10%
da condutividade corporal total (66). Ainda, a circunferéncia da cintura pode explicar

36% da diferenca entre BIA e DXA quando analisado homens e mulheres (65).

Por outro lado, outros autores encontraram resultados opostos. Volgyi E. et al.
(67) avaliaram o desempenho de 2 equipamentos de BIA (InBody 720 and Tanita BC
418 MA) usando como padrao de referéncia a DXA em adultos de 37 a 81 anos
eutréficos, com sobrepeso e obesos e com diferentes niveis de atividade fisica. Os
autores observaram que a diferenca entre o PGC avaliado pela BIA e pela DXA foi
menor entre os pacientes obesos em comparagao aos pacientes eutréficos, Sun G
et al. (68), por sua vez, ao analisar individuos saudaveis com média de idade de 42
anos observaram que a BIA superestimou o PGC naqueles com menor PGC e

subestimou naqueles com maior PGC, quando comparado a DXA. Esta divergéncia
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entre os estudos pode se dever a varios fatores como diversidade das etnias e das
caracteristicas clinicas dos individuos estudados (saudaveis ou doentes), preparo
para o exame (jejum, uso de medicacgdes), tipo de equipamento utilizado, etc. Outro
aspecto a ressaltar seria a alteracdo das propriedades elétricas no tecido adiposo,
que requerem frequéncias maiores do que 50kHz, ou seja, aparelhos de BIA com

frequéncias maiores podem evitar a subestimativa decorrente disto (66).

Além destes métodos de avaliagdo da composicdo corporal, as medidas
antropométricas sao instrumentos importantes, uteis e de facil aplicabilidade na
pratica clinica. A antropometria avalia as medidas de tamanho do corpo que sao o
peso, altura, circunferéncias e espessuras das dobras cutadneas. A partir de algumas
destas medidas se obtém o indice de massa corporal (IMC), relagao cintura e quadril
(RCQ) e indice de conicidade (IC).

O IMC é um indice criado no século XIX por um matematico estatistico
chamado Lambert Adolphe Jacques Quételet. Obtido dividindo peso pela altura ao
quadrado (Peso/Altura®) e por isso é facilmente aplicavel na pratica clinica.
Considerado um bom indicador de estado de saude, o IMC possui pontos de corte
bem definidos usados para classificar magreza (até 18,4 Kg/m?), eutrofia (18,5 a
24,9 Kg/m?), sobrepeso (25,0 a 29,9 Kg/m?), e niveis de obesidade que vdo de 1 a 3
(a partir de 30,0 Kg/m?) (69). No entanto, este indice nao diferencia a composicéo

corporal no que se refere a quantidade de gordura e musculo (70).

A Circunferéncia da Cintura (CC) é considerada um forte preditor de DCV e

seu local de medida tem variado substancialmente. No entanto, os locais mais
utilizados sdo o ponto médio entre a ultima costela e a crista iliaca e na altura da
cicatriz umbilical (71). Os pontos de corte de CC que predizem risco aumentado de
complicacdes metabdlicas sdo 94cm para homens e 80 cm para mulheres e risco

substancialmente aumentado s&o 102cm para homens e 88cm para mulheres (72).

A Relacdo Cintura Quadril (RCQ) é obtida dividindo a circunferéncia da

cintura pela circunferéncia do quadril, tomada no ponto mais protuberante do quadril
(72). E um indice aceitavel de gordura intra-abdominal além de ser um forte preditor

de DCV, uma vez que a cada 0,01 de aumento de RCQ aumenta em 5% o risco de
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desenvolver DCV (73). Os pontos de corte que predizem riscos de complicagdes

metabdlicas sdo 0,90 e 0,85 para homens e mulheres respectivamente (72).

O indice de Conicidade € uma medida antropométrica que tem o potencial de

avaliar a distribuicdo de gordura. Este indice se baseia na ideia de que o corpo
humano tem a forma de um cilindro com acumulo de gordura na regido da cintura
(74). E calculado através da seguinte equacdo: CC / 0,109 (PC / AL) onde CC =
circunferéncia da cintura (m), PC = peso corporal (kg), AL = altura (m). Possui uma
faixa tedrica que vai de 1,00 a 1,73. Como vantagens este indice permite
comparacgoes diretas de adiposidade abdominal entre individuos ou mesmo entre as
populagdes uma vez que possui um ajuste que leva em consideragdo a CC em

relacéo a altura e o peso corporal (75).

