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RESUMO

MORALIS, Nubia de Souza de, M.Sc., Universidade Federal de Vigosa, marco de 2023. Fatores
de risco cardiometabélico em adolescentes em funcao da localizacao da gordura corporal.
Orientador: Silvia Eloiza Priore. Coorientadoras: Sylvia do Carmo Castro Franceschini, Sarah
Aparecida Vieira Ribeiro, Dayane de Castro Morais e Vivian Siqueira Santos Gongalves.

O excesso de peso e a obesidade em adolescentes € crescente, periodo. Assim, € necessario
entender como a gordura corporal, dependendo da sua localizacdo, interfere no
desenvolvimento de fatores de risco e doengas cardiometabdlicas nessa populagcdo. Dessa
forma, o objetivo deste trabalho foi verificar a associacio de fatores de risco cardiometabdlico
com a localizagdo da gordura corporal em adolescentes. Trata-se de um estudo transversal
realizado com dados secunddrios. Os adolescentes foram divididos de acordo com a situagdo
nutricional: GE — Eutrofia pelo IMC e %GC elevado; e dois de comparagdo: GC1 — Eutrofia
pelo IMC e %GC adequado; GC2 — Excesso de peso pelo IMC e %GC elevado. Foram
avaliadas medidas de peso, estatura, perimetros da cintura e quadril, além do percentual de
gordura corporal total e regional. Foram calculados o Indice de Massa Corporal, Relagio
Cintura-Estatura e Relacdo Cintura-Quadril. Foram avaliados o perfil lipidico, glicemia de
jejum, resisténcia a insulina (HOMA-IR), 4cido drico e a pressdo arterial. Além disso, a pratica
de atividade fisica também foi avaliada. O projeto foi aprovado pelo Comité de Etica em
Pesquisa com Seres Humanos da Universidade Federal de Vicosa (CEP/UFV) (parecer n°
2.879.661). Para as andlises estatisticas foi utilizado o software R versao 4.0.2, adotando nivel
de significancia de 5%. O teste de Kolmogorov-Smirnov verificou a normalidade das variaveis.
comparagdo das varidveis numéricas entre o GE e cada grupo de comparacio, separadamente,
de acordo com o sexo, foi realizada pelo teste Mann-Whitney. Realizou-se Andlise de
Componentes Principais para identificar os fatores de risco associados a cada grupo, e regressao
logistica para avaliar a associacdo entre os grupos com cada varidvel. O teste de Mann-Whitney
comparou as varidveis quantitativas entre os sexos. Realizou-se regressdo linear simples e
multipla, ajustado para idade e atividade fisica, para prever a alteracdo em cada fator de risco,
a partir das medidas de gordura corporal. A anélise de redes foi realizada para avaliar a relacdo
entre as medidas de gordura corporal e os fatores de risco cardiometabdlico. A capacidade das
localizagdes de gordura corporal para predizer alteragdes dos fatores de risco cardiometabdlico
foi baseada na construcdo de curvas ROC (Receiver Operating Characteristic). Em relagao aos
fatores avaliados, o GE se assemelhou mais ao GC2 do que ao GC1, para ambos os sexos. Para

as meninas, apenas o %GP foi superior a0 %GA para predizer o CT elevado. J4, para os



meninos, o %GA foi superior a0 %GP, %GT, e %GB para predizer valores aumentados de CT,
LDL, TG, PA e HOMA-IR, elevados. O %GG também foi superior ao %GT e ao %GB para
predizer valores elevados de CT, LDL, e HOMA-IR. Por fim, o %GT foi superior ao %GP e ao
%GB para predizer PA e HOMA-IR elevados. Estes resultados demonstram que a avaliagdo da
gordura corporal pode ser mais eficaz na predicdo de fatores de risco e de doengas
cardiometabdlicas, do que o IMC isolado. Ainda, h4 diferencas na forma como a localizacdo da

GC influencia nos fatores de risco cardiometabdlico, dependendo do sexo.

Palavras-chave: Adolescente. Composicdo corporal. Indices de adiposidade corporal. Risco

cardiometabdlico.



ABSTRACT

MORALIS, Niubia de Souza de, M.Sc., Universidade Federal de Vigosa, March, 2023.
Cardiometabolic risk factors in adolescents according to the location of body fat. Adviser:
Silvia Eloiza Priore. Co-advisers: Sylvia do Carmo Castro Franceschini, Sarah Aparecida
Vieira Ribeiro, Dayane de Castro Morais and Vivian Siqueira Santos Gongalves.

Overweight and obesity in teenagers is on the rise, period. Thus, it is necessary to understand
how body fat, depending on its location, interferes with the development of risk factors and
cardiometabolic diseases in this population. Thus, the objective of this study was to verify the
association of cardiometabolic risk factors with the location of body fat in adolescents. This is
a cross-sectional study carried out with secondary data. Adolescents were divided according to
nutritional situation: EG — Eutrophy by BMI and high %BF; and two for comparison: GC1 —
Eutrophy by BMI and %BF appropriate; GC2 — Excess weight due to BMI and high %BF.
Measurements of weight, height, waist and hip perimeters, in addition to the percentage of total
and regional body fat were evaluated. Body Mass Index, Waist-to-Height Ratio and Waist-to-
Hip Ratio were calculated. Lipid profile, fasting glucose, insulin resistance (HOMA-IR), uric
acid and blood pressure were evaluated. In addition, the practice of physical activity was also
evaluated. The project was approved by the Ethics Committee for Research with Human Beings
of the Federal University of Vigosa (CEP/UFV) (Opinion n°2,879,661). For statistical analyses,
the R software version 4.0.2 was used, adopting a significance level of 5%. The Kolmogorov-
Smirnov test verified the normality of the variables. comparison of numerical variables between
the EG and each comparison group, separately, according to gender, was performed using the
Mann-Whitney test. Principal Component Analysis was performed to identify the risk factors
associated with each group, and logistic regression was performed to assess the association
between groups with each variable. The Mann-Whitney test compared quantitative variables
between genders. Simple and multiple linear regression, adjusted for age and physical activity,
was performed to predict changes in each risk factor based on body fat measurements. Network
analysis was performed to assess the relationship between body fat measurements and
cardiometabolic risk factors. The ability of body fat locations to predict changes in
cardiometabolic risk factors was based on the construction of ROC (Receiver Operating
Characteristic) curves. Regarding the evaluated factors, the EG was more similar to GC2 than
to GC1, for both sexes. For girls, only %BF was superior to %FA to predict high TC. On the
other hand, for boys, %GA was superior to %BF, %GT, and %GB to predict increased values
of TC, LDL, TG, BP and HOMA-IR, elevated. %GG was also superior to %GT and %GB in



predicting elevated TC, LDL, and HOMA-IR values. Finally, %GT was superior to %GP and
%GB to predict high BP and HOMA-IR. These results demonstrate that the assessment of body
fat can be more effective in predicting risk factors and cardiometabolic diseases than BMI
alone. Furthermore, there are differences in the way in which the location of the GC influences

cardiometabolic risk factors, depending on gender.

Keywords: Adolescent. Body composition. Body adiposity indices. Cardiometabolic risk.
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1. INTRODUCAO GERAL

A adolescéncia € um periodo da vida em que ocorrem diversas mudangas bioldgicas,
fisicas e psicoldgicas. Além disso, nessa fase o individuo tem sua personalidade consolidada e
adota hébitos alimentares e de estilo de vida que podem se manter durante toda a vida adulta
(LAMOUNIER et al., 2010; BARRETO NETO et al., 2015; WATTS et al., 2016).

Adolescentes, em geral, apresentam elevado consumo de alimentos ultraprocessados,
com quantidades excessivas de calorias, ricos em actcares, gorduras e sédio. Além de baixo
consumo de alimentos in natura ou minimamente processados, que sdo ricos em vitaminas,
minerais e fibras (GONCALVES; CANELLA; BANDONI, 2020).

Ainda, adolescentes tendem a apresentar elevado comportamento sedentario e baixo
nivel de atividade fisica (KUMAR; ROBINSON; TILL, 2015; MORAIS; MIRANDA;
PRIORE, 2018). Ressalta-se que hébitos de vida podem influenciar no desenvolvimento de
doencas a médio e longo prazo, como a obesidade, uma doenga cronica ndo transmissivel
(DCNT) de origem multifatorial, caracterizada pelo aumento excessivo de gordura corporal em
virtude do balanco energético positivo. A obesidade envolve fatores genéticos e ambientais,
sendo estes ultimos considerados mais relevantes ao seu desenvolvimento (TROMBETTA,
2003).

Nesse contexto, destaca-se que o excesso de peso e a obesidade em adolescentes é
crescente (IBGE, 2010; IBGE, 2016; NCD-RISC, 2017; BRASIL, 2020; WHO, 2020), de
forma que a maioria dos adolescentes com obesidade continua nessa situacdo na vida adulta
(WATTS et al.,, 2016). Ademais, adultos que tinham obesidade na adolescéncia podem
apresentar mudancas comportamentais desfavoraveis, como diminui¢do do nivel de atividade
fisica e aumento do tempo de tela, bem como menor consumo de frutas e vegetais, e adocao de
dietas rigorosas e prejudiciais a saide (WATTS et al., 2016).

E importante considerar que a avaliagio do estado nutricional é comumente realizada
pela classificagdo do Indice de Massa Corporal (IMC), entretanto, o cdlculo do IMC nao permite
fazer a distin¢@o entre massa magra e massa gorda, portanto, ndo identifica o excesso de gordura
corporal, e dessa forma, impossibilita a correta classificacdo da obesidade, subestimando a
prevaléncia dessa doenca (FILGUEIRAS et al., 2018; WOOLCOTT; BERGMAN, 2019;
RIPKA et al., 2020).

Assim, € necessdrio que a avaliacio do estado nutricional considere também o
percentual de gordura corporal (%GC), pois, estudos mostram que é comum o individuo

apresentar elevado %GC, apesar de ser classificado como eutréfico pelo IMC. Essa condigao
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estd relacionada ao maior risco de desenvolvimento de doencas cardiometabdlicas
(CARVALHO et al., 2010; SERRANO et al., 2010; PEREIRA et al., 2012; BRAGANCA et
al., 2020; HERMOSO et al., 2020; COTA et al., 2021).

E importante considerar também que o risco cardiometabélico difere em relacio a
localizacdo da gordura corporal nas diferentes regides anatdémicas do corpo (PICHE er al.,
2018). Em adultos o tecido adiposo localizado nas regides periféricas, como coxa e pernas
poderia ter um efeito protetor em relagdo ao desenvolvimento de sindrome metabdlica (PARK
etal., 2014).

Ressalta-se que em criancas e adolescentes, a relacdo entre a localizacdo da gordura
corporal e o risco cardiometabdlico ainda € incerto. Especialmente durante a adolescéncia,
ocorrem mudancas significativas na distribuicdo de gordura, principalmente durante a
puberdade (STAIANO; KATZMARZYK, 2012).

Nesse contexto, estudos mostram que a gordura corporal total e a regional predizem
fatores de risco cardiometabdlico de forma semelhante na infancia e adolescéncia (CRUZ,
BERGMAN, GORAN, 2002; TERSHAKOVEC et al., 2003; ARISTIZABAL et al., 2015). Em
contraste a isso, outros estudos mostram que a gordura androide pode ser um indicador mais
importante de risco cardiometabdlico nessas faixas etarias (AUCOUTURIER et al., 2009;
SAMSELL et al., 2014).

Diante desse contexto, torna-se necessdrio entender como a localizacdo da gordura
corporal se relaciona com o desenvolvimento de fatores de risco e doencas cardiometabdlicas
em adolescentes. Destaca-se que grande parte dos habitos de vida s@o definidos durante a
adolescéncia (LAMOUNIER et al., 2010; BARRETO NETO et al., 2015; WATTS et al., 2016).
Sendo assim, essa é uma faixa etdria propicia para estimular a adocdo de um estilo de vida
saudavel (CHAN; SIU; LEE, 2019), de forma a favorecer a promocgao da saude e prevencao de
doencas a médio e longo prazo.

Este trabalho possui como hipéteses que, adolescentes eutréficos com elevado %GC
(GE) possuem mais altera¢des nos indices antropométricos, nos exames bioquimicos e pressao
arterial, bem como maior acimulo de gordura abdominal comparados aos eutréficos com %GC
adequado (GC1); Adolescentes do grupo GE apresentam indices antropométricos, exames
bioquimicos e pressdo arterial, além da gordura abdominal semelhantes aos com excesso de
peso e gordura corporal (GC2); Os grupos GE e GC2 possuem maior percentual de gordura
corporal localizado na regido central, enquanto no GC1, a gordura estd mais localizada nas

regides periféricas do corpo.
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2. OBJETIVOS

2.1. Objetivo Geral
Verificar foi verificar a associacdo de fatores de risco cardiometabdlico com a

localizag¢do da gordura corporal em adolescentes.

2.2. Objetivos Especificos

e Revisar a literatura em relacao aos fatores de risco cardiometabdlico associados a localizag¢ao
da gordura corporal em adolescentes (Artigo de revisdo sistematica);

e Comparar os fatores de risco cardiometabdlico em adolescentes eutroficos com elevado
percentual de gordura corporal (%GC) com adolescentes eutroficos com %GC adequado e
aqueles com excesso de peso e %GC (Artigo original 1);

e Investigar a associacdo da localizacdo da gordura corporal nos fatores de risco
cardiometabodlico em adolescents (Artigo original 2);

e Avaliar qual localizagdao da gordura corporal possui melhor desempenho em predizer

alteracOes nos fatores de risco cardiometabodlico (Artigo original 2).

3. METODOLOGIA

3.1. Delineamento do Estudo

Estudo transversal realizado com dados secundarios provenientes de dois bancos de
dados derivados de estudos desenvolvidos na cidade de Vigosa-MG, por pesquisadores do
Programa de Pos-graduacdo em Ciéncia da Nutricdo da Universidade Federal de Vigosa,
conforme descritas no Quadros 1. As coletas dos dados foram realizadas de 2010 a 2015.

A populacdo deste estudo foi constituida por adolescentes de ambos os sexos, de 10 a
19 anos de idade. Estes residiam nas zonas urbana ou rural do municipio de Vicosa-MG quando

as coletas foram realizadas.

3.2. Selecao Amostral

O estudo conduzido por Cecon (2017) foi realizado com adolescentes de 10 a 19 anos
de idade, de ambos os sexos, matriculados em escolas publicas e particulares da zona urbana
do municipio de Vigosa, Minas Gerais (Quadro 1). J4 a pesquisa realizada por Miranda (2017)

compreendeu adolescentes do sexo feminino de 14 a 19 anos, residentes da area urbana de
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Vicosa-MG, regularmente matriculadas nos anos letivos de 2014 e 2015 (Quadro 1). Os
critérios de inclusdo de cada estudo estdo detalhados no quadro 2.

Para o presente estudo, foi realizada uma sele¢do a partir da andlise de cada banco de
dados incluido. Em caso de adolescentes que foram avaliados nas duas pesquisas, foram
excluidos os que tivessem algum dado faltando, ou com avaliacdo mais antiga. Assim, foram
incluidos 1043 adolescentes no artigo original 1 e 801 no artigo original 2.

O célculo do poder do estudo foi realizado a fim de garantir a significancia das anélises

e assegurar a variabilidade e a significancia dos resultados.



Quadro 1. Dados antropométricos, bioquimicos, clinicos e de estilo de vida das teses cujos bancos de dados foram utilizados.

Autor (ano) Ano da coleta Antropometria Parametros Bioquimicos Par:im-letros Estilo de vida
dos dados clinicos
Cecon 2010, 2011 e Hemograma, Perfil lipidico,
(2017) 2012 P,E, PC(PM), PQ. 4 | G omia de jejum, Acido Urico, PAS ¢ PAD Atividade fisica
pregas, InBody, DEXA Insulina
Miranda ILe20 | Pk, pC M), PO, PP.4 Ghliirfn?fﬁgi"iirfgchiglodijcr?éo PAS e PAD Atividade fisica
(2017) pregas, DEXA, InBody Jejum, ’

Insulina, HOMA-IR, PCR
Legenda: DEXA: Equipamento de absortometria de raios-X de dupla energia; E: Estatura; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance; P: Peso; PAD:
Pressao arterial diastdlica; PAS: Pressao arterial sistdlica; PC (PM): Perimetro da cintura aferido no ponto médio entre a margem inferior da dltima costela e a crista iliaca; PCR:
Proteina C-reativa; PP: Perimetro do pesco¢o; PQ: Perimetro do quadril.
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Quadro 2. Critérios de inclusdo das teses cujos bancos de dados foram utilizados.

Cecon (2017)

Miranda (2017)

- Possuir idade entre 10 a 19 anos;

- Aceitar participar da pesquisa, apresen-
tando o Termo de Consentimento Livre e
Esclarecido (TCLE) assinado pelo respon-
savel e adolescentes;

- Nao fazer uso regular de medicamentos que
alterassem a pressao arterial, a glicemia, in-
sulinemia ou o metabolismo lipidico;

- Nao relatar infec¢des e/ou inflamagdes agu-
das e doencas cronicas ndo transmissiveis;

- Nao fazer uso de anticoncepcional a menos
de 2 meses, no caso do sexo feminino;

- No caso do sexo feminino, ndo ter engravi-
dado ou estar gravida;

- Néo participar de programa de redugdo e
controle de peso;

- Nao fazer uso regular de diuréticos/laxan-
tes, marca-passo ou protese.

- Adolescente do sexo feminino com idade

entre 14 a 19 anos;

- Ja ter apresentado menarca no minimo ha

um ano;

- Aceitar participar da pesquisa, atestado por

meio da assinatura dos termos de Assenti-
mento e TCLE, assinado por elas e pelo res-
ponsavel, respectivamente;

- Nao ter feito uso regular de medicamentos

que alterem a pressdo arterial, a glicemia,
insulinemia ou o metabolismo lipidico;

- Nao ter relatado infec¢des e/ou inflamagdes

agudas e doencas cronicas nio transmissi-
Vels;

- Nao ter usado de anticoncepcional recente

(menos de 2 meses);

- Nao estar passando por periodo gestacio-

nal;

- Nao estar participando de programa de re-

ducdo e controle de peso;

- Nao fazer uso regular de diuréticos/laxan-

tes, marca-passo ou proteses nos membros
inferiores que possa interferir no desloca-
mento;

- Nao estar fazendo suplementacdo de pro-

bidticos e/ou outros tipos de produtos fer-
mentados;

- Nao estar fazendo uso de antibidtico nos dl-

timos 3 meses.

3.3. Critérios de inclusao neste estudo

- Individuos com idade de 10 a 19 anos quando os dados foram coletados;

- Possuir medidas antropométricas e de composi¢ao corporal (DEXA) disponiveis nos bancos
de dados utilizados;

- Ter dados de pressao arterial, perfil lipidico, glicemia de jejum, resisténcia a insulina e dcido
urico.

- Dispor de informagdes sobre pratica de atividade fisica.

3.4. Caracterizacao da populacao
Para o artigo original 1, os individuos foram divididos de acordo com a situacao

nutricional em um grupo de estudo: GE — Eutrofia pelo IMC e %GC elevado; e dois de
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comparacdo: GC1 — Eutrofia pelo IMC e %GC adequado; GC2 — Excesso de peso pelo IMC
e %GC elevado.

