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RESUMO

OLIVEIRA, Alessandro de, D.Sc., Universidade Federal de Vicosa, agosto de
2014. Perimetrias Centrais e Biomarcadores Sanguineos: Associagdo com
a Sindrome Metabdlica e fatores de Risco Cardiometabélicos em Homens
na Meia ldade. Orientador: Antdnio José Natali. Coorientadores: Josefina
Bressan e Helen Hermana Miranda Hermsdorff.

Objetivo: Investigar a associacdo de perimetrias centrais e biomarcadores
sanguineos com a Sindrome Metabdlica (MetS) e fatores de risco
cardiometabdlico em uma populacdo de homens na meia idade residentes no
sudeste brasileiro. Metodologia: Apds aprovacdo do Comité de Etica em
pesquisa com seres humanos da Universidade Federal de Vigcosa (Protocolo
96/2010), foram entrevistados 884 sujeitos, sendo que 300 homens na meia
idade (idade: 51 + 5 anos; indice de massa corpérea: 25,8 + 3,4 kg/m?),
aparentemente saudaveis, participaram de todas as etapas deste estudo.
Foram avaliadas as concentracdes séricas dos biomarcadores lipidicos
(colesterol total e fracdes e triglicérides) glicidicos (glicose e insulina) pro-
inflamatérios [interleucina-18 (IL-18) e proteina C-reativa (PCR)], adiponectina
e &cido urico (AU); os perimetrias centrais (cintura, abdémen e umbilical); a
composicao corporal (percentual de gordura total e na area abdominal); o nivel
de atividade fisica; a ingestdo dietética alimentar; o consumo de bebida
alcodlica; o uso de tabaco; e o nivel educacional. Além disso, foi verificada a
prevaléncia de hipertensdo, dislipidemia, hipertrigliceridemia, obesidade
central, risco coronariano, resisténcia a acdo da insulina, hiperglicemia e
sindrome metabdlica. Utilizando-se os pacotes estatisticos SPSS versao 17.0 e
STATA versao 9.1, foram realizados: ANOVA, Kruskall-Wallis, teste t ou Mann-
Whitney para a comparagdo de médias ou medianas; regressdo de Poisson
univariada ou multivariada ou logistica ordinal para a verificacdo de
associagles entre as variaveis estudadas; e a curva ROC para a determinacao
de variaveis visando a identificacdo da ocorréncia da MetS e/ou dos riscos
cardiometabolicos. Em todas as analises adotou-se o nivel de significancia de 5
%. Resultados: A medida do perimetro umbilical (WCy.) apresentou maior
capacidade de predigédo [AUC(IC)] do sobrepeso [0,93 (0,89-0,95)], obesidade
[0,92 (0,89-0,95)] e obesidade central [0,90 (0,86-0,94)], quando comparado as

medidas dos perimetros da cintura e abdémen. A ocorréncia de WCy_ = 88,8
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cm esteve associada positivamente (p <0,01) com o aumento na prevaléncia
da MetS e outros fatores de risco cardiometabolico (hiperglicemia, hipertensao,
dislipidemia e hipertrigliceridemia). Maiores concentracdes seéricas de IL-18 e
menores de adiponectina foram encontrados nos individuos com MetS
(p<0,01), comparados aos sem MetS. Ademais, IL-18 (= 336,4 pg/mL)
demonstrou ser fator independente para a ocorréncia da MetS, obesidade
central, hipertrigliceridemia e indice LAP (Lipid Accumulation Product) superior
a 51,28. Ao contréario, adiponectina (= 7,03 ug/mL) demonstrou ser um fator de
protecdo na ocorréncia de MetS, hipertrigliceridemia, dislipidemia e LAP >
51,28. Por sua vez, maiores concentragdes séricas de acido urico (AU) foram
encontradas nos individuos com dois ou mais componentes da MetS, quando
comparados com individuos com um ou nenhum componente (p < 0.05). A
inclusdo do AU sérico (> 5,25 mg/dL) como um componente adicional no
diagnoéstico da MetS aumentou a ocorréncia em 13%. Além disso, o AU sérico
(= 5,25 mg/dL) apresentou associag¢des positivas com a ocorréncia de todos os
componentes da MetS e com maior risco aterogénico (p<0,01). Concluséo: O
perimetro umbilical apresentou melhor capacidade para a deteccdo de
sobrepeso, obesidade e obesidade central. Além disso, o ponto de corte de
88,8 cm no perimetro umbilical apresentou associacdo positiva para a
ocorréncia de MetS e fatores de risco cardiometabdlico. Por fim, os
biomarcadores IL-18 e AU séricos apresentaram associacao positiva, sendo
adiponectina sérica negativa, com a ocorréncia da MetS e com fatores de risco
cardiometabdlico em uma populacdo de homens na meia idade residentes no

sudeste brasileiro.
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ABSTRACT

OLIVEIRA, Alessandro de, D.Sc., Universidade Federal de Vigosa, August,
2014. Central Circumferences and Blood Biomarkers: Association with
Metabolic Syndrome and Cardiometabolic risk Factors in Middle-aged
Men. Adviser: Antbnio José Natali. Co-adviser: Josefina Bressan and Helen
Hermana Miranda Hermsdorff.

Objective: The aim of this study was to verify the association of central
circumferences and blood biomarkers with Metabolic Syndrome (MetS) and
cardiometabolic risk factors in a Southeast Brazilian middle-aged men
population. Methods: After the approval of the Ethical Committee of the
Universidade Federal de Vicosa (protocol 96/2010), eight hundred and eighty
four subjects were interviewed and three hundred apparently healthy middle-
aged men (age: 51 + 5 y; body mass index: 25,8 + 3,4 kg/m?) were eligible. It
was assessed: the serum concentrations of lipid (total cholesterol, high-density
lipoprotein, triglycerides) glycemic (glucose and insulin) and serum pro-
inflammatory [interleukin-18 (IL-18) and C-reactive protein) as well as high
sensitivity adiponectin  (hs-adiponectin) and uric acid (UA); central
circumferences (waist, abdominal and umbilical); body composition (total body
fat and abdominal area fat); physical activity level; usual dietary intake, alcohol
consumption and smoking; and education level. In addition, the prevalence of
hypertension, dyslipidemia, hipertrigliceridemia, central obesity, atherogenic
risk, insulin resistance (IR), hyperglycemia, and MetS were determined. By
using the statistical packs SPSS 17.0 and STATA 9.1 it was performed:
ANOVA, Kruskall-Wallis, Student t test or Mann-Whitney to compare means or
medians; Poisson univariate or multivariate and logistic ordinal regression to
verify the associations among studied variables; and ROC curve to determine
variables in order to identify the occurrence of MetS and/or cardiometabolic risk
factors were used. Results: The umbilical line circumference (WCy.) was the
best predictor [AUC (IC)] for overweight [0.93 (0.89-0.95)], obesity [0.92 (0.89-
0.95)] and central obesity [0.90 (0.86-0.94)] as compared to waist and
abdominal circumferences. The occurrence of WCy_ = 88.8cm was positively
associated (p < 0.01) with the prevalence of MetS and other cardiometabolic
risk factors (hypertension, hyperglycemic, dyslipidemia and

hypertriglyceridemia). Individuals with MetS had higher serum IL-18 and lower
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adiponectin than those with no MetS (p<0.01). IL-18 (= 336.4 pg / mL) was an
independent factor for MetS occurrence, central obesity, hypertriglyceridemia
and lipid accumulation product (LAP; > 51.28). In contrast, hs-adiponectin (=
7.03 ug/mL) was a protection factor for MetS occurrence, hypertriglyceridemia,
dyslipidemia and LAP (>51.28). Subjects with two or more components of MetS
exhibited higher concentrations of serum UA as compared to those with one or
none component (p<0.05). The inclusion of serum UA (= 5.25 mg/dL) as an
additional component of MetS increased the occurrence of this syndrome by
13%. Serum UA (= 5.25 mg/dL) was positively associated with all components
of MetS and atherogenic risk (p<0.01). Conclusion: The WCy_ measure seems
to be the best anatomical point to identify waist circumference measurement to
predictor overweight, obesity and central obesity in the studied population. The
WCy_ cutoff point (88.8 cm) is significantly associated with MetS, IR and
cardiometabolic risk factors in this population. Finally, serum IL-18 and UA
demonstrated a positive, and serum adiponectin a negative, association with

MetS occurrence and cardiometabolic risk factors in the studied population.



1. INTRODUCAO GERAL

Nos ultimos anos, as doencas crbnicas nao transmissiveis [do inglés
non-communicable diseases (NCDs)] vém se constituindo na principal causa de
morbidade e mortalidade em paises desenvolvidos ou em desenvolvimento.
Lessa, (2004) define as NCDs como “a exposicdo a fatores de riscos e da
convivéncia assintomatica com determinada doenc¢a nao diagnosticada, mesmo
quando tais fatores sao perceptiveis” (p.933). Dados da Organizacdo Mundial
da Saude (WHO) (WHO, 2005; 2013) apontam para um quadro na qual as
doencas cardiovasculares [do inglés cardiovascular disease (CVD)] destacam-
se de forma alarmante como a principal causa de morte no mundo (em torno de
30%), sendo que se estima para 2030 uma mortalidade superior a 23 milhdes
de pessoas. No Brasil, resultados semelhantes séo encontrados e, segundo o
Ministério da Saude, em 2011, 31,3% das mortalidades ocorreram em
decorréncia das CVD (WHO 2005; MINISTERIO DA SAUDE, 2011).

Assim, varios estudos tém sido realizados visando compreender e
diagnosticar precocemente o surgimento destas doencas (GORELICK,
GOLDSTEIN e OVBIAGELE 2014; KHATIB et al. 2014, MESSNER e
BERNHARD 2014; RIDKER e COOK 2014). Estes evidenciam a necessidade
de mudancas do estilo de vida da populagdo, atualmente pautado em um
consumo excessivo de calorias e uma alta prevaléncia do sedentarismo,
proporcionando, desta forma, um aumento alarmante na prevaléncia da
obesidade, principalmente a central, e morbidades relacionadas tais como
hipertenséo, diabetes mellitus e a Sindrome Metabdlica (do inglés, Metabolic
Syndrome (MetS)].

Segundo a | Diretriz Brasileira de Diagnostico e Tratamento da Sindrome
Metabdlica (2005) a MetS consiste em um “transtorno complexo representado
por um conjunto de fatores de risco cardiovascular, usualmente relacionados a
deposicao central de gordura e a resisténcia a insulina” (p.5), Tendo em vista a
evidente relacdo entre MetS e CVD, os critérios para o seu diagnostico incluem
biomarcadores aterogénicos (obesidade central, dislipidemia, hipertenséao,
hipertrigliceridemia e hiperglicemia) (NCEP-ATP 11l 2001; IDF 2006; ALBERTI
et al. 2009). No entanto, recentes achados apontam para a possiblidade da
adicao de novos biomarcadores (ABRAHAM et al., 2013; MUSANI et al, 2013).
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Apesar da grande diferenca na prevaléncia da MetS observada em
estudos conduzidos em paises desenvolvidos, é evidente o aumento
significativo de individuos diagnosticados entre 40 a 59 anos de idade (FORD
2004; FORD, GILES e MOKDAD 2004; ERVIN 2009). No Brasil, por exemplo,
no norte de Minas Gerais a prevaléncia média da MetS entre 534 individuos a
partir de 18 anos de idade foi de 14,9%, (PIMENTA, GAZZINELLI e
VELASQUEZ-MELENDEZ 2011). No entanto, no Rio Grande do Sul, 64,7% de
individuos de ambos os sexos (DA ROCHA et al. 2011) com idade superior a
40 anos foram diagnosticados com esta sindrome. Tais diferengas podem estar
associadas as caracteristicas populacionais (etnia, idade, regido do pais e
condicBes socioecondbmicas), assim como o critério utilizado para o seu
diagnostico (DE CARVALHO VIDIGAL et al. 2013).

O uso de ferramentas para o diagnéstico da MetS em grandes
populac6es, de acordo com os critérios citados anteriormente, € limitado por
guestBes financeiras ou até mesmo metodoldgicas. Sendo assim, visando
atenuar tais entraves, Kahn et al. (2005) sugeriram um indexador denominado
de indice do Produto de Acumulacéo [(do inglés “Lipid Accumulation Product”
(LAP)] que é estimado pela relacdo entre as concentracBes seéricas de
triacilglicerdis (TAG) e do perimetro da cintura (do inglés, waist circumference
(WC)]. Em seu primeiro estudo, Kahn et al. (2005) demonstraram que tal indice
pode ser um substituto do indice de Massa Corpérea [do inglés body mass
index (BMI)] no diagndéstico de fatores de risco cardiovasculares. Além disso,
estudos posteriores observaram que o LAP é um importante identificador da
MetS em populagbes hispanica, italiana e tailandesa acima de 14 anos
(TAVERNA et al. 2011; CHIANG e KOO 2012; PARIKH e MOHAN 2012;
CICERO et al. 2013). No entanto, o uso do LAP para o diagndéstico, tanto das
CVD quanto a MetS, ainda é questionado devido a ndo sedimentacdo de um
ponto de corte especifico no diagnéstico dessa sindrome.

Outra limitacdo importante no diagnostico da MetS, pelos critérios
mencionados, esta relacionada a metodologia usada para a mensuracdo da
WC. Neste caso, apesar das diretrizes indicarem pontos anatomicos
especificos para a sua mensuracao, a utilizagdo dos mesmos, dependendo do
perfil do avaliado, pode comprometer a precisao da medida (WANG et al. 2003;
KORHONEN et al. 2009; MASON e KATZMARZYK 2009). Além disso, apesar

da recente proposta de Alberti et al (2009) que especifica pontos de corte da
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WC levando em consideracdo uma subdivisdo continental (ex: 90 cm para
homens sul-americanos), as diferencas culturais, étnicas, de hébitos
alimentares e de estilo de vida existentes entre paises do mesmo continente
sugere a necessidade de mais estudos para uma melhor definicdo deste
parametro (MUJICA et al. 2008; GRAVENA et al. 2013; SUAREZ-ORTEGON et
al. 2013; SALAZAR et al. 2014).

A estreita associacao entre obesidade central, prevaléncia da MetS e de
CVD, demandou estudos para a explicacdo do processo fisiopatolégico destas
doencas, bem como, a sugestdo de biomarcadores com o objetivo de
proporcionar uma discussao mais ampla para o seu diagnostico (ABRAHAM et
al. 2013; AU 2013; CARDOSO et al. 2013; CHOI, YUN e CHOI 2013).

No inicio deste milénio, Festa et al. (2000) sugeriram a hip6tese de uma
inflamacéo crénica sistémica e subclinica de baixo grau como um importante
preditor da resisténcia a acao da insulina [do inglés Insulin Resistance (IR)],
além do uso de um biomarcador inflamatorio (proteina C reativa) na predicao
de futuros eventos de CVD.

A inflamacédo sistémica e subclinica de baixo grau constitui em um
mecanismo de defesa do préprio organismo perante um estado de hipdxia na
hipertrofia dos adipdcitos, que ocorre na obesidade. A consequente secrecao
de citocinas proé-inflamatérias como as interleucinas (IL), fator de necrose
tumoral alfa e leptina induz a IR, por meio da inibicdo da expressdo do
transportador de glicose GLUT-04, e a reducédo da fosforilacdo do receptor
insulinico IRS-1, via acdo enzimética da c-jun N-terminal kinase (WISSE 2004;
LIBBY 2007; IKEOKA, MADER e PIEBER 2010; FUENTES et al. 2013).

Desde a sua proposta, tal teoria vem sendo ratificada por estudos que
demonstram a forte relacdo entre o acumulo de gordura na regido central do
corpo e 0 aumento das concentracdes seéricas de marcadores inflamatorios
(HERMSDORFF e MONTEIRO 2004; HERMSDORFF et al. 2011;
HERMSDORFF et al. 2012). Dentre estes biomarcadores, destaca-se a IL-18,
uma citocina pleiotropica pro-inflamatéria, membro da familia da interlleucina-1
beta (IL-18) (DINARELLO et al. 2013). Seus mecanismos de acao,
semelhantes aos da IL-1B (indug&o para o interferon gama, translocagéo do
fator nuclear kappa B e aumento nas expressdes das moléculas de adesao),
fazem da IL-18 um potente biomarcador inflamatério, demonstrando relacéo
direta com a MetS, IR e outras NCDs (DINARELLO 1999; DINARELLO et al.
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2013). No entanto, a variabilidade encontrada nas concentragdes séricas da IL-
18, impossibilitando até o0 momento o seu uso no diagndstico de tais doencas
e, a ndo associacao desta interleucina a eventos cardiovasculares agudos
encontrada em alguns estudos, evidenciam a necessidade de maior
compreensdo do comportamento deste biomarcador inflamatério e sua
associacdo com a MetS e doencas cardiometabdlicas (ZIRLIK et al. 2007;
VOLP et al. 2008; TRASEID et al. 2009, JEFFERIS et al. 2013;)

Por outro lado, a adiponectina é uma adipocina secretada pelo tecido
adiposo branco e produzida nos adipécitos em grande quantidade em
individuos saudaveis (entre 5 a 10 pg/mL) (TAKAHASHI et al. 1996;
MATSUZAWA et al. 2004; RYO et al. 2004). No entanto, em obesos e
individuos diagnosticados com MetS, a adiponectina possui correlacao
negativa com a taxa de oxidacdo lipidica durante a hiperinsulinemia,
promovendo um quadro de IR (SCHEID e SWEENEY 2013). Além disso, a
elevada concentracdo desta adipocina contribui para a diminui¢do da liberacdo
do fator de necrose tumoral alfa, tornando evidente sua propriedade anti-
inflamatoria (OUCHI et al. 2000). Todavia, recentes estudos demonstraram que
as concentracbes séricas de adiponectina de individuos em estagios
avancados de algumas doencas cardiacas (ex. isquemia miocardica.) ndo
apresentaram a mesma tendéncia (DRAPEAU et al. 2011; AMIRZADEGAN et
al. 2013; WU et al. 2013). Além disso, a pratica de exercicios fisicos e o alto
consumo de bebidas alcodlicas podem proporcionar variagdes na concentracao
desta adipocina (SIERKSMA et al. 2004; DE LEMOS et al. 2012), o que suscita
mais estudos sobre o tema.

Adicionalmente aos biomarcadores inflamatorios, outras substancias
avaliadas no soro sanguineo, dentre elas o acido urico (UA), tem mostrado
relacdo importante com a prevaléncia da MetS, principalmente em individuos
hiperuricémicos (> 7mg/dL) (AKANDE et al. 2007; BARBOSA et al. 2011; DE
OLIVEIRA e BURINI 2012; GONCALVES et al. 2012; DE OLIVEIRA et al. 2013;
YOU et al. 2014). Alguns estudos demonstraram, ainda, forte associagao entre
as concentracdes séricas de UA e MetS, mesmo em concentracdes inferiores a
relatada [ex: 5,3 mg/dL (DE OLIVEIRA et al. 2013); 6,1 mg/dL (RODRIGUES et
al. 2012)].

