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“Talvez ndo tenha conseguido
fazer o melhor, mas lutei para
gue o melhor fosse feito. Nao
Sou 0 que deveria ser, mas
Gracas a Deus, né&o sou o que
era antes”.

(Marthin Luther King)
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RESUMO

A disfuncdo endotelial é precursora da aterosclerose no Diabetes Mellitus tipo 1
(DM1) e se caracteriza essencialmente por uma disfuncédo na acdo do 6xido nitrico (NO) no
endotélio vascular, em geral causado pela hiperglicemia crénica associada ao estresse
oxidativo. O exercicio fisico aerébico tem sido utilizado como um método de intervencao
eficaz e capaz em reduzir o risco cardiovascular através da melhora da funcdo vascular. O
exercicio provoca aumento do fluxo vascular e do estresse de cisalhamento que, em
decorréncia, ativa a sintase do 6xido nitrico (eNOS), promovendo aumento da sintese de
NO. O treinamento intervalado de alta intensidade (High intensity Interval Training) (HIIT)
esta sendo comparado ao exercicio aerébico continuo (EAC) em pacientes com DM1
durante 8 semanas. Devido a maior intensidade de esforco o HIT pode apresentar
vantagens em relacdo ao exercicio continuo em parametros de fungdo endotelial e
condicionamento fisico em adultos com DM1 que apresentem disfuncdo endotelial.
Trabalhamos com a hip6tese que o treinamento HIIT seria mais eficaz do que o EAC para
melhorar a funcdo endotelial nos DM1 que apresentassem disfungdo endotelial. Em um
ensaio clinico randomizado aberto, 27 pacientes com DM1 com idade média de 23.5t6
anos; indice de massa corporal médio de 23.37+2.3 kg/m2 foram selecionados com base na
funcdo endotelial determinada pelo percentual de dilatacdo mediada pelo fluxo (FMD) e
randomizados em 3 grupos para avaliagdo do treinamento por 8 semanas com o protocolo
HIIT, protocolo continuo (CONT) e um grupo controle sem exercicio. Foram realizadas 3
sessfes semanais em ciclo-ergbmetro por 8 semanas. O treinamento foi dividido em 3
fases, com duracdo varidvel de 30 a 40min. A fase 3 diferenciou os treinamentos pela
intensidade, onde o protocolo HIIT tinha 5 periodos de 1 minuto com intensidade maxima de
85% do VO,nax retornando a base de 50% do VO,nax, €nquanto o EAC a intensidade foi
moderada continua sempre a 50% do VO, RESULTADOS: 27 pacientes completaram o
estudo. Apds 8 semanas de treinamento, o protocolo HIIT promoveu um aumento de 1,96x
na FMD basal o qual foi maior comparado ao protocolo CONT e aos controles 0s quais nédo
alteraram a %FMD. O % de pacientes com DE foi reduzido significativamente no grupo
HIIT, mas ndo se alterou nos grupos EAC e Controles. O consumo maximo de oxigénio
(VO2max) @aumentou significativamente em ambos os grupos HIIT e CONT, mas foi maior no
grupo HIIT, ndo havendo alteracdo no grupo controle (p>0.05). Ambos os grupos, HIIT e
EAC melhoraram o controle metabdlico, determinado pela hemoglobina glicada (Alc) em
relacdo aos controles, porém néo diferiram entre si. Nao houve alteragfes significativas nas
medidas de estresse oxidativo nos 3 grupos estudados. A glicemia capilar foi verificada
apenas nos grupos HIIT e EAC, antes e a cada cinco minutos cada sessdo de exercicio
fisico. A reposicdo de Carboidrato foi realizada sempre que a glicemia capilar estivesse
>100mg/dl consecutivamente. Quanto a glicemia capilar, observou-se somente na fase 3
reducao estatisticamente significativa entre os grupos. No protocolo AEC ocorreu
significativamente mais eventos de hipoglicemia comparado com o protocolo HIIT.
CONCLUSOES: A partir dos resultados obtidos, pode-se perceber efeito favoravel e seguro
do HIIT no controle metabdlico no DM1. O treinamento de 8 semanas com o protocolo HIIT
promove um aumento significativo da vasodilatacdo endotélio dependente em pacientes com
DMZ1, superior ao treinamento convencional, reverte a disfuncdo endotelial de e promove
melhor condicionamento fisico em pacientes com DM1
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1. INTRODUCAO