3.5. Variaveis avaliadas

3.5.1. Medidas antropométricas

Peso

O peso foi aferido em balanca digital eletronica, com capacidade maxima de 200kg. As
pesagens foram realizadas de acordo com as técnicas propostas pela OMS (1995). Para maior
confiabilidade das medidas, a calibragem da balanca foi verificada semanalmente com peso

padrdo.

Estatura
A estatura foi aferida com estadidmetro portatil, com extensdo de até 2,20m. As medidas

foram executadas seguindo-se as técnicas preconizadas pela OMS (1995).

Perimetros da cintura e do quadril

Para afericdo dos perimetros foi utilizada fita métrica, flexivel e ineldstica, com extensao
maxima de 2m, com cuidado para ndo comprimir os tecidos. As medidas foram realizadas em
duplicata, sendo admitida variagdo maxima de 0,5 cm e em caso de variagdo superior a esse
valor, foi realizada uma terceira afericdo, utilizando a média entre as duas medidas mais
préoximas.

O perimetro da cintura foi aferido no ponto médio entre a margem inferior da ultima
costela e a crista iliaca, no plano horizontal (WHO, 2008). O do quadril foi medido na regido
glitea, circundando a maior por¢ao horizontal entre a cintura e os joelhos (FRANCESCHINI

et al., 2017).
3.5.2. Indices antropométricos
Relagoes cintura/estatura e cintura/quadril

A relacdo cintura/estatura (RCE) foi calculada pelo quociente da medida do perimetro

da cintura (cm) pela medida da estatura (cm). Foi considerado como ponto de corte para
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presenca de obesidade abdominal valores de RCE > 0,50, independentemente da idade e do
sexo (ASHWELL, GIBSON, 2014).

A relacdo cintura/quadril (RCQ) foi calculada a partir da relagdo do PC (cm) pelo do
quadril.

Indice de Massa Corporal

O Indice de Massa Corporal (IMC) foi calculado pela razdo do peso corporal (kg) e
estatura (m2?) (WHO, 1995), com auxilio do Software WHO AnthroPlus. A classificacdo do
IMC foi realizada de acordo com a WHO (2007) (Quadro 3).

Quadro 3. Classificacdo do estado nutricional de adolescentes.

Classificacao do Estado
. . Escore-z
Nutricional
Baixo Peso <2
Eutréfico >-2<1
Sobrepeso >1<2
Obesidade >2

Fonte: WHO, 2007.

3.5.3. Gordura corporal

Para estimar o percentual de gordura corporal (%GC) dos adolescentes, foi utilizado o
Equipamento de absortometria de raios-X de dupla energia (DEXA). Para a realizacdo desse
exame, os adolescentes foram orientados a seguir algumas orientacdes, sendo elas: as meninas
precisavam estar hd pelo menos sete dias da data da dltima menstruacdo e sete dias antes da
préxima; jejum absoluto de 12 horas anteriores A realizacio do exame; nio realizar exercicio
fisico nas 12 horas anteriores; ndo ingerir dlcool nas 48 horas anteriores; ndo fazer uso de
diuréticos pelo menos nos sete dias anteriores; retira objetos metdlicos como brincos, relégios
e outros e; urinar 30 minutos antes da realizacdo do exame (BARBOSA, 2006).

Foi analisado o %GC total e regional, considerando as regides do tronco, dos bracos e
das pernas, separadamente. Ainda, foi analisada a gordura central (androide — predominio da
gordura na regido abdominal) e periférica (ginoide — predominio da gordura nos quadris e
coxas).

A classificacdo do %GC total foi realizada utilizando-se os pontos de corte propostos

por Williams (1992), de acordo com o sexo (Quadro 4).



30

Quadro 4. Classificacdo do percentual de gordura corporal total de adolescentes, segundo sexo.

% GC e
. . Classificacao
Feminino Masculino
<15% < 10% Baixo Percentual de Gordura Corporal
>15e<25% >10e <20% Eutrofia
>25% e <30% >20% e <25% Risco de Excesso de Gordura Corporal
>30% >25% Excesso de Gordura Corporal

Fonte: Williams, 1992.

3.5.4. Pressao arterial

Para aferir a pressao arterial foi utilizado o monitor de pressdao sanguinea de inflacio

automdtica, e foi realizada de acordo com as técnicas preconizadas pela Sociedade Brasileira

de Cardiologia (IV; VI; VII Diretrizes Brasileiras de Hipertensdo Arterial). As medidas foram

realizadas em ambos os bracos e no que apresentasse maior valor da pressao arterial, foram

realizadas mais duas medidas, com intervalo de um a dois minutos entre elas, excluindo-se a

primeira e fazendo a média das duas ultimas. Se a pressdo diastdlica e sistolica obtida

apresentasse entre si diferencgas superiores a 4 mmHg, novas medidas foram realizadas, até se

obter uma diferenca inferior a esse valor.

A classificacdo da pressao arterial de adolescentes foi feita de acordo com idade, sexo e

percentil de estatura, utilizando os pontos de corte de pressao sistélica e diastdlica preconizados

pela Sociedade Brasileira de Cardiologia (2020) (Quadro 5).

Quadro S. Classificacdo da pressdo arterial para adolescentes até 17 anos.

Classificacao

< 13anos

> 13 anos

Normal

< percentil 90

<120/< 80 mm Hg

Pressao arterial
elevada

> percentil 90 a < percentil 95 e > 120/80
mmHg para < percentil 95 (o que for
menor)

120/< 80 a 129/< 80 mmHg

Hipertensao estagio 1

> percentil 95 até < P95 + 12 mmHg ou
PA entre 130/80 até 139/89mmHg (o que
for menor)

130/80 ou até 139/89 mm Hg

Hipertensao estdgio 2

> percentil 95 + 12 mmHg ou
> 140/90 mmHg
(o que for menor)

> 140/90mmHg

Fonte: Diretrizes Brasileiras de Hipertensdo Arterial — 2020 (BARROSO et al., 2020).
PAS: pressao arterial sistélica; PAD: pressdo arterial diastdlica.

3.5.5. Exames bioquimicos

As analises bioquimicas foram realizadas em laboratdrio credenciado. Os individuos

foram orientados a fazer 12 horas de jejum antes da coleta. As amostras foram colhidas com
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material descartdvel, por pun¢do venosa, no periodo da manha. Foram realizados exames de

perfil lipidico, glicemia de jejum, insulina e 4cido Urico.

Perfil lipidico

Foram dosados colesterol total (CT), lipoproteina de alta densidade (High Density
Lipoprotein — HDL), lipoproteina de baixa densidade (Low Density Lipoprotein — LDL) e
triglicerideos (TG).

O colesterol total, HDL e triglicerideos foram avaliados pelo método colorimétrico
enzimatico, com automacio pelo equipamento Cobas Mira Plus (Roche) e o LDL calculado
pela férmula de Friedwald (FRIEDEWALD, LEVY; FREDRICKSON, 1972).

A classificagdo dos valores dos lipidios séricos foi realizada conforme a VII Diretriz
Brasileira de Dislipidemias e Prevencdo da Aterosclerose (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA, 2017) (Quadro 6).

Quadro 6. Classificacdo dos niveis séricos de colesterol total, LDL, HDL e triglicerideos, de
adolescentes.

Parametros Com jejum
Colesterol Total (mg/dL) <170
LDL (mg/dL) <110
HDL (mg/dL) > 45
Triglicerideos (mg/dL) <90

Fonte: Sociedade Brasileira de Cardiologia (2017).
HDL.: colesterol da lipoproteina de alta densidade; LDL: colesterol da lipoproteina de baixa densidade.

Glicemia de jejum

A avaliacdo da glicemia de jejum foi realizada pelo método enzimatico da glicose-
oxidase por meio do equipamento de automacgdo Cobas Mira Plus (Roche).

Sua classificagdo foi realizada segundo a Sociedade Brasileira de Diabetes (2019/2020)

(Quadro 7).

Quadro 7. Classificacdo dos niveis de glicemia para adolescentes.

Valores (mg/dL) Classificacao
< 100 Normal
100-125 Pré-diabetes
> 126 Diabetes

Fonte: Sociedade Brasileira de Diabetes (2019/2020).
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Resisténcia a insulina

A resisténcia insulinica foi avaliada pelo modelo matemédtico HOMA — IR (Homeostasis
Model Assessment — Insulin Resistance)  MATTHEWS et al., 1985), com base nas dosagens de
insulina e glicemia de jejum:

HOMA-IR = [(insulina de jejum («U/mL) x glicemia de jejum [mmol/L])/22,5]

Os pontos de corte considerados como indicativo da presenca de resisténcia insulinica

serdo de acordo com o sexo (Quadro 8).

Quadro 8. Classificacdo do indice HOMA-IR para adolescentes.

A . ~ Valor de corte para
Referéncia Populacao HOMA-IR
Sexo Feminino <1,65
Rocco et al., 2011 Sexo Masculino <1,95

Fonte: Sociedade Brasileira de Diabetes (2019/2020).

Acido urico
O é4cido trico foi dosado pelo método colorimétrico enzimdtico, com automacdo pelo

equipamento Cobas Mira Plus (Roche Corp.).

3.5.7. Atividade fisica

Os adolescentes foram questionados se realizavam atividade fisica (AF) e em caso
positivo, o tipo e frequéncia da atividade foi registrado. Sendo assim, os adolescentes foram
classificados como sedentédrios quando ndo realizava nenhum tipo de AF; e ativos quando
realizavam a educacgdo fisica da escola e/ou outra atividade (IOM, 2002). Para as andlises

estatisticas, essa varidvel foi utilizada para ajuste.

3.5.8. Fatores de risco cardiometabdlico

Foram considerados os seguintes fatores de risco cardiometabdlico: excesso de
adiposidade nas diferentes localizagOes avaliadas (andréide, gindide, pernas, bracos e tronco),
niveis alterados de pressdo arterial sistdlica e/ou diastélica, colesterol total, LDL, HDL, TG,

glicose, presenca de resisténcia a insulina, RCQ e/ou RCE elevadas.
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3.6. Analise Estatistica

Para as andlises estatisticas foi utilizado o software R versao 4.0.2, adotando nivel de
significancia de 5%. Foi realizado o teste de Kolmogorov-Smirnov (MISHRA et al., 2019) para
verificar se as varidveis apresentavam distribui¢do normal. Para a andlise descritiva das varidveis
continuas foram apresentadas medidas de tendéncia central (média ou mediana) e de dispersdo (desvio-
padrdo, minimo e maximo ou percentis 25 e 75). E para as varidveis categéricas foram apresentadas a

frequéncias relativa e absoluta.

3.6.1. Artigo Original 1

O Teste de Mann-Whitney foi realizado para para comparar as varidveis numéricas entre
o grupo de estudo e cada grupo de comparagdo, separadamente. A Andlise de Componentes
Principais (ACP) foi realizada no artigo original 1 para identificar os fatores associados a cada
grupo (GE, GC1 e GC2) (FLECK; BOURDEL, 1998). Para essa andlise, os adolescentes foram
divididos de acordo com os grupos de situagcdo nutricional, e, foram considerados os seguintes
fatores de risco cardiometabdlico como varidveis: excesso de adiposidade nas diferentes
localizagdes avaliadas (androide, ginoide, pernas, bracos e tronco), niveis alterados de pressao
arterial sistolica e/ou diastdlica, colesterol total, LDL, HDL, TG, glicose, RCE e RCQ elevados
e presenca de resisténcia a insulina.

Foi conduzida andlise exploratdria bivariada para determinar a odds ratio (OR), com
objetivo de identificar as varidveis de interesse. Para tanto, a existéncia de associagcdo entre os
grupos de situagdo nutricional com cada varidvel considerada fator de risco cardiometabdlico
foi determinada por Regressao logistica bivariada. As varidveis que apresentaram p < 0,20 na
andlise bivariada foram incluidas no modelo multiplo. Para as andlises, o GE foi considerado
como referéncia, e, a idade e o sexo foram usados como varidveis de ajuste.

Em seguida, foi realizada regressao logistica multipla, em que a cada etapa, as varidveis
que ndo alteraram a OR e os intervalos de confiangca de modo significante (p < 0,05), foram
descartadas até a obtencao de um modelo final, pelo método backward. A qualidade do modelo
foi avaliada pelo critério de informacgao de Akaike e o ajuste pelo teste de Hosmer&Lemeshow,

a partir da fun¢ao hoslem.test que indica bom ajuste quando p > 0,05 (SUBHASH et al., 2019).

3.6.2. Artigo Original 2
O teste de Mann-Whitney comparou as varidveis quantitativas entre 0s sexos. A

regressao linear bivariada foi efetuada a partir de modelos de regressdo linear simples
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considerando cada fator de risco (niveis alterados de pressdo arterial sistdlica e/ou diastdlica,
colesterol total, LDL, HDL, TG e HOMA-IR elevados) como varidvel desfecho e cada medida
de gordura corporal como varidvel explicativa.

A regressdo linear mdltipla ajustada para idade e atividade fisica, foi realizada para
prever a alteracdo em cada fator de risco, a partir das medidas de gordura corporal, como
varidveis explicativas. Para a constru¢do do modelo linear multiplo utilizou-se, como critérios
para a inclusdo das varidveis, o valor p<0,20, obtido na anélise bivariada. No modelo final, por
sua vez, utilizou-se o método backward, sendo que aquelas varidveis com menor significincia
(maior valor p) foram retiradas uma a uma do modelo. O procedimento foi repetido até que
todas as varidveis presentes no modelo possuissem significancia (p<0,05).

O teste F da andlise de variancia foi utilizado para avaliar a significincia do modelo
final, j4 a qualidade do ajuste foi analisada pelo coeficiente de determinacgio (R?). Os residuos
foram avaliados segundo as suposi¢cdes de normalidade, homocedasticidade, linearidade e
independéncia. Ainda, verificou-se a multicolinearidade entre as varidveis incluidas no modelo.

A andlise de redes foi realizada para avaliar a relagdo entre as medidas de gordura
corporal e os fatores de risco cardiometabdlico. Os gréificos construidos a partir dessa analise
permitem explorar visualmente as relacdes que ocorrem de forma simultanea entre as varidveis.
Ainda, as medidas de centralidade (betweenness, closeness e strength) possibilitam demonstrar
a importancia de cada varidvel em cada grafico (HEVEY, 2018; LEME et al., 2020).

A capacidade das localizacdes de gordura corporal para predizer alteracdes dos fatores
de risco cardiometabolico foram estabelecidos por meio da construgdo de curvas ROC. Foram
determinadas as dreas sob as curvas ROC (ASC) e os respectivos intervalos de confianca
(IC95%), estratificados por sexo. Ainda, as curvas foram comparadas para definir as
localizagdes de gordura que apresentam melhor desempenho em predizer a alteracdo de cada

fator de risco.

3.7. Aspectos Eticos

Todas as pesquisas, cujos bancos de dados foram incluidos nesse estudo, foram subme-
tidas e aprovadas pelo Comité de Etica em Pesquisa com Seres Humanos da Universidade Fe-
deral de Vigosa (CEP/UFV), quando foram realizadas e no momento que houve a juncao dos
bancos de dados em 2018 (parecer n° 2.879.661), de acordo com a Resolucdo n° 466, de 12 de
dezembro de 2012 do Conselho Nacional de Saide (Anexo A).
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Todos os participantes receberam retorno apés o término das pesquisas, com a cOpia dos
resultados dos exames realizados e orientagdes nutricionais, além de encaminhamento para os

servicos de saide, quando necessario.
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4. RESULTADOS E DISCUSSAO

4.1. Artigo de revisao sistematica
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Abstract

The purpose of this study is to verify whether the location of body fat is associated with the
presence of cardiometabolic risk factors in adolescents. Twelve studies were included in the
review. The central and peripheral fat were associated with higher levels of blood glucose,
insulin, Homeostasis Model Assessment-Insulin Resistance (HOMA-IR), Low Density
Lipoprotein (LDL), leptin, blood pressure and lower than High Density Lipoprotein (HDL) in
adolescents. Android obesity and abdominal, visceral and subcutaneous adipose tissue were
also associated with changes in lipid profile and HOMA-IR. Furthermore, trunk fat and visceral
adipose tissue were related to higher values of inflammatory markers such as Interleukin 6(IL-
6), C-reactive protein (PCR), leptin and adiponectin, in addition to blood pressure, HOMA-IR
and changes in the lipid profile. Finally, leg fat was inversely associated with cardiometabolic
risk z-score, and an increase in this fat by 1 standard deviation was inversely associated with
the presence of two or more cardiometabolic risk factors. Excess adiposity in any location is
associated with increased cardiometabolic risk, however, having a higher proportion of
subcutaneous and gynoid fat tends to be less harmful. Thus, the highest percentage of total body

fat concentrated in the gynoid region and legs is associated with a lower cardiometabolic risk
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in adolescents, when compared to the location in the android region, that is, the abdominal

region, especially when it comes to visceral fat.

Keywords: Adolescent; Body fat distribution; Cardiometabolic risk factors; Systematic review.

INTRODUCTION

Adolescence, the chronological period from 10 to 19 years of age !, is a phase of intense
behavioral changes that can lead to the adoption of unhealthy habits, such as poor diet and
sedentary lifestyle, which, associated with physiological and genetic components, can
contribute for the development of overweight and obesity @. It is noteworthy that in
adolescence the physiological increase in body adiposity is necessary and occurs mainly in
females, which is essential for physical growth and development, but, in excess it is a risk factor
for cardiometabolic diseases ®. Worldwide, the number of adolescents with obesity has
increased tenfold in the last four decades .

Excess adiposity is one of the main health problems among adolescents, and also one of
the main factors involved in the development of metabolic and cardiovascular diseases .
Adolescents with obesity have an increased chance of developing cardiometabolic risk factors
such as arterial hypertension, insulin resistance and dyslipidemia, and of maintaining this health
condition throughout adulthood, resulting in a higher risk of morbidity and mortality &9

However, in addition to the percentage of adiposity, there is evidence that the regional
distribution of body fat has different impacts on the cardiometabolic risk of adults. This is
because fat deposits comprise different metabolic properties depending on their location, which
results in different contributions to the risk of metabolic diseases "®. For example, it is already
established that in adults, abdominal fat is strongly related to metabolic complications, in
contrast to excess total body fat. Furthermore, subcutaneous fat has been shown to be less
metabolically deleterious than visceral fat in this age group 7'V, Since it is not yet well
established in the literature whether this evidence also applies to adolescents, the objective of
this systematic review was to verify whether the location of body fat is associated with the

presence of cardiometabolic risk factors in adolescents.
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METHODOLOGY

Data source and search strategy

The systematic review was conducted following the items of the Preferred Reporting
Items for Systematic Reviews — PRISMA !? and registered in International prospective register
of systematic reviews - PROSPERO under the number CRD42022278835.

The inclusion criteria adopted followed the PECOS method (Table 1), based on the
guiding question: “Is the location of body fat associated with the presence of cardiometabolic

risk factors in adolescents?”.

Table 1. PECOS inclusion criteria for studies.

Parameter Inclusion criteria

(P) Participants Adolescents

(E) Exposure Body fat distribution

(C) Comparison No comparison

(O) Outcome Presence of cardiometabolic risk factors
(S) Study design Cross-sectional

The selection of articles was carried out in February 2023, from the following databases:
Publisher Medline (PUBMED), Scopus, Embase, Science Direct, Google Scholar and ProQuest
Dissertations and Theses. For Google Scholar, the first 200 articles were considered for
selection. References were stored in the Rayyan bibliographic software !3. The steps were
performed by two reviewers independently, without using a filter, using different combinations
of the Medical Subject Headings (MeSH) and Health Sciences Descriptors (DecS) - adolescent,
body fat distribution and cardiometabolic risk factors - as well as the corresponding alternative
terms. The complete search strategy and its adaptations related to the databases are available in

the supplementary file (Appendix A).

