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RESUMO

INTRODUCAO: Evidéncias suportam uma importante contribuicdo da obesidade
abdominal e da inflamacdo sobre a resisténcia a insulina (RI) e o risco
cardiovascular. A reducdo da massa corporal a partir da modificacdo do estilo de vida
pode diminuir a inflamacéo e a RI, mas estudos nao esclarecem o efeito adicional do
treinamento fisico na melhora desses parametros.

OBJETIVO: Verificar o impacto da reducdo de 5% do peso inicial com ou sem
treinamento fisico sobre o tecido adiposo visceral (TAV), RI, perfil lipidico, funcéo
endotelial e inflamacg&o em individuos obesos.

METODOS: Neste ensaio clinico randomizado, 48 individuos obesos (idade 31,8 + 6
anos, IMC 34,8 + 2,7 kg/m?) reduziram 5% da massa corporal inicial com dieta
isolada (DI) ou acompanhada de treinamento fisico (DI+EXE). Antes e apoOs a
reducdo do peso, foram dosados o colesterol total e fracdes, triglicerideos, glicemia
e insulina para o calculo do HOMA-IR e proteina C-reativa ultrassensivel (PCR-us)
no sangue. A funcdo endotelial foi avaliada pela técnica de dilatagdo mediada pelo
fluxo (DMF), com determinacdo ecografica do diametro arterial e o TAV foi
quantificado pela tomografia computadorizada de abdémen. O treinamento fisico
consistiu de trés sessdes semanais de cicloergometria durante 45 minutos a 70% da
frequéncia cardiaca de reserva.

RESULTADOS: Treze individuos desistiram de participar do estudo antes de atingir
reducdo ponderal. Nos grupos DI (n=18) e DI+EXE (n=17), colesterol total (-15,8 +
4,8 mg/dL e -10,5 + 4,9 mg/dL, respectivamente), triglicerideos (-33,8 + 10 mg/dL e -
39,4 + 10,3 mg/dL, respectivamente), PCR-us (-1,4 + 0,4 mg/L e -0,5 + 0,4 mg/L,
respectivamente), HOMA-IR (-1,38 + 0,37 e -0,95 + 0,14mg/dL respectivamente) e
TAV (-23,6 + 19,4 cm? e -35,4 + 35 cm? respectivamente) diminuiu significativamente
e de forma similar (general linear model).

CONCLUSAOQ: A perda de 5% da massa corporal reduziu a resisténcia a insulina, o
TAV e a inflamacéao, aléem de melhorar alguns parametros do perfil lipidico nos
individuos obesos. A funcdo endotelial ndo foi alterada, e as alteragcbes nos
parametros foram independentes do treinamento fisico.

Palavras-chave: dieta, exercicio, inflamacdo, gordura abdominal, risco

cardiovascular
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ARTIGO 1

RESISTENCIA A INSULINA E DISFUNCAO ENDOTELIAL EM OB ESOS:
IMPACTO DA DIETA E DO TREINAMENTO FiSICO

A ser submetido ao periédico  Arquivos Brasileiros de Cardiologia

Secao “Atualizacao Clinica”
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Resisténcia a insulina e disfuncdo endotelial naob  esidade: impacto da dieta e

do treinamento fisico

Insulin Resistance and Endothelial Dysfunction in O besity: Impact of Diet and

Physical Training

Resisténcia a Insulina, Endotélio e Obesidade
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RESUMO

A obesidade situa-se entre os maiores fatores de risco de doenca arterial
coronaria, ao lado de dislipidemia, hipertenséo, tabagismo e diabetes. O objetivo
deste estudo é revisar o papel da resisténcia a insulina sobre a funcéo endotelial, e 0
impacto da redugdo da massa corporal, por meio da modificacdo do estilo de vida,
sobre o risco cardiovascular. Evidéncias recentes destacam a importancia da
gordura abdominal como o principal fator desencadeante de anormalidades
metabdlicas e suas complicagfes. A producdo excessiva de adipocinas pode induzir
resisténcia a insulina e complicacdes vasculares associadas a obesidade. De uma
forma geral, a funcdo endotelial apresenta melhora significativa em individuos
obesos apods reducdo ponderal. Independente do método utilizado para a perda de
peso, 0s pacientes apresentam melhora na dilatacdo mediada pelo fluxo e na
resisténcia a insulina. O treinamento fisico pode reduzir a obesidade abdominal,
principal responsavel pela resisténcia a insulina e disfuncdo endotelial, mas os
resultados ainda sao inconsistentes. Com isso, novos estudos sado recomendados
para melhor compreensdao sobre os mecanismos envolvidos na relagcdo entre
exercicio e endotélio vascular; de qual seria a intensidade e o volume ideais de

exercicio, entre outras questdes.
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Introducao

A obesidade situa-se entre os maiores fatores de risco de doenca arterial
coronariana (DAC), ao lado de dislipidemia, hipertenséo, tabagismo e diabetes, e a
sua prevaléncia vem crescendo progressivamente . Esta situagdo tem sido
atribuida & mudanga nos habitos alimentares — com aumento do consumo
energeético, principalmente a custa de gordura e acucar — e a reducao consideravel
no gasto energético diario relacionado a atividade fisica ®. O diagnéstico clinico de
obesidade se faz por pontos de corte do indice de Massa Corporal (IMC, em kg/m?)
@4 Um individuo é considerado obeso quando o seu indice de massa atinge ou
supera os 30 kg/m?.

Nos individuos obesos, observa-se resisténcia a insulina (RI),
hiperinsulinemia, alteracdes na atuacdo de enzimas hepéaticas e no metabolismo
lipidico ©®. Estas alteracdes metabdlicas s&o ainda mais notaveis quando a
obesidade é predominantemente abdominal. O mecanismo pelo qual a distribuicéo
central da adiposidade causa RI vem sendo extensamente pesquisado. A
hiperinsulinemia é considerada um fator de risco independente para a doenca
cardiovascular, ja que tem um papel importante no desenvolvimento de outros
fatores associados a risco cardiovascular, como a dislipidemia, a hipertensdo e a

(6-7)

hiperuricemia Alteracbes na funcdo endotelial sdo demonstraveis

precocemente, antes da deteccdo de placa aterosclerdtica ou de manifestacfes
clinicas de aterosclerose. A disfuncdo endotelial estd associada a maioria dos
fatores de risco cardiovascular classicos, que, por sua vez, se associam com RI. Por
esta raz&o, poderia representar o primeiro indicador de dano vascular ®. As relacdes
entre Rl e funcédo endotelial ainda ndo estao totalmente conhecidas.

O objetivo deste estudo foi revisar o papel da RI sobre a funcéo endotelial, e o
impacto da perda de peso sobre a reducgéo do risco cardiovascular. Adicionalmente,
objetivou-se discutir os efeitos independentes do exercicio sobre o risco

cardiovascular durante o processo de reducéo ponderal com dieta.
O papel da resisténcia a insulina na disfungdo endo  telial

Evidéncias epidemioldgicas provenientes de estudos de coorte prospectivos

observacionais apontam que a obesidade constitui importante fator de risco

15
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cardiovascular ®*?. No entanto, alguns individuos com obesidade ndo desenvolvem
anormalidades metabolicas ou eventos cardiovasculares. Dessa forma, a obesidade

ndo pode ser considerada uma condicdo homogénea 2.

Sugere-se que a
distribuicdo da gordura corporal seja determinante sobre o desenvolvimento de
doencas cardiometabolicas relacionadas a obesidade, e o excesso de gordura na
regido abdominal tem sido apontado como um dos motivos desencadeadores
dessas doencas ™. Com isso, a inclusdo de outras medidas antropométricas, como
a circunferéncia abdominal e relacédo cintura-quadril, pode ajudar na determinacéo
de risco cardiovascular em pacientes com obesidade *®, uma vez que o IMC pode
nao ser o parametro mais adequado na pratica clinica por ndo diferenciar a massa
corporal magra da massa de gordura. Desta forma, homens e mulheres que
apresentem circunferéncia abdominal superior a 102 cm e 88 cm, respectivamente,
sdo considerados de alto risco para o desenvolvimento de doengas metabdlicas ©.

Nesta ultima década, evidenciou-se a importancia da gordura abdominal
como um dos maiores fatores de risco para as doencas metabdlicas e suas
complicacdes ®. Neste sentido, a identificacdo da distribuicéo e diferenciacdo desta
gordura, especialmente o tecido adiposo visceral (TAV) e o tecido adiposo
subcutaneo (TASB), é de suma importancia para a descricdo de um conjunto de
anormalidades metabdlicas diabetogénicas, aterogénicas, pro-tromboticas e
inflamatdrias, atualmente reconhecida como a sindrome metabélica *°. Ainda, esta
bem estabelecida a relagéo entre o excesso de TAV e a RI, elevacdo da pressao
arterial, diminuicdo da concentracdo do HDL colesterol (HDL-C) e a elevacao das
triglicérides .