A resposta endotelial a diferentes tipos de estresses tem sido motivo de
estudos, tanto em individuos aparentemente saudaveis quanto em portadores de
diabetes mellitus (DM). A alteracao da funcdo endotelial precede o desenvolvimento
das alteracbes aterosclerdticas morfolégicas e pode contribuir para o
desenvolvimento da lesdo e das complicacfes clinicas do DM e ao Infarto Agudo do
Miocéardio. Com o objetivo de encontrar a melhor terapéutica para esta disfuncao, a
investigacdo clinica, por meio do exercicio fisico tem sido utilizado como um método
de intervencdo eficaz. Nesse mesmo raciocinio, um estudo especula que um dos
provaveis mecanismos da disfuncédo endotelial exposto ao exercicio esta associado
com a melhora da vasodilatacédo (cisalhamento vascular) e ao aumento da producéo
de 6xido nitrico (NO) .

Os efeitos benéficos do exercicio fisico sobre a funcdo vascular estdo
vinculados: ao fluxo elevado (implicando em adaptacdes cronicas do sistema
vasodilatador); do estresse sobre o endotélio (ndo somente pelo fluxo elevado, mas
também pelas alteragdes hemodinamicas, frequéncia cardiaca e pressao arterial, e
efeitos metabdlicos da vascularidade); efeitos metabdlicos gerais; e aumento
sustentavel sobre a sintese de NO ®. Um estudo envolvendo 51 individuos, para
avaliar as diferengas na funcdo endotelial independente do endotélio, 18 Diabetes
Mellitus Tipo 1 (DM1), 18 Diabetes Mellitus Tipo 2 (DM2) e 15 controles, verificou-se
gue, nos pacientes com DM, a funcéo independente do endotelial estava prejudicada
nos dois grupos com Diabetes, DM1 (23+17%), no DM2 (20+13%) o que nao
aconteceu no grupo controle (66239%) ®. O exercicio fisico realizado durante
quatro meses mostrou melhoras nas variaveis pré e pdés a realizacdo no VO,
maximo (28,1+1,2 vs. 35,7+2,8 ml.kg™® min™?), na funcdo endotelial (7,7+1,4 vs.
9,9+1,0%) e nas doses basais de insulina (0,62+0,07vs.0,51+0,05 unid. kg. dia™),
beneficios que poderiam induzir redu¢cdo da morbimortalidade para doenca micro e
macrovascular nesta populacéo de risco. Além disto, esses autores comprovaram a
importancia da continuidade do exercicio, ja que verificaram que oito semanas de
destreinamento nesses mesmos pacientes com DM1 induziram o retorno basal dos
efeitos benéficos do condicionamento fisico sobre a funcdo endotelial (9,9+1,0
vs.7,3+0,4 %) @,



O fato de que no DM a funcédo endotelial estar anormal faz do exercicio fisico
um importante aliado no tratamento dos individuos com esta propriedade. Em outra
pesquisa com 15 pacientes com DM2, divididos em dois grupos: grupo exercicio,
participando de 8 semanas de treinamento de exercicio aerobico e outro grupo
controle sem exercicio, os desfechos evidenciaram que houve melhora da fungéo
endotelial no grupo exercicio pré e pos a realizacdo do treinamento, sendo de
1,7+0,5% vs. 5,0+0,4% (p <0,001) @,

O exercicio fisico aerébico influencia beneficamente o papel do NO derivado
do endotélio na funcdo vascular. Embora o exercicio fisico tenha demonstrado
beneficios em relacdo a disfuncdo endotelial ainda temos uma grande lacuna a
preencher. Faltam estudos que abordem os efeitos do exercicio em diferentes
condicdes patologicas, assim como, em diferentes tipos e intensidade. No entanto, o
tema é relativamente novo e de extrema relevancia para pessoas com DML1.