Selection of Studies

The selection (Figure 1) was performed in the software Rayyan !® by a pair of reviewers
(N. S. M. and A. R. F. R.), independently, following the proposed steps: searches for articles in
the databases, checking the total number found; deletion of duplicates; reading the titles and
abstracts for initial selection, and finally, a complete analysis in order to verify which studies
met the eligibility criteria. The included and excluded studies were selected by consensus

among the reviewers.
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A reverse search was carried out, through the reference list of included articles, to
identify eligible articles not identified by the consulted databases, which also went through the

established stages of analysis and inclusion/exclusion.

Eligibility Criteria

Original articles from cross-sectional studies that evaluated the association between the
location of body fat measured by indirect methods, such as DXA (dual energy X-ray
absorptiometry), magnetic resonance imaging, among others, or bioimpedance (double indirect
method) and the presence of cardiometabolic risk factors in adolescents aged 10 to 19 years of
age. There was no language distinction or publication time restriction of studies. Review
articles, experimental studies, guidelines, theses, dissertations and abstracts, as well as those

that did not meet the aforementioned inclusion criteria, were excluded.

Data analysis and extraction

The extracted data included: title, authors, place of performance, year of publication,
objective, characteristics of the individuals, sample size, body fat measurements,
cardiometabolic risk factors and main results. The primary outcome was the presence of

cardiometabolic risk factors associated with the location of body fat in adolescents.

Risk of bias assessment

The risk of bias was assessed using the critical assessment tool recommended by the
Joanna Briggs Institute (IJB) 4, by two researchers (N. S. M. and A. R. F. R.), independently,
with assistance of the checklist for cross-sectional studies, consisting of 8 questions 4
(Appendix B). The questions cover aspects related to the definition of inclusion criteria,
description of study participants, exposure measures, identification and way of dealing with

confounding factors, presentation of results and statistical analyses.

Review quality assessment

The quality of this systematic review was evaluated according to the Assessment of
Multiple Systematic Reviews (AMSTAR) 1 method, which considers some aspects, such as:
the definition of the central question of the review, the inclusion criteria, pair of researchers,
procedures for consensus decision in case of disagreements in the inclusion or exclusion of

articles, broad search (considering different bases and gray literature), characterization and
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evaluation of the quality of the included studies, methods used to combine the findings of the

studies, probability of bias in published results, and possible conflicts of interest 1.

RESULTS

Figure 1 presents the detailed flowchart of the selection of studies, according to
PRISMA 2, The search identified 2064 articles and, after selection, 12 studies were included.
Appendix C shows articles excluded after full reading, excluded for not meeting eligibility

criteria.
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Identification of studies via databases and registers

Records identified from:
= Databases (n = 2064)
= Scopus (n = 29) Records removed before
8 Pubmed (n = 127) | screening:
= Embase (n = 29) v Duplicate records removed
s Science Direct (n = 1605) (n = 559)
e} Google Scholar (n = 200)
ProQuest (n = 74)
Records screened Records excluded
—>
(n = 1505) (n=1394)
\ 4
Reports sought for retrieval | Reports not retrieved
g (n=0) | n=0)
'c
(]
o
: '
(77}
Reports assessed for eligibility Reports excluded:
(n=111) Reason 1: Did not assess the
outcome of interest (n = 29)
Reason 2: Did not evaluate
adolescents (n = 16)
Reason 3: Non-original
studies (n = 54)
2
° Studies included in review
=]
= (n=12)
=

Figure 1. Selection flowchart of articles included in the systematic review.

Description of studies

The articles included in the review were published from 2008 (® to 2021 !7!¥ and
carried out in different locations: Brazil %9, United States (!¢!7- 212 China ®, Greece ?9,
Korea 19 and Africa ?”). The sample size ranged from 93 ® to 3810 @V individuals, aged 10

to 19 years, comprising the entire adolescent age group “® (Table 2).
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Table 2. Characteristics of included studies. To be continued.

19

15.92) years old

Author/year | Country Population Objective

Aratjo, Brazil 93 adolescents, | To investigate the occurrence of metabolic
Santos, with a median age | consequences of obesity in adolescents and the
Prado, 2017 of 14.39 (13.75- | use of adiposity indicators as predictors of

cardiometabolic risk.

2010 @7

Cioffi et al., | USA 3810 adolescents, | To describe patterns of truncal versus peripheral
2019 @V aged 12 to 19 years | fat deposition as measured by the truncal-leg fat
index (TLFI) in adolescents, and to examine
associations of TLFI with cardiometabolic risk
factors (CRF).
D’Adamo er | USA 99 adolescents, | To explore the relationship between liver fat
al., 2010 with a mean age of | (LF) and visceral adipose tissue (VAT) in three
14.6 (£2.7) years ethnic groups and to assess whether ethnic
differences in lipoprotein concentration and size
distributions were associated with LF fraction,
VAT, or both.
Hatch-Stein | USA 127  adolescents, | To compare the relationships of visceral adipose
et al., 2016 with a mean age of | tissue area (VAT), homeostatic model of insulin
23) 14.4 (£1.5) years resistance assessment (HOMA-IR) and body
mass index (BMI) with lipids and lipoprotein
subclasses in obese adolescents and determine
whether these relationships vary by sex.
He et al., | USA 421 adolescents, | To investigate the association between
2015 @9 with a mean age of | abdominal obesity and metabolic syndrome
16.87 (£2.19) years | (MS) in a population sample of adolescents.
Jin et al., | China 479 children and | To assess the role of adipose tissue distribution
2020 * adolescents, with a | on cardiometabolic risk (in particular insulin
median age of 11.0 | sensitivity) in a population of obese children and
(9.3 -12.4) years adolescents.
Karatzi et | Greece 999 adolescents, | Establish cutoff points for waist circumference,
al., 2016 29 with a mean age of | trunk and visceral adiposity, identifying
11.2 (+0.63) years | increased likelihood of elevated inflammatory
markers and adipokines in adolescents
Kim, Park, | Korea 175 adolescents, | To investigate the association between
2008 (19 with a mean age of | abdominal fat distribution (visceral and
15.9 (£3.1) years | subcutaneous fat) and cardiometabolic risk
(female); and factors (insulin resistance cardiovascular risk) in
142 (£3.1) years | obese Korean adolescents.
(male)
Kruger, Africa 184  adolescents, | To compare the inflammatory status of
Pretorius, with a mean age of | adolescents with differences in nutritional
Schutte, 15.9 (£1.4) years status.
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Table 2. Characteristics of included studies. Continuation.

Pereira et al., | Brazil 113 female | To evaluate the correlation between measures of
2012 @0 adolescents, with a | body fat location and risk factors for
mean age of 16.0 | cardiovascular disease in female adolescents.
(£1.3) years
Wu et al.,| USA 740  adolescents, | To examine the associations of visceral adipose
2021 @7 with a mean age of | tissue (VAT) measured by dual-energy X-ray
13.0 (0.7) years absorptiometry (DXA), subcutaneous
abdominal adipose tissue (SAAT) and total
abdominal adipose tissue (TAAT) with
cardiometabolic risk and related markers, and to
examine sex-specific associations in a large
multiethnic ~ cohort assessed in early
adolescence.
Yang et al., | China 1,175 adolescents, | To evaluate the association of body fat
2021 18 with a mean age of | distribution with cardiometabolic risk factor
14.8 (x1.9) years clusters in Chinese adolescents.

The studies evaluated measures of fat in different body locations, and some evaluated

in more than one location, which were total body fat (10-2022.24.2527) an( regional, being from the
trunk 181921.26) qrm (1819 apd leg (18,1921 "android ?** and gynoid (24).25) in addition to visceral
adipose tissue (VAT) (16-18,22-24.26) and subcutaneous (SAT) 16724 (Table 3).

Body fat was assessed by different methods such as dual energy X-ray absorptiometry
(DXA) 17192125 pigimpedance (132029 computed tomography (CT) 9, plethysmography by
air displacement (PAD) @7 and magnetic resonance imaging (MRI) (22) (Table 3).

The cardiometabolic risk factors evaluated were: glucose (618192020 ingylin
(1619202125 total ~cholesterol (TC) (61819202125 145w density lipoprotein (LDL)
(16,18,19,2021.23.25) (1618192021.2329)  yiolycerides (TG)
(18.19.202123) " interleukin 6 (IL-6) %2927 blood pressure (BP), systolic (SBP) and diastolic

(DBP) (16:2021.2527) " C_reactive protein (CRP) (17212620 tumor necrosis factor alpha (TNF-a)

high-density lipoprotein (HDL)

192D 1eptin 1719200 adiponectin 172 uric acid *> and presence of metabolic syndrome ¥

(Table 3).
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Table 3. Body fat measurements, fat assessment methods and cardiometabolic risk factors
assessed by the included articles.

BF measurements

BF assessment methods

Cardiometabolic risk factors

Total body fat (16-20-22.23.27)
Android @329

Ginoid 232

Trunk (18-19.21.26)

Arm (18, 19)

Leg (18,19, 21)

ViSCeral (16-18, 22-24, 26)
Subcutaneous (16 17-23)

DXA (17-19, 21, 22, 24, 25)

Bioimpedance (3 20: 20)

TC (19
MR @
PAD @7

Glucose (1620

Insuline (16, 17, 19, 20, 25)

Total cholesterol and fractions (10-20-21,24,25)
Triglycerides (6 19:20.21.24)

Interleukin (7> 19-26.27)

Blood pressure (6-20-21,25.27)

C-reactive protein (17-21.26.27)

TNF-(I (19,27)

Leptin (17, 19, 20)
Adiponectin (17-26)
Uric acid @
Metabolic syndrome ¢

23)

Legend: DXA: dual energy X-ray absorptiometry; BF: Body fat; PAD: plethysmography by air displacement; MR:
Magnetic Resonance; CT: Computed Tomography; TNF-a: Tumor necrosis factor alpha.

Main results

The main results of the included articles are written in table 4. Total body fat (BF) was
able to predict inflammation scores (calculated by IL-6, TNF-a z-score and leptin) and
cardiometabolic risk (obtained by waist circumference z-score, TC, LDL, TG, glucose, insulin
and HOMA-IR) in male adolescents, while in females, BF predicted the inflammation score
and HOMA-IR changes '), In adolescents with excess BF, values of Systolic Blood Pressure
(SBP) were higher compared to normal weight, as well as insulin and HOMA-IR in girls with
excess BF @7,

BF was positively associated with cardiometabolic risk z-score and LF was inversely
associated with cardiometabolic risk z-score. An increase in GC by 1 standard deviation (SD)
was associated with a greater chance of having one or more cardiometabolic risk factors, and
an increase in LF by 1 SD was inversely associated with the presence of two or more
cardiometabolic risk factors 19,

Central and peripheral fat were positively correlated with glycemia, insulin, HOMA-IR,
LDL, leptin, and SBP, and negatively correlated with HDL ®%. Higher TAV was associated
with higher metabolic risk z-score, log PCR and log leptin, and lower log adiponectin. However,
Subcutaneous Abdominal Adipose Tissue (SAAT) and Total Abdominal Adipose Tissue
(TAAT) were better associated with metabolic risk z-score than VAT 7. VA was a predictor
of LDL and HDL concentrations and sizes *?, in addition to being negatively associated with
HDL and positively associated with TG and the TG/HDL ratio .

Android, visceral and subcutaneous obesity were associated with increased waist

circumference (WC), TG, HOMA-IR and lower HDL, and VAT and subcutaneous adipose
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tissue (SAT) showed a stronger impact on HOMA-IR than the android/gynoid (A/G) fat ratio
and android fat/mass BF ratio (A/GC) ?¥. On the other hand, the A/G ratio was correlated with
lower insulin sensitivity and higher fasting insulin values, uric acid level, TC and LDL in 13-
year-old girls. In boys of the same age, the A/G ratio correlated with lower insulin sensitivity
and higher fasting insulin levels and uric acid, and the percentage of BF was inversely
associated with TG levels .

BF and VAT were associated with IL-6, PCR, leptin and adiponectin Y VAT and
SAAT showed a positive correlation with PAS, insulin and HOMA, and a negative correlation
with HDL. In addition, VAT was positively correlated with Diastolic Blood Pressure (DBP)
and TG, and was associated with SBP, DBP, TG, HDL, insulin and HOMA-IR, and SAAT was
associated with SBP, insulin and HOMA-IR (9,

Trunk to leg fat ratio (TLFR) was calculated by trunk fat mass divided by the sum of

left and right leg fat mass multiplied by 100. Each increase in the standard deviation in log-

transformed TLFR was associated with greater odds of high HOMA-IR, TC, TG and BP and

low HDL in both sexes, in addition to being associated with high LDL in girls

@n

Table 4. Main results of included studies, according to the location of body fat. To be continued.

GC location

Main results

Total Body Fat (BF)

e Male:

- It predicted inflammation scores (calculated by IL-6, TNF-a, leptin and IL-6 z-score) and
cardiometabolic risk (obtained by TC, LDL, TG, glucose, insulin, HOMA- IR and waist
circumference z-score) (1;

- Higher PAS values in boys with excess BF x eutrophic 7.

e Female:
- It predicted the inflammation score and HOMA-IR changes ;
- Higher values of insulin and HOMA-IR in girls with excess BF x eutrophic 7.

e Ambos 0s sexos

- Positively associated with cardiometabolic risk z-score (;

- The increase in BF in 1 SD was associated with a greater chance of having one or more
cardiometabolic risk factors 19;

- Inverse association with TG levels (r= -0.22) !9

Central and peripheral BF

e Positive correlation with blood glucose, insulin, HOMA-IR, LDL, leptin, and SBP, and
negative with HDL @9,

VAT and SAT

e VAT: higher value was associated with higher metabolic risk z-score, log CRP and log leptin,
and lower log adiponectin ;

e VAT: independent predictor of LDL and HDL concentrations and sizes ??, in addition to
being negatively associated with HDL and positively associated with TG and the TG/HDL ratio
(23).

e VAT and SAT: stronger impact on HOMA-IR than android/gynoid fat ratio (A/G) and
android fat/GC mass ratio (A/GC) @¥;

e VAT and SAT: associated with IL-6, CRP, leptin and Adiponectin ¥,

e VAT: Positive correlation with SBP, DBP, TG, insulin and HOMA, and negative with HDL
(16)
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Table 4. Main results of included studies, according to the location of body fat. Continuation.

SAAT and TAAT e SAAT and TAAT: were better associated with metabolic risk z-score than TAV (7;
e SAAT: positive correlation with SBP, insulin and HOMA, and negative with HDL and
association with SBP, insulin and HOMA-IR (9,

Android and Ginoid e Android: association with increased WC, TG, HOMA-IR and lower HDL @¥;
e Female (13-year-old):
e A/G ratio: negative correlation with insulin sensitivity (r= —0.41) and positive correlation
with insulin values (r= 0.37) , uric acid (r= 0.37), TC (r= 0.24) and LDL (r= 0.26) ®>;
e Male (13-year-old):
e A/G ratio: negative correlation with insulin sensitivity (r= —0.26) and positive with levels of
insulin (r= 0.16) and uric acid (r= 0.26) ®®.

Trunk fat e Association with IL-6, CRP, leptin and adiponectin ®¥.

Leg fat e Inverse association with cardiometabolic risk z-score (®;

e A 1 DP increase was inversely associated with the presence of two or more cardiometabolic
risk factors !%);

e Trunk-to-Leg Fat Ratio (TLFR): each 1 SD increase was associated with higher odds of high
HOMA-IR, TC, TG and B, and low HDL in both sexes, in addition to being associated with high
LDL in girls @V,

Legend: TC: Total cholesterol; SD: Standard Deviation; BP: Body fat; HDL: High-density lipoprotein; HOMA-
IR: Homeostasis Model Assessment-Insulin Resistance; IL-6: Interleukin 6; LDL: low density lipoprotein; BP:
Blood pressure; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; WC: Waist circumference; CRP:
C-reactive protein; SAAT: Subcutaneous abdominal adipose tissue; TAAT: Total abdominal adipose tissue; SAT:
Subcutaneous adipose tissue; VAT: Visceral adipose tissue; TG: Triglycerides; TNF-a: Tumor necrosis factor o.

Risk of bias assessment

The articles included in this review had a low risk of bias, considering the risk of bias

assessment. One study did not provide a detailed description about the individuals and location

16)

Furthermore, one article did not identify confounding factors and strategies to deal with

these factors ?? (Figure 2).
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Figure 2. Risk of bias of included studies.

Legend: 1. Clearly defined sample inclusion criteria; 2. Individuals and environment described in detail; 3. Validly
and reliably measured exposure; 4. Purpose and valid measurement criteria; 5. Confounding factors identified; 6.
Strategies to deal with confounding factors; 7. Results measured validly and reliably; 8. Appropriate statistical

analysis.
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Review quality assessment

This review met all the criteria proposed by the method used for quality assessment ).
Thus, it contemplated the aspect of defining the central question of the review, the inclusion
criteria, evaluation in pairs of researchers, procedures for decision consensus in case of
disagreements in the inclusion or exclusion of articles, broad search (considering different bases
and gray literature), characterization and quality assessment of included studies, methods used

to combine study findings, probability of bias in published results, and possible conflicts of

interest !> (Appendix D).

DISCUSSION

Studies have shown that the location of body fat is associated with the development of
cardiometabolic risk factors, because fat has different metabolic properties depending on its
location, leading to different contributions to the development of this risk.

Obesity, a chronic disease consisting of excess body fat, is considered a worldwide
epidemic, with increasing prevalence, including among adolescents, being characterized as the
most prevalent chronic non-communicable disease in these individuals, with a tenfold increase
from 1975 to 2016 . The diagnosis is made, as determined by the World Health Organization,
by the thresholds of the Body Mass Index (BMI), which, although it is the most used, is not
capable of differentiating between fatty tissue and fat-free tissue, leading to underestimation. in
the prevalence of this disease (17231,

As BMI reflects total body weight, it is necessary to use other ways to assess excess
body fat, especially considering its location. Some studies show that the location of body fat
plays a more important role in the development of cardiovascular risk in adults than total
adiposity 7). The increase in obesity among adolescents increases the risk of physiological
complications in these individuals, which can lead to the development of various health
problems at this stage of life and also in adults. This reflects the need to identify early
cardiovascular and metabolic risk factors in this group and, for this, the assessment of the
location of body fat has been shown to be useful 2.

During adolescence, there are changes in body composition, resulting from puberty,
thus, boys have greater bone and lean mass gain, with a tendency to deposit adiposity in the

central region (android), and girls have greater fat gain, deposited especially in the thighs and
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hips (gynoid) . The BMI has shown little ability to adequately reflect these changes in body
composition that occur in this phase, which are different between the sexes 34

The body fat measurement methods cited in the selected studies were: DXA,
bioimpedance, TC, air displacement plethysmography (PAD), magnetic resonance imaging and
skinfolds. Fat measurement techniques are useful in reducing the underestimation of obesity
diagnoses in all populations. DXA is considered a non-invasive, safe technique, which has been
used as the gold standard in the assessment of body composition, being fast, simple to estimate,
with good accuracy for fat mass and volume, and which has low exposure to radiation.
However, it has a high cost and depends on a large structure, which often makes its realization
unfeasible .