O método de Dobras cutaneas (DC) é aceito como método de medida de

gordura subcutanea (76). Tem sido muito utilizado para avaliar o PGC em situagdes
clinicas, pois possui baixo custo (77). No entanto, existe a necessidade de um
avaliador treinado. Existem mais de 19 lugares para se medir as dobras cutaneas e
cerca de 50 equagdes para predizer MLG e PGC (76). Para populagao brasileira as
equacgdes mais utilizadas sdo a de Petroski (78, 79) que avaliou adultos de 18 a 61
anos e Guedes (80) que avaliou universitarios de 17 a 30 anos. Outras férmulas
internacionais bastante utilizadas sao as férmulas de Jackson e Pollock (81, 82) que
avaliou adultos americanos de 18 a 61 anos com variados tipos de composicao
corporal, estrutura corporal e nivel de atividade fisica, e Durnin & Womersley (83)
que avaliou adultos escocesses de 17 a 72 anos. Os pontos de corte de PGC pelo
método das DC variam conforme a equacao utilizada. Os pontos de corte mais
utilizados sao de 14,5 a 16% para homens e 22 a 27% para mulheres como
indicativos de normalidade (84). No entanto, este método pode apresentar grande
variabilidade, mesmo em individuos saudaveis. Um estudo que utilizou a formula de
Durnin & Womersley, utilizando como método de referéncia o modelo de 4C em uma
populacdo com idade de 18 a 55 anos, mostrou que o PGC foi subestimado em
cerca de 3,1% nos homens e 2,4% nas mulheres (85). No entanto, em estudo
realizado por Davidson et al (86) em individuos saudaveis de diferentes grupos
raciais, observou-se que as equagdes de Durnin & Womersley superestimaram o
PGC tanto nos homens como nas mulheres caucasianos, quando comparadas a
DXA.
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Conclusao

A presente revisdo abordou os fatores que influenciam a composicéo
corporal, a sua associagao com algumas situag¢des de risco de saude bem como as
técnicas de medida disponiveis. Alguns fatores nao-modificaveis influenciam a
composi¢ao corporal, como a idade e o sexo. Ja a atividade fisica e a alimentacao
estao entre os fatores dependentes do individuo. No entanto, independentemente do
fator ser ou ndo modificavel pelo individuo, todos eles possuem interagdes. A
adiposidade abdominal aumentada esta claramente associada ao risco de
desenvolvimento de Diabetes e DCV. Outros parametros utilizados na avaliagcao da
composi¢cao corporal, como o PGC, parecem também estar associados ao
desenvolvimento destas co-morbidades, mas ainda existe controversia. A
divergéncia entre os resultados observados pode ser devido a variedade de
populacdes analisadas e equipamentos/técnicas utilizados para aferir estas
medidas. Varias sdo as técnicas de avaliagdo da composi¢cao corporal e todas
possuem alguma limitacdo, cabendo ao profissional o entendimento de cada uma
para que a mesma possa ser clinicamente efetiva. Apesar de muitas destas técnicas
ja terem sido bem validadas, muitas ainda precisam ser avaliadas em populagdes

especificas.
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Abstract

Objective. To evaluate the performance of bioimpedance (BIA) and skinfold
thickness as methods to estimate percentage body fat (PBF) in patients with Type 2
diabetes, comparing them to Dual Energy X-Ray Absorptiometry (DXA), as a
reference standard. Research Design and Methods. In this study of diagnostic
accuracy, the patients were submitted to evaluation of body composition with BIA
(InBody 230, Biospace, Korea), skinfold thickness (Lange caliper) and DXA (Lunar -
iDXA). PBF estimated by skinfold thickness was calculated with three equations:
Petroski, Durnin & Womersley (DW) gender-adjusted and DW age-adjusted. Clinical
evaluation consisted of the metabolic (glycemic and lipid profile) and blood pressure
control, as well as the search for diabetic chronic complications. Results. One
hundred and thirty-three patients were evaluated (76 women; age: 63.6 + 9.1 years,
duration of diabetes: 15.5 + 10.3 years; body mass index [BMI]: 29.2 + 3.6 kg/m?).
PBF estimated by DXA was 424 + 4.8% in women and 31.1 + 4.7% in men
(p<0.001). The correlation of the PBF estimated by BIA and by skinfold thickness
with that estimated by DXA was, respectively, 0.93 (p<0.001) and 0.81 (p<0.001).
BIA underestimated the PBF at 1.4 £ 3.2 (p<0.05) in women and 2.3 + 3.3% (p<0.05)
in men, compared to DXA, and these differences were less pronounced in patients
with BMI = 30 kg/m? (Bland-Altman Plots). PBF calculated by Petroski’s equations
was underestimated in 3.7 £ 4.0% [p<0,05] in women and 1.55 * 3.8% [p<0.05] in
men; and overestimated in 1.8 £ 4.5% [p<0.05] when calculated using DW equations
age-adjusted only in women. The area under the ROC curves for BIA as a method to
identify patients with increased PBF was 0.945 (p<0.001) in women and 0.897
(p<0.001) in men. The area under the ROC curves for skinfold thickness varied from
0.611 to 0.673 (all p>0.05) in women and was 0.960 (all P<0,05) in men.
Conclusion. In patients with type 2 diabetes, both BIA and skinfold thickness
underestimated PBF, when compared to DXA, at values that ranged from 1.4 to 2.3%
and 1.5 to 4.5%, respectively. BIA was accurate in both sexes as a method to
estimate PBF and to identify patients with increased PBF. On the other hand, PBF

estimated by skinfold thickness was similarly accurate, but only in males.

keywords: Body fat, Type 2 Diabetes, Bioelectrical Impedance, percentage body fat
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Introduction

Diabetes is currently one of the most common non-transmissible diseases,
and is one of the main causes of death in developed countries (1). Despite the
advances of pharmacological treatment and the aggressive and multifactorial
approach in patients with Type 2 Diabetes, the incidence of cardiovascular disease
(CVD) continues to be high (2), and it is the cause of most deaths in in these patients
(3). The development of diabetes (4) and of CVD (5) have been associated with
anthropometric characteristics, including the increase in body fat and waist

circumference, the latter reflecting the abdominal fat accumulation.