Antigamente considerado apenas um local de armazenamento de gordura, o
tecido adiposo atualmente €& reconhecido como um 6rgdo endocrino, com
participacdo ativa na homeostase energética e outras fungdes fisioldgicas. O tecido
adiposo secreta uma variedade de novas adipocinas que tém sido implicadas no
desenvolvimento da RI e aterosclerose . Dentre estas adipocinas, pode-se citar a
leptina, a resistina e a adiponectina, sendo que esta ultima pode ser a ligacédo entre

obesidade e RI @®,

Outras adipocinas afetam especialmente o sistema
cardiovascular, como o inibidor do ativador de plasminogénio-l (PAI-l) e o
angiotensinogénio. Atribui-se ao PAI-I o papel de principal inibidor fisiolégico da
fibrindlise e envolvimento nos eventos tromboembodlicos, enquanto o

angiotensinogénio esta envolvido no aumento da pressao arterial ).
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Apesar dos estudos apontarem a importancia de diferenciar o tipo de gordura
na regido abdominal, esta diferenciagéo é possivel apenas com sofisticadas técnicas
de imagem, como a tomografia computadorizada ou a ressonancia magneética.
Estudos que utilizaram estas técnicas reunem evidéncias que o TAV € um preditor
independente de infarto do miocardio e da RI em adultos e idosos °??. Por serem
métodos onerosos e pouco aplicaveis na pratica clinica, a circunferéncia abdominal
tem sido amplamente utilizada como marcador de gordura abdominal (TAV e TASB),
e correlaciona-se com o aumento no risco de doencas cardiovasculares ¥

A obesidade abdominal leva a progressao de varios fatores de risco
cardiometabolicos independentes do IMC, através da secrecdo alterada de
adipocinas e exacerbacdo da RI . Alguns desses produtos derivados do tecido
adiposo, tais como acidos graxos livres, fator de necrose tumoral-a (TNF- a) e
interleucina 6 (IL-6) também podem afetar funcéo vascular, além de induzir RI ©¥.
Esses produtos sdo um forte estimulo para a producdo de proteina C-reativa ultra-
sensivel (PCR-us) no figado, um biomarcador plasmatico para inflamacao de baixo
grau que pode ser responsavel pro algumas comorbidades associadas a obesidade.
Devido ao fato de os produtos derivados do tecido adiposo serem medidos através
de técnicas sofisticadas e onerosas, a dosagem de PCR-us no sangue € uma
técnica acessivel de representar a magnitude da inflamacdo como preditor de risco
para DAC ). Com isso, a investigacédo da disfuncdo endotelial e da RI no paciente
obeso € fundamental na prevencdo do diabetes tipo 2 e das doencgas
cardiovasculares.

O aperfeicoamento das imagens arteriais bidimensionais, obtidas por
ultrassonografia de alta resolucdo aliada ao sistema Doppler, permite, de forma
acurada, a analise estrutural e funcional do vaso, com melhor entendimento das
alteracdes hemodinamicas @) Evidéncias crescentes sugerem que a integridade do
endotélio vascular é fundamental na prevencdo da aterosclerose, provavelmente
através da liberacdo de fatores derivados do endotélio, que conferem propriedades
antiproliferativa, antiinflamatéria e antittombéticas, além de vasodilatacdo ¢"2®. A
funcdo endotelial anormal, representada pela reducdo da dilatagdo mediada pelo
fluxo (DMF) é um marcador precoce de doenca cardiovascular e um fator de
progndstico para futuros eventos cardiovasculares %39,

Além das técnicas de imagem, parametros bioquimicos podem auxiliar no

diagnostico da disfuncdo endotelial. Marcadores inflamatérios como a contagem total
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de leucécitos, fibrinogénio, PCR-us e moléculas de adesdo sao atualmente
reconhecidos por serem marcadores de risco cardiovascular na populagcdo em geral
(133 O Fator von Willebrand (FVW) é um polimero sintetizado nas células
endoteliais e nos megacariocitos que tém sido utilizado para verificar a funcéo
endotelial com excelente sensibilidade. Este polimero liga-se ao colageno e a outros
componentes da parede vascular e, portanto, serve de mediador da adesédo das
plaguetas ao subendotélio dos vasos lesados. Em casos de disfuncdo endotelial, a
secrecdo do FVW pode aumentar de duas a 10 vezes ®, e este aumento das
concentragcbes séricas esta associado com uma série de condi¢bes patologicas,
como o diabetes mellitus, hepatopatias, infarto agudo do miocardio, neoplasias
malignas e outras condi¢cdes que cursam com o aumento da proliferacdo endotelial e
dano vascular ¢¥.

Estudos tém demonstrado que a inflamacgé&o participa de todas as etapas da
evolugdo da aterosclerose . Dentre os marcadores inflamatérios envolvidos, a

PCR-us tem sido a mais utilizada ©®

, pois 0s métodos utilizados para a dosagem de
outros marcadores como as citocinas sédo, em geral, inadequados para o uso clinico
rotineiro, além do fato dessas proteinas possuirem uma meia-vida muito curta.
Adicionalmente, a PCR-us € um marcador estavel, com uma meia-vida longa (18 a
20 horas) e cuja dosagem pode ser feita tanto em plasma congelado quanto fresco,

®738) Ridker ® sugere que a

sem a exigéncia de cuidados especiais para coleta
mensuracdo da PCR-us, junto com o perfil lipidico, pode contribuir no
aprimoramento do método para a avaliagdo do risco cardiovascular em individuos

adultos.
Impacto da perda de peso na reducao do risco cardio  vascular

De uma forma geral, a funcdo endotelial apresenta melhora significativa em
individuos obesos ap6és a reducdo ponderal “?. No entanto, os resultados acerca da
associacao entre as mudancas na funcao endotelial com os parametros bioquimicos
e antropométricos ainda sao controversos. Alguns estudos apontam uma melhora na

funcdo endotelial apés a reducdo da massa corporal & 4042

, ja outros nao
encontraram associacado entre as mudancas na funcédo endotelial com a perda de
peso ¥4 Além da funcdo endotelial, a reducdo da massa corporal através da

restricdo calérica pode diminuir marcadores inflamatérios sistémicos “® e melhorar a
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RI “9 Em pacientes com excesso de peso, uma reducédo de 7% do peso inicial
reduziu componentes da sindrome metabdlica, como a pressao arterial sistolica e
niveis plasmaticos de glicose, triglicerideos e HDL-C “". Estes beneficios estdo
relacionados com a reducdo dos niveis de adipocinas no plasma, como a
adiponectina, resultado da reducéo da gordura corporal 2,

Considera-se sucesso no tratamento da obesidade a habilidade de atingir e
manter uma perda de peso, que resulte em efeitos benéficos sobre doencas
associadas, como diabetes tipo 2, hipertenséo e dislipidemia “'%. A orientacéo de
uma perda de peso pequena e sustentada, através de uma dieta planejada
individualmente para criar um déficit de 500 a 1.000 kcal, deveria ser parte
integrante de qualquer programa de perda de peso que objetive diminui¢cdo de 0,5 a
1 kg por semana “®. Qualquer dieta prescrita para reduzir peso deve considerar,
além da quantidade de calorias, as preferéncias alimentares do paciente, o aspecto
financeiro, o estilo de vida e o requerimento energético para a manutencdo da
saude.

A reducdo da massa corporal € um fator importante para a reducdo do risco
cardiovascular, e parece que o tempo é indiferente para promover este beneficio.
Mavri e colaboradores “? encontraram melhora significativa da funcdo endotelial,
resisténcia a insulina e perfil lipidico de um pequeno grupo de obesos apdés uma
semana de restricdo alimentar (1200kcal/dia) e reducdo de 5% na massa corporal.
Estes mesmos individuos foram acompanhados por mais cinco meses, periodo no
gual reduziram mail 8% da sua massa corporal e aumentaram sua DMF. No entanto,
nenhum efeito significativo adicional foi observado nos parametros de perfil lipidico e
Rl ap6s a primeira semana. Com uma populacdo semelhante, Sasaki e
colaboradores “® observaram uma melhora na vasodilatacdo estimulada pela
acetilcolina apds duas semanas de dieta hipocalérica. Com isso, pode-se hipotetizar
que uma modesta perda de peso melhora a fungcéo endotelial em individuos obesos,
e esta alteracédo pode reduzir o risco cardiovascular.

A diminuicdo da ingestéo caldrica diaria de 500 kcal ocasiona uma reducéo do
peso corporal inicial entre 5 a 10%, e uma diminuicdo do IMC entre 2 a 2,9 kg/m? ©%
%2 Outros estudos apontam que, para uma melhora significativa do perfil lipidico e
parametros inflamatoérios, seria necessaria uma restricdo energética de até 1.000
kcal por dia, com reducdo peso inicial entre 7 a 12% “"*¥. Avaliando o impacto da

de duas diferentes intervengdes sobre a DMF em um pequeno grupo de obesos,
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Gokce e colaboradores ®¥ observaram que a cirurgia bariatrica foi mais efetiva do
que a modificagdo do estilo de vida, provavelmente pela maior perda de peso
apresentada pelo grupo que realizou a cirurgia. Em mulheres obesas, a reducdo da
massa corporal através do aconselhamento nutricional de longo prazo (um ano)
reduziu citocinas inflamatérias em niveis observados no grupo de mulheres nao
obesas “®. Também foi observado que a reducdo de adiponectina em individuos
obesos e com RI pode ser parcialmente revertida por meio da reducdo de peso
(53’55).

Com parametros bioquimicos frequentemente utilizados na pratica clinica,
Bobbert e colaboradores *® realizaram um estudo com obesos, que participaram de
um programa de reducdo de peso durante seis meses, através de uma dieta
hipocaldrica. ApGs o periodo de seis meses, os individuos apresentaram reducao
média de 6% na massa corporal, alteracdo benéfica na composicdo corporal
analisada através da bioimpedancia, e um pequeno, mas significativo aumento, nos
niveis de HDL-C. No entanto, ndo foram observadas alteracdes significativas nos
parametros de colesterol total e LDL colesterol (LDL-C), triglicerideos, glicemia e
proteina C-reativa ap0s a perda de peso. Os autores sugerem que a reducdo na
massa corporal foi pequena para produzir alteragfes benéficas nesses parametros.

Uma dieta nutricionalmente balanceada, que promova um déficit energético,
igualmente melhora a funcéo endotelial de individuos ndo obesos ©®. Também ja é
conhecido que uma dieta do tipo Mediterranea, rica em gorduras monoinsaturadas e
antioxidantes, pode melhorar a funcdo endotelial independente da alteracdo da
massa corporal ou da adicdo de exercicios fisicos ©"®®. Outro estudo apontou
prejuizo na funcdo endotelial e aumento em parametros de estresse oxidativo com

9 Em

uma infusdo aguda de lipideos na circulacdo em voluntarios saudaveis
individuos com sindrome metabdlica, intervengbes para modificacdes do estilo de
vida em longo prazo (um ano) ©? e curto prazo (16 semanas) ©* foram eficazes na
reducdo de leptina plasmatica mesmo sem a reducdo esperada na massa de
gordura corporal.