Embora a explicacdo fisiologica para tais resultados ainda ndo esteja

totalmente estabelecida, uma das hipéteses é que o estado hiperinsulinémico,
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ocasionada pelo aumento das concentracfes de acidos graxos no figado,
estaria associado a uma sintese de novo das purinas proporcionando maior
absorcdo de UA nos tubulos proximais resultando em um aumento das
concentracdes séricas de UA (FACCHINI et al. 1991). Outra hipétese estaria
relacionada ao fato de que o aumento dos cristais de urato poderia resultar em
um estado de inflamagéo sistémica e subclinica de baixo grau e aterosclerose,
assim como, em uma disfuncdo endotelial e estresse oxidativo (DE
CARVALHO VIDIGAL et al. 2014). Além disso, estudos recentes (DE
OLIVEIRA et al. 2013; OSGOOD, KRAKOFF e THEARLE 2013; YOU et al.
2014) sugeriram que concentracbes seéricas de UA poderiam ser um
biomarcador para a ocorréncia da IR e diabetes mellitus tipo 2.

Por fim, considerando que a avaliacdo do UA constitui em uma técnica
de facil aplicacdo, a adicdo do UA como componente na predicdo da MetS
poderia proporcionar um diagnéstico mais preciso da MetS e de outros fatores
de risco cardiometabdlico. Para tal, é necessario verificar a magnitude de sua
participacdo no contexto geral da MetS, bem como a definicdo de pontos de

cortes especificos para diferentes populacées.



2. OBJETIVOS

2.1. Objetivo geral

Investigar a associacdo de perimetrias centrais e biomarcadores
sanguineos com a sindrome metabdlica e fatores de risco cardiometabdlico em

uma populacdo de homens na meia idade residentes no sudeste brasileiro.

2.2 Objetivos especificos

Verificar em uma populagdo de homens na meia idade residentes no

sudeste brasileiro:

1. Um ponto anatbmico do perimetro da cintura que identifica com maior
precisao o sobrepeso, obesidade e obesidade central,

2. A associacdo do ponto de corte do perimetro da cintura no diagnéstico da
sindrome metabdlica, resisténcia a acdo da insulina e fatores de risco
cardiometabolico;

3. A precisdo das concentracdes séricas de interleucina-18 e da adiponectina
no diagnodstico da sindrome metabdlica e sua relacdo com o indice do
produto de acumulacéo lipidica e fatores de risco cardiometabdlicos;

4. O uso das concentracfes séricas de acido Urico no diagndéstico da sindrome

metabdlica e sua relacdo com fatores de risco cardiometabdlico.



3. METODOLOGIA GERAL

3.1 Aspectos éticos

Este estudo atendeu a Resolucdo 196/96 do Ministério da Saude e foi
aprovado pelo Comité de Etica em Pesquisa com Seres Humanos da
Universidade Federal de Vigosa (parecer numero 069/2010 — anexo 1).

Caso o servidor pré-selecionado atendesse os critérios de inclusao,
eram-lhe detalhadas todas as etapas seguintes do projeto e como seria
realizado o retorno das informacdes e resultados das avaliacbes realizadas
pelo mesmo. Além disso, o voluntario também foi informado quanto aos
possiveis riscos e desconfortos, assim como beneficios potenciais relacionados
a participacdo nas fases do projeto e quanto ao possivel tratamento e
compensacao por danos decorrentes.

Cada voluntario assinou o termo de consentimento livre e esclarecido
para participacdo no estudo (ANEXO 2), apés 0s esclarecimentos necessarios,
estando todos cientes de que a qualguer momento poderiam, sem
constrangimento, deixar de participar deste estudo.

3.2. Populacédo e amostra do estudo

Foi desenvolvido um estudo transversal, no qual todas as fases da
coleta de dados foram realizadas no campus Vicosa da Universidade Federal
de Vicosa (UFV). A populacdo de referéncia para este estudo obedeceu a
classificacdo convencional da idade cronolégica sugerido por Gallahue e
Ozmun (2002), sendo constituida de adultos da meia idade (entre 40 e 59
anos), do sexo masculino e servidores federais ativos da UFV no campus
Vigosa.

O numero total de servidores da UFV ativos no campus Vigosa, do
género e faixa etaria supracitados, era de 1.774 (N) pessoas em fevereiro de
2011 (dados fornecidos pela Pro-Reitoria de Gestdo de Pessoas da UFV). O
calculo do tamanho amostral foi determinado com o intervalo de confianca de
95%.

Para o primeiro artigo foi determinado erro amostral de 4,0 pontos
percentuais e prevaléncia esperada para homens obesos no Brasil de 17,5%

(BRASIL 2014), sendo numero amostral minimo (n) proposto de 291 sujeitos.
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Ja para o segundo artigo, utilizou-se 5,0 pontos percentuais para o erro
amostral e prevaléncia para ocorréncia da MetS de 19% (GRONNER et al.
2011), resultando em uma amostragem minima (n) de 209 sujeitos.

Por fim, para o terceiro artigo, foi determinado o erro amostral de 4.5
pontos percentuais e prevaléncia de MetS de 21,6% (VELASQUEZ-
MELENDEZ et al. 2007), sendo a amostragem minima (n) calculada em 273
sujeitos.

Para selecionar os sujeitos deste estudo, todos os 1.774 servidores
foram enumerados e listados em ordem alfabéticas sendo escolhidos aqueles
gue se encontravam posicionados nas numeracdes multiplas de 6 (N/n:
1,774/291). Foram entrevistados 884 sujeitos, sendo que 582 sujeitos nao
participaram do estudo por apresentarem um ou mais quesitos do critério de
exclusdo. Ao final, 302 sujeitos foram selecionados, sendo a amostra utilizada
no primeiro, segundo e terceiro artigo de 300, 218 e 289 sujeitos,

respectivamente.

3.3. Selecao dos participantes
Foram adotados os seguintes critérios de inclusdo e excluséo:
3.3.1. Critérios de incluséo

- Servidores do campus Vicosa da UFV, aparentemente saudaveis,

apresentando entre 40 e 59 anos de idade;

3.3.2. Critérios de excluséo

- Alteracdo do peso habitual: perda ou ganho de mais de trés quilos nos trés
meses anteriores ao estudo;

- Alteragdo do nivel de atividade fisica e dos habitos alimentares nos trés
meses anteriores ao estudo;

- Historico clinico de que o voluntério fosse portador de doencas tireoidianas
e/ou insuficiéncias cardiacas ou doencas cerebrovasculares, doencas
infecciosas e/ou inflamatodrias, doencas do trato gastrintestinal e/ou hepéticas,
doencas renais cronicas e/ou histéria de litiase renal, diagndstico de neoplasia
nos dez anos anteriores, doengas de transtorno alimentar (bulimia e anorexia)

e alergias alimentares;
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- Uso regular de diuréticos ou medicamento que alterem a ingestao alimentar
e/ou o metabolismo de nutrientes;

- Uso de marca-passo e/ou protese para membros superiores ou inferiores;

- Atletas profissionais ou com programa de exercicios intensos iguais ou
superiores a vinte e quatro horas por semana para a pratica de um

determinado desporto;

Os critérios de exclusdo adotados foram determinados no intuito de
evitar possiveis interferéncias do perfil biofisico, dos biomarcadores do
metabolismo glicidico, lipidico e do estado inflamatério, bem como, nas

avaliacdes do diagndstico da MetS.

3.4. Coleta de dados

O delineamento do estudo foi subdividido em cinco etapas resumidas na

figura.

3.4.1 Primeira Etapa

Primeiramente, foi realizada uma reunido com o Pro-Reitor de Gestédo de
Pessoas da UFV e seus respectivos assessores na qual se detalhou todas as
etapas e objetivos do projeto. Apdés a anuéncia dos mesmos e a divulgacao do
projeto na impressa local escrita, a equipe de pesquisadores dirigiu-se aos
setores, divisdes e departamentos da UFV onde foram realizadas reunibées com
os diretores, supervisores e/ou chefes de departamento, visando explicar e
detalhar os objetivos do projeto, bem como expor aos mesmos a anuéncia e
apoio da Pré-Reitoria de Gestdo de Pessoas da UFV na realizacdo do mesmao.
E importante destacar que tais reunides foram de suma importancia no sentido
de contar com a cooperacdo destes na liberacdo dos funcionarios para a
realizacdo de todas as etapas do projeto.

Sendo assim, o grupo de pesquisadores foi ao encontro dos possiveis
voluntarios e, apos esclarecimento dos objetivos e metodologia do estudo, lhes
foi aplicado o Questionario para a selecdo da Populacao do Estudo (ANEXO 3),
contendo questdes acerca dos critérios de inclusdo e exclusdo pré-

estabelecidos.
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Foram tomadas todas as precaucdes no Iintuito de preservar a
privacidade dos voluntarios. Para isto, as condi¢cdes experimentais e todas as
informacdes individuais obtidas durante o estudo foram sigilosas entre a equipe
de pesquisadores e o voluntario. A salde e o bem-estar dos mesmos estavam
sempre acima de qualquer outro interesse.

Apoés a assinatura do termo de consentimento livre e esclarecido, foi
realizado com o voluntario o preenchimento do Questionario Internacional de
Atividade Fisica (IPAQ) verséao longa validado no idioma portugués por Pardini
et al., (2001) conforme anexo 4.

Por ultimo, foi agendada a data da coleta para a realizacdo dos exames
bioquimicos, da composicéo corporal, da avaliacdo nutricional, hemodinamica e
antropométrica (segunda etapa) na Divisdo de Saude da UFV, bem como, foi
informado aos mesmos 0s procedimentos a serem seguidos previamente aos
exames: (a) ndo realizacdo de atividades fisicas de média e alta intensidade
nas ultimas 48 horas precedentes ao exame; (b) realizacdo de jejum noturno de
12 horas antes do inicio da coleta; (c) ndo ingestdo de &lcool nas 48 horas
antecedentes ao exame e; (d) evitar a ingestao de agua nas horas precedentes
ao teste (ANEXO 5).

3.4.2 Segunda Etapa

Esta etapa, realizada na Divisdo de Saude da UFV, correspondeu aos
seguintes procedimentos: (a) preenchimento do questionario de frequéncia
alimentar; (b) afericdo de medidas antropométricas (massa corporal, altura e
perimetria regionais); (c) afericdo da pressdo arterial; (d) mensuracdo da
composicao corporal e analise da densidade Ossea total; (e) extracdo na veia
antecubital de uma aliquota de sangue (19 mL).

O sangue foi retirado por um bioquimico sendo subdivididos em um tubo
EDTA de 10mL e 2 tubos soro gel (4,5mL cada), com o auxilio de uma
centrifuga da marca (2-3 Sigma, Sigma Laborzentrifuzen, Osterodeam Harz,

Germany) seguindo o0s seguintes protocolos:
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*Reunides, questiondrios para a selegao da Popula¢cao em estudo, Assinatura do

1° Etapa termo de consentimento livre e esclarecido

J

eExames bioquimicos, composi¢ao corporal e Antropométricos

DSA

2°Etapa | eAvaliacdo do nivel pressorico e realizacdao do questionario de frequéncia alimentar

\

J

30 EYapa *Entrega do pedometro (8 dias consecutivos)

Pés 7 dias

\

4 opa eDevolucio e conferéncia junto ao voluntario do pedometro e registros

Pés 16 dias

*Entrega do relatdrio ao voluntario contendo seus resultados bioquimicos, nivel
5° Etapa pressorico, antropométrico, composicdo corporal e do nivel de atividade fisica.
Pés 30 dias

Figura: Resumo da coleta de dados.

a) Tubo EDTA (4,5mL): foi centrifugado dentro de 30 minutos apds a coleta do
sangue a 3500 rotacdes/minuto durante 15 minutos. O plasma foi separado e
congelado a -80°C para futura determinagcédo da concentracédo de adiponectina
ultrassensivel.

b) Tubo soro gel (10 mL): foi centrifugado dentro de 30 minutos apds a coleta
do sangue a 3500 rotagBes/minuto durante 15 minutos. Aproximadamente apos
30 minutos da centrifugacado 500 pL de soro foi utilizado para a determinacéo
das concentractes de biomarcadores glicémicos e aterogénicos em laboratorio
especializado. Além disso, parte deste soro foi congelado a -80°C para
mensuracao posterior das concentracdes séricas de acido arico (AU) e da
Proteina C Reativa (PCR).

c) Tubo soro gel (5mL): ap6s 2 horas da coleta de sangue (tempo para
coagulacdo sanguinea) o sangue foi centrifugado a 2000g durante 20 minutos
em centrifuga refrigerada & 5°C. O soro foi congelado a uma temperatura
meédia de -80°C para futura determinacdo do marcador de estresse inflamatorio
IL-18.
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3.4.3 Terceira Etapa

Em um prazo maximo de 7 (sete) dias ap0s a finalizacdo da segunda etapa,
o voluntario recebeu a visita do grupo de pesquisadores em seu local de trabalho
onde lhe foi explicado a metodologia para a afericdo do nivel de atividade fisica,

por meio, do uso do peddmetro durante 8 (oito) dias consecutivos.

3.4.4 Quarta Etapa

Nove dias apds a entrega do pedémetro um dos membros da equipe de
pesquisadores foi ao local de trabalho do voluntario realizar a conferéncia dos

dados obtidos ao longo do uso do aparelho bem como sua devolucéo.

3.4.5 Quinta Etapa

Finalmente, apés 15 (quinze) dias da finalizacdo da quarta etapa o
pesquisador responsavel foi ao local de trabalho do voluntario realizar a
entrega de um relatério, (ANEXO 6), no qual foi exposto a0 mesmo 0s
resultados das analises hemodindmicas (concentracdes séricas dos
biomarcadores glicidicos e aterogénicos) composi¢do corporal, niveis
presséricos e avaliacdo da atividade fisica. Além disso, com base nos
resultados obtidos, foram descritas algumas informacdes e sugestdes visando
a melhoria da qualidade de vida do mesmo.

No caso de parametros néo condizentes com o0s referenciais de
normalidade, foi sugerida a procura de um profissional da area da Saude para

uma reavaliagdo do quadro, bem como, futuro tratamento.

3.5. Variaveis coletadas e instrumentos utilizados
3.5.1 Variaveis independentes

3.5.1.1 Medidas antropométricas

Para as mensuragfes antropométricas realizadas na Divisdo de Saude
da UFV foram adotados os protocolos de mensuragao adotados por Lohman et
al. (1988) sendo a mensuracao feita em triplicata considerando a média

aritmética das medidas avaliadas:
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a) Peso corporal: o avaliado ficou sobre uma balanca portatil da marca Toledo®
com capacidade maxima de 150 kg e precisdo de 50g em posi¢cao ortostatica,
descalco e apenas trajando roupas intimas e uma camisola.

b) Estatura Corporal: o avaliado ficou em posicao ortostatica, pés unidos e
descalcos, a cabeca orientada no plano de Frankfurt. Para a mensuracéo foi
utilizado um estadiébmetro vertical com extensdo maxima de 2 m e precisédo de 1
mm da marca Toledo®,

Para a mensuracdo das perimetrias regionais foi utilizada uma fita métrica
da marca Sanny® com sistema de mola sendo analisadas as seguintes regides
corporais:

a) Perimetria de Cintura (WCygr): efetuada no plano horizontal levando em
consideracdo o menor ponto de perimetria entre a ultima costela e a crista iliaca
(LOHMAN 1992).

b) Perimetria de Abdémen (WCyp): efetuada no plano horizontal tendo como base
0 ponto médio entre a ultima costela e a crista iliaca, apdés uma expiragdo normal
(ALBERTI et al. 2009) .

c) Perimetria Umbilical (WCy,): efetuada no plano horizontal sobre a cicatriz
umbilical, ap6s uma expiracao normal (ALONSO et al. 2008).

Com base nos dados coletados foi estimado o BMI por meio da equacao
proposta por Quetelet e foi usada para classificagdo do estado nutricional segundo
WHO (2000).

3.5.1.2 Presséao arterial

Para a avaliacdo da pressao arterial sistolica (SBP) e diastolica (DBP) foi
utilizado um monitor de pressao sanguinea de inflacdo automatica da marca G-
Tech, modelo BP3AAl-41, preconizado pela Sociedade Brasileira de
Cardiologia e Hipertenséo e registrado na ANVISA (n° 80275310004), seguindo

as orientacdes da VI Diretrizes Brasileiras de Hipertenséo (2013).

3.5.1.3 Composicao Corporal

A composicédo corporal [percentual de gordura corporal total (%BF),
percentual de gordura na area abdominal (%AAF)] foi obtida por meio da
técnica de absorciometria de feixe duplo de raio X (DXA; Hologic QDR-2000W,
software version 5.56; Hologic, Inc, Waltham, MA) com precisdo de 0,1g e
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0,1%. O %AAF foi definido como a quantidade de gordura presente na regiao

abaixo da ultima costela e acima da bordo superior da crista iliaca.

3.5.1.4 Biomarcadores aterogénicos e glicémicos

Os marcadores analisados foram:

a) Biomarcadores aterogénicos: Foram analisadas as concentracoes
plasmaticas de colesterol total (TC; mg/dL), lipoproteina de alta densidade
(HDL-c; mg/dL) e de triacilglicerdis (TAG; mg/dL), por meio da técnica de
colorimetria enzimética, utilizando kit comercial de determinacao especifico e
posterior leitura em autoanalisador colorimétrico. A mensuracdo da
concentracdo plasmatica da lipoproteina de baixa densidade (LDL-c) foi obtida
por meio de célculo, utilizando-se a equacao sugerida por de Friedewald et al.
(1972), sendo excluidos os resultados cujo nivel de TAG do voluntario
estivesse maior ou igual a 400 mg/dL.

b) Biomarcadores glicémicos: Foram analisadas as concentracdes plasméaticas
de glicose (mmol/L), e insulina (pU/mL). Além disso, foi calculado o HOMA-IR
(Homeostasis Model Assessment — Insulin Resistance ou indice do Modelo de
Avaliagdo da Homeostase da Resisténcia a Insulina) pela equacgéo proposta por
Matthews et al., (1985).

3.5.1.5 Biomarcadores inflamatdrios e acido Urico

a) Biomarcadores pré-inflamatorios: Foram analisadas as concentracdes de
interleucina-18 (IL-18) utilizando-se a técnica de ELISA (Enzyme Linked
Immuno Sorbent Assay) e o nivel de proteina C reativa (PCR) por meio do
meétodo de Imunoturbidimetria seguindo o protocolo sugerido pelo fabricante;

b) Biomarcador anti-inflamatorio: Foi analisada a concentracdo de
adiponectina por meio de kit ultrassensivel no soro (SPIBIO Cddigo 94091
SPIB-A05186) seguindo o protocolo sugerido pelo fabricante.

c) Acido Urico sérico (UA): foi determinado por meio da técnica de
colorimetria enzimatica utilizando o kit de analise especifico (Quibasa Quimica
Basica LTDA, Belo Horizonte, MG, Brasil) e seguindo as normas descritas pelo
fabricante.
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3.5.1.6 Avaliacéo da ingestao habitual alimentar

A ingestdo dietética alimentar dos participantes nos seis meses
precedentes a pesquisa foi analisado por meio de um questionario quantitativo de
frequéncia alimentar (QFA) validado por Ribeiro e Cardoso, (2002). Foi utilizado o
registro fotografico, contendo fotos das por¢des pequena, média e grande, com
intuito de minimizar o viés de memoéria e melhorar a qualidade da informacéo
prestada sobre o tamanho das por¢des consumidas (MONTEIRO 2007).