Regarding anthropometric measures, BMI has been recommended by World
Health Organization (WHO) because it is fast and with no cost (6). However its use to
estimate body fat is limited (7). Skinfold thickness appears to be correlated with Dual
Energy X-Ray Absorptiometry (DXA, as a reference method) to estimate body fat in
healthy non-obese individuals (8). However, it presents many limitations like the
inter-observer variability, not advisable for use in individuals with a BMI greater than
35Kg/m? and to measure only the thickness of subcutaneous fat, but does not

evaluate visceral adiposity.

Among the available methods to evaluate body composition, bioimpedance
(BIA) has often been used in clinical practice, especially because it is a quick and
non-invasive method, with good reproducibility and relatively cheap. It measures
body composition through the variation of resistance found by a low intensity electric
current (9). This technique has already been validated previously in normal
individuals (10,11,12). However, in patients with type 2 diabetes, little has been
studied regarding its accuracy (13). Previously, Tsui et al observed a strong
correlation between estimation of body fat using BIA and DXA. Despite this, the
authors observed that BIA overestimated the percentage body fat (PBF) by 5% in

women, and underestimated it in men by about 10% (13).

Depending on the technique used, the estimation of body fat may present an
intra-individual variability which could be 0.3-4.1% (BIA) (14,15), 2.2% (DXA) (14),
and up to 5% (skinfold thickness) (16) in normal individuals. Furthermore, the

measurement of PBF is influenced by various factors. In the case of BIA, it can be



40

influenced by the excessive accumulation of abdominal fat (12), change in hydration,

prior consumption of alcoholic beverages and food (17).

Patients with type 2 diabetes present some peculiarities regarding body
composition that distinguish them from patients without diabetes, like a greater
accumulation of fat mass and lean mass in the abdominal region and a smaller
amount of these two tissues in the legs (18). Furthermore, the frequent use of
diuretics and hyperglycemia are factors that can potentially interfere in the state of
hydration and compromise the accuracy of the BIA as a method to estimate body fat
in these patients. Therefore, this study aimed to evaluate BIA and skinfold thickness
as methods to estimate body fat in patients with type 2 diabetes, comparing them to

DXA as a reference standard.
Patients and Methods

This is a study of diagnostic accuracy to evaluate two methods of body
composition (bioimpedance and skinfolds thickness) comparing them to DXA, as a
reference method. The STARD (Standards for Reporting of Diagnostic Accuracy)

Protocol (19) was followed to perform the study.
Patients

Consecutive type 2 diabetic patients attending the Diabetic outpatient clinic
from Southern Brazil at Hospital de Clinicas de Porto Alegre were recruited from
2012 to 2013. Patients above the age of 75 years, with BMI = 40 kg/m2, serum
creatinine values > 1.5 mg/dl or glomerular filtration rate < 30 ml/min/m*® (Stage 3
Chronic Kidney Disease) and uncompensated heart failure were excluded from the
study. Informed consent was obtained from each patient and the Ethics Committee

approved the protocol.

Clinical and Anthropometric Evaluation

The clinical evaluation consisted of analyzing metabolic (glycemic and lipid
profile) and blood pressure control and detecting diabetic chronic complications. The
kidney function was evaluated by serum creatinine and measurement of urinary
albumin concentration in a random sample of sterile urine (20). Glomerular Filtration

Rate (GFR) was estimated by the CKD-EPI (Chronic Kidney Disease Epidemiology
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Collaboration) equation (21).

The anthropometric evaluation consisted in measuring weight (in light clothes
and without shoes), height, abdominal circumference (measured at the mid point
between the last rib and the iliac crest), and the hips (measured at the site of greatest
prominence of the gluteal region) (22), and skinfolds thickness to evaluate the PBF.
For these measures a balance beam scale calibrated in kilograms, stadiometer, non-
elastic meter and scientific skinfold caliper, manufactured by Lange (Cambridge

Scientific Industries, Cambridge, Maryland), were used.

Blood samples were collected after a 12-hour overnight fast. Plasma glucose
and serum lipids were determined by enzymatic methods and creatinine by the Jaffe
reaction traceable to IDMS.9 (Advia® 1800, Siemens Healthcare, Munich, Germany).
Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald
formula. Glycated hemoglobin was determined by HPLC method (Variant Il Turbo
HbA1c, BioRad Laboratories, Hercules, CA, USA). This method is a National
Glycohemoglobin  Standardization Program (NGSP)  certified method
(http://www.ngsp.org/prog/index.html) and it is aligned to the International Federation
of Clinical Chemistry reference method. Urinary albumin was measured in sterile
urine samples by immunoturbidimetry (Advia® 1800, Siemens Healthcare, Munich,

Germany).