According to Wu et al. 17, among two adolescents with the same BMI, the one with
higher abdominal adiposity measured by DXA has higher concentrations of inflammatory
markers and higher cardiometabolic risk. Also, according to Vasan et al. ®®, the fat masses

measured by DXA are strongly associated with risk factors for type 2 diabetes (DM2) and

cardiovascular diseases (CVD). Among the selected studies, DXA was the most used technique
(17,19,21-25)

Bioimpedance (BIA), which was used in three studies (182029

, assesses body
compartments through the conductivity of body water as opposed to an electrical current. It is
a non-invasive, simple, low-cost and easy-to-apply method, and although it does not provide
the same precision as DXA, it is a good alternative when DXA is not available ©%.

Magnetic resonance imaging and TC, used separately in two studies %%, although
quite accurate, are methods that have a high cost, variability in image analysis, logistical
difficulties in the use of equipment, and lead to exposure to radiation (in the case of TC), reasons
that limit their use in population studies 9.

PAD was described in only one of the selected studies @7 Tt is a safe, non-invasive, fast
and accurate technique that uses the inverse relationship between pressure and body volume to
determine body composition. Despite this, it is an expensive technique, without portability,
which makes its use at the population level unfeasible ¢,

The measurement of skinfold thickness, used in two studies %%, is shown to be a more
accurate indicator than BMI, however, it is more associated with subcutaneous fat than visceral
fat, with low association with cardiometabolic risk ®*. Despite this, it is a non-invasive, low-

cost and highly reproducible technique 1.
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The selected studies presented the evaluation of different measures of body fat: total and
regional of the trunk, arm, leg, abdominal, android and gynoid, visceral adipose tissue (VAT)
and subcutaneous adipose tissue (SAT). Arm and leg fat has been shown to be an additional
subcutaneous fat reservoir and, similar to TAS and gynoid fat, has shown a protective
association of cardiometabolic risk and ectopic fat accumulation 64042,

Android fat is strongly associated with the risk of endocrine and metabolic diseases, but
the subcutaneous fat that composes it has a protective action, which indicates that the division
of central fat into subcutaneous and visceral components plays an important role in
cardiometabolic health ®® According to Wiklund et al. 9. Excess trunk fat, or android fat, is
the driving mechanism for the development of cardiovascular disease and type 2 diabetes.

Gynoid fat, in turn, as well as fat deposited on the legs, has a greater capacity to store
free fatty acids, and secrete anti-inflammatory adipocytokines that have beneficial actions for
the body “¥. Thus, fat in this region is associated not only with a more favorable lipid profile,
but also with a lower prevalence of chronic and metabolic diseases . Regarding the
differences in these fat locations, Vasan er al. ®® described that the highest level of total
adiposity evidences opposite associations of superior and inferior fat with cardiometabolic risk.

SAT and VAT are morphologically and functionally different. VAT is considered a
pathogenic fat deposit, which, due to its higher expression of beta-adrenergic receptors, is
stimulated by catecholamines, becoming more susceptible to lipolysis “*. In addition, it has
greater lipolytic activity and high secretion of pro-inflammatory cytokines, compared to fat
from other parts of the body. Furthermore, it has greater insulin resistance and, similar to
android fat, is associated with a high risk profile for type 2 diabetes and cardiovascular disease
(36.46)

TAS has shown an inverse association with IR and metabolic syndrome, and it has been
suggested that it acts as a buffer for the influx of dietary lipids, in order to protect other tissues
from excess lipids considered lipotoxic “”. When compared to VAT, SAT has a low expression
of the lipoprotein lipase enzyme (LPL), and a greater amount of pre-adipocytes that have a high
capacity to store lipids, to replicate and differentiate, and less prone to apoptosis “%).

Regarding risk factors, the selected studies evaluated the presence of inflammation and
cardiometabolic risk. It is important to consider that adipose tissue is a metabolically active
organ, which expresses and/or secretes adipokines or other proteins that act locally or

systemically, thus establishing the inflammation present in excess adiposity 4%,
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The inflammatory markers leptin (71920 T-6 (192620 TNF-q (%27 CRP (721:26.27) and
uric acid ® were also evaluated. Leptin is considered a hormone produced by adipose tissue,
with a primary neuroendocrine role that induces, in the long term, satiety through central
pathways, in addition to acting peripherally by stimulating the oxidation of fatty acids in the
muscle, preventing the non-adipose tissue lipotoxicity and the accumulation of triglycerides in
the liver ®®. Of the included studies, Araijo, Santos and Prado !® showed that total body fat is
able to predict high leptin levels, and Wu et al. '” showed that VAT was positively associated
with this marker. Yet, Pereira et al. ®® showed that peripheral fat measured by skinfolds had a
positive correlation with the increase in leptin. In a 2019 study of obese adolescents of both
sexes, leptin showed a strong correlation with all body fat parameters ©V.

The strong correlation between the degree of adiposity and leptin in obese adolescents
has already been described by other authors ©!%?. This marker plays a role in the
pathophysiology of obesity, contributes to insulin resistance (IR) and stimulates
vasoconstriction. According to Nishina et al. ©?, elevated leptin levels are significantly and
positively correlated with hyperinsulinemia and increased blood pressure in obese adolescents,
regardless of family history. This relation with increased blood pressure was also described by
Fujita et al. ©VY,

IL-6 is a pleiotropic inflammatory cytokine that has cellular and humoral action on
inflammation, in addition to a procoagulant action ©¥. It is secreted by adipocytes through the
stimulation of insulin and catecholamines, and also stimulates hepatocytes to secrete PCR @, It
correlates positively with the increasing of body mass and the development of atherosclerosis,
and negatively correlated with HDL. It acts to stimulate hyperinsulinemia by altering the
expression of insulin receptors, and by increasing the levels of fatty acids and glycerol, by
inhibiting lipoprotein lipase and increasing lipolysis ©¥.

Araiijo, Santos and Prado ' showed that total body fat predicted IL-6 elevation. Karatzi
et al. ® also showed this association, however, they also described that VAT was strongly
associated with an increase in IL-6. Other studies have also shown this association; Mauras et
al. © reported that adolescents with obesity had high concentrations of I1L-6, reflecting a pro-
inflammatory and prothrombotic state in pre and puberty, and Hagman et al. ®® showed that in
adolescents higher levels of IL-6 were positively associated with IR in adipose tissue in
adolescents. IL-6 is understood as an important inflammatory marker associated with excess

adiposity in adolescence.
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TNF-a is a cytokine that regulates the accumulation of fat in adipocytes, with autocrine,
paracrine and endocrine, which acts in the acute phase response of inflammation ©7-*®, The
expression of this cytokine by adipocytes is characterized as one of the causes of obesity related
to insulin resistance ©?. Aratjo, Santos, Prado (19 showed that high levels of TNF-a correlated

strongly with excess total body fat. Yet, a study by Carvalho et al. ¢

also pointed to a positive
correlation between TNF-a and excess adiposity in adolescents.

CRP is an acute phase protein of inflammation, synthesized mainly by hepatocytes. Its
main functions are the activation of the complement system and recruitment of phagocytic cells
(6162 1n the selected studies, Aradjo, Santos, Prado ” showed that CRP was correlated with
excess total body fat, and Wu et al. '” and Karatzi et al. ®® also described the association of
this cytokine with VAT. According to Mauras et al. ©*, in their study with obese and eutrophic
adolescents, CRP showed a positive correlation with measures of body and visceral adiposity,
reflecting a pro-inflammatory and prothrombotic state in adolescents with excess adiposity.

Another marker involved in inflammation analyzed by the studies was adiponectin, an
anti-inflammatory cytokine synthesized by adipocytes, which acts by reducing inflammation,
liver fibrosis and insulin resistance ©. It also plays a role in the mechanisms of hunger and
caloric expenditure, and regulates carbohydrate and lipid metabolism. Karatzi et al. *® showed
that total body fat and VAT showed a negative association with adiponectin, as well as Wu et
al. ' pointed out that the highest VAT was associated with the lowest concentration of
adiponectin. Other studies with adolescents have described inverse relationships between
adiponectinemia, obesity, insulin resistance, and cardiovascular disease (64-66)

Uric acid, the end product of purine metabolism ©”, was evaluated in the study by Jin
et al. ®, in which they showed that the android/gynoid ratio was positively correlated with the
highest level of uric acid in adolescents of both sexes. Other studies have also described the
correlation between excess total body fat and hyperuricemia in adolescents 89,

According to Rocha et al. 7% the evaluation of inflammatory markers in the presence of
metabolism alterations, such as excess body fat, in adolescents, allows the early identification
of risk factors for the development of metabolic and cardiovascular system diseases.

Also, with regard to cardiometabolic risk factors, it is already well established in the
literature that obese adolescents are more likely to have at least one cardiometabolic risk
marker, such as dyslipidemia, arterial hypertension, insulin resistance, and even presence of

metabolic syndrome 172, These risk factors have been shown to be present when there is

excess body fat, regardless of high BMI @Y. According to Morais ¥, adolescents with
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excessive body adiposity have higher prevalence and concomitance of cardiometabolic risk
factors, compared to those with adequate BF.

Regarding blood pressure levels, obesity leads to increased hypersensitivity of
adipocytes to the action of glucocorticoids, which promotes vasoconstriction and elevation of
blood pressure, in addition to causing an increase in angiotensin secretions, which also raises
pressure 4. Among the selected studies, Kim, Park ® showed that the VAT presented a
positive correlation with the elevation of systolic and diastolic blood pressure. Kruger,
Pretorius, Schutte ?” also verified that the excess of total fat measured by the skinfolds
presented a positive correlation with the DBP, yet Pereira et al. ° noticed that peripheral fat,
also measured by the skinfolds, was correlated with DBP and SBP.

Blood glucose and insulin parameters are also altered in obesity, because excess body
fat leads to increases in plasma glucose, inducing hyperinsulinemia, which in the long term
causes insulin resistance and can lead to the development of type 2 diabetes ). Araiijo, Santos,
Prado ¥ and Yang et al. '® showed that excess body fat was able to predict the increase in
blood glucose and insulin. He et al. ** also show that android obesity and VAT were associated
with insulin resistance measured by HOMA-IR. Kim, Park 16 Wu et al. 17, reported that VAT
correlated with fasting glucose and insulin assessed by HOMA-IR. Yet, Pereira et al. ®” and
Kruger, Pretorius, Schutte ?” showed that insulin by HOMA-IR and blood glucose were
associated with fat measured by skinfolds.

The lipid profile has also been shown to be associated with adiposity, because with
excess body fat there is an increase in triglycerides and a reduction in circulating HDL,
modifying blood viscosity, promoting platelet aggregation and increasing cardiovascular risk
73 Kim, Park !®, D’Adamo et al. *® and Hatch-Stein et al. ?® showed that VAT was able to
predict lipid alterations, correlating positively with LDL and triglycerides, and negatively with
HDL. He et al. ®® described that android fat had a positive correlation with triglycerides and a
negative correlation with HDL, and Jin et al. *> showed that the android/gynoid ratio correlated
with total cholesterol and LDL.

Overall, all selected studies showed that the location of body fat is associated with the
development of cardiometabolic risk factors in adolescents.

The heterogeneity of the included studies made it impossible to carry out a meta-
analysis, which can be considered a limitation of this study. Despite that, this review
demonstrates the need for longitudinal studies to better understand the causal relationships,

considering changes in blood pressure, lipids, glucose levels and inflammatory markers over
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time in relation to the location of body fat. Some strengths of this study are highlighted:
originality in presenting a review on the subject specifically for adolescents; strict adherence to
the PRISMA Guideline '? for conducting this study; the AMSTAR method !> showed that
this review fully contemplated all the proposed criteria, which demonstrates the good quality

of the study.

CONCLUSIONS

Excess adiposity in any location is associated with higher cardiometabolic risk,
however, having a higher proportion of subcutaneous fat and in the lower compartment tends
to be less harmful. Thus, a higher percentage of total body fat concentrated in the lower body
than in the upper body is associated with lower cardiometabolic risk in adolescents.

Understanding the body composition of adolescents and cardiometabolic risk factors is
important because it allows the development of strategies to prevent chronic diseases, even in

this phase and in adult life.
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APPENDICES

Appendix A. Search strategy and databases

Databases

Search strategy

Scopus

(TITLE-ABS-KEY ((adolescent OR adolescents OR adolescence OR teens
OR teen OR teenagers OR teenager OR youth OR youths OR
"Adolescents Female" OR "Adolescent Female” OR "Female Adolescent"
OR "Female Adolescents” OR "Adolescents Male" OR "Adolescent Male"
OR "Male Adolescent" OR "Male Adolescents")) AND TITLE-ABS-KEY
(("Body Fat Distribution" OR "Distribution Body Fat" OR "Fat Distribution
Body" OR "Body Fat Patterning" OR "Fat Patterning Body" OR "Patterning
Body Fat")) AND TITLE-ABS-KEY (("Cardiometabolic Risk Factors" OR
"Cardiometabolic Risk Factor" OR "Factor Cardiometabolic Risk" OR
"Factors Cardiometabolic Risk" OR "Risk Factor Cardiometabolic” OR
"Risk Factors Cardiometabolic")))

Pubmed

(((Adolescent OR Adolescents OR Adolescence OR Teens OR Teen OR
Teenagers OR Teenager OR Youth OR Youths OR "Adolescents Female" OR
"Adolescent Female" OR "Female Adolescent” OR "Female Adolescents” OR
"Adolescents Male" OR "Adolescent Male" OR "Male Adolescent" OR "Male
Adolescents")) AND (("Body Fat Distribution" OR "Distribution Body Fat"
OR "Fat Distribution Body" OR "Body Fat Patterning” OR "Fat Patterning
Body" OR "Patterning Body Fat"))) AND (("Cardiometabolic Risk Factors"
OR "Cardiometabolic Risk Factor" OR "Factor Cardiometabolic Risk" OR
"Factors Cardiometabolic Risk" OR "Risk Factor Cardiometabolic" OR "Risk
Factors Cardiometabolic"))

Embase

(adolescent OR adolescents OR adolescence OR teens OR teen OR teenagers
OR teenager OR youth OR youths OR 'adolescents female' OR 'adolescent
female' OR 'female adolescent’ OR 'female adolescents' OR 'adolescents male'
OR 'adolescent male' OR 'male adolescent' OR 'male adolescents’) AND ('body
fat distribution' OR 'distribution body fat' OR 'fat distribution body' OR 'body
fat patterning’ OR 'fat patterning body' OR 'patterning body fat’) AND
(‘cardiometabolic risk factors' OR ‘cardiometabolic risk factor' OR 'factor
cardiometabolic risk' OR 'factors cardiometabolic risk' OR 'risk factor
cardiometabolic' OR 'risk factors cardiometabolic')

Science Direct

(Adolescent OR Adolescents OR Adolescence OR Teens OR Teen) AND
(Body Fat Distribution) AND (Cardiometabolic Risk Factors OR
Cardiometabolic Risk Factor)

Google Scholar | (Adolescent OR Adolescents OR Adolescence OR Teens OR Teen) AND
(Body Fat Distribution) AND (Cardiometabolic Risk Factors OR
Cardiometabolic Risk Factor)

CAPES (Adolescent OR Adolescents OR Adolescence OR Teens OR Teen) AND

(Body Fat Distribution) AND (Cardiometabolic Risk Factors OR
Cardiometabolic Risk Factor)
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Appendix B. Risk of bias for each individual study assessed by Joanna Briggs Institute critical
appraisal checklist for observational studies.
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Y = Yes, N = No, U = Unclear, NA = Not applicable

1* Criteria for inclusion in the sample clearly defined
2* Study subjects and the setting described in detail

3* Exposure measured in a valid and reliable way

4* Objective and standard criteria for measurement

5* Confounding factors identified
6* Strategies to deal with confounding factors

7* Outcomes measured in a valid and reliable way

8* Appropriate statistical analysis




Appendix C. Excluded articles and reasons for exclusion.

Author/Year/Reference Reason. for
exclusion
Al-Domi, Al-Shorman, 2018; Bailey et al., 2013; Bogl et al.,
2015; Brand et al., 2020; Cohen et al., 2022; Dangardt et al.,
2019; Ding et al., 2018; Dong et al., 2016; Gureck4 et al., 2015;
Huang et al., 2012; Jahagirdar et al., 2012; Kelishadi et al.,
2017; Lizana et al., 2016; Martino et al., 2023; Miranda et al., 1
2015; Methenitis et al., 2023; Okuma et al., 2013;
Ramachandran et al., 2007; Ramirez-Vélez et al., 2017;
Schusterova et al., 2012; Shin et al., 2020; Suder et al., 2015;
Staiano; Katzmarzyk, 2022; Weber et al., 2014.
Hetherington-Rauth et al., 2018; Kelly et al., 2013; Ramirez-
Vélez, Suaréz-Ortegdn, Plata, 2011; Samouda et al., 2015;
Staiano, Gupta, Katzmarzyk, 2014; Teixeira et al., 2020;
Viitasalo et al., 2020; Yan et al., 2019.

Bliiher, 2013; Koopman et al., 2009. 3

Legend: 1. Did not evaluate the outcome of interest; 2. Evaluated another population; 3. Non-original studies.
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1. Did the research questions and inclusion criteria for the review include the components of PICO?

For Yes:

Population

Optional (recommended)
U Timeframe for follow-up ¥  Yes
U No

Did the report of the review contain an explicit statement that the review methods were

established prior to the conduct of the review and did the report justify any significant deviations

from the protocol?

M Intervention
Comparator group
Outcome
2.

For Partial Yes:

The authors state that they had a written
protocol or guide that included ALL the

following:

K K] K]

]

review question(s)

a search strategy
inclusion/exclusion criteria
a risk of bias assessment

For Yes:

As for partial yes, plus the protocol
should be registered and should also
have specified:

Ivsi s ol U Yes
0 ?meta-ana.l ysis/synthesis plan, X partial Yes
if appropriate, and No

0 aplan for investigating causes
of heterogeneity

O  justification for any deviations
from the protocol

3. Did the review authors explain their selection of the study designs for inclusion in the review?

For Yes, the review should satisfy ONE of the following:
U Explanation for including only RCTs Yes
OR Explanation for including only NRSI 0 No
O OR Explanation for including both RCTs and NRSI

4. Did the review authors use a comprehensive literature search strategy?

For Partial Yes (all the following):

X  searched at least 2 databases
(relevant to research question)

K provided key word and/or
search strategy

¥ justified publication restrictions

(e.g. language)

For Yes, should also have (all the

following):
i searched the reference lists / O Yes
bibliographies of included X Partial Yes
studies O No

[0  searched trial/study registries

O included/consulted content
experts in the field

where relevant, searched for
grey literature

O conducted search within 24
months of completion of the
review

5. Did the review authors perform study selection in duplicate?

For Yes, either ONE of the following:

¥ atleast two reviewers independently agreed on selection of eligible studies X Yes
and achieved consensus on which studies to include O No
O OR two reviewers selected a sample of eligible studies_and achieved good
agreement (at least 80 percent), with the remainder selected by one

reviewer.
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6. Did the review authors perform data extraction in duplicate?

For Yes, either ONE of the following:
[ atleast two reviewers achieved consensus on which data to extract from ¥ Yes
included studies 0 No
[0 OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder
extracted by one reviewer.