A composigao nutricional das dietas ingeridas foi analisada por meio do
software DietPro (versao 5i). A composi¢cao quimica dos alimentos incluidos no
QQFA foi cadastrada no software considerando preferencialmente os dados da
Tabela Brasileira de Composicdo de Alimentos (NEPA-UNICAMP-VERSAO Il
2006).

Com base na insercdo dos alimentos obtidos pelos voluntarios foi
analisada a ingestdo caldrica total (kcal). Além disso, mensuraram-se, ha
alimentacdo em gramas por dia (g/d), a quantidade de carboidratos, proteinas
(animal e vegetal), lipidios (monoinsaturados poli-insaturados e saturados),
colesterol e fibras.

3.5.1.7 Estilo de Vida

Os individuos que participaram do estudo foram subdivididos de acordo
com o seu cargo de trabalho e nivel educacional sendo o grupo ABC composto
por técnicos administrativos com ensino médio completo e o grupo DEProf por
técnicos administrativos e professor com curso superior e/ou pos-graduacao
completos.

Todos os participantes foram questionados se eram fumantes (sim/nao)
e se faziam uso (in) frequente de bebida alcodlica (tipo de bebida alcodlica
consumida — cerveja, vinho e/ou destilados em dias por semana e quantidade
em mL). Foram classificados como participantes com alto consumo de bebidas
alcoolicas aqueles que possuiam consumo superior a 21 unidades por semana
(DUNCAN et al. 2013).

Além disso, os mesmos foram questionados sobre o historico familiar
quanto a prevaléncia de doencgas cronicas ndo transmissiveis como neoplasia,

hipertenséo, doenca cardiovascular e diabetes.
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O nivel de atividade fisica retrospectivo foi estimado por meio da versao
longa do Questionario Internacional de Atividade Fisica (em inglés International
Physical Activity Questionnaire; IPAQ). O IPAQ é um instrumento internacional
desenvolvido e elaborado em 1998 em Genebra (Suica), por especialistas da
area, com o auxilio da Organizacdo Mundial de Saude e do Centers for
Disease Control and Prevention, para mensurar o nivel de atividade fisica da
populacdo em geral. Tal instrumento foi validado para a lingua portuguesa por
Pardini et al. (2001) e é amplamente utilizado em varios paises do mundo
(CRAIG et al. 2003). A versédo longa do IPAQ avalia a atividade fisica em
quatro dominios — trabalho, atividades domésticas, lazer e deslocamento,
segundo a frequéncia e a duracdo das atividades fisicas realizadas em cada
dominio em uma semana habitual.

As atividades sédo separadas segundo sua intensidade, definida pela
distincdo entre caminhada, outras atividades fisicas moderadas e atividades
fisicas vigorosas. Foram consideradas atividades moderadas aquelas que
promovem um aumento pequeno da frequéncia respiratoria e esforco fisico
moderado, e atividades vigorosas aquelas que fazem com que o individuo
respire mais rapido que o normal, com dispéndio de grande esforco fisico.
Individuos que praticarem 150 min ou mais de atividade fisica semanal foram
considerados ativos (PATE et al. 1995; HASKELL et al. 2007)

Esse tempo foi calculado a partir da multiplicacdo do nimero de dias de
cada atividade de intensidade moderada ou caminhada pelo numero de
minutos por dia despendidos em cada uma delas. Os minutos de atividades
fisicas vigorosas foram multiplicados por dois, além do calculo descrito acima.

Além disso, os voluntarios usaram o pedometro (modelo Digi-walker sw-
200 da marca Yamax) para a estimativa do nivel de atividade fisica atual. Este
equipamento foi colocado na parte posterior do quadril (lado direito) na linha
média da coxa, preso ao cO6s da calca (BASSETT, SCHNEIDER e
HUNTINGTON 2004; HULTQUIST, ALBRIGHT e THOMPSON 2005). Tal uso
ocorreu durante uma semana tipica, incluindo os dias de fim de semana (8 dias
ininterruptos) com intuito de averiguar a atividade fisica habitual de forma
confiavel (CLEMES e GRIFFITHS 2008), sendo excluido o primeiro dia de
mensuracdo para evitar o efeito Hawthorne (efeito reativo de arranjos
experimentais devido a mudanca das performances quando dada atencdo aos

sujeitos) (BROWN 1954). Os avaliados receberam instru¢cbes acerca da
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utilizacdo do equipamento, além de uma ficha para preenchimento dos passos
realizados por dia com informacdes pertinentes ao uso e manuseio do
aparelho. Para a classificacdo do nivel de atividade fisica a partir do nUmero de
passos foram adotados os pontos de corte propostos por Tudor-Locke et al.
(2008).

3.5.2 Variaveis dependentes

3.5.2.1. Fatores de risco cardiometabdlico

a) Hipertensdo: diagnosticada em individuos que apresentaram média dos
niveis pressoricos sistélico e/ou diastolico superiores a 140 mmHg e 90 mmHg
respectivamente (VI Diretrizes Brasileiras de Hipertensao 2010);

b) Resisténcia a acdo da insulina: diagnosticada em individuos que
apresentaram HOMA-IR superiores a 2,7 conforme sugerido por Geloneze et
al. (2009). Além disso, Por calculou-se a razdo TAG e HDL-c, como indicador
alternativo para a resisténcia a acdo da insulina (GONZALEZ-CHAVEZ,
SIMENTAL-MENDIA e ELIZONDO-ARGUETA 2011) e ponto de corte conforme
sugerido por Salazar et al. (2012).

c) Dislipidemia: diagnosticado em individuos que apresentaram concentracdes
séricas de colesterol total ou LDL-c superiores a 200 mg/dL e 130 mg/dL
respectivamente e/ou HDL-c inferior a 40 mg/dL (SPOSITO et al. 2007).

d) Hipertrigliceridemia: diagnosticado em individuos que apresentaram
concentracdes séricas de TAG superiores a 150 mg/dL (SPOSITO et al. 2007).
e) Hiperglicemia: diagnosticado em individuos que apresentaram
concentracdes séricas de glicose superiores a 99 mg/dL (SOUZA et al. 2012).
f) Obesidade Central: diagnosticado em individuos que apresentaram o
perimetro do abdémen superior a 90 cm (ALBERTI et al. 2009).

g) Elevacdo do Produto da Acumulagédo Lipidica (LAP): diagnosticado em
individuos que apresentaram LAP superior a 51,28 (KAHN, VALDEZ, 2003).

h) indice aterogénico: diagnosticado em individuos que apresentacéo a raz&o
TC:HDL-C superior a 5 (CASTELLI et al. 1986).



3.5.2.2. Diagndstico da Sindrome Metabdlica (MetS)

18

O diagnostico da MetS foi determinado pela presenca de trés ou mais

fatores de riscos, seguindo o protocolo sugerido por Alberti et al. (2009) conforme

pode ser observado no quadro 1.

Tabela 1. Pontos de corte para a avaliagdo dos marcadores de risco da

sindrome metabdlica

Marcador de Risco

Indicador e Ponto de
Corte

Ponto de Corte

Obesidade Central
Hipertrigliceridemia
Nivel Reduzido de HDL

Hipertensao Arterial

Glicemia de Jejum

Perimetria da Cintura*

Triglicerideos

Pressao Arterial Sistolica

Pressao Arterial Diastolica

> 90 cm (Homens)

= 150 mg/dL

< 40 mg/dL (Homens)
=130 mmHg

= 85 mmHg

= 100 mg/dL

* pontos de corte para populacdes residentes na América do Sul; retirado de Alberti et al.

(2009).

3.6 Andlises estatisticas

As andlises estatisticas foram subdividas conforme objetivo de cada

artigo a ser apresentado, sendo devidamente detalhada na metodologia dos

mesmaos.
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4. RESULTADOS E DISCUSSAO

Em consonancia com as normas vigentes no regimento interno do
Programa de Pés-Graduagdo em Ciéncia da Nutricdo em seu artigo 36 8§82°, a
apresentacao dos resultados obtidos, bem como a discussdo dos mesmos, dar-
se-d8o0 em forma de artigos ja encaminhados para apreciacéo e publicacdo em
periodicos cientificos internacionais. Cabe ressaltar que a normatizacdo do

texto encontra-se de acordo com as normas vigentes das respectivas revistas.

4.1. PRIMEIRO ARTIGO

Waist circumference measures: cutoff analyses to detect obesity and
cardiometabolic risk factors in a Southeast Brazilian middle-aged men
population - a cross-sectional study

Medidas dos perimetros da cintura: andlise de um ponto de corte para
diagndstico da obesidade e fatores de risco cardiometabdlicos em homens da

meia-idade do Sudeste Brasileiro: um estudo transversal.

Alessandro de Oliveira, Paula G. Cocate, Helen Hermana M. Hermsdorff,
Josefina Bressan, Mateus de Freitas Silva, Joel Alves Rodrigues, Anténio José
Natali.

Periddico: Lipid in Health and Disease
DOI: 10.1186/1476-511X-13-141
Fator de impacto: 2,310

Classificacdo Qualis Nutricdo: A2

Resumo

Introducdo: Devido ao aumento significativo da prevaléncia de doencas
cronicas nado transmissiveis em diversas regides do mundo, inclusive no Brasil,
varias pesquisas tém sido realizadas no intuito de propor o uso de parametros
para diagnéstico das mesmas com baixo custo financeiro e grande
fidedignidade.
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Objetivo: Determinar o ponto anatdmico na mensuracdo das perimetrias
centrais que melhor identifica 0 sobrepeso, obesidade e obesidade central em
brasileiros de meia-idade da regido Sudeste e testar a relacdo do uso de um
ponto de corte especifico com a Sindrome Metabdlica (MetS), resisténcia a
acdo da insulina (IR) e outros fatores de riscos cardiometabdlicos.

Métodos: Trezentos homens [idade: 51 (47-54)] foram submetidos a
avaliacdes antropométricas, de composicao corporal, clinica, socio demografica
e sanguinea.

Resultados: O perimetro da cintura mensurada sobre a linha umbilical (WCy)
mostrou ser a melhor medida para a identificacdo do sobrepeso (gordura
corporal total = 21 %; ponto de corte: 88.8 cm), obesidade (gordura corporal
total = 25%; ponto de corte: 93.4 cm) e obesidade central (gordura na regido
abdominal = 34,6%; ponto de corte: 95,6 cm) medido por meio de método
padrdo-ouro. Os individuos com WCy. = 88,8 cm ou WCy. = 93,4 cm
mostraram associacao positiva para a ocorréncia da MetS, IR e os fatores de
risco cardiometabolicos (ex: perfis glicidicos e lipidicos e presséo arterial). A
ocorréncia de WCy_ = 88.8cm foi associada positivamente (p <0.01) com a
prevaléncia de SM e fatores de riscos cardiometabdlicos enquanto WCy_ = 93.4
cm demonstrou associacdo com a prevaléncia de SM, RI e fatores de risco
cardiometabolicos. ConclusBes: A medida de WCy_ parece ser a melhor
medida para a identificacdo do sobrepeso, obesidade, e obesidade central em
brasileiros de meia-idade residentes urbanos na regido Sudeste do Brasil e o
ponto de corte de WCy_ (88,8 cm) apresentou associacado positiva para com a
ocorréncia de MetS e fatores de risco cardiometabdlicos na populacdo
estudada.

Abstract

Background: Low-cost practical and reliable tools to evaluated obesity-related
cardiometabolic diseases are of clinical practice and public heath relevance
worldwide. The aims of this cross-sectional study were to determine the
anatomical point of waist circumference that best identify overweight, obesity
and central obesity in Southeast Brazilian middle-aged men and to test the
relationships of its cutoff points with metabolic syndrome (MetS), insulin

resistance (IR) and cardiometabolic risk factors.



29

Methods: Three hundred men [age: 51 (47-54)] underwent anthropometric,
body composition, clinical, sociodemographic and blood plasma biochemical
evaluations. Results: The umbilical line circumference (WCy.) was the best
predictor for overweight (total body fat = 20%; cutoff point: 88.8 cm), obesity
(total body fat = 25%; cutoff point: 93.4 cm) and central obesity (abdominal area
fat = 34.6%; cutoff point: 95.6 cm) as measured by dual beam X-ray
absorptiometry. Subjects with WCy. = 88.8 cm or = 93.4 cm showed
significantly higher values for MetS, IR and cardiometabolic risk factors (i.e.
glucose and lipid profiles, blood pressure). The occurrence of WCy_ = 88.8 cm
was positively associated (p <0.01) with the prevalence of MetS and
cardiometabolic risk factors and increased the central obesity prevalence by
19.3% while that of WCy_ = 93.4 cm was associated with the prevalence of
MetS, IR and cardiometabolic risk factors.

Conclusions: WCy_ measure seems to be the best predictor for overweight,
obesity and central obesity in urban residents Southeast Brazilian middle-aged
men; and the WCy_ cutoff point (88.8 cm) is significantly associated with MetS,
IR and cardiometabolic risk factors in the studied population.

Keywords: Obesity, waist circumference, non-communicable disease,

metabolic syndrome.

Introduction

Obesity is a major public health problem worldwide. The accumulation of
fat in the body, especially in the central region, is positively associated with the
development of chronic non-communicable diseases (NCDs) [1-4].

Metabolic syndrome (MetS) is characterized by an aggregation of
relevant cardiometabolic risk factors, such as abdominal obesity, dyslipidaemia,
high blood pressure and high fasting blood glucose[3]. Metabolic syndrome is
more prevalent in Brazilian subjects over 40 years of age, with prevalence
ranging from 23% up to 39.2%, depending on the geographic region, gender,
age and criteria of diagnosis [5,6]. Insulin resistance (IR) is a common
pathologic state in which target cells fail to respond to ordinary levels of
circulating insulin and, like MetS, it is an important metabolic risk factor for

diabetes and cardiovascular diseases [7]. However, no data on IR prevalence in
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the Brazilian population is available and IR is not internationally agreed upon as
a criterion in the diagnosis of MetS, making it a matter of debate [8].

The early diagnosis of MetS, IR and related cardiometabolic risk factors
in populations is of clinical importance and economical relevance. Nevertheless,
the diagnosis of both MetS and IR in large-scale populations is limited by the
high cost of biochemical analyses and the exposure of the volunteer to invasive
procedures (i.e. discomfort to locate the anatomical points for anthropometric
measurements; and blood collection). Thus, low-cost practical and reliable
measurements such as central circumferences are of clinical and public health
relevance worldwide. The waist circumference (WC) measure has been shown
as a good predictor for central obesity [2,9] and hence cardiometabolic risk
factors [10], IR [11] and MetS prevalence [12]. However, there are limitations in
the use of such measure (i.e. midpoint between the superior border of the iliac
crest and inferior margin of the rib), mainly in overweight and obese subjects, as
some anatomical points are not precisely identified on them [13,14]. Moreover,
the lack of a standardized method for WC measures by the organizations
responsible for NCDs standards hinders comparison between different
geographic regions [15,16].

Along with early diagnosis of NCDs by using simple measurements, it is
important to set cutoff points for specific populations as WC differs among
different ethnic groups due to distinct prevalence of cardiometabolic risks [17].
Previous studies have suggested different values of WC cutoff points for the
diagnosis of obesity and chronic diseases as compared to those generally used
(i.,e. Alberti et al. [3]: 90 cm for South American population) [18,19]. For
example, 94 cm for 21-95 old Latin Americans (Mexico, El Salvador,
Venezuela, Colombia and Paraguay) [18] men as well as 90.2 cm [19] and 88
cm [20] for urban residents in the northeast region of the Brazil aged 20-59
years were suggested. However, studies suggesting WC cutoff points for the
early detection of NCDs, specifically in Brazilian middle-aged men (40-59 years
old), are not found.

Therefore, this study was carried out to: (a) determine one anatomical
point of WC that best identify overweight, obesity and central obesity in urban
resident southeastern Brazilian middle-aged men; and (b) test the relationships
of its cutoff points with MetS and IR prevalence and, cardiometabolic risk

factors in this population.
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Methods

Study population

This cross-sectional study was carried out between March and
December 2011. By convenience, we studied the population of middle-aged
men who were staff members of the Universidade Federal of Vicosa, located in
the Brazilian southeastern city of Vigcosa, Minas Gerais state. This population
consisted of 1,774 (N) men aged between 40-59 years. The sample size was
calculated using the confidence level of 95% and the prevalence for obesity in
Brazilian men (i.e. 17.5%), as detected by the Brazilian Health Minister [4], and
4% of sampling error, which resulted in 291 (n) participants as a minimum
sample size required. The Epi Info software, version 6.04, for cross-sectional
studies [21] was used to estimate sample size.

To select the subjects of this study all 1,774 staff members were listed
and numbered alphabetically and those numbered multiple of 6 (N/n: 1,774/291)
were chosen. In the event of meeting the exclusion criteria the subject was
replaced by his predecessor in the list. Eight hundred fifty-six subjects were
interviewed and 300 of them were eligible to take part in the present study.

This study excluded subjects who self-declared: body weight alterations
of =2 3 kg, altered levels of physical activity and eating habits in the three months
preceding the study; thyroid diseases, heart failure, cerebrovascular diseases,
infectious and/or inflammatory diseases, diseases of the gastrointestinal tract,
liver and chronic kidney and/or history of kidney stones, cancer in the previous
ten years, eating disorders (anorexia and bulimia) and food allergies. Subjects
using diuretics or drugs that could alter food intake and/or metabolism of
nutrients were also excluded. Pacemaker and/or prosthetic users were
excluded as it could affect the DXA result analyses. Elite athletes were
excluded as they could exhibit an inflammatory condition due to exercise

training stress.
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This study is in accordance with the resolution 196/96 from the Brazilian
Ministry of Health regarding research involving human subjects and was
approved by the Ethics Committee on Human Research of the Federal
University of Vicosa (Of. Ref. n° 069/2010/CEPH). Only participants who signed
the consent form in accordance with the Declaration of Helsinki were selected.

Anthropometry and body composition measurements

Anthropometry and body composition measurements were carried out
after a 12-hour fast and the subjects were instructed to perform no physical
activities of moderate and high intensity and no caffeine and alcohol ingestion in
the 48 hours prior to the test.

Body weight and height were determined following the protocol described
by Gordon et al. [22], using a digital scale with stadiometer (2096PP, Toledo,
Sédo Bernardo do Campo, SP, Brazil). Body mass index (BMI) was calculated
using the equation proposed by Quetelet and the subjects were categorized as:
eutrophic (18.5 to 24.9 kg/m?), overweight (25.0 to 29.9 kg/m?) or obese (= 30
kg/m?), according to the criteria set by the World Health Organization [23].

Waist circumferences were measured on three anatomical points: (a)
narrowest waist (WCngr) [24] (i.e. nearly 1cm below the last rib); (b) midpoint
between the superior border of the iliac crest and inferior margin of the rib
(WCwp) [2, 3] (i.e. nearly 3cm above the umbilical line); and (c) at the umbilical
line (WCy.) [25]. Waist circumferences were measured in triplicate using a
flexible, no stretching tape (TR4010, Sanny, Sdo Bernardo do Campo, SP,
Brazil) and the average value for each anatomical point was considered for data
analyses.