Body Composition Evaluation

The patients’ body composition was evaluated by 3 methods: DXA, BIA and
skinfold thickness. The patients were submitted to all 3 exams on the same day, in
the visit to the hospital. DXA was adopted as the reference standard. This method is
based on attenuating signals from two energy sources, providing a model with three
body composition compartments. It presents an intra-individual variability of
approximately 3 to 4% (23). The equipment used in the study was Lunar iDXA
(General Electric) of the Radiology Service at Hospital de Clinicas de Porto Alegre
(HCPA). Calibrations of this equipment are part of the quality routine at HCPA. The
information supplied in the exam is: body mineral composition, lean mass, total mass
and percentage of body fat, all of them measured by segment (Right and Left arms,

Right and Left legs, trunk and total value). The exam was performed by the trained
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radiology technician, who did not know the BIA and skinfold thickness results. The
cutoff points of PBF estimated by DXA method were based on the study of Li et al
(24). In this study the PBF was defined as adequate based on a corresponding BMI <
25Kg/m? and the values were determined according to sex and age: 23.6 % and
25.9% for men aged 40 to 59 and 60 to 79 years respectively; and 34.4% and 36.9%

for women aged 40 to 59 and 60 to 79 years, respectively.

BIA was performed using the Inbody 230 (Biospace Co. Ltd., Seoul, Korea) that
operated at frequencies of 20 kHz and 100KHz. The patients positioned themselves
standing on a platform with 8 points of tactile electrodes in contact with the bare feet
and with the hands. The analyses lasted on average 30 seconds. The body was
analyzed in five segments: arms (right and left), legs (right and left) and trunk. BIA
was performed by the researchers CP and CKD, who were blind to the results of
DXA. In order to perform the BIA, the patients fasted for 8 hours, spent 24 hours
without performing any physical activity and without drinking any caffeinated
beverages, 48 hours without alcoholic beverages and urinated 30 min before the test.

The patients were asked to take the day’s medications after the test.

The skinfold thickness were measured by a trained researcher (GB) who was
blind to the BIA and DXA results, using the Lange caliper (Cambridge Scientific
Industries, Cambridge, Maryland). Two non-consecutive measurements of the
following skinfolds were performed: triceps, biceps, subscapular, supra-iliac, supra-
spinal, abdomen, thigh and calf, according to previously standardized procedures
(25). If there was more than 2mm difference between the first and the second
measurement, a third one was performed. The Siri equation was adopted to estimate
the PBF by skinfold thickness (PBF = [495/D] — 450) (26), and to determine body
density three equations were adopted, the Durnin & Womersley (DW) gender-
adjusted equation, the DW age-adjusted equation (27), and the Petroski equation
(28, 29) described below:

Durning & Womersley gender-adjusted equation

Dimen = 1.1765 — 0.0744 x Log1o (X4)
Dwomen = 1.1567 - 0.0717 X LOg10 (X4)

X4 = total sum of skinfolds: Subscapular, Tricipital, Biceps and Supra-iliac
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Durning & Womersely age-adjusted equation

Drmen 30 to 39 years = 1.1422 - 0.0544 x Log1o (X4)

Drmen 40 to 49 years = 1.1620 - 0.0700 x Log1o (X4)

Dmen >50 years = 1.1715 - 0.0779 x Log1o (X4)

Drutheres30 to 39 years = 1.1423 - 0.0632 x Log1o(X4)

Dwomen40 to 49 years= 1.1333 - 0.0612 x Log+0(X4)

Dwomen>50 years = 1.1339 - 0.0645 x Log+o(X4)

X4 = total sum of skinfolds: Subscapular, Tricipital, Biceps and Supra-iliac

Petroski equation

Dmen = 110726863 — 000081201 (X4) + 00000212 (X4)? — 000041761 (Age)

Dwomen = 102902361- 000067159 (X4) + 000000242 (X4)? - 000026073 (Age) —
000056009 (Weight) + 000054649 (Height)

X4 = total sum of skinfolds: Subscapular, Tricipital, Supra-iliac and Calf

Statistical Analysis

Pearson or Spearman correlation coefficients were used for testing the
relationships between estimated PBF by BIA and skinfold thickness and PBF by
DXA. The Student t or Mann-Whitney test for independent continuous variables and
the Exact Fisher or Chi-Square test for categorical variables were applied as
indicated. Bland-Altman plots demonstrated general agreement among methods for
estimated PBF (30).

In order to analyze the performance of BIA and skinfolds thickness to
determine an increased PBF, ROC curves were constructed. The reference standard
used was PBF estimated by DXA adopting cutoff points already previously described.
The areas under the ROC curve of the plots that determine the accuracy of tests that
are being studied were calculated. The estimated area ranges from 0.5 (no apparent
accuracy) to 1.0 (perfect accuracy) as the ROC curve moves toward the left and top
boundaries of the ROC graph. The cutoff point chosen for each test was the diagonal
point closest to the 100% - 100% intersection which represents the best balance

between sensibility and specificity.
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P values < 0.05 were considered significant. Results were expressed as mean
1+ SD or median (range). SPSS software (version 18.0; SPSS, Chicago, IL) was used
for the analyses. To compare ROC curves, MEDCALC software (Version 13.1.2,

Ostend, Belgium) was used.
Results

Clinical and anthropometric characteristics

One hundred and thirty-three patients with type 2 diabetes were evaluated, 57
men and 76 women, mean age 63.6 + 9.1 years. The clinical characteristics of the
patients are described in Table 1. The women had longer diabetes duration, and had
higher total cholesterol, HDL and triglyceride values, worse glycemic control and

higher GFR compared to the men.