Em revisao da literatura, foi encontrado apenas trés estudos abrangendo exercicios
intermitentes a longo prazo e DM1 em humanos e uma meta andlise © ¢ 78

Nesse contexto, o treinmento HIIT provocou um aumento do VOjmax €
adaptacdes musculares mitocondrias da mesma magnitude que o treinamento EAC,
entretanto, com um volume total de exercicio 90% menor que o treinamento de
endurance ®. Essas adaptacées fisiolégicas ao treinamento, sugere que a melhora

da funcao endotelial esta relacionada com a intensidade do exercicio.
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2. REVISAO DA LITERATURA

2.1 Estratégias de busca e selecdo de informacdes

O objetivo desta revisao de literatura € localizar e selecionar informacdes da
literatura cientifica atualizada acerca do DM1 e respostas primarias e secundarias
relacionadas ao treinamento Intervalado de alta intensidade e/ou treinamento
aerdbico continuo de intensidade moderada sobre a Funcdo Endotelial/Estresse
Oxidativo nesta populacdo. A estratégia de busca envolveu as seguintes bases de
dados: periodicos CAPES, LILACS, SciELO, PubMed advanced , em inglés, no
periodo de 1960 a 2016. Foram realizadas buscas através dos termos “Diabetes
mellitus typel”, “Endothelium Function”, “Continuous Exercise”, “High-intensity

interval trining”, “Oxidative stress” e suas combinacfes apresentadas na Figura 1.

| CAPES | LILASCS | SCIELO | PUBMED |

Palavras -Chaves

92088 1196

(1) Diabetes
mellitus type 1

1861 68726 Palavras - Total de Artigos Artigos
Chave encontrados com incluidos nesta
3270 266 as palavras-chave Revisao
(2) Endothelium le2 2822
Function
529 261864 | Te3 [ 664 0
93 23 [ Teda 7] 5 3 ]
(3) Continuous »| TSI o
Exercise
e — 77 | 2e3 | 778 S
[ 2ed | 77 ——
6006 139
ey ZEsI 5% R
(4) High-intensity
interval training | 3ed [ 692 [ 5 ]
7698 7437
[ 3e5 ] 1566 5
492661 1556
(5) Oxidative 4e5 [ 102 !
stress Total 95
159195 165406

Figura 1. Estratégia de busca de referéncias bibliograficas sobre as bases que fundamentam os objetivos deste estudo. Caixas
em laranja indicam os artigos finais que foram incluidos na revisdo de acordo com os critérios de inclusédo, tendo DM1 como
fator de estudo ao Treinamento HIIT e Treinamento EAC sobre a Fungdo Endotelial/Estresse Oxidativo como desfechos. Este é

o resultado da busca da combinacéo das palavras-chave.(Boff W.; 2016)
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2.2 Diabetes Mellitus Tipo 1

O Diabetes Mellitus (DM) é uma doenca crbénica caracterizada por
hiperglicemia secundaria a disttrbios na secrecéo e/ou acdo da insulina ***?. O DM
pode ser classificado em Diabetes Mellitus Tipo 1 (DM1), Diabetes Mellitus Tipo 2
(DM2), Diabetes Mellitus gestacional e outros casos especificos de diabetes .

O DML1 caracteriza-se pela deficiéncia total da secrecao de insulina, resultante
da destruicdo das células B-pancreaticas por processo autoimune e € responsavel
por 5 a 10% das formas de diabetes ¥ O DM1 é a forma mais frequente de
diabetes na infancia e adolescéncia e a sua incidéncia vem aumentando
rapidamente, afetando cada vez mais criancas e adolescentes em idades mais
precoces, provavelmente em virtude do aparecimento de novos fatores ambientais
agressores . Estima-se que, a cada ano, 65.000 novos casos de DM1 sejam
diagnosticados em criancas abaixo de 15 anos 9.