Total body scan was performed by dual beam X-ray absorptiometry
(DXA) (LUNAR, GE, Encore software version 13:31, Madison, WI, USA) to
determine the percentages of total body fat (%BF) and abdominal area fat
(%AAF). Abdominal area fat is the body fat detected in the area between the
superior border of the iliac crest and the inferior border of the last rib.
Overweight and obesity cutoff values were set at 20 % and 25 % of %BF [26,
27], respectively. Since there is no cutoff points for %AAF reported, the
percentage found in the 75" percentile of %AAF in the present sample was

used for central obesity.
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Blood pressure, blood glucose, insulin and serum lipid profile
measurements

Systolic (SBP) and diastolic blood (DBP) pressure were measured using
an automatic inflation blood pressure monitor (BP3AAl-1, G-Tech,
OnboElectronicCo, Schenzen, China), registered at ANVISA (No.
80275310004), following the VI Brazilian Guidelines on Hypertension [28].

Blood samples were collected from the antecubital vein and the serum
was separated by centrifugation at 2.225 g for 15 min at room temperature
(Sigma 2-3, Sigma Laborzentrifuzen, OsterodeamHarz, Germany). Blood
glucose was measured using the glucose oxidase method (Cobas Mira Plus,
Roche Diagnostics, GmbH, Montclair, NJ, USA), and insulin was measured by
electrochemiluminescence (Modular Analytics, E170, Roche Diagnostics,
GmbH, Mannheim, Germany).

Serum total cholesterol, high-density lipoprotein (HDL-C) and
triglycerides were determined by an enzymatic colorimetric method (Cobas Mira
Plus, Roche Diagnostics GmbH, Montclair, NJ, USA). The atherogenic index
was calculated as the total cholesterol to HDL-C ratio [29].

Determination of metabolic syndrome, insulin resistance and
cardiometabolic risk factors

The MetS was considered prevalent in subjects who exhibited three or
more factors related to waist circumference (WCyp > 90 cm), hyperglycaemia
(glucose > 100 mg/dL), dyslipidaemia (HDL-C < 40 mg/dL), hypertriglyceridemia
(> 150 mg/dL) and/or high blood pressure (SBP > 130 mmHg or DBP > 85
mmHg), according to the criteria and cutoff points suggested by Alberti et al.[3].

The homeostasis model assessment (HOMA-IR) was used to estimate
IR by using the equation proposed by Matthews et al.[30]. The cutoff value used
for the IR diagnosis was 2.7 as suggested by Genoleze et al.[31].

The following values were set as cardiometabolic risk factors [32, 33]:
triglycerides = 150mg/dl (hypertriglyceridemia); total cholesterol = 200mg/dl and
HDL-C < 40 mg/dl (dyslipidaemia) and glucose = 99 mg/dl (hyperglycaemia).
The participants were classified as hypertensive when systolic and diastolic
blood pressures were = 140 and = 90 mmHg, respectively, [28] and it was

considered a cardiometabolic risk when atherogenic index was = 5 [29].
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Lifestyle

The subjects who participated in this study occupied working positions
classified as levels A, B, C, D, and E, or professor. To evaluate how lifestyle
and occupation influenced the level of physical activity they were grouped
according to their education level and working positions: Group ABC was
composed of technical and administrative staff members, classified as A, B and
C, with an education level up to high school. Group DEProf was composed of
technical and administrative staff members levels D and E and professors, all
college-educated.

The participants were asked about their current smoking status (yes/no)
and alcohol consumption (types of alcoholic beverages consumed - beer, wine
and/or spirits, frequency and weekly quantity in mL). High alcohol consumption
was defined as a weekly intake over 21 units [34].

The full version of the International Physical Activity Questionnaire [35]
was applied and subjects were categorized as sedentary/moderately active or

active/very active.

Statistical Analysis

Data normality was assessed by the “Smirnov-Kolmogorov" test. For
data exposure, we used descriptive statistics composed by mean values and
standard deviation or median and interquartile range for continuous variables
and frequency for categorical variables. After logarithmic transformation the
WCnr, WCyp and WCy, values were compared by ANOVA one way followed by
the post hoc Tukey test. The Physical activity levels were compared using Chi-
Square. The Student's t test was used for independent samples, or its
nonparametric equivalent, the Mann-Witnney test, to confirm the existence of
differences between mean values per group.

The receiver operating characteristic curve (ROC) was used to detect the
best circumference cutoff, sensitivity (Sens) and specificity (Spec) in relation to
the cutoff points: 21%BF, 25 %BF and 34.6 %AAF. The areas under the curve
and confidence intervals of 95 % (95% CI) were also determined. The univariate
and multivariate regression analysis according to Poisson was used to estimate
the prevalence ratio (95% CI) of subjects with hyperglycaemia, dyslipidaemia,

high blood pressure and MetS (dependent variables). In these analyses the WC
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cutoff point (88.8 cm) served as independent variable and the lifestyle factors as
covariates.

Data processing and analysis were carried out with the software SPSS
version 16.0 (SPSS Inc. Chicago, IL, USA). The value used for all variables and
two-tailed analyses was p # 0.05.

Results

The general characteristics of the participants are shown in Table 1.
There was a high incidence of technical administrative staff members, moderate
prevalence of high alcohol consumption (20.3%) and low prevalence of smoking
(12.7%). In addition, most participants were self-declared as physically active or
very active (69.4%). The BMI assessment showed overweight and obesity in
42.6% and 12.3% of subjects, respectively. The following prevalence
percentages were observed: 61.7% for dyslipidaemia, 30.7% for
hypertriglyceridemia, 37.7% for high atherogenic index, 34.3% for hypertension,
18.3% for hyperglycaemia and 9% for IR. There was a prevalence of 28.3% for
MetS, according to the criteria suggested by Alberti et al.[3]. After comparing
the measured waist circumferences (WCngr, WCwp, WCy,), we observed no
statistical difference between WCyg and WCyp. However, WCy_ was higher
than WCyr and WCyp.

The waist circumference values measured at the three different
anatomical points showed strong and significant associations (p < 0.01) with
overweight, obesity and central obesity (Table 2) as determined by DXA.
Interestingly, the WCy_ was observed as the best measure to identify the
prevalence of overweight and obesity, according to the percentages of total
body fat (= 20 % and = 25 %, respectively) and of central obesity (abdominal
area fat = 34.6 %). The WCy_ best cutoff values for overweight, obesity and
central obesity detection as regard to the smallest difference between sensitivity
and specificity were 88.8 cm, 93.4 cm and 95.6 cm, respectively.

We then tested the associations of the prevalence of MetS, IR and
cardiometabolic risk factors with the suggested cutoff points for WCy_ (Table 4).
Significant associations of this circumference values for overweight (i.e. > 88.8
cm) with the diagnosis of hypertension, dyslipidaemia, hypertriglyceridemia and
lower HDL-C, independently of confounding variables (i.e. smoking and

frequency of alcoholic beverage consumption) were observed.



Table 1: General characteristics of the studied individuals

Age (y)
ABC Work position (number /%)®

High alcohol consumption (number /%)

Smokers (number /%)

Physical activity levels (number /%)

Sedentary or moderately active
Active or very active

Body mass index (kg/m2)

Total body fat (%)

Abdominal area fat (%)

WCNR (cm)

WCMD (cm)

WCUL (cm)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHgQ)
Glucose (mg/dl)

Insulin (pIU/mL)

HOMA-IR

Total cholesterol (mg/dl)

HDL-C (mg/dl)

Triglycerides (mg/dl)
Atherogenic index

51 (47-54)?
199/66.3
61/20.3
38/12.7

92/30.6
208/69.4#
25.8 + 3.43
22.76 + 7.14
26.34 + 10.52
88.7 + 8.4
90.4+9.5
92.2 +9.3*
126 + 14
81+ 10
89 (83-95)
5.2 (3.4-8.1)
1.14 (0.73-1.81)
214.8 +40.9
44 (38-53)

116.5 (82.5-166)

4.68 (3.82-5.60)

36

n=300; WCyr, waist circumference at the narrowest waist, WCy,p, waist circumference at the
midpoint between the superior border of the iliac crest and the inferior margin of the rib, WCy,,
waist circumference at the umbilical line. HOMA-IR, insulin resistance index; HDL-C, high
density lipoprotein-cholesterol.* Data are mean + SD or median and interquartile range of 300
subjects, according to normal distribution of the variables.” ABC: technical staff at A, B and C
work positions. ", Statistically different from WCyrg and WCyp.; # Statistically different from

Sedentary or moderately active.



37

We used the two smaller WCy, cutoff points (88.8 cm and 93.4 cm) to
test its relationships with Mets, IR and cardiometabolic risk factors (Table 3).
The occurrence of WCy_ = 88.8cm or 93.4 was positively associated (r= 0.25
and r=0.35, respectively; p <0.01) with the prevalence of MetS and the
cardiometabolic risk factors studied.

Table 2: AUC (95% CI) for overweight, obesity and central obesity and different

anatomical points of central circumference in middle-aged men.

Overweight Obesity Central obesity
(>20% BF) (> 25% BF) (34.6 %AAF)
WChr
AUC 0.877 (0.839- 0.905 (0.870- 0.898 (0.861-
0.915) 0.940) 0.936)
Cutoff (cm) 86.4 89.4 91.6
Sensitivity 77.6 84.6 80.3
(%)
Specificity 77.9 83.6 80.4
(%)
WCwp
AUC 0.909 (0.877- 0.919 (0.890- 0.897 (0.861-
0.942) 0.948) 0.933)
Cutoff (cm) 87.3 91.4 93.8
Sensitivity 82.1 83.8 80.3
(%)
Specificity 82.7 82.0 79.9
(%)
WCyuL
AUC 0.925 (0.893- 0.923 (0.894- 0.902 (0.861-
0.953) 0.952) 0.942)
Cutoff (cm) 88.8 934 95.6
Sensitivity 82.5 84.6 81.6
(%)
Specificity 83.0 84.7 81.2

(%)
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AUC, area under curve. Cl, confidence intervals. WCy,, waist circumference at the umbilical
line. WCyp, waist circumference at the midpoint between the superior border of the iliac crest
and the inferior margin of the rib. WCyg, waist circumference at the narrowest waist.

All subjects diagnosed with insulin resistance presented WCy_ higher
than 88.8 cm, which made the statistical calculation impossible. Moreover,
using WCy. higher than 88.8 cm we observed the increase of 19.3 % in central
obesity prevalence as compared to WCyp > 90 cm (data not shown). Finally,
when we tested the WCy, cutoff point for obesity (i.e. > 93.4 cm) significant

associations with MetS, IR and cardiometabolic risk factors were found.
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Table 3. Cardiometabolic risk factors in relation to cutoff points for waist circumference measured at the umbilical line.

Cutoff WCy,® Cutoff WCy, ®
<88.8 cm >88.8 cm p- <93.4cm >93.4 cm p-value®
(n=120) (n=180) value® (n=173) (n=127)
Glucose (mg/dl) 85 (81-92.75)° 90 (85-97) <0.001 87 (82-93) 90 (85-97) <0.001
HOMA-IR 0.74 (0.52-1.05) 1.58(1.09-2.22) <0.001 0.84 (0.61- 1.76 (1.23-2.49) <0.001
1.17)
Total cholesterol (mg/dl) 206.1 + 38 220.0+41.9 0.004 206.1 + 36.4 225.7+44.0 <0.001
HDL-c (mg/dI) 48 (41.25-57) 42.5 (37-50) <0.001 46 (40-55) 42 (37-50) 0.004
Triglycerides (mg/dl) 90 (70.8-127) 135.5 (101- < 0.001 99 (72-139) 143 (107-246) <0.001
207.5)
Atherogenic index 4.15 (3.46-4.97) 4.93 (4.27-5.92) <0.001 4.37 (3.59- 5.05 (4.30-6.42) <0.001
5.10)
Triglycerides/HDL-c 1.85(1.36-2.74) 3.31(2.11-4.9) <0.001 2.06 (1.52- 3.56 (2.35-5.79) <0.001
3.31)
Systolic BP (mmHg) 122.1 £13.1 128.7 +13.6 <0.001 129.3+13.6 123.8 +13.5 0.001
Diastolic BP (mmHQ) 77549 83.4+95 <0.001 78.8+9.2 84.1+9.6 <0.001

WCy,: Waist circumference at the umbilical line; HDL-c: high density lipoprotein cholesterol; HOMA-IR: homeostatic model
assessment insulin resistance; BP: blood pressure; n: number of individuals.

& percentage of body fat cutoff points suggested as for the best sensibility and specificity relation (see table 2);

b p-values from Student t-test or Mann-Whitney test.

¢ Data are mean + SD or median and interquartile range.
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Table 4. Prevalence ratio of metabolic syndrome, insulin resistance and

cardiometabolic risk factors in relation of cutoff points for waist circumference

measured at the umbilical line line calculated using an univariate and

multivariate regression analysis according to Poisson.

> 88.8cm WCULa

>93.4cm WCULa

Non-adjusted °
High fast glucose®
Insulin resistance®
High total cholesterol’
Low HDL-c®
High triglycerides”
Atherogenic Index
High systolic
pressure’
High
pressure
Metabolic Syndrome'

blood

diastolic blood

1.778 (1.028-3.073)"
1.174 (0.967-1.422)

1.316 (1.126-1.538)"
2.561 (1.634-4.015)"
2.123 (1.472-3.062)"
1.548 (1.088-2.203)
2.000 (1.354-2.954)"
3.917 (1.917-8.001) ~

1.519 (0.942-2.450)
7.833 (2.773-22.128)"
1.291 (1.083-1.538)"
1.295 (1.085-1.545)"
2.554 (1.776-3.673)"
1.844 (1.374-2.477)"
1.501 (1.099-2.051)

1.881 (1.359-2.603)"
4.401 (2.466-7.855)

After Adjusted ©
High fast glucose®
Insulin resistance®
High total cholesterol’
Low HDL-c®
High tryglicerides”
Atherogenic Index
High systolic
pressure’
High
pressure®
Metabolic Syndrome'

blood

diastolic blood

1.936 (1.129-3.318)
1.154 (0.952-1.400)
1.361 (1.165-1.591)"
2.516 (1.604-3.946)"
1.896 (1.418-2.534)"
1.565 (1.100-2.227)"
1.987 (1.346-2.934)"
4.308 (2.130-8.727)"

1.632 (1.018-2.615)"
6.829 (2.414-19.317)"
1.271 (1.066-1.515)"
1.327 (1.113-1.582)"
2.500 (1.730-3.611)"
2.217 (1.543-3.186)"
1.549 (1.139-2.107)"
1.894 (1.366-2.625)"
4.789 (2.713-8.452)"

Data are expressed as prevalence ratio (95% confidence interval); WCy,.: waist

circumference at the umbilical line; HDL-c: high density lipoprotein cholesterol.
% two smaller cutoff points suggested as of the best sensibility and specificity relation (see table

2);
® hon-adjusted;

¢ adjusted for age, work position, physical activity level, smoker and alcohol consumption;

4 glucose > 99 mg/dl;

® homeostatic model assessment insulin resistance (HOMA-IR) > 2.7;

"Total cholesterol > 200 mg/dl;
9 HDL-c < 40 mg/dl;
hTriglycerides > 150 mg/d;

' Total cholesterol/HDL-c > 5;

] systolic blood pressure > 130 mmHg;

¥ diastolic blood pressure > 85 mmHg;

' Metabolic Syndrome prevalence by Alberti et al. [3] ;

’ p<0.05; " ps0.0l;mno data (null prevalence in one group).
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Discussion

This study was carried out to estimate the anatomical point of waist
circumference measurements that best identify overweight, obesity and central
obesity, as measured by DXA, in Brazilian middle-aged men residents in the
urban area of Vigosa city in the southeastern region of the country and to test
the relationships of its cutoff points with metabolic syndrome, insulin resistance
and other cardiometabolic risk factors.

We found that WCy_ exhibited a larger AUC than WCyp and WCyr and,
therefore, it was more accurate in the identification of overweight and obesity
making our results in line with the cutoff points recommended by SEEDO [26]
and suggested by Bray et al. [27]. We also found that this circumference
measure was strongly associated with %AAF (75" percentile), which makes of it
also an accurate measure to identify central obesity. These results confirm the
association of WC measurements with total and central adiposity as observed
previously in different populations of similar ages. For example, similar findings
were demonstrated in male urban residents in a city in the northeast of Brazil
[19, 20] and also in men from other Latin American countries [18]. Likewise,
these associations were found in Canadian (20-79 years old) [15] and Japanese
(40-65 years old) [36] men. It is noteworthy that our data indicate the WCy,_ as
the best anatomical point to identify overweight, obesity and central obesity.
This anthropometric indicator is of practical and clinical relevance in the
professional field for both subject assessment and population-based studies. It
is so due its greater feasibility of location and measurement as well as for its
lower error probabilities, especially in obese subjects, as compared to WCnr €
WChwp.

Our results showed significant associations of the cutoff points for WCy,
(88.8 cm and 93.4 cm) with MetS, IR and other cardiometabolic risk factors
assessed in this population. For instance, higher values for serum lipid profile,
blood pressure and blood glucose, and a higher prevalence of MetS in subjects
with WCy_ higher than 88.8 cm were observed. In addition, the prevalence of
MetS, IR and cardiometabolic risk factors examined were even higher in
subjects with WCy_ above 93.4 cm. Previous studies in different Brazilian
geographical regions have pointed to strong relationship between obesity,

especially the central fat accumulation, and the occurrence of NCDs [37]. Thus,
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our data reinforce those previously reported for the Brazilian population and
support the idea that the cutoff points obtained (88.8 cm and 93.4cm) are of
clinical and economic importance for risk assessment and prevention of obesity
related diseases in this population, especially because Brazilian middle-aged
men have high prevalence for mortality and morbidity related to NCDs [38].

Our findings represent a scenario in apparently healthy middle-aged
male population. The selected subjects who self-declared suffering from
different diseases or disorders or taking medicines that could alter food intake
and/or metabolism of nutrients were excluded from our study. In fact, the
participants exhibited moderate alcohol consumption, low prevalence of
smoking and were physically active. Despite that, the prevalence for
overweight, dyslipidaemia, hypertriglyceridemia, high atherogenic index and
hypertension was over 30%. Although these data reflect the reality of urban
populations and alert for the danger of silent cardiometabolic diseases at this
age, it cannot be extended to the national Brazilian population since there are
eating habits differences across the country. In addition, it is worth to note that
the suggested cutoff value for WCy_ cannot be generalized to all central
anatomical measures as this may lead to possible errors of interpretation and
misdiagnosis. In fact, in the present study population WCy_ was higher than
both WCyr and WCwp, which were not different themselves.

Finally, our study presents some limitations: (a) despite the fact that the
sample size was justified in relation to the target population, studies on larger
populations including both gender residents in different regions of Brazil are
needed to set cutoff points to the early diagnoses of NCDs nationwide; and (b)
although the associations of the WCy_ cutoff point with MetS, IR and
cardiometabolic risk factors remained after being adjusted for age, working
position, physical activity level, smoking and alcohol consumption, other factors
such as eating habits, marital status and family income were not included.