The anthropometric characteristics of the patients are shown in Table 2. The
women presented a higher BMI and greater proportion of patients with Grade |
obesity compared to the men. When the body fat was evaluated, women presented

higher absolute and percentage values compared to the men, as already expected.

Comparison between PBF estimation methods

When the PBF was analyzed using the three techniques, it was observed that
BIA presented significantly lower values than DXA, both in men and in women. The
mean difference of the PBF between the two techniques was 2.3 + 3.3% in the men
and 1.4 = 3.2% in the women. As to PBF measured by skinfold thickness, it was
observed that the values estimated by the Petroski and DW gender-adjusted
equations were also significantly lower than DXA, both in men and in women.
However, PBF estimated by the DW age-adjusted equation were significantly higher

than the DXA values in women (Table 2).

The correlation between the PBF estimated by BIA and by DXA was
significant in the entire group (r=0.93; p<0.001), and also when analyzed in men
(r=0.81; p<0.001) and in women (r=0.87; p=0.001) separately (Table 3 and Figure
1). The same was observed as to the correlation between PBF estimated by skinfold
thickness and that estimated by DXA in the entire group (Petroski: r=0.806; p<0.001;
DW gender-adjusted: r=0.813; p<0.001; DW age-adjusted: r=0.813; p<0.001)
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(Figure 1). When the patients are separated according to gender, the correlations
remained significant, but became weak, especially in the women. The respective

values are expressed in Table 3.

Figure 2 shows the Bland-Altmann plots for comparison between the values
of PBF estimated by BIA and DXA. When the patients were separated according to
BMI (BMI < and = 30 kg/m?), it was observed that the mean bias between the values
of PBF estimated by BIA and DXA was 2.6% * 3.3 (p<0.001) in all patients with BMI
< 30 kg/m?. This bias was 2.7% # 2.4 (p<0.001) in men and 2.5% + 3.1 (p<0.001) in
women, without a difference between them (p=0.8). In the patients with BMI = 30
kg/m?, the bias between BIA and DXA was not significant, and it was 0.6% * 2.8
(p=0,1) in all the patients, 1.1 £ 2.8 (p=0.1) in men and 0.4 + 2.9 (p=0.4) in women
(men vs. women: p=0.4). When men with a BMI < 30 kg/m? were compared to those
with BMI = 30 kg/m?, no difference was observed in the bias between BIA and DXA
(p=0.1). On the other hand, among women the bias was significantly different
between those with BMI < 30 Kg/m? and >30 Kg/m? (p=0.004).

Figures 3, 4 and 5 show the Bland-Altman plots for comparison between the
values of PBF estimated by skinfold thickness and DXA. It was observed that in men,
the equation with the least bias was DW age-adjusted for the patients with BMI < 30
kg/m? (p<0.001) and Petroski’s equation for patients with BMI = 30 kg/m? (p<0.001).
In women with BMI < 30 kg/m? the equation with the least bias was DW gender-
adjusted (p<0.001). On the other hand, for those with BMI = 30 kg/m?, it was the DW

equation age-adjusted.

Analysis of the ROC Curves

Figures 6 and 7 show the ROC curves of BIA and of the three skinfold
thickness equations to determine an increased PBF. The area under the ROC curve
of BIA was 0.897 (p<0.001) in the men and 0.945 (p<0.001) in the women. The cutoff
point of equilibrium between sensitivity and specificity in the men was 26.5%
(sensitivity=81.3%; specificity=88.9%) and in the women, 35.7% (sensitivity=89.6%;
specificity=88.9%).

When the performance of the three skinfold thickness equations was

evaluated to determine an increased PBF, it was observed that the three equations
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presented an area under the ROC curve of 0.960 in the men. In women, the
Petroski’'s, DW gender-adjusted and DW age-adjusted equations presented,

respectively, the following area under the ROC curves: 0.673, 0.633, 0.611.