Em um estudo, avaliando 4.370 adolescentes com diagnostico de DM
analisados no periodo de 1999-2002, 71% destes apresentavam DM1 e 29% DM2 e
dos 1496 individuos controles (sem diagnostico de DM), 11% ja apresentavam
alteracéo na glicemia de jejum (glicemias entre 100-125 mg/dl) .

As doencas micro e macrovasculares sao a principal causa de
morbimortalidade em pacientes com DM ¢ No DM1, o risco de morte por
doenca cardiovascular € 3 a 6 vezes maior quando comparado a individuos sem
diabetes. No entanto, os fatores de risco tradicionais para doenca coronaria nao
explicam a totalidade deste excesso de risco 929,

A relacéo entre DM1 e doenca cardiovascular é bem conhecida " e tem sido
atribuida a associacao entre hiperglicemia cronica, disfuncdo endotelial e inflamacéo
cronica ®2¥. Em estudos classicos e demostrado que a hiperglicemia cronica é um
importante preditor de complicagdes micro e macrovasculares 617249,

O endotélio vascular forma a camada celular que estd em contato direto com
o limen vascular e é separado da camada muscular lisa pela membrana basal. Seu
papel € a manutencdo da homeostase da vasculatura por meio da sintese de
substancias vasoativas que modulam o ténus vascular, inibem a agregacéo
plaguetaria e a proliferagdo das células musculares lisas vasculares. O NO tem

papel fundamental neste equilibrio .
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Na célula endotelial, o NO é sintetizado a partir da L-arginina pelo 6xido
nitrico sintase endotelial (eNOS), na presenca de oxigénio, e (tetrahidrobiopterina)
BH4. Rapidamente, o NO se difunde do endotélio para a camada de células
musculares lisas e plaquetas, onde ativa a guanilatociclase (Gca) com consequente
producdo de GMP ciclico (GMPc). A presenca do GMPc promove relaxamento
vascular e inibicdo da agregacdo plaquetédria. A meia-vida do NO é de apenas
alguns segundos, sendo rapidamente oxidado a nitrato antes de ser excretado na
urina %,

A ativagdo do eNOS e determinada por fatores como o estresse de
cisalhamento (shear stress) causado pelo fluxo sanguineo na parede luminal, pelo

estiramento da parede vascular e pela baixa tensdo de oxigénio na parede vascular

(e7.28) ' cujo sinal é modulado pela acetilcolina (Ach), bradicinina e inibidores da calcio-
ATPase. Por outro lado, a secrecdo basal de NO ¢ inibida pela NG-monometil-L-
arginina (L-NMMA), um inibidor especifico de eNOS ?°39,

2.3 Disfuncéo Endotelial no Diabetes Mellitus Tipo 1

Em situacdes patoldgicas, como no DM, pode ocorrer o desacoplamento do
eNOS, uma situacdo em que a transferéncia de elétrons na cadeia oxidativa nédo se
completa adequadamente. Os elétrons vazam e sao captados pelo oxigénio
molecular, gerando radicais livres, como o superéxido. O desacoplamento do eNOS

é, portanto, um importante mecanismo inicial de disfuncéo endotelial ¢+,

A disfuncdo endotelial € caracterizada pela perda das propriedades do
endotélio, isto €, alteracdo na sintese de proteinas, aumento do ténus vascular,
aumento da permeabilidade vascular e aquisicdo de atividade pro-trombética e
antifibrinolitica. Os principais determinantes sdo: a diminuicdo da disponibilidade de
NO e a preponderancia de fatores vasoconstritores liberados pelo endotélio, em
detrimento aos fatores vasodilatadores ©¥. A disfuncdo endotelial gera, portanto,
alteracdo no perfil antiaterogénico, promovendo migracao e proliferagcdo de células
musculares lisas, agregacao plaquetaria, oxidacdo do LDL, adesdo de mondcitos e
plaquetas e sintese de citocinas inflamatérias, contribuindo para a aterogénese ©%.