7. Did the review authors provide a list of excluded studies and justify the exclusions?

For Partial Yes: For Yes, must also have:
¥ provided a list of all potentially O  Justified the exclusion from U Yes
relevant studies that were read the review of each ¥ Partial Yes
in full-text form but excluded potentiallyrelevant study O No
from the review
8. Did the review authors describe the included studies in adequate detail?
For Partial Yes (ALL the following): For Yes, should also have ALL the
following:
described populations O described population in detail U Yes
@ described interventions 0 described intervention in Partial Yes
detail (including doses 0O No

described comparators

. whererelevant
described outcomes )

[0 described comparator in detail
(including doses where
relevant)

O described study’s setting

0 timeframe for follow-up

< X

described research designs

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in
individual studies that were included in the review?

RCTs
For Partial Yes, must have assessed RoB  For Yes, must also have assessed RoB
from from:
0 unconcealed allocation, and O allocation sequence that 0 Yes
O lack of blinding of patients and wasnot truly random, and U  Partial Yes
assessors when assessing 0 selection of the reported result 0 No
outcomes (unnecessary for from among multiple ¥ Includes
objective outcomes such as all- measurements or analyses of a only
cause mortality) specified outcome NRSI
NRSI
For Partial Yes, must have assessed For Yes, must also have assessed RoB:
RoB: methods used to ascertain Yes
U from confounding, and exposures and outcomes, and U  Partial Yes
0 from selection bias i selection of the reported result U No
from among multiple U Includes
measurements or analyses of a only
specified outcome RCTs

10. Did the review authors report on the sources of funding for the studies inc
luded in the review?
For Yes
X  Must have reported on the sources of funding for individual studies included Yesin
the review. Note: Reporting that the reviewers looked for this information 00 No but
it was not reported by study authors also qualifies

11. If meta-analysis was performed did the review authors use appropriate methods for statistical
combination of results?
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RCTs
For Yes:
0 The authors justified combining the data in a meta-analysis U Yes
0O  AND they used an appropriate weighted technique to combine U No
study results and adjusted for heterogeneity if present. ¥  No meta-
O  AND investigated the causes of any heterogeneity analysis
conducted
For NRSI
For Yes:
U The authors justified combining the data in a meta-analysis U Yes
O  AND they used an appropriate weighted technique to combine U No
study results, adjusting for heterogeneity if present No meta-
[0  AND they statistically combined effect estimates from NRSI that analysis
were adjusted for confounding, rather than combining raw data, or conducted
justified combining raw data when adjusted effect estimates were not
available

00  AND they reported separate summary estimates for RCTs and
NRSI separately when both were included in the review

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in
individual studies on the results of the meta-analysis or other evidence synthesis?

For Yes:

U included only low risk of bias RCTs U Yes
U OR,ifthe pooled estimate was based on RCTs and/or NRSI at variable U No
RoB, the authors performed analyses to investigate possible impact of RoB X No meta-
on summary estimates of effect. analysis
conducted

13. Did the review authors account for RoB in individual studies when interpreting/ discussing the
results of the review?

For Yes:
U included only low risk of bias RCTs ¥ Yes
¥  OR, if RCTs with moderate or high RoB, or NRSI were included the 0 No

review provided a discussion of the likely impact of RoB on the results

14. Did the review authors provide a satisfactory explanation for, and discussion of, anyheterogeneity
observed in the results of the review?

For Yes:
There was no significant heterogeneity in the results
U OR if heterogeneity was present the authors performed an investigation of M Yes
sources of any heterogeneity in the results and discussed the impact of thison 0  No

the results of the review

15. If they performed quantitative synthesis did the review authors carry out an adequate
investigation of publication bias (small study bias) and discuss its likely impact on the results of
the review?

For Yes:
0 performed graphical or statistical tests for publication bias and discussedthe U Yes
likelihood and magnitude of impact of publication bias 0 No
No meta-
analysis
conducted

16. Did the review authors report any potential sources of conflict of interest, including any fundingthey
received for conducting the review?




For Yes:
The authors reported no competing interests OR
0  The authors described their funding sources and how they managed
potential conflicts of interest

Yes
No
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Abstract

Background: Excess adiposity is one of the main risk factors for the development of
cardiovascular and metabolic diseases. The purpose of this study is to compare cardiometabolic
risk factors in eutrophic adolescents with a high body fat percentage (%BF) with eutrophic
adolescents with adequate %BF and those with excess weight and %BF. Methods:
Crosssectional study with 1043 adolescents. This study presented power equal to 99.75%. Body
fat and anthropometric, clinical and biochemical indicators were evaluated. Participants were
grouped according to body composition classified by body mass index (BMI) and body fat
percentage. Statistical analyses were performed using R software version 4.0.2, adopting a
significance level of 5%. The Mann—Whitney test, principal components analysis and logistic
regression were performed. Results: It was observed that the SG was more similar to CG2 than
to CG1 for both sexes, demonstrating that there was a greater similarity between these groups
in relation to the evaluated factors. Higher values for TC, SBP and TG were associated with the

SG when the CG1 was used as reference, controlled for sex and age. Likewise, higher TC values
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and lower levels of SBP, TG and LDL were related to SG when the CG2 was used as reference.
Conclusion: Body fat assessment is more effective in predicting risk factors and

cardiometabolic diseases than BMI alone.

Keywords: Adiposity; Cardiometabolic risk; Nutritional status; Principal Components

Analysis; X-ray absorptiometry.

1. Introduction

The behavioral changes that occur in adolescence can favor the adoption of a sedentary
lifestyle and unhealthy diet, which, associated with genetic and physiological factors, can
contribute to the development of overweight and obesity [1]. Changes in body adiposity
throughout adolescence are physiological and important for the growth and development of
these individuals, but, in excess, it can be a risk factor for cardiometabolic diseases [1-3].

Excess weight among these individuals is considered a global public health problem,
and the prevalence of obesity increased tenfold from 1975 to 2016 [4]. The diagnosis of obesity
is performed, as recommended by the World Health Organization, by the thresholds of the body
mass index (BMI) [5]. However, although less invasive, low cost and widely used to identify
excess body weight, BMI is not able to distinguish lean mass from fat mass, which can lead to
underestimating or overestimating obesity. Thus, an adolescent classified as eutrophic by BMI
may have a high percentage of fat and be at greater risk of developing cardiometabolic
complications [6,7].

Adolescents with excess body adiposity have higher chances of developing arterial
hypertension, insulin resistance and dyslipidemia since excess adiposity is one of the main
factors involved in the development of cardiovascular and metabolic diseases [3]. The obesity
developed in adolescence can be maintained or worsened over the years, and an adolescent with
obesity can become an adult with obesity with a higher risk of morbidity and mortality. Thus,
high adiposity is understood as one of the main health problems in adolescents of both sexes
worldwide [8,9].

Understanding how the body composition of adolescents impacts cardiometabolic risk
factors is important in the context of public health to enable the construction of viable strategies
for the prevention of chronic diseases in these individuals, in adolescence and also in adulthood.

Therefore, the objective of this study is to compare cardiometabolic risk factors in eutrophic
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adolescents with a high percentage of body fat (%BF) with eutrophic adolescents with adequate
%BF and those with excess weight and %BF. We hypothesized that, despite having a normal
weight, individuals with excess adiposity may be at high risk of developing risk factors and

cardiometabolic diseases.

2. Methods and Materials

2.1. Study Design

The study was carried out with secondary data from two cross-sectional studies carried
out in the city of Vicosa-MG from 2010 to 2015.

The study population consisted of adolescents of both sexes, aged 10 to 19 years, who

lived in urban or rural areas of the city when the collections were performed.

2.2. Sample Selection

The databases were checked separately until they were included in the study, in order to
check whether all the necessary variables were included. After this stage, they were merged,
and the adolescents were selected. If any adolescent had been assessed in more than one survey,
data from the most recent assessment were maintained. Thus, 1043 adolescents were chosen to
be part of this study, 735 females and 308 males.

Those who had anthropometric and body composition measurements, blood pressure
results, lipid profile, fasting glucose and insulin available in the databases used were included.

The power of the study was calculated using the OpenEpi® program, online
(www.OpenEpi.com accessed on 12 november 2021), considering as exposure the excess body
fat (greater than or equal to 25% for girls and 20% for boys) and as an outcome high triglyceride
levels. The calculation was based on the frequency of changes in triglyceride values in the group
of adolescents with excess body fat (25.6%) and with adequate fat percentage (13.7%). A power
equal to 99.75% was obtained.

2.3. Characterization of the Population

The adolescents were divided into groups. The study group: SG - eutrophy by BMI and
high %BF, and the comparison ones: CG1 - eutrophy by BMI and adequate %BF and CG?2 -
excess weight by BMI and high %BF.
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2.4. Evaluated Variables

2.4.1. Anthropometric and Body Composition Assessment

All anthropometric measurements were performed by researchers who were trained
during the pilot studies before data collection began. The same protocols, instruments and
devices were used for anthropometric and body composition measurements in both studies;
therefore, the information collected is homogeneous, which guarantees the relevance of the
results found in this research.

For weight measurement, an electronic digital scale (Kratos®, Sdo Paulo, Brazil) was
used, with a maximum capacity of 200 kg. Weighings were performed according to the proposal
of the World Health Organization (WHO) [10]. For greater reliability of the measurements, the
scale was calibrated with a standard weight. A portable stadiometer (Alturexata®, Belo
Horizonte, Brazil) with an extension of up to 2.20 m was used to measure height. The
measurements were performed following the techniques recommended by the WHO [10].

Waist (WC) and hip (HC) perimeters were measured using a flexible and inelastic
measuring tape (Cardiomed®, Sdo Luis, MA, Brazil), with a maximum extension of 2 m, taking
care not to compress the tissues. Measurements were taken in duplicate, assuming a maximum
variation of 0.5 cm, and in case of a result greater than this value, a third measurement was
performed, using the average between the two closest measurements. The WC was measured
at the midpoint between the lower margin of the last rib and the iliac crest, in the horizontal
plane [11]. The HC was measured in the gluteal region, encircling the largest horizontal portion
between the waist and the knees [12].

The body mass index (BMI) was calculated (WHO, 1995) and classified according to
age and sex (BMI/A) using the software Who AnthroPlus, in z-score values, with >1 being
considered overweight [13].

Waist-hip (WHR) and waist-to-height (WHtR) ratios were calculated, and for the WHR
classification, values >0.50 were considered as the cutoff point for the presence of abdominal
obesity, regardless of age and sex [14].

Dual energy X-ray absorptiometry (DXA) equipment (Lunar Prodigy Advance DXA
System version: 13.31, GE Healthcare, Madison, W1, USA) was used to estimate the percentage
of total body fat (%BF), android (%) and gynoid (%), as well as the fat of the trunk (%), arms
(%) and legs (%), separately. This is considered the gold standard for assessing body

composition. The examination was performed in the morning, with the adolescents fasting for
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12 h and following the evaluation protocol [15]. The %BF was classified as high when greater
than or equal to 25% for girls and 20% for boys [16].

2.4.2. Clinical and Biochemical Parameters

The cardiometabolic risk factors considered in this study were blood pressure, total
cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides
(TG), fasting glucose and insulin resistance (IR).

Blood pressure was measured and classified according to the recommendations of the
Brazilian Society of Cardiology [17], considering age, sex and height percentile [18].

Biochemical analyses were performed in an accredited laboratory. The individuals were
instructed to fast for 12 h before collection. Samples were collected by venipuncture in the
morning.

The classification of serum lipid values was performed according to the VII Brazilian
guideline on dyslipidemia and prevention of atherosclerosis [18].

Fasting glucose was classified according to the Brazilian Society of Diabetes [19]. The
IR was evaluated by the mathematical model HOMA-IR (homeostasis model assessment-
insulin resistance), based on insulin and fasting glucose levels. The cutoff points considered
indicative of the presence of IR followed the proposal contained in the guidelines of the

Brazilian Society of Diabetes [19].

2.4.3. Cardiometabolic Risk Factors

The following cardiometabolic risk factors were considered: excess adiposity in the
different locations evaluated (android, gynoid, legs, arms and trunk), altered levels of systolic
and/or diastolic blood pressure, total cholesterol, LDL, HDL, TG, glucose, presence of insulin

resistance, high WHR and WHiR.

2.5. Statistical Analysis

The databases were created using Excel software; these data were double entered
independently by two researchers and were validated in the Epi Info software. Statistical
analyses were performed with the aid of software R version 4.0.2, adopting a significance level
of 5%.

The Kolmogorov—Smirnov [20] test was performed, by which it was found that the

variables did not present a normal distribution.
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The Mann—Whitney test was performed to compare the numerical variables between the
study group (SG) and each of the comparison groups (CG1 and CG2) separately, according to
sex.

Principal components analysis (PCA) was performed to identify the factors associated
with each group (SG, CG1 and CG2) [21]. For this analysis, the adolescents were divided
according to nutritional status groups, and all cardiometabolic risk factors were considered as
variables.

To determine the odds ratio (OR), a bivariate exploratory analysis was carried out in
order to identify the variables of interest. Therefore, the existence of an association between the
body composition groups with each variable considered a cardiometabolic risk factor was
determined by bivariate logistic regression. Variables that presented p < 0.20 [22] in the
bivariate analysis were included in the multiple model. For the analyses, age and sex were used
as adjustment variables.

Then, multiple logistic regression was performed, in which, at each step, the variables
that did not significantly change the OR and the confidence intervals (p < 0.05) were discarded
until a final model was obtained, using the backward method. The quality of the model was
evaluated by the information criterion of Akaike and the adjustment by the test of Hosmer and

Lemeshow, from the function hoslem.test<t7/>, which indicates good fit when p > 0.05 [23].

2.6. Ethical Aspects

All studies whose databases were included in this study were submitted and approved
by the Ethics Committee in Research with Human Beings of the Federal University of Vicosa
(CEP/UFV), when they were carried out and at the time the databases were merged in 2018
(opinion No. 2.879.661).

The participants of all the surveys and their guardians were informed about the
objectives of the same and provided informed consent (IC), in the case of adolescents aged 18
or 19, or assent (IA) for those under 18 years of age when the data were collected. Only

adolescents who delivered the duly signed terms were included in the surveys.

3. Results

In the study group (SG) (eutrophy due to BMI and high %BF) 90.8% (n = 373) were
female, a similar situation was observed in the CG2 group (high BMI and %BF), with 72.9%
(n = 153) girls. In the eutrophic group (CG1), 49.5% (n = 213) were female.
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Regarding girls, it was observed that almost all variables differed between the SG and
each of the comparison groups, with the exception of HDL. and HOMA-IR, which did not differ
between SG and CG1, and WHR, TC between SG and CG2 (Table 1).

Considering male adolescents, age, TG, TC and LDL were different between SG and
CGl1. WHR, TC, LDL, HDL, TG and glucose measurements did not differ between SG and
CG2 (Table 1).



Table 1. Comparison of the study group with groups 1 and 2, according to sex. Vigosa-MG, Brazil, 2010 to 2015 (n = 1043).

Females (n = 735)

Males (n = 308)
Variables SG (n=373) CG1 (n=209) CG2 (n=153) SG (n=38) CG1 (n=213) CG2 (n=57)
Median Median Median Median Median Median
(Min—-Max) (Min—-Max) (Min—-Max) (Min-Max) (Min—-Max) (Min—-Max)
Age (years) 16 (10-19) % 15 (10-19) 15 (10-19) 12 (10-19)* 14 (10-19) 13 (10-19)
BMI (kg/m?) 20.2 (15.0-24.0) ¢ 17.5 (12.0-23.0) 25.5 (20.0-47.0) 17.7 (16.0-30.0) T+ 17.6 (13.0-24.0) 24.2 (19.0-34.0)
BF (%) 29.6 (25.0-42.0 7+ 20.9 (9.0-25.0) 39.9 (27.0-57.0) 23.0 (20.0-35.0) T* 11.3 (5.0-20.0) 30.0 (20.0-49.0)
WHtR 0.4 (0.3-0.5)T* 0.4 (0.3-0.5) 0.5 (0.4-0.8) 0.5 (0.4-0.6)"* 0.4 (0.3-0.5) 0.5 (0.4-0.6)
WHR 0.8 (0.66-1.0) 0.8 (0.66-1.1) 0.8 (0.7-1.0) 0.8 (0.5-1.0)F 0.7 (0.68-0.99) 0.8 (0.5-1.0)
SBP (mmHg) 101.5 (75.0-134.0)T*  97.5(73.0-150.0)  107.0 (85.0-165.0)  96.7 (80.0-127.0)* 98.5 (74.0-143.0)  106.0 (85.0-136.0)
DBP (mmHg) 66.0 (47.0-91.0)7* 61.0 (44.0-110.0)  68.5(51.0-100.0) 59.0 (47.0-68.0) 58.0 (40.0-97.0) 61.5 (47.0-74.0)
Total cholesterol (mg/dL) 154.0 (84.0-283.0)  151.0 (46.0-241.0) 155.0 (91.0-239.0) 168.0 (113.0-217.0)" 150.0 (870.0-234.0) 164.0 (90.0-217.0)
LDL (mg/dL) 87.0(29.0-201.0)"*  84.0(23.0-165.0)  90.2 (40.0-167.0) 96.8 (63.0-136.0) 87.2 (39.0-156.0) 99.8 (28.0-148.0)
HDL (mg/dL) 52.0 (28.0-161.0)* 52.0 (26.0-97.0) 45.0 (23.0-100.0) 47.5 (30.0-117.0) 49.0 (29.0-106.0) 45.0 (30.0-71.0)
Triglycerides (mg/dL) 64.0 (28.0-212.0)T* 60.0 (26.0-97.0) 76.0 (26.0-272.0) 67.0 (25.0-210.0) 61.0 (14.0-130.0) 73.0 (55.0-248.0)
Glucose (mg/dL) 85.0 (64.0-408.0) 84.0 (3.0-105.0) 86.0 (65.0-114.0) 85.5(75.0-101.0) 86.0 (81.00-91.00) 85.0(70.0-111.0)
HOMA-IR 1.5 (0.0-6.0)* 1.4 (0.0-4.0) 2.1(1.0-11.0) 1.4 (0.04.0)* 1.2 (0.0-3.0) 2.4 (1.0-11.0)
Android Fat (%) 18.2 (6.049.0)T* 8.9 (4.0-21.0) 35.1 (11.0-59.0) 14.7 (7.0-72.0) ** 5.5 (4.0-18.0) 26.2 (11.0-50.0)
Gynoid Fat (%) 37.8 (19.5-51.0) 7% 28.3 (9.0-37.0) 48.0 (33.0-63.0) 31.1(19.0-55.0)T* 16.9 (4.0-33.0) 39.2 (29.0-58.0)
Trunk fat (%) 30.3 (15.3-54.0) 29.7 (17.1-49.4) 29.6 (18.0-51.5) 27.7 (15.2-46.5) 30.3 (16.8-45.2) 31.0 (18.6-42.0)
Arm fat (%) 8.3 (4.0-19.7) 8.2 (4.2-56.6) 8.1 (4.6-11.3) 8.1 (5.7-12.5) 8.3 (4.6-12.4) 8.1 (4.6-11.3)
Leg fat (%) 56.3 (3.3-77.0) 57.5 (22.4-67.9) 56.4 (5.6-69.5) 57.8 (42.1-69.1) 56.4 (42.0-72.0) 54.8 (44.4-66.1)

Legend: BMI: body mass index; SG: eutrophy by BMI and high %BF; CGl1: eutrophy by BMI and adequate %BF; CG2: excess weight by BMI and high %BF; HDL: high-

density lipoprotein; HOMA-IR: homeostasis model assessment—insulin resistance; LDL: low-density lipoprotein; SBP: systolic blood pressure; DBP: Diastolic blood pressure;
WHItR: waist-height ratio; WHR: waist-hip Ratio. Mann—Whitney. ¥ SG x CG1: p <0.05; £ SG x CG2: p <0.05.
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Girls and boys in the SG had, on average, a BMI of 2.6 kg/m2 (p < 0.0001) and 1.5
kg/m2 (p = 0.003) higher, respectively, as well as 6.5 cm (p <0.0001) and 5.03 cm (p = 0.002)
more waist circumference, compared to normal-weight individuals with adequate BF% (results
not shown in the table).