Factors associated with the bias between Bioimpedance and Densitometry

When the association of the bias between BIA and DXA and the clinical,
laboratory and anthropometric characteristics were analyzed, it was found that the
former was positively correlated with the time of duration of the diabetes (r= 0.280;
p=0.01) and negatively with the BMI (r= -0.439; p<0.001) only in the women. There
was also a tendency to inversely correlate with the PBF measured by DXA (r= -
0.216; p=0.061) and with the abdominal circumference (r= -0.221; p=0.077). No
correlation was found with age, glycemia, glycated hemoglobin or GFR. In men no
correlation was found with any of the variables analyzed. Also, no difference was
found in the bias between BIA and DXA when patients using diuretics or not were
compared, both in men and in women. In a multiple linear regression analysis, the
negative association of the bias between BIA and DXA (dependent variable) with the
BMI (r* of model=0.3; p<0.001; standardized coefficient beta=-0.731; p<0.001) was
confirmed, adjusting for the time of duration of the diabetes and for the abdominal
circumference in the women. In another model, including PBF instead of BMI, the

association with the bias between BIA and DXA was not confirmed.
Discussion

In the present study it was observed that the BIA presented a strong
correlation with DXA and had an excellent accuracy to detect an increased PBF in
patients with Type 2 diabetes. However, the BIA underestimated the PBF by
approximately 2.3% in the men and 1.4% in the women, compared to DXA. This
underestimation was greater among the normal and overweight patients and was
attenuated among obese ones. Although it was significant, this difference between
BIA and DXA is considered acceptable according to Lohmann’s criteria (classified as

excellent difference < 2.5%) (31).

Several studies evaluated the accuracy of BIA to determine PBF in normal
individuals, using DXA (14, 32, 33) or the model of 4 compartments (34) as reference

methods. However, there were some divergences. Volgyi E. et al (14) evaluated the
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performance of 2 BIA devices (InBody 720 and Tanita BC 418 MA) in adults from 37
to 81 years who were normal, overweight and obese, and with different levels of
physical activity. The authors observed that the two BIA devices underestimated the
PBF values in men with a normal BMI and overweight and in women with all
categories of BMI from 2 to 6%. In addition, the difference between PBF evaluated by
BIA and DXA was lower among obese individuals compared to the-normal weight
ones, a result similar to that shown in the present study. When evaluating the
performance of BIA using the InBody 720 and 320 equipment, Gibson AL et al (34)
also observed that the PBF was underestimated by 2.5-3.0% in the women.
However, Ling et al (32) found different results. When evaluating the accuracy of BIA
with similar equipment (InBody 720) to that used in this study, these authors
observed that BIA overestimated PBF by 1.2% in the women and 2.6% in the men.
Further, this overestimation was greater in individuals with higher BMI. Sun G et al
(33), in turn, on analyzing healthy individuals with a mean age of 42 years, observed
that BIA overestimated PBF in those with a lower PBF and underestimated those
with a higher PBF, compared to DXA. This divergence between the studies may be
due to several factors such as different ethnicities, the clinical characteristics of the
studied individuals (healthy or not), preparation for the exam (fasting, use of
medications), type of equipment used, etc. Another aspect to be highlighted would be
the change in the electrical properties of the adipose tissue that require higher
frequencies than 50kHz, ie., BIA equipment with higher frequencies may prevent the

resulting underestimation (35).

There are few data about BIA as a method to estimate PBF in patients with
diabetes. A previous study that evaluated the performance of BIA compared with
DXA in patients with type 2 diabetes, found that BIA underestimated the PBF ~ 10%
in men and overestimated it ~ 5% in women, with a correlation of 0.89 between the
PBF estimated by BIA compared to DXA (13). The patients in this study were
younger, but presented a BMI and glycemic control similar to that of the patients in
our study. Possibly the greatest bias between BIA and DXA observed in the study
compared to ours can be explained because it was done with a device containing

only 2 electrodes in each of the feet and applied only 1 current frequency (50Hz).

The bias between the PBF estimated by BIA compared to DXA in patients with

type 2 diabetes could be explained by a possible change in the hydration conditions,
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associated with bad glycemic control or the use of diuretics (9, 17). However, in this
study the patients presented reasonable glycemic control and no association was
found between the use of diuretics and the difference observed between BIA and
DXA. In addition, these situations would probably be associated with overestimation

and not underestimation, as observed in the present study.

In this study it was observed that the underestimation of PBF by BIA was
smaller in both male and female patients with obesity. Further, the main factor
associated with the bias between BIA and DXA was BMI, ie., the higher the BMI the
smaller the bias. A similar finding was described in a study that evaluated the
performance of BIA in 103 healthy patients with overweight and obesity, and showed
that this method had a good predictive value to classify obese subjects compared to
DXA (36). On the other hand, Shafer et al (12), evaluating 132 healthy adults and
comparing the bias of BIA in relation to DXA among the categories of BMI (normal,
overweight and obesity), found that the bias increased as the BMI categories did, but
the lowest bias was found among the patients who were overweight. Besides, an
important review published by Kyle et al (17) concluded that BIA is valid for BMI up to
34 Kg/m? and that for individuals with a BMI above this, the evaluation must be
cautiously performed. This is probably due to a disproportion between the body mass
and body conductivity which diminishes the accuracy of BIA in the obese, since the
trunk corresponds to about 50% of the body mass but to only 10% of the total body
conductivity (37). Moreover, the abdominal circumference may explain for 36 % of

the difference between BIA and DXA when men and women are analyzed (12).

Although variations of less than 2.5% between DXA and BIA are considered
acceptable, and the BIA itself has an intra-individual coefficient of variation of 0.3-
4.1% (14,15), it should be emphasized that some studies suggest that a 1%
increment in PBF may be associated with an increase in the risk of developing CVD
in about 2% in special populations (38). Thus, the adoption of measures that can
minimize this variability is important to optimize the accuracy of the method, as for
instance, to follow the pre-test protocol adequately, use the same equipment and
perform the measurements always under the same environmental conditions

including the same time of day (17).
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Regarding the skinfold thickness equations to estimate PBF in this study, all of
them had a good performance and accuracy in men to identify increased PBF (area
under the ROC curves of approximately 0.9), but not in women (area under the ROC
curves of approximately 0.6 and not significant). Both the Petroski’'s and the DW
gender-adjusted equations underestimated the PBF of 1.6 % to 4.5 % in men and in
women, while the DW age-adjusted equation had an overestimation of 1.8% in
women. Other studies that evaluated the skinfold thickness equations, comparing
them to DXA or the model of 4C, were performed only on healthy individuals and
found varied results. A study that compared the DW age-adjusted equation with the
model of 4C as a reference method, in individuals aged 18 to 55 years, showed that
PBF was underestimated by about 3.1% in men and 2.4% in women (39). On the
other hand, in a study performed by Davidson et al (40) on individuals from different
racial groups, it was observed that the DW equations overestimated the PBF in
Caucasian men and women, especially the DW age-adjusted equation, compared to
DXA. Furthermore, the authors observed that the DW equations do not estimate PBF
uniformly in all racial groups. The discrepancy in the findings may be explained by
the differences in the studied populations (ethnicity, age, etc.) and also in the
reference methods among the studies. Concluding, one might consider that the
equations with skinfold thickness can be used to estimate PBF in men with type 2
diabetes, but one must better evaluate the choice of equation according to patient

ethnicity, age and BMI.

One possible limitation of the present study was the use of DXA as a
reference method, since the evaluation using this method can vary according to the
device brand and the variation of PBF (the higher the PBF, the smaller the difference
between DXA and the model of 4C, progressively underestimating PBF in thinner
individuals) (41). Furthermore, some authors suggest that DXA can overestimate
PBF. Besides variations in hydration, lean mass and body thickness may contribute

to the variability of DXA results (42).

The number of skinfold thickness performed may have been another limitation
of this study, because if skinfold thickness were measured at more anatomical points
we might have been able to use other equations and maybe increasing the accuracy

of this method, especially in women.



50

Conclusion

This study evaluated BIA and skinfold thickness as methods to estimate PBF
in patients with type 2 diabetes, comparing them to DXA. BIA presented a good
accuracy to identify patients with increased PBF. Comparing to DXA, it significantly
underestimated PBF (up to 2.7%) but with an acceptable difference. Interestingly,
this underestimation seems to be attenuated with increasing weight. Regarding
skinfold thickness, they proved adequate only for men. There are a great variety of
equations and anatomical points to measure the skinfolds and, therefore, further

studies using different equations could be valid.
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Table 1. Clinical Characteristics of the patients.

All participants Men (n=57)  Women (n=76) P#

(n=133)

Age (years) 63.6 £ 9.1 64.1+£9.5 63.1+£8.7 0.50
Duration of diabetes (years) 15.5+10.3 13.3+8.9 17.1+11.0 0.03
Ethnicity

White 73.2% 70.9% 75%

Black 14.2% 10.9% 16.7% 0.35

Mulatto 7.9% 10.9% 5.6% '

Others 4.7% 7.3% 2.8%
Use of Diuretics (Yes) 57.6% 60.4% 55.7 0.70
Total Cholesterol (mg/dL) 174 + 38 166 + 39 181 + 36 0.02
HDL Cholesterol (mg/dL) 45 + 10 43+ 9 47 +10 0.04
Triglycerides (mg/dL) 129 (19-942) 113 (19-942) 140 (33 -901) 0.02
Fasting glycemia (mg/dL) 157 + 61 161 £ 60 153 + 61 0.50
HbA1c (%) 8.1+1.8 7.8+1.6 84+1.9 0.05
Creatinine (mg/dL) 0.88 £ 0.24 1.0£0.19 0.80 £ 0.23 <0.001
GFR - CKD-EPI (mL/min) 94.9 + 10.1 92.8+9.5 96.4 +10.4 0.046

Values described as mean * standard deviation or median and interquartile intervals
between parentheses. # Comparison between men and women
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Body weight (kg)
BMI (kg/m?)
Patient distribution in the BMI
categories:

Normal

Overweight

Grade | obesity
Abdominal circumference (cm)
Body fat according to DXA (kg)
Body fat according to BIA (KQg)

PBF estimated by DXA (%)

PBF estimated by BIA (%)
Difference of DXA vs BIA

PBF estimated by Petroski (%)
Difference of DXA vs Petroski

PBF by DW gender-adjusted (%)

