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RESUMO

Introducéo: A doenga cardiovascular é a principal causa de morbidade e mortalidade em
pacientes com sindrome metabdlica ou diabetes mellitus tipo 2. Como a disfungdo
endotelial precede o desenvolvimento da doenca cardiovascular, seria desejavel
identificar e tratar a disfung¢do endotelial antes que a aterosclerose se desenvolva. Hoje,
existe evidéncia clara para sustentar o efeito protetor do exercicio fisico regular em
pacientes com sindrome metabdlica ou diabetes mellitus. O que esta menos claro ¢ a
relacdo da intensidade de treinamento e melhora na funcao endotelial.

Objetivo: Avaliar o efeito de um programa de exercicio fisico, de alta e baixa
intensidade, na funcdo endotelial de pacientes com Sindrome Metabdlica ou Diabetes
Mellitus Tipo 2.

Metodos: Foram estudados 31 pacientes com diabetes melittus tipo 2 ou sindrome
metabolica, de idade média (=DP) de 58+6 anos, randomizados para treinamento aerdbio
de alta intensidade (Al: 75 a 85% freqiiéncia cardiaca maxima, n = 10), treinamento
aerobio de baixa intensidade (BI: 50 a 60% freqiiéncia cardiaca maxima, n = 10) e
controle (n = 11). O treinamento foi realizado por 50 minutos, 4 vezes por semana. Antes
e ap6s 6 semanas de treinamento, os sujeitos realizaram teste de esforco e estudo da
funcdo endotelial, por ultra-som de alta resolucdo da artéria braquial, avaliados apods
hiperemia reativa (dependente do endotélio) e apods administragdo de nitrato
(independente do endotélio).

Resultados: O programa de treinamento aerdbio de alta intensidade resultou em um
maior aumento da capacidade funcional, avaliado pelo tempo méaximo tolerado no teste
de esforco (Al antes 9,39+1,22 minutos e depois 12,12+1,24 minutos; BI antes
8,84s+1,82 minutos ¢ depois 10,41+1,99 minutos; Controle antes 9,36+.1,2 minutos e
depois 8,96=+.1,35minutos; p < 0,05). A diferenca no diametro do vaso ap6s hiperemia foi
significativamente maior para o grupo de alta intensidade (Al antes 4,28+.0,73mm e
depois 5,62+.0,95mm; BI antes 4,24+.0,49mm e depois 5,01+.0,56mm; Controle antes
4,31£.0,37mm e depois 4,23+.0,23mm; p < 0,05). Apds nitrato, ndo houve diferenga

significativa para nenhum dos grupos (Al antes 5,13+.1,17mm e depois 5,20+.1,10mm;



BI antes 4,93+.0,88mm e depois 5,07+.0,70mm; Controle antes 4,96+.0,36mm e depois
4,62+.0,36mm; p = 0,565).

Conclusdes: Quando comparado ao treinamento aerobio de baixa intensidade e controle,
o treinamento aerdbio de alta intensidade melhorou a capacidade funcional e resposta
vasodilatadora dependente do endotélio, em pacientes com sindrome metabolica ou
diabetes mellitus tipo 2. Estes achados sugerem que o treinamento fisico de alta

intensidade possa ser considerado como alternativa preventiva nestes pacientes.

Palavras-Chave: Consumo de Oxigénio. Vasodilatagdo Dependente do Endotélio.

Treinamento Fisico. Intensidade. Ultrasonografia. Sindrome Metabolica. Diabetes

Mellitus Tipo 2.



ABSTRACT

Introduction: Cardiovascular disease is the major cause of morbidity and mortality in
patients with the metabolic syndrome or diabetes mellitus type 2. As the endothelial
dysfunction precedes the development of cardiovascular disease, it would be desirable to
identify and treat the endothelial dysfunction before the development of atherosclerosis.
There is currently clear evidence to support the protective effect of regular physical
exercise on patients with metabolic syndrome or diabetes mellitus. What is less clear is
the relationship between training intensity and improvement in endothelial function.
Objective: Evaluate effect of a physical exercise program, of high and low intensity, on
endothelial function of patients with Metabolic Syndrome or Diabetes Mellitus Type 2.
Methods: Thirty one patients with Diabetes Mellitus type 2 or metabolic syndrome were
studied, with mean age (£SD) of 58+6 years, randomized for high intensity aerobic
training (Al: 75-85% of maximum heart rate, n = 10), low intensity aerobic training (BI:
50-60% maximum heart rate, n = 10) and control (n = 11). The training was performed
for 50 minutes, four times a week. Before and after 6 weeks of training, subjects
performed the exercise testing and had been studied for endothelial function, by high
resolution ultrasound of the brachial artery, assessed after reactive hyperemia
(endothelium dependent) and after nitrate administration (endothelium independent).
Results: The high intensity aerobic training resulted in a higher increase of the functional
capacity, assessed by maximum tolerated time on the exercise testing (Al before
9.39+1.22 minutes and after 12.12+1.24 minutes; BI before 8.84s+1.82 minutes and after
10.41£1.99 minutes; Controls before 9.36+.1.2 1minutes and after 8.96+.1.35minutes; p <
0.05). The diameter difference of the vessel after hyperemia was significantly higher for
the high intensity group (Al before 4.28+0.73mm and after 5.62+0.95mm; BI before
4.24+0.49mm and after 5.01+0.56mm; Controls before 4.31+0.37mm and after
4.23+.0.23mm; p < 0.05). After nitrate, there was no significant difference for none of the
groups (Al before 5.13+.1.17mm and after 5.20+.1.10mm; BI before 4.934.0.88mm
after 5.07+.0.70mm; Controls before 4.96+.0.36mm and after 4.62+.0.36mm; p = 0.565).
Conclusions: When compared to the low intensity aerobic training and controls, the high

intensity aerobic training improved the functional capacity and vasodilator response



endothelium-dependent in patients with metabolic syndrome and diabetes mellitus type 2.
These findings suggest that physical training of high intensity might be considered as a

preventive alternative in those patients.

Key-Words: Oxygen Consumption. Endothelium-Dependent Vasodilatation. Physical
Training. Intensity. Ultrasonography. Metabolic Syndrome. Diabetes Mellitus Type 2.



ABREVIATURAS

SM Sindrome Metabdlica

DM2 Diabetes Mellitus Tipo 2

HA Hipertensao Arterial

RI Resisténcia a Insulina

HDL Lipoproteina de Alta Densidade
LDL Lipoproteina de Baixa Densidade
Tg Triglicerideos
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TGP Tolerancia a Glicose Prejudicada
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eNOS Sintese de Oxido Nitrico
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2D Imagem Bidimensional
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ADMA Dimetilarginina Assimétrica no Plasma
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1 INTRODUCAO

Nos ultimos anos, as condi¢des de vida e de saude t€ém melhorado de forma
continua e sustentada na maioria dos paises, gragcas ao progresso politico, economico,
social e ambiental, bem como aos avangos na medicina e na saide publica. Os relatorios
sobre satde mundial (1) e da regido das Américas (2), sao conclusivos a respeito. No
entanto, a rapidez e extensdo da urbanizacdo, que sdo caracteristicas importantes
inseridas neste contexto, provocaram agressivas modificacdes no estilo de vida das
pessoas, muito principalmente, nos habitos dietéticos e na redugdo do nivel de atividade
fisica.

Diante disto, examinando-se as condi¢cdes de morbi-mortalidade prevalentes,
verifica-se a diminui¢do de alguns problemas de saude, como € o caso de certas doengas
infecto-parasitarias e condicdes ligadas a falta de infra-estrutura basica; em contra-
partida, observa-se o crescimento de outros problemas de saude, entre os quais se
destacam as doengas cronicas nao-infecciosas, tais como doengas do aparelho
circulatorio, neoplasias, intolerancia a glicose, diabetes mellitus e sindrome metabolica.

O diabetes mellitus constitui-se, atualmente, um dos mais importantes problemas
de saude mundial. Estima-se que nos EUA, de uma populacdo total adulta de 273,8
milhdes, 21,4 milhdes sdo diabéticos (prevaléncia de 7,8%); na América do Sul de 233
milhdes de adultos, 8,6 milhdes sdo diabéticos (prevaléncia de 3,7%) (3). No Brasil,
segundo o Plano de Reorganizagao da Atencao a Hipertensao e ao Diabetes Mellitus, 2,9
milhdes de individuos foram identificados com suspeitas de diabetes mellitus, sendo que
a Regido Sul obteve a maior prevaléncia com 18,6% do total de casos (4). Prevaléncia de
grande importancia € a por grupo etario, o qual na populagdo brasileira de 30-69 anos ¢
de 7,8%, intensificado no grupo etario de 60-69 anos com uma prevaléncia de 17,43%
(5).

No que diz respeito as conseqiiéncias dessa doenca, ela esta entre as dez principais
causas basicas de mortalidade no pais (6). O Estudo ATTICA, que foi desenvolvido em
Atenas, na Grécia, aponta uma epidemiologia de diabetes parecida com a dos americanos.

Em uma populacdo de 3042 sujeitos com risco de doenga cardiovascular aterosclerdtica,
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7% destes tinham diabetes (7). De acordo com a Organizagdo Mundial de Saude,
aproximadamente 194 milhdes de sujeitos tém diabetes ao redor do mundo, e este nimero
pode duplicar até o ano de 2025, devido ao crescimento da populagdo, idade, dietas nao
saudaveis, obesidade e, estilo de vida sedentario (8). Wild e cols. dizem que a epidemia
diabética cresce assustadoramente, mostrando que uma prevaléncia mundial vista no ano
2000 de 2,8%, aproximadamente 171 milhdes, é estimado para o ano 2030 ser de 4,4%,
aproximadamente 366 milhdes em todo o mundo, bem como, sendo mais alto em homens
do que mulheres, justificada ndo somente pela manutencdo da obesidade central, mas
também pela mudanga demografica e pelo aumento do nimero de pessoas com mais de
65 anos de idade (9). Existem diferentes tipos de diabetes mellitus, ¢ o de maior
prevaléncia, alcancando entre 90 e 95% do total de casos, é o diabetes mellitus tipo 2
(DM2), o qual acomete individuos de meia idade, e atribui-se sua causa a uma forte
predisposi¢ao genética, além de fatores ambientais, tais como: sedentarismo € um
excesso de ingestdo calorica. O diabetes mellitus estd associado com um aumento
marcante de doenga cardiovascular, e esse agravo parece ser causado num estado pré-
diabético (10).

Geralmente, anterior ao Diabetes, vem a sindrome metabolica, que € caracterizada
pela soma de trés ou mais fatores de risco cardiovascular, correspondente glicose elevada,
obesidade abdominal, hipertensdo arterial, triglicérides elevados e HDL-colesterol baixo
(11). Ela é uma complicagdo dos fatores caracterizados pela resisténcia a insulina,
combinados com outros fatores de risco cardiovasculares. A International Diabetes
Federation (IDF) acredita que a sindrome metabolica estd potencializando as epidemias
gémeas globais do diabetes tipo 2 e doenca cardiovascular (12). Os fatores de risco
incluem aqueles apontados pelo ATP III, como hiperglicemia, hipertensdo, obesidade
abdominal, hipertrigliceridemia e, HDL colesterol (13). Sua prevaléncia atual nos EUA
estima aproximadamente 22% nos adultos e, apds ajuste para a idade, alcanca o indice de
24% da populagdo (14). Os resultados do Estudo InterASIA indicam que 64 milhdes
(13,7%) de adultos com idade entre 35 e 74 anos tem a sindrome metabdlica, como
definida pelo ATP III (15). Steinbaum mostrou que, de acordo com o senso de 2000,
aproximadamente 47 milhdes de americanos foram diagnosticados com sindrome

metabolica (13). As pessoas com sindrome metabdlica estdo duas vezes mais propensas a
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morrer de doencga cardiovascular e trés vezes mais propensa a ter uma sindrome coronaria
aguda ou acidente vascular encefilico se comparadas com pessoas sem sindrome
metabolica (12). Ao todo, quase 200 milhdes de pessoas no mundo tém sindrome
metabolica, onde destas, 80% irdo morrer de doenca cardiovascular.

Fato de consideravel importancia ¢ de que o mau controle do diabetes mellitus e
da sindrome metabodlica pode levar a lesdo vascular. Individuos diabéticos e com fatores
de risco associados (sindrome metabodlica) t€ém uma aumentada morbidade e mortalidade
cardiovascular. O endotélio vascular tem sido estudado quanto as suas estruturas e
fungdes que sdo importantes, na regulagdo da homeostase do sistema vascular no
individuo diabético e com sindrome metabolica (16-21). Especificamente, no diabetes
mellitus a funcdo endotelial parece estar prejudicada (22). A disfuncdo endotelial ¢é
caracterizada por uma vasodilatacdo dependente do endotélio prejudicada, e estd
associada a uma forte tendéncia de uma agregacao plaquetaria, proliferagdao das células
musculares lisas, adesdo leococitaria e, conseqiientemente, ao desenvolvimento e
progressdao da aterosclerose (23). Ela tem sido implicada na patogénese da doenga
vascular evoluida do descontrole do diabetes mellitus (24). Estudos providenciam suporte
para a visdo de que a sindrome metabdlica esta caracterizada por uma soma de fatores de
risco e a disfun¢do endotelial (25).

Os mecanismos fisiopatoldgicos que aceleram o progresso da disfun¢do vascular
no endotélio parecem estar relacionados as alteracdes metabolicas, decorrentes da
hiperglicemia, das altera¢des de lipideos e da resisténcia a insulina (26). As complicagdes
do diabetes, principalmente as microvasculares, ocorrem na presenca de hiperglicemia, ja
iniciada com a tolerancia 4 glicose prejudicada (TGP). A hiperglicemia inibe a
vasodilatacdo dependente de 6xido nitrico (NO). A disfungdo endotelial vascular ¢ um
aspecto fundamental de todas as complicagdes de TGP e, ela se desenvolve, em grande
parte, como uma conseqiiéncia de defeitos adquiridos da sinalizagdo do NO. Nas células
do musculo liso endotelial, 0 NO tem, ao menos, dois papéis de importancia critica e
competitiva: a sinalizacdo vasodilatadora, a qual a insulina, bradicinina, acetilcolina e
corte mecanico de estresse (“shear stress” ou “esteresse de cisalhamento”), produzem NO
pela sintese de 6xido nitrico (eNOS), que depois de gerado, o NO se difunde localmente

para causar a vasodilatacdo arterial; e a desintoxicagdo das espécies de oxigénio reativo
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(ROS), a qual consome NO, e assim menos NO estara disponivel para a vasodilatacao
(21, 27). Portanto a hiperglicemia gera ROS toéxico e, leva a um esgotamento
multifatorial de NO.