Apesar de ndo haver controvérsia sobre o fato de que balangco energético
negativo causado por redugcdo na ingestdo calorica e a pratica de exercicios fisicos
resulte em diminuicdo da massa corporal, ha muita divergéncia sobre a melhor
maneira de colocar em pratica essas estratégias. Sabe-se que o tratamento dietético

€ mais bem-sucedido quando aliado a aumento no gasto energético e a um pro-
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grama de modificacdo comportamental “**®. Uma recente reviséo sistemética com a
inclusdo de quatro estudos de coorte, verificou que é possivel prevenir o diabetes
tipo 2 com a modificacdo do estilo de vida ©?. Este mesmo estudo aponta as
limitacbes das dietas para a perda de peso sobre a adequacdo de nutrientes
especificos e ressalta a importancia de aliar treinamento fisico com dispéndio
energético semanal de, no minimo 2000 kcal, para a manutengdo da perda de peso.
Ja em uma recente metanalise, que identificou 17 ensaios clinicos randomizados
relevantes em 8084 individuos com intolerancia a glicose, foi verificado que o
namero necessario para tratar, no intuito de prevenir um caso de diabetes pela
modificac&o do estilo de vida, foi 6,4 (IC95% 5,0-8,4) ©3.

Efeitos do exercicio fisico no processo de reducéo ponderal e reducédo
do risco cardiovascular

Sendo a obesidade um fator de risco para DAC, estratégias de reducdo de
peso devem ser implementadas, com orientacfes para modificacéo do estilo de vida
e, se necessario, 0 uso de farmacos deve ser avaliado . Estas estratégias podem
promover a perda de peso de duas formas, basicamente: uma diminuicdo
concomitante da gordura corporal e da massa muscular ou uma reducéo da gordura
corporal com manutencdo da massa magra. O principal fator que determina esta
diferenca na composi¢do corporal com o emagrecimento induzido pela restricdo
calérica ou farmacos é o exercicio fisico “°*?. No entanto, durante um programa de
reducdo de peso, nem sempre € possivel distinguir os efeitos isolados da dieta ou do
exercicio, uma vez que o paciente deve ser orientado a mudar estilo de vida,
aumentando as atividades fisicas diarias.

Exercicios moderados sdo conhecidos como estimuladores da liberacdo de
oxido nitrico (NO), um dos fatores relaxantes derivados do endotélio de maior
importancia, diretamente relacionado & integridade da funcdo endotelial ©+°.
Resultados de estudos tém demonstrado que o treinamento fisico provoca melhora
expressiva na perfusdo miocardica ©®. Entre os componentes envolvidos nessa

(67).

melhora da circulagdo coronariana podem-se citar: a fungdo endotelial a

velocidade de producéo e oxidacéo do NO ©®: a regresséo de lesdes aterosclerética

s 6869 além da reducdo da viscosidade

e a neoformacdo de vasos colaterai
sanguinea e do aumento do tempo de perfuséo diastélica ®®. Embora esteja definido

gue o exercicio fisico produza esses beneficios em individuos com DAC, os
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processos pelos quais as melhoras se estabelecem ainda nédo foram totalmente
esclarecidos. Estudos sugerem que o mecanismo pelo qual o exercicio fisico faz
reduzir a progressdo da aterosclerose e 0 risco de eventos recorrentes esta
relacionado & melhora no tdnus vascular e da funcédo endotelial /%,

A relagdo entre exercicio fisico e prevencdo da DAC vem sendo amplamente
discutida “*". Em individuos obesos, o treinamento pode reduzir a obesidade
abdominal, principal responsavel pela Rl e disfuncdo endotelial ©®®® mas os
resultados ainda sédo inconsistentes. Sujeitos com sindrome metabdlica e
previamente treinados tém concentragdes significativamente mais baixas de PCR-us
em comparagdo com aqueles com baixo nivel de condicionamento ("3 e este efeito
deve-se, provavelmente, ao efeito anti-inflamatério do exercicio. No entanto, outro
estudo mostrou que o treinamento fisico nao alterou significativamente a PCR-us em
individuos nao diabéticos em com RI *). Oberbach e colaboradores > também n&o
encontraram reducao significativa das concentracdes de glicemia e insulina em 20
individuos sem intolerancia a glicose apos quatro semanas de treinamento aerobico.
No entanto, estes autores verificaram alteracdes benéficas no perfil lipidico destes
individuos, com reducgéo dos niveis de LDL-C e PCR-us, e manutengdo dos niveis
de HDL-C.

A melhora nos parametros de gordura abdominal e RI com a realizacdo de
exercicios sdo independentes da melhora na aptidéo fisica. Kim e colaboradores
em um estudo transversal, avaliaram 160 individuos adultos com IMC de 25 kg/m?.
Destes, metade relatou praticar exercicios de forma regular nos dltimos seis meses.
Os autores nado encontraram diferencas significativas na composicdo corporal e
aptidao fisica entre os individuos que realizavam ou nao exercicios regularmente. No
entanto, avaliando a adiposidade abdominal através da tomografia computadorizada,
os individuos que praticavam exercicios fisicos tinham menores valores TAV e TASB
guando comparados aos individuos que néo se exercitavam e, consequentemente,
menores valores de gordura abdominal total. Mesmo com niveis glicémicos em jejum
sem diferenca significativa entre 0os grupos, 0s autores também verificaram que o
grupo gue se exercitava tinha menores valores de insulina plasméatica e hemoglobina
glicada.

Fisher e colaboradores ® avaliaram os efeitos independentes da perda de
peso e do treinamento fisico sobre o TAV e parametros inflamatérios em 126

individuos com excesso de peso. A amostra foi randomizada em trés grupos (dieta
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apenas, dieta mais exercicio aerdbico e dieta mais treino de forga), e as avaliacdes
ocorreram no momento basal e apés os individuos atingirem a meta de reducéo de
peso (IMC< 25 kg/m?). Com a perda de peso, os individuos reduziram o TAV e
parametros inflamatérios, mas o treinamento fisico ndo proporcionou efeitos
adicionais nesta reducdo. Estes achados demonstram a necessidade de investigar
os efeitos adicionais do treinamento fisico sobre a reducdo do risco cardiovascular
durante o processo de perda de peso.

A avaliacdo dos estudos que comparam os efeitos da reducédo ponderal
através da dieta isolada ou associada com exercicio é dificil pelas suas diferencas
metodoldgicas. Fatores como tipo de exercicio, duragéo e intensidade, sédo de dificil
padronizacdo, e podem afetar as respostas metabdlicas e hormonais. Ainda, é
igualmente dificil avaliar a adesédo ao tratamento dietético, e com isso questiona-se
se 0 sucesso da perda de peso ocorre pela restricdo calorica ou pelo aumento do
gasto energético do treinamento. Nao se observa uma nitida diferenca do TAV e da
composi¢cdo corporal com o treinamento fisico, quando comparado a restricdo
alimentar ", e resta a duvida se a melhora da Rl com o exercicio de curta duracdo
se da pelo efeito da perda de peso em si.

O treinamento fisico, de forma ideal, deve incluir todas as aptidfes fisicas
individuais. Tanto o treinamento aerdbico quanto o treinamento de forca séo
importantes na reducdo do risco cardiometabolico, especialmente em individuos
obesos . O treino de forca aumenta a massa magra e eleva a taxa metabdlica
basal, 0 que pode acelerar o processo de perda de peso, enquanto o treino aerdbico
possui impacto positivo sobre o perfil bioquimico, como os lipideos plasmaéticos e a

RI ©2),

O que parece incerto, ainda, sdo os efeitos de diferentes intensidades de

(70)

exercicio na fungdo endotelial Em pacientes com DAC estabilizada, a

vasorreatividade mostrou-se aumentada em niveis elevados de exercicio ('®;
entretanto, diminuiu significativamente no limiar aerobico. Outros estudos também
concluem que niveis moderados de exercicio (proximo ao limiar anaerébico) podem

9 Em

ser considerados terapéuticos e preventivos para pacientes coronarianos
nosso laboratério, Schaun e colaboradores ®” demonstraram que o treinamento
aerobico de baixa intensidade (50% do VO2nax) € suficiente para induzir melhoras na
DMF, porém nédo afeta significativamente a capacidade antioxidante e a funcéo

imune. Independentemente disso, novos estudos sao recomendados para melhor
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entendimento dos mecanismos envolvidos na relacdo entre exercicio e endotélio

vascular.

Perspectivas

Mudancas no estilo de vida que levam a perda de peso sdo capazes de
promover melhorias significativas na Rl e disfuncdo endotelial em individuos com
obesidade. No entanto, os estudos acerca do papel da perda de peso sobre a Rl e a
funcdo endotelial, em humanos, possuem como limitacdo um baixo periodo de
seguimento. Ainda, as diferentes intervencfes dietéticas e intensidades do
treinamento fisico dificultam a comparacdo das respostas metabdlicas. Desta forma,
a comunidade cientifica deve unir esforcos para reforcar a importancia de
financiamento de estudos clinicos sobre esta tematica. Com isso, poderemos
entender melhor a patogénese da RI e disfuncdo endotelial na obesidade, e
esclarecer os efeitos da modificacdo do estilo de vida sobre estas variaveis. As
intervencdes para a promocao da perda de peso devem estar incluidas nas politicas
de saude publica para o combate desta epidemia global, e a necessidade de aliar o
treinamento fisico a restricAo energética deve ser avaliada para maximizar o

beneficio cardiovascular.
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ABSTRACT
BACKGROUND: Evidence supports an important contribution of cabohal obesity and
inflammation on the development of insulin resis&flR) and cardiovascular diseases. The
weight loss in obese individuals can reduce inflaatiom and, consequently, IR, but the role of

training remains unclear.

OBJECTIVE: To evaluate effects of body weight reduction witid avithout exercise over

abdominal fat tissue and IR.

DESIGN: In this randomized clinical trial, 48 obese indvals (age 31.8 6 years, BMI 34.8
+ 2.7 kg/nf) were randomized to either a diet only group (Bi)a diet and exercise group
(DI+EXE). Treatment was maintained until 5% of thitial body weight was lost. At baseline
and upon completion, the following parameters waralyzed: biochemical parameters such
as glycemia and insulin for determination of HOMR;lhigh-sensitivity C-reactive protein
(hs-CRP), and abdominal computed tomography foerdehation for visceral (VAT) and
subcutaneous abdominal tissue (SAT).

RESULTS: Thirteen individuals dropped out before completihg weight loss intervention
and did not repeat the tests. In both DI (n=18) BlEXE (n=17), insulin (-3.53 +.26
pUl/mL and -2.47_+1.3 pUI/mL respectively, p=0.01), HOMA-IR (-1.380t37 and -0.95 +
0.14mg/dL respectively, p=0.01) and VAT (-23,6219,41 cmi and -35,43 +34,96 cm

respectively, p<0.00) decreased significantly, amehs similar (repeated measures ANOVA).

CONCLUSION: In this study 5% weight loss reduces abdominal fat and IR in ebes

individuals, and physical training did not imprasteanges in these parameters.

Key-words: weight loss, diet, physical training, obese, limstesistance.
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INTRODUCTION

Evidence points to an important association of afidal obesity and the development
of metabolic and cardiovascular disea$egavoring the occurrence of hypertension, diabetes
mellitus and clinical atherosclerotic dise&s8, affecting the quality of life. Abdominal fat is
the sum of visceral adipose tissue (VAT) and sulmenus adipose tissue (SAT) in the
abdominal region. VAT holds the highest associatiith the development of cardiovascular

disease, and it is related to insulin resistanRg, @nd secretion of proinflammatory cytokines

©®)

Some of the products derived from adipose tissueh sas free fatty acids, tumor
necrosis factor: (TNF-o) and interleukin-6 (IL-6), are a strong stimules the production of
high sensitive C-reactive protein (hs-CRP) by tlreer| a biomarker for low-grade
inflammation that is associated with some comotigigiof obesity and has been regarded as a
risk predictor for coronary artery disea$® To measure abdominal fat and to estimate
cardiovascular risk, anthropometric techniquesadten used in clinical practice, particularly
the waist circumference (WC) and waist-to-hip raf@/HR). However, they do not
differentiate VAT from SAT. Furthermore, their dital importance seems to be less
significant in obese individual®. Measuring VAT accurately is important in the isettof
obesity if one wishes to detect changes in thisabwdically important tissue. Among the
existing imaging methods, computed tomography ef @ibhdomen is the gold standard for

measuring VAT®.

An intentional reduction of body weight by caloriestriction reduces systemic
inflammatory markers® and improves IRY. In overweight patients, a reduction of 7% of
initial body weight improves systolic blood pressuplasma glucose, and insuftff. Physical

training can also be associated with lower levélgtammation due to its ability to reduce
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abdominal obesity and 1IF¥'*Y). Individuals with the metabolic syndrome that dghly
physically active have a lower concentration ofdRP than their sedentary counterp&rts
Recent studies have explored the behavior of inflatory parameters and IR after physical
training, but the results are still contradict6ty?. Thus, the aim of this study was to compare
the behavior of hs-CRP, insulin resistance and \WAdbese patients who lose weight through

diet therapy alone or combined with physical tragni
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SUBJECTS ANDMETHODS
Design and subjects

This is a randomized clinical trial involving obesdults (body mass index - BMI - 30
to 39.9 kg/m), of both sexes, aged between 22 and 41 yeangppsly sedentary and without
use of drugs. Invitations to volunteers were adsedt in newspapers, radio and TV. Active
smokers, patients with overt hypothyroidism, diaketnellitus, grade Il obesity, arterial
hypertension, anemia, active infection, or cancerenexcluded. The project was approved by

the Ethics Committee, and all participants gavetemiinformed consent.

Procedures
Logistic:

On admission to the study, we assessed anthroponpaitameters, aerobic capacity,
biochemistry, and abdominal fat. A complete foodtdny provided the parameters for the
calculation of individual diets.

After these evaluations, the patients were allatatedomly to receive two different
interventions: dietary counseling for weight redoict(DI) or dietary counseling for weight
reduction accompanied by physical training (DI +EXThe intervention was continued until
the patients had lost 5% of their initial body wsigDuring the follow up, patients had several
outpatient visits where adherence to the diet vaaslked and stimulated.

When the 5% weight loss was reached, the basedgsesaments were repeated.
Intervention:

The diet plan was individually calculated to pravid reduction of between 500 and
1000 kcal \ day energy needs of the subject. Tasgpibed diet was balanced and rich in fiber,

according to current Brazilian guidelines for theatment of obesit{}*. Every two weeks, we
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measured body weight, waist circumference (WC) dntecessary, adjustments were made to
the diet to improve compliance.

The DI group received a standard orientation fghtli informal, physical activity, at
least 3 times a week, aimed at maintaining a hgéifisstyle ™. In the outpatient visits, the
practice of physical activity was always stimulated

The DI + EXE group was enrolled in a training pagr Three times a week, the
participants attended the University gymnasium whbey were supervised while training on

a stationary bicycle, during 45 minutes, at a 708érisity of the heart rate resef&

Measurements:

Aerobic Power

To determine the intensity of exercise, aerobic growas assessed by means of a
protocol in cycle ergometer (Cybex, The Byke, USH)is consisted of a warm-up period of 3
minutes with a load of 25 W, followed by liftingegHoad a further 25 W per minute until
exhaustion. The hart rate was monitored by a hedet monitor (Polar, S810) and oxygen
consumption and carbon dioxide production were oreasusing the CPX-D System (Medical
Graphics - St Paul Minnesota) during the test. Tiximum oxygen consumption was
measured at maximal exercise, defined as the itatml continue exercising despite vigorous
encouragement and confirmed by the respiratory aaxgh ratio> 1.1, heart rate > 95% of
maximum predicted for age and presence of plateggem consumption even with increased
load *®),

Abdominal Fat:

To assess abdominal fat, anthropometric techniqgaed abdominal computed

tomography were used.
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Anthropometric measurements were: body mass, heWlt and hip circumference

(HC), to calculate the WHR.

Height was measured with a fixed stadiometer (Tigrigta, SC, Brasil), with a 1 mm
precision. Body weight was measured, with lightood clothes, on a digital scale (MEA-
03200, Plenna, Brasil). WC was measured with alastie tape measure (Sanny, SP, Brazil),

halfway between the last rib and the iliac creste hutritional status was classified by BMI

17

Computed tomography (Philips Brilliance CT, Clevela USA) was used for
determination of cross-sectional abdominal adigesseie from a single tomographic slice at
L4-L5 level, as described by Seidell et@. To define the VAT (crf), a continuous line was
traced out by an electronic cursor, along the &as@nsversalis, and along the fascia of the
guadratus lumborum muscle, excluding the vertellvally. In the area so defined,
retroperitoneal, mesenteric and omental fat wakidleel. The total abdominal adipose tissue
area (TAT) was measured in a similar way, but oatli over the outer limits of the
tomographic image of the abdominal wal. SAT was calculated by subtracting VAT from

TAT. All exams were carried out by a single, bliddechnician.

Biochemical Measurements:

Venous blood samples were obtained after an overfiast. hs-CRP was determined
by nephelometry (Boehringer, German), plasma gkidnsa glucose-peroxidase, automated
method (Advia, Bayer, USA), plasma insulin by eetremiluminescence (Elecsys, Roche,
EUA) and uric acid by colorimetric enzymatic meth@ddvia, Bayer, USA). IR was
calculated by theHomeostasis Model Assessment index (HOMA-IR), as proposed by
Matthews an collaborator§®: HOMA-IR = fasting insulin gU/ml) X fasting glucose

(mmol/L) / 22,5.
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Statistical Analysis

Statistical analyses were conducted using SPSSWuordows version 19.0. All
variables were examined for their normality in digition by the Kolmogorov-Smirnov test.
Because of nonsymmetrical distributions, HOMA-IRIdrs-CRP were log-transformed for the
statistical analyses. Nevertheless, for the sakelaoity, values are presented in the original
scale. Descriptive statistics were used to iders#gnple characteristics and provide summary
indices of selected measures. Baseline demographiclinical characteristics were compared
using either Student’s t-test or Wilcoxon’s testsdontinuous variables. Categorical variables
were analyzed using the Chi Square test. Changesittomes were analyzed by General
linear model (GLM) for repeated measurements, widasurements at different interventions
as a within-subjects factor. A one-way ANCOVA, ugithe baseline measurements as the
covariates, was conducted to evaluate differeneésden the DI and DI+EXE. Results were

considered significant if P-value was < 0.05.
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RESULTS

Figure 1 shows the flow diagram of patient recruitment samadomization. In total, 48
subjects performed all baseline assessmeh#hle 1 shows the baseline clinical and
biochemical characteristics of the groups aftedoamzation, where it is clear that the groups
were similar in all the variables. After performitige initial assessments, 13 subjects dropped
out (seven — 2 men - from the DI group and six € amn — from the DI+EXE group).
Individuals who dropped out did not differ signdictly from those who completed the study
in their baseline values (p> 0.05 for all varialplester exclusion of dropouts, the groups did
not show statistically significant differences iaskline values (p> 0.05 for all).

The time required for reduction of 5% of initialdyoweight was 79.7 days (63-95) for
the DI group and 65.9 days (55-76) for the DI+EX®up, and this difference was not
statistically significant (p = 0.16).

Table 2 shows the effect of interventions on anthroporoetind biochemical
parameters. After weight reduction, the groups iSantly reduced BMI, WC and WHR,
with no difference between groups. After the weilglsis, there was a significant reduction in
insulin and HOMA , of similar magnitude in both gps. There were no changes in glycemia
and uric acid.

Figure 2 shows the effect of interventions in abdominalefedluated by CT. After 5%
body weight reduction, both groups reduced TATr(fr660.3 +137.1 cm to 608.5 +147.5
cn’ and from 622.8 +128.5 cm to 576.9 +137.2 cm in DI and DI+EXE, respectively,
p<0.00) and VAT (from 136.1 64cnf to 112.5 +54 cnf and from 154.23 60.6 cnf to
118,80 + 55,36 cm in DI and DI+EXE, respectively, p=0.02). This chanwas not
statistically different between groups (p>0.05).ithNer treatment alter significantly the SAT

(p>0.05).
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DISCUSSION

In this study, a 5% reduction in body weight wasoagated with a reduction in visceral
fat, hs-CRP and IR in obese individuals. Previowsliss have shown an improvement in
insulin sensitivity and inflammatory parametershaihis percentage of weight loss in obese
patients undergoing caloric restriction (500 to 8@al/day) without physical training®>°)
However, other studies suggest that a significamrovement in these parameters would
require a reduction of up to 1000 kcal/day by dietaestriction accompanied by increased
energy expenditure through physical training. Thusgyould be possible to reduce the initial
weight between 7 and 12%%?. Our results indicate that, at least in the shamt a modest
weight loss, via a limited caloric restriction, iobur without physical training, is associated
with improvement in inflammatory parameters, VATdamR. In the long run, increasing
energy expenditure may be required.

VAT has greater cardiometabolic impact than S&T*. However, because it has
greater total mass, SAT can contribute to the ioglahip between central adiposity, IR and
cardiovascular diseas®). Few studies have investigated the effects of et exercise on
these tissues, and the impact on cardiovasculareituction. Marques et &” suggest that
VAT areas with values above 100cm 2 increase thle af metabolic complications such as
raised plasma glucose, total cholesterol and higbdopressure. When the VAT area exceeds
150 cm? the risk of developing coronary artery dégeis increases about three f6ld Kim et
al ® measured the abdominal fat of 160 middle-aged &wradults, both eutrophic and
overweighed. The VAT average these adults was_8®&.3+cnf, and men showed higher
values than women. Our patients had baseline VAT4df6%62.1 cnf, suggesting a higher
risk of metabolic complications, corroborated by #Rd elevated hs-CRP. IR and the
accompanying high fasting plasma insulin are fraetjyefound in obese individuals and

appear to be the first signs of the future develepnof type 2 diabeté&* 2®)

45



46

Physical exercise is associated with reduced ceadoular risk, especially in
individuals with diabetes, improving endotheliahétion and inflammatory markefS-%. The
effects of exercise on markers of inflammation rba@ymore pronounced in individuals with
features of the metabolic syndrome if compared whibse without metabolic abnormalities
12 We did not find a significant additional effecf exercise training on markers of
inflammation or IR. In women that lose weight thgh diet, hs-CRP, TNE; and IL-6 are
reduced in a similar fashion in those exercisingar®®. In a randomized clinical trial with
older obese adults, hs-CRP was significantly lodidrethe subjects on diet onf§?. It is
possible that the length of exposure to exercise m@ enough to promote cardiovascular
protection. Alternatively, the acute generatiorfree radicals induced by acute exercise could
have contributed to these findinézé"“). Speculatively, the relatively short time period
between the last exercise session and the finahbmical analyses of the studies could have
contributed to the finding&*>>. The amount of exercise was not enough to elivit t
antioxidant protection of physical trainifd". It is therefore likely that the process of
ischemia-reperfusion of aerobic exercise causeapal rincrease in blood flow (reperfusion)
and the generation of free radic&f

Previous studies suggest that the levels of hs-@Rf? bear an important association
with variations in insulin sensitivity®**>®. In obese but otherwise metabolically healthy
individuals, low levels of hs-CRP may contributetihe favorable glucose profile, even with
increased body adiposifif. Our patients had relatively benign glucose peofiiut somewhat
elevated hs-CRP. This could have had an impachemesults, minimizing effects that could
otherwise be significant in those patients with enevident metabolic disturbances.

In our study, losing weight was associated withrowed insulin levels and HOMA,
but exercise did not contibute additional improvemeOberbach et af*® did not find

significant reductions in glucose and insulin carica&ions in 20 subjects with normal glucose
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tolerance after four weeks of aerobic training. Tianing program adopted by the authors
was shorter than ours and involved a concurremimi@ (aerobic + resistance), while our
protocol was just aerobic. Although further exptama is much needed, such results suggest
that different exercise regimens can bring diffeeffects on these parameters.

The strength of this study was the use of the sa@neentage weight loss goal for all
subjects, in order to evaluate eventual differémtigects of the inclusion of physical training
in the therapeutic regime. If the design were based fixed duration of treatment, the results
in terms of weight loss and body composition chanmgght have been different in the two
groups. Interestingly, the time needed to achidwe 5% goal was not different in the 2
regimens. The use of computer imaging techniquesttie evaluation of abdominal fat
distribution gave the study more power to accuyatdéntify the effect of weight loss in
different types of adipose tissue.

The limitation of this study was the absence ofoatwl group (similar follow up
without weight loss, with or without physical trang). However, it was considered unethical
to treat a group of obese individuals without siating them to lose weight during any given
period of time. With this design, we believe tiitatvas possible to test the hypothesis of a
differential effect of exercise on several paramget8ince the results are negative, one cannot
avoid looking into issues such as sample size amdtion of the interventions. Although the
sample size was initially estimated to allow foeetual differences to be found in the 5%
significance area, a larger sample might have dedifferent findings. This will have to be
clarified in further studies.

In summary, a reduction of 5% of initial body welighsulted in significant decreases
in VAT and TAT in these obese individuals. Additadhy, this weight loss decreased HOMA-
IR and hs-CRP. Physical training did not add anpsueable benefit in as far as the variables

in this study are considered.
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Table 1-Baseline clinical and biochemical characteristicstody group after randomization

Variables DI (n=24) DI+EXE (n=24)
Male (n/%) 8(33.3) 8 (33.3)
Age (years) 31.45.6 32.3 6.4
Body Weight (kg) 95.442.1 99.1 412.0
Height (m) 1.65 .09 1.69 .07
Body Mass Index (kg/f 34.8+2.4 34.7 2.2
Obesity grade | (n/%) 14 (58.3) 13 (54.17)
Waist Circumference (cm) 111.7A47 110.8 6.6
Hip Circumference (cm) 118.98.6 120.9 6.0
Waist-to-hip Ratio 0.84 6.09 0.85 40.08
Uric Acid (mg/dL) 5.2+1.2 5.1+1.4
90.98:8 91.148.9

Fasting glucose (mg/dL)
Insulin (LUI/mL)
HOMA-IR
hs-CRP (mg/L)

Total Adipose Tissue (ch

Visceral Adipose Tissue (én

Subcutaneous Adipose Tissue Em

16.6(14.5-20.9)
3.8(3.1-5.1)
3.8 (2.6-5.8)

646.7 +127.3
136.0.+65.6

510.7 +127.3

14.1(11.4-18.6)
3.2(2.5-4.5)
4.1 (1.4-7.1)
625.6 422.9
148.1 457.9

477.6 126.6

Data are presented in n(%), measdtor median (interquartile range)

HOMA-IR: Homeostasis Model Assessment hs-CRP: bigtsitivity C-reactive protein

P>0.05 for all comparisons
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Table 2 — Anthropometric and biochemical changes wh different interventions

55

DI (n=18) DI+EXE (n=17)
Before After Change Before After Change P P’ P
Body weight (kg) 95.8 43.7 91.5 #14.2 -4.31 40.5 98.7 +13.0 94.0 13.0 -4.66 40.52 0.00 0.64 0.63
Body Index Mass (kg/f 34.7+42.4 33.1+2.6 -1.58 410.17 34.7 2.4 33.12.1 -1.62 +0.17 0.00 0.79 0.79
Waist circumference (cm) 112.08t7 108.3 8.7 -3.42 410.44 1109 7.4 107.0 +7.8 -3.92 10.45 0.00 0.76 0.76
Hip circumference (cm) 120.48:8 117.1 8.6 -3,31 +1,18 120.2 5.1 117.0 4.7 -3.18 2.2 0.00 0.83 0.84
Waist-to-hip ratio 0.83 6.09 0.83 40.09 0.00 40.00 0.86 40.08 0.85+0.07 0.01 40.00 0.06 0.05 0.09
Glycemia (mg/dL) 92.49.2 89.7.49.2 -2.06 +1.78 90.4 9.7 90.4 6.8 -0.64 +1.83 042 040 0.59
Insulin @UI/mL) 17.3(14.7-21.6) 15.4 (7.8-19.6) -3.5326 15.5(11.4-18.7) 13.4(8.8-19.8)  -2.41.30 001 039 056
HOMA 4.1 (3.1-5.6) 3.3 (1.7-4.3) -1.300:37 3.1 (2.5-4.7) 3.2 (2.0-4.4) -0.9941 001 032 053
Uric Acid (mg/dL) 54+1.3 53+1.1 -0.05 +0.13 5.4 4.6 54+1.1 -0.04 +0.14 0.65 0.99 0.95
hs-RCP (mg/L) 3.3 (2.4-6.4) 2.8(1.5-4.8) -1.36.41 3.5 (1.5-5.8) 3.0 (1.1-5.9) -0.49#43 001 013 0.14

Data are presented in measd-or median (interquartile range)

P! for intervention with repeated measures analy§earance

P? for intervention x group with repeated measuresyses of variance

P with analyses of covariance adjusted for basetfieasures

HOMA-IR: Homeostasis Model Assessment; hs-CRP: Bigtsitivity C-reactive protein
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Individuals contacted
(n=378)

(72 patients were assessed for)

(&

eligibility

J

22 dropped out after assessment:
12 did not return call
6 change body weight
4 personal reasons

[ 48 underwent randomization ]

[ 24 were assigned to diet group ] [ 24 were assigned to diet +

56

Six discontinued the trial:
2 abandoned the diet
2 had problems at work
2 did not reach the weight loss goal

exercise group

J

Seven discontinued the trial:
1 arm fracture
1 moved to distan location
3 unable to adhere to training
2 for personal reason

Completed (n=18)

Completed (n=17)

Figure 1 — Flow diagram of patient recruitment aagdomization

56



57

* Total Abdominal Tissue

800 4
700
600
500 4 OBefore
t B After
o
400
300 4
200
100
c T
DI DI+EXE
Visceral Abdominal Tissue
*
250 4 *
200 A
OBefore
150 - DAfter
o
£
o
100
50 -
0 T
DI+EXE
‘Subiulaweols Atdeminal Fat
e

j::

Sarer

Figure 2 — Effect of interventions in abdominal éatluated by computed tomography.
DI: diet group; DI+EXE: diet and exercise group<*.05 for GLM repeated measures.

57



58

ARTIGO 3

DOES PHYSICAL TRAINING ADD ADDITIONAL BENEFIT IN TH E INITIAL

MANAGEMENT OF OBESITY? A RANDOMIZED CLINICAL TRIAL.

A ser submetido para a revista Metabolism — Clinical and Experimental
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ABSTRACT

OBJECTIVE: The aim of this study was to evaluate the effet§% weight loss,
through diet only or diet plus physical trainingy @pid profile, inflammation and
endothelial function in obese individuals.

METHODS: In this randomized clinical trial, 48 obese indials (age 31.8 6 years,
BMI 34.8 +2.7 kg/nf) were randomized to either a diet only group (&) diet and
exercise group (DI+EXE). Treatment was maintainedil (6% of the initial body
weight was lost. At baseline and upon completide following parameters were
analyzed: total cholesterol and fractions, trighyaes, fibrinogen, von Willebrand factor
(vWf) and high sensitive C-reactive protein (hs-GRa&hd arterial endothelial function
(brachial artery flow-mediated vasodilation (FMD)).

RESULTS: Thirteen individuals dropped out before completitige weight loss
intervention and did not repeat the tests. In Wki{n=18) and DI+EXE (n=17), total
cholesterol (-15.83 4.75mg/dL and -10.47 4.89 mg/dL respectively), triglycerides (-
33.8 +10.0mg/dL and -39.4 $0.3mg/dL respectively), and hs-CRP (-1.35mg/Q.41
and -0.45_+0.43mg/L, respectively) decreased significantlygd an a similar fashion
(repeated measures ANOVA). Weight loss did not ekes significantly the fibrinogen
(p=-5.59 +13.23mg/dL and -5.79 #3.61, respectively, for both DI and DI+EXE) and
FMD (0.73 +1.11% and 2.08 $.15%, respectively).

CONCLUSION: A 5% weight loss improves lipid profile and redsigeflammation in
obese individuals. Endothelial function remains hamged. Weight loss has a
significant impact on these cardiovascular riskdexin obese individuals, and this is
independent of physical training.

Keywords: obesity, lipid profile, inflammation, diet, exesei.
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LIST OF ABBREVIATIONS:
BMI: Body index mass
DI: diet only group
DI+EXE: diet and exercise group
EID-NTG: endothelium-independent dilation after awistration of sublingual
nitroglycerin
FMD: flow mediated dilation
HDL-C: HDL cholesterol
hs-CRP: high sensitivity C-reactive protein
LDL-C: LDL cholesterol
vWf: von Willebrand factor
WC: waist circumference

WHR: waist-to-hip ratio
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INTRODUCTION

Obesity is associated with increased cardiovascatabidity and mortality due
to a wide spectrum of prevalent metabolic, inflartanaand fibrinolytic abnormalities
that can accelerate the process of atheroscldfdsiEhe secretion of adipocytokines by
the adipose tissue and consequent insulin resestaray be underlying abnormalities
[2].

Endothelial function may also be altered in thespree of obesity [3].
Endothelial dysfunctiortan bedetected early ithe process of atherosclerotic plaque
formation by examining theability of the endotheliumto respond to both exogenous
and endogenous stimuli [4-5]. Flow-mediated dilat{&MD) of the brachial artery is a
functional marker of endothelial function, recogdz as an early indicator of
cardiovascular risk [6]. The mechanisms involvedhi@ control of endothelial function
are multiple, and may be altered in the event oflisease process. Endothelial
dysfunction increases the vasoconstrictor respopsealjferation and migration of
vascular smooth muscle cells, platelet and leulko@tihesion and expression of
adhesion molecules [6]. This loss of the functiomategrity of endothelium is
associated with risk factors for cardiovascularodisrs such as hypertension and
dyslipidemia [7]. Inflammatory (e.g. high-sensitiviC-reactive protein, hs-CRP) [8,9]
and biochemical parameters (e.g. von Willebrandbfa@Wf) and fibrinogen) [10] are
often altered in the presence of endothelial dysfaon.

Previous clinical trials have shown that weightslean reduce the levels of hs-
CRP [11-12]. Physical fitness is also associatdt lewer levels of hs-CRP, leukocytes
and fibrinogen [13-14]. Since the inflammatory nek are strongly influenced by
body fat, it is possible that lower levels of theswrkers may be an indirect

consequence of the effect of exercise on bodylft [
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The potential role of the contribution of physitaining to the amelioration of
endothelial function during the process of weightuction is still largely under-
evaluated. The aim of this study was to comparettial and biochemical responses

of two strategies for weight loss in obese patients

63



64

METHODS
Design and subjects

This is a randomized clinical trial involving obeadults (body mass index -
BMI - 30 to 39.9 kg/rf), of both sexes, aged between 22 and 41 yearsiopsty
sedentary and without use of drugs. Invitationsvtdunteers were advertised in
newspapers, radio and T¥igure 1 shows the flow of recruitment and randomization
of participants. Active smokers, patients with dvgypothyroidism, diabetes mellitus,
grade Il obesity, arterial hypertension, anemiativa infection, or cancer were
excluded. The project was approved by the locaicEt@ommittee, and all participants

gave written informed consent.

Procedures
Logistics:

On admission to the study, we assessed anthroponpstrameters, aerobic
capacity, biochemistry, and endothelial functioncédmplete food history provided the
parameters for the calculation of individual diets.

After these evaluations, the patients were allatatndomly to receive two
different interventions: dietary counseling for gl reduction (DI), or dietary
counseling for weight reduction accompanied by mastraining (DI + EXE). The
intervention was continued until the patients hast 5% of their initial body weight.
During the follow up, patients had multiple outpeati visits where adherence to the diet
was checked and stimulated.

When the 5% weight loss was reached, the basedgsesaments were repeated.

Intervention:
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The diet plan was individually calculated to pravid reduction from 500 to
1000 kcal / day energy needs of the subject. Thegpibed diet was balanced and rich
in fiber, according to current Brazilian guidelins the treatment of obesity [16].
Every two weeks, we measured body weight, waistuaiference (WC) and, if
necessary, adjustments were made to the diet tuagompliance.

The DI group received a standard orientation fghtli informal, physical
activity, at least 3 times a week, aimed at maimtgl a healthy lifestyle [16]. In the
outpatient visits, the practice of physical actiwitas always stimulated.

The DI + EXE group was enrolled in a training pragr Three times a week,
the participants attended the University gymnaswinere they were supervised while
training on a stationary bicycle, during 45 minutasa 70% intensity of the heart rate

reserve [17].

Measurements

Aerobic power:

To determine the intensity of exercise, aerobic growas assessed with the use
of a protocol in cycle ergometer (Cybex, The BYW&A), which consisted of a warm-
up period of 3 minutes with a load of 25 W, follawby lifting the load at 25 W per
minute until exhaustion. The hart rate was mondodog a heart rate monitor (Polar,
S810) and oxygen consumption and carbon dioxiddymtion were measured using the
CPX-D System (Medical Graphics - St Paul Minnesdia@ing the test. The maximum
oxygen consumption was measured at maximal exerdesi#ned as the inability to
continue exercising despite vigorous encourageraedtconfirmed by the respiratory
exchange ratio> 1.1, heart rate > 95% of maximuedipted for age and presence of

plateau oxygen consumption even with increased [[b8[d
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Anthropometric parameters:

Height was measured with a fixed stadiometer (Tigrigtla, SC, Brasil), with a
1 mm precision. Body weight was measured, withtligdoor clothes, on a digital scale
(MEA-03200, Plenna, Brasil). WC was measured with iaelastic tape measure
(Sanny, SP, Brazil), halfway between the last ril the iliac crest. Hip circumference
was measured to calculate the waist-to-rip ratidtHR®)Y. The nutritional status was

classified by BMI [19].

Endothelial function:

To evaluate endothelium dependent vasodilationy flnediated vasodilation
(FMD) was measured according to international dinds [20], with a high resolution
vascular ultrasound (EnVisor CHD, Philips, BothallA, USA) and a 3-12 MHz
linear-array transducer (L12-3, Philips, Bothel,AWUSA). With the transducer
positioned at 5 cm from the antecubital fossa, ihseline diameter of the brachial
artery was measured at the anterolateral aspehbtofessel. FMD was measured as the
percent change in brachial artery diameter fromelozes after 60 s of reactive
hyperemia (provoked by inflating a cuff at a preestO0 mmHg above the systolic for 5
min and then deflating it rapidly). A midartery patl Doppler signal was obtained to
evaluate basal flow and upon immediate cuff releasd no later than 15 s after cuff
deflation to assess hyperemic flow.

The arterial diameter increases after a 0.4 mgirsgul nitroglycerin spray
(NTG) was used as a measure of endothelium-indgmndasodilation (EID-NTG).
The percent vessel diameter response to the drognetration was used as the

estimate of EID-NTG.
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All the volunteers were instructed not to consunmredpcts that can alter
endothelial function, such as alcohol, caffeine &ty foods, for at least 24 hours
before testing. All images were analyzed by theeshlimded investigator.

Biochemical Measurements

Venous blood samples were obtained during the mgrriours after an
overnight fast. Triglycerides, total cholesterol,DiHcholesterol (HDL-C) and
fibrinogen were determined by automated enzymatithods (Advia, Bayer, USA),
and LDL-cholesterol (LDL-C) was calculated by theeHewald formula [21]. High
sensitivity C-reactive protein (hs-CRP) was deteedi by nephelometry (Boehringer,
Germany), and Von-Willebrand factor (vVWf) was measu by an enzyme-linked

immunosorbent assay.

Statistical Analyses

Statistical analyses were conducted using SPS$8Vindows version 17.0. All
variables were examined for their normality in disition by the Kolmogorov-Smirnov
test. Because of the nonsymmetrical distributidriglycerides and hs-PCR were log
transformed. Nevertheless, for the sake of clakigjues are presented in the original
scale. Descriptive statistics were used to iderdgégnple characteristics and to provide
summary indices of selected measures. Baseline ghaplc and clinical
characteristics were compared using either Stuslenttest or Wilcoxon’s test for
continuous variables. Categorical variables weralyaed using the Chi-square test.
Changes in outcomes were analyzed by General limestel (GLM) for repeated
measurements, with measurements at different ieméions as a within-subjects factor.
A one-way ANCOVA, using the baseline measuremerdstree covariates, was

conducted to evaluate differences between DI aERE. Results were expressed as
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means (SD), median (interquartile range), or nuntbgratients with the characteristic

(%) and were considered statistically significdribhe P-value was < 0.05.
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RESULTS

In total, 48 subjects performed all baseline assents.Table 1 shows the
baseline clinical and laboratory characteristicish® groups after randomization. The
groups were similar in all the variables. After thmtial assessments, 13 subjects
dropped out before completing the study (sevemief - of the DI group, and six — one
man - in the DI+EXE group). Individuals who droppmat did not differ significantly in
their baseline values when compared with those wdrapleted the intervention (p>
0.05 for all). After exclusion of dropouts, the gps still did not show statistically
significant differences in baseline values (p> Gdr=all).

The time required for reduction of 5% of initialdyoweight was 79.7 days (63 -
96) for the DI group and 65.9 days (56 - 76) fa& BN+EXE group (p = 0.16).

Table 2 shows the effect of interventions on anthroporednd biochemical
parameters. After weight reduction, both groupsificantly and similarly reduced
BMI, WC, WHR, total cholesterol, HDL-C, triglycerd and hs-CRP. LDL-C remained
unchanged in both groups.

Table 3 shows the results of interventions on the biockamand ultrasound
parameters of vascular function. There was a sggmf reduction of vWf in the two
groups after weight loss, with no statistical diéiece between groups. However,
plasma fibrinogen, the basal arterial diameter lawith the endothelium dependent and
independent vasodilation remained unchanged dftemeight reduction, and this was

the same for either treatment.
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DISCUSSION

The purpose of this study was to assess a possbieficial, independent effect
of exercise training on vascular function in obeséjects who were still free from
clinical cardiovascular disease, engaged in a weggs treatment. Studies show that
individuals that combine diet and training overra-getermined period of time have
improvements in cardiovascular parameters when eaomop with those who only
undergo diet [22]. However, these studies canmuats the contribution of physical
training, because the weight loss was often magphifiy adding exercise to diet. Thus,
we tried to correct for the confounding effect afiierential weight loss by adopting as
a target a percent loss of the initial weight. Ewveith this precaution, the length of
treatment was similar between the two groups.

Obesity is associated with an increased prevalehcardiovascular disease. A
modest and sustained loss of initial weight (appnaxely 5-7%) is associated with
improvement in clinical indicators of cardiovasautiseases [23]. In the present study,
cardiovascular and metabolic responses to weigthicteon of 5% of initial body
weight were not different with the two strategies.

However, some of our findings, although lackingtisteeal significance, may
point to some avenues to be explored. Muscle &gthas an oxidative potential, and
acute exercise is a physiological stress, causad) telease and metabolic changes with
a concomitant increase in free radicals productiNevertheless, regular, chronic
exposure to exercise (physical training) promotesteof morphological and functional
adaptations that give the body greater capacitggpond to the stress of exercise [24].
Our data suggest that in patients undergoing eserdis-CRP and VWF are less
importantly reduced than in those subjected to aliy. Our study lacks the power to

confirm this impression. This could eventually leated to the relatively short duration
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of training in our sample, or to the sample sizarttrer studies are required to clarify
this issue.

There was a significant reduction of HDL-C with glei loss in both groups.
This contradicts other studies in the literaturg,2b-26], but may have been caused by
the concomitant reduction in total cholesterol. étrstudies have found similar
reduction in HDL-C with a low-carbohydrate diet [&hd the maintenance of HDL-C
levels after one-year intervention for weight I§E8]. Although statistically significant,
the reduction in HDL-C did not reach pathologicalvdls, and both groups still
remained with desirable levels of the lipoprotefi}. [A non-significant reduction in
LDL-C was also observed. The effects of physicaihing over longer periods of time,
and of sustained weight loss on lipid profile h&wéde further explored. The effects of
exercise on plasma lipoproteins are more pronoumeceddividuals with metabolic
syndrome compared with those without metabolic amatities [27]. Although the
results of our study did not show differences witbth interventions, it is well
acknowledged that a physically active lifestyle camtribute to the prevention of
cardiovascular disease and that this may be medigtemprovements in lipid profile
[28].

Previous studies have shown an inverse associbétween hs-CRP levels and
arterial diameter in healthy [29] and hypercholedtamic subjects [30]. The majority of
subjects in our sample, all of them obese, had legéls of hs-CRP. Although without
diagnosed coronary artery disease, 31.2% of thainehdothelial dysfunction (FMD
<8%) [20]. High sensitivity CRP is considered a domarker of low-grade
inflammation in the vessel wall, has a role in thechanism of atherosclerosis, through
the activation and adhesion of monocytes, and itantés to the vulnerability of the

atheromatous plaque (through increased proteoly3id) Trained subjects with the
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metabolic syndrome have lower concentrations o€CR8 compared with those with
low fitness level [28], and this effect may be tethto the anti-inflammatory effect of
exercise.

In general, endothelial function improves signifittg after weight loss in obese
subjects [32]. However, the results on the assoaidietween changes in endothelial
function with anthropometric and biochemical partereare still controversial. Some
studies indicate an improvement in endothelial fimmcafter reduction of body weight
[33-34], while others fail to show vascular bergefitith weight loss [35]. We have
shown a non-statistically significant increase iMD- in the group that performed
exercise training (DI+EXE), suggesting that exercisay promote vascular benefit. The
reduction of vWIf, a biochemical marker of endothklunction, gives further support to
the hypothesis of a beneficial effect of weightslasn vascular function in these
individuals.

The relationships between endothelial function,t died exercise are still
controversial. In a cross-sectional study examirdi@ eutrophic and overweight adult
subjects, half of which reported exercising reduldfim and co-workers [36] found no
significant differences in BMI and percentage béatybetween those who exercised or
not. However, individuals who exercised had lowarels of fibrinogen and hs-CRP
and higher HDL-cholesterol, with no significantfdiience in other plasma lipids and
endothelial function. Mavri et al [32] found a siizant improvement of endothelial
function and lipid profile in a small group of oleepatients after one week of severe
dietary restriction and reduction of 5% in body maafter a further five months follow
up, the subjects lost 8% of their body mass andeased their FMD. However, no
additional effect was observed in the lipid profiliter the first week. In our study, the

lack of change in endothelial function after weidbss could be related to the
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maintenance of LDL-cholesterol levels, since highels of this lipoprotein have been
associated to a reduction in FMD [37].

Our data did not show changes in the endothelidependent vasodilation
after the weight reduction interventions. Thisnsagreement with previous studies [33-
35, 38]. Obese individuals without known cardiowdac disease have endothelial
dysfunction in association with a reduced producid nitric oxide, an endothelium-
dependent metabolite; this low yield may be duentyeased oxidative stress or to
insulin resistance [39]. Though we did not measar&dative stress parameters,
previous studies suggest that weight reduction edsgs oxidative stress in obese
subjects [40].

This study has several limitations. As in sevetlko studies, the dropout rates
in both groups were relatively high, and this lenthe extrapolation of results. The
sample size was small, and we did not have a dogtoup. Therefore, we could not
exclude a seasonal effect of metabolic disordemsthErmore, it was not possible to
predict the length of time that individuals wouleké to reduce body weight to the
desired target. We cannot rule out that the amotietxercise (intensity and duration)
was insufficient to promote beneficial cardiovasecudffects.

In conclusion, our findings indicate that, in obestullts, clinically free from
cardiovascular disease, a 5% reduction of body hteig associated with beneficial
changes on total cholesterol, triglycerides andCRf. Biochemical parameters of
endothelial function (VWF) also improve after weidgbss, but this is not reflected in a
change of FMD. Based on these findings, we couldficn that the non-
pharmacological treatment of obesity (lifestyle i@ and diet) is effective in reducing
inflammation and blood coagulation parameters,iamgioves some parameters of lipid

profile in these patients. At least during thetfirery few months of treatment, weight
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loss seems to be the key variable, and physicadirigaadded little or no beneficial

effect.
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Table 1 - Baseline clinical and laboratory charactestics of study group after randomization

Variables DI (n=24) DI+EXE (n=24)
Male (n/%) 8(33.3) 8(33.3)
Age (years) 31.45.6 32.3 6.4
Body Weight (kg) 95.442.1 99.1 412.0
Height (m) 1.65 .09 1.69 40.07
Body Mass Index (kg/f 34.8+2.4 34.7 2.2
Obesity grade | (n/%) 14 (58.3) 13 (54.17)
Waist Circumference (cm) 111.7H7 110.8 6.6
Hip Circumference (cm) 118.98.6 120.9 6.0
Waist-to-hip Ratio 0.84 6.09 0.85 40.08
Total Cholesterol (mg/dL) 192.435.5 182.2 30.3
HDL Cholesterol (mg/dL) 47.7 9.8 48.0 ¥12.5
LDL Cholesterol (mg/dL) 114.3 28.4 106.4 ®7.4
Triglycerides (mg/dL) 119 (93 —203) 127 (69,5-186)
High-sensitive C-reactive Protein (g/dL) 3.8(2%8) 41 (1,4-7.1)
von Willebrand factor (%) 117.434.4 124.6 41.6
Fibrinogen (mg/dL) 388.0 96.3 376.391.5
Basal diameter of vessel (mm) 3.230+48 3.48 4.53
FMD (%) 10.47 +4.90 8.20 .05
18.37 6.18 16.16 $5.71

EID - TNG (%)

Values are n (%), meanSD or median (interquartile range). DI and DI+E¥i®ups did not differ, P >
0.05 for all comparations. FMD: flow mediated ditat, EID — TNG: endothelium-independent dilation

after administration of sublingual nitroglycerin
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Table 2 — Anthropometric and biochemical changes wh interventions

81

DI (n=18) DI+EXE (n=17)
Before After Change Before After Change P pP P°
Body weight (kg) 95.8 43.7 91.544.2 -4.3140.5 98.7 #13.0 94.0 #13.0 -4.66 40.52 0.00 0.64 0.63
Body Mass Index (kg/f) 34.7+2.4 33.142.6 -1.58 40.17 34.7 2.4 33.12.1 -1.62 40.17 000 079 0.79
Waist circumference (cm) 112.08t7 108.3 8.7 -3.42 10.44 1109+ .4 107.0 +7.8 -3.92 40.45 0.00 0.76 0.76
Hip circumference (cm) 120.48:8 117.1 8.6 -3,31 #1,18 120.2 6.1 117.0 4.7 -3.18 2.2 0.00 0.83 0.84
Waist-to-hip ratio 0.836.09 0.83 #0.09 0.00 +0.00 0.86 .08 0.85 +0.07 0.01 #0.00 0.06 0.05 0.09
Total cholesterol (mg/dL) 191.431.5 175.4137.1 -15.83 #4.75 185.5 8B1.2 175.3 82.6 -10.47 #4.89 0.00 0.40 0.44
HDL cholesterol (mg/dL) 455 7.6 42.149.3 -3.55 +1.60 47.2 416 44.6 +411.2 -2.47 +1.65 0.02 075 064
LDL cholesterol (mg/dL) 115.4 27.2 109.5 9.1 -5.23 #4.13 108.8 29.0 107.8 7.3 -1.67 #4.25 0.27 0.43 0.55
Triglycerides (mg/dL) 122 (94-206) 94 (65-177) 83.10.0 142 (83-202) 104 (67-158) -39.46.3 0.00 081 0.70
hs-RCP (mg/L) 3.3(2.4-6.4) 2.8(1.5-4.8) -1.35.41 35(1.5-5.8) 3.0(1.1-5.9) -0.4943 001 013 0.14

Data are presented in mearsd-or median (interquartile range)
P? for intervention with repeated measures Generzédi Model

P° for intervention x group with repeated measuresdgal Linear Model
P° with analysis of covariance adjusted for basetireasures

hs-CRP: high sensitivity C-reactive protein
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Table 3 — Changes in vascular parameters with inteentions

82

DI (n=18) DI+EXE (n=17)
Before After Change Before After Change P pP p¢
Fibrinogen (mg/dL) 386.2404.8 380.0 £10.2 -5.59 #13.23 377.590.0 372.485.3 -5.79 #13.61 0.56 0.95 0.99
Von Willebrand factor (%) 120.837.0 103.5 ®9.2 -17.63 4.77 124.1 89.4 119.4#41.0 -4.27 #4.91 0.01 0.10 0.06
Basal diameter of artery (mm) 3.210#46 3.1540.42 -0.07 3.51 8.63 3.34 40.55 -0.74 0.07 0.64 0.88
FMD (%) 9.9 +3.4 10.1 5.8 0.73 +1.11 8.143.6 10.7 43.6 2.08 +1.15 010 017 041
EID - TNG (%) 18.24%.5 19.4 6.7 1.7 +1.21 15.9 3.9 17.6 4.2 1.06 +1.25 0.14 0.83 0.72

P? for intervention with repeated measures Generadai Model

P° for intervention x group with repeated measuresd®a Linear model

P° with analyses of covariance adjusted for basetirasures

FMD: Flow mediated dilation measured by vascul&nrasbund

EID-TNG: Endothelium-independent dilation after adistration of sublingual nitroglycerin (NTG) spray
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Individuals contacted
(n=378)

72 patients assessed for
eligibility

22 dropouts after initial assessment: h
12 did not return call
6 change body weight

4 personal reasons )

[ 48 underwent randomization ]

24 assigned to diet group 24 assigned to diet + exercise
group
Six left the trial: Seven left the trial:
2 abandoned the diet 1 arm fracture
2 had problems at work 1 moved to distant location
2 did not reach the weight loss goal 3 unable to adhere to training
2 for personal reasons
Completed (n=18) Completed (n=17)

Figure 1 — Flow diagram of patient recruitment azadomization
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CONSIDERAGCOES FINAIS E PERSPECTIVAS

Os dados desta tese permitem concluir que uma perda de peso modesta
(5% do peso inicial) através da dietoterapia isolada ou adicionada a treinamento
fisico diminui a gordura abdominal e a RI, além de melhorar alguns parametros
do perfil lipidico em individuos obesos. Ndo foram observadas alteracdes
significativas na fungdo vascular apdés a reducdo de peso com as diferentes
estratégias, exceto nos valores do FVW. O treinamento fisico ndo agregou
beneficios nas modificagdes dos parametros basais quando comparado ao

grupo que realizou apenas dieta.

Os mecanismos fisiolégicos que sustentam estes achados se relacionam
com a inflamacgéo de baixo grau observada em individuos obesos. Estudos tém
demonstrado que a inflamacgéo participa de todas as etapas da evolucdo da RI
e aterosclerose. O tecido adiposo abdominal tem sido considerado um preditor
de elevadas concentragfes de PCR-us, devido a significativa expressao desta
proteina nos depositos de gordura abdominal, visceral e subcutaneo. Ainda, a
hiperinsulinemia é considerada um fator de risco independente para a doenca
cardiovascular, ja que tem um papel importante no desenvolvimento de outros
componentes da sindrome metabdlica, como a dislipidemia, a hipertenséo e a

hiperuricemia.

Apesar de ndo haver controvérsia sobre o fato de que balango energético
negativo causado por redugdo na ingestao caldrica e a pratica de exercicios
fisicos resulte em diminuicdo da massa corporal, ha muita divergéncia sobre a
melhor maneira de colocar em pratica essas estratégias. Sabe-se que o
tratamento dietético € mais bem-sucedido quando aliado a aumento no gasto
energético e a um programa de modificagdo comportamental. No entanto,
durante um programa de reducéo de peso, nem sempre € possivel distinguir os
efeitos isolados da dieta ou do exercicio, uma vez que o paciente deve ser

orientado a mudar estilo de vida, aumentando as atividades fisicas diarias.
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Devido ao fato de n&o ter sido observado diferenca entre os tipos de
tratamento, pode-se hipotetizar que, em um primeiro momento do tratamento da
obesidade, a reducdo da massa corporal pode ser mais efetiva na prevencao

das complica¢bes metabdlicas do que o treinamento fisico.

Como outros ensaios clinicos, as limitacbes deste estudo merecem ser
levadas em consideracdo. O pequeno tamanho amostral ndo nos permite a
extrapolacdo dos resultados. Estudos clinicos com a utilizacdo de exames
potencialmente danosos a saude do paciente, mesmo com baixo risco, como no
caso desta tomografia computadorizada que utiliza apenas um corte, devem ser
criteriosamente planejados em relacdo aos seus participantes. Sempre que
possivel, o menor niumero de individuos arrolados nestes estudos garantem a
seguranga clinica do protocolo de estudo e reduzem as chances de efeitos
adversos. O uso da tomografia computadorizada na pratica clinica € limitado
pelo alto custo e pela complexidade. Para avaliar a composicdo corporal na
clinica diaria, as variaveis antropométricas sdo satisfatérias. Desta forma, a
tomografia computadorizada para avaliar gordura abdominal tem seu uso

restrito a pesquisa, dentro de estritos critérios de seguranca.

Outra limitacéo do presente estudo € a auséncia de um grupo controle. A
decisao de néo incluir este grupo foi tomada a partir da premissa de que néao
seria correto ndo oferecer tratamento aos individuos com intencéo de reduzir a
massa corporal. Sendo a obesidade um fator de risco independente para
doenca arterial coronariana, estratégias de reducdo de peso devem ser
incentivadas, com orientacdes para modificacdo do estilo de vida. Desta forma,
seria questionavel propor a manutencdo da massa corporal nos individuos do

grupo controle durante o seguimento.

A avaliacdo dos estudos que comparam os efeitos da reducdo ponderal
através da dieta isolada ou associada com exercicio é dificil em funcdo das

diferentes abordagens metodologicas. Fatores como o tipo de exercicio, a
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duracdo e a intensidade, sdo de dificil padronizacdo, e podem afetar as
respostas metabdlicas e hormonais. Ainda, é igualmente dificil avaliar a adeséo
ao tratamento dietético, e com isso questiona-se se 0 sucesso da perda de
peso ocorre pela restricdo calérica ou pelo aumento do gasto energético do
treinamento. No entanto, as intervencdes para a promocéo da perda de peso
devem ser estimuladas para o combate desta epidemia global, e a necessidade
de aliar o treinamento fisico a restricAo energética deve ser avaliada para

maximizar o beneficio cardiovascular.

Como perspectivas futuras a estudos clinicos, o aumento do tempo de
seguimento destes pacientes poderia esclarecer aspectos que ficaram obscuros
no presente estudo. Provavelmente a duracdo do treinamento foi insuficiente
para promover as alteracdes vasculares ja amplamente descritas na literatura e
ndo encontradas neste estudo. A alteracdo do marcador bioquimico FVW indica
esta possibilidade, uma vez que é considerado um marcador precoce de
disfuncdo endotelial. Ainda, aumentando a magnitude da perda de peso,
provavelmente seria possivel observar alteragdes na glicemia destes pacientes,
e ndo apenas na insulinemia e no HOMA-IR. Desta forma, periodos de tempo
mais longos, que proporcionem maior perda de peso relativa, tornam-se

necessarios para complementar os achados deste estudo.
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