Overall, this cross-sectional study support the conclusions that: (a) the
WCy. measure seems to be the best anatomical point to identify waist
circumference measurement to predictor overweight, obesity and central
obesity in urban Southeast Brazilian middle-aged men; and (b) the WCy,_ cutoff
point (88.8 cm) is significantly associated with MetS, IR and cardiometabolic

risk factors in the studied population.
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Serum interleukin-18 and hs-adiponectin: accuracy to identify metabolic
syndrome and association with lipid accumulation product and
cardiometabolic risk factors in a Southeast Brazilian middle-aged men
population
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Resumo

O objetivo deste estudo transversal foi explorar a associacdo da interleucina-18
(IL-18) e adiponectina sérica com a Sindrome Metabdlica (MetS), o produto de
acumulacado lipidica (LAP) e fatores de risco cardiometabdlico em uma
populacdo de homens na meia idade residentes no sudeste brasileiro. 218
individuos de meia-idade (50,3 + 4,97 anos) aparentemente saudaveis foram
submetidos a avaliagbes antropométricas, de composi¢cdo corporal, clinica,
sécio demogréafico e sanguineo. Os resultados demonstraram que 0 grupo
diagnosticado com SM possuia mais individuos sedentarios e/ou menos ativos
(p=0,03) e obesos (p<0,01). O aumento nas concentracdes séricas de IL-18 foi
um fator independente na ocorréncia do MetS e foi associado com LAP [2
51.28], obesidade central, hipertrigliceridemia e hipertensdo [p<0.05]. As
concentracbes de adiponectina = 7.03 ug/mL mostraram ser um fator de
protecdo na ocorréncia de MetS e estava negativamente associado com LAP,
hipertrigliceridemia e baixas concentragées de HDL-C [p<0.05]. Concluindo, as

concentragbes séricas de IL-18 e adiponectina demonstram acuracia na
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identificacdo da ocorréncia da MetS na populacao estudada, sendo que a IL-18
associa-se positiva e a adiponectina negativamente com o LAP e com fatores

de risco cardiometabdlico, respectivamente.

Palavras-chaves: risco cardiometabdlico, adipocinas, interleucinas e

envelhecimento.

Abstract

The aims of this study were to explore the association with serum interleukin-18
[IL-18] and hs-adiponectin with metabolic syndrome [MetS], lipid accumulation
product [LAP] and cardiometabolic risk factors in Southeast Brazilian middle-
aged men. 218 apparently healthy Brazilian middle-aged men [50.3 + 4.97
years] underwent anthropometric, clinical, sociodemographic and blood serum
biochemical standard assessments. MetS group had more non-active [p=0.03],
and obese [p<0.01] individuals and higher IL-18 [p<0.01] and lower hs-
adiponectin [p<0.01] than no MetS group. The increasing of IL-18 concentration
was an independent factor for MetS occurrence and it associated with LAP [2
51.28], central obesity, hypertriglyceridemia and hypertension [p<0.05]. Hs-
adiponectin = 7.03 pg/mL concentration showed a protection against MetS
occurrence and negatively associated with LAP, hypertriglyceridemia and low
HDL-C [p<0.05]. In conclusion, serum IL-18 and hs-adiponectin associated with
MetS and, these biomarkers, were positively and negatively associated,

respectively, with LAP and some cardiometabolic risk factors in this population.

Keywords: Cardiometabolic risk, adipokines, interleukins, aging.

1. Background

Metabolic Syndrome (MetS) is a combination of cardiovascular and
metabolic risk factors including high blood pressure and glucose, insulin
resistance [IR], hyperinsulinemia, dyslipidemia and central obesity which
predispose individuals to cardiovascular diseases (CVD) and type 2 diabetes [1-
4].
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The anticipation and accuracy in the identification of individuals at high
risk of MetS could improve detection and prevention of related diseases. Given
the complexity and multifactorial nature of MetS, other diagnosis criteria such as
inflammatory biomarkers have been proposed to increase the accuracy of its
diagnostic in clinical practices [5, 6]. The importance of the inflammatory
mechanisms in cardiometabolic disorders, as well as the relevance of the pro-
inflammatory and anti-inflammatory balance in the prevention of
cardiometabolic diseases have been demonstrated [7-9]. The inflammatory
biomarker C-reactive protein (CRP), for example, is a predictor for acute
cardiovascular events [10, 11]. Moreover, chronic high concentrations of this
biomarker, as well as of adipokines such as tumor necrosis factor-alpha (TNF-
a) and interleukins (IL) are associated with obesity, a low-grade systemic
inflammatory state, and hence peripheral insulin resistance (IR) [12-14].

In this sense, serum IL-18, a pleiotropic pro-inflammatory cytokine
upregulated by TNF-a [15], has been positively associated to MetS and other
cardiometabolic risk factors [16-19], although serum IL-18 concentrations were
not independently associated with some CVD in elderly individuals [20]. Hs-
adiponectin, an anti-inflammatory adipokine, in turn, is stably presented at high
concentrations in healthy individuals and prevents the development of vascular
dysfunctions, promotes beta cell function and its survival, improves peripheral
insulin sensitivity and has systemic anti-inflammatory effects [21-24]. On the
other hand, in obese patients or in young subjects with MetS, hs-adiponectin
was negatively correlated with the rate of lipid oxidation during hyperinsulinemia
and was positively associated with non-oxidative glucose metabolism [25]. In
addition, studies demonstrated positive relationships of this adipokine with high
alcohol consumption [26], age [27] and some diseases in the late stages (i.e.
heart and kidney failure and autoimmunity) [28-30].

Based on experimental and epidemiological study suggestions, IR and
visceral adiposity are the basis of MetS [4]. In addition, previous studies have
demonstrated that high waist circumference (WC) and blood triglycerides (TG)
are the strongest components of MetS [31-33]. In concert, the lipid
accumulation product (LAP), an index of central lipid overaccumulation based
on a combination of WC and TG, exhibits good relationship with MetS in

Spanish [32] and Argentinean [34] healthy adults. Moreover, LAP has also been
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associated with risks of CVD and type 2 diabetes [35, 36] as well as with all
cause mortality in non-diabetic patients at high cardiovascular risk [37].
Therefore, since in Brazil the increase of MetS, CVD and type 2 diabetes
in middle-aged individuals is notorious [38, 39], the aims of this cross-sectional
study were, first, to explore the ability of serum IL-18 and hs-adiponectin to
identify MetS, and then, to test its relationships with LAP and cardiometabolic

risk factors in a Southeast Brazilian middle-aged men population.

2. Methods
2.1. Study population

This cross-sectional study was carried out between March and
December 2011, in the city of Vicosa-MG, Brazil. The sample size was
calculated [40] considering the total number of male staff at the Universidade
Federal of Vigosa (UFV) in February 2011, aged between 40 and 59 years
(1,744 individuals), a confidence level of 95%, an expected MetS prevalence of
19 % in Brazilian middle-aged men [41] and 5% sampling error, resulting in 208
participants as a minimum of sample size required. Participants were selected
by systematic sampling and replaced if they did not meet the inclusion criteria.

Among 884 interviewees, 666 individuals were not eligible according to
the following exclusion criteria: body weight alterations = 3kg (n=58), increased
of decrease in daily physical activities (i.e. engagement or dropout in regular
programs) and/or food intake (i.e. special diet) in the three months preceding
the study; occurrence of heart or cerebrovascular diseases, infectious and/or
inflammatory diseases, diseases of the gastrointestinal tract, liver and chronic
kidney and/or history of kidney stones, or cancer in the previous ten years
(n=75), treatment using diuretics or drugs that could alter food intake and/or
metabolism of nutrients (n=485), pacemaker and/or prosthetic limb users (n=2)
and elite athletes (n=1) and, throughout the data collection, 45 individuals did
not complete all phases. Thus, two hundred eighteen individuals (50.3 + 4.97
years) concluded all steps of the present study.

The study is in accordance with the resolution 466/2012 from the
Brazilian Ministry of Health regarding research involving human individuals and

was approved by the Ethics Committee on Human Research of the Federal
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University of Vicosa (protocol 069/2010/CEPH). All participants included in the
study signed the consent form in accordance with the Declaration of Helsinki.

2.2. Anthropometric, blood pressure and biochemical assessments

Anthropometric measures (i.e. weight, height, and waist circumference)
were performed using standard procedures, as previously described [42]. Body
mass index [BMI) was calculated using the equation proposed by Quetelet and
the subjects were categorized as obese = 30 kg/m?, according to the criteria set
by the World Health Organization [43]. Total body scan was performed by dual
beam X-ray absorptiometry (DXA) (LUNAR, GE, Encore software version 13:31,
Madison, WI, USA) to determine the percentages of total body fat (TBF) and
obesity cut-off value was set at 25 % [44].

Systolic (SBP) and diastolic blood (DBP) pressures were measured using
an automatic inflation blood pressure monitor (BP3AA1l-1, G-Tech,
OnboElectronicCo, Schenzen, China), registered at ANVISA (No.
80275310004), following the VI Brazilian Guidelines on Hypertension [45].

Blood samples were collected from the antecubital vein and the serum
was separated by centrifugation at 2,225 g for 15 min at room temperature.
Serum was aliquoted and frozen at — 80 °C until metabolic analyses.

Glucose (GLUC), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), TG and insulin were determined by standard protocols as
previously described [42].

Serum IL-18 (sensitivity: < 1pg/ml; Boster, Wuhan, China) and hs-
adiponectin (sensitivity: 0.5 ng/mL; SPIlbio, Montigny-le-Bretonneux, France)
were determined by an enzyme-linked immunosorbent assay (ELISA) used
commercially with intra-assay and interassay coefficients of variability less than
6,9% and 7,5%. Samples were processed according to the manufacturer’s
instructions.

C-reactive protein (CRP) measurement was used to assess the
inflammatory state in the participants. CRP was determined by an enzymatic
immunoturbidimetric method with commercially available high-sensitivity kit
(Quibasa Quimica Basica LTDA, Belo Horizonte, MG, Brazil).
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2.3. Determination of MetS, LAP and cardiometabolic risk factors

Metabolic syndrome was diagnosed in individuals who exhibited three or
more of the following factors: waist circumference (WC) > 90 cm (specific value
for South American men), fasting glucose > 100 mg/dL, HDL-C < 40 mg/dL, TG
= 150 mg/dl and/or high blood pressure (SBP > 130 mmHg or DBP > 85
mmHg], according to the criteria and cutoff points suggested by Alberti et al. [3].

LAP was created to describe the extent to which a subject had traveled
the route of both increasing waist circumference and TG [31, 32]. The formula
[WC (cm) - 65] * [TG (mmol/l)] for men includes the minimum WC value used to
define sex-specific origin points (65 cm for men) at the Third National Health a
Nutrition Examination Survey (NHANES IlIl). In our sample, the minimum WC
value for men was 70.3 cm. The adjustment of the LAP formula according to the
minimum WC values of our sample did not change the findings (data not
shown). Thus, we used the original formula and cut-off value = 51.82 [31] for
MetS diagnose.

The following values were also set as cardiometabolic risk factors [46,
47]: dyslipidemia (TC = 200mg/dl; or low-density lipoprotein cholesterol = 130
mg/dl) and hypertension (SBP = 140 mmHg and/or DBP = 90 mmHg) [45]. The
homeostasis model assessment (HOMA-IR) was used to detected IR using an
equation proposed by Matthews et al. [48] and cutoff value suggested by
Geloneze et al. [49] (HOMA-IR > 2.71).

2.4. Lifestyle

The individuals who participated in this study occupied technical
administrative positions, classified as levels A, B, C, D, and E, or professor
(high school and college) positions. To evaluate how lifestyle and occupation
influenced the serum IL-18 and hs-hs-adiponectin they were grouped according
to their education level and positions: Group 1 was composed of technical and
administrative staff members, classified as A, B and C, with an education level
up to high school. Group 2 was composed of technical and administrative staff
members levels D and E and professors, all college-educated. Participants
were asked about smoking (yes / no) and about the frequency and quantity of
alcoholic beverage consumption and they were classified consumers if
consumption was higher than 21 units [50].
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The habitual physical activity was estimated by the mean number of daily
steps (7 consecutive days) measured by the digital pedometer (Digiwalker SW-
200, Yamax Corporation, Tokyo, Japan) [51]. The number of 10,000 steps/day
was considered an adequate cutoff point, since it was associated with health-

related parameters and was proposed to classify individuals as “active” [42, 52].

2.5. Statistical Analyses

Descriptive data are presented as mean values and standard deviation or
median and interquartile range for continuous variables, according to normality
of the variable, while frequency was used to categorical variables. Normal
distribution of data and homogeneity of variance were determined by the
Shapiro-Wilk and Levene’s test, respectively.

Statistical comparisons between two groups were performed by the
Student t test, rank Mann—-Whitney U test or chi-square test as appropriate and
Spearman test for detected correlation between pro and anti-inflammatory
biomarkers was used. To verify the role of IL-18 and hs-adiponectin, as
independent biomarkers, in the prevalence of LAP, MetS, and cardiometabolic
risk factors, we categorized the sample according to tertiles of these
inflammatory markers. Thus, for comparisons among three groups, ANOVA
one-way or Kruskall-Wallis followed by Tukey or Mann-Whitney post-hoc test
were used as appropriate.

The odds ratio was determined by ordinal logistic multivariate regression
with a confidence interval of 95 % (Cl 95%) to assess the associations of IL-18
and hs-hs-adiponectin tertiles (independent variables) with the occurrence of
LAP, MetS and cardiometabolic risks factors (dependent variables) adjusted by
age, smoking, alcohol consumption, physical activity level and total body fat
percentage. Non-normally distributed independent variables were log or square
root transformed before regression analyses.

All statistical analyses were performed using SPSS 17.0 software (SPSS
Inc., Chicago, IL, USA) for Windows 7 (Microsoft, Redmond, WA, USA). The
results were considered statistically significant at the 0.05 level.
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3. Results

The results showed that, except in prevalence of IR, the occurrence of

cardiometabolic risk factors found in this study were moderate (21.1% of
hyperglycemic) to high (52.8 % of WC > 90 cm). According to Alberti et al. [3]
29.4 % of subjects were classified with MetS (Fig.1A). In addition, 24.8 % of
them were classified with no components of MetS (Fig.1B)

A
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< 10000 steps/day”
TAG > 150 mg/dL
HDL-c < 40 mg/dL
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Hypertensionh
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Figure 1. Prevalence of metabolic syndrome (MetS) and cardiometabolic risk
factors (A) and of number of MetS components (B) in middle-aged men. WC:
waist circumference; TG: triacylglycerol; HDL-C: high density lipoprotein
cholesterol; GLUC: glucose; HOMA-IR: homeostasis model assessment insulin
resistance; LAP: lipid accumulation product;  classified as < 10,000 steps/wk
[42]; © classified as SBP > 140 mmHg or DBP > 90 mmHg [45]; ¢ according
Alberti et al.[3]

When the sample was subdivided according to MetS occurrence (Table
1), it was observed a lower number of active (= 10.000 steps/day) and a higher
number of obese individuals (BMI > 30 kg/m? and TBF > 25%) in the MetS
group. Moreover, this group showed higher IL-18 and CRP concentrations and

lower hs-adiponectin as compared to No MetS group.
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TABLE 1: General characteristics and inflammatory biomarkers in the study

participants according to MetS occurrence.

No MetS MetS p-value
(n=154) (n=64)
Age (years) 51 (46-54) 51 (47-54) 0.685
Work position (ABC) 101 (65.6) 41 (64.1) 0.830
Excessive alcohol 21 (13.6) 10 (15.6) 0.702
consumption
Smokers 14 (9.1) 7 (10.9) 0.674
Active (= 10,000 steps/day) 88 (63.6) 30 (47.6) 0.029*
BMI < 30kg/m? 146 (94.8) 45 (70.3) < 0.001*
Non-obese (< 25%) 120 (77.9) 32 (50.0) < 0.001*
CRP (mg/L) 0.78 (0.38-1.63) 1.53(0.75-3.36) < 0.001*
Interleukin-18 (pg/mL) 244.5 (120.0- 327.9 (228.0- < 0.001*
345.8) 470.0)
Adiponectin (ug/mL) 6.1 (4.7-7.9) 4.9 (3.9-7.2) 0.011*

Data are mean + standard deviation or median (interquartile interval) or
frequency [n(%)], as appropriated; MetS, metabolic syndrome; BMI, body mass
index; CRP, C-reactive protein; P-values from Student t test or Mann-Whitney
test or x% as appropriated; n, number of participants; *, denotes statistical
difference between groups.

As expected, a positive correlation was observed between the
inflammatory biomarkers CRP and IL-18 (r= 0.87 p<0.01). However, although
significant, hs-adiponectin was poor correlated with IL-18 and CRP (r= -0.22
p<0.01 and r=-0.25 p<0.01, respectively).

To verify the relationship of IL-18 and hs-adiponectin with MetS
occurrence as well as with LAP and cardiometabolic risk factors, we
categorized the sample according to tertiles of these pro and anti-inflammatory
biomarkers (Table 2). Interestingly, individuals included in the third tertile of IL-
18 concentrations had higher values of WC, TBF, GLUC, insulin, HOMA-IR, TC,
TG, blood pressure, and LAP, as compared to those in the first tertile. In turn,
those individuals in the third tertile of hs-adiponectin exhibited lower values of
WC, TBF, insulin, HOMA-IR, TG, HDL-C, SBP, and LAP, as compared to those

in the first tertile.
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The increase of IL-18 concentration was an independent factor for the
prevalence of MetS and was positively associated with high LAP values (>
51.28), central obesity, hypertriglyceridemia, after adjustment by age, smoking,
excessive alcohol consumption, habitual physical activity level and TBF (Table
3). In contrast, only the highest hs-adiponectin value (= 7.02 yg/mL) was an
independent factor for the protection against MetS occurrence (model 1) and
was inversely associated with high values for LAP and hypertriacylglyceridemia,
as well as low values for serum HDL-C (model 1 and 2). However, we did not
observe relationships of the highest hs-adiponectin concentration with high

values for WC and hypertension.