The PCA showed the distribution of cardiometabolic risk factors among the nutritional
status groups, according to the similarity between the groups. Dimensions 1 and 2 together
explained 46.6% of the distribution of these variables for females and 49.1% for males (Figure
1).

Analyzing the numbers, it was observed that the SG was more similar to CG2 than to
CGl, for both sexes, demonstrating that there was a greater similarity between these groups in
relation to the evaluated factors. The size of the arrows for each risk factor indicates its influence
on the disposition of individuals in the group to which it points (Figure 1).

When we observe the cluster graph, for both sexes, we can say that the variables that
most influenced the separation of CG1 were leg fat and HDL; the other factors point to the
direction in which SG and CG2 are disposed, demonstrating similarity between these groups

regarding these factors (Figure 1).
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Figure 1. Cardiometabolic risk factors associated with each body composition group, for
females (A) and males (B). Legend: 0-eutrophy by BMI and adequate %BF (CG1); 1-eutrophy
by BMI and high %BF (SG); 2-excess weight by BMI and high %BF (CG2). AF: arm fat; AnF:
android fat; BC: body composition; BMI: body mass index; DBP: diastolic blood pressure;
GyF: gynoid fat; GLU: glucose; HDL: high-density lipoprotein; LF: leg fat; LDL: low-density
lipoprotein; SBP: systolic blood pressure; TC: total cholesterol; TF: trunk fat; TG: triglycerides;
WHItR: waist-height ratio; WHR: waist-hip ratio.

Logistic regression showed that overweight adolescents classified by BMI were more

likely to have elevated SBP and HOMA-IR, as well as lower HDL. Adolescents with obesity
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according to the %BF were more likely to have HOMA-IR and DBP levels (Supplementary
file).

In relation to body composition groups, the final regression model showed that higher
values of TC, SBP and TG were associated with the SG when the CG1 was used as reference,
controlled for sex and age. Likewise, higher TC values and lower levels of SBP, TG and LDL
were related to SG when the CG2 was used as reference. The other risk factors evaluated were
not included in the multivariate model, as there was no significant difference between the SG
and the other groups (Table 2).

The analysis of adjustment adequacy of the models showed a value greater than 0.05,

according to the test of Hosmer and Lemeshow.

Table 2. Association of cardiometabolic risk factors with the study group (SG). Vicosa-MG,
Brazil, 2010 to 2015 (n = 1043).

Model 1 * Model 2 **
Risk Factors O((Iigsgg%t)lo Value of p O((Iig;?%t)l 0 Value of p
TC 1.01 (1.01-1.02) 0.02 1.02 (1.01-1.04) 0.01
DBP 1.05 (1.02-1.07) 0.001 - -
SBP - - 0.93 (0.91-0.94) <0.001
TG 1.01 (1.01-1.02) <0.001 0.99 (0.98-0.99) <0.001
LDL - - 0.96 (0.94-0.98) <0.001

*Model 1: CG1 (eutrophy by BMI and adequate %BF) considered as a reference; **Model 2:
CG2 (overweight by BMI and high %BF) considered as a reference. Legend: TC: total
cholesterol; LDL: low-density lipoprotein; DBP: diastolic blood pressure; SBP: systolic blood
pressure; TG: triglycerides.

4. Discussion

This study showed that most adolescents classified as having excess BF, regardless of
BMI, were female. In addition, the results showed that female adolescents with excess weight
and body fat had higher medians for most of the biochemical factors evaluated and lower for
HDL, demonstrating that body composition is related to changes in blood pressure, lipid profile,
fasting glucose and insulin resistance. Nevertheless, a similar result was observed for boys, with
the exception of WHR and TC, which showed higher medians in the SG.

Principal component analysis (PCA) was performed to identify factors associated with
each group. This analysis showed that, for both sexes, there was a greater similarity between

the SG and CG?2 in relation to the evaluated risk factors.
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The final regression model showed that higher values of TC, SBP and TG were
associated with the SG when the CG1 was used as reference. Likewise, higher TC values and
lower levels of SBP, TG and LDL were related to SG when the CG2 was used as reference.

In this context, it is known that during adolescence there is a physiological increase in
body fat and that it occurs more intensely in females. This increase in BF is essential for the
growth and maintenance of menstrual cycles [24]; however, in excess, it is a risk factor for the
development of obesity. In boys, the superior increase in muscle mass predominates [25].

In this phase, growth and development occur quickly and intensely [26]. However, high
consumption of high calorie foods, rich in fats and sugars, and low consumption of those
considered healthy, in addition to low levels of physical activity are still common [27]. The
physiological changes associated with unhealthy eating habits and a sedentary lifestyle make
this population vulnerable to the development of obesity and other risk factors for
cardiometabolic diseases [28].

Obesity is a serious public health problem worldwide [4], as individuals are developing
this disease at younger ages. Worldwide, the prevalence of obesity in children and adolescents
aged 5 to 19 years increased from 0.7% and 0.9% in 1975 to 5.6% and 7.8% in 2016, in girls
and boys, respectively, according to BMI [29,30].

Overweight adolescents classified by BMI were more likely to have elevated SBP and
HOMA-IR, as well as lower HDL. Adolescents with obesity according to the %BF were more
likely to have HOMA-IR and DBP levels. Thus, the increase in the prevalence of obesity in this
age group is worrying, as this condition can lead to changes in the lipid profile, with an increase
in the levels of total cholesterol, triglycerides, LDL and a reduction in HDL levels, in addition
to arterial hypertension, resistance to insulin and diabetes, changes that have already been
observed in adolescents [31-36]. In addition, excess body fat in adolescence increases the risk
of developing cardiometabolic diseases and other morbidities in adulthood, besides being a
predictor of increased mortality, mainly due to cardiovascular diseases [37—40].

Excess body fat is an independent risk factor for cardiometabolic diseases, including in
adolescents; therefore, individuals with normal weight and high BF% are at increased risk of
developing insulin resistance, dyslipidemia, metabolic syndrome and cardiovascular disease
[41], which increases the risk of early mortality [42].

Individuals with excess adiposity have increased cytokine secretion, which can lead to
the blocking of insulin receptor signals; this makes the body less sensitive to the insulin

produced and causes the condition called insulin resistance [43], in addition to leading to
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changes in the lipid profile, which results in the development of cardiometabolic diseases
[39,40]. Furthermore, these individuals have a greater accumulation of fat in the arteries, which
makes the heart have to work harder to pump blood throughout the body, and this causes
increased pressure on the inner walls of the arteries. This condition is a risk factor for the
development of arterial hypertension [37].

Studies have shown that, despite having adequate weight, an individual may have excess
adiposity, and this condition has also been observed in adolescents. Morais et al. [44] observed
that, among 274 Brazilian adolescents aged 14 to 19 years, 15% were overweight by BMI;
however, 53.9% had excess body fat. Furthermore, among 631 adolescents of both sexes, aged
11 to 18 years, Ripka et al. [45] found that BMI overestimated the %BF in 68.4% of boys (5.0
+ 4.0%) and underestimated it in 67.5% of girls (—3.9 + 2.6%).

Prado Junior et al. [46] found that adolescents with excess body fat, although eutrophic
by BMI, had a higher prevalence of elevated TC and TG, altered insulin and HOMA, in addition
to low HDL, compared to the group of eutrophic adolescents with adequate BF%. Furthermore,
the group of adolescents with normal BMI and high %BF showed similar behavior to the group
with excess weight and body fat, in relation to fasting glucose and TC. This confirms that body
adiposity is more associated with cardiometabolic risk factors, demonstrating the need to assess
body composition using specific measures and indexes to estimate body fat.

Olafsdottir, Torfadottir and Arngrimsson [47] evaluated 182 18-year-old adolescents
and found that those with normal weight with a high %BF had a higher IR compared to normal-
weight adolescents with adequate BF% (p = 0.003). Moreover, of five adolescents with
metabolic syndrome (MS), four were eutrophic with a high %BF. Furthermore, the study
showed that eutrophic adolescents with high %BF were 2.2 times more likely to have one or
more risk factors for MS (OR = 2.2; 95% CI: 1.2-3.9) in relation to adolescents who were
eutrophic with adequate %BF.

In a longitudinal study carried out for about seven and a half years, Wiklund et al. [48]
evaluated 396 girls with a mean age of 11 years at baseline and found that the cardiometabolic
risk score was higher in the group of adolescents with normal weight and high %BF, when
compared to the eutrophic group with adequate %BF and with low weight.

In a recent study carried out with 1919 Colombian adolescents, the authors found that
those with normal weight according to BMI, but with excess body fat, had higher mean levels

of waist circumference, triglycerides and cardiometabolic risk score, in addition to a lower
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mean HDL value. In addition, girls in this nutritional situation had a higher mean systolic blood
pressure [7].

It is noteworthy that BMI is the most used indicator to diagnose nutritional dystrophies;
however, this index is not able to accurately estimate body adiposity, since it does not allow
distinction between muscle mass and fat mass [5—7], and especially during adolescence, BMI
does not reflect the corporate changes that occur. In this sense, the isolated use of BMI becomes
inappropriate [5—7].

The principal component analysis performed in this study showed that the SG presented
greater similarity with the CG2 in relation to the factors evaluated. A study with 1421
adolescents of both sexes, aged 10 to 13 years, also performed this analysis, and, although it
did not specifically target the three nutritional status groups, showed that percent body fat was
associated with all cardiometabolic risk factors and carried the strongest loading coefficient
[49]. These findings reinforce the notion that excess body adiposity, despite adequate weight,
is directly related to the development of cardiometabolic risk factors during adolescence, and
the assessment of body composition in these individuals is essential.

It is important to consider that the effect of obesity in adolescents on the risk of
cardiovascular diseases in adults may be irreversible even if in adulthood the individual
becomes eutrophic [39]. This demonstrates the need for specific health promotion and disease
prevention actions during adolescence, such as food and nutrition education actions in schools,
since at this age individuals spend most of their day in the school environment. Since it is known
that a majority of life habits are defined at this stage of life, it is a favorable period to encourage
the adoption of a healthy lifestyle [50,51].

It is noteworthy that this work is relevant, as there are few studies in the literature that
assess the presence of cardiometabolic risk factors in eutrophic adolescents with excess body
fat, especially comparing those with normal weight by BMI and those with excess weight and
adiposity.

Moreover, this research has an expressive sample number and comprises adolescents
aged 10 to 19 years and of both sexes. In addition, a method considered gold standard in the

assessment of body composition (DEXA) was used.

5. Conclusions
The findings of this study show that, despite having a normal weight, individuals with

excess adiposity are at greater risk of developing risk factors, as well as cardiometabolic
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diseases, than those with normal weight and adequate body fat. This demonstrates the
importance of examining adiposity in the monitoring of adolescents, in order to obtain a more
complete assessment of nutritional status.

Given this context, the assessment and monitoring of nutritional status from an early
age is essential to enable the early diagnosis and treatment of obesity and to enable interventions

to be more effective in order to prevent diseases in the future.

Supplementary Materials: The following supporting information can be downloaded at
www.mdpi.com/xxx/s1: Table S1: Association of cardiometabolic risk factors with the BMI
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Supplementary file

Table. Association of cardiometabolic risk factors with the BMI and %GC. Vigosa-MG, Brazil,
2010 to 2015 (n=1043).

BMI* % GCH*
Risk Factors Ogg;?%gm Value of p 0((11259?;30 Value of p
SBP 1,06 (1,04-1,08) <0,001 -
HDL 0,97 (0,95-0,98) <0,001 - -
HOMA-IR 2,19 (1,82-2,64) <0,001 1,85 (1,55-2,22) <0,001
DBP - - 1,06 (1,04-1,08) <0,001

*BMI <1 considered as a reference. ** %GC < 25% for gitls and < 20% for boys considered as reference.
Legend: BMI: Body Mass Index; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment —
Insulin Resistance; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.
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Resumo

Este estudo teve como objetivo investigar a influéncia da localizagdo da gordura corporal nos
fatores de risco cardiometabdlico em adolescentes, e qual localizagdo da gordura corporal
possui melhor desempenho em predizer alteragdes nos fatores de risco cardiometabdlico.
Estudo realizado com dados secundérios de 801 adolescentes. Avaliou-se, o percentual de

gordura corporal (%GC) total, androide (%GA), ginoide (%GG), do tronco (%GT), bragos
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(%GB) e pernas (%GP), pelo equipamento de absortometria de raios-X de dupla energia
(DXA); alem da pressao arterial, perfil lipidico, 4cido trico, glicemia de jejum e insulina, € 0
Homeostasis Model Assessment — Insulin Resistance (HOMA-IR). As andlises estatisticas
foram feitas no software R versdao 4.0.2, adotando nivel de significancia de 5%. O teste de
Kolmogorov-Smirnov verificou a normalidade das varidveis, e o teste de Mann-Whitney
comparou as varidveis quantitativas entre os sexos. Realizou-se regressdo linear simples e
multipla, ajustado para idade e atividade fisica. A andlise de redes foi realizada para avaliar a
relacdo entre as medidas de gordura corporal e os fatores de risco cardiometabdlico. A
capacidade das localiza¢des de gordura corporal para predizer alteracdes dos fatores de risco
cardiometabdlico foi baseada na construcio de curvas ROC (Receiver Operating
Characteristic). O estudo foi aprovado pelo Comité de Etica em Pesquisa com Seres Humanos
da Universidade Federal de Vicosa (parecer n° 2.879.661). Para as meninas, o %GP fo1 superior
a0 %GA para predizer colesterol total elevado (p = 0,026). Para os meninos, o %GA foi melhor
preditor de alteragdes no CT que o %GP (p = 0,025) e %GT (p = 0,001), no LDL comparado
a0 %GT (p = 0,004), no TG em relagdo ao %GB (p = 0,004), e no HOMA-IR comparado ao
%GB (p = 0,005) e a0 %GP (p = 0,027). O %GG foi superior a0 %GT para predizer valores
elevados de CT (p =0,029) e LDL (p = 0,025), e a0 %GB para HOMA-IR elevado (p = 0,033).
O %GT foi superior ao %GP para predizer a PA elevada (p = 0,043), e ao %GP (p = <0,001),
e %GB (p =0,041) para HOMA-IR elevado. O %GC foi superior ao %GT para predizer o LDL
elevado (p = 0,025) e ao %GP (p = 0,018) e %GT (p = 0,003) para CT elevado. Para as
adolescentes, 0 0%GP foi superior a0 %GA na predi¢do de CT. Para os meninos, o %GA foi
melhor para predizer quatro, dos seis fatores de risco avaliados. Estes resultados demonstram
que a localiza¢do da gordura corporal pode influenciar mais as alteragdes no perfil lipidico,
acido trico e pressdo arterial, bem como naresisténcia a insulina, nos meninos do que nas

meninas.

Palavras-chave: Adolescente; Estado nutricional; Adiposidade; Fatores de risco

cardiometabdlico; Indice de Massa Corporal; Absorciometria de Raios X.

INTRODUCAO

Em todo o mundo tem sido observado aumento da prevaléncia da obesidade,

especialmente nas ultimas trés décadas, atingindo todas as faixas etdrias. E um problema de
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saude publica pois associa-se a diversas comorbidades; bem como por afetar a qualidade de
vida 2. Estudos mostram que a obesidade estd associada a desfechos adversos a satide, sendo
importante fator de risco para o desenvolvimento de distirbios metabdlicos, como resisténcia a
insulina, hipertensao arterial e sindrome metabdlica, aumentando a morbimortalidade (-5 Entre
os adolescentes a prevaléncia tem aumentado e os riscos dessa condi¢@o trazem consequéncias
ja nessa fase, bem como ao longo dos anos, com risco acumulado na vida adulta ©),

Para além da obesidade, a distribuicdo da gordura corporal tem sido associada a piores
desfechos metabdlicos, pois nem toda gordura tem a mesma origem, assim como, dependendo
da sua localizacdo, apresenta diferentes propriedades e contribuicdes sobre as doencgas
metabdlicas ¥, A gordura abdominal é mais relacionada as complica¢des metabdlicas do que
a corporal total e a localizada em regides periféricas, como coxa e pernas, € a gordura visceral
tende a ser mais deletéria metabolicamente do que a subcutinea. A gordura corporal periférica
localizada na regido inferior do corpo, como a do quadril e pernas estd inversamente relacionada
aos fatores de risco cardiometabdlico, por apresentar baixa taxa de lip6lise € menor absor¢dao
de 4cidos graxos e fluxo sanguineo, além de ser mais sensivel a insulina 1%,

E importante pensar que a localizacdo da gordura corporal varia de acordo com o sexo,
principalmente pelos efeitos dos hormonios sexuais no tecido adiposo visceral, o que leva a
diferentes associacdes da localizacdo com os fatores de risco cardiometabdlico entre homens e
mulheres ''''?. Ainda, ao longo da adolescéncia ocorrem mudangas metabdlicas que promovem
modificagdes na distribuicdo da gordura. Resta saber se a localizacdo da gordura corporal ird
afetar o desenvolvimento dos fatores de risco cardiometabodlico nesses individuos.

Sendo assim, o objetivo deste estudo € investigar a influencia da localiza¢cdo da gordura
corporal nos fatores de risco cardiometabdlico em adolescentes, e qual localizacdo da gordura
corporal possui melhor desempenho em predizer alteracbes nos fatores de risco

cardiometabdlico.

METODOLOGIA

Delineamento do Estudo

Trata-se de um estudo realizado com dados secundarios, resultantes de estudos
transversais desenvolvidos no municipio de Vigosa-MG, por pesquisadores do Programa de
Pés-graduacdo em Ciéncia da Nutricdo da Universidade Federal de Vicosa, em 2010, 2014 e
2015.
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Selecao Amostral

A amostra foi composta por adolescentes de ambos os sexos, de 10 a 19 anos de idade,
que residiam nas zonas urbana ou rural do municipio quando as coletas foram realizadas.

Para a selecao dos participantes, os bancos de dados foram conferidos e mesclados. Caso
algum adolescente tivesse sido avaliado em mais de uma pesquisa, foram mantidos os dados da
avaliacdo mais recente. Portanto, foram incluidos 801 adolescentes.

Realizou-se o célculo do poder do estudo com auxilio do programa OpenEpi®, online
(www.OpenEpi.com), considerando como exposi¢do o excesso de gordura corporal e como
desfecho os niveis de HOMA-IR elevados, por ser o fator com maior prevaléncia de alteracao
no grupo exposto. O célculo foi baseado nas frequéncias de alteracdao nos valores de HOMA-
IR no grupo de adolescentes com excesso de gordura corporal (38,2%) e com percentual de

gordura adequado (20,9%). Verificou-se poder igual a 100%.