A analise do grau de disfuncdo endotelial em pacientes portadores de risco
para o desenvolvimento de doencga cardiovascular tornou-se um instrumento de

avaliacdo de aterosclerose precoce ©®. O endotélio vascular é considerado um
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o6rgao enddcrino que regula o tbnus vascular, homeostase e processo proliferativo
fibroinflamatério local ®®. Sabe-se que alteracdes no endotélio vascular ocorrem de
forma bastante precoce, principalmente em certos grupos de individuos, como
criancas com baixo peso ao nascerem ©”, com doencas vasculares, como Doenca

38) (3940)  hipercolesterolemia familiar “? e em

de Kavasaki , portadores de DM1
jovens com sobrepeso “? e obesidade “*?.

A funcdo endotelial no DM1 é modulada pelo grau de hiperglicemia “¥, pela
duracdo do diabetes “**® pelas concentracdes séricas de insulina “” e pela
presenca de complicaces cronicas, especialmente neuropatia autonémica “® e
microalbumindria “).

A funcéo endotelial pode ser investigada de maneira invasiva ou nao-invasiva,
com varias técnicas, em diferentes leitos vasculares e por diversos estimulos
farmacoldgicos ou mecanicos. Em relacdo a primeira técnica, as artérias coronarias
podem ser avaliadas em resposta a infusdo de acetilcolina, da bradicinina ou pela
inducdo de estresse de cisalhamento, com a utilizacdo de angiografia biplanar
quantitativa para mensuracdo das mudancas do diametro vascular ?. Outra técnica
invasiva € a pletismografia de oclusdo venosa para mensuracao do fluxo sanguineo
do antebraco em resposta & infuséo de acetilcolina na artéria braquial ®¥. A natureza
invasiva destas técnicas, no entanto, envolvendo a canulacdo de uma artéria e a
infusdo de drogas vasoativas ©? torna inviavel a sua ampla utilizacdo na pratica
clinica. Assim, as técnicas que envolvem procedimentos nao-invasivos ou com
infusdes de drogas a baixas concentracbes e com efeitos somente em pequenos
segmentos vém sendo cada vez mais utilizadas.

A avaliacdo do grau de disfung&o endotelial através de métodos néo invasivos
como a ecografia da artéria braquial para medida de dilatagcdo mediada por fluxo e
das artérias caroétidas para analise do grau de espessamento das camadas intima e
meédia tornaram-se métodos importantes de analise de aterosclerose subclinica em
criangas nos Gltimos anos ©¥. Os dois métodos correlacionam-se inversamente, ou
seja, quanto menor a dilatagcdo da artéria braquial, maior o espessamento das
camadas intima e média carotidea ©¥.

A medida da resposta vasodilatadora ao aumento do fluxo de sangue na
artéria braquial pode ser realizada, tanto em adultos quanto em criancas, por
estimulo mecénico (isquemia tempordria com aumento da pressdo local com

consequente aumento do fluxo sanguineo e liberagdo de oxido nitrico (vasodilatacao
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endotélio-dependente) como por farmacolégico com utilizacdo de nitratos
(vasodilatacdo endotélio-independente))®. Um percentual de vasodilatacdo inferior
ao esperado ¢ indicativo de disfuncdo endotelial ¢¢>".

A associacao entre hemoglobina glicosilada (HbAlc) e dilatacdo mediada por
fluxo foi estudada em numero relativamente pequeno de pacientes com diabetes e é
mal definida. Em um estudo ®®, envolvendo 19 pacientes com DM1 normo e
microalbumindricos, observaram uma correlacdo positiva entre dilatacdo mediada
por fluxo e HbAlc, (r=0,53, p=0,002). Ao contrério, de outro estudo transversal ©%, o
aumento da HbA1c parece ter impacto na dilatacdo mediada por fluxo, os pacientes
com HbAl1c>6% apresentaram significativo comprometimento da funcéo endotelial,
guando comparados aos pacientes com HbAlc < 6% sendo, HbAlc