TABLE 2:

adiponectin in the study participants.
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Anthropometric and cardiometabolic risk features according to tertiles of serum interleukin-18 (IL-18) and

< 206.5
(n=72)

206.5-336.4
(n=73)

Tertiles of IL-18 (pg/mL)

>336.4
(n=73)

Tertiles of Adiponectin (ng/mL)

<4.83
n=73)

4.83-7.02
(n=72)

27.02
(n=73)

LAP

Waist circumference (cm)®
Total body fat (%)

23.7 (15.7-35.0)
85.7 (81.0-90.7)
18.1 (14.1-21.9)

37.3 (18.6-53.5)*
90.9 (85.4-97.8)*
21.5 (16.8-26.5)*

50.2 (27.5-83.2)*¥
95.6 (90.1-102.5)*
24.2 (19.1-29.5)*¥

43.4 (25.5-79.5)
93.2 (91.0-95.4)
23.3 (20.4-22.2)

30.8 (18.7-50.2)*
91.1 (88.9-93.3)
21.5 (19.8-23.1)

30 (19-43.3)*
89.5 (87.5-91.6)*
19.2 (17.6-20.8)*

Glucose (mg/dL) 87.5 (80-93) 90 (84-97.8) 90 (84-100.3)* 89.5 (82-99.8) 88 (83-93) 91 (84-100)
HOMA-IR 0.9 (0.65-1.46)  1.16 (0.88-1.93)*  1.48 (0.94-2.24)*  1.45(0.93-2.39) 1.11(0.70-1.67)*  1.13 (0.76-1.55)*
Insulin (LU/mL) 4.2 (3.0-6.6) 5.1 (3.7-8.3)* 6.8 (4.4-8.8)* 6.9 (4.6-10.1) 5.1 (3.4-7.3)* 4.6 (3.5-6.8)*
TC (mg/dL) 203 (176-232) 208 (189-243) 225 (196-251)* 222 (194-251) 199 (183-229) 211 (185-238)
HDL-c (mg/dL) 45 (40-54) 44 (37-51) 44 (37-53) 41 (34-48) 44 (38-51) 46 (40-58)*
LDL-c (mg/dL) 133.7+30.5 137.6 £ 36.1 147.1 +35.9 144.5 + 34.9 136.7 £ 33.3 138.5 + 35.3
Triacylglycerol (mg/dL) 101 (81-133) 122 (81-174) 139 (103-225)* 140 (104-224) 110 (74-159)* 110 (84-143)*
CRP (mg/L) 0.3 (0.2-0.5) 0.9 (0.6-1.4)* 2.3 (1.5-4.6)*¥ 1.25(0.64-2.21)  0.87 (0.37-2.31)  0.74 (0.29-1.62)*
Adiponectin (ug/mL) 6.6 (5.4-8.4) 5.4 (4.3-7.2)* 5.1 (4.1-7.4)* 152 (110-197) 128 (66-187)* 118,5 (54-174)*
Systolic BP (mmHg) 122 (113-129) 127 (118-133)* 127 (118-137)* 5.1 (4.4-6.0) 5.1 (4.3-5.9) 4.6 (4.0-5.4)*¥
Diastolic BP (mmHg) 80 (71-84) 82 (75-89)* 84 (77-89)* 126 (120-136) 125 (115-130) 127 (116-136)

Data are mean + standard deviation or median (interquartile deviation) according normality; LAP, lipid accumulation product; HOMA-IR, homeostasis
model assessment — insulin resistance; TC, total cholesterol; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol;
CRP, C-reactive protein; BP, blood pressure; n, number of participants; *, statistically different from the first tertile (p<0.05); ¥, statistically different from
the second tertile (p<0.05).
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TABLE 3: Prevalence ratio (Cl 95%) to metabolic syndrome (MetS), lipid accumulation product (LAP) and cardiometabolic risk

factors (dependent variables), according to tertiles of interleukin-18 - IL-18) and adiponectin (independent variables) in the

study participants.

MetS (no vs. yes)

Model 1

Model 2

LAP (< 51.28 vs. > 51.28)

Model 1

Model 2

WC (<90 cmvs. 290 cm)

Model 1

Model 2

TAG (< 150 mg/dIL vs. > 150 mg/dL)
Model 1

Model 2

HDL-c (= 40 mg/dL vs. < 40 mg/dL)
Model 1

Model 2

Hypertension (no vs. yes)

Model 1

Model 2

<206.5

R

e

e

1

Tertiles of IL-18 (pg/mL)

206.5-336.4

4.36 (1.80-10.59)*
3.72 (1.50-9.19)*

2.37 (1.13-4.95)*
1.946 (0.85-4.43)*

4.39 (2.08-9.24)*
4.09 (1.76-9.51)

2.46 (1.57-3.84)*
2.28 (1.40-3.69)*

1.31 (0.85-2.00)
1.29 (0.84-1.98)

1.57 (0.95-2.59)
1.43 (0.85-2.39)

= 336.4

5.66 (2.37-13.54)*
4.10 (1.50-9.19)*

7.12 (2.82-18.01)*
4.33 (1.60-11.77)*

9.44 (4.34-20.55)*
6.69 (2.80-15.99)*

3.88 (2.47-6.11)*
3.12 (1.88-5.15)*

1.17 (0.76-1.79)
1.13 (0.72-1.77)

1.68 (1.03-2.73)*
1.40 (0.84-2.33)

<4.83

1

=

1
1

Tertiles of Adiponectin (ug/mL)

4.83-7.02

1.21 (0.54-2.74)
1.33 (0.57-3.09)

0.38 (0.18-0.82)*
0.39 (0.16-0.93)*

0.84 (0.42-1.67)
1.03 (0.46-2.32)

0.60 (0.26-1.36)
0.63 (0.27-1.47)

0.65 (0.31-1.38)
0.67 (0.31-1.39)

0.48 (0.20-1.16)
0.42 (0.17-1.07)

27.02

0.42 (0.20-0.88)*
0.50 (0.23-1.07)

0.26 (0.11-0.60)*
0.30 (0.12-0.76)*

0.57 (0.29-1.13)
0.78 (0.35-1.74)

0.30 (0.14-0.66)*
0.35 (0.16-0.77)*

0.31 (0.15-0.68)*
0.31 (0.15-0.65)*

0.84 (0.38-1.86)
0.67 (0.29-1.54)

MetS, Metabolic Syndrome; LAP, lipid accumulation product; WC, waist circumference; TAG, triacylglycerol; HDL-c, high density lipoprotein cholesterol;
Model 1, adjusted by age, smoking, alcohol consumption and physical activity level; Model 2, further adjusted by the percentage of body fat; *, denotes

statistically significant relationship (p<0.05).
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5. Discussion

We found that serum IL-18 and hs-adiponectin presented good ability to
identify MetS in a sample of Southeast Brazilian middle-aged men, being
increase of IL-18 concentration more accurate. Serum IL-18 exhibited a positive
association with LAP, and other cardiometabolic risk factors, but HDL-C. In
addition, serum hs-adiponectin showed a negative association with LAP and
other cardiometabolic risk factors, except WC and hypertension.

These findings are highlighted mainly by two aspects. First, serum IL-18
and hs-adiponectin are important pro and anti-inflammatory biomarkers,
respectively, and its association with components of MetS suggest the use of
these biomarkers to identify MetS. And second, the association of IL-18 and hs-
adiponectin with LAP observed here reinforces the reliability of LAP to identify
MetS in apparently healthy middle-aged men. It is noteworthy that LAP is an
index of central lipid accumulation with high accuracy, simplicity, low cost and
easy calculation to identify MetS [32].

In the present study, when the participants were subdivided according to
IL-18 tertiles, the cardiometabolic features values (TC, glucose, insulin, LAP,
high blood pressure and WC) were increased in the third tertile. In fact, the
relationships of IL-18 with cardiometabolic features were evidenced previously
in Chinese [53], Japanese [54], American [17], Australians [18], South Africans
[55], Italian [56] and Southern Brazilian [57] subjects. Of note, different from
these previous studies where the participant ages ranged from 18 to 75 years,
our cross-sectional study focused on middle-aged men and confirmed this
relationship in this population who can present new cardiovascular events
according to their time course of life [38].

Hs-adiponectin is produced in adipose tissue and low concentrations
have been detected in other parts of the body. This adipokine is an important
hormone with anti-inflammatory properties and studies have clearly
demonstrated its protective effects against metabolic disorders [23, 30]. We
also analyzed the association of hs-adiponectin with MetS, LAP and
cardiometabolic risk factor and it was observed that individuals with hs-
adiponectin = 7.03 ug/mL had lower occurrence for MetS, hypertriglyceridemia,

low HDL-C and high values of LAP. These findings are in agreement with those
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from previous studies [21, 22] and reinforce the relevance of the association of
low concentrations of hs-adiponectin with cardiometabolic diseases. It indicates
that strategies of increasing the plasma concentration of this adipokine
concentration through lifestyle modifications, use of anti-hyperglycemic, anti-
hypertensive or lipid lowering drugs could be interesting [58].

Surprisingly, contrary to previous studies [21, 23], serum hs-adiponectin
did not show association with central obesity (= 90cm) in the present study. In
addition, the use of TBF as an adjustment variable interfered negatively in the
association of hs-adiponectin with MetS occurrence, hypertriglyceridemia and
low HDL-C concentration. Studies demonstrated that many factors [i.e. physical
activity level [59], dietary [60], smoke [61] and alcohol consumption [26] may
increase or decrease serum hs-adiponectin concentration. Nevertheless, our
results are in agreement with those of previous reports that demonstrated either
poor of no relationship of hs-adiponectin with body mass index, WC or TBF in
middle-aged or in elderly individuals with severe coronary heart disease [28, 29,
62].

On the subject of lipid accumulation product, we found positive and
negative associations of its values with IL-18 and hs-adiponectin, respectively.
These outcomes are relevant as it confirms the importance of the inflammatory
processes in the metabolic disorders as well as its use as biomarkers of MetS
and other cardiometabolic risk factors [36, 63]. Furthermore, these results
indicate the use of LAP as a predictor of MetS, as suggested elsewhere [32,
64].

As expected, a positive correlation between the pro-inflammatory
biomarkers CRP and IL-18 was showed. However, although significant, hs-
adiponectin showed a poor relationship with pro-inflamatory biomarkers. The
higher accuracy to diagnose MetS as well as the stronger relationships with
LAP and cardiometabolic risk factors of serum IL-18 as compared to hs-
adiponectin observed in the present study could be explained taking into
account two aspects. First, as has already been placed, our sample of
apparently healthy individuals, alcohol consumption [26] and the level of
physical activity [59] may elevate the hs-adiponectin values and, possibly. And
second, in this case, the pro-inflammatory (i.e. IL-18) state constitute the

primary response at the beginning of the inflammatory process. And thirdly,
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unlike hs-adiponectin, IL-18 is secreted in nearly all cells in healthy humans and
may act in the homeostasis regulation [15]. Thus, in individuals without the
diagnostic of other diseases (i.e. autoimmunity) a small variation could help
early diagnostic of MetS and other cardiometabolic diseases.

Finally, there is no consensus on the dividing line values of the
inflammatory biomarker levels to distinguish healthy and unhealthy people, as
well as eutrophic and obese individuals [65] as these values have great
variability within populations [59, 66]. Thus, proposing a cutoff point for potential
clinical use is still premature and more studies on different populations and
subdivisions according to age, gender and ethnicity are needed.

The present study has a limitation. Because of the limited value of cross-
sectional designs, it is not possible to affirm that the reported associations are
causal. Although we have controlled several potential covariates, additional
evidence from prospective studies is necessary before a firm conclusion in this

issue.

6. Conclusions

In conclusion, serum IL-18 and hs-adiponectin demonstrate accuracy to
identify MetS occurrence and are significantly associated with LAP and
cardiometabolic risk factors in a sample of Brazilian middle-aged men.
However, the increase of serum IL-18 concentration showed a greater ability to

identify MetS than hs-adiponectin in this population.
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Resumo

Introducéo: A hiperuricemia vem sendo associada com a Sindrome Metabdlica
(MetS) e as doencas cardiovasculares, porém o uso do acido urico sérico (UA)
no diagndéstico da MetS é comumente ignorado na pratica clinica.

Objetivos: Investigar o impacto das concentragdes do UA no diagnostico da
MetS e sua associacdo com os fatores de riscos cardiometabdlicos em homens
brasileiros na meia-idade, aparentemente saudaveis, residentes em uma
cidade de Minas Gerais.

Métodos: Por meio de uma analise transversal, 289 homens de meia-idade,
aparentemente saudaveis foram submetidos a avaliagbes para determinar os
parametros antropométricos, clinicos, socio demograficos e bioquimicos. Além
disso, determinou-se o melhor ponto de corte para a concentracdo do UA

sérico em relacdo ao diagnostico da SM (5.25 mg/dL) por meio da curva ROC.
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Resultados: Individuos com dois ou mais componentes da SM demonstraram
maiores concentracoes seéricas de UA quando comparados com individuos com
um ou nenhum componente. Além disso, a inclusdo do UA sérico > 5.25 mg/dL
como um componente adicional no diagnéstico da SM aumentou a ocorréncia
desta sindrome em 13%. Por fim, os homens com UA = 5.25 mg/dL
apresentaram uma associacdo positiva com componentes da SM (obesidade
central, hipertrigliceridemia, dislipidemia, e hipertensdo arterial), assim como,
um maior risco aterogénico.

Conclusédo: O UA sérico obteve um impacto relevante na ocorréncia da SM,
assim como, nos fatores de riscos cardiovasculares em homens brasileiros na
meia-idade, aparentemente saudaveis. Seu uso na pratica clinica poderia

adicionar maior precisdo no diagnostico de SM.

Palavras-chaves: doencas cardiovasculares, hiperuricemia, envelhecimento

Abstract:

Background: Hyperuricemia is related to Metabolic Syndrome (MetS) and
cardiovascular diseases, but the use of serum uric acid (UA) to diagnose MetS
is currently ignored in clinical practices.

Objectives: To examine the impact of serum UA on the diagnostic of MetS and
the relationship of serum UA with cardiometabolic risk factors in apparently
healthy Brazilian middle-aged men residents in a city of Minas Gerais.

Methods: In a cross-sectional analysis, 289 apparently healthy middle-aged
men underwent anthropometric, clinical, sociodemographic and blood serum
biochemical evaluation. By using receive operating curve the internal cutoff of
serum UA was determined (5.25 mg/dL).

Results: Subjects with two or more components of MetS exhibited higher
serum UA as compared to those with one or none component. The inclusion of
serum UA = 5.25mg/dL as an additional component of MetS increased the
occurrence of this syndrome by 13%. Subjects with UA = 5.25mg/dL showed
high prevalence for MetS and association with its components (central obesity,
hypertriglyceridemia, dyslipidemia and hypertension) as well as atherogenic

risk.
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Conclusions: Serum UA has an important impact on the diagnostic of MetS
and is related to cardiometabolic risk factors in apparently healthy Brazilian
middle-aged men. Its use in clinical practices could aggregate accuracy to

diagnose MetS.

Key-words: Cardiovascular disease, Hyperuricemia, Aging.

Introduction

The metabolic syndrome (MetS) has been investigated in the view of its
relationship with cardiovascular diseases (CVD) and mortality*. Acording to
Alberti et al.?, individuals exhibiting three or more of the following components:
central obesity, hyperglycemia, hypertension and dyslipidemia (i.e. high
triglycerides and/or low high-density lipoprotein cholesterol) are diagnosed with
MetS. As of the accuracy of MetS diagnostic in clinical practices®, recent studies
indicated the inclusion of other factors/components to diagnose MetS, such as
the levels of cortisol and uric acid (UA) *°.

In this sense, previous studies showed that serum UA is associated with
cardiometabolic risk factors and MetS in different populations *>® In Brazil, such
association was observed in adult men of different ages (i.e. from 20 to 82
years) residents in the states of S&o Paulo °°, Espirito Santo™ and Rio de
Janeiro™®. Taking into consideration that in Brazil the increase of MetS, CVD
and type 2 diabetes in middle-aged individuals is notorious !, it is noteworthy

that only the study of Desai et al.*°

reported the association of UA and MetS in
this specific stage of life. In addition, although previous studies were carried out
in the Brazilian southeast region, the most populated and urbanized in this
country, no studies were performed in the state of Minas Gerais, where the
second largest Brazilian middle-age and elderly population live'*. Moreover, the
impact of serum UA on the diagnostic of MetS in Brazilian middle-aged men is
not known. Such finding could help the early diagnostic of MetS in this
population and then improve detection and prevention of related diseases.
Therefore, the aims of this cross-sectional study were, first, to examine
the impact of serum UA on the diagnostic of MetS, and then, to verify the
relationship of serum UA with cardiometabolic risk factors in a sample of
apparently healthy Brazilian middle-aged men residents in a city of Minas

Gerais.
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Methods

Study population

This cross-sectional study was carried out between March and
December 2011, in the city of Vigosa (East Region of Minas Gerais) - Brazil.
Sample size was calculated by the total number of men in the staff board of the
Universidade Federal de Vigosa (UFV), in February 2011 with ages between
40 and 59 years (1,774 individuals), confidence level of 95%, 21.6% expected
prevalence of metabolic syndrome in Brazilian middle-aged men * and 4.5%
sampling error resulting in 273 participants as a minimal sample size required.
The program Epi Info, version 6.04 for cross-sectional studies was used to
estimate sample size. Subjects were selected by systematic sampling and
replaced if they did not meet the inclusion criteria.

Among 884 interviewees, 586 subjects were excluded according to the
following criteria: body weight alterations = 3kg (n=58), increase or decrease in
daily physical activities (i.e. engagement or dropout in regular programs) and/or
food intake (i.e. special diet) in the three months preceding the study;
occurrence of heart or cerebrovascular diseases, infectious and/or inflammatory
diseases, diseases of the gastrointestinal tract, liver and chronic kidney and/or
history of kidney stones, or cancer in the previous ten years (n=63), treatment
using diuretics or drugs that could alter food intake and/or metabolism of
nutrients (n=459), pacemaker and/or prosthetic limb users (n=2) and elite
athletes (n=1) and, throughout the data collection, 14 subjects did not complete
all phases. Thus, two hundred eighty-nine subjects concluded all steps of the
present study.

The study is in accordance with the resolution 196/96 from the Brazilian
Ministry of Health regarding research involving human subjects and was
approved by the Ethics Committee on Human Research of the Universidade
Federal de Vigosa (protocol 069/2010). All participants included in the study

gave informed written consent in accordance with the Declaration of Helsinki.

Anthropometric, blood pressure and hemodynamic measurements
Anthropometric measures (i.e. weigh, height, and waist circumference)

were performed using standard procedures, as previously described °. Systolic
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(SBP) and diastolic blood (DBP) pressures were measured using an automatic
inflation blood pressure monitor (BP3AAl1l-1, G-Tech, OnboElectronicCo,
Schenzen, China), registered at ANVISA (No. 80275310004), following the VI
Brazilian Guidelines on Hypertension *’.

Blood samples were collected from the antecubital vein and the serum
was separated by centrifugation at 2.225 g for 15 min (Sigma 2-3, Sigma
Laborzentrifuzen, OsterodeamHarz, Germany) at room temperature and serum
aliquots were frozen at — 80 °C to further analyses.

Glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-c)
and triacylglycerol were determined by standard protocols as previously
described °. The atherogenic index was calculated as the total cholesterol to
HDL-c ratio (CT:HDL-ratio)*® and triacylglycerol to HDL-c ratio (TG:HDL-c ratio)
19.

The serum UA and high sensitivity C-reactive protein (hs-CRP) were
determined by an enzymatic colorimetric and immunoturbidimetric method,
respectively, with commercially available kits (Quibasa Quimica Béasica LTDA,
Belo Horizonte, MG, Brazil).

Determination of metabolic syndrome, insulin resistance and
cardiometabolic risk factors

The MetS was diagnosed in individuals who exhibited three or more of
the following components: waist circumference > 90 cm (specific value for
South American men), fasting glucose > 100 mg/dL, HDL-c < 40 mg/dL,
triacylglycerol = 150mg/dl and/or high blood pressure (systolic > 130 mmHg or
diastolic > 85 mmHg), according to the criteria and cutoff points suggested by
Alberti et al. 2.

The homeostasis model assessment (HOMA-IR) was used to detected
insulin resistance (IR) using an equation proposed by Matthews et al. 2° and
cutoff value suggested by Genoleze et al. # (HOMA-IR > 2.71). The following
values were set as cardiometabolic risk factors ??: total cholesterol = 200mg/d|
and; atherogenic indexes, estimated as the total cholesterol to HDL-c ratio
(TC:HDL-c) and triacylglycerol/high-density lipoprotein cholesterol ratio
(TG:HDL-c) with cutoffs of = 5 *® and = 3.5 23, respectively.
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Lifestyle

The subjects who participated in this study occupied technical
administrative positions, classified as levels A, B, C, D, and E, or professor
(high school and college) positions. To evaluate how lifestyle and occupation
influenced the serum UA they were grouped according to their education level
and positions: Group 1 was composed of technical and administrative staff
members, classified as A, B and C, with an education level up to high school.
Group 2 was composed of technical and administrative staff members levels D
and E and professors, all college-educated.

Participants were asked about smoking (yes / no) and excessive alcohol
consumption was defined as intake of over 21 units/wk 2*.

The habitual physical activity was estimated by the mean number of daily
steps (7 consecutive days) measured by the digital pedometer (Digiwalker SW-
200, Yamax Corporation, Tokyo, Japan) *. The number of 10,000 steps/day
was considered an adequate cutoff point, since it was associated with health-
related parameters as well as it was proposed to classify participants as “active”
14, 25.

A quantitative food frequency questionnaire validated for the Brazilian
population was used to assess the usual dietary intake of the participants . For
each item in the food frequency questionnaire participants reported the
frequency of regular intake (daily, weekly or monthly) and the portion size
(small, medium or large), which were converted to grams of food intake per day.
The energy intake and the consumption of macronutrients were assessed using
the software Diet Pro® version 5.5i (AS Systems, Vigosa, Brazil), using two
Brazilian nutritional composition table' 2" 28, for necessary nutritional information

not found in the national tables.

Statistical Analysis

Descriptive data are presented as mean values and standard deviation or
median and interquartile range for continuous variables and frequency for
categorical variables, as appropriate. Normal distribution of the data was
determined by the Shapiro—Wilk test. Non-normally distributed variables were
log-transformed before statistical analyses.

Area under curve-receiver operating curve was used to determine the

serum UA concentration cutoff that could be used as an additional criterion in
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the diagnostic of MetS. The UA concentration of 5.25 mg/dL was the best
internal cutoff value according to the Youden Index (58.3% Sens; 70.2% Spec;
40.6% and 80.2% of positive and negative predictive values, respectively —
figure 1). In this sense, the participants of the study were categorized in two
groups: high UA and low UA, according to the UA internal cutoff value (5.25
mg/dL) to analyze MetS occurrence as well as metabolic data variation. Such
methodological procedure of distributing participants into groups of risk has
been previously used in cross-sectional studies ** ?°. Therefore, to examine the
impact of serum UA on the prevalence of MetS, we included the serum UA (>
5.25 mg/dL) as an additional component of MetS and recalculated the MetS
prevalence as mentioned above.

Statistical comparisons between two groups were performed by the
parametric Student t test, Mann—Whitney U test, chi-square test or McNemar
test as appropriate. For comparisons among three or more groups, ANOVA
one-way followed by Bonferroni post-hoc test was applied. The prevalence ratio
was determined by Poisson regression with a confidence interval of 95 % to
assess the associations of UA cutoff value found in the present study with the
occurrence of MetS and with cardiometabolic risk factors (hypertriglyceridemia,
dyslipidemia, insulin resistance, coronary risks, and high blood pressure). All
statistical analyses were performed using SPSS 16.0 software (SPSS Inc.,
Chicago, IL, USA) and STATA 9.1 for Windows 7 (Microsoft, Redmond, WA,

USA). The results were considered statistically significant at the .05 level.
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Figure 1: Receiver operating characteristic curve to detect metabolic syndrome

by using serum uric acid concentration.
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Results

The participants presented the following prevalence: 87.7% for
dyslipidemia; 27.1% for hypertriglyceridemia, 42% for pre-hypertension, 21.1%
for hypertension, 18.2% for hyperglycemia and 29.1% for MetS. In addition,
34.6% and 31.2% of subjects showed elevated TC:HDL-c ratio and TG:HDL-c
ratio, respectively.

To analyze the study population mean serum UA concentration
according to the presence of components of MetS the individuals were
subdivided into four groups: no component; one component; two components or
pre-MetS; and three or more components or MetS. Subjects in the MetS group
showed higher concentrations of UA as compared to those in the other groups
and individuals in the Pre-Mets group exhibited higher UA than those in the
group with no component (Figure 2).

8 -
7 -
6 -

51

3 77
2 4

Serum uric acid (mg/dL)

0

“ . . 7 l, / e % . / r l 7/
No Comp 1 Comp Pre-MetS MetS
n=88 n=91 n=64 n=46

Figure 2. Serum uric acid concentration in participants grouped according the number of components
(comp) of metabolic syndrome (MetS). Data are means + SEM. Pre-MetS, individuals with two
components. MetS, individuals with three or more components. n, number of participants. *, statistically

different from no comp group. **, statistically different from all other groups (p< .05, ANOVA followed by
the Bonferroni post-hoc test).
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Figure 3. Frequency of participants with none, one, two and three or more components of metabolic
syndrome (MetS) in two classifications. Pre-MetS, individuals with two components. MetS, individuals with
three or more components. UA, uric acid. n, number of participants. *, statistically different from
classification 1 (p < .05, McNemar test).

60 -

50_ k%

30

20

> 5.25 mg/dL (%)

10 -

Individuals with serum UA

Nocomp 1comp Pre-MetS MetS
n=17 n=24 n=31

Figure 4. Frequency of participants with UA > 5.25 mg/dL grouped according the number of components
(comp) of metabolic syndrome (MetS). Data are means + SEM. Pre-MetS, individuals with two
components. MetS, individuals with three or more components. n, number of participants. *, statistically
different from no comp group. **, statistically different from all other groups (p< .05, Chi-square test).

TABLE 1: Study population clinical and metabolic characteristics according to
internal serum uric acid cutoff point (> 5.25 mg/dL)?
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Variables Low UA (n=179) High UA (n= 110) p-value®
Uric Acid (mg/dl) 4.2 (3.6-4.7)° 5.9 (5.6-6.7) < .001*
Age (years) 52 (46-54) 51 (47-54) 891
Body mass index (kg/m®) 25.2+3.6 26.9+3.2 <.001*
Waist circumference (cm) 87.9+9.7 94.1+85 <.001*
Glucose (mg/dL) 87 (82-92) 90 (84-99) < .001*
HOMA-IR 0.94 (0.64-1.50) 1.51 (0.95-2.23) < .001*
Total cholesterol (mg/dL) 207 + 40 226 + 42 <.001*
HDL-c (mg/dL) 45 (40-55) 43 (36-52) .009*
Triacylglycerol (mg/dL) 102 (72-142) 133 (103-196) <.001*
hs-CRP (mg/L) 0.70 (0.32-1.81) 1.16 (0.54-2.41) < .001*
Systolic BP (mmHg) 124 (115-132) 128 (121-135) .006*
Diastolic BP (mmHg) 79.5+9.7 83.5+9.9 .001*
Mean BP (mmHg) 92.7 (86.9-100.2) 97.9 (91.5-104.0) .001*
TC:HDL-c 4.38 (3.59-5.10) 5.06 (4.35-6.47) < .001*
Triglycerides: HDL-c 2.25 (1.41-3.35) 3.54 (2.02-5.66) < .001*

n- number of participants; UA- uric acid; hs-CRP- high sensitivity C-Reactive Protein; HOMA-IR-
homeostatic model assessment insulin resistance; BP- blood pressure; TC- total cholesterol;
HDL-c- high density lipoprotein cholesterol; * denotes significant difference between groups;
%internal serum uric acid cutoff point (see methods);

b p-values from Student t-test or Mann-Whitney test, according to normally distribution of the
variables;

¢ Data are mean * standard deviation or median (25”‘—75th percentiles), according to normality
distribution of the variables.

We used the internal serum cutoff as the serum UA concentration to be
used as an additional criterion in the diagnostic of MetS. The MetS group
showed more individuals with UA > 5.25 mg/dL than the other groups (figure 3)
and the Pre-Mets and 1 component groups had more individuals with > 5.25
mg/dL as compared to no component group (p < .05). In addition, as mentioned
above, when using the Alberti et al.? criteria, the prevalence of MetS was 29.1
% among the study participants. However, when we included serum UA (> 5.25
mg/dL) as an additional component for MetS diagnosis, there was a significant

increase of 13.0 % in the occurrence of MetS (p < .05; Figure 4).
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TABLE 2: Study population lifestyle and dietary factors according to internal uric
acid cutoff point® (> 5.25 mg/dL)

Variables Low UA (n=179) High UA (n= 110) p-value”
Work position
Group 1 117 (60.3)° 77 (39.7) 415
Group 2 62 (65.3) 33 (34.7)
Smokers (%)
No 159 (63.6) 91 (36.4) 194
Yes 20 (52.6) 18 (47.4)
Alcohol consumption (n, %)
No 119 (66.5) 59 (53.6) 079
Yes 60 (33.5) 51 (46.4)
PAL"
< 10.000 steps 68 (59.1) 47 (40.9) .395
> 10.000 steps 109 (64.1) 61 (35.9)
Energy intake (kcal) 1391 + 14.3 1387 +13.4 .943
Carbohydrate (g/d) 185.6 £ 13.8 178.6 +15.2 .398
Lipid (g/d) 40.7+15 421+1.6 536
MUFA (g/d) 13.2+1.5 13.8+ 1.5 348
PUFA (g/d) 6.2+1.4 6.8 +1.7 144
Saturated fat (g/d) 141+1.6 14+15 .908
Protein (g/d) 65.2 + 1.4 67.1+1.4 459
Animal protein (g/d) 412+15 436+15 237
Vegetal protein (g/d) 148+ 1.5 146+ 1.5 794
Fiber (g/d) 20.8 (17.2-25.8) 20.5 (16-26.3) 751
Cholesterol (mg/d) 197.5+16.1 202.7+16.1 .655

n- number of participants; UA- uric acid; PAL- physical activity level; MUFA- monounsaturated
fatty acid; PUFA- polyunsaturated fatty acid; ® uric acid A cutoff point suggested (see methods);
b p-values from Student t-test or Mann-Whitney test, according to normality distribution of
continuous variables and chi-square test for categorical variables; © Data are mean + standard
deviation, median (25‘“—75th percentiles), as appropriated and counts (percentage of prevalence
in rows) for categorical variables; 4 h=285 [Low UA (n=142); High UA (n=143)].

We also observed that those individuals with high serum UA
concentration (= 5.25 mg/dL) exhibited higher values for body mass index, waist
circumference, glucose and lipid biomarkers, blood pressure, atherogenic and
IR indexes (Table 1). The high UA group presented a tendency for more alcohol
consumption (p=0.079) (Table 2) while no between group differences in
physical activity level, habitual dietary intake, smoking and work position were
observed.
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Finally, subjects with high UA (> 5.25 mg/dL) showed significantly high
prevalence for central obesity, hypertriglyceridemia, dyslipidemia, hypertension,
atherogenic risk, insulin resistance and MetS, regardless their age, alcohol
consumption, physical activity level (model 1) and body mass index (model 2;
Table 3).

TABLE 3: Prevalence ratio (Cl 95%) to cardiometabolic risk factors (dependent
variables) according to occurrence of high uric acid concentration® (independent

variable).

Model 1

Model 2

Central obesity (> 90 cm vs <90 cm)
TAG (= 150mg/dL vs < 150 mg/dL)
TC (= 200 mg/dL vs < 200 mg/dL)
HOMA-IR (> 2.71 vs < 2.71)
TC:HDL-cratio(>=5vs<5)
TAG:HDL-c (>3.5vs<3.5)

High blood pressure (yes vs no)

Metabolic Syndrome? (yes vs no)

2.79 (1.70-4.58)
2.50 (1.48-4.19)*
2.34 (1.39-3.83)*
1.38 (0.61-3.13)
2.62 (1.59-4.32)*
3.51 (2.10-5.87)*
1.40 (0.79-2.50)*
3.26 (1.92-5.54)*

2.74 (1.61-4.68)*
2.35 (1.37-4.02)*
2.26 (1.34-3.81)*
1.04 (0.42-2.55)
2.51 (1.51-4.16)*
3.38 (1.99-5.73)*
1.27 (0.70-2.30)
3.12 (1.81-5.36)*

TAG- triacylglycerol; TC- total cholesterol; HDL-c- high density lipoprotein cholesterol; HOMA-
IR- homeostatic model assessment insulin resistance

% internal uric acid cutoff point (> 5.25 mg/dL); Model 1: adjusted by age (year) and alcohol
consumption and physical activity level (no/ yes); Model 2: adjusted by model 1 and body mass
index (low or high 30 kg/mz); * denotes significant relationship.

Discussion

In the present study, we found that higher serum UA values were
observed in middle-aged individuals categorized as pre-MetS (i.e. two
components) and MetS (i.e. three or more components) groups. In addition, by
adding serum UA (> 5.25 mg/dL) to the criteria of Alberti et al., the occurrence
of MetS increased by 13%. Moreover, serum UA was significantly associated
with MetS and cardiometabolic risk factors, but insulin resistance, in this
population.

The internal serum UA value of 5.25 mg/dL was a good cutoff to predict
MetS and the prevalence of individuals with UA = 5.25 mg/dL in MetS group
was higher than others and, as expected, these individuals had high values for
anthropometry as well as for cardiometabolic and inflammatory biomarkers than
those in the low UA group. Recent studies have discussed possible

explanations for the relationship of increased serum UA with MetS, even in
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normal range (< 7.0 mg/dL) " . The sustained increase of fatty acids in the
liver, which raises the level of serum triacylglycerol and insulin resistance,
associated with the de novo synthesis of purine lead to decreases in the UA
renal excretion capacity resulting in elevated serum UA ® L. It is noteworthy that
such increase in the urate crystals would result in a low grade inflammation and

8 In

arteriosclerosis as well as endothelial dysfunction and oxidative stress
contrast, some studies indicated UA as one important antioxidant element in
human biological fluids which is responsible for decreasing over 50% of the free
radicals in human blood . Thus, the high serum UA found in the present study
might be working as a protective response against cardiometabolic disorders.
Nevertheless, the precise physiological function for UA in this context is not
completely understood 3.

As of the internal cutoff (= 5.25 mg/dL) in our study population, in
concert, a previous Brazilian population-based study ** including men aged 25
to 60 years in a seaside town (Vitéria /ES) suggested a similar internal cutoff
point (5.3 mg/dL). Of note, in the present study, the internal cutoff point of
serum UA was not influenced by lifestyles and eating habits. Thus, the higher
prevalence of individuals with UA = 5.25 mg/dL in the MetS group observed
here ratify the importance of this parameter in the diagnostic of MetS.

Given the increasing impact of MetS in mortality our results may be
helpful and of clinical relevance inasmuch as individuals with serum UA = 5.25
mg/dL had altered blood pressure, lipid and glycemic parameters (i.e.
dyslipidemia; insulin resistance). More importantly, the inclusion of serum UA as
an additional component to diagnose MetS showed a significant increase (13%)
in the number of individuals diagnosed with MetS such that its prevalence
reached 48% in this population. This outcome highlights the usefulness of such
component to diagnose MetS and could enable the prevention of acute events
due to cardiovascular diseases or glucose disorders in individuals previously
undiagnosed.

Along with the above mentioned, as expected, our results demonstrated
significant relationship of serum UA with pre-hypertension and hypertension. In
this case, it seems that high levels of serum UA activates the renin-angiotensin
system and inhibits the endothelial nitric oxide actions resulting in systemic and

renal vasoconstriction 3. Nevertheless, it has been suggested that high serum
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UA could be associated with the activation of a defense mechanism against an
inflammatory condition *.

Despite the evidence that a serum UA = 5.25mg/dL could be an
independent factor to diagnose MetS and cardiometabolic disorders, this cutoff
value did not show significant relationship with HOMA-IR index. It is possible
that the small number of subjects above the cutoff for insulin resistance

proposed by Genoleze et al. %

made unpractical the statistical analyses.
However, we observed that high serum UA was strongly associated with
TAG:HDL-c. In fact, recent studies demonstrated that this index is a surrogate
for insulin resistance diagnose in the South American population 23,

Finally, when we related serum UA with lifestyle and eating habits, it
showed positive association with alcohol consumption (> 21 units) only.
Although our results support those from previous study ’, we did not specify the

purine source *°

which unable us to explain these findings and it suggests
further studies.

The present study has a limitation. Because of the limited value of cross-
sectional designs, it is not possible to affirm that the reported associations, as
the cutoff point suggested, are causal. Although we have controlled several
potential covariates, additional evidence from prospective studies is necessary

before a firm conclusion in this issue.

Conclusions

In conclusion, serum UA has an important impact on the diagnostic of
MetS and is associated to cardiometabolic risk factors in apparently healthy
Brazilian middle-aged men. Its use in clinical practices could aggregate
accuracy to diagnose MetS.
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5. CONCLUSOES GERAIS

O perimetro da cintura medido sobre a linha umbilical € o melhor
indicador para o0 sobrepeso, obesidade, e obesidade central na
populacdo de homens brasileiros na meia idade estudada.

O ponto de corte de 88,8 cm para o perimetro da cintura sobre a cisédo
umbilical apresenta associacgao significativa para a ocorréncia de MetS e
fatores de risco cardiometabdlico nesta populacao.

As concentragfes seéricas de IL-18 e adiponectina demonstram acuracia
na identificacdo da ocorréncia da MetS na populacdo estudada, sendo
que a IL-18 associa-se positiva e a adiponectina negativamente com o
LAP e com fatores de risco cardiometabdlico, respectivamente.

As concentracdes séricas de acido Urico observadas apresentam
associacao positiva com a ocorréncia da MetS e com fatores de risco
cardiometabdlico na populacdo estudada e o seu uso como critério
adicional aumenta a precisao da identificacdo da MetS nesta populagéo.

6. CONSIDERACOES FINAIS
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O presente estudo apresenta algumas limitagcdes: Primeiramente, apesar
do nimero amostral ser condizente com a populacdo em estudo, os resultados
encontrados ndo podem ser utilizados de forma ampla englobando toda a
populacdo de homens na meia-idade da regido Sudeste do Brasil, tendo em
vista as diversas diferencas culturais e alimentares existentes em cada estado
da federacdo. Segundo, a adicdo de informacdes relevantes sobre o cotidiano
dos sujeitos avaliados (ex: estado civil, renda familiar e habitos alimentares)
devem ser levadas em consideracao visando melhor verificacdo de possiveis
associacfes entre as variaveis em estudo. Por fim, um detalhamento dos
resultados obtidos no questionario de frequéncia alimentar (ex: consumo de
purinas) pode auxiliar na explicacdo dos resultados relativos a associacéo entre
o0 ponto de corte da concentracdo sérica de acido urico e os habitos
alimentares.

Como perspectivas, observa-se a necessidade de novos estudos, tanto
epidemioldgicos quanto experimentais, para melhor entendimento da sindrome
metabolica, bem como, dos seus marcadores de risco e dos fatores de risco
cardiometabdlico. Além disso, o estudo e a compreensdo dos habitos que
inferem na qualidade de vida desta populacdo, especialmente os aspectos

fisico e psiquico, é importante para um estudo mais completo desta populacéo.

ANEXOS

Anexo 1



Anexo 2

QUESTIONARIO PARA A SELECAO DA POPULACAO DO ESTUDO

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE VICOSA
COMITE DE ETICA EM PESQUISA COM SERES HUMANOS

25
Campus Universitdrio - Vigosa, MG - 36570-000 - Telefone: (31) 3899-1269

Of. Ref. N° 069/2010/Comité de Etica

Vigosa, 04 de junho de 2010.
Prezado Professor:

Cientificamos V.S de que o Comité de Etica
em Pesquisa com Seres Humanos, em sua 4* Reunido de 2010, realizada em
31-5-2010, analisou e aprovou, sob o aspecto ético, o projeto de pesquisa’
intitulado Avalia¢do da associagéo entre indice glicémico/carga glicémica
da dieta habitual e nivel de atividade fisica com componentes da sindrome
metabdlica e estado oxidativo. '

Atenciosamente,

neo o
Professor Gilberto/Paixdo Rosado
Comité de Etica em Pesgliisa com Seres Humanos
Presidente

Professor
Antonio José Natali
DES

/rhs.

| — IDENTIFICACAO:

Data da entrevista: / /

1. Nome:
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2. Sexo:
3. Endereco Residencial:

4. Local e Horario que trabalha na UFV:

5. Telefones:
O Residéncia: O Celular:

E-mail:

Il — INFORMAGCOES GERAIS:

7. Data de nascimento:

8. Vocé perdeu ou ganhou mais de 3 kg nos Ultimos 3 meses?

O SimO Né&o

O Trabalho:

O Masculinod Feminino

89

9. Vocé ja teve ou tem alguma das doencas abaixo especificadas?

DOENCA

ESTADO ATUAL

Nunca

Data
Provavel
do
diagndstico

Mau
controlado

Bem
controlado

Curado

a. Diabetes Mellitus

b. Hipertireoidismo

c.Hipotireiodismo

d.Doencas Cardiovasculares

e. Insuficiéncia Cardiaca

f.Doenga Cerebrovasculares

g. Doencas Infecciosas

h. Doengas Inflamatérias

i. Doencas Intestinais

j- Doencas Hepéticas

k. Doenca Renal Crdnica

|. Litiase Renal

m. Cancer

n. Alergia Alimentar

0. Anorexia ou Bulimia

p. Outra doenca grave

No caso da letra p., especifique:

10. Faz uso regular de algum medicamento?

O Sim Qual?

0 Nao

11. Usa marcapasso e/ou prétese?
O simO Né&o

12. Vocé fuma?

O Sim — Ha quanto tempo?

O Néo

13. Vocé ingere bebidas alcodlicas?
O Sim — Ha quanto tempo?

Com que frequéncia em dias/semana?

Quantos cigarros por dia?

Quantidade (copo/garrafa)?
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O Nao

14. Vocé é atleta (participa de competicGes esportivas profissionais)?
O SimO Néao

15. Vocé mudou o seu padrao de atividade fisica nos ultimos 3 meses?
O SimO Né&o

16. Vocé é vegetariano?

O SimO Né&o

17. Vocé mudou o seu hébito alimentar nos ultimos 3 meses?

O SimO Néao

18. Vocé tém algum familiar que apresenta(ou) glicose elevada ou Diabetes?
O SimO Néao

Se sim. Qual o grau de parentesco?

19. Vocé tém algum familiar que apresenta(ou) pressao arterial elevada (Hipertensao)?
O SsimO Né&o

Se sim. Qual o grau de parentesco?

20. Vocé tém algum familiar que apresenta(ou) cancer?
O SimO Néao

Se sim. Qual o grau de parentesco?

21. Vocé consome alguma vitamina ou qualquer suplemento dietético?
O SimO Né&o

Se sim. Qual (is)?

22. Apenas para as MULHERES: Vocé menstrua regularmente pelo menos uma vez por
més? O SimO Né&o

Se NAO. Ha quanto tempo vocé parou de menstruar?

O H& menos de 6 meses O Entre 6 meses e 1 ano atras O H& mais de 1 ano

Por que vocé ndo menstrua mais? O Menopausa naturaldCirurgia para retirada de Utero
ou ovarios

Outros tratamentos (hormonios, quimioterapia ou radiagdo) OOOutra razdo — especificar:

OApto
CONé&o Apto

Anexo 3

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
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1. Titulo do Estudo: Estado oxidativo segundo o nivel de atividade fisica, carga glicémica da

dieta e componentes da sindrome metabdlica em inidividuos da meia idade

2. Local de Execucado: Universidade Federal de Vicosa
Departamento de Nutricdo e Salde
Divisdo de Saude
Campus da UFV — CEP: 36.571-000 - Vicosa - MG
Fone: 31-899-2692

3. Nomes e Numeros de Telefones dos Investigadores:

Paula Guedes Cocate (estudante de doutorado) 31-3892-4034

Alessandro de Oliveira (estudante de doutorado) 31-3891-8323

Rita de Cassia Goncalves Alfenas. Departamento de Nutricdo e Salde. Universidade Federal
de Vigosa 31-3899-3740

Antbnio José Natali. Departamento de Educacéo Fisica. Universidade Federal de Vigosa 31-
3899-2766

Numero telefénico 24-horas: 31-8701-7718

4. Objetivo do Estudo:
Avaliar o estado oxidativo e indicadores da sindrome metabdlica segundo o nivel de atividade

fisica e carga glicémica da dieta habitual de individuos da meia idade

5. Critério de Inclusdo dos Individuos: Eu poderei ser incluido no estudo se atender aos
seguintes critérios:

ndo estar enfermo,

estar na faixa etéria de 40 a 59 anos de idade,

ser funcionario ou professor da Universidade Federal de Vigosa,

nao estar fazendo dieta para controle de peso,

nao ser diabético tipo 1 e 2, ndo ter hipo ou hipertirecidismo, ndo ter doenca
cardiovascular, ndo ter doenga renal, nao ter doenga hepética, ndo ter bulimia/anorexia
e ndo ter cancer diagnosticado,

e ndo estar na menstruando regularmente,

e ndo estar usando medicamentos que afetem o metabolismo, a ingestdo alimentar,
diuréticos e fazendo terapia de reposicdo hormonal.

6. Critério de Exclusdo dos Individuos: Eu n&o poderei ser incluido no estudo ou poderei
ser excluido se ndo atender aos critérios de incluséo.

7. Descricdo do Estudo: O estudo recrutard 339 voluntarios. Inclui avaliagdo do nivel de
atividade fisica, da qualidade da dieta habitual, da antropometria (peso, estatura e perimetrias
da cintura), composi¢cdo corporal (percentual de gordura corporal por meio do DEXA) e
extracdo de amostra de sangue e urina para analise dos marcadores do estresse oxidativo,
risco cardiovascular, obesidade e complicagBes associadas. Caso seja incluido no estudo,

devo estar em jejum para coleta da amostra de sangue e urina.
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8. Beneficios para o Individuo: Eu conhecerei meu nivel de atividade fisica, a qualidade da
minha dieta habitual, minha composi¢éo corporal, concentracfes de colesterol total e fracdes,
triacilglicerideos, glicemia, insulinemia, presséo arterial e marcadores do estresse oxidativo,
risco cardiovascular, obesidade e complicacfes associadas. Estes dados permitirdo saber em
que condicBes de salde me encontro.
9. Riscos para o Individuo: O estudo ndo oferece riscos. Os equipamentos e materiais
usados para estes procedimentos serdo estéreis e/ou descartaveis. Nao serei submetido a
nenhum tipo de intervencdo que possa causar danos a minha saulde, visto que as condutas
adequadas a serem adotadas objetivam a promoc¢édo de mesma e séo respaldadas na literatura
cientifica.
10. Alternativas para a Participac&o no Estudo: ndo se aplica.
11. Exclusédo dos Individuos: Os individuos podem ser excluidos do projeto se ndo forem
capazes de completar os requisitos de cada etapa.
12. Direitos dos Individuos para recusar-se a participar ou retirar-se do Estudo: Eu
entendo que minha participagdo é voluntdria e posso recusar-me a participar ou posso
interromper minha participa¢cdo em qualquer hora, sem penalizagdo.
13. Direitos dos Individuos quanto a privacidade: Os resultados do estudo podem ser
publicados, sem citagdo dos nomes envolvidos, havendo total protecdo a participacdo dos
individuos. Os resultados poderdo estar dispoconcentracdes para a Agéncia Financiadora da
Pesquisa, observando a privacidade dos nomes envolvidos.
14. Publicacdo da Informacgdo: As informacdes coletadas referentes ao projeto estardo
dispoconcentra¢cfes para a Equipe envolvida no projeto e para a Agéncia Financiadora.
15. Informagéo Financeira:
A. Minha participagéo neste estudo ndo implica em contrato de trabalho.
B. Fui comunicado que qualquer enfermidade que surja durante o estudo, devera ser
tratada por conta prépria, ou seja, 0 estudo que participo ndo assume nenhum
compromisso no tratamento da mesma. Nestes casos, deverei comunicar & equipe do
projeto todas as informacdes referentes a enfermidade e o seu tratamento.
C. Eu néo receberei qualquer compensacéo financeira para participar do estudo.
16. Em caso de Emergéncia: Se existe alguma intercorréncia decorrente da pesquisa,
chamarei ao investigador principal no telefone: 31-899-2766 ou 31-8701-7718, em qualquer
horéario do dia ou da noite.
17. Assinaturas: O estudo foi discutido comigo e todas as questdes foram respondidas. Eu
entendo que perguntas adicionais relacionadas ao estudo devem ser dirigidas aos
investigadores listados acima. Eu entendo que, se tenho davidas sobre direitos dos voluntarios,
posso contatar o Comité de Etica da UFV. Eu concordo com 0s termos acima e acuso 0

recebimento de uma copia deste consentimento.

Assinatura do Individuo Data

Assinatura de Testemunhas Data
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Assinatura do Investigador Data

Anexo 4

QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA (IPAQ)

Nome: Data: [/ [
Idade : Sexo: F()M()

Para responder as questdes lembre que:

> Atividades fisicas VIGOROSAS sao aquelas que precisam de um grande esfor¢o fisico e
que fazem respirar MUITO mais forte que o normal

> Atividades fisicas MODERADAS sao aquelas que precisam de algum esforco fisico e que
fazem respirar UM POUCO mais forte que o normal

SECAO 1- ATIVIDADE FiSICA NO TRABALHO

Esta secéo inclui as atividades que vocé faz no seu servico, que incluem trabalho remunerado
ou voluntario, as atividades na escola ou faculdade e outro tipo de trabalho ndo remunerado
fora da sua casa. NAO incluir trabalho ndo remunerado que vocé faz na sua casa como tarefas
domeésticas, cuidar do jardim e da casa ou tomar conta da sua familia. Estas serdo incluidas na
secao 3.

la. Atualmente vocé trabalha ou faz trabalho voluntéario fora de sua casa?

( )Sim () Nao — Caso vocé responda ndo V4 para secdo 2: Transporte

As proximas questfes sdo em relacdo a toda a atividade fisica que vocé fez na ultima semana
como parte do seu trabalho remunerado ou ndo remunerado. NAO inclua o transporte para o
trabalho. Pense unicamente nas atividades que vocé faz por pelo menos 10 minutos
continuos:

1b. Em quantos dias de uma semana normal vocé anda, durante pelo menos 10 minutos

continuos, como parte do seu trabalho?Por favor, NAO inclua o andar como forma
de transporte para ir ou voltar do trabalho.
dias por SEMANA

( ) nenhum — V& para a secao 2 - Transporte.

1c. Quanto tempono total vocé usualmente gasta POR DIA caminhando como parte do
seu trabalho ?
____ _horas minutos
1d. Em quantos dias de uma semana normal vocé faz atividades moderadas,porpelo
menos 10 minutos continuos, como carregar pesos leves como parte do seu trabalho?
dias por SEMANA

( ) nenhum - Va para a questédo 1f

le. Quanto tempo no total vocé usualmente gasta POR DIA fazendo atividades moderadas

como parte do seu trabalho?

horas minutos
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1f. Em quantos dias de uma semana normal vocé gasta fazendo atividades vigorosas, por

pelo menos 10 minutos continuos,como trabalho de construcdo pesada, carregar

grandes pesos, trabalhar com enxada, escavar ou subir escadas como parte do seu
trabalho:
dias por SEMANA

() nenhum - V& para a questéo 2a.

1g. Quanto tempo no total vocé usualmente gasta POR DIA fazendo atividades fisicas
vigorosas como parte do seu trabalho?

horas minutos

SECAO 2 - ATIVIDADE FiSICA COMO MEIO DE TRANSPORTE

Estas questdes se referem a forma tipica como vocé se desloca de um lugar para outro,
incluindo seu trabalho, escola, cinema, lojas e outros.
2a. O quanto vocé andou na ultima semana de carro, 6nibus, metr6é ou trem?

dias por SEMANA

( ) nenhum - Va para guestdo 2c

2b. Quanto tempo no total vocé usualmente gasta POR DIAandando de carro, dnibus,
metrd ou trem?

horas minutos

Agora pense somente em relagdo a caminhar ou pedalar para ir de um lugar a outro na ultima
semana.

2c. Em quantos dias da ultima semana vocé andou de bicicleta por pelo _menos 10

minutos continuos para ir de um lugar para outro? (NAO inclua o pedalar por lazer ou

exercicio)
dias porSEMANA

() Nenhum - V4 para a questao 2e.

2d. Nos dias que vocé pedala quanto tempo no total vocé pedala POR DIA para ir de um
lugar para outro?
horas minutos

2e. Em quantos dias da ultima semana vocé caminhou por pelo menos 10 minutos

continuos para ir de um lugar para outro? (NAO inclua as caminhadas por lazer ou exercicio)
dias porSEMANA

( ) Nenhum - V& para a Secéo 3.

2f. Quando vocé caminha para ir de um lugar para outro quanto tempo POR DIA vocé
gasta? (NAO inclua as caminhadas por lazer ou exercicio)

horas minutos
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SECAO 3 — ATIVIDADE FISICA EM CASA: TRABALHO, TAREFAS DOMESTICAS E
CUIDAR DA FAMILIA.

Esta parte inclui as atividades fisicas que vocé fez na ultima semana na sua casa e ao redor da
sua casa, por exemplo, trabalho em casa, cuidar do jardim, cuidar do quintal, trabalho de
manutencdo da casa ou para cuidar da sua familia. Novamente pense somentenaquelas
atividades fisicas que vocé faz por pelo menos 10 minutos continuos.

3a. Em quantos dias da ultima semana vocé fez atividades moderadas por pelo menos 10
minutos como carregar pesos leves, limpar vidros, varrer, rastelar no jardim ou quintal.
dias por SEMANA

( ) Nenhum - V& para guestdo 3b.

3b. Nos dias que vocé faz este tipo de atividades quanto tempo no total vocé gasta POR
DIA fazendo essas atividades moderadas no jardim ou no quintal?

horas minutos

3c. Em quantos dias da ultima semana vocé fez atividades moderadas por pelo menos 10
minutos como carregar pesos leves, limpar vidros, varrer ou limpar o chdo dentro da
sua casa.

_____ dias por SEMANA
() Nenhum - V& para guestdo 3d.

3d. Nos dias que vocé faz este tipo de atividades moderadas dentro da sua casa quanto
tempo no total vocé gasta POR DIA?

horas minutos

3e. Em quantos dias da ultima semana vocé fez atividades fisicas vigorosasno jardim ou
guintal por pelo menos 10 minutos como carpir, lavar o quintal, esfregar o chéo:
dias por SEMANA

( ) Nenhum -V&paraasecéo 4.

3f. Nos dias que vocé faz este tipo de atividades vigorosas no quintal ou jardim quanto
tempo no total vocé gasta POR DIA?

horas minutos

SECAO 4- ATIVIDADES FiSICAS DE RECREACAOQ, ESPORTE, EXERCICIO E DE LAZER.

Esta secdo se refere as atividades fisicas que vocé fez na ultima semana unicamente por
recreacdo, esporte, exercicio ou lazer. Novamente pense somente nas atividades fisicas que
faz por pelo menos 10 minutos continuos. Por favor, NAO inclua atividades que vocé ja
tenha citado.
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4a.Sem contar qualquer caminhada que vocé tenha citado anteriormente, em quantos dias

da ultima semana vocé caminhou por pelo menos 10 minutos continuosno seu tempo

livre?
dias por SEMANA
() Nenhum - V& para questé&o 4b

4b. Nos dias em que vocé caminha no seu tempo livre, quanto tempo no total vocé gasta
POR DIA?

horas minutos

4c. Em quantos dias da ultima semana vocé fez atividades moderadas no seu tempo livre
por pelo menos 10 minutos, como pedalar ou nadar a velocidade regular, jogar bola, vélei,
basquete, ténis :

______ dias porSEMANA

() Nenhum - V& para questéo 4d.

4d. Nos dias em que vocé faz estas atividades moderadas no seu tempo livre quanto tempo
no total vocé gasta POR DIA?

horas minutos

4e. Em quantos dias da ultima semana vocé fez atividades vigorosas no seu tempo livre

por pelo menos 10 minutos, como correr, fazer aerébicos, nadar rapido, pedalar rapido ou
fazer Jogging:

_____ dias por SEMANA

() Nenhum - V& para secéo 5.

4f. Nos dias em que vocé faz estas atividades vigorosas no seu tempo livre quanto tempo no
total vocé gasta POR DIA?

horas minutos

Anexo 5

PROTOCOLO PARA AVALIACAO DA COMPOSICAO CORPORAL PELA
ABSORTOMETRIA DE FEIXE DUPLO DE RAIOS-X E REALIZACAO DOS
EXAMES BIOQUIMICOS



Nome:

Data do exame: / /

Local: Divisdo de Saude (Hospital) da Universidade Federal de Vigosa

Recomendacg0des para realizacdo do exame:

e Jejum de 12 horas antes da realizagéo do exame;

e Nao realizar exercicio fisico nas 12 horas antes da realizacdo do exame;
¢ Nao ingerir alcool nas 48 horas (2 dias) antes da realizacdo do exame;

e Nao usar diuréticos pelo menos nos 7 dias antes da realizagdo do exame;

e Usar roupas leves, sem metal.

Anexo 6



Resultado: Pesquisa Saude e Qualidade de Vida
Nome: Idade: __ anos
Exames Laboratoriais (jejum):
Glicose: mg/dL — Valor desejavel (<99 mg/dL)

Colesterol Total: ~ mg/dL — Valor desejavel (<200 mg/dL)
Colesterol HDL: _ mg/dL — Valor desejavel (>50 mg/dL)
Colesterol LDL: __ 2mg/dL—Valor desejavel (<125 mg/dL)
Triglicerideo: _ _mg/dL — Valor desejavel (<150 mg/dL)

Consideracoes:

Antropometria:
Peso: Kg Estatura: m
IMC:kg/m?Valor desejavel (18,5 a 25 kg/m2)

Circ. da cintura: CMvalor desejavel (menor que 80 cm)

Tecido Gorduroso = % Tecido magro = kg

Dens. Mineral Ossea: > t-score
Consideracgoes:

Parametro Hemodinamico:
Pressao Arterial: / mmHg

Consideracgoes:

Nivel de atividade fisica:
NUmero de passos médio: passos (Ideal > 10.000 passos)

Consideracgoes:
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