Variaveis avaliadas

Gordura corporal

Para estimar a gordura corporal total, androide e ginoide, do tronco, dos bracos e das
pernas, foi utilizado o equipamento de absortometria de raios-X de dupla energia (DXA) (Lunar
Prodigy Advance DXA System — analysis version: 13.31, GE Healthcare, Madison, W1, USA),
que € considerado padrdo ouro para avaliagdao de composi¢@o corporal. O exame foi realizado
no periodo da manhd, com os adolescentes em jejum de 12 horas e seguindo protocolo de

avaliagdo (19,

Parametros clinicos e bioquimicos

A pressao arterial foi aferida de acordo com a preconizagdo da Sociedade Brasileira de
Cardiologia Y. As andlises bioquimicas foram realizadas em laboratério credenciado. Os
individuos foram orientados a fazer 12 horas de jejum antes da coleta. As amostras foram
colhidas por pun¢do venosa, no periodo da manha. Foram realizados exames de perfil lipidico,
glicemia de jejum, insulina e 4cido urico. A resisténcia a insulina foi avaliada pelos indices
HOMA — IR (Homeostasis Model Assessment — Insulin Resistance)".

A prética de atividade fisica (AF) foi classificada segundo fatores preconizados pelo

Instituto de Medicina'®; o que permitiu categorizar os adolescentes como sedentdrios quando
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nao realizava nenhum tipo de AF; e ativos quando realizavam a educacao fisica da escola e/ou

outra atividade.

Analises estatisticas

Os bancos de dados foram elaborados no software Excel. Realizou-se as andlises
estatisticas com o auxilio do software R versao 4.0.2, adotando nivel de significancia de 5%.

O teste de Kolmogorov-Smirnov (7 verificou a normalidade das varidveis, e o teste de
Mann-Whitney comparou as varidveis quantitativas entre os sexos.

A andlise de regressdo linear bivariada foi efetuada a partir de modelos de regressao
linear simples considerando cada fator de risco como varidvel desfecho e cada medida de
gordura corporal como varidvel explicativa.

A regressdo linear multipla ajustada para idade e atividade fisica, foi realizada para
prever a alteracdo em cada fator de risco, a partir das medidas de gordura corporal. Para a
constru¢do do modelo linear multiplo utilizou-se, como critérios para a inclusdo das varidveis,
o valor p<0,20, obtido na andlise bivariada. No modelo final, por sua vez, utilizou-se o0 método
backward, sendo que aquelas com menor significancia (maior valor p) foram retiradas uma a
uma do modelo. O procedimento foi repetido até que todas as varidveis presentes no modelo
possuissem significancia (p<0,05).

A significancia do modelo final foi avaliada pelo teste F da andlise de variancia e a
qualidade do ajuste pelo coeficiente de determinagio (R?). Os residuos foram avaliados segundo
as suposi¢des de normalidade, homocedasticidade, linearidade e independéncia. Além disso,
realizou-se a verificagdo de multicolinearidade entre as varidveis incluidas no modelo.

A andlise de redes foi realizada para avaliar a relacdo entre as medidas de gordura
corporal e os fatores de risco cardiometabdlico. Os graficos construidos a partir dessa andlise
permitem explorar visualmente as relagcdes que ocorrem de forma simultinea entre as varidveis.
Ainda, as medidas de centralidade (betweenness, closeness e strength) possibilitam demonstrar
a importancia de cada varidvel em cada grafico (Material Suplementar 1) (819,

A capacidade das localizacdes de gordura corporal para predizer altera¢des dos fatores
de risco cardiometabdlico foram estabelecidos por meio da construcio de curvas ROC
(Receiver Operating Characteristic) (Material Suplementar 2). Foram determinadas as 4reas
sob as curvas ROC (ASC) e os respectivos intervalos de confianca (IC95%), estratificados por
sexo. Ainda, as curvas foram comparadas para definir as localizacdes de gordura que

apresentam melhor desempenho em predizer a alteracdo de cada fator de risco.
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Aspectos éticos

Todas as pesquisas, cujos bancos de dados foram incluidos nesse estudo, foram subme-
tidas e aprovadas pelo Comité de Etica em Pesquisa com Seres Humanos da Universidade Fe-
deral de Vigosa (CEP/UFV), quando foram realizadas; bem como no momento que houve a
juncdo dos bancos de dados em 2018 (parecer n°® 2.879.661).

Os participantes de todas as pesquisas, € seus responsdveis, no momento em que parti-
ciparam do estudo, receberam orientagdes sobre os objetivos das mesmas e os Termos de Con-
sentimento Livre e Esclarecido (TCLE), em caso de adolescentes com 18 ou 19 anos, e de
Assentimento (TA), para aqueles menores de 18 anos, quando os dados foram coletados. Foram
incluidos apenas os adolescentes que entregaram os termos devidamente assinados. A partici-
pacdo dos adolescentes foi voluntdria, dessa forma, eles poderiam abandonar as pesquisas a
qualquer momento, sem nenhum prejuizo, e seus dados foram mantidos em sigilo. Todos os
participantes receberam retorno das avaliagdes e, quando necessério, foram encaminhados a um

servigo de satide pré-definido

RESULTADOS

Dos 801 adolescentes incluidos no estudo, 63,3% (n = 507) era do sexo feminino e a
mediana de idade foi de 14,84 (10 a 19) anos. Um pouco mais da metade (50,3%; n = 403)
estavam com excesso de gordura corporal. Ainda, do total de adolescentes, 31,6% (n = 253),
22,3% (n = 179) e 20,3% (n = 163), 32,8% (n = 263), apresentavam colesterol total, LDL,
triglicerideos e HOMA-IR elevados, respectivamente e, 30,7% (n = 246) tinham HDL baixo.
Ademais, 4,1% (n =33) estavam com a pressao arterial alterada e 62,7% (n = 502) ndo praticava
atividade fisica.

As andlises de regressao linear multipla mostraram a influéncia da gordura corporal total
e regional sobre os fatores de risco cardiometabdlico nos adolescentes.

Para o sexo feminino, a cada aumento de 1% da gordura ginoide, aumenta 0,4053 mg/dL.
do CT, assim como o acréscimo de 1% na gordura total reduz cerca de 1,3992 mg/dL do LDL.
O incremento de 1% na gordura androide, bem como na do tronco reduz 0,2490 mg/dL e au-
menta 0,0013 mg/dL. do HDL, respectivamente. J4, com relac@o a pressdo arterial, a cada au-
mento de 1% da gordura androide, aumenta 0,2040 mmHg da sist6lica e 0,1310 mmHG da

diastdlica. Ainda, a cada 1% de acréscimo da gordura androide, ha reducao de 0,0373 do
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HOMA-IR e aumento de 0,0117 mg/dL do AU. Por fim, o aumento de 1% na gordura ginoide
aumenta 0,0188 mg/dL do AU (Tabela 1).

Tabela 1. Associacdo da gordura corporal total e regional com fatores de risco
cardiometabdlico, em adolescentes do sexo feminino. Vicosa-MG, Brasil (n = 507).

Variaveis explicativas . " R? Teste F
(%) Coeficiente () IC 95% p ajustado D
LDL (mg/dL)
Gordura total -1,3992 -2,53 --0,26 0,016 0,0326 0,0004
Colesterol Total (mg/dL)
Gordura ginoide 0,4053 0,1192 - 0,6915 0,006 0,155 0,0001
Acido Urico (mg/dL)
inoi 0,0188 0,0042 —0,0334 0,011
Gordura ginoide 0.1341 <0,0001
Gordura androide 0,0117 0,0001 —0,0232 0,046
HDL (mg/dL)
i -0,2490 -0,3385--0,1594  <0,0001
Gordura androide 0.0770 <0,0001
Gordura do tronco 0,0013 0,0006 —0,0019 <0,0001
Pressao arterial sistolica (mmHg)
Gordura androide 0,2040 0,1306 —0,2775 <0,0001 0,1367 <0,0001
Pressao arterial diastélica (mmHg)
Gordura androide 0,1310 0,0711 —0,1908 <0,0001 0,1180 <0,0001
HOMA-IR

Gordura androide -0,0373 -0,0298 —-0,0448  <0,0001 0,1989 <0,0001

* Regressdo Linear Miuiltipla.
Modelo ajustado por idade e atividade fisica.

Legenda: HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment - Insulin Resistance; LDL:

Low Density Lipoprotein.

Nos adolescentes do sexo masculino, a cada aumento de 1% da gordura ginoide, ocorre

aumento de 0,5891 mg/dL do CT e 0,4836 mg/dL do LDL. O incremento de 1% da gordura

total e do tronco reduz 0,8037 mg/dL e 0,4554 mg/dL do HDL, respectivamente. O aumento de

1% na gordura total e nas pernas, apresenta acréscimo de 1,0909 mg/dL e redugdo de 1, do TG,

respectivamente. O acréscimo de 1% da gordura total e do tronco aumenta 0,1738 mmHg e

0,3744 mmHg da PAS, respectivamente. J4 em relacdo a PAD, o incremento de 1% da gordura

total aumenta 0,1917 mmHg da PAD. Ainda, o aumento de 1% da gordura total, do tronco e
das pernas, aumenta 0,0339, 0,0825 e 0,0453 do HOMA-IR, respectivamente. Ademais, o

aumento de 1% na gordura do tronco e nas pernas, hd incremento de 0,1009 e 0,0749 do 4cido

urico, respectivamente (Tabela 2).
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Tabela 2. Associacdo da gordura corporal total e regional com fatores de risco
cardiometabdlico, em adolescentes do sexo masculino. Vicosa-MG, Brasil (n = 294).

Variaveis explicativas . " R? Teste F
(%) Coeficiente () IC95% P ajustado P
Colesterol Total (mg/dL)
Gordura ginoide 0,5891 0,3109 - 0,8673  <0,0001  0,1152 <0,0001
Pressao arterial diastélica (mmHg)
Gordura total 0,1917 0,1037 -0,2797 <0,0001 0,0743 <0,0001
Pressao arterial sistolica (mmHg)

0,1738 0,2019 —0,3274 0,027
Gordura total 0.4442 <0,0001
Gordura do tronco 0,3744 0,1438 — 0,6050 0,002

HDL (mg/dL)

-0,8037 -1,4751--0,1322 0,019
Gordura total 0.0648 0.0001
Gordura do tronco -0,4554 -0,7131--0,1977 0,001

Triglicerideos (mg/dL)

1,0909 0,6885 —1,4933  <0,0001
Gordura total 0.1590 <0,0001
Gordura das pernas -1,0381 -1,6681 —-0,4081 0,001

HOMA-IR
Gordura total 0,0339 0,0192 - 0,0486 <0,0001
Gordura do tronco 0,0825 0,0400 - 0,1251  <0,0001  0,2513 <0,0001
Gordura das pernas 0,0453 0,0030 - 0,0876 0,036
Acido Urico (mg/dL)

0,1009 0,0666 —0,1353  <0,0001
Gordura do tronco 0.4191 <0.0001
Gordura das pernas 0,0749 0,0398 - 0,1109  <0,0001

LDL (mg/dL)

Gordura ginoide 0,4836 0,2465 -0,7206  <0,0001  0,0916  <0,0001

* Regressdo Linear Miiltipla.

Modelo ajustado por idade e atividade fisica.

Legenda: HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment - Insulin Resistance; LDL:
Low Density Lipoprotein.

Os gréficos de rede mostram as relacdes entre todas as medidas de gordura corporal e
fatores de risco cardiometabdlico simultaneamente, para cada sexo. As linhas verdes indicam
relagcdo positiva e as linhas vermelhas mostram relagdo negativa. Além disso, quanto maior a
espessura e mais escura a cor da linha, mais forte é a relagio entre as varidveis 32, Observa-
se que, para as meninas, as varidveis de localiza¢ao da gordura mais importantes para o modelo
foram a ginoide, androide, das pernas, bracos e do tronco, entre os fatores de risco, a PAS e
PAD, o HOMA-IR e TG. Para os meninos, a gordura da perna, tronco, androide, PAS, PAD e

AU foram as varidveis mais importantes para o modelo (Figura 1).
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Figura 1. Gréfico de rede da relacdo entre as localizagdes de gordura corporal e fatores de risco cardiometabdlico, no sexo feminino (A) e no

masculino (B). Vicosa-MG, Brasil (n = 801).

A B

Linhas verdes representam relagdes positivas e vermelhas, negativas.

Legenda: AU: Acido Urico; %GA: Gordura Androide; %GG: Gordura Ginoide; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment — Insulin
Resistance; LDL: Low Density Lipoprotein; %GB: Gordura do Brago; %GP: Gordura da Perna; %GT: Gordura do Tronco; PAS: Pressdo Arterial Sist6lica; PAD: Presséo
Arterial Diastdlica; TG: Triglicerideos.
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Na tabela 3 estdo apresentados os valores de drea sob a curva do percentual de cada
regido de gordura corporal, demonstrando a capacidade de cada uma em predizer alteracao nos
fatores de risco cardiometabdlico.

Além disso, as regides de gordura corporal foram comparadas entre si para verificar
qual apresenta melhor desempenho para predizer alteracdo em cada fator de risco (Material
Suplementar; Figuras 1 e2).

Nessa comparagdo entre as regides de gordura corporal, para o sexo feminino, o
percentual de gordura das pernas (%GP) foi superior ao de gordura androide (%GA) para
predizer colesterol total (CT) elevado (p = 0,026). Para os demais fatores de risco nao houve
diferenca entre as regioes de gordura (Tabela 3).

Para o sexo masculino, o %GA mostrou ser superior ao %GP e ao %GT (p =0,025e p
= 0,001, respectivamente) para predizer o CT elevado; superior ao %GT para predizer o LDL
elevado (p = 0,004); superior ao %GB para predizer o TG elevado (p = 0,004), e por fim,
superior ao %GB e ao %GP (p = 0,005 e p = 0,027, respectivamente), para predizer o HOMA-
IR elevado (Tabela 3). Por sua vez, o0 %GG foi superior ao %GT para predizer valores elevados
de CT (p = 0,029) e LDL (p = 0,025), e superior também ao %GB para predizer o HOMA-IR
elevado (p = 0,033). Ainda, o %GT foi superior ao %GP para predizer a PA elevada (p =
0,043), e para predizer valores elevados do HOMA-IR, foi superior o %GP (p = <0,001), e o
%GB (p = 0,041). Por fim, o percentual de gordura total (%GC) foi superior ao %GT para
predizer o LDL elevado (p = 0,025), e para predizer valores elevados de CT, foi superior ao

%GP (p =0,018) e a0 %GT (p = 0,003) (Tabela 3).
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Tabela 3. Capacidade das localiza¢des de gordura corporal em predizer alteracdes nos fatores
de risco cardiometabdlico, em adolescentes. Vigcosa-MG, Brasil, (n = 801).

Sexo Feminino

CT LDL HDL TG PA HOMA-IR

ASC ASC ASC ASC ASC ASC

(IC95%) (IC95%) (IC95%) (IC95%) (IC95%) (IC95%)

% GA 0,564* 0,5576* 0,652%* 0,615%* 0,631* 0,637*
(0,20 -0,608) (0,532 -0,620) (0,609 - 0,694) (0,572 -0,658) (0,587 - 0,673) (0,593 - 0,679)

%GG 0,553 0,557 0,620%* 0,595% 0,611 0,604%*
(0,508 -0,596) (0,512 -0,601) (0,576 -0,662) (0,551-0,638) (0,567 -0,653) (0,560 -0,647)

%GB 0,534 0,542 0,515 0,541 0,523 0,543
(0,490 -0,578) (0,498 - 0,586) (0,470-0,559) (0,496-0,585) (0,478 -0,567) (0,498 -0,587)

% GP 0,581* 0,616* 0,590* 0,558 0,555 0,601*
(0,537 -0,624) (0,572 -0,658) (0,546 -0,633) (0,513-0,601) (0,511-0,599) (0,556 -0,643)

%GT 0,515 0,491 0,552 0,548 0,645* 0,557*
(0,471 -0,559) (0,446 - 0,535) (0,508 - 0,596) (0,503 - 0,592) (0,601 - 0,687) (0,513 - 0,601)

% GC 0,538 0,543 0,638%* 0,598 0,623* 0,611%*
(0,494 - 0,583) (0,499 -0,587) (0,595 -0,680) (0,554 -0,641) (0,579 -0,665) (0,567 -0,653)

Sexo Masculino

CT LDL HDL TG PA HOMA-IR

ASC ASC ASC ASC ASC ASC

(IC95%) (IC95%) (IC95%) (IC95%) (IC95%) (IC95%)

% GA 0,635%* 0,653* 0,534 0,765%* 0,594 0,738*
(0,577 - 0,690) (0,595 -0,707) (0,475 -0,592) (0,721 - 0,812) (0,535 - 0,650) (0,684 - 0,788)

% GG 0,660* 0,678* 0,513 0,733* 0,587 0,736%*
(0,603 -0,714) (0,621 -0,731) (0,454 -0,571) (0,679 - 0,783) (0,529 - 0,644) (0,682 - 0,786)

%GB 0,576%* 0,582* 0,548 0,614* 0,604 0,586*
(0,518 -0,634) (0,524 -0,639) (0,490 - 0,606) (0,556 - 0,670) (0,546 - 0,660) (0,528 - 0,643)

% GP 0,531 0,561 0,568* 0,701* 0,508 0,630*
0,472 -0,589) (0,502 -0,618) (0,509 -0,625) (0,645 -0,753) (0,450-0,567) (0,572 -0,685)

%GT 0,508 0,532 0,567 0,729%* 0,587 0,690*
0,449 - 0,566) (0,473 -0,590) (0,508 - 0,625) (0,674 -0,779) (0,528 -0,644) (0,634 -0,742)

% GC 0,663* 0,532 0,529 0,741* 0,573 0,732%*

(0,606 - 0,717)

(0,473 - 0,590)

(0,470 - 0,587)

(0,687 - 0,790)

(0,514 - 0,630)

(0,677 - 0,781)

Curva ROC. *p < 0,05.

Legenda: %GA: Gordura Androide; %GC: Gordura Corporal Total; %GG: Gordura Ginoide; HDL: High Density
Lipoprotein, HOMA-IR: Homeostasis Model Assessment — Insulin Resistance; LDL: Low Density Lipoprotein;
9%GB: Gordura do Brago; %GP: Gordura da Perna; %GT: Gordura do Tronco; PAS: Pressdo Arterial Sistdlica;
PAD: Pressdo Arterial Diastélica; TG: Triglicerideos.

DISCUSSAO

Este estudo mostrou que a localizagdo da gordura corporal influencia a expressdao dos
fatores de risco cardiometabdlico nos adolescentes de ambos os sexos. Nas meninas, o
incremento de 1% de gordura gindide foi capaz de aumentar o CT, LDL e 4cido trico, jd o
aumento de 1% da gordura androide provocou aumento no CT, PAS, PAD e no 4cido urico, e
a reducdo de 1% da gordura nessa regido androide levou também a reducdo do HDL e do
HOMA-IR. Nos meninos, a influéncia da localiza¢io da gordura foi mais marcante, envolvendo

trés localizagdes, a saber: o aumento de 1% da gordura ginoide aumentou o CT, LDL e HDL,
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o aumento de 1% da gordura do tronco aumentou a PAS, o HOMA-IR, o AU e reduziu o HDL,
e por fim, o incremento de 1% da gordura nas pernas aumentou o HOMA-IR, o AU e reduziu
o TG.