Difference of DXA vs DW

PBF by DW age-adjusted (%)
Difference of DXA vs DW

All (n=133) Men (n=57) Women (n=76) P#
76.0+10.5 79.8+10.0 73.2+9.8 <0.001
292+36 28327 299140 0.004
14 (10.5%) 7 (12.3%) 7 (9.2%)
65 (48.9%) 35 (61.4%) 30 (39.5%) 0.014
54 (40.6%) 15 (26.3%) 39 (51.3%)
101.8+85 102.7+8.8 101.0+ 8.3 0.3
276+6.8 242+57 30.1+6.4 <0.001
273+80 23.1+6.0 30.3+7.8 <0.001
376173 31147 424 +4.8 <0.001
35.8+8.5° 28957 41.0+6.3* <0.001
1.8+3.3 23+33 1.4+32 0.1
35257 30.5+45" 38.8 + 3.4* <0.001
28140 1.55+ 3.8 37140 0.005
35177 276142 40.7 £ 3.9* <0.001
3.0+45 45+37 1.8+4.7 0.002
39.3+7.0¢ 32744 443 + 3.6* <0.001
-1.3+42 -0.62+37 -1.8+45 <0.001

BIA: Bioimpedance; DXA: Dual Energy X-ray Absorptiometry DW: Durnin &

Womersley. Values described as mean

+

standard deviation or number and

frequency between parentheses. # Comparison between men and women; * p < 0.05

concerning DXA.
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Table 3. Correlation coefficient between the different methods to measure

percentage body fat and DXA as the reference method.

BIA

Petroski equation
DW gender-adjusted
equation

DW age-adjusted
equation

All Men Women
r p r P r P
0.93 <0.001 0.81 <0.001 0.87 0.001
0.806 <0.001 0.64 <0.001 0.52 <0.001
0.813 <0.001 0.63 <0.001 0.37 0.004
0.813 <0.001 0.65 <0.001 0.38 0.003

BIA: Bioimpedance;
Womersley

DXA: Dual Energy X-ray Absorptiometry DW: Durnin &
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Figure 1. Correlation between Percentage Body Fat (PBF) estimated by the
Bioimpedance and skinfolds thickness and Dual Energy X-Ray Absorptiometry
(DXA). A — BIA versus DXA; B — Petroski equation versus DXA; C — DW gender-
adjusted equation versus DXA; D- DW age-adjusted equation versus DXA



59

MEN WOMEN
ALL
LSC=774
< 249 -89
oD [ e LSC=882- < o .
L m
DO e w ¢ .o . .
e : E £ W 14
| NPT : . =1
5 - 2 e ¢oe oG *
8 ! < ce
W o b LIC=-4.4 o
m Y [
o m o oo S e LiC=-493 __|
[=} o ' *
T T T T T T T T T T
20 25 30 35 40 25 30 35 40 45 50
Average PBF DXA and BIA Average PBF DXA and BIA
Z
BMI < 30 kg/m
< °7 e LSC=9.07
E g . .
[T o .
o w0 - [ . . ®
o [ o Se= 2 G IE-IS hd * d b \iRg= 24
| . - o e s s
< . . | - .5. LI -
x . .
3 <
w Lic=4.18 S LIC=-417-
[rO w77
o m
o
T T T T T T T T T
20 2 30 3% 25 30 35 40 45
Average PBF DXA and BIA Average PBF DXA and BIA
Z
BMI= 30 kg/m
2 -]
= .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LSC=6.77- -
.
< W LSC=5.1.
o < v
TR . m .
E Viga= 11 i . . .
| ° v Dl- * : . Vies=04
< o - -
> ‘e
a < e
é B LIC= -4 57 E * .
o m .
o B R S LIC=-535
?_' B T T T T T T T o
26 28 30 32 34 36 38 =
T T T
10 45 50
Average PBF DXA and BIA Average PBF DXA and BIA

Figure 2. Bland-Altman plots for comparing percentage body fat evaluated by
Bioimpedance and DXA in men and women, divided according to the body mass
index. BMI: Body Mass Index; PBF: Percentage Body Fat; BIA: Bioimpedance; DXA:
Dual Energy X-ray Absorptiometry; LSC:upper limit; LSl:lower limit. The solid line
represents the mean and the broken line the 2 SD.
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Figure 3. Bland-Altman plots for comparison between percentage body fat estimated
by the Petroski Equation and DXA for men and women, divided according to body
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Durning & Womersley gender-adjusted equation and DXA for men and women and
divided according to the body mass index. BMI: Body Mass Index; ; PBF: Percentage
Body Fat; DXA: Dual Energy X-ray Absorptiometry; DW: Durnin & Womersley;
LSC:uppper limit; LSI: lower limit. The solid line represents the mean and the broken
line the 2 SD.
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Figure 5: Bland-Altman Plots to compare the Percentage Body Fat evaluated by the
Durnin & Womersley age-adjusted equation and DXA for men and women divided
according to the body mass index. BMI: Body Mass Index; ; PBF: Percentage Body
Fat; DXA: Dual Energy X-ray Absorptiometry; DW: Durnin & Womersley;
LSC:uppper limit; LSI: lower limit. The solid line represents the mean and the broken
line the 2 SD.
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Figure 6: ROC curves of BIA and Durnin & Womersley gender-adjusted equation to
determine an increased PBF, separately constructed for men and women.
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Figure 7: ROC curves of Durnin & Womersley age-adjusted equation and Petroski
equation to determine an increased PBF, separately constructed for men and

women.



