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Resumo

Introdugao: A Sindrome Metabodlica (SM) retine um conjunto de fatores de risco pro-
aterogénicos e pro-tromboticos que, muitas vezes, culminam em morte prematura
provocada por doenga cardiovascular aterosclerotica e seus eventos isquémicos.
Objetivos: Analisar a utilidade da ultra-sonografia (US) abdominal para aquantificagdo
da gordura subcutinea (GSC), visceral (GV) e peri-renal (GPR), em voluntérios
saudaveis e em portadores de SM, correlacionando as medidas obtidas com as variaveis
ligadas ao maior risco de eventos isquémicoscardiovasculares.

Métodos: Foi realizado um estudo transversal, inicialmente com 101 voluntarios, para
validagdo do método de medida ultrassonografico.A partir de medidas das gorduras
visceral, peri-renal e subcutanea foram realizadas anélises de correlacdo com as diversas
variaveis ligadas ao diagnostico clinico da sindrome metabolica.

Resultados: Os valores destas medidas apresentaram correlagdes lineares significantes
com variaveis associadas a SM. Os valores de GV apresentaram correlagdes positivas
significantes com a glicemia (Glc), circunferéncia da cintura (CC), triglicérides (TQG),
transaminase glutdmica-piravica (TGP), pressdo sistolica (PAS), além de uma
correlacdo positiva limitrofe com os valores de yGT. Os valores de GPR apresentaram
correlagdes positivas significantes com CC, TG, HDL-C, LDL-C, CT, TGP, PAS e
PAD. Os valores de GVP apresentaram correlagdes positivas com Glc, CC, TG, TGP,
PAS e PAD, além de uma correlagdo positiva limitrofe com a yGT.

Conclusao: A US abdominal ¢ um método ttil na avaliagao da GSC, da GV e da GPR ¢
estas medidas apresentam correlagcdes positivas com as principais variaveis ligadas ao

diagnostico de SM.

Descritores: Gordura visceral; Ultrassonografia; Sindrome metabolica; Risco

cardiovascular.
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Abstract

Background: The metabolic syndrome (MS) brings together a number of pro-
atherogenic and pro-thrombotic risk-factors, which often culminate in premature death
caused by atherosclerotic cardiovascular disease and ischemic events.

Objectives: To evaluate the usefulness of ultrasonography (US) in the quantification of
abdominal subcutaneous (SCF), visceral (VF) and peri-renal (PRF) fat deposits in
healthy volunteers and in patients with MS, correlating the measurements obtained with
the variables linked to increased risk of ischemic cardiovascular events.

Methods: A cross-sectional study was carried out, initially with 101 volunteers, to
validate the ultrasound measurement method. Correlation analyzes were performed
using visceral, perinenal and subcutaneous fat measurements with the various variables
linked to the clinical diagnosis of the metabolic syndrome.

Results: The values of VF showed significant positive correlations with glucose (GLC),
waist circumference (WC), triglycerides (TG), glutamic oxaloacetic transaminase
(GPT), systolic blood pressure (SBP), diastolic blood pressure (DBP), and a positive
borderline correlation with gamma- glutamyl-transferase (yGT). The values of PRF
showed significant positive correlations with WC, TG, HDL-C, LDL-C, total
cholesterol (TC), GPT, SBP and DBP.. The values of PRF showed positive correlations
with GLC, WC, TG, GPT, SBP and DBP, and a positive borderline correlation with
vyGT.

Conclusion: The abdominal US is a valid and reproducible method in the evaluation of
VF, PRF andSCF, which have positive correlations with the main variables linked to

MS.

Keywords: Visceral Fat, Ultrasonography, Metabolic Syndrome, Cardiovascular Risk
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Introducao

A Sindrome Metabolica (SM) reune um conjunto de fatores de risco pro-
aterogénicos e pro-tromboticos e muitas vezes culmina em morte prematura provocada
por doenga cardiovascular aterosclerdtica e seus eventos isquémicos. Os pacientes
portadores desta sindrome t€ém, em relagdo a populagdo normal, a mortalidade geral
aumentada em 1,5 vezes, o risco cardiovascular entre 1,5 € 3 vezes € 5 vezes mais risco
para desenvolver diabetes mellitus tipo 2 (DM2). Ha ainda maior tendéncia ao
desenvolvimento de insuficiéncia renal e de certos tipos de cancer. !

A hipodtese atual para explicar a origem da SM relaciona um conjunto de
anormalidades metabdlicas que se desenvolvem progressivamente ¢ que, geralmente,
estdo ligadas a uma base fisiopatologica comum com estreita vinculagdo a
genética,inatividade fisica, dieta inadequada (excesso de sal, gorduras, actcar e alcool),
obesidade, disfun¢do neuroenddcrina e imunoldgica e estresse emocional exacerbado. A

\

adipositopatia centripeta e a resisténcia a insulina?!!!

potencializam o dano ¢ o
desgaste do arsenal molecular estrutural da célula necessario a sua estabilidade
funcional. Vale concluir que nenhum dos mecanismos das teorias aqui descritas ¢ bem
conhecido, o que reforca a necessidade de novos estudos abordando o tema em seus
aspectos fisiopatologicos, terapéuticos e preventivos.

Prevaléncia

Dentre os fatores acima relacionados, o ganho de peso € visto como um preditor
independente para o desenvolvimento da SM, embora nem todos os individuos obesos a
desenvolvam. Por outro lado, certas populacdes com baixa prevaléncia de obesidade
apresentam elevada prevaléncia da SM e um considerdvel aumento da morbi-
mortalidade cardiovascular.'?

Estima-se que a SM acometa 24% da populagdo adulta, dependendo do critério
de diagnostico utilizado. Estudos de prevaléncia em diferentes populacdes, como a
norte-americana, a asiatica e a mexicana, indicam taxas que variam de 12,4% a 28,5%
em homens e de 10,7% a 40,5% em mulheres.”*!>1® Esta variabilidade decorre, em
grande parte, da imprecisdo dos critérios utilizados para o diagndstico.

No Brasil ndo existe um estudo nacional quanto a prevaléncia da SM mas, dados
isolados, indicam que cerca de 38% das mulheres e 18% dos homens adultos

apresentamessasindrome.'>?°Conjuntamente,destaca-se, em, nossopaisoaumentoda



prevaléncia da obesidade, especialmente em criangas em idade escolar, adolescentes e
nos extratos de mais baixa renda. A adog¢ao de estilos de vida relacionados a boa saude,
como uma dieta adequada e a pratica regular de atividade fisica, preferencialmente
desde a infincia, sio componentes bésicosna prevencio da obesidade e daSM.?!

Com esse objetivo, portanto, énfase especial deve ser dada aos aspectos
nutricionais de nossa populacdo. Uma alimentagdo adequada deve permitir a
manutencdo do balango energético e do peso saudavel. A redugdo da ingestdo de
calorias sob a forma de gorduras, principalmente saturadas e trans, e de carboidratos,
incentivando-se o aumento do consumo de frutas, leguminosas, cereais integrais e
hortaligas, ajudam a manutencio do peso corporal adequado.?+2®

Além da ingestdo calérica aumentada, um baixo condicionamento
cardiorrespiratorio, pouca atividade muscular e sedentarismo contribuem para a
obesidade. A prética regular de exercicios fisicos deve ser a meta desejavel para toda a
populagdo, no sentido de se alcancar um padrio satisfatério do peso corporal. 2%-33

Quanto a esses aspectos, deve ser mencionado que todos os itens relacionados
aos habitos compativeis com uma vida saudavel devem ser enfocados em conjunto por
programas especificos de prevengio e manutengio do peso corporal.?!

Nao ha um consenso mundial quanto ao melhor critério para o diagnostico da
SM. Isto ¢ uma constata¢do particularmente importante no que diz respeito aos pontos
de corte dos valores considerados normais nos diversos itens que compdem a SM. Tais
duvidas implicam em grandes dificuldades de diagndstico e tratamento com
repercussdes nas praticas clinicas e nas politicas de saude instituidas.?!

Critério diagnéstico

O critério diagnostico estabelecido na 1 Diretriz Brasileira de Diagnostico e
Tratamento da Sindrome Metabodlica, que adotou na integra o estabelecido pelo
National Cholesterol Education Program's Adult Treatment Panel II1, inclui a presenca
de trés ou mais dos seguintes itens: 1) didmetro de cintura > 102 cm para homens e > 88
cm para mulheres; 2) triglicérides > 150 mg/dl; 3) HDL-colesterol < 40 mg/dl para
homens e < 50 mg/dl para mulheres; 4) PAS > 130 mmHg e PAD > 85 mmHg; 5)
glicemia de jejum > 110 mg/dl e < 126 mg/dl*!. Em recomendagio mais recente da
American Diabetes Association, o diagnostico de glicemia de jejum alterada passa a ser
feito a partir de valores de 100 mg/dl, o que podera influenciar no critério diagnostico
da SM.2'Uma atualizagdo sobre esta questdo foi recentemente publicada pela Sociedade

Brasileira de Diabetes.?



De todos esses componentes da SM, uma grande énfase ¢ dada a circunferéncia
abdominal determinada facilmente pela medida feita no meio da distdncia entre
asrebordas costais direita e esquerda e a crista iliaca.>*>° Este é o indice antropométrico
mais representativo da gordura abdominal, ¢ de aferi¢ao simples e reprodutivel, sendo a
medida recomendada como um dos componentes fundamentais para o diagnostico da
SM.2"22 No entanto, ela ndo permite separar os componentes subcutineo e perivisceral
da gordura abdominal, o que implica em aspectos fisiopatolégicos diferentes como

veremosabaixo.

Pontos de corte

Os pontos de corte do diametro maximo desejavel da cintura abdominal t€ém sido
questionados por nao se adequarem a populagdes de diferentes etnias com bidtipos
diferenciados. Em alguns estudos, valores de 94 cm para homens e de 80 cm para
mulheres tém sido considerados mais apropriados. Desta maneira, recomenda-se a
monitoragdo repetida quando a circunferéncia da cintura estiver entre 94 ¢ 102 cm, para
homens, e entre 80 e 88 cm, para mulheres, pela mais frequente associacdo de valores
superiores de circunferéncia abdominal com fatores de risco para doencas
coronarianas.’!

Como componente fundamental para o aumento da circunferéncia abdominal, a
localizag¢do do deposito de gordura precisa ser melhor considerado. Nos ultimos anos, o
tecido adiposo e sua localizagdo deixaram de ser vistas apenas como sendo um
reservatorio de energia para ser reconhecido como 6rgdo enddcrino com multiplas
funcdes e representando um papel central na génese da resisténcia a insulina (RI). 37

38,113

Fisiopatologia

Os adipocitos sao as unidades celulares mais importantes no tecido adiposo.
Recebem a influéncia de diversos agentes, como a insulina, GH, IGF-1, cortisol e
catecolaminas, e, em resposta, secretam uma grande variedade de substancias que atuam
tanto local como sistemicamente, participando da regulacdo de diversos processos como
a funcdo endotelial, a aterogénese, a sensibilidade a insulina e o balango energético.*”
41,110

A associagdo da adiposidade abdominal com os componentes da sindrome
metabolica esta bem estabelecida. Pacientes com maior grau de resisténcia a insulina
apresentam, via de regra, maior deposi¢io intra-abdominal de gordura*’. H4 uma nitida

correlacdo positiva entre a gordura visceral e a insulinemia, a glicemia dosada 2 horas
3



apos sobrecarga oral de glicose, os niveis séricos de triglicerideos e a pressio arterial.*>-

48

Diversos autores apontam a estreita relagdo existente entre a gordura visceral e a
resisténcia a insulina e o risco cardiovascular elevado e estudos sugerem que a
obesidade visceral também possa contribuir para o desenvolvimento de doenga arterial
coronariana em individuos nio-obesos.*? O risco cardiovascular aumentado pode estar
vinculado ao seu papel regulador endocrino decorrente da produgdo e liberacdo de
varias substancias. Algumas delas, como a leptina, a adiponectina, a resistina, o
angiotensinogénio, a visfatina, a adipsina, a proteina estimuladora da acilagdo (ASP),
inibidor da ativag¢ao do plasminogénio (PAI-1), o fator de necrose tumoral-ct(TNF-a), a
interleucina 6, dentre outras, t€m papel fundamentalno metabolismo e na sensibilidade
tecidual a insulina, 37-341.4

A titulo de maior ilustracdo algumas propriedades de cada uma dessas
substancias serdo comentadas abaixo.

A leptina ¢ produzida por adipécitos diferenciados e age no hipotadlamo, sobre o
nucleo arqueado, ativando populagdes de neurdnios anorexigenos ai localizados, onde
estimula a expressdo de neuropeptideos ligados aos mecanismos de inibi¢do alimentar (
pro-6pio-melano-cortinaf POMC] e o transcrito relacionado a cocaina e anfetamina
[CART], que inibem a ingestdo alimentar e aumentam o gasto energético total, via
inervagdo simpatica) e também age inibindo outros neurdnios orexigenos (que
expressam o neuropeptideo Y [NPY] e a proteina Agouti-relacionada [AgRP]),
suprimindo a ingestdo de alimentos e estimulando o gasto energético. A leptina também
age diretamente nos macréfagos, aumentando a sua agdo fagocitica e sua capacidade de
producdo de citocinas que desempenham um papel relevante na inflamagdo associada a
aterosclerose. 16397

A adiponectina ¢ secretada pela célula adiposa e possui propriedades
sensibilizadoras a acdo da insulina. Também age como potente agente anti-inflamatorio,
inibindo uma série de processos envolvidos no desenvolvimento da aterosclerose. Estes
mecanismos nao estdo totalmente elucidados, mas alguns sdo bem reconhecidos. Dentre
estes, a reducao dos niveis circulantes de acidos graxos livres pelo aumento da oxidacao
de gordura pela musculatura esquelética e o estimulo direto a captacdo de glicose no
musculo e adipdcitos pela ativagio da AMP-kinase (AMPK) 646711530 especialmente
importantes.

A resistina estd relacionada a glicemia e a captagdo de glicose. Quando injetada
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em animais produz um estado de resisténcia a insulina e em humanos com DM2 ocorre

elevacdo de seus niveis plasmaticos. 3¢

A fonte principal de producao do angiotensinogénio ¢ o figado. No entanto, as
células adiposas representam também um importante local de expressdo e producao
desta substancia. O angiotensinogénio esta elevado na obesidade e, como consequéncia,
ha também alta produgdo de angiotensina II, um potente vasoconstrictor que esta
implicado no processo de aterosclerose e na inibi¢do da cascata de ac¢do insulinica. 7%!

OPAI-1 ¢ responsavel pela ativagdo da cascata fibrinolitica. Niveis elevados de
PAI-1 sdo encontrados na SM, o que favorece a formagdo de trombos e agrava o
processo de aterosclerose. />

As chamadas citocinas inflamatorias estdo relacionadas a SM. Dentre estas, o
TNF-oesta elevado na obesidade e no DM2; quando o TNF-aé¢ infundido
experimentalmente em roedores, observa-se intensa resisténcia a insulina, estimulo a
lipolise e ativacdo de varias vias componentes do processo inflamatério.” 7

Além do TNF-qa, a interleucina-6 (IL-6) também ¢ produzida pelos adipocitos e
desempenha um papel fundamental na regulagdo da fungdo da célula B em humanos
com DM2. Os niveis elevados de IL-6 se associam a intolerancia a glicose e a
inflamacdo que pode ser evidenciada pelos niveis também elevados de proteina C
reativa (PCR) no sangue.’®""’

A adipsina e a proteina estimuladora de acilagdo (ASP) sdo liberadas pelos
adipocitos. A ASP aumenta o deposito de lipideos elevando a captagdo de glicose e sua
deposi¢do como triglicérides. Existem aumentos moderados de adipsina e intensos de
ASP na obesidade e no DM2 em humanos. "*7°

A visfatina possui uma a¢do intrigante exercendo uma ag¢do hipoglicemiante
semelhante a da insulina, mas seu papel definitivo ainda permanece alvo de
especulagdes.®’

A participagio do tecido adiposo na SM dependende de sua localizagdo. E
conhecido que os adipocitos situados no compartimento intra-abdominal ou perivisceral
secretam substancias diferentes daqueles posicionados no tecido subcutineo. E,
portanto, a adiposidade intra-abdominal que apresenta maior impacto na deterioragao da
sensibilidade dos tecidos a insulina.** Dessa maneira, na determinagio da gordura
abdominal ¢ preciso diferenciar onde estd localizado o depdsito principal, pois as
consequéncias disso podem serdiferentes.

Na avaliagdo da gordura corporal, a antropometria tem a vantagem de ser de
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facil execucdo e de ndo necessitar de material ou pessoal especializado. Tem, porém, as
desvantagensdeserincapazdediferenciaragorduravisceraldasubcutanea, alémdecontar
com uma variabilidade relativamente elevada na afericdo intra e inter- examinadores.*
A partir da determinagdo do peso e da altura do individuo pode-se calcular o IMC, o
qual ¢ empregado para a classificacao dos diversos graus de obesidade que, em estudos
epidemioldgicos, se associam diretamente ao risco crescente de morbi-mortalidade.
Todavia, o IMC ¢ limitado para determinar qual dos "componentes" corporais (por
exemplo, gordura visceral ou subcutinea) encontra-se aumentado. ** Além disso, alguns
estudos relatam populagdes com baixo IMC mascom alta prevaléncia de SM, o que
limita o uso exclusivo deste indice na classificacdo do risco cardiovascular em
individuosobesos.*!-3-3!

Outro dado antropométrico de interesse ¢ a medida da circunferéncia da cintura
abdominal (CC). Este ¢ o método mais comumente usado na literatura para avaliar a
adiposidade abdominal havendo, como ja vimos, sugestdes de pontos de corte
associados ao maior risco cardiovascular. Todas as propostas de critérios diagnosticos
para a sindrome metabolica levam em consideragdo a obesidade abdominal como um
item importante. Como ja referido, os valores da CC de 88 cm para mulheres e 102 cm
para homens sdo considerados pontos criticos maximos para essa variavel. Na verdade
parece haver uma diferenga racial na relagdo entre distribuicdo de gordura e sindrome
metabolica; afro-descendentes e brancos com a mesma quantidade de gordura
abdominal tém riscos metabolicos diferentes.*?

A partir da CC e da circunferéncia do quadril pode-se calcular a razao cintura-
quadril que faz parte dos critérios diagndsticos para SM propostos pela Organizagdo
Mundial de Saude. Entretanto, esta variavel vem perdendo espaco para a CC que, por se
tratar de uma tUnica medida, esta menos sujeita a variabilidade na mensuragdo e nas
caracteristicas raciais.*?

Com todas estas observagdes, ainda persiste o problema relacionado a ndo
identificacdo do sitio da obesidade abdominal. Neste sentido, na analise dos depositos
de gordura, a tomografia computadorizada do abdome ¢ considerada o "padrao-ouro"
para determinacao da gordura abdominal.

Exames de Imagem

A tomografia computadorizada do abdome permite a diferenciagdo da
adiposidade subcutanea e visceral. As razdes para a tomografia computadorizada ser

considerada o melhor método de imagem para avaliagdo dos componentes corporais
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baseiam-se na sua elevada reprodutibilidade e nos coeficientes de correlagdo superiores
a 0,90.5%54

Assim, a area de gordura visceral mensurada em um tUnico corte tomografico
obtido na altura da cicatriz umbilical (L3-L4 ou L4-L5) mostra-se fortemente
correlacionada ao volume total de gordura visceral, o que justifica o emprego deste
método para o diagnostico da deposicio de gordura. >

A partir destas mensuragoes, torna-se possivel calcular a razdo entre as areas
visceral e subcutanea da gordura abdominal, demonstrando-se a associacdo da razdo >

2 com distarbios do

0,4 ou de uma darea de gordura intra-abdominal > 130 cm
metabolismo glico-lipidico. Entretanto, a necessidade de equipamento sofisticado e
pessoal especializado, seu alto custo e a exposi¢do do individuo a irradiagdo, além de
dificuldades existentes em exames de pacientes muito obesos, limitam seu uso na rotina
clinica e em estudos epidemiolégicos. >

A DEXA (dual energy x-ray absorptiometry), amplamente utilizada na avaliagado
da densidade mineral 6ssea, também ¢ capaz de mensurar a adiposidade corporal total e

regional®*

. Ela ¢ aplicada para medir a gordura de localizagdo abdominal (componentes
subcutaneo e visceral, conjuntamente) e para rastrear pacientes de alto risco
cardiovascular?®. Porém, a exposi¢do a radiacio, necessidade de equipamento e pessoal
especializado também limitam seu uso na prética clinica e em estudos populacionais. >

A ressonancia nuclear magnética também permite estimar a gordura visceral
com boa acuricia entretanto ela estd mais sujeita a artefatos que a tomografia e seu
coeficiente de variacio também é maior>*, além do custo e de outras limitagdes para seu
usorotineiro.

Todos estes fatos justificam a procura e padronizagdo de um método nao
invasivo, de baixo custo e com alta acurécia e reprodutibilidade, com poucas limitagdes
técnicas, que o tornem recomenddvel para andlise de grandes populagdes. Desse modo,
métodos alternativos para a avaliagdo da distribuicao central da gordura vém sendo
sugeridos com o objetivo de tornar mais pratica e ampla a identificacdo de individuos
obesos viscerais, susceptiveis a sindrome metabolica e, portanto, com elevado risco
cardiovascular. 2

Dentre as possibilidades existentes, a ultrassonografia foi recentemente proposta
como alternativa para avaliacdo da adiposidade abdominal diante da boa correlagao
demonstrada com a gordura visceral determinada pela tomografia computadorizada.’’

A imagem ultrassonografica permite visualizar e medir as "distancias" (em cm)
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da gordura abdominal subcutanea e visceral, separadamente.’’>

Apesar de requerer equipamento e pessoal especializados, a semelhanca de
outros métodos, ¢ significativamente menos dispendiosa que a tomografia
computadorizada. Trata-se de um método inocuo, de facil e rapida execugdo, com
boaespecificidade e reprodutibilidade. Estas caracteristicas apontam a ultrassonografia
como uma alternativa potencialmente util no estudo da obesidade abdominal,
permitindo separar os componentes peri-visceral e subcutdneo em pacientes de alto
risco para a SM. 429:60.96

Diante da atual epidemia mundial de SM e do reconhecido impacto para a
morbidade e mortalidade das populagdes especialmente em decorréncia de eventos
cardiovasculares, relacionados a distribuicao central de gordura, ¢ importante o acesso a
métodos praticos, seguros, eficazes e de baixo custo para a identificacdo de individuos

com adiposidade intra-abdominal aumentada.’®!!"” Este diagnostico pode indicar a

necessidade de intervengdes profilaticas ou terapéuticas precoces nestes individuos.

Objetivo

O objetivo do presente estudo ¢ analisar a utilidade da ultrassonografia na
quantificagdo da gordura subcutanea (GSC), visceral (GV) e perirrenal (GPR), em
voluntarios saudaveis e em portadores de SM, correlacionando as medidas obtidas com

as variaveis ligadas ao maior risco de eventos isquémicos cardiovasculares.

e A seguir sdo apresentados os artigos publicados conforme o modelo vigente da pos-graduacao na presente

data.

Artigo 1 - Abdominal Obesity and Association with Atherosclerosis Risk Factors
Artigo 2 - Perirenal Fat and Association With Metabolic Risk Factors
Artigo 3 - Ectopic adiposopathy and association with cardiovascular disease risk factors: The Uberlandia Heart
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OBSERVATIONAL STUDY

Abdominal Obesity and Association With Atherosclerosis
Risk Factors

The Uberlandia Heart Study

Leonardo S. Roever, MHS, Elmiro. S. Resende, PhD, Angélica. L. D. Diniz, PhD, Nilson Penha-Silva,
PhD, Fernando. C. Veloso, MHS, Antonio Casella-Filho, PhD, Paulo .M.M. Dourado, PhD, and Antonio
.C.P. Chagas, PhD

Abstract: Ectopic visceral fat (VF) and subcutaneous fat (SCF) areassociated
with cardiovascular risk factors. Gender differences in the correlations of
cardiovascular disease risk factors and ectopic fat in the Brazilian population
still lacking.

Cross-sectional study with 101 volunteers (50.49% men; mean age
56.5 18, range 19-74 years) drawn from the Uberla’ndia Heart Study
underwent ultrasonography assessment of abdominal visceral adipose
tissue with convex transducer of 3.5 MHz of frequency. The thickness of
VF was ultrasonographically measured by the distance between the inner
face of the abdominal muscle and the posterior face of abdominal aorta, 1
cm above the umbilicus. The SCF thickness was measured with a 7.5
MHz linear transducer transversely positioned 1 cm above the umbilical
scar. The exams were always performed by the same exam-iner. Ectopic
fat volumes were examined in relation to waist circum-ference, blood
pressure, and metabolic risk factors.

The VF was significantly associated with the levels of triglycerides (P <
0.01, r = 0.10), HDL cholesterol (P < 0.005, r = 0.15), total choles-terol (P <
0.01, r = 0.10), waist circumference (P < 0.0001, r = 0.43), systolic blood
pressure (P <0.001, r = 0.41), and diastolic blood pressure
(P<0.001, r=0.32) in women, and with the levels of triglycerides
(P <0.002,r=0,14), HDL cholesterol (P < 0.032, r =0.07), glucose
(P <0.001, r=0.15), alanine aminotransferase (ALT) (P <0.008,
r=0.12), gamma-GT (P <0.001, r=0.30), waist circumference
(P <0.001, r =0.52), systolic blood pressure (P < 0.001, r = 0.32), and diastolic
blood pressure (P < 0.001, r = 0.26) in men. SCF was signifi-cantly associated
with the levels of triglycerides (P < 0.01, r = 0.34), LDL cholesterol (P < 0.001,
r = 0.36), total cholesterol (P < 0.05, r = 0.36), waist circumference (P <
0.0001, r = 0.62), systolic and diastolic blood pressure (P < 0.05, r = 0.34) in
women, and with the waist circumference (P < 0.001, r = 0.065)), and MetS (P
<0.05,r=0.11) in men.

The VF and SCF were correlated with most cardiovascular risk factors
in both genders but our findings support the idea that there are gender
differences in the correlations between ectopic fat deposition and the
cardiovascular risk factors.
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Abbreviations: ALT = alanine aminotransferase, AST asparatate
transaminase, BMI = body mass index, CT = computed tomography, CVD =
cardiovascular disease, GGT = gamma glutamyl transferase, HDL-C = high
density lipoprotein cholesterol, HOMA-IR = Homeostatic Model Assessment
for Insulin Resistance, LDL-C = low density lipoprotein cholesterol, M

= men, MetS = metabolic syndrome, MRI = magnetic resonance
imaging, non-HDL = nonhigh density lipoprotein cholesterol, SCF

= subcutaneous fat, VF = visceral fat, W = women, WC = waist
circumference.

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mor-bidity and

mortality in the world. Ectopic fat is a risk factor for multiple CVD risk factors,

including hypertension, dysli-

pidemia, diabetes, and the metabolic syndrome (MetS). Ll )

particular, the visceral fat (VF) compartment may be a patho-genic fat

depot. VF has been termed an endocrine organ, in part because it
secretes adipocytokines and other vasoactive sub-

stances that can influence the risk of developing metabolic traits.®
-10

Waist circumference (WC) is an imprecise measure of abdominal
adiposity because it is a function of both the subcu-taneous fat (SCF)
and VF compartments,7 Available studies report relations of greater
SAT and VF with a higher prevalence of
impaired fasting glucose, diabetes, insulin resistance, hyperten-sion,
lipids, MetS, inflammation, and risk factor clustering.&] 1-24

The aim of this study was to analyze the association among SCF
and VF and other obesity-related parameters, such as waist
circumference, blood pressure, and metabolic risk factors.

METHODS
Study Sample

This prospective cross-sectional case—control study with 101
volunteers (50.49% men; mean age 56.5 18, range 19-74 years) drawn
from the Uberlandia Heart Study underwent ultrasonography
assessment of abdominal adipose tissue. The study was a random
sample of individuals that required medical service hospital. The study
was approved by the institutional review boards of the Federal
University of Uberla’ndia. All subjects provided written informed
consent. All patients received the first diagnosis of related disorders in
the study, and did not use medications that affected the lipid profile,
blood pressure, and blood glucose. Those with kidney liver or chronic
respiratory failure, as well as subjects with severe apnea, morbid
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obesity, cancer, neurodegenerative diseases, or receiving psy-
chiatric medications were excluded.

Abdominal Adipose Tissue Measurements

The ultrasound examination was performed always by the same
examiner with an equipment Versa-Pro (Siemens, Erlan-gen,
Germany), using the preset for abdominal examination. The
Assessment of abdominal visceral adipose tissue was done with
convex transducer of 3.5 MHz of frequency. The thickness of VF
was ultrasonographically measured by the distance between the inner
face of the abdominal muscle and the posterior face of abdominal
aorta, 1 cm above the umbilicus (Figure 1). The SCF thickness
(Figure 2) was measured with a 7.5 MHz linear transducer
transversely positioned 1 cm above the umbilical scar. During the
ultrasound scan, the examiner took care not to press the transducer in
the abdomen, in order to not underestimate the thickness of the
subcutaneous.

Risk Factor and Covariate Assessment

Risk factors and covariates were measured at the contem-poraneous
examination. Body mass index (BMI), defined as weight (in
kilograms) divided by the square of height (in meters), was measured
at each index examination. WC was measured at the level of the
umbilicus. Abdominal obesity was defined as 80 cm in women and 94
cm in men. Hypertension was defined as systolic blood pressure 130
mmHg, diastolic blood pressure 85 mmHg. Total, high-density
lipoprotein (HDL-C) and low density lipoprotein (LDL-C)
cholesterol, and triglycerides were measured on fasting morning
samples. Non-HDL-C is easily calculated from a lipid profile (non-
HDL-C = total cholesterol minus HDL-C). Diabetes was defined as a
fasting plasma glucose level 126 mg/dL. Impaired fasting glucose was
defined as a fasting plasma glucose level of 100 to 125 mg/dL among
those not treated for diabetes. The main outcome measures were age-
standardized prevalence of the MetS per the harmonized American
Heart Association/National Heart, Lung, and Blood Institute
definition and its component abnormalities. The control group was
considered which did not have cardiovascular risk factors. Patients
after diagnosis needed medication were referred to specialized
treatmen
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FIGURE 1. The thickness of visceral fat.
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FIGURE 2. The thickness of subcutaneous fat

Statistical Analysis

SCF and VF were normally distributed. Sex-specific age-
adjusted Pearson correlation coefficients were used to assess
simple correlations between SCF and VF and metabolic risk
factors. Multivariable linear and logistic regression was used to
assess the significance of covariate-adjusted cross-sectional
relations between continuous and dichotomous metabolic risk
factors and SCF and VF. A P-value 0.05 was considered to
indicate significance. SPSS Version 21 software (SPSS, Chi-cago,
IL) was used.

RESULTS

Baseline Characteristics

Overall, 49 women (W) and 52 men (M) were available for
analysis. The mean age of the study sample was 48 W and 52 M
years, and 48.5% were women (Table 1); 40.2% was
hypertensive, 39.3% had obese, 61.8% abdominal obesity, 32%
hypertriglyceridemia, 33.2% low HDL-C and high LDL-C, 40.2%
high total cholesterol, 33.2% high non-HDL-C, 22.7% mixed
dyslipidemia, 20.2% impaired fasting glucose, and 41.1% had
MetS. Mean visceral and SCF thick-ness were 4.9 and 2.7 cm in
W and 6.8 and 2 cm in M, respectively.
Correlations With VF and SCF

Correlations of VF and SCF with metabolic risk factors are
shown in Table 2. VF was significantly associated with the levels
of triglycerides (P < 0.01, r = 0.10), HDL cholesterol (P < 0.001, r
= 0.15), total cholesterol (P < 0.01, r = 0.10), waist circumference
(P < 0.0001, r = 0.43), systolic blood pres-sure (P < 0.001, r =
0.41), and diastolic blood pressure (P < 0.001, r = 0.32) in
women, and with the levels of trigly-cerides (P < 0.002, r = 0.14),
HDL cholesterol (P < 0.032, r = 0.07), glucose (P < 0.001, r =
0.15), alanine aminotransfer-ase (ALT) (P < 0.008, r = 0.12),
gamma-GT (P < 0.001, r = 0.30), waist circumference (P < 0.001,
r = 0.52), systolic blood pressure (P < 0.001, r = 0.32), and
diastolic blood pres-sure (P < 0.001, r = 0.26) in men.

SCF was significantly associated with the levels of
triglycerides (P <0.01, r=0.34), LDL cholesterol
(P <0.001, r =0.36), total cholesterol (P < 0.05, r = 0.36)

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Study Sample Characteristics

Men (52) Women (49)
Age,y 52 (13) 48 (6.4)
BMI, kg/m’ 25.9 (4.1) 26.3 (3.4)
Overweight (BMI 25 and 30), % 26.9 26.5
Obesity Grade 1 (BMI 30 and 35), % 7.6 18.3
WC, cm 96.2 (11.9) 85.2(10.9)
WC 94 M and W 80 cm, % 55.7 69.3
Triglycerides, mg/dL 167.6 (39-638) 123.8 (44-490)
Hypertriglyceridemia 150 mg/dL, % 40.3 24.4
HDL cholesterol, mg/dL 45.7 (11.7) 52.2(11.2)
HDL 40 M and 50 W (mg/dL), % 34.6 32.6
LDL cholesterol, mg/dL 115 (28.4) 119.7 (39.4)
LDL cholesterol, mg/dL 130% 34.6 326
Total cholesterol, mg/dL 191.3 (38.4) 196.2 (40.3)
Total cholesterol, mg/dL 200% 36.5 44.8
Non-HDL-C, mg/dL 140.6 (35.7) 141.9 (42)
Non-HDL-C, 160 M and 150 W (mg/dL), % 32.6 34.6
Mixed dyslipidemia, % 13.4 32.6
AST, U/L 17.2 (7.8) 12.9 (2.9)
ALT, U/L 40.3 (23.3) 252 (11)
Gamma-GT, U/L 43.7 (34.4) 252 (17.1)
Systolic blood pressure, mmHg 126.4 (15.4) 121.3 (16.8)
Diastolic blood pressure, mmHg 84.8 (9.5) 81.5(9.7)
Hypertension, % 48.7 32.6
Fasting plasma glucose, mg/dL 96.3 (10.8) 90.8 (10.8)
Impaired fasting glucose, % 28.8 12.2
MetS, % 384 448
Postmenopausal, % 36.7
Hormone replacement therapy, % . 35.6
SCF, cm 2(0.8) 2.7 (1)
VF, cm 6.8 (2) 4.9 (1.6)

Data are presented as mean SD when appropriate.

ALT = alanine aminotransferase, AST = asparatate transaminase, BMI = body mass index, GGT = gamma glutamyl transferase, HDL-C = high density

lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, M

men, MetS = metabolic syndrome, non-HDL = nonhigh density lipoprotein

cholesterol, SCF = subcutaneous fat, VF = visceral fat, W = women, WC = waist circumference.

waist circumference (P < 0.0001, r = 0.62), systolic and dias-tolic
blood pressure (P < 0.05, r = 0.34) in woman, and with the waist
circumference (P < 0.001, r = 0.65)), and MetS (P < 0.05, r =
0.11) in men.

Multivariable-Adjusted Regressions With VF, SCF,
and Metabolic Risk Factor Variables

Results of multivariable-adjusted general linear regression
analyses for VF and SCF for both continuous and dichotomous
metabolic risk factors are shown in Table 3. The VF was
significantly associated with the levels of triglycerides
(P<0.01, r=0.12), waist circumference (P <0.0001,

r = 0.13), systolic blood pressure (P < 0.001, r = 0.44), LDL-

C (P<0.01,r=0.17), SBP (P < 0.001, r = 0.42), and DBP (P <
0.001, r = 0.33) in women, and with the levels of trigly-

cerides (P <0,001, r=0.16), HDL cholesterol (P <0.05,
r=0.09), glucose (P<0.001, r=0.15), ALT (P<0.05,

r = 0.13), gamma-GT (P < 0.0001, r = 0.32), waist circumfer-ence
(P < 0.001, r = 0.53), SBP (P < 0.001, r = 0.28), DBP (P <
0.0001, r = 0.34), FPG (P < 0.001, r = 0.02), and MetS (P <
0.001,r=0.11) in men.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.

SCF was significantly associated with waist circumference
(P <0.0001, r = 0.18) in women, and with waist circumference (P
<0.001, r=0.26), SBP (P < 0.05, r = 0.09), and MetS (P < 0.05, r
=0.11) in men.

Sex Interaction

We observed a significant sex interaction, which suggests
that SCF are associated with more adverse risk factor profiles in
women, and VF in men (Table 3).

DISCUSSION

In the Uberlandia Heart Study, thickness measures of both
VF and SCF were correlated with multiple metabolic risk factors,
although risk factor correlations with VF were consist-ently
significantly stronger than those for SCF. VF was more strongly
associated with metabolic risk factors in men than in women after
multivariable-adjusted regressions. SCF was more strongly
associated with metabolic risk factors in women than in men after
correlation.
VF has traditionally been considered the more associated with risk
factors compartment compared with SCF, but data confirming these
relations in women and men have been lacking
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TABLE 2. Sex-Adjusted Pearson Correlation Coefficients Between Metabolic Risk Factors and VF and SCF Thickness

Men Women
VF SCF VF SCF

C MetS C MetS C MetS C MetS
BMI, kg/m2 0.18 0.32 0.11 0.41 0.49% 0 0.39 0.13
WC, cm 0.67% 051z 0.65% 0.32 0.66 0.21 0.62% 0.68"
Triglycerides, mg/dL 0.25 0.01 0.31 0.20 0.25 0.04 0.34Y 0.15
HDL cholesterol, mg/dL 0 0.7 0.30 0.23 0.20 0.02 0.09 0.06
LDL cholesterol, mg/dL 0.24 0.06 0.24 0.013 0.47Y 0.14 0.46Y 0.31
Total cholesterol, mg/dL 0.23 0.21 0.10 0.43 0.29 0.09 0.36 0.23
Non-HDL, mg/dL 0.18 0.1 0.15 0.30 0.10 0.15 0.20 0.16
AST, U/L 0.09 0.07 0.16 0.01 0.06 0.43 0.02 0.03
ALT, U/L 0.10 0.28 0.07 0.15 0.14 0 0.18 0.05
Gamma-GT 0.41 0.49 0.23 0.07 0.11 0.03 0.013 0.02
Systolic blood pressure, mmHg 0.31 0.37 0.01 0.19 0.34 0.05 0.34 0.49
Diastolic blood pressure, mmHg 0.06 0.35 0.35 0.35 0.88% 0.19 0.34 0.37
Fasting plasma glucose, mg/dL 0.23 0.45 0.32 0.23 0.14 0.05 0.14 0.07

0.21

MetS 0.41% 0.11 Y 0

ALT = alanine aminotransferase, AST = asparatate transaminase, BMI = body mass index, C = control, GT = gamma glutamyl transferase, HDL-C = high
density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, MetS = metabolic syndrome, non-HDL = nonhigh density lipoprotein
cholesterol, SCF = subcutaneous fat, VF = visceral fat, WC = waist circumference.

P <0.05.
YP<0.01.

2P <0.001.

TABLE 3. Sex-Specific Multivariable-Adjusted Regressions for VF and SCF With Continuous Metabolic Risk Factors (Top) and
Dichotomous Risk Factors

Men Women
VF SCF VF SCF

C MetS C MetS C MetS C MetS
BMI, kg/m2 0.10 0.13 0.09 0.18 Y 0.18 0.18 0.36
WC, cm 0.53% 0.26 0.7% 0.10 0.44% 0.4 0.18% 0.46"
Triglycerides, mg/dL 0.16" 0 0.01 0.04 0.12Y 0 0.06 0.02
HDL cholesterol, mg/dL 0.09 0 0.04 0.05 0.05 0 0 0
LDL cholesterol, mg/dL 0 0 0 0.01 0.17Y 0.2 0.05 0.09
Total cholesterol, mg/dL 0.03 0.04 0.01 0.19 0.11 0 0.02 0.05
Non-HDL, mg/dL 0.85 0.17 0.15 0.57 0.47 0.55 0.48 0.42
AST, U/L 0.01 0 0 0 0 0.19 0 0
ALT, U/L 0.13 0.08 0.05 0.2 0.05 0 0.02 0
Gamma-GT 0.32% 0.24 0.02 0 0 0 0 0
Systolic blood pressure, mmHg 0.28% 0.13 0.09 0.03 0.42% 0.26 0.02 0.24
Diastolic blood pressure, mmHg 0.34% 0.12 0.06 0.12 0.33Y 0.03 0.02 0.14
Fasting plasma glucose, mg/dL 0.02° 0.21 0.01 0.05 0.08 0 0.01 0
MetS 0.41% 0.11 0.21Y 0.05

ALT = alanine aminotransferase, AST = asparatate transaminase, BMI = body mass index, C = control, GGT = gamma glutamyl transferase, HDL-C = high
density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, MetS = metabolic syndrome, non-HDL = nonhigh density lipoprotein
cholesterol, SCF = subcutaneous fat, VF = visceral fat, WC = waist circumference.

P <0.05.
YP<0.01.

2P <0.001.

4 www.md-journal.com Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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The proposed mechanism for the increased metabolic risk is the
possibility that the metabolically active adipose tissue found in the
visceral region of be become dysfunctional, increasing the secretion
are substances that alter the metabolic profile and produce chronic
inflammation. Several studies have demonstrated that the VF
compartment is metabolically active, secreting such vasoactive
substances as inflammatory markers, adipocytokines, markers of
hemostasis and fibrinolysis and
growth factors which may contribute to its role in cardiometa-

L . . 7,825
bolic risk factor manifestation.

Our results are consistent with these findings character,
community-based sample of men and women in that we show that
all cardiometabolic risk factors examined were more strongly
associated with VF and SCF.

The Dallas Heart Study, which examined metabolic risk
factors relations in 1934 black and white women and men with
VF and SCF as assessed by magnetic resonance imaging (MRI)
are associated positively with prevalence of hypertension, but
only VF ;)rovides significant information above and beyond BMI

and WC.”

Other studies have demonstrated relations between VF and
hypertension.ls’1 ,36-38

Our results show that both VF are associated positively
hypertension, WC and MetS.

In a Japanese study of 973 men who made a computed
tomography (CT) to assess VF, a significant association was
observed with metabolic risk factors. The incidences of com-
ponents of metabolic risk factors were significantly higher among
individuals with a greater increase in VF (P < 0.001). Significant
increases the odds ratio for the incidence of high triglycerides and

low HDL-C were observed among individuals 50 cm? increased

VF.¥

In a study of 607 patients who underwent CT for evaluation of
VE. In both men and women, the VF showed significant positive
correlations with age, BMI, waist circumference, SCF area, VF
area/SCF area (v/s) ratio, systolic blood pressure, blood pressure
diastolic blood sugar fasting (FBS), hemoglobin Alc (HbAlc), high
density lipoprotein cholesterol (HDLC), triglycerides (TG) and
significant negative correlation between the levels of HDLC and
adiponectin. The total cholesterol (TC), low density lipoprotein
(LDLC), non-HDLC not, can they be correlated with VF in men or
women.*’ We also found that both VF and SCF were associated with
triglycerides, WC and MetS in women and men.

In another study of 128 Japanese Americans who were
followed for a period of 10 to 11 years, who confirmed 57 cases
of IGT. IGT significant predictors included VF area (odds ratio
[OR] 1 SD increase of 3.82, 95% CI: 1.63-8.94 in fasting plasma
glucose [g] at 4.5 mmol/L), HOMA-IR (2.41, 1.15— 5.04),
incremental insulin response (IIR) (0.30, 0.13—-0.69 PPG at a level
of 4.5 mmol/L), by the interactions VF and FPG (P < 0.003) and
IIR by FPG (P < 0.03) after adjustment for age, sex, FPG, and
BML' In our study was seen a significant association VF with
impaired glucose tolerance in men with MetS (P < 0.05, r = 0.45).

Impaired fasting glucose and diabetes, multiple prior studies

have demonstrated relations between The VF and pre-diabetic
hyperglycemia and diabetes. Although our results show that VF is
more highly correlated with MetS than is SCF, VF was an
important correlate of the MetS.
Other authors studied 1511 individuals in the MESA (Multi-
Ethnic Study of Atherosclerosis) with adiposity assess-ment by
CT. A total of 253 participants without MetS at initial scan
underwent repeat CT (median interval 3.3 years). Higher

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.

VF was associated with cardiometabolic risk and coronary artery

calcification, regardless of BMI. VF was more strongly associated
with incident MetS than SCF regardless of weight, and was

modestly associated with BML*' The new findings in our study
was the correlation of ectopic fat with non-HDL cholesterol, liver
enzymes, gamma-GT, and Mets.

Strengths and Limitations

This prospective cross-sectional study was limited by its
sample size. Strengths of our study include the use of a
community-based sample with participants not enriched for
adiposity-related traits and high risk for CVD. Routine screen-ing
of metabolic risk factors was performed, and adjustment was
made for several potential confounders. We used the highly
reproducible thickness method of VF and SCF assessment, and
which has a high accuracy and reproducibility as compared MRI
and CT. Not a multicenter study that could allow a generaliz-ation
of the data for other ethnicities.

CONCLUSION

Both VF and SCF are associated with an adverse metabolic
risk but, SCF provides better information in women.
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OBSERVATIONAL STUDY

Perirenal Fat and Association With Metabolic Risk Factors
The Uberlandia Heart Study

Leonardo Roever, MHS, Elmiro S. Resende, PhD, Fernando C. Veloso, MHS, Angelica L.D. Diniz, PhD,
Nilson Penha-Silva, PhD, Antonio Casella-Filho, PhD, Paulo M.M. Dourado, PhD, and Antonio C.P. Chagas,

Abstract: Perirenal fat (PRF) is associated with cardiovascular riskfactors.
Gender differences in the correlations of cardiovascular disease risk factors and
PRF in the Brazilian population are lacking.

Cross-sectional study with 101 (50.49% men; mean age 56.5 18, range 19—
74 years) drawn from the Uberla'ndia Heart Study underwent ultrasonography
assessment of abdominal adipose. For the PRF, a 3.5 MHz transducer was
measured in the middle third of the right kidney, with the transducer positioned
at the axillary midline. The examinations were always performed by the same
examiner. The PRF thickness was examined in relation to waist circumference,
blood pressure, and metabolic risk factors. The PRF was significantly associ-
ated with the levels of gamma-glutamyl transferase (P < 0.05, r = 0.08), fasting
plasma glucose (P < 0.05, r = 0.07), waist circumference (P < 0.05, r = 0.10),
and metabolic syndrome (P < 0.001, r = 0.38) in men, and with the levels of
fasting plasma glucose (P < 0.05) in women.

The PRF was correlated with most cardiovascular risk factors in men
and only in glucose at the women.

(Medicine 94(38):¢1105)

Abbreviations: BMI = body mass index, CVD = cardiovascular disease,
MetS = metabolic syndrome, PRF = perirenal fat, WC = waist
circumference.

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mor-bidity and
mortality in the world. Visceral fat is a risk factor for multiple CVD risk
factors, including hypertension, dyslipidemia, diabetes, and the metabolic
syndrome (MetS). SIha systematic analysis of epidemiological studies
carried out in 199 countries, it was revealed that about 1.46 billion

adults were overweight, and of these 502 million were obese.®
Abdominal obesity is closely associated with hyperten-
sion, insulin resistance, type 2 diabetes, dyslipidemia, abnormal

Editor: Leonardo Gilardi.

Received: April 29, 2015; revised: June 5, 2015; accepted: June 1, 2015.

From the Federal University of Uberla’ndia (LR, ESR, FCV, ALDD,

NPS); Heart Institute (InCor), HCFMUSP, University of Sa™o Paulo

Medical School, Sa“o Paulo (ACF, PMMD, ACPC); and Faculty of

Medicine ABC, Santo Andre’, Brazil (ACPC).

Correspondence: Dr. Leonardo Roever, Department of Clinical Research,
Av Para’, 1720, Bairro Umuarama, Uberla"ndia, CEP: 38400-902, MG,
Brazil (e-mail: leonardoroever@hotmail.com).

This research was supported by the Federal University of Uberla'ndia.

The authors have no conflicts of interest to disclose.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons

Attribution-NonCommercial-NoDerivatives License 4.0, where it is

permissible to download, share and reproduce the work in any medium,

provided it is properly cited. The work cannot be changed in any way or
used commercially.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000001105

Medicine  Volume 94, Number 38, September 2015

PhD

secretion of adipokines, and CVD. Obesity is the central role of
the MetS, which further includes renovascular risk factors such as
endothelial dysfunction, albuminuria, dyslipidemia, hyper-tension,
and glucose disturbances.” ~

The accumulated perirenal fat (PRF) on the kidne}s and

] . . 131

firmly encapsulating them can damage kidney function.

The aim of this study was to analyze the association among PRF
and other obesity-related parameters, such as waist cir-cumference
(WC), blood pressure and metabolic risk factors.

METHODS
Study Sample

Cross-sectional study with 101 volunteers (50.49% men;
mean age 56.5 18, range 19—74 years) drawn from the Uberla“ndia
Heart Study underwent ultrasonography assessment of abdominal
adipose tissue. The study was approved by the institutional review
boards of the Federal University of Uber-la'ndia. All subjects
provided written informed consent.

Abdominal Adipose Tissue Measurements

A Versa Pro (Siemens; Erlangen, Germany) ultrasound equipment
with transducer of 3.5 MHz was used to measure the PRF thickness.
The patient was positioned in dorsal decu-bitus, and the transducer
was positioned at the axillary midline in the longitudinal plain (Fig. 1).
Then the image of the right kidney and perirenal area was observed,
with posterior measurement of the lateral hipoecoic area that matches
to the PRF in millimeters. The examinations were always performed
by the same examiner. Due to method validation in a previous study,
we chose the right PRF. Patients with difficulties in obtaining images
(meteorism, renal parenchymal anomalies) were excluded.

Risk Factor and Covariate Assessment

Risk factors and covariates were measured at the exam-
ination. Body mass index, defined as weight (in kilograms)
divided by the square of height (in meters), was measured at each
index examination. WC was measured at the level of the
umbilicus. Fasting plasma glucose and lipid profile were measured
on fasting morning samples. Diabetes was defined as a fasting
plasma glucose level 126 mg/dL. Impaired fasting glucose was
defined as a fasting plasma glucose level of 100 to 125 mg/dL
among those not treated for diabetes. Hypertension was defined as
systolic blood pressure 135 mm Hg, diastolic blood pressure 85
mm Hg, or on treatment. MetS was defined from modified Adult
Treatment Panel criteria.

Statistical Analysis

PRF was normally distributed. Sex-specific age-adjusted
Pearson correlation coefficients were used to assess simple
correlations between PRF and metabolic risk factors.
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FIGURE 1.The thickness of perirenal fat

Muttivariable finear and [0giStic Tegression was used 10 assess Uwre
significance of covariate-adjusted cross-sectional relations between
continuous and dichotomous metabolic risk factors and PRF. A P

value of 0.05 was considered to indicate significance. SPSS Version
21 software (SPSS, Chicago, IL) was used.

RESULTS

Baseline Characteristics

Overall, 49 women and 52 men were available for analysis.
The mean age of the study sample was 48 for women and 52 for
men, and 48.5% were women (Tables 1-3); 40.2% were
hypertensive, 39.3% had obese, 61.8% abdominal obesity, 32%
hypertriglyceridemia, 33.2% low high-density lipoprotein
cholesterol and high low-density lipoprotein cholesterol, 40.2 %
high total cholesterol, 33.2% high non-high-density lipoprotein
cholesterol, 22.7 % mixed dyslipidemia, 20.2% impaired fast-ing
glucose, and 41.1% had MetS (Figures 2-4). Mean PRF fat
thickness was 0.2 cm in both women and men.

DISCUSSION

In the present study, we found the association of PRF with
the levels of gamma-glutamyl transferase (GT), fasting plasma,

TABLE 1. Study Sample Characteristics

Age
BM], kg/m?
Overweight (BMI 25 and 30), %

Obesity grade 1(BMI 30and 35), %
WC, cm
WC 94 cm man and 80 cm woman, %
Triglycerides, mg/dL
Hypertriglyceridemia 150 mg/dL, %
HDL cholesterol, mg/dL

HDL 40 man and 50 women, mg/dL, %
LDL cholesterol, mg/dL

LDL cholesterol, mg/dL, 130, %
Total cholesterol, mg/dL

Total cholesterol mg/dL 200, %
Non-HDL, mg/dL

Non-HDL 160 men and 150 women, mg/dL, %
Mixed dyslipidemia, %

AST, U/L

ALT, U/L

GGT

Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Hypertension, %

Fasting plasma glucose, mg/dL
Impaired fasting glucose, %
MetS, %

Postmenopausal, %

Hormone replacement therapy, %
PRF, cm

Women (49)
52 (13) 48 (6.4)
259 (4.1) 26.3 (3.4)
26.9 26.5
7.6 18.3
96.2(11.9) 85.2(10.9)
55.7 69.3
167.6(39-638) 123.8(44-490)
40.3 24.4
45.7(11.7) 52.2(11.2)
34.6 32.6
115(28.4) 119.7(39.4)
34.6 32.6
191.3(38.4) 196.2(40.3)
36.5 44.8
140.6(35.7) 141.9(42)
32.6 34.6
13.4 32.6
17.2(7.8) 12.9(2.9)
40.3(23.3) 25.2((11)
43.7(34.4) 25.2(17.1)
126.4(15.4) 121.3(16,8)
84.8(9.5) 81.5(9.7)
48.7 32.6
96.3(10.8) 90.8(10.8)
28.8 12.2
38.4 44.8
36.7
34.6 o
0.2(0.8) 0.27(1)

ALT = alanine aminotransferase, AST = aspartate transaminase, BMI = body mass index, GGT = gamma-glutamyl transferase, HDL-C =
high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, MetS = metabolic syndrome, PRF = perirenal fat, WC = waist

circumference.

2 www.md-journal.com
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TABLE 2. Sex-Adjusted Pearson Correlation Coefficients
between Metabolic Risk Factors and PRF Thickness

PRF

Men Women

Control MetS Control MetS

BMI, kg/m2 0.28 0.13 0.09 0.13
WC, cm 0.05 0.23 0.02 0.013
Triglycerides, mg/dL 0.17 037 032 0.02
HDL cholesterol, mg/dL 04 0.25 0 0,28
LDL cholesterol, mg/dL 0.22 0.41 0.19 0.04
Total cholesterol, mg/dL (z)(? g;g gz; (1)072
I:g‘;}g;i“ mg/dL 012 013 018 009
’ 0.24 0.17 0.08 0.24
ALT, UL 0.18 0.47 0.19 0.45
GGT 0.18 0.23 0.14 0.34
Systolic blood pressure, mm Hg 0.12 0.18 0.28 0.14
Diastolic blood pressure, mm Hg 0.12 0.27 0.6 0.47
Fasting plasma glucose, mg/dL 0.38 0
MetS

ALT = alanine aminotransferase, AST = aspartate transaminase, BMI = body
mass index, GGT = gamma-glutamyl transferase, HDL-C = high-density lipopro-
tein cholesterol, LDL-C = low-density lipoprotein cholesterol, MetS = metabolic
syndrome, PRF = perirenal fat, WC = waist circumference.

P<0.05. P<0.01. P <0.001.

TABLE 3. Sex-Specific Multivariable-Adjusted Regressions for
PRF With Continuous Metabolic Risk Factors (Top) and
Dichotomous Risk Factors

Men Women

Control MetS Control MetS

BMI kg/m” 015 050 044 016
W em 0.10 005 0 0.01
Triglycerides, mg/dL 0 0.14 0.01 0.04
HDL cholesterol, mg/dL 0.01 0.06 0.02 0.08
LDL cholesterol, mg/dL 0.02 017 0 0

Total cholesterol, mg/dL 0.01 0.05 0.03 0

Non-HDL, mg/dL 038 078 017 012
AST, UL 0 0.01 0.01 0

ALT, UL 0.02 0.03 0.01 0.06
Get 0.08 0.22 0.03 0.21
Systolic blood pressure, mm Hg 0.06 0.03 0 0.11
Diastolic blood pressure, mm Hg 0.03 0.05 0 0.02
Fasting plasma glucose, mg/dL MetS 0.07 0.07 0.08 022

0.14 0

ALT = alanine aminotransferase, AST = aspartate transaminase, BMI
= body mass index, GGT = gamma-glutamyl transferase, HDL-C = high
density lipoprotein cholesterol, LDL-C = low density lipopro-tein
cholesterol, MetS = Metabolic syndrome, PRF = perirenal fat, WC =
waist circumference.

P <0.05.
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FIGURE 2. Preyalence (%) in men and women.

WC, and MetS in men, and with the levels of fasting plasma
glucose in women.

The visceral fat accumulation is a major determinant of increased
15,16

risks for cardiovascular and metabolic diseases.

The perirenal ultrasonographic fat thickness measurement
may better reflect the risks commonly associated with increased
visceral fat accumulation and particularly those related to renal
function impairment, microalbuminuria, hypertension, and uri-
cemia. The perirenal adipose tissue has been shown to compress
renal vessels and renal parenchyma, causing elevated renal
interstitial hydrostatic fluid, and reductions in both renal blood
and tubular flow rate.!” 2

Among the mechanisms proposed to explain the associ-
ation between visceral obesity with hypertension, we found an

increase in sodium reabsorption and sympathetic activity in
21-28

obese patients.

In others studies, the renal sinus fat accumulations dis-
places and compresses the renal veins and lymphatic vessels, as
well as compress the ureters causing an increase in hydrostatic
pressure and renal activation of the renin—angiotensin—
aldosterone system causing hypertension resistant insulin, ath-
erosclerosis.”> 2

The thickness of the PRF may indicate individuals who
have an increased atherosclerotic disease development potential.
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FIGURE 3. Risk factors in women
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FIGURE 4. Risk factors in men.

STRENGTHS AND LIMITATIONS
This is not a multicenter study.
Novelty and Significance.
What is new is that the thickness of abdominal fat was

correlated with cardiovascular risk factors in humans. Among the
main factors in the correlation was positive in men with WC,
gamma-GT, fasting plasma glucose, and MetS in men, and with

the

levels of fasting plasma glucose in women. The PRF is

associated with cardiovascular risk factors.

CONCLUSION
The PRF is associated with an adverse metabolic risk
profile.
REFERENCES

1.

Thom T, Haase N, Rosamond W, et al., American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Heart disease
and stroke statistics: 2006 update—a report from the American Heart
Association Statistics Committee and Stroke Statis-tics Subcommittee.
Circulation. 2006;113:e85¢151.

. Fox CS, Evans JC, Larson MG, et al. Temporal trends in coronary heart

disease mortality and sudden cardiac death from 1950 to 1999: the
Framingham Heart Study. Circulation. 2004;110:522-527.

. Hu FB, Stampfer MJ, Manson JE, et al. Trends in the incidence of

coronary heart disease and changes in diet and lifestyle in women. N
Engl J Med. 2000;343:530-537.

. Flegal KM, Carroll MD, Ogden CL, et al. Prevalence and trends in

obesity among US adults, 1999-2000. JAMA. 2002;288:1723-1727.

. Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of overweight and

obesity in the United States, 1999-2004. JAMA. 2006;295: 1549-1555.

. Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and

global trends in body-mass index since 1980: systematic analysis of
health examination surveys and epidemiological studies with 960
country-years and 9.1 million participants. Lancet. 2011;377: 557-567.

. Hall JE, da Silva AA, do Carmo JM, et al. Obesity-induced hypertension:

role of sympathetic nervous system, leptin, and melanocortins. J Biol
Chem. 2010;285:17271.

. Dixon] JB. The effect of obesity on health outcomes. Mol Cell

Endocrinol. 2010;316:104—-108

4 www.md-journal.com

9.

10

20.

21.

—

22.

23.

24.

25.

26.

217.

Wang Y, Beydoun MA, Liang L, et al. Will all Americans become
overweight or obese? Estimating the progression and cost of the US
obesity epidemic. Obesity. 2008;16:2323-2330.

Hayashi T, Boyko EJ, McNeely MJ, et al. Visceral adiposity, not
abdominal subcutaneous fat area, is associated with an increase in future
insulin resistance in Japanese Americans. Diabetes. 2008;57:1269.

. Ohman MK, Shen Y, Obimba CI, et al. Visceral adipose tissue

inflammation accelerates atherosclerosis in apolipoprotein e-deficient
mice. Circulation. 2008;117:798-805.

. Dolinkova M, Dostalova I, Lacinova Z, et al. The endocrine profile of

subcutaneous and visceral adipose tissue of obese patients. Mol Cell
Endocrinol. 2008;291:63-70.

. Lamacchia O, Nicastro V, Camarchio D, et al. Para-and perirenal fat

thickness is an independent predictor of chronic kidney disease, increased
renal resistance index and hyperuricaemia in type-2 diabetic patients.
Nephrol Dial Transplant. 2011;26:892.

. Li Z, Woollard JR, Wang S, et al. Increased glomerular filtration rate in

early metabolic syndrome is associated with renal adiposity and
microvascular  proliferation. Am J Physiol Renal Physiol.
2011;301:F1078-F1087.

. Pou KM, Massaro JM, Hoffmann U, et al. Visceral and subcuta-neous

adipose tissue volumes are cross-sectionally related to markers of
inflammation and oxidative stress. Circulation. 2007;116:1234-1241.

. Karunakaran I, Mohan AR, Jayagaopi S, et al. Association of visceral and

subcutaneous fat with glucose intolerance, insulin resistance,
adipocytokines and inflammatory markers in Asian Indians (CURES-113)
Clin Biochem. 2011;44:281-287.

. Kawasaki S, Aoki K, Hasegawa O, et al. Sonographic evaluation of

visceral fat by measuring para- and perirenal fat. J Clin Ultrasound.
2008;36:129-133.

. Rea DJ, Heimbach JK, Grande JP, et al. Glomerular volume and renal

histology in obese and non-obese living kidney donors. Kidney Int.
2006;70:1636-1641.

. Li Z, Woollard JR, Wang S, et al. Increased glomerular filtration rate in

early metabolic syndrome is associated with renal adiposity and
microvascular  proliferation. Am J Physiol Renal Physiol.
2011;301:F1078-F1087.

Chughtai HL, Morgan TM, Rocco M, et al. Renal sinus fat and poor blood
pressure control in middle-aged and elderly individuals at risk for
cardiovascular events. Hypertension. 2010;56:901-906.

Kaplan NM. The Deadly Quartet. Upper-body obesity, glucose
intolerance, hypertriglyceridemia, and hypertension. Arch Intern Med.
1989;149:1514-1520.

Boyko EJ, Leonetti DL, Bergstrom RW, et al. Visceral adiposity, fasting
plasma insulin, and blood pressure in Japanese-Americans. Diabetes
Care. 1995;18:174.

Kanai H, Matsuzawa Y, Kotani K, et al. Close correlation of intra-
abdominal fat accumulation to hypertension in obese women.
Hypertension. 1990;16:484-490.

Landsberg L. Hyperinsulinemia: possible role in obesity-induced
hypertension. Hypertension. 1992;19:1-61-1-66.

DeFronzo RA. Insulin and renal sodium handling: clinical implica-tions.
Int J Obesity. 1981;5:93—104.

Sironi AM, Pingitore A, Ghione S, et al. Early hypertension is associated
with reduced regional cardiac function, insulin resistance, epicardial, and
visceral fat. Hypertension. 2008;51:282-288.

Filho RF, Faria A, Kohlmann O, et al. Ultrasonography for the evaluation
of visceral fat and cardiovascular risk. Hypertension. 2001;38:713-717

Copyright # 2015 Wolters Kluwer Health, Inc. All rights rf%?rved


http://www.md-journal.com/

Medicine Volume 94, Number 38, September 2015

Perirenal Fat and a Metabolic RiskFactors

31. Chughtai HL, Morgan TM, Michael Rocco M, et al. Renal sinus fat and
poor blood pressure control in middle-aged and elderly individuals at risk for

28. Mathieu P, Poirier P, Pibarot P, et al. Visceral obesity: the link among
inflammation hypertension and cardiovascular disease. Hypertension.
2009;53:577-584.

29. BjorntorpP. Portal adipose tissue as a generator of risk factors for
cardiovascular disease and diabetes. Arteriosclerosis. 1990;10:493-494
30.Bray GA, Gray DS. Treatment of obesity: an overview. Diabetes
Metab. 1988;4:653—679.

cardiovascular events. Hypertension. 2010;56:901-906.

32. Vries APJ, Piero P, Ruan ZX, et al. Fatty kidney: emerging role of ectopic
lipid in obesity-related renal Disease. Lancet Diabetes Endocrinol.
2014;2:417-426.

19



International Journal of Cardiology 190 (2015) 140-142

journal homepage:www.elsevier.com/locate/ijcard

Contents lists available at ScienceDirect

International Journal of Cardiology

CARDIOLOGY

Letter to the editor

Ectopic adiposopathy and association with cardiovascular disease risk factors:

The Uberlandia Heart Study

L.Roever®*, E.S. Resende?® A.L.D. Diniz?® N. Penha-Silva? F.C. Veloso? A. Casella-Filhob, P.M.M.

Dourado®, A.C.P. Chagasb.c

* Federal University of Uberlandia, Brazil

® Heart Institute (InCor), HCFMUSP — University of Sdo Paulo Medical School, Sdo Paulo, Brazil

< Faculty of Medicine ABC, Santo André, Brazil

ARTICLE INFO

Article history:

Received 18 April 2015
Accepted 20 April 2015
Auvailable online 23 April 2015

Keywords:  Ectopic
fat  Cardiometabolic
risk profile
Ultrasonography
Metabolic syndrome

Cardiovascular disease (CVD) is the leading cause of morbidity
and mortality in the world. Ectopic fat is a risk factor for multiple
CVD risk factors, including hypertension, dyslipidemia, diabetes,
and the metabolic syndrome (MetS) [13]. Visceral fat has been
termed an endocrine organ, in part because it secretes adipocytokines
and other vasoactive substances that can influence the risk of
developing metabolic traits [4,5].

This prospective cross-sectional study with 101 volunteers
(50.49% men; mean age 56.5 + 18, range 1974 years) drawn
rom the Uberlandia Heart Study underwent ultrasonography
assessment of abdominal adipose tissue. The study was
approved by the institutional review boards of the Federal
University of Uberlandia. All subjects provided written informed
consent.

The ultrasound exam was performed always by the same
examiner with an equipment Versa-Pro (Siemens; Erlangen,
Germany), using the preset for abdominal exam. The assessment
of abdominal visceral adipose tissue was done with a convex
transducer of 3.5 MHz of frequency. The thickness of visceral fat
was ultrasonographically measured by the distance between the
inner face of the abdominal muscle and the posterior face of the
abdominal aorta, 1 cm above the umbilicus (Fig. 1). The
subcutaneous fat thickness (Fig. 2) was measured with a 7.5 MHz
linear transducer transversely positioned 1 cm above the umbilical
scar.
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Overall, 49 women (W) and 52 men (M) were available for
analysis. The mean age of the study sample was 48 W and 52 M
years, and 48.5% were women (Table 1). Correlations of VF and
SCF with metabolic risk factors are shown in Table 2.

In the Uberlandia Heart Study, thickness US measures of both VF
and SCF were correlated with multiple metabolic risk factors,
although risk factor correlations with VF were consistently
significantly stronger than those for SCF. VF was more strongly
associated with metabolic risk factors in men than in women after
multivariable-adjusted regressions. SCF was more strongly
associated with metabolic risk factors in women than in men after
correlation.

Several studies have demonstrated that the visceral fat
compartment is metabolically active, secreting such vasoactive
substances as inflammatory markers, adipocytokines, markers of
hemostasis and fibrinolysis and growth factors which may contribute
to its role in cardiometabolic risk factor manifestation [6,7].

In the Dallas Heart Study which examined metabolic risk
factors relations in 1934 black and white women and men with
VF and SCF as assessed by MRI are associated positively
with prevalence of
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Fig. 1. The thickness of visceral fat
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hypertension,butonly VFprovidessignificantinformationaboveand
beyondBMIandWC[8 .

InaJapanesestudyof973menwhounderwentcomputedtomogra- 5
phy(CT)toassess VF,asignificantassociationwasobservedwith 5. 28
metabolicriskfactors. Theincidencesofcomponentsofmetabolicrisk B> v ss
factorsweresignificantlyhigheramongindividualswithagreater
increaseinVF(Pb0.001).Significantincreasesintheoddsratiofor
theincidenceofhightriglyceridesandlowHDL-Cwereobserved
amongindividualswith>50cmZincreased VF 9,10].

Inastudyof607patientswhounderwentcomputedtomography
(CT)forevaluationof VF.Inbothmenandwomen,theVFshowedsig- ol
nificantpositivecorrelationswithage,BMI,waistcircumference,sub- g ol
cutaneousfatarea,visceralfatarea/subcutaneousfatarea(v/s)ratio,
systolicbloodpressure,diastolicbloodpressure, fastingblood sugar
Tablel
Studysamplecharacteristics

Men(52) Women(49)
Age,y 52 (13) 48 (6.4) " -
BMI, kg/m2 25.9 (4.1) 263 (3.4) g | zs
Overweight (BMI 225 and 230), % 26.9 26.5
Obesity grade 1 (BMI 230 and 235), % 7.6 18.3
WC, cm 96.2 (11.9) 85.2 (10.9)
WC 294 M andW80 cm, % 55.7 69.3
Triglycerides, mg/dL 167.6 (39-638) 123.8 (44— "
490) 4
Hypertriglyceridemia 2150 mg/dL, % 40.3 244 o
HDL cholesterol, mg/dL 45.7 (11.7) 52.2 (11.2) E 2] -
HDL £40 M and 50 W(mg/dL) % 34.6 32.6 g S sg
LDL cholesterol, mg/dL 115 (28.4) 119.7 -
(39.4) =
LDL cholesterol, 2130 mg/dL, % 34.6 326 2
Total cholesterol, mg/dL 191.3 (38.4) 196.2 ;
(40.3) g
Total cholesterol, 2200 mg/dL, % 36.5 448 é
Non-HDL-C, mg/dL 140.6 (35.7) 141.9 (42) 3
Non-HDL-C, 2160 M and 150 W(mg/dL), % 32.6 34.6 % z ©
Mixed dyslipidemia, % 13.4 32.6 2 5% o] 23
AST, U/L 17.2 (7.8) 12.9 (2.9) g
ALT, U/L 403 (23.3) 252 (11) g
Gamma-GT, U/L L43.7 (34.4) 252 (17.1) ¢
Systolic blood pressure, mm Hg 126.4 (15.4) 121.3 5]
e
(16.8) z
Diastolic blood pressure, mm Hg 84.8 (9.5) 81.5(9.7) 5
Hypertension, % 48.7 32.6 zé’
Fasting plasma glucose, mg/dL 96.3 (10.8) 90.8 (10.8) 2
Impaired fasting glucose, % 28.8 12.2 %
MetS, % 38.4 44.8 §
Postmenopausal, % 36.7 g
Hormone replacement therapy, % 34.6 §
SAT, cm 2(0.8) 2.7 (1) g
VF, cm 6.8 (2) 4.9 (1.6) g )
5 £
~ 3 25
Data are presented as mean + SD when appropriate. M (men) andW(women). 0T E S
57 2z
(=R
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1- Conclusoes

A US abdominal ¢ um método valido e facilmente reprodutivel para avaliagao

da espessura da gordura visceral (GV), subcutanea (GSC) e perirrenal(GPR).

Estas medidas permitem identificar depositos ectdpicos de gordura que estdo associadas ao risco
metabolico adverso. A GSCapresentou correlagdo positiva com a circunferéncia abdominalnas mulheres
e nos homens. Também houve correlagdo positiva com a pressao arterial sistdlica e com a presenca de
sindrome metabolica nos homens. Agordura perirrenal estd associada a um perfil de risco metabolico
adverso e foram encontradas associagdes com os niveis mais elevados de gamma-glutaryl transferase
(xGT), glicemia de jejum,circunferéncia abdominal e maior prevaléncia de sindrome metabdlica em

homens. Nas mulheres encontrou-se niveis mais elevados de glicemia de jejum.
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Termo de Consentimento Livre e Esclarecido (I)

Vocé estd sendo convidado a participar da pesquisa “Gordura visceral,
subcutanea e peri-renal na Sindrome Metabolica: Estudo de Correlacdo com Fatores de
Risco para Aterotrombose Utilizando a Ultra-Sonografia.”, sob a responsabilidade dos
pesquisadores Prof. Dr. Elmiro Santos Resende, mestrando Leonardo Silva Roever
Borges.

Nesta pesquisa procuraremos entender o efeito do exercicio aerdbio versus o de
resisténcia associado ao aerobio sobre os depdsitos de gordura corporal em pacientes
portadores de Sindrome Metabdlica. A pesquisa consistird na realizacdo de avaliagdo da
historia clinica, exame fisico, exames laboratoriais € complementares.

Eu,

concordo em participar desta pesquisa ciente da realizagcdo das avaliagdes (serao
coletados 18,5 ml de sangue), e que a qualquer momento e por qualquer razao posso
interromper minha participag¢ao nessa pesquisa, sem nenhum tipo de represaria. .

Em nenhum momento o participante serd identificado. Os resultados da pesquisa
serdo publicados e ainda assim a sua identidade sera preservada

Fui informado (a) de que as informagdes coletadas a meu respeito ficardo a
disposi¢cdo, caso necessario, das autoridades regulamentadoras, do patrocinador do
estudo ou assistentes, € que as informacdes serdo mantidas em sigilo e se os resultados
forem publicados ndo serei identificado.

O participante ndo terd nenhum Onus e ganho financeiro por participar na
pesquisa.

Em caso de dano pessoal, diretamente causado pelos procedimentos propostos
nesse estudo, o participante terd direito a tratamento médico na instituigao.

Uma copia deste termo livre e esclarecido ficara com o senhor(a).
Qualquer duvida a respeito da pesquisa o senhor (a) podera entrar em contato
com: Pesquisadores: Prof. Dr. Elmiro Santos Rezende, Av. Pard, Fone. 3239-4805,

Leonardo Silva Roever Borges, Fone: 8803-9878. CEP/UFU: 34-3239-4531.

Confirmo, por meio deste, que concordo em participar deste estudo de maneira
plenamente voluntaria.

Assinatura do (a) participante da pesquisa.
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Termo de Consentimento Livre e Esclarecido (IT)

Vocé esta sendo convidado a participar da pesquisa “Avaliagdo da gordura
abdominal através da ultra-sonografia”, sob a responsabilidade dos pesquisadores Prof.
Dr. Elmiro Santos Resende, Prof. Dra. Angélica Lemos Debs Diniz, mestrando
Leonardo Silva Roever Borges.

O participante ird se submeter ao exame (ndo invasivo) de ultra-sonografia
abdominal de rotina, para avaliar a espessura da gordura visceral, sendo que este ¢ um
exame que ira favorecer no diagndstico e acompanhamento das alteracdes metabdlicas,
e tem em média a duracao de cincominutos.

A ultra-sonografia ¢ um exame que nao causa dor e ndo tem riscos a saude. O
participante ficara deitado e passaremos um transdutor no abdome com gel, sendo entdo
realizado o exame de observagao das imagens e obten¢ao das medidas.

Em nenhum momento o participante sera identificado. Os resultados da pesquisa
serdo publicados e ainda assim a sua identidade sera preservada. E a qualquer momento
e por a qualquer razdo posso interromper minha participagdo nessa pesquisa, sem
nenhum tipo derepresaria.

Em caso de dano pessoal, diretamente causado pelos procedimentos propostos
nesse estudo, o participante tera direito a tratamento médico na instituicao.

Fui informado (a) de que as informagdes coletadas a meu respeito ficardo a
disposicdo, caso necessario, das autoridades regulamentadoras (Prof. Dr. Elmiro Santos
Resende, Prof. Dra. Angélica Lemos Debs Diniz, Mestrando Leonardo Roever) e que as
informagdes serdo mantidas em sigilo e se os resultados forem publicados ndo serei
identificado.

O participante ndo terd nenhum 6nus e ganho financeiro por participar na
pesquisa.

Qualquer duvida a respeito da pesquisa o senhor (a) poderd entrar em contato
com: Pesquisadores: Prof. Dr. Elmiro Santos Rezende, Prof. Dra. Angélica Lemos Debs
Diniz, Av. Para, Fone. 3239-4805/3218-2186, Mestrando Leonardo Silva Roever
Borges, fone: 9918-9878. CEP/UFU: 34-3239-4531

Confirmo, por meio deste, que concordo em participar deste estudo de maneira
plenamente voluntaria.

Assinatura do (a) participante da pesquisa
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Avaliacio

Prontuario:
Sexo:oMoF Data:

Subjetiva

Idade:

Tabagismo:

Alcool:

Historia pregressa de hipertensao:
Diabetes:

Doenga arterial coronariana:

Acidente vascular encefélico:

Sindrome dos ovarios policisticos:
Hiperuricemia:

Doenga hepatica gordurosa ndo alcoodlica:
Historia familiar de hipertensdo, diabetes e doenga cardiovascular:
Medicamentos:

Pratica de atividades fisicas:

Modalidade: Freqiiéncia: Duragao: Intensidade:
Obs:

Objetiva
J Circunferéncia Abdominal(cm)
o Pressao arterial de repouso(mmHg)
o Indice de massa corporal (IMC):
o Peso(kg):
o Altura (cm):
Hematdcrito:
Hemoglobina:
TSH:
Triglicérides(mg/dl):
Colesteroltotal:
Fosfatase Alcalina:
LDL(mg/dl):
HDL(mg/dl):
GGT:
TGO:
TGP:
Fibrinogénio:
Cortisol:
Glicemia de Jejum(mg/dl):
Teste de esforgo (Protocolo deBruce):
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Ultra-sonografia:

GSC:
GPR:

Avaliagao

Plano

GV:
GVPR:
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