As primeiras investigacdes referentes ao tecido adiposo, este era considerado como um
tecido homogéneo que respondia ao metabolismo de maneira semelhante ao longo do corpo,
contudo, décadas de estudos mostrararam que as respostas sdo diferentes de acordo com a
localizacdo em que esse tecido se encontra, levando a implicagdes clinicas distintas ??. Apesar
das muitas discussdes sobre o assunto, ainda ha escassez dessas pesquisas voltadas para os
adolescentes.

A compreensdo sobre a influéncia da localizacdo da gordura corporal em adolescentes
€ importante para direcionar abordagens terapéuticas mais adequadas no combate a obesidade,
especialmente ao se considerar a elevada prevaléncia dessa condi¢do na adolescéncia, e seus
riscos a médio e longo prazo para esses individuos ©.

A literatura descreve que os depdsitos de gordura apresentam diferentes funcgdes
bioldgicas de acordo com o local em que se concentram. Os locais que geralmente apresentam
maior acimulo de adiposidade sdo aqueles abaixo da pele, chamado de subcutaneo, e aqueles
ao redor dos 6rgdos, chamado visceral ?!?Y. O maior percentual de acimulo da gordura no
corpo tem sido de tecido adiposo subcutianeo, nas dreas abdominal e gliteo femoral, formando
0 padrao corporal conhecido como “gindide”. O tecido visceral, por sua vez, localiza-se intra-
abdomem, constituindo um padrdo corporal chamado "androide” e ¢ capaz de drenar seus
componentes (como adipocinas e acidos graxos livres) para a circulagdo portal, onde ird afetar
todo o metabolismo ! 2. Assim, a atividade metabélica do tecido adiposo subcutineo tem
sido associada a piores valores de lipidios, insulina e proteina c-reativa, enquanto o tecido
visceral est4 mais relacionado a desregulacio na homeostase da glicose 329,

Essas diferencas se devem a algumas caracteristicas especificas, como diferenca na
gravidade da inflamagdo adiposa, armazenamento e renovacdo de lipideos, secrecdo de
adipocinas e acdo enddcrina. Nesse sentido, a adiposidade das regides inferiores mostra ser
menos suscetivel a secre¢cdo aumentada de acidos graxos livres, o que faz esse tecido ter menor
lipotoxicidade que o localizado na regidio abdominal 62,

E importante considerar também que o risco cardiometabdlico difere em relacio a
localizacdo da gordura corporal nas diferentes regides anatomicas do corpo ©?. Em adultos o
tecido adiposo localizado nas regides periféricas, como coxa e pernas, que seria indicativo de

uma forma corporal ginoide, ndo estd associado ao risco de sindrome metabélica .



103

Investigacdes voltadas para fisiologia mostraram que a gordura visceral, quando
comparada a gordura gindide localizada na parte inferior do corpo, apresenta maior resisténcia
a insulina. Em virtude da maior expressdo de beta-adrenoceptores nesse tecido, ha maior
suscetibilidade a lip6lise promovida pelas catecolaminas, além de ter maior atividade lipolitica,
que resulta em maior secre¢do de 4dcido graxos circulantes e de citocinas pro-inflamatorias.
Acredita-se que o efeito considerado protetor, ou de menor risco de complica¢des advindo da
gordura gindide e da gordura das pernas, se devam a maior capacidade das mesmas em
armazenar dcidos graxos livres e secretar adipocitocinas anti-inflamatérias. Ou seja, sdo
capazes de atuarem como reservatorio de gordura a fim de proteger outros locais do corpo da
deposicio de gordura ectépica, como por exemplo, figado e misculo G134,

Vasan e colaboradores > avaliaram a relacdo da adiposidade total e por regiio com
fatores de risco cardiometabdlico em 4.950 adultos de ambos os sexos do Reino Unido. Os
autores verificaram que o acimulo de gordura na regido androide estava associado com risco
aumentado de hipertrigliceridemia (homens: OR=5,01; IC95%: 3,25-7,69 e mulheres:
OR=4,15; 1C95%: 2,52-6,82), glicose em jejum alterada (homens: OR=1,93; IC95%: 1,30-2,88
e mulheres: OR=2,69; 1C95%: 1,67-4,34), hipertensao (homens: OR=2,65; IC95%: 1,63-4,31
e mulheres: OR=2,38; IC95%: 1,37-4,16) e resisténcia a insulina (homens: OR=3,89; IC95%:
2,51-6,02 e mulheres: OR=3,43; IC95%: 2,27-5,18). Ainda, a gordura visceral se associou a
hipertrigliceridemia (homens: OR=3,64; 1C95%: 2,82-4,70 e mulheres: OR=3,57; 1C95%:
2,67-4,78), glicose em jejum alterada (homens: OR=1,69; IC95%: 1,36-2,11 e mulheres: OR=
2,39; IC95%: 1,83-3,13), hipertensdao (homens: OR=2,49; 1C95%: 1,88-3,31 e mulheres:
OR=2,22; IC95%: 1,63-3,02) e resisténcia a insulina (homens: OR=2,36; IC95%: 1,83-3,02 ¢
mulheres: OR=2,84; IC95%: 2,24-3,60). Em contraste, observaram que a adiposidade ginoide
e da perna teve menor probabilidade de alterar os fatores de risco cardiometabodlico, com todos
os valores de odds ratio menores que 1.

Revisdo da literatura ¢

, que incluiu 21 estudos realizados com adultos de ambos os
sexos, mostrou que a gordura gluteofemoral, medida pelo perimetro da coxa, do quadril ou
massa de tecido adiposo da perna, pode ter efeitos protetores em relagdo a fatores de risco
cardiometabdlico. Visto que esteve associada a valores mais baixos de LDL, triglicerideos,
pressdo arterial, glicemia de jejum, insulina e maior HDL. Uma possivel explicacio para esse
fato é que as regides do quadril e da perna funcionam como um armazenamento para a gordura
subcutdnea em excesso, de forma a proteger os outros tecidos da exposi¢do excessiva da

adiposidade ©?.
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Ressalta-se que em adolescentes a relacdo entre a localizacdo da gordura corporal e o
risco cardiometabdlico ainda € incerto. Nessa fase da adolescéncia ocorrem mudangas na
distribui¢io de gordura, principalmente durante a puberdade ©®. Nesse contexto, estudos
mostram que a gordura corporal total e a localizada em diferentes regides predizem fatores de
risco cardiometabélico de forma semelhante na infancia e adolescéncia ¢”%, contudo, estudos
mostram que a gordura androide pode ser um indicador importante de risco cardiometabdlico
também nessas faixas etdrias ¢> 49,

Apresentamos neste estudo as localizacdes de gordura, mostrando que a adiposidade de
algumas regides do corpo interferiu mais que outras. Nos fatores de risco cardiometabdlico, em
ambos 0s sexos, sendo mais expressivo no sexo masculino, o qual apresentou maior ndmero de
comparacoes. Para as meninas, apenas o %GP foi superior a0 %GA para predizer o CT elevado.
Ja, para os meninos, 0 %GA, quando comparado ao %GP, %GT, e %GB, apresentou maior
capacidade em predizer valores aumentados de diferentes fatores, como CT, LDL, TG, PA e
HOMA-ir, elevados. O %GG também foi superior ao %GT e ao %GB para predizer valores
elevados de CT, LDL, e HOMA-IR. Por fim, o %GT foi superior ao %GP e ao %GB para
predizer PA e HOMA-IR elevados. Estes resultados demonstram que hé diferencas na forma
como a localizacdo da gordura corporal se comporta em adolescentes dependendo do sexo.

Assim, se faz importante considerar as diferencas da composicdo corporal entre os
sexos. De acordo com Zore et al. “!, em seu estudo de revisdo sistematica, 0 cromossomo
sexual pode ter papel no desenvolvimento dos fatores cardiometabdlicos, € os hormonios
gonodais forte influéncia no armazenamento de gordura, e o risco de doengas cardiovasculares
e diabetes tipo 2 entre homens e mulheres.

Ressalta-se, ainda, que as curvas ROC mostraram diferenca entre o %GP e %GA em
relacdo a predicdo de CT elevado, no sexo feminino. O que mostra que a adiposidade em
excesso em meninas prediz alteragdes nos demais fatores de risco avaliados, independente da
localizagdo. Ao contrdrio dos meninos, em que se verificou que houve diferencas no
desempenho em predizer alteracdes nos fatores de risco, dependendo da regido da gordura. Isso
pode ser devido ao aumento fisiol6gico de gordura nessa faixa etéria, que ocorre de forma mais
intensa no sexo feminino, enquanto os meninos apresentam maior ganho de massa muscular “*
43)

Deve-se considerar que as medidas regionais de gordura corporal podem apresentar
relagdes diferentes dependendo do grau de adiposidade total 4 4> Hetherington-Rauth e

colaboradores “® avaliaram 239 criancas e adolescentes de 9 a 12 anos de idade do Arizona e
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constataram que as medidas de gordura corporal total, ginoide, androide, do tronco e das pernas
se relacionaram de forma semelhante a fatores de risco cardiometabdlico (Insulina, HOMA-IR,
triglicerideos, HDL e LDL). Ainda, apds ajuste para o %GC total, o %GA, tronco e pernas
permaneceram preditores de insulina de jejum alterada, HOMA-IR, TG e HDL, enquanto o
%GC ginoide permaneceu um preditor de insulina de jejum e HOMA-IR alteradaos. Entretanto,
a correlacdo %GC total com a insulina de jejum e 0o HOMA-IR foi maior do que as correla¢des
das medidas regionais. Por fim, %GG e das pernas apresentaram correlacdo negativa com
HOMA-IR, insulina de jejum, TG e LDL, e positiva com HDL. Todas as outras medidas de
adiposidade foram positivamente correlacionadas com cada fator de risco, exceto para HDL, o
qual foi negativamente correlacionado.

Diante desse contexto, torna-se necessario entender como a localizagdo da gordura
corporal interfere no desenvolvimento de fatores de risco cardiometabdlicos em adolescentes,
a fim de avaliar o desenvolvimento e o impacto das doencas metabdlicas, nesses individuos.
Embora essa avaliacdo seja de extrema importancia, a literatura nido apresenta estudos
suficientes que tratam da localizacdo de gordura em adolescentes, o que € preocupante
considerando a crescente prevaléncia de obesidade nesse publico e, sobretudo, a possibilidade
de sua manuten¢do ou agravo na vida adulta.

O estudo apresenta algumas limita¢des como o uso de banco de dados secundarios, que
impossibilita a checagem ou substituicdo de dados perdidos, o que levou a ndo inclusdo de
alguns individuos e reducao da amostra total, por dados faltantes. Além disso, foram avaliados
adolescentes de um tnico municipio.

No entanto, ressalta-se que este trabalho foi realizado com um nimero amostral
expressivo e compreende adolescentes de todas as fases, abrangendo toda a faixa etdria de 10 a
19 anos e de ambos os sexos. Ainda, utilizou-se um método considerado padrdo ouro na
avaliacdo da composicdo corporal (DEXA). Ademais, ndo hd muitos estudos na literatura que
avaliem a localizacdo da gordura corporal em adolescentes, assim, este estudo torna-se

importante, pois se estabelece como precedente para pesquisas futuras relacionadas a este tema.

CONCLUSAO

O aumento na gordura corporal leva ao desenvolvimento de alteracdes no perfil lipidico,
na pressao arterial e dcido drico, além de resisténcia a insulina. E importante destacar que para

as adolescentes, apenas o percentual de gordura da perna se mostrou superior ao percentual de
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gordura androide na predi¢do de colesterol total elevado. Enquanto que para os meninos, o
percentual de gordura androide apresentou melhor desempenho para predizer quatro, dos seis
fatores de risco cardiometabdlico avaliados. Estes resultados demonstram que a localizag¢ao da
gordura corporal pode influenciar mais as alteracdes no perfil lipidico, dcido drico e pressao
arterial nos meninos do que nas meninas.

Enfim, esta pesquisa mostra a necessidade de mais estudos que investiguem como a
localizag¢do de gordura corporal influencia na presenca de fatores de risco cardiometabdlico na
adolescéncia, especialmente estudos longitudinais, para que se obtenha resultados que
possibilitardo melhor avaliagdo dessa populag@o por parte dos profissionais da sadde, a fim de
se alcancar um diagndstico mais completo, buscando sempre a melhora da saide e qualidade

de vida dos adolescentes.
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Figura 1. Griéficos de centralidade referentes as andlises de rede da relacdo entre as medidas de gordura corporal e fatores de risco cardiometabdlico,
para os sexos feminino (A) e masculino (B). Vicosa-MG, Brasil, 2010 a 2015 (n = 801).

Strength (forga): “Deriva da soma de todos os caminhos que conectam um nodo aos demais e baseia-se na média dos pesos das correlagdes, sendo
o indice de centralidade mais importante”!:P-47); Closeness (proximidade): “Uma medida obtida pelo inverso da distancia de um nodo com todos
os demais da rede, ou seja, o quio proximo o nodo estd dos demais e quio central ele ¢”(1%P-4D: Betwenness (grau de conectividade): “Representa

o niimero de vezes que um nodo faz parte do caminho mais curto entre todos os pares de nodos conectados da rede”!% P47,

Legenda: AU: Acido Urico; %GA: Gordura Androide; %GG: Gordura Ginoide; HDL: High Density Lipoprotein, HOMA-IR: Homeostasis Model Assessment — Insulin
Resistance; LDL: Low Density Lipoprotein; %GB: Gordura do Braco; %GP: Gordura da Perna; %GT: Gordura do Tronco; PAS: Pressdo Arterial Sistdlica; PAD: Pressdo
Arterial Diastdlica; TG: Triglicerideos.
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Figura 1. Comparacgdo da capacidade das localiza¢des de gordura corporal para predizer as alteracdes nos fatores de risco cardiometabdlico, no
sexo feminino. Vigosa-MG, Brasil (n = 507). Continua.

Legenda: GA: Gordura Androide; GC: Gordura Total GG: Gordura Ginoide; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;
LDL: Low Density Lipoprotein; GB: Gordura do Braco; GP: Gordura da Perna; GT: Gordura do Tronco.

* %GP > %GA; p = 0,026.
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sexo feminino. Vigosa-MG, Brasil (n = 507). Continuagao.
Legenda: GA: Gordura Androide; GC: Gordura Total GG: Gordura Ginoide; HDL: High Density Lipoprotein, HOMA-IR: Homeostasis Model Assessment — Insulin Resistance

HDL

80
60
40

20

%GA
%GG
%GB
%GP

- %GT

%GC

0 20 40 60 80 100

100-Specificity

100

Triglicerideos

80
60
40

20

%GA
%GG
%GB
%GP

- %GT

%GC

0 20 40 60 80 100

100-Specificity

LDL: Low Density Lipoprotein; GB: Gordura do Braco; GP: Gordura da Perna; GT: Gordura do Tronco.
* %GP > %GA; p = 0,026.
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Figura 1. Comparacgdo da capacidade das localiza¢des de gordura corporal para predizer as alteracdes nos fatores de risco cardiometabdlico, no

sexo feminino. Vigosa-MG, Brasil (n = 507). Continuagao.

Legenda: GA: Gordura Androide; GC: Gordura Total GG: Gordura Ginoide; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;
LDL: Low Density Lipoprotein; GB: Gordura do Brago; GP: Gordura da Perna; GT: Gordura do Tronco.
* %GP > %GA; p = 0,026.
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Figura 2. Comparacdo da capacidade das localizacdes de gordura corporal para predizer as alteragdes nos fatores de risco cardiometabdlico, no

sexo masculino. Vigosa-MG, Brasil (n = 294). Continua.

Legenda: GA: Gordura Androide; GC: Gordura Total GG: Gordura Ginoide; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;
LDL: Low Density Lipoprotein; GB: Gordura do Braco; GP: Gordura da Perna; GT: Gordura do Tronco.
*%GA > %GP: p =0,025; GA > GT; p=0,001; GG > GT; p =0,029; GC > GP; p=0,018; GC > GT; p = 0,003. ** %GA > %GT: p = 0,004; GG > GT; p = 0,025. *** %GA
> %GB: p = 0,007. ¥**¥* %GT > %GP: p = 0,043. ***** %GA > %GB: p = 0,005; GA > GP; p = 0,027; GG > GB; p =0,033; GT > GB; p = 0,041; GT > GP; p = <0,001.

115



100

HDL

80
60
40

20

0 20 40 60 80 100
100-Specificity

%GA
%GG
%GB
%GP

- %GT

%GC

100

*kk

Triglicerideos

80
60
40

20| |

0 20 40 60 80 100
100-Specificity

— %GA
-------- %GG

%GB
---------- %GP
e %GT
—— %GC
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sexo masculino. Vigosa-MG, Brasil (n = 294). Continuagao.
Legenda: GA: Gordura Androide; GC: Gordura Total GG: Gordura Ginoide; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;
LDL: Low Density Lipoprotein; GB: Gordura do Braco; GP: Gordura da Perna; GT: Gordura do Tronco.
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5. CONCLUSOES

A importancia de se examinar a adiposidade corporal tem sido cada vez mais discutida
pois, apesar do IMC ser um método facil e amplamente utilizado, ndo é capaz de fornecer uma
avaliacdo completa do estado nutricional. Assim, avaliar a gordura corporal permite predizer
melhor os fatores de risco para doengas cardiometabdlicas ja em idades precoces, como na
adolescéncia.

Os achados deste estudo confirmaram a importancia da avaliacdo da gordura corporal
em adolescentes, mostrando que em excesso a adiposidade corporal promove aumento do
colesterol total, LDL, triglicerideos, acido urico e pressdo arterial, além de redu¢dao do HDL,
independente do sexo. Ainda, os resultados aqui apresentados mostraram que para além do
percentual de gordura corporal, a sua localizacdo tem importante influéncia sobre os fatores de
risco, especialmente no sexo masculino, pois altera o perfil lipidico, o 4cido urico e a pressao
arterial, mais do que no sexo feminino, nessa faixa etdria estudada.

Frente a isso, compreende-se a necessidade de se realizar, j4 nessa fase da vida,
avaliacdo e o acompanhamento do estado nutricional, e ndo apenas com avaliacdo do IMC, mas
da gordura corporal, para que se identifique adolescentes com risco cardiometabdlico, e para
que haja diagndstico e tratamento precoce da obesidade de forma a prevenir doencas atuais e
futuras. Sabe-se que o IMC € uma ferramenta mais prética e possivel de ser realizada em
qualquer servico de sadde, contudo, frente aos resultados mostrados, percebe-se a grande
necessidade de que os profissionais estejam capacitados e tenham recursos para realizar
avaliacdo da gordura corporal, mesmo que com medidas mais simples, como as dobras
cutaneas, medidas e indices antropométricos, bem como a bioimpedancia.

Espera-se que os resultados aqui apresentados colaborem para que se estabeleca
consenso de que a avaliacdo do percentual e, principalmente, da localizacdo da gordura corporal
deva ser realizada desde idades precoces e ser, portanto, considerada nos servigos de
atendimento a saide e nutricdo do adolescente para que interveng¢des adequadas sejam
direcionadas. Destaca-se ainda, a necessidade de mais estudos que investiguem como a
localizag@o de gordura corporal influencia na presenca de fatores de risco cardiometabdlico na
adolescéncia, especialmente estudos longitudinais, de forma a se obter resultados que
possibilitardo uma melhor avaliagdo dessa populacdo por parte dos profissionais da sauide, a
fim de se estabelecer um diagndstico mais completo, buscando sempre a melhora da saide e

qualidade de vida dos adolescentes.
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