A lesdo endotelial tem sido implicada na patogénese da doencga vascular diabética
e da sindrome metabolica, bem como em baixa sensibilidade a insulina, dislipidemia, em
hipertensdao e também entre os tabagistas ativos e passivos, levando como via final
comum as doencas cardiovasculares (28-33). Alguns investigadores consideram que a
disfun¢do endotelial ¢ uma manifestacdo prematura e integral da doenga aterosclerdtica,
causada pelos variados fatores de risco cardiovascular (19, 34-37), e que a melhora na
fun¢do endotelial reflete beneficio antiaterogénico (19). As complicagdes aterosclerdticas
ocorrem repentinamente, porém, elas estdo a longo tempo se constituindo, de forma
assintomatica. Um endotélio normal e saudavel esta exposto a uma variedade de fatores
prejudiciais. Eventualmente, o tecido saudavel ¢ prejudicado, onde resulta a disfuncao
endotelial, e se o dano persistir, ocorrerao lesdes engrandecidas na parede dos vasos, e
placas ateroscleroticas se desenvolvem, carregando o risco de ruptura dos mesmos (38-
40).

Portanto, disfun¢do endotelial precede o diabetes mellitus, considerando-a uma
anormalidade precoce e composta pelos aspectos clinicos que caracterizam a sindrome
metabolica (16), como: hipertensdo arterial (41); obesidade visceral (42);
hipertrigliceridemia (43); HDL-C baixo e LDL-C alto (44); e diabetes mellitus (35);
embora que os mecanismos subjacentes dessas associagdes ainda ndo tenham sido
totalmente identificados.

Quanto ao seu tratamento, estudos t€ém demonstrado que a disfuncdo endotelial
pode ser atenuada por uma variedade de intervenc¢des, como em tentativas de redugdo do
colesterol (45-48), com antioxidantes (49-51), na inibicdo da enzima conversora da
angiotensina — ACE (52-54), na terapia insulinica (44), na terapia de reposi¢cao hormonal
(55-57), na suplementacao com L-Arginina (30, 58) e, pelo exercicio fisico (59-63).

O treinamento de exercicio fisico em animais melhorou a vasodilatagdo
dependente do endotélio, como em cachorros (64) e em ratos (65, 66). Especificamente, o
treinamento fisico resulta em uma melhora significativa na disfuncdo endotelial em

populagdes de homens saudaveis (67), de jovens saudaveis (68), de hipertensos (69), de
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individuos com doenga arterial coronariana (70), de individuos com doenca arterial
periférica (71), de dislipidémicos (72) e de individuos com insuficiéncia cardiaca (73,
74). Em individuos diabéticos, o exercicio fisico de leve a moderada intensidade melhora
a fungdo endotelial (19, 20, 75, 76). Inversamente, um estudo com sujeitos saudaveis
jovens de ambos os sexos (77), outro com sujeitos com risco de doenca arterial
coronariana (78) e outro com diabéticos com insuficiéncia cardiaca cronica (74) nao
melhoraram a fun¢do endotelial como efeito de um programa de exercicio fisico. No
entanto, fato marcante fica para um estudo com homens saudaveis, treinando 4 sessoes
por semana de 60 minutos cada, onde se evidenciou uma piora da fungao endotelial (79).

Entretanto, os mecanismos pelos quais o exercicio fisico restaura a funcao
endotelial dependente do endotélio ainda ndo estdo totalmente conhecidos, embora,
acredite-se que esse efeito ocorra pela liberagdo de 6xido nitrico (18, 65, 80-82). Apor e
Radi dizem que a atividade fisica regular desacelera os processos de envelhecimento da
parede arterial e da fungdo endotelial, o que ¢ denotado pela checagem ecografica da
dilatagdo pos-isquémica dos vasos dos membros em diversas populacdes (63).

Uma variavel que pode ter influenciado os resultados conflitantes acima descritos,
¢ intensidade do treinamento de exercicio fisico utilizada. Entretanto, poucos estudos
avaliaram o efeito de diferentes intensidades de treinamento aerébio na fungao endotelial.
Goto e cols. randomizaram individuos saudaveis para trés intensidades de treinamento
aerdbio: leve, 25 % consumo maximo de oxigénio (VO;maximo) ou 40% FCméxima;
moderada, 50% do VO,maximo ou 65% FCmaxima; e alta, 75 % VO,maximo ou 90%
FCmaéaxima. Apenas o grupo que treinou em moderada intensidade melhorou a
vasodilatacdo dependente do endotélio € nenhum dos grupos melhorou a vasodilatagdo
independente do endotélio (83). Além, disso, o grupo que treinou em alta intensidade
apresentou aumento do estresse oxidativo. Nosso grupo de pesquisa recentemente
apresentou um estudo randomizado de pacientes com doenga arterial coronariana, que
foram randomizados para treinamento de baixa intensidade (60-65 % da freqiiéncia
cardiaca maxima) ou de alta intensidade (80 — 85 % da freqiiéncia cardiaca méaxima), e
apds quatro semanas de intervengdo, o grupo de alta intensidade demonstrou melhora da
vasodilatacdo dependente e ndao dependente do endotélio (84). Estes achados sugerem

que, em pacientes com DAC e com disfun¢ao endotelial, como os estudados por Benetti e
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cols. o treinamento de alta intensidade pode trazer beneficios para a fungdo do endotélio.
Portanto, como pacientes com sindrome metabolica ou diabetes mellitus apresentam
disfungdo endotelial, seria interessante saber se um programa de exercicios de alta

intensidade pode ter beneficios quando comparado a um programa de baixa intensidade.
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2 OBJETIVO

Comparar o efeito de um programa de treinamento fisico aerdbio de alta e baixa
intensidade, na funcdo endotelial de pacientes com Sindrome Metabolica ou Diabetes

Mellitus Tipo 2.
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3 MATERIAL E METODOS

3.1 PACIENTES

Foram estudados sujeitos com sindrome metabodlica ou diabetes mellitus tipo 2, de
ambos os sexos, com idade entre 40 e¢ 65 anos, sem doenga arterial coronariana
estabelecida. Este estudo foi conduzido no Setor de Prevengdo e Reabilitagdo
Cardiovascular Unicardio, no Hospital Santa Catarina, na cidade de Blumenau, no Estado
de Santa Catarina, Brasil. Os seguintes critérios de exclusdo foram utilizados: sujeitos
que, por motivos relacionados ao seu quadro clinico, ndo foi possivel suspender
medicamentos com efeito conhecido na fungdo endotelial, como inibidores da enzima de
conversao da angiotensina, bloqueadores de canais de calcio, nitratos, beta-bloqueadores,
anti-oxidantes, reposicdo hormonal, insulina; sujeitos com teste de esforgo alterado
(positivo); histéria de tabagismo nos ultimos 12 meses; participagdo em programa de
exercicio fisico nos ultimos 12 meses; doenga pulmonar obstrutiva cronica; niveis
pressoricos elevados (pressdo arterial sistolica acima de 180mmHg e pressdo arterial
diastolica acima de 110mmHg); osteoporose e neuropatia diabética diagnosticadas.

O procedimento de recrutamento da amostra foi: na Associagdo de Diabéticos do
Vale do Itajai, feito em sua reunido mensal; no Posto de Satide da Familia Ardo Rebello,
em sua reunido semanal; e pacientes da Clinica Unicardio. Todos os participantes
passaram por um exame clinico antes da inclusao no estudo, bem como foram informados
a respeito dos objetivos do estudo e sobre os possiveis riscos e desconfortos envolvidos
com a sua participagcdo nos experimentos, assinando termo de consentimento informado
(Apéndice A). O protocolo de estudo foi aprovado pela Comissdo de Etica e Pesquisa do
Hospital Santa Catarina. Este projeto se enquadra na categoria Il da regulamentagdo de
pesquisa no homem, no Brasil (85), onde de acordo com o artigo 13 da referida

resolucao, solicitou-se termo de consentimento assinado por escrito.

3.2 PROTOCOLO
Todos os pacientes do estudo passaram por exame clinico inicial com um médico

cardiologista. Antes e apds 6 semanas de intervengdo, os pacientes realizaram teste de
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esfor¢o, exame fisico, exames laboratoriais e avaliagdo da fungdo endotelial. Os
participantes deste estudo foram submetidos a programa de exercicio fisico no Setor de
Prevengdo e Reabilitagdo Cardiovascular Unicardio do Hospital Santa Catarina, em
Blumenau, Estado de Santa Catarina, durante 6 semanas, periodo considerado suficiente
para obter mudangas na fungdo endotelial (70, 73, 86, 87). Os participantes foram
orientados a manter os habitos alimentares e comportamentos originais. Apos teste de
esforgo limitado por fadiga, os participantes foram orientados com base na sua prescrigao
de exercicios individual, e randomizados para um programa de alta ou baixa intensidade.
Para o programa de alta intensidade, os pacientes exercitaram-se a uma freqiiéncia
cardiaca correspondente a 75 a 85% da freqiiéncia cardiaca maxima atingida no teste de
esforco, enquanto o programa de baixa intensidade foi realizado a uma freqiiéncia
cardiaca correspondente a 50 a 60% da freqiiéncia cardiaca maxima (88). Durante o

periodo de estudo, os pacientes mantiveram as mesmas doses dos medicamentos.

3.3 PROGRAMA DE TREINAMENTO AEROBIO

Em ambos os programas, os pacientes exercitaram-se 4 vezes por semana, 50
minutos por sessdo. Cada sessdo de exercicio fisico foi dividida em: 5 minutos de
aquecimento, com exercicios de alongamento e circundungdo de membros e tronco; 40
minutos de exercicios aerdbios (caminhada e/ou corrida), sendo os 10 primeiros minutos
progressivos até atingir a zona de treinamento, € apds, treinando 30 minutos na zona alvo
de treinamento; e 5 minutos de resfriamento ao final, com exercicios de alongamento,
flexibilidade e relaxamento. A parte de exercicio aerobio de cada sessao foi continua. As
6 semanas consistiram de, 2 semanas de fase de adaptagdo progressiva e 4 semanas
treinando na zona alvo de treinamento predeterminada pela freqiiéncia cardiaca méxima.
As sessoes de exercicio foram supervisionadas por um dos investigadores e a intensidade
determinada de exercicio foi monitorada e registrada para cada paciente por um reldgio
de freqiiéncia cardiaca (Polar, Modelo M62, Helsinki, Finlandia). Os alarmes dos
relogios foram programados para os limites inferiores e superiores da correspondente

intensidade, determinada para cada paciente.
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3.4 AVALIACAO DA CAPACIDADE FUNCIONAL

O teste de esforco foi realizado na Clinica Unicardio/HSC do Hospital Santa
Catarina, no centro da cidade de Blumenau, por médico cardiologista que ndo conhecia o
grupo aos quais os pacientes foram randomizados. Utilizou-se esteira ergométrica com
sistema computadorizado (Ergo PC Micromed, Modelo Millenium EM200 Plus, Brasilia,
Distrito Federal, Brasil). Foi escolhido o protocolo de Bruce (89). Inicialmente fez-se um
eletrocardiograma de repouso em pé e mediu-se a pressdo arterial; o eletrocardiograma
foi observado continuamente; a pressdo arterial foi medida a cada estagio; o teste foi
interrompido por exaustdo fisica do avaliado, e de forma gradual; a temperatura ambiente

foi mantida em +24° C por aparelho ar-condicionado.

3.5 MEDIDAS LABORATORIAIS

Todos os sujeitos foram submetidos a exame laboratorial, conduzido no
Laboratorio Santa Catarina, no Hospital Santa Catarina, conforme segue: executou-se o
procedimento padrao laboratorial, onde o individuo estava em jejum de 12 horas pela
manha; sentado em uma cadeira com o brago esquerdo estendido a frente e apoiado, com
a veia mais visivel possivel, fez-se a pungdo venosa garroteando uma borracha tipo soro
em volta da musculatura biceps braquial; utilizou-se agulha e seringa com tubos de
ensaio Vamtainer, onde foi armazenado o sangue coletado sem anticoagulante, mas com
gel separador. Esta coleta foi realizada no Laboratério Santa Catarina, na Cidade de
Blumenau, em Santa Catarina, pelo bioquimico desse laboratdrio.

Para a glicose de jejum, foi utilizado o exame de sangue em jejum, executado por

técnicas laboratoriais padronizadas, com o Método Enzimatico, Glicose Oxidativa,

Colorimétrico e de Ponto Final Liquid Stable da Laborlab (90). Para a hemoglobina
glicada utilizou-se o exame de sangue em jejum, executado por técnicas laboratoriais
padronizadas, com o Método de Hemoglobina Glicada ou Glicada Labtest, com a técnica

de microcromatografia (91). Para o colesterol utilizou-se o exame de sangue em jejum,

executado por técnicas laboratoriais padronizadas: colesterol total foi utilizado o Método

Enzimatico AA da Colestat (92); para o LDL colesterol utilizou-se o método fotométrico,
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o qual ¢ um Método homogéneo sem as etapas da centrifugagdo direta para medir LDL
colesterol. O 1°. passo é selecionado o LDL sendo que as enzimas lipoprotéicas ndo sdo
transferidas; no 2°. passo o LDL ¢ transferido livre sendo medido através de uma enzima

com reagdo de cores (93); para o HDL colesterol utilizou-se o Método Reativo

Precipitante para separacao das lipoproteinas de alta densidade em soro ou plasma (94) e;

para os triglicérides utilizou-se o0 Método Enzimatico Liquid Stable da Laborlab (95).

3.6 AVALIACAO DA FUNCAO ENDOTELIAL

Todos os pacientes foram submetidos a avaliagdo ndo-invasiva da fungdo
endotelial, conduzida na Clinica Uniangio, na cidade de Blumenau, Brasil. Dois
investigadores realizaram todos os testes, sem conhecimento dos grupos aos quais os
pacientes foram randomizados. Estavam em jejum de 8 a 12 horas; a temperatura
ambiente estava em 24° C; os pacientes ndo se exercitaram no dia do exame; foram
orientados a ndo ingeriram substancias que afetavam a vasodilatagao mediada pelo fluxo
(FMD) por pelo menos 24 horas antes do exame, como cafeina, comidas gordurosas,
vitamina C, alcool; ndo faziam uso de tabaco; observou-se que as mulheres nao
estivessem em periodo menstrual; o individuo foi posicionado deitado, com os bragos em
pronacdo em uma posicao confortavel, para obter imagem da artéria braquial, acima da

fossa antecubital, no plano longitudinal, conforme visto na Figura 1.
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Figura 1: Esquema da posi¢do do transdutor na fossa antecubital e a imagem do ultra-

som. Adapatado de Corretti e cols. (96).

Foi utilizado um ultra-som (Acuson, Modelo 128XP System, Montain View,
California, EUA), com software vascular para imagens bidimensionais (2D), Doppler de
cor e espectral, com um monitor de eletrocardiograma interno (ECG) e, um transdutor
vascular de alta freqiiéncia (Acuson, Modelo L7 7,5-10 MHz, Montain View, California,
EUA). Apo6s o sujeito posicionado, um segmento com interfaces intimais anterior e
posterior entre o limen e a parede arterial e selecionado para imagens em tons de cinza
2D. As imagens em tons de cinza 2D, tanto o modo M e o modo A (localizagdo de
paredes) podem ser usados para medir continuamente o diametro. Os registros dos
diametros arteriais foram gravados em fita super-VHS para posterior analise. Toda a
leitura ocorria depois de congelado o tragado no pico da onda R no ECG em 3 medidas
seqiienciais, repetindo em mais duas ondas R (portanto foram 9 medidas, fazendo a
média ao final), como mostrado em um dos sujeitos da pesquisa, visto na Figura 2.

Vasodilatagdo Mediada pelo Fluxo (FMD) Dependente do Endotélio: para criar

um estimulo de fluxo na artéria braquial, um manguito de esfigmomandmetro foi
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colocado abaixo da fossa antecubital; uma imagem em repouso da linha base foi
adquirida apds 10 minutos de repouso, obtida de uma amostra de volume do meio da
artéria; depois disso, a oclusdo da artéria foi criada pela insuflagio do manguito para a
pressao supra-sistolica; tipicamente, o punho foi insuflado pelo menos S0mmHg acima da
pressao sistolica basal medida no brago oposto, para oclusiao do influxo arterial para
extensao de tempo padronizado; isso causava isquemia e conseqiliente dilatagdo para
baixo dos vasos de resisténcia via mecanismos auto-fluxo através da artéria braquial
(hiperemia reativa por 5 minutos), para acomodar os vasos de resisténcia dilatados; o
aumento resultante no corte de estresse causava dilatacdo na artéria braquial; a imagem
longitudinal da artéria foi registrada continuamente de 30 segundos antes ha 2 minutos
depois da deflacdo do punho (pico + apds 60 segundos); um sinal Doppler pulsado do
meio da artéria braquial foi obtido depois da liberacdo imediata do punho e ndo mais
tarde do que 15 segundos apods a deflagdo do punho para avaliar o diametro arterial em
mm (96).

Vasodilatacdo Mediada pelo Fluxo (FMD) Independente do Endotélio: Foram

necessarios 10 minutos de repouso apds a hiperemia reativa (FMD), antes de outra
imagem ser adquirida para refletir as condi¢des de linha base re-estabelecidas; apos re-
estabelecida & linha base percebida na imagem, fez-se administragdo de 0,4mg-
Pumpspray de Nitrolingual® (Wirkstoff: Nitroglycerin, Gesmbh, Viena, Austria); o pico
de vasodilatacdo ocorria 3 a 4 minutos depois de administrada a substancia (era medida
novamente ap6s 4 minutos da administragao do nitrato); as imagens foram continuamente
registradas. O nitrato, a qual ¢ um doador exdgeno de 6xido nitrico (NO), tem sido usado
para determinar a resposta vasodilatadora maxima que se possa obter, e para servir como
uma medida de vasodilatagdao independente do endotélio refletindo a fungao vascular do

musculo liso (96).
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Figura 2: Imagem da artéria braquial vista pelo Ultra-som, longitudinalmente, em um
paciente do estudo: a) Imagem de linha base ap6s 10 minutos de repouso; b) Imagem 60
segundos apos a deflagdo de um punho isquémico de 5 minutos; c¢) Imagem apds 4

minutos da administragdo de nitrato sublingual.

3.7 ANALISE ESTATISTICA

O tamanho da amostra foi calculado com base em estudos prévios (19, 20, 68, 77,
83). Os dados foram inicialmente avaliados pelo teste de Kolmogorov-Smirnov® para
estabelecer a normalidade. As varidveis com distribuicdo normal estdo apresentadas por
média+DP e as variaveis que nao tiveram distribui¢do normal estdo apresentadas por
mediana+EP. Para os dados com distribuicdo normal, analise de variancia de dupla
entrada para dados repetidos foi utilizada para comparar os efeitos das intervencdes e
comparac¢des multiplas foram realizadas pelo teste de Tukey. Varidveis sem distribuicado
normal foram avaliadas pelo teste Kruskal-Wallis, com compara¢des multiplas realizadas

pelo teste U de Mann-Whitney. O nivel de significancia o = 5% (p < 0,05).
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4 RESULTADOS

4.1 CARACTERISTICAS DOS SUJEITOS

Foram estudados trinta e oito sujeitos. Sete sujeitos foram excluidos do estudo (seis
com suspeita de DAC com teste de esforco alterado; um com cirurgia de quadril nao
recuperada). Trinta e um sujeitos foram aleatoriamente designados a seus grupos: dez no
grupo de alta intensidade de exercicio; dez no grupo de baixa intensidade de exercicio e¢;
onze ao grupo controle. Conforme demonstrado na Tabela 1, no inicio do estudo, os trés
grupos apresentaram caracteristicas semelhantes. Em geral, os sujeitos apresentavam
sobrepeso e obesidade, hipertensao e dislipidemia. As caracteristicas quanto a fatores de
risco cardiovascular e uso de medicamentos recomendados para o manejo e controle da

sindrome metabolica e diabetes mellitus, estdo apresentados na Tabela 1.

Tabela 1: Caracterizacdo dos sujeitos do estudo, em seus respectivos grupos.

Grupo Alta  Grupo Baixa Grupo
Intensidade Intensidade Controle

n 10 10 11
Idade (anos) 50,7£9,2 52,2+7,5 49,5+6,8
Homem / Mulheres 03 /07 05/05 03 /08
Diabetes Tipo 2 (Glicose >126 mg/dL)* 02 02 04
Sindrome Metabolica (>3 fatores risco)** 08 08 07
Pré-Hipertensdo (120-139 / 80-89 mg/dL)*** 02 05 02
Hipertensdo (>140/90 mm/Hg)*** 06 04 09
CHOL Total 1 (>200 mg/dL)** 05 05 07
LDL-C 1 (>130 mg/dL)** 05 02 06
HDL-C | (H <40 /M <50 mg/dL)** 06 07 09
TRIG 1 (>150 mg/dL)** 04 03 06
Sobrepeso (IMC 25-29,9 Kg/m?)**+* 03 07 04
Obesidade (IMC >30 Kg/m®)**** 05 01 05
CC 1 (H>102/M >88)** 08 06 10
Féarmacos
Hipoglicemiantes (gliclazida, metformina, glucoformina) 01 02 03
Anti-hipertensivo (alfametildopa) 03 02 05
Estatinas (atorvastatina, lovastatina, sinvastatina) 02 02 04
Diuréticos (hidroclorotiazida) 01 01 01
Anti-agregante plaquetdrio (AAS) 02 01 03
* Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 2003. **

ATP III, 2001. *** Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
Blood Pressure, 2003. **** OMS, 2004.
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4.2 PROGRAMA DE TREINAMENTO

Todos os pacientes participaram das 24 sessdes de treinamento durante 6
semanas. O cumprimento das sessdes em ambos os grupos foi de 100%, ndo havendo
intercorréncias. Durante as sessdes de treinamento, a freqiiéncia cardiaca foi aferida aos
20 minutos de treinamento, conforme visto na Figura 3, onde o grupo de alta intensidade
teve uma média de 79 + 3 %bpm, enquanto o grupo de baixa intensidade teve uma média

de 55 £ 2 %bpm.
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Figura 3: Representagdo Grafica do Percentual da Freqiiéncia Cardiaca, dos Grupos de

treinamento, por Sessao.
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Tabela 2: Valores das Médias com Desvio-Padrdo ¢ Medianas com Erro Padrido, das

Variaveis Estudadas.
Grupo Alta Grupo Baixa Grupo Valor p Post-Hoc
Variaveis Intensidade Intensidade Controle Tukeye U
de Mann-
Antes Depoi Antes Depois Antes Depoi Tempo Interac Grupo Whitney
S S do
Colesterol Total 200 189 198 191 220 213 0,166 0,968 0,324 N/S
(mg/dL) * +41 +40 +45 +38 +50 +36
LDL-C 122 101 116 105 143 144 0,015 0,083 0,018 <0,005
(mg/dL) * +34 +19 +28 +23 +38 +35 GBI/ GAI
HDL-C 44 48 45 49 41 42 0,016 0,600 0,334 N/S
(mg/dL) * +5 +6 +14 16 +6 +7
Triglicérides 176 138 153 139 181 157 0,010 0,573 0,819 N/S
(mg/dL) * +99 95 +85 +78 81 +75
IMC (Kg/m?) * 29 29 26 26 30 31 0,512 0,192 0,139 N/S
+6 +6 +3 +2 +5 +5
CC (cm) * 99 98 98 97 101 103 0,768 0,011 0,694 N/S
+14 +13 +12 +10 +14 +13
PAS Repouso 143 133 133 127 149 146 0,009 0,422 0,076 N/S
(mmHg) * +26 +17 +17 +16 +15 +13
PAD Repouso 88 85 81 83 89 92 0,694 0,199 0,307 N/S
(mmHg) * +16 +15 +15 +13 +9 +7
Fc Repouso 82 69 85 71 82 83 <0,001 <0,001 0,171 N/S
(bpm) * +8 +9 +6 +8 +11 +11
Glicemia Jejum 94 86 106 92 110 103 0,016 <0,005
(mg/dL) ** +31,3 4287 4353  430,7 4348 +32,6 GAI / GBI
Hemoglobina 7 6,7 7 6,7 8 8,2 <0,001 <0,005
Glicada (%)** +2,3 +2.2 +2.3 +2,2 +2,6  +2,6 GAI /GBI

* Dados que apresentaram uma distribuicdo normal, simétrica (representada por média+DP, estatistica
utilizada ANOVA e Post-Hoc Tukey). ** Dados que apresentaram uma distribui¢do ndo-normal,

assimétrica (representada por mediana+EP, estatistica utilizada Kruskal-Wallis e U de Mann-Whitney).

4.3 TESTE DE ESFORCO

Apoés seis semanas de treinamento aerobio, o tempo total de esforgo no teste

ergométrico aumentou significativamente no grupo de alta intensidade (p < 0,005), bem

como no grupo de baixa intensidade, porém em magnitude menor. Mas, manteve-se

praticamente inalterado no grupo controle. Na Figura 4, esta demonstrado a média dos

grupos do tempo de execucdo do Teste de Esforco. O valor médio no grupo de alta

intensidade antes foi de 9,39 £+ 1,22 minutos e depois de 12,12 + 1,24 minutos, no grupo

de baixa intensidade o tempo de teste antes foi de 8,84 + 1,82 minutos e depois 10,41 +

1,99 minutos e, o tempo de teste do grupo controle antes foi de 9,36 £ 1,21 minutos e
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depois foi de 8,96 £ 1,35 minutos (p tempo < 0,001, p interagdo < 0,001 e p grupo 0,048,
com Tukey 0,042 para o grupo de alta intensidade).
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Figura 4: Representagdo Grafica do Tempo Gasto para Execugdo do Teste de Esfor¢o

dos Pacientes da Pesquisa, por Grupo. * p < 0,05 pelo teste de Tukey.

4.4 ESTUDO DA FUNCAO ENDOTELIAL

Apos seis semanas de treinamento, observou-se uma melhora significativa na
vasodilatacao dependente do endotélio, sendo o aumento maior no grupo de treinamento
de alta intensidade comparado com o de baixa intensidade. Inversamente, no grupo

controle a mudanca no diametro do vaso ndo foi significativamente diferente daqueles do
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estudo inicial. A Tabela 3 mostra os didmetros da artéria braquial antes e apos o

programa de exercicio, dos pacientes da pesquisa.

Tabela 3: Valores das Médias e Desvio-Padrao da Fungdo Endotelial.

Grupo Alta Grupo Baixa Grupo Valor p Post-
Variaveis Intensidade Intensidade Controle Hoc
Tukey
Antes Depois Antes Depois Antes Depois Tempo Interag Grup
ao 0
Diametro 4,18 431 4,11 4,25 4,16 4,12 0,238 0,420 0,918 N/S*
Basal (mm) +0,74 +0,95 +0,48 +0,53 +0,41 +0,22
Hiperemia 4,28 5,62 4,24 5,10 431 4,22 <0,001 <0,001 0,037 <0,031
Reativa +0,73 +0,95 +0,48  +0,55  +0,37 +0,23 GAI*
(mm)
Dilatacéo 5,22 5,67 517 5,41 4,96 4,62 0,103 <0,001 0,073 N/S*
Induzida +1,02 +0,95 +0,60  +0,58 +0,36 +0,36
NTG (mm)

* Estatistica utilizada ANOVA com Post-Hoc Tukey.

A vasodilatagdo da artéria braquial foi significativamente maior na hiperemia
reativa, no grupo de pacientes com sindrome metabolica e diabetes tipo 2 que praticaram
exercicio fisico aerdbio de intensidade alta (75 a 85% Fcmaxima), alcancando um p <
0,005 no Post Hoc de Tukey, comparado com os grupos de baixa intensidade de exercicio
fisico (50 a 60% Fcmaxima) e controle. Embora que no grupo de baixa intensidade houve
melhora na vasodilatagdo apds hiperemia reativa, antes do exercicio comparado com
depois do exercicio.

Estes pacientes apresentavam disfungdo endotelial no inicio do estudo, conforme
vasodilatacdo reduzida vista apds hiperemia reativa comparada com o basal, fato

considerado comum nesse tipo de paciente.
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Figura 5: Representacdo Grafica da Dilatacdo da Artéria Braquial, Dependente do
Endotélio, por Grupo, p6s Hiperemia Reativa. * p < 0,05 pelo teste de Tukey.

Na Figura 6, estd demonstrada a média das diferencas do didmetro da artéria
braquial antes e depois do programa de treinamento aerdbio, dos 3 grupos do estudo.
Destacando diferencas significativas para os grupos que fizeram exercicio fisico, com

magnitude maior para o grupo de alta intensidade.
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Figura 6: Representagdo Grafica da Diferenga da Média, Antes e Depois, da Dilatagdo

da Artéria Braquial (Hiperemia Reativa).

Abaixo, a Figura 7, apresenta graficamente os valores delta (diferenca antes e

depois), da variavel dilatacdo dependente do endotélio da artéria braquial pds hiperemia

com: duragdo do teste de esforgo, glicose de jejum, lipoproteina de baixa densidade e

hemoglobina glicada.
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Baixa Densidade - LDL e; d) A Hemoglobina Glicada.
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5 DISCUSSAO

O principal achado desse estudo foi mostrar que pacientes com sindrome
metabdlica ou diabetes mellitus tipo 2 t€ém uma resposta significativamente acentuada da
dilatagdo da artéria braquial na funcdo dependente do endotélio (hiperemia reativa), mas
ndo a nitroglicerina, ap6s um programa de exercicio fisico aerébio de seis semanas, sendo
maximizada essa melhora com o exercicio de alta intensidade. O treinamento de
exercicio fisico melhorou, também, o perfil glicémico, o perfil do LDL colesterol e a
duragdo do teste de esforgo.

Estudos em diferentes populagdes tém demonstrado que programas de
treinamento fisico aerébio melhoram a fungdo endotelial: em individuos homens
saudaveis (67), em jovens sauddveis (68), em fumantes (97), em sujeitos com
insuficiéncia cardiaca classe III (73), em idosos acima do peso (71) e, em pacientes com
doenga arterial coronariana assintomatica (70), ou seja, o treinamento fisico esta
associado com melhoras na func¢do vascular de sujeitos com doenca e fatores de risco
cardiovascular, que tém disfuncao endotelial (61).

Contrariamente, outros estudos ndo identificaram uma melhora na fungdo vascular
dependente do endotélio como efeito do exercicio fisico: Jodoin e cols., avaliaram 22
sujeitos de meia idade, com risco de doenga arterial coronariana e fumantes, ¢ concluiram
que 12 semanas de exercicio fisico aerobio nao melhorou a fun¢ao endotelial desses
sujeitos (78); Maiorana e cols., ndo identificaram melhora na funcdo endotelial em 19
sujeitos saudaveis de meia idade, apos 12 semanas de um programa de exercicio fisico
aerobio e com circuito de intensidade moderada (77); Miche e cols., também nao
identificaram melhora na funcdo endotelial em 42 pacientes diabéticos com insuficiéncia
cardiaca cronica apos 4 semanas de exercicio fisico de intensidade moderada (74).
Porém, Bergholm e cols. identificaram uma piora na fun¢do vascular como efeito do
exercicio fisico intenso, quando estudaram 9 homens saudaveis treinando para a maratona
(79). Interessantemente, Goto e cols., quando avaliaram a intensidade de um programa de
treinamento aerobio, obtiveram um resultado inverso ao de nosso estudo. Eles
demonstraram que 12 semanas de exercicio fisico de baixa intensidade (40% da

freqiiéncia cardiaca maxima), mas ndo em exercicio fisico de alta intensidade (90% da
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freqiiéncia cardiaca maxima), aumentou a vasodilatacdo dependente do endotélio em 26
homens saudaveis de meia idade (83). Fato marcante, ¢ que nos estudos em que a fungao
endotelial ndo melhorou, com excecdo de Miche e cols. (74), todos os sujeitos dos
estudos ndo apresentavam disfun¢do endotelial inicialmente, ou seja, a mesma estava
normal, sugerindo que sujeitos com fungdo endotelial prejudicada, como os com doenga e
com fatores de risco cardiovasculares, podem estar mais sujeitos a melhora na fungao
vascular por meio do treinamento fisico.

A consisténcia de dados publicados, mostrado acima, indicando que o treinamento
fisico melhora a fungdo endotelial em grupos heterogéneos, em quem ela esta
inicialmente prejudicada, parece estar correta, confirmando o resultado de nosso estudo e,
contrastando com estudos de treinamento fisico em sujeitos com fun¢do endotelial
normal.

Especificamente em pacientes com sindrome metabolica e diabetes mellitus, trés
estudos mostraram melhoras na fun¢do vascular inicialmente prejudicada, embora
nenhum deles tenha avaliado intensidade de treinamento: Lavrencic e cols., avaliaram 30
homens com sindrome metabdlica e, identificaram melhora na funcdo vascular pelo
aumento da dilatagdo dependente do endotélio, apés um programa de 12 semanas de
exercicio fisico aerébio, embora nao tenha melhorado apés NTG (76); Rigla e cols.,
identificaram melhora na fung¢ao vascular determinada por marcadores no plasma de dano
endotelial envolvido na homeostase, pela normalizacdo das altas concentracdes de
trombomodulina (TM), encontrada apds 3 meses de treinamento aerobio, em 14 pacientes
diabéticos tipo 1 e 13 tipo 2, bem como uma redugdo nas altas atividades do inibidor de
caminho do fator de tecido (TFPI) nos 13 pacientes com diabetes tipo 2 (20); Maiorana e
cols., também encontraram melhora na fun¢@o vascular, de 15 pacientes diabéticos tipo 2,
ap6s 8 semanas de exercicio aerdbio e circuito de exercicio, bem como, nao melhorou
ap6s NTG (19).

A melhora na vasodilatagdo dependente do endotélio esta amplamente justificada
pelo aumento na producao de NO (64, 65, 81, 98). Fato importante, € que quatro semanas
de exercicio fisico aerdbio, ja ocorre estimulo sobre a fun¢dao endotelial levando a uma
melhora da mesma (73). O impacto do exercicio fisico sobre a fun¢do endotelial, parece

ndo somente aumentar a produgcdo de NO (66), assim como aumenta, de maneira
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sustentavel, a sintese de NO (eNOS). O fluxo elevado implica em adaptag@o cronica do
sistema vasodilatador, pelo despojo de estresse sobre o endotélio. Isto parece ocorrer nao
somente pelo fluxo elevado, mas também por efeitos: hemodindmicos, freqiiéncia
cardiaca e pressao arterial (99) e; metabolicos, destacando as melhoras no perfil
glicémico e hipeinsulinemia, quadro encontrado na sindrome metabolica e no diabetes
mellitus, que ao mesmo tempo, estariam associados & formacao de radicais livres (100,
101). Portanto, os beneficios de programas de exercicio fisico sobre a fun¢do vascular,
provavelmente, se relaciona ao aumento do NO e do fluxo, ocasionando melhora na
dilatacdo do vaso, embora os efeitos hemodinamicos e metabdlicos gerais também
possam estar contribuindo para essa melhora.

Este estudo demonstrou e, estd de acordo com outros (19, 20, 102-105), que tanto
a glicose no sangue em jejum, quanto a hemoglobina glicada melhoraram apos seis
semanas de exercicio fisico aerébio em pacientes com sindrome metabdlica ou com
diabetes mellitus tipo 2, correlacionando esses achados a melhora da fungdo endotelial.
Yasuda e cols. investigaram 24 pacientes diabéticos tipo 2 com controle glicémico
inadequado (glicose jejum > 200 mg/dL e/ou hemoglobina glicada > 9%), e descobriram
que o tratamento intensivo da hiperglicemia esta associado com a melhoria da fungdo
endotelial, combinado com a diminuicao de fator de necrose tumoral (TNF-a) e dimetil-
arginina assimétrica no plasma (ADMA) (106).

Nao se pode esquecer de destacar que a melhora na fungdo vascular esta evidente
em toda vasculatura, mesmo que praticados exercicios somente nos membros inferiores,
excluindo o restante do corpo. Isto posto, fica evidente que o efeito do treinamento torna-
se generalizado, e ndo restrito ao leito vascular da musculatura especificamente treinada,
conforme demonstrado por Kéller e cols., Maiorana e cols. e, Green e cols. (61, 99, 107).

Uma outra explicacdo, adicional e somativa para a melhora na vasodilatagdo
dependente do endotélio, poderiam ser as mudangas pelo treinamento de exercicio fisico
aerdbio nas concentracdes de lipideos no sangue, especificamente o LDL colesterol. O
LDL colesterol obteve uma melhora significativa como efeito do exercicio aerobio de
baixa e de alta intensidade neste estudo, embora que no grupo de baixa intensidade a
melhora foi de magnitude maior. Outros estudos mostraram que a melhora no perfil

lipidico é acompanhada de melhora na funcao endotelial (20, 45, 48, 108-111). Um fato
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importante em pacientes com diabetes e naqueles com sindrome metabdlica, seria que a
LDL oxidada interfere com a formacdao do NO (112, 113), ou seja, a reducdo na
quantidade total de LDL colesterol pos-treinamento, pode ter colaborado para uma
melhora na biodisponibilidade de NO, melhorando a vasodilatacio dependente do
endotélio. No entanto, no estudo de Goto e cols. o exercicio fisico no grupo de alta
intensidade induziu melhora sobre o LDL colesterol, mas ndo melhorou a vasodilatagdo
dependente do endotélio, justificando mais uma vez a importancia da soma de aspectos
envolvidos, como o causador da melhora na fun¢ao endotelial prejudicada (83).

A duragao do teste de esforgo foi significativamente maior apds o treinamento de
6 semanas no grupo de exercicio aerobio de alta intensidade, mas ndo houve melhora
significativa no grupo com intensidade baixa de exercicio, demonstrando que a resposta
cardiorespiratoria ¢ melhorada a medida que a intensidade do exercicio fisico aumenta,
representando mais uma evidéncia de que o exercicio fisico aerdbio de alta intensidade
pode promover beneficios superiores ao exercicio fisico de baixa intensidade em
pacientes com sindrome metabdlica ou diabéticos tipo 2. Middlebrooke e cols.
evidenciaram em sua pesquisa com 27 sujeitos com risco de desenvolver diabetes tipo 2,
que existe uma correlagdo entre o consumo maximo de oxigénio e as medidas de fungdo
endotelial (hiperemia maxima), sustentando e sugerindo que a funcao endotelial possa ser
restaurada através do condicionamento aerobio (114). Da mesma forma, Lavrencic e cols.
encontraram melhora na fungdo endotelial em pacientes diabéticos em conjunto com uma
significativa melhora na poténcia maxima de exercicio (VO,méximo) (76). Hambrecht e
cols. confirmam que aumentos na vasodilatagdo dependentes do endotélio estdo
significativamente correlacionados com mudangas na capacidade funcional (115).
Somada a capacidade funcional melhorada estd a hipercolesterolemia melhorada, fato
destacado por Niebauer e cols. Ao treinarem camundongos hipercolesterolemicos, eles
obtiveram uma reversdo na disfuncdo endotelial, e a mesma esteve correlacionada com a
poténcia aerobia incrementada (116). Estas descobertas levantam uma hipotese
importante: se o treinamento fisico isolado, ou em combinagdo com reducao de lipideos,
pode melhorar a fun¢do endotelial inicialmente prejudicada e a capacidade funcional, de

sujeitos com doenca e fatores de risco cardiovasculares.
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Poucas pesquisas estudaram a funcdo endotelial e intensidade de treinamento.
Bergholm e cols. registraram que 3 meses de corrida de alta intensidade reduziram a
resposta vasodilatadora dependente do endotélio. O grau de disfun¢do endotelial seguido
do treinamento estava significativamente correlacionado com uma diminui¢do de acido
urico no sangue ¢ este foi mais importante nos sujeitos com o mais alto melhoramento no
VO,méximo. Os autores postularam que o decréscimo induzido pelo treinamento nos
niveis de antioxidantes circulantes, poderia afetar adversamente a fun¢do endotelial nos
individuos altamente treinados ou super-treinados (79). Goto e cols. estudaram os efeitos
de 12 semanas de exercicio cumprido em intensidade baixa (25% VO,maximo ou 40% da
FCmaxima), moderada (50% VO;maximo ou 65% da FCmaxima) e alta (75%
VO,méximo ou 90% da FCmaxima) em homens jovens e saudaveis, onde a vasodilatagdo
do antebraco mediada por acetilcolina (ACh) melhorou somente no grupo de intensidade
moderada, e isso ocorreu na auséncia de mudancas nas medidas de aumento de estresse
oxidante no sangue. Em contraste, as respostas a ACh nao melhoraram, e nem se
deterioraram, no grupo de alta intensidade, em quem o estresse oxidante foi evidente
(83). Ostergard e cols. estudaram 48 sujeitos, 29 parentes de primeiro grau de diabéticos
e resistentes a insulina e 19 controle sem nenhum historico de diabetes mellitus na familia
e, ndo encontraram alteracdo na funcdo vascular ap6s 10 semanas de intervencdo com
exercicio de endurance a uma intensidade de 70% VO,maximo ou 85% da FCmaxima
(117). Inversamente, Benetti e cols. registraram melhora na fungao vascular dependente e
independente do endotélio, de pacientes com doenga arterial coronariana estavel, apos
quatro semanas de intervenc¢do com exercicio fisico de alta intensidade (80 — 85 % da
freqiiéncia cardiaca maxima) (84). Portanto, fica reforcada a hipotese de que sujeitos que
ndo apresentam disfuncdo endotelial, ndo obtém modifica¢cdes na fungdo vascular, e
contrariamente, sujeitos com funcdo endotelial prejudicada, como os com doenga € com
fatores de risco cardiovasculares, estdo sujeitos a melhoras na fung¢do endotelial por meio
do treinamento fisico aerobio de alta intensidade, fato demonstrado em nosso estudo e no
de Benetti e cols. (84).

Estas descobertas ficam em paralelo aos dados que se referem aos efeitos da
intensidade e volume do exercicio sobre a prevengdo e tratamento da doenga e fatores de

risco cardiovasculares. Tanasescu e cols. demonstraram em estudo com 2803 pacientes
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com diabetes mellitus, que o exercicio fisico, quanto mais intenso, mais diminuia o risco
de DAC e de morte cardiovascular (118). Yu e cols. identificaram claramente que a
atividade fisica vigorosa, tal como subir escadas, caminhadas rapidas, cooper, natagdo,
ténis, peteca, squash e cavar pesadamente, pode prevenir independentemente a morte
prematura por causa cardiovascular, em homens de meia idade que nao tem evidéncia de
doenga cardiovascular pré-existente (119). Hambrecht e cols. estudaram 62 pacientes
com doenca arterial coronariana estavel, e mostraram que devotar parcialmente seu
tempo de lazer a exercicios fisicos intensos, com gasto semanal aproximado de 1400
kcal, gratifica-os com uma alteragdo ascendente de seu limiar aerdbio durante exercicio
sub-méximo, bem como, representa um preditor independente de mudanga na morfologia
corondria, fazendo com que esses achados se correlacione negativamente a progressao da
doenca da artéria coronaria com o total de exercicio fisico. Os autores concluem dizendo
que a regressao da lesdo pode ocorrer em pacientes com gasto energético semanal
superior a 2200 kcal, caracterizando-a como atividade fisica intensa (120). Lee e Skerrett,
em uma revisdo sistematica, concluiram que a atividade fisica vigorosa ou intensa > 6
METs, diminui mortalidade por todas as causas (121). Hu e cols. acompanharam 121.700
enfermeiras registradas, com idade entre 30 e 55 anos, residentes nos Estados Unidos, e
compararam caminhada com atividade fisica vigorosa e risco de adquirir diabetes
mellitus tipo 2, e descobriram que um nivel maior de atividade fisica em tempo de laser,
tanto em termos de dura¢do quanto em intensidade, foi associado com risco reduzido de

adquirir diabetes mellitus tipo 2 (122).

5.1 LIMITACOES

Este estudo foi de curta duragdo. Embora isso, Hornig e cols. destacam que a
funcdo endotelial prejudicada apresenta melhora ja a partir de quatro semanas de
intervengdo com exercicio. Importante também, ¢ o fato de que a fungdo endotelial ¢é
marcador precoce de doenga cardiovascular. No entanto, embora este estudo nao
avaliasse desfechos a longo prazo, esta justificado na literatura que exercicio intenso
diminui risco cardiovascular (118-120, 123). Outro aspecto interessante, sustentado por

Ostergard e cols. ¢ que a funcao endotelial pode melhorar no comeco do estudo e iniciar



43

uma piora apos algumas semanas de intervencdo com exercicio de alta intensidade (117),
fato ndo percebido em nosso estudo, embora com um tempo de intervencdo de 6 semanas.

O ultra-som ¢ uma técnica ndo-invasiva na artéria braquial, que tem rendido
informagdes importantes sobre a fung¢do vascular na saude e na doenga. Embora isso,
mais estudos de longo prazo e com desfechos clinicamente relevantes devem ser

realizados.
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6 CONCLUSOES

Quando comparado ao treinamento aerébio de baixa intensidade e ao grupo
controle, o treinamento aerébio de alta intensidade melhorou a capacidade funcional e
resposta vasodilatadora dependente do endotélio, em pacientes com sindrome metabdlica
ou diabetes mellitus tipo 2. Estes achados sugerem que o treinamento fisico de alta

intensidade possa ser considerado como alternativa preventiva nestes pacientes.
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CONSENTIMENTO LIVRE E ESCLARECIDO

TITULO
Treinamento Aerobio de Alta Intensidade Melhora a Vasodilatagdo Dependente do

Endotélio em Pacientes com Sindrome Metabdlica ou Diabetes Mellitus Tipo 2

O que vocé esta sendo convidado a fazer?

Estd sendo convidado a ser integrante de uma pesquisa, a qual envolve, testar um
programa de exercicio fisico com o objetivo de melhorar a fun¢do endotelial de
individuos com sindrome metabolica ou diabetes mellitus tipo 2.

Antes que vocé decida se quer participar, por favor, leia estas informagdes
cuidadosamente, como se descreve o estudo, € o que seria esperado de vocé caso deseje
participar. Por favor considere se vocé deseja participar neste estudo e sinta-se a vontade
para perguntar sobre quaisquer davidas que vocé possa ter.

Qual é a proposta deste estudo?
Testar um programa de exercicio fisico em individuos com sindrome metabodlica ou
diabetes mellitus tipo 2.

O que ira envolver?

Envolverad fazer: um ultrasom de brago direito, ingerindo um medicamento (nitrato
sublingual) na Clinica Uniangio; um teste de esteira (ergoespirométrico) na Unicardio, no
Hospital Santa Catarina; exame de sangue (glicemia, hemoglobina glicosilada, colesterol
e fragdes, e triglicerideos) no Laboratorio Santa catarina; medidas de peso, altura e
circunferéncia de cintura na Unicardio, no Hospital Santa Catarina; um programa de
exercicio fisico de 6 semanas.

Em que condicdes vocé podera participar?

Vocé podera participar se: for um individuo com sindrome metabdlica ou diabetes
mellitus tipo 2; tiver entre 40 ¢ 70 anos de idade; se for homem ou mulher; que nao faga
exercicios fisicos; ndo poderd fazer uso de insulina durante a pesquisa; ndo podera ser
hipertenso severo; nao usar antioxidantes; nao ser tabagista; ndo ter neuropatia diabética e
osteoporose; com auséncia de arteriopatia conhecida; que ndo faca uso de
betabloqueadores ou antagonistas de calcio; residentes na regido do Vale do Itajai,
Blumenau.

E se vocé mudar de idéia?
Podera desistir a qualquer momento da pesquisa, por qualquer motivo.

Tem alguma compensacgao disponivel?
Financeira ndo, porém, terd o possivel efeito positivo do exercicio fisico para voce.



59

E sobre confidencialidade?
Todos os seus dados serdo mantidos em sigilo, inclusive seu nome onde serd utilizado um
nimero para nomear cada individuo participante.

Tem algum custo?
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
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satisfagdo.
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e FEu confirmo que tive tempo suficiente para considerar minha participacao.

e Fu entendo que minha participagdo ¢ confidencial e que os registros podem ser
inspecionados por autoridades regulatorias dos Comités de Etica.

e FEu entendo que posso me retirar do estudo a qualquer momento sem ter que dar uma
razao e que isto ndo ird afetar meus cuidados médicos futuros de maneira alguma.

e Fu entendo que os responsaveis por este estudo podem interromper o estudo ou a
minha participacdo a qualquer momento, por qualquer razdo, sem meu
consentimento.

Ao assinar abaixo, eu livremente concordo em participar neste estudo:

Nome:
Assinatura:
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Pesquisador responsavel pela pesquisa:
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AEROBIC TRAINING OF HIGH-INTENSITY IMPROVES VASODILATATION
ENDOTHELIUM-DEPENDENT IN PATIENTS WITH METABOLIC
SYNDROME OR DIABETES MELLTUS TYPE 2

Prof. Dr. Carlos Alberto da Silva; Dr. Jorge Pinto Ribeiro; Dr. Marcus Serafim; Dr. Julio
César Amaral de Ulhoa Canto; Dr. Ronaldo Ernani da Silva; Dr. Edson Botura; Dr.
Marco Antonio Ribeiro Malschitzky; Prof. Dr. Sebastido Iberes Lopes; Dra. Talita de
Mattos Seydell

ABSTRACT

Introduction: Cardiovascular disease is the major cause of morbidity and mortality in
patients with the metabolic syndrome or diabetes mellitus type 2. As the endothelial
dysfunction precedes the development of cardiovascular disease, it would be desirable to
identify and treat the endothelial dysfunction before the development of atherosclerosis.
There is currently clear evidence to support the protective effect of regular physical
exercise on patients with metabolic syndrome or diabetes mellitus. What is less clear is
the relationship between training intensity and improvement in endothelial function.
Objective: Evaluate effect of a physical exercise program, of high and low intensity, on
endothelial function of patients with Metabolic Syndrome or Diabetes Mellitus Type 2.
Methods: Thirty one patients with Diabetes Mellitus type 2 or metabolic syndrome were
studied, with mean age (£SD) of 5846 years, randomized for high intensity aerobic
training (AI: 75-85% of maximum heart rate, n = 10), low intensity aerobic training (BI:
50-60% maximum heart rate, n = 10) and control (n = 11). The training was performed
for 50 minutes, four times a week. Before and after 6 weeks of training, subjects
performed the exercise testing and had been studied for endothelial function, by high
resolution ultrasound of the brachial artery, assessed after reactive hyperemia
(endothelium dependent) and after nitrate administration (endothelium independent).
Results: The high intensity aerobic training resulted in a higher increase of the functional

capacity, assessed by the maximum tolerated time on the exercise testing (Al before
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9.39+1.22 minutes and after 12.12+1.24 minutes; BI before 8.84s+1.82 minutes and after
10.41£1.99 minutes; Controls before 9.36+.1.2 Iminutes and after 8.96+.1.35minutes; p <
0.05). The diameter difference of the vessel after hyperemia was significantly higher for
the high intensity group (Al before 4.28+0.73mm and after 5.62+0.95mm; BI before
4.24+0.49mm and after 5.01+0.56mm; Controls before 4.31+0.37mm and after
4.23+.0.23mm; p < 0.05). After nitrate, there was no significant difference for none of the
groups (Al before 5.13+.1.17mm and after 5.20+.1.10mm; BI before 4.93+.0.88mm and
after 5.074.0.70mm; Controls before 4.96+.0.36mm and after 4.62+.0.36mm; p = 0.565).

Conclusions: When compared to the low intensity aerobic training and controls, the high
intensity aerobic training improved the functional capacity and vasodilator response
endothelium dependent in patients with metabolic syndrome and diabetes mellitus type 2.
These findings suggest that physical training of high intensity might be considered as a

preventive alternative in those patients.

Key-Words: Oxygen Consumption. Endothelium-Dependent Vasodilatation. Physical
Training. Intensity. Ultrasonography. Metabolic Syndrome. Diabetes Mellitus Type 2.
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1 INTRODUCTION

Upon the last years life and health conditions have improved in a continuous way
and sustained in most countries, due to the political, economical, social and
environmental progress, as well as the advances in medicine and public health care. The
worldwide health (1) and from the region of the Americas (2) reports are conclusive on
this concern. However, the fastness and extension of urbanization, which are important
characteristics introduced in this context, provoke aggressive changes on people’s life
style, mainly on dietary habits and reduction on the level of physical activity.

In front of this, investigating the prevalent morbidity and mortality conditions, it
is verified that there is a diminution of some health problems, as it is the case with certain
infecting-parasite and conditions linked to the lack of basic infra-structure; on the other
hand, it is verified the growing of other health problems, in which the chronic non-
infectious diseases are highlighted, like the circulatory system diseases, newplasias,
intolerance to glucose, diabetes mellitus and metabolic syndrome.

Diabetes mellitus is, currently, one of the major health problems worldwide. It is
estimated that from an adult population of 273,8 millions, 21,4 millions are diabetic in
the USA (prevalence of 7,8%); in South America, from 233 million adults, 8,6 millions
are diabetic (prevalence of 3,7%) (3). In Brazil, according to the Reorganization of
Attention to Hypertension and Diabetes Mellitus Planning, 2,9 million individuals were
identified with suspects of diabetes mellitus, being the South Region the one which
obtained the highest prevalence with 18,6% of the totality of cases (4). A prevalence of
high importance is the by group of age, which is in the Brazilian population from 30-69
years old of 7,8%, with higher intensity in the age group from 60-69 years old with a
prevalence of 17,43% (5).

Concerning to this disease consequences, it is among the ten main basic mortality
causes in the country (6). The ATTICA Study, which was carried out in Athens, Greece,
rules out an epidemiology of diabetes similar to the one in the American. In a population
of 3.042 subjects in risk of atherosclerotic cardiovascular disease, 7% of them had

diabetes (7). According to the World Health Organization, approximately 194 million
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subjects have diabetes around the world, and this amount can double fold until the year
2.205, due to the population growing, age, unhealthy diets, obesity, and sedentary life
style (8). Wild and cols. say that the diabetic epidemiology grows frighteningly, showing
that a worldwide prevalence seen in 2.000 of 2,8%, approximately 171 millions, is
estimated for year 2.030 to be of 4,4%, approximately 366 million all around the world,
as well as being higher among men than in women, it is justified not only by the
maintenance of central obesity, but also by the demographic change and by increasing of
people with more than 65 years of age (9). There are different types of diabetes mellitus,
and the one with higher prevalence, reaching 90 and 95% of the totality of cases, is
diabetes mellitus type 2 (DM2), which occurs in subjects in the middle age, and its cause
is attributable to a strong genetic predisposition, besides environmental factors, such as:
sedentary life and an excess of caloric intake. Diabetes mellitus is associated to a marked
increase of cardiovascular disease, and this worsening seems to be caused in a pre-
diabetic state (10).

The metabolic syndrome is characterized by three or more cardiovascular risk
factors, correspondent to elevated glucose, abdominal obesity, arterial hypertension,
elevated triglycerides and low cholesterol HDL (11). It is a complication of the
characterized factors of insulin resistance, combined to other cardiovascular risk factors.
The International Diabetes Federation (IDF) believes that the metabolic syndrome is
powering the worldwide twin epidemic of diabetes type 2 and cardiovascular disease
(12). The risk factors include those ruled out by ATP III, as hyperglycemia, hypertension,
abdominal obesity, hypertriglycerideimia and, cholesterol HDL (13). Its prevalence in the
USA estimates approximately 22% in adults and, after adjustments for age, reaches the
index of 24% of the population (14). The results from the Study InterAsia indicate that 64
million adults (13,7%) in age from 35 to 74 years old have the metabolic syndrome, as
defined by ATP III (15). Steinbaum showed that, according to the 2.002 census,
approximately 47 million American were diagnosed with metabolic syndrome (13).
People with metabolic syndrome are two fold more propense to die from cardiovascular
disease and three fold more propense to have a heart attack or stroke compared to people
without metabolic syndrome (12). In addition, barely 200 million people in the world

have the metabolic syndrome and from those, 80% will die from cardiovascular disease.
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A fact of considerable importance is that the poor control of diabetes mellitus and
metabolic syndrome can lead to vascular injury. Diabetic individuals and with associated
risk factors (metabolic syndrome) have an increased cardiovascular morbidity and
mortality. The vascular endothelium has been studied in regards to its structures and
functions whose are important on regulation of homeostasis of the vascular system in the
diabetic individual and with metabolic syndrome (16-21). Specifically, in diabetes
mellitus the endothelial function seems to be injured (22). Endothelial dysfunction is
characterized by a vasodilatation dependent on the injured endothelium, and it is
associated to a strong trend of platelet aggregation, proliferation of smooth muscle cells,
lococitary adhesion and, consequently, to the development and progression of
atherosclerosis (23). It has been implicated in the pathogenesis of the vascular disease
evolved from the uncontrolled diabetes mellitus (24). Studies provide support to the view
that the metabolic syndrome is characterized by the sum of risk factors and endothelial
dysfunction (25). The physiopathological mechanisms that accelerate the progress of
vascular dysfunction in the endothelium seem to be related to the metabolic alterations,
due to hyperglycemia, lipid alterations and insulin resistance (26). Diabetes
complications, mainly the microvascular occur in the presence of hyperglycemia, already
started with injured glucose tolerance (IGT). Hyperglycemia inhibits vasodilatation
dependent from nitric oxide (NO). Vascular endothelial dysfunction is a fundamental
aspect of all TGP complications and it develops in most of cases as a consequence of
acquired defects of NO signalization. In endothelial smooth muscle cells, NO has at least
two critical and competitive roles: the vasodilatation signaling, in which insulin,
bradycinin, acetylcholine and mechanical shear stress produce NO by nitric oxide
synthesis (NOS), which after generated, NO diffuses locally to cause arterial
vasodilatation; and the dysintoxication of reactive oxygen species (ROS), which
consumes NO and thus, less NO will be available for vasodilatation (21,27). Therefore,
hyperglycemia generates toxic ROS and leads to a multifactor exhaustion of NO.
endothelial lesion has been implicated in vascular diabetic disease and metabolic
syndrome pathogenesis, as well as low insulin sensibility, dislipidemic, hypertensive,
passive and active smokers, leading as final common way the cardiovascular diseases

(28-33). Some investigators consider that endothelial dysfunction is a premature and
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integral manifestation of the atherosclerotic disease, caused by variable cardiovascular
risk factors (19, 34-37), and that the improvement on endothelial dysfunction reflects in
anti-atherogenic benefit (19). Atherosclerotic complications occur suddenly, however,
they are being constituted for long term, and asymptomatic. A normal and healthy
endothelium is exposed to a variety of prejudicial factors.

Eventually, the healthy tissue is injured, where endothelial dysfunction results,
and if the damage persists, increased lesions occur in the wall of the vases, and
atherosclerotic plaques grow, carrying the vulnerability and breaking risk (38-40).

Therefore, endothelial dysfunction precedes diabetes mellitus, considering it a
precocious and composed abnormality for the clinical aspects that characterize the
metabolic syndrome (16), as: arterial hypertension (41); visceral obesity (42);
hypertriglycerideimia (43); low HDL-C and high LDL-C (44); and diabetes mellitus (35);
although the underlying mechanisms of those associations have not still been totally
identified.

In regards to treatment, studies have been demonstrating that the endothelial
dysfunction can be lessened by a variety of interventions, as in attempts of cholesterol
reduction (45-48), with antioxidants (49-51), in the inhibition of the enzyme converting
angiotensin - ACE (52-54), in the insulin therapy (44), in the therapy of hormonal
replacement (55-57), in the supplementation with L-Arginine (30, 58) and, by the
physical exercise (59-63).

Physical exercise training in animals improved the endothelium dependent
vasodilatation, as in dogs (64) and in mice (65, 66). Specifically, the physical training has
resulted in a significant improvement of endothelial dysfunction in healthy human
populations (67), healthy teenagers (68), hypertensive men (69), individuals with
coronary artery disease (70), individuals with peripheral arterial disease (71), of
dyslipidemics (72) and individuals with cardiac insufficiency (73, 74).

In diabetic individuals, physical exercise of light to moderate intensity improves
endothelial function (19, 20, 75, 76). Inversely, a study with healthy young subjects of
both sexes (77), other with subjects at risk of coronary arterial disease (78) and another
with diabetics with chronic cardiac insufficiency (74) didn't improve the endothelial

function as an effect of a physical exercise program. But, outstanding fact is for a study
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with healthy men, training 4 sessions a week of 60 minutes each, where a worsening of
the endothelial function was evidenced (79).

However, the mechanisms for which physical exercise recuperates the endothelial
function dependent of the endothelium are not still totally known, although, it is believed
that such effect happens due to the liberation of nitric oxide (18, 65, 80-82). Apor and
Radi say that the regular physical activity decelerates the processes of aging of arterial
wall and of the endothelial function, which is denoted by the echo graphic checking of
the post-ischemic dilation of the vases in members from several populations (63).

A variable that might have influenced the conflicting results above described, is
the physical exercise training intensity used. However, few studies evaluated the effect of
different intensities of aerobic training on the endothelial function. Goto and colleagues.
randomized healthy individuals for three intensities of aerobic training: light, 25%
maximum oxygen consummation (VO,max); moderate, 50% of VO,max; and high, 75%
VO2max. The group who trained in moderate intensity improved the endothelium
dependent vasodilatation and none of the groups improved the independent vasodilatation
of the endothelium (83). Beyond of that, the group who trained in high intensity showed
increase of the oxidative stress. Our research group recently presented a randomized
study of patients with coronary arterial disease, who were randomized for training of low
intensity (60-65% of the maximum heart frequency) or of high intensity (80 - 85% of the
maximum heart frequency), and after four weeks of intervention, the group of high
intensity demonstrated improvement of the vasodilatation dependent and not dependent
of the endothelium (84). These findings suggest that, in patients with DAC and with
endothelial dysfunction, as those studied by Benetti and colleagues, the training of high
intensity can bring benefits for the function of the endothelium. Therefore, as patients
with metabolic syndrome or diabetes mellitus present endothelial dysfunction, it would
be interesting to know if a program of high intensity exercises can have benefits when

compared to a program of low intensity.
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2 OBJECTIVE

To compare the effect of an aerobic physical training program of high and low
intensity, in the endothelial function of patients with Metabolic Syndrome or Diabetes

Mellitus Type 2.
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3 METHODS

3.1 PATIENTS

Subjects with metabolic syndrome or diabetes mellitus type 2, of both sexes, with
age between 40 and 65 years, without coronary arterial disease were studied. This study
was led in the Section of Prevention and Cardiovascular Rehabilitation Unicardio, in the
Hospital Santa Catarina, in the city of Blumenau, in the State of Santa Catarina, Brazil.
The following exclusion criteria were used: subjects in whom, for reasons related to their
clinical screening, it was not possible to suspend medicines with known effect on
endothelial function, as inhibitors of the enzyme converting angiotensin, calcium
channels blockers, nitrates, beta-blockers, anti-oxidizers, hormonal replacement, insulin;
subjects with altered strength test (positive); cigarette smoking history in the last 12
months; participation in a physical exercise program in the last 12 months; chronic
obstructive lung disease; high pressure levels (systolic blood pressure above 180mmHg
and diastolic blood pressure above 110mmHg); diagnosed osteoporosis and diabetic
neuropathy.

The recruitment procedure of the sample was: in the Association of Diabetics of the
valley of Itajai, done in its monthly meeting; in the health center of the Familia Ardo
Rebello, during their weekly meeting; and patients of Clinica Unicardio. All the
participants underwent a clinical examination before the inclusion in the study, as well as
they were informed regarding the objectives of the study and about the possible risks and
discomforts involved with their participation in the experiments, signing term of
informed consent (Appendix A). The study protocol was approved by the Commission of
Ethics and Researches of Hospital Santa Catarina. This project is framed in the category
IT of the research regulation in men, in Brazil (85), where in agreement with article 13 of

the referred resolution, a signed written consent term was requested.

3.2 PROTOCOL
All study patients underwent an initial clinical examination with a cardiologist.
Before and after 6 weeks of intervention, the patients performed the strength test,

physical exam, laboratory exams and evaluation of endothelial function. The participants
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of this study were submitted to program of physical exercise in the Section of Prevention
and Cardiovascular Rehabilitation Unicardio of Hospital Santa Catarina, in Blumenau,
State of Santa Catarina, for 6 weeks, period considered enough to obtain changes in the
endothelial function (70, 73, 86, 87). The participants were guided to keep the original
alimentary habits and behaviors. After the strength test limited by fatigue, the participants
were guided with base in their individual prescription of exercises, and randomized for a
low or high intensity. For the high intensity program, the patients trained to a heart
frequency corresponding to 75 to 85% of the maximum heart frequency reached in the
strength test, while the program of low intensity was performed to a heart frequency
corresponding to 50 to 60% of the maximum heart frequency (88). During the study

period, the patients maintained the same doses of medicines.

3.3 PROGRAM OF AEROBIC TRAINING

In both programs, the patients trained 4 times a week, 50 minutes for session.
Each session of physical exercise was divided in: 5 minutes of warm up, with stretching
exercises and circling of members and body; 40 minutes of aerobic exercises (walk
and/or run), being the first 10 minutes progressive until reaching the training target, and
after, 30 minutes in the training target; and 5 minutes of cold down at the end, with
stretching, flexibility and relaxation exercises. The part of aerobic exercise of each
session was continuous. The 6 weeks consisted of 2 weeks of progressive adaptation
phase and 4 weeks training in the target predetermined by the maximum heart frequency.
The exercise sessions were supervised by one of the investigators and the determined
intensity of exercise was monitored and registered for each patient by a watch of heart
frequency (Polar, I Model M62, Helsinki, Finland). The alarms of the watches were
programmed for the inferior and superior limits of the correspondent intensity,

determined for each patient.

3.4 EVALUATION OF FUNCTIONAL CAPACITY
The exercise test was performed at Unicardio/HSC Clinics of Hospital Santa

Catarina, downtown Blumenau, by a cardiologist that didn't know the group to the which



71

the patients were randomized in. An ergometric treadmill with computerized system (I
Raise PC Micromed, I Model Millenium EM200 Plus, Brasilia, Distrito Federal, Brazil).
Bruce's protocol was chosen (89). Initially a standing rest electrocardiogram was made
and the blood pressure was measured; the electrocardiogram was observed continuously;
blood pressure was measured to each period; the test was interrupted by physical exertion
of the evaluated subject, and in a gradual way; the room temperature was maintained at

24° C by air conditioning.

3.5 LABORATORY MEASURES

All the subjects were submitted to laboratorial examination, performed at
Laboratory Santa Catarina, in Hospital Santa Catarina, as follows: the standard
laboratorial procedure was executed, where the individual was in the morning in fast of
12 hours; seated in a chair with the left arm extended to front and leaning, with the
possible most visible vein, the vein puncture was made by clamping rubber band type
serum around the musculature of the brachial biceps; needle and syringe were used with
assay tubes Vamtainer, where the blood was stored collected without anticoagulant, but
with separator gel. This collection was performed at Laboratory Santa Catarina, in the
City of Blumenau, in Santa Catarina, by the biochemical of that laboratory.

For the fast glucose, the blood test was used in fast, executed by laboratorial
standardized techniques, with the Enzymatic Method, Oxidative Glucose, Colorimeter
and of Final Point Liquid Stable from Laborlab (90). For glycaed hemoglobin, blood test
was used in fast, executed by laboratorial standardized techniques, with glycaed
Hemoglobin Method or glycaed Labtest, with the microcromatography technique (91).
For the cholesterol the blood test was used in fast, executed by laboratorial standardized
techniques: total cholesterol was used the Enzymatic Method AA of Colestat (92); for the
LDL cholesterol the photometric method was used, which is a homogeneous Method a
hundred the stages of the direct centrifugation to measure LDL cholesterol. The 1* step is
to select LDL and the lipoprotein enzymes are not transferred; in the 2™ step LDL is
transferred free being measured through an enzyme with reaction of colors (93); for the

HDL cholesterol the Precipitating Reactive Method was used for separation of the
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lipoproteins of high density in serum or plasma (94) and; for the triglycerides the
Enzymatic Method Liquid Stable of Laborlab was used (95).

3.6 EVALUATION OF THE ENDOTHELIAL FUNCTION

All the patients were submitted to a non-invasive evaluation of the endothelial
function, performed at Clinica Uniangio, in the city of Blumenau, Brazil. Two
investigators performed all the tests, without knowledge of the groups to which the
patients were randomized. They were in fast from 8 to 12 hours; the temperature
adaptation was in 24° C; vasoactive medicines were suspended for approximately 4 half-
lives; the patients didn't train in the day of the exam; they were oriented to not ingest
substances that affected the vasodilatation mediated by the flow (FMD) for at least 24
hours before the exam, as caffeine, fatty foods, vitamin C, alcohol; no make use of
tobacco; it was observed that the women were not in menstrual period; the individual was
positioned lying, with the arms in prone in a comfortable position, to obtain image of the
brachial artery, above the sewage antecubital, in the longitudinal plan, as seen in one of

the evaluated subjects, shown at Figure 1.

45-60 sec
y after cuff 4 min after
=asnine release nitroglycerin

5.3 mm, FMD 18%
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Figure 1: Outline of the position of the transducer in the sewage antecubital and the

image of the supersonic sound waves. Adapted from Corretti et al. (96).

A supersonic sound waves was used (Acuson, Model 128XP System, Montain
View, California, USA), with vascular software for bidimensional images (2D), color
Doppler and ghastly, with a monitor of internal electrocardiogram (ECG) and, a vascular
transducer of high frequency (Acuson, Model L7 7,5-10 MHz, Montain View, California,
USA). After the positioned subject, a segment with interfaces summons previous and
subsequent between the lumen and the arterial wall and selected for images in tones of
ash 2D. The images in tones of ash 2D, so much the way M and the way A (location of
walls) they can be used to measure the diameter continually. The registrations of the
arterial diameters were recorded in ribbon super-VHS for subsequent analysis. The whole
reading happened after frozen the plan in the pick of the wave R in ECG in 3 measured
sequences, repeating in more two waves R (therefore they were 9 measures, making the
average at the end), as shown in one of the subject of the research, seen at Figure 2.

Vasodilatation Mediated by the Flow (FMD) Dependent of Endothelium: to create a flow

incentive in the brachial artery, an sphygmomanometer cuff was placed below the sewage
antecubital; an image in rest of the line base was acquired after 10 minutes of rest,
obtained of a sample of volume of the middle of the artery; after that, the occlusion of the
artery was created by the insufflations of the cuff for the supra-systolic pressure;
typically, the fist was insufflated at least S0OmmHg above the pressure basal systolic
measure in the opposite arm, for occlusion of the arterial influx for extension of
standardized time; that caused ischemic and consequent dilation down of the resistance
vases through mechanisms solemnity-flow through the brachial artery (reactive
hyperemia for 5 minutes), to accommodate the extensive resistance vases; the resulting
increase in the stress cut caused dilation in the brachial artery; the longitudinal image of
the artery was registered continually before of 30 seconds for 2 minutes after the
deflation of the fist (peak £ 60 seconds); a pulsed sign Doppler of the middle of the
brachial artery was obtained after the immediate release of the cuff and not later than 15
seconds after the deflation of the cuff to evaluate the arterial diameter in mm (96).

Vasodilatation Mediated by the Flow (FMD) Independent of Endothelium: There were
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necessary 10 minutes of rest after the reactive hyperemia (FMD), before other image
could be acquired to reflect the conditions of re-established baseline; after having re-
established the baseline noticed in the image, it was made administration of 0,4mg-
Pumpspray of NitrolingualR (Wirkstoff: Nitroglycerin, Gesmbh, Vienna, Austria); the
vasodilatation peak happened 3 to 4 minutes after having administered the substance (it
was measured again after 4 minutes of the administration of the nitrate); the images were
continually registered; the nitrate was not administered in individuals with bradicardia or
serious hypertension; the nitrate, which is a exogenous donor of nitric oxide (IN THE), it
has been used to determine the maximum vasodilatory answer that one can obtain, and to
serve as a measure of independent vasodilatation of the endothelium reflecting the

vascular function of the smooth muscle (96).

Baseline Reactive Hyperemia Nitroglycerin
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Figure 2: Image of the brachial artery seen by the Supersonic sound waves,

longitudinally, in a patient of the study: a) Image of baseline after 10 minutes of rest; b)
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Image 60 seconds after the deflation of a ischemic cuff of 5 minutes; c¢) Image after 4

minutes of the administration of sublingual nitrate.

3.7 STATISTICAL ANALYSIS

The size of the sample was calculated with base in previous studies (19, 20, 68, 77,
83). The data were initially evaluated for the test of Kolmogorov-Smirnova to establish
the normality. The variables with normal distribution are presented by mean+DP and the
variables that didn't have normal distribution they are presented by meant+EP. For the
data with normal distribution, analysis of variance of couple entrance for repeated data
was used to compare the effects of the interventions and multiple comparisons were
performed by the test of Tukey. Variables without normal distribution were evaluated by
the test Kruskal-Wallis, with multiple comparisons performed by the test U of Mann-
Whitney. The significance level = 5% (p 0,05).
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4.1 CHARACTERISTICS OF THE SUBJECTS
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Thirty eight subjects were studied. Seven subjects were excluded of the study (six

with suspicion of DAC with test of altered strength; one with hip surgery not recovered).

Thirty one subjects were randomly designated to your groups: ten in the group of high

intensity exercise; ten in the group of low intensity exercise and; eleven to the control

group. As demonstrated in the Table 1, in the beginning of the study, the three groups

presented similar characteristics. In general, the subjects presented overweight and

obesity, hypertension and dislipidemia. The characteristics with relationship to factors of

cardiovascular risk and use of medicines recommended for the handling and control of

the metabolic syndrome and diabetes mellitus, are presented in Table 1.

Table 1: Characteristics of the subjects in the study, in their respective groups.

High Intensity =~ Low Intensity ~ Control
Group Group Group

n 10 10 11
Age (years) 50,749,2 52,247,5 49,5+6,8
Men / Women 03/07 05/05 03 /08
Diabetes Type 2 (Glucose >126 mg/dL)* 02 02 04
Metabolic Syndrome (>3 risk factors)** 08 08 07
Pré-Hypertension (120-139 / 80-89 mg/dL)*** 02 05 02
Hypertension (>140/90 mm/Hg)*** 06 04 09
Total CHOL 1 (>200 mg/dL)** 05 05 07
LDL-C 1 (>130 mg/dL)** 05 02 06
HDL-C | (H <40 /M <50 mg/dL)** 06 07 09
TRIG 1 (>150 mg/dL)** 04 03 06
Overweight (IMC 25-29,9 Kg/m?)*#** 03 07 04
Obesity (IMC >30 Kg/m?)**** 05 01 05
CC 1 (H>102 /M >88)** 08 06 10
Pharmacologicals

Hipoglicemiantes (gliclazida, metformina, glucoformina) 01 02 03

Anti-hipertensivo (alfametildopa) 03 02 05

Estatinas (atorvastatina, lovastatina, sinvastatina) 02 02 04

Diuréticos (hidroclorotiazida) 01 01 01

Anti-agregante plaquetdrio (AAS) 02 01 03

* Report of the Expert Committee on the Diagnosis and Classification of Diabetes

Blood Pressure, 2003. **** OMS, 2004.

Mellitus, 2003. **
ATP III, 2001. *** Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
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4.2 PROGRAM OF TRAINING

All the patients participated of the 24 training sessions for 6 weeks. The
execution of the sessions in both groups was of 100%, with no intercurrences. During the
training sessions, the heart frequency was confronted at 20 minutes of training, as seen in
Figure 3, where the group of high intensity maintained a frequency heart average of 79 +
3 %bpm, while the group of low intensity maintained a medium frequency of 55 + 2

%bpm
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Figure 3: Graphic representation of the Percentile of the Heart Frequency, of the training

Groups, per Session.
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Table 2: Values of Means with Standard Deviation and Medians with Standard Error,

from the Studied Variables.

High Low Intensity Control P Value Post-Hoc
Variables Intensity Group Group Tukeye U
Group de Mann-
Befor After Before After Befor After Timing Interac Group Whitney
e e tion
Total 200 189 198 191 220 213 0,166 0,968 0,324 N/S
Cholesterol +41 +40 +45 +38 +50 +36
(mg/dL) *
LDL-C 122 101 116 105 143 144 0,015 0,083 0,018 <0,005
(mg/dL) * +34  £19 +28 +23 +38  £35 GBI/ GAI
HDL-C 44 48 45 49 41 42 0,016 0,600 0,334 N/S
(mg/dL) * +5 +6 +14 16 +6 +7
Tryglicerides 176 138 153 139 181 157 0,010 0,573 0,819 N/S
(mg/dL) * +99 +95 +85 +78 81 +75
IMC (Kg/m?) * 29 29 26 26 30 31 0,512 0,192 0,139 N/S
+6 +6 +3 +2 +5 +5
CC (cm) * 99 98 98 97 101 103 0,768 0,011 0,694 N/S
+14 +13 +12 +10 +14 +13
PAS Rest 143 133 133 127 149 146 0,009 0,422 0,076 N/S
(mmHg) * 26 17 +17 +16 15 +13
PAD Rest 88 85 81 83 89 92 0,694 0,199 0,307 N/S
(mmHg) * +16 +15 +15 +13 +9 +7
Fc Rest (bpm) * 82 69 85 71 82 83 <0,001 <0,001 0,171 N/S
+8 +9 +6 +8 +11 +11
Fast Glycaemia 94 86 106 92 110 103 0,016 <0,005
(mg/dL) ** +31,3 28,7 353 +30,7 +£34,8 32,6 GAI/ GBI
Hemoglobin 7 6,7 7 6,7 8 8,2 <0,001 <0,005
Glycaed (%)**  +23 422 423 £22 26 26 GAI / GBI

* Data that show normal distribution, symmetric (represented by mean+DP, used statistic ANOVA and
Post-Hoc Turkey). ** Data that shows a non-normal distribution asymmetric (represented by median+EP,

used statistic Kruskal-Wallis and U of Mann-Whitney).

4.3 TEST OF STRENGHT

After six weeks of training of aerobic physical exercise, the total time of strength

in the ergometric test increased significantly in the group of high intensity (p <0,005),

staying practically unaffected in the control group. In Figure 4, the average of the groups

of the time of execution of the Test of Strength is demonstrated. The average value in the

group of high intensity before was of 9,39 + 1,22 minutes and after 12,12 + 1,24 minutes,

in the group of low intensity the time of test before was of 8,84 + 1,82 minutes and later

10,41 + 1,99 minutes and, the time of test of the group of controls before it was of 9,36 +

1,21 minutes and later it was of 8,96 £+ 1,35 minutes (p time <0,001, p interaction <0,001

and p group 0,048, with Tukey 0,042 for the group of high intensity).
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Figure 4: Graphic representation of the Time Spent for Execution of the Test of Strength
of the Patients of the Research, per Group. * p <0,05 for the test of Tukey

4.4 STUDY OF THE ENDOTHELIAL FUNCTION

After six weeks of exercise training, a significant improvement was observed in
the dependent dilation of the endothelium, being the larger increase in the group of
training of high intensity compared with the one of low intensity. Inversely, in the control
group the change in the diameter of the vase was not significantly different from those of
the initial study. Table 3 displays the diameters of the brachial artery before and after the

exercise program of the patients of the research.
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Table 3: Mean and Standard Deviation Values of Endothelial Dysfunction.

High Intensity Low Intensity Control Group P Value Post-
Variables Group Group Hoc
Tukey
Before After  Before After Before After Timing Interac Grou
tion p
Base 4,18 4,31 4,11 4,25 4,16 4,12 0,238 0,420 0,918 N/S*
Diameter +0,74 +0,95 +0,48 +0,53 +0,41 +0,22
(mm)
Reactive 4,28 5,62 4,24 5,10 4,31 4,22 <0,001  <0,001 0,037 <0,031
Hyperemia +0,73 +0,95 +0,48  +0,55 +0,37 +0,23 GAT*
(mm)
Induced 5,22 5,67 5,17 5,41 4,96 4,62 0,103 <0,001 0,073 N/S*
Dilatation +1,02 +0,95 +0,60  +£0,58  +0,36 +0,36
NTG (mm)

* Used statistic ANOVA with Post-Hoc Tukey.

The vasodilatation of the brachial artery was significantly larger in the reactive
hyperemia, in the patients' group with metabolic syndrome and diabetes type 2 who
performed aerobic physical exercise of high intensity (75 to 85% Fcmaximum), reaching
a p <0,005 in Post Hoc of Tukey, compared with the groups of low intensity physical
exercise (50 to 60% Fcmaximum) and control.

These patients presented endothelial dysfunction at the beginning of the study,
according to average of the measure of the basal arterial diameter, fact considered

common in that type of patient.
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Figure 5: Graphic representation of the Dilation of the Brachial Artery, Endothelium-
Dependent, per Group, post Reactive Hyperemia. * p <0,05 by the test of Tukey.

In Figure 6, the average of the differences of the diameter of the brachial artery is
demonstrated before and after the program of aerobic training, of the 3 groups of the

study.
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Figure 6: Graphic representation of the Difference of the Average, Before and After the
Dilation of the Brachial Artery (Reactive Hyperemia).

Below, Figure 7, presents graphically delta values (difference before and after), of
the variable dependent dilation of the endothelium of the brachial artery post hyperemia
with: duration of the test of strength, fast glucose, lipoprotein of low density and glycated

hemoglobin.
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5 DISCUSSION

The main finding of that study was to show that patients with metabolic syndrome
or diabetics type 2 have an answer significantly accentuated of the dilation of the brachial
artery in the dependent function of the endothelium (reactive hyperemia), but not to the
nitroglycerine, after a program of aerobic physical exercise of six weeks, being
maximized that improvement with the exercise of high intensity. The training of physical
exercise got better, also, the glicaemic profile, the profile of LDL cholesterol and the
duration of the test of strength.

Studies in different populations have been demonstrating that programs of aerobic
physical training improve the endothelial function: in individual healthy men (67), in
healthy youths (68), in smokers (97), in subject with cardiac insufficiency class III (73),
in overweight elderly (71) and, in patients with asymptomatic coronary arterial disease
(70), in other words, the exercise training is associated with improvements in the vascular
function of subjects with disease and factors of cardiovascular risk, who have endothelial
dysfunction(61).

Conversely, other studies didn't identify an improvement in the vascular function
dependent of the endothelium as an effect of the physical exercise: Jodoin et al.,
evaluated 22 subjects of mean age, with risk of coronary arterial disease and smokers,
and they concluded that 12 weeks of aerobic physical exercise didn't improve the
endothelial function of those subjects (78); Maiorana et al. didn't identify improvement in
the endothelial function in 19 healthy subjects of mean age, after 12 weeks of a program
of aerobic physical exercise and with circuit of moderate intensity (77); Miche et al. also
didn't identify improvement in the endothelial function in 42 diabetic patients with
chronic heart insufficiency after 4 weeks of physical exercise of moderate intensity (74).
However, Bergholm et al. identified a worsening in the vascular function as effect of the
intense physical exercise, when they studied 9 healthy men for the marathon (79).

Interestingly, Goto et al., when they evaluated the intensity of training of physical
exercise, they obtained an inverse result to those of our study. They demonstrated that 12
weeks of physical exercise of low intensity (65% of the maximum heart rate), but not in

physical exercise of high intensity (90% of the maximum heart rate), increased the
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dependent vasodilatation of the endothelium in 26 healthy men of mean age (83). An
outstanding fact, is that in the studies in which the endothelial function didn't improve,
except for Miche et al., the subjects didn't present endothelial dysfunction initially, in
other words, same was normal, suggesting that subjects with prejudiced endothelial
function, as the ones with risk factors and with cardiovascular disease, can be more
subject to improvements in the vascular function through the exercise training.

The consistence of published data, shown above, indicating that the exercise
training improves the endothelial function in heterogeneous groups, on whom it is
initially injured, seems to be correct, confirming the result of our study and, contrasting
with studies of exercise training in subject with normal endothelial function.

Specifically in patients with metabolic syndrome and diabetes mellitus, three
studies showed improvements initially in the vascular function prejudiced, although none
of them has evaluated training intensity: Lavrencic et al. evaluated 30 men with
metabolic syndrome and identified improvement in the vascular function by the increase
of the dependent dilation of the endothelium after a program of 12 weeks of aerobic
physical exercise, although it has not improved after NTG (76); Rigla et al. identified
improvement in the vascular function determined by markers in the plasma of endothelial
damage involved in the homeostasis, by the normalization of the high trombomodulin
concentrations (TM), found after 3 months of aerobic training in 14 patients diabetic type
1 and 13 type 2, as well as a reduction in the high activities of the tissue factor pathway
inhibitor (TFPI) in the 13 patients diabetic type 2 (20); Maiorana et al. also found
improvement in the vascular function of 15 patients diabetic type 2, after 8 weeks of
aerobic exercise and exercise circuit, as well as, it didn't improve after NTG (19).

The improvement in the dependent function of the endothelium is thoroughly
justified to be for the increase in the production of nitric oxide (NO) (64, 65, 81, 98). An
important fact, is that four weeks of aerobic physical exercise already stimulates the
endothelial function to an improvement (73). The physical exercise on the endothelial
function, seems not only to increase the production of NO (66), as well as it increases, in
a maintainable way, the synthesis of NO (eNOs). The high flow implicates in chronic
adaptation of the vasodilatator system, for the stress spoil on the endothelium. This seems

to happen not only for the high flow, but also for effects: hemodynamic, heart rate and
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blood pressure (99) and; metabolic, highlighting the improvements in the glycaemic
profile and hyperinsulineimia, picture found in the metabolic syndrome and diabetes
mellitus, that at the same time, would be associated to a formation of free radicals (100,
101). Therefore, the benefit of programs of physical exercise on the vascular function,
probably, link to the increase of the NO and high flow, causing improvement in the
dilation of the vase, although that hemodynamic effects and metabolic in general can also
be contributing to that improvement.

This study demonstrated and, it is in agreement with others (19, 20, 102-105), that
the glucose in the blood in fast, as well as to the glycated hemoglobin improved after six
weeks of aerobic physical exercise in patients with metabolic syndrome or with diabetes
mellitus type 2, correlating those findings to the improvement of the endothelial function.
Yasuda et al. investigated 24 diabetic patients type 2 with poor glycaemic control
(glucose fast> 200 mg/dL and/or glycated hemoglobin > 9%), and they discovered that
the intensive treatment of the hyperglycemia is associated with the improvement of the
endothelial function, combined with the decrease of factor tumor necrosis (TNFa) and
asymmetric dymetilarginine in the plasma (ADMA) (106).

One cannot forget to highlight that the improvement in the vascular function is
evident in every vasculature, even if exercises are only practiced in the inferior limbs,
excluding the remaining of the body. So, it is evident that the effect of the exercise
training becomes specifically widespread, and not restricted to the vascular bed of the
musculature, as demonstrated by Koller et al., Maiorana et al. and, Green et al. (61, 99,
107).

Another explanation, additional and summed for the improvement in the
dependent vasodilatation of the endothelium, could be the changes for the training of
aerobic physical exercise in the lipids concentrations in the blood, specifically the LDL
cholesterol. The LDL cholesterol obtained a significant improvement as effect of the
aerobic physical exercise physical of low and of high intensity in this study, although that
in the group of low intensity the improvement found was larger. Other studies showed
that the improvement in the lipids profile is accompanied of improvement in the vascular
function (20, 45, 48, 108-111). Fact, characteristically important in diabetic patients and

with cardiovascular risk factors (metabolic syndrome), it would be that oxidating LDL,
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LDL that underwent by oxidant modifications, were shown to interfere with the
formation of the NO (112, 113), in other words, in this study the drop in the total amount
of LDL cholesterol post-training, might have collaborated for an improvement in the
biodisponibility of NO, improving the function dependent of the endothelium, although
that in the study of Goto et al. the physical exercise in the group of high intensity
improved the LDL cholesterol, but it didn't improve the function dependent of the
endothelium, justifying once again, to be the sum of involved aspects (83).

The duration of the test of strength was significantly higher after the training of 6
weeks in the group of aerobic exercise of high intensity, but it was not improved
significantly in the group of physical exercise of low intensity, demonstrating that the
cardiorespiratory answer improved as the intensity of the physical exercise increases,
representing one more evidence than the aerobic physical exercise of high intensity can
promote superior benefits to the physical exercise of low intensity in patients with
metabolic syndrome or diabetics type 2. Middlebrooke et al. evidenced in their research
with 27 subjects with risk of developing diabetes type 2, that a correlation exists between
the maximum oxygen uptake and the measures of vascular function (maximum
hyperemia), sustaining and suggesting that the vascular function can be recuperated
through a increased aerobic physical conditioning (114). The same way, Lavrencic et al.
found improvement in the endothelial function in diabetic patients together with a
significant improvement of the maximum capacity of exercise (VO;maximum) (76).
Hambrecht and colleagues confirm that increases in the dependent vasodilatation of the
endothelium are significantly correlated with changes in the functional capacity (115).
Added the improved functional capacity it is the improved hypercholesterolemia,
outstanding fact for Niebauer et al., when they trained hypercholesterolemic mice, and
they obtained a reversion in the endothelial dysfunction, that was correlated with the
improved aerobic capacity (116). These findings arise a subject: if the training of exercise
alone, or in combination with reduction of lipids, can improve the vasodilatatory function
initially injured and the functional capacity, of subjects with cardiovascular risk factors
and disease.

Few researches studied the vascular function and training intensity. Bergholm et

al. registered that 3 months of race of high intensity reduced the function dependent of
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the endothelium. The degree of endothelial dysfunction followed by the training was
significantly correlated with a decrease in the serum of uric acid and it was more serious
in the subjects with the highest improvement in VO,maximum. The authors postulated
that the induced decrease by the training in the levels of circulating antioxidants could
affect the endothelial function adversely in the states of highly trained or trained over the
limit (79). Goto et al. studied the effects of 12 weeks of exercise performed in low
intensity (25% VO;maximum), moderate (50% VO,maximum) and high (75%
VO,;maximum) in young and healthy men and, where the vasodilatation of the forearm
mediated by acethylcoline (ACh) only improved in the group of moderate intensity, and
that happened in the absence of changes in the measures of increase of stress oxidizer in
the blood. In contrast, the ACh answers didn't improve, and nor they deteriorated, in the
group of high intensity, on whom the stress oxidizer was evident (83). Ostergard et al.
studied 48 subjects, 29 relatives of first degree of diabetics and resistant to insulin and 19
control without any report of diabetes mellitus in the family and, they didn't find
alteration in the vascular function after 10 weeks of intervention with exercise of
endurance to an intensity of 70% VO,maximum (117). Inversely, Benetti et at. registered
improvement in the vascular function dependent and independent of the endothelium, of
patients with coronary arterial disease, after four weeks of intervention with physical
exercise of high intensity (80 - 85% of the maximum heart rate) (84). Therefore, it is
reinforced the hypothesis that subjects that don't present endothelial dysfunction, don't
obtain modifications in the vascular function, and conversely, subject with prejudiced
endothelial function, as the ones with cardiovascular risk factors and with disease, are
subject to improvement in the vascular function through the training of exercise of high
intensity, fact demonstrated in our study and of the one by Benetti et al.

These findings are in parallel to the data that refers to the effects of the intensity
of the exercise on the prevention and treatment of the cardiovascular risk factors and
disease. Tanasescu et al. demonstrated in their study with 2803 patient, with diabetes
mellitus, that the physical exercise, the more intense, more it reduced the risk of DAC
and of cardiovascular death (118). Yu et al. identified clearly that the vigorous physical
activity, just as going up stairways, fast walks, cooper, swimming, tennis, shuttlecock,

squash and to dig heavily, can prevent the premature death independently of
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cardiovascular cause, in men of middle age that don't have evidence of pre-existent
cardiovascular disease (119). Hambrecht et al. studied 62 patients with stable arterial
coronary disease, and they showed that to devote your time of laser partially to intense
physical exercises, more or less 1400 kcal, rewards them with an ascending alteration of
their aerobic threshold during sub-maximum exercise, as well as, it represents an
independent predictor of change in the coronary morphology, making those findings to
correlate negatively to a progression of the disease of the coronary artery with the total of
physical exercise and, they conclude saying that the regression of the lesion can happen
in patients with weekly energy expenditure up to 2200 kcal, characterizing it as intense
physical activity (120). Lee and Skerrett in their study of systematized revision, end that
the vigorous or intense physical activity> 6 METs, reduces mortality for all the causes
(121). Hu et al. accompanied 121.700 registered nurses, with age between 30 and 55
years, residents in the United States, and they compared walk with vigorous physical
activity and risk of acquiring diabetes mellitus type 2, and found that a higher level of
physical activity in leisure time, so much in duration terms as in intensity, was associated

with reduced risk of acquiring diabetes mellitus type 2 (122).

5.1 LIMITATIONS

This study was of short duration. Although that Hornig et al. highlight that the
prejudiced endothelial function already presents improvement after four weeks of
intervention with exercise. Important also, is the fact that the endothelial function is a
precocious marker of cardiovascular disease. But, although this study didn't evaluate long
term issues, it is justified in the literature that intense exercise reduces cardiovascular risk
(118-120, 123). Other interesting aspect, sustained by Ostergard et al. is that the vascular
function can improve at the beginning of the study and to begin a worsening after some
weeks of intervention with exercise of high intensity (117). Fact not noticed in our study,
although with a time of intervention of 6 weeks. But, in general, the evaluation for
supersonic sound waves of the brachial artery has been surrendering important
information about the vascular function in the health and in the disease. Although, more

long term studies and with issues clinically important should be performed.
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6 CONCLUSIONS

When compared to the aerobic training of low intensity and controls, the aerobic
training of high intensity improved the functional capability and vasodilatatory response
endothelium-dependent in patients with metabolic syndrome or diabetes mellitus Type 2.
These findings suggest that the physical training of high intensity could be considered as

a preventive alternative on those patients.
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APPENDIX A

FORM OF INFORMATION TO THE INDIVIDUAL AND TERM OF FREE
CLEAR CONSENT

TITLE
Aerobic Training of High Intensity Improves the Vasodilatation Endothelium-Dependent
in Patients with Metabolic Syndrome or Diabetes Mellitus Type 2

What are you being invited to do?

You are being invited to be integrant in a research, which involves, to test a program of
physical exercise with the objective of improving the endothelial function of individuals
with metabolic syndrome or diabetes mellitus type 2.

Before you decide if you want to participate, please, read these information carefully, as
the study is described, and what would be expected from you in case you want to
participate. Please consider if you want to participate in this study and feel comfortable to
ask on any doubts that you can have.

Which is the proposal of this study?
To test a program of physical exercise, in individuals with metabolic syndrome or
diabetes mellitus type 2.

What will it involve?

It will involve to do: an ultrasound of right arm, ingesting a medicine (sublingual nitrate)
in Clinica Uniangio; a mat test (ergoespyrometer) in Unicardio, in Hospital Santa
Catarina; blood test (glycemia, glycosilated hemoglobin, cholesterol and fractions, and
triglycerides) in Laboratory Santa Catarina; weight, height and waist circumference
measures in Unicardio, in Hospital Santa Catarina; a program of physical exercise of 6
weeks.

In what conditions you can participate?

You can participate if: you are a metabolic syndrome or diabetes mellitus type 2; you are
between 40 and 70 years of age; if you are man or woman; that doesn't make physical
exercises; you cannot make insulin use during the research; you cannot be severe
hypertensive; not to use antioxidants; not to be smoker; not to have diabetic neuropathy
and osteoporosis; with absence of known arteriopathy; that doesn't make use of
betablockers or antagonistic of calcium; residents in the area of the valley of Itajai,
Blumenau.

And if you change your mind?
You will, at any moment, be able to give up the research, for any reason.

Is there any available compensation?
Financial not, however, you will have the possible positive effect of the physical exercise
for you.
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And what about confidence?
All your data will be kept secret, besides your name where a number will be used to name
each participant individual.

Is there any cost?
There isn’t have any cost.

Doubts or concerns?

If at any moment you have any concern on this study, or if you simply want additional
information, please contact: Prof. Carlos Alberto of Silva, Av. 21 de January 1770,
Downtown, Pomerode, SC, Telephone (47) 387-3397 or 8836-1818.

TERM OF CLEAR AND FREE CONSENT
I confirm that the nature and proposal of the study were well explained to me and
that I’ve read the Form of Information to the Individual.
I confirm that any doubt that I asked was answered for my satisfaction.
I confirm that understand the nature and proposal of the study and the involved
procedures.
I confirm that had enough time to consider my participation.
I understand that my participation is confidential and that the registrations can be
inspected by regulatory authorities of the Committees of Ethics.
I understand that can leave the study at any moment without having to give a
reason and that this won't affect any of my medical needs in the future in any way.
I understand that the responsible for this study can interrupt the study or my
participation at any moment, for any reason, without my consent.

When signing below, | freely agree in participating in this study:

Name:

Signature:

Date of Signature:

Responsible researcher for the research:
Name: Carlos Alberto of Silva Contact phones: (47) 3387-3397 / 8836-1818

Signature:

Date of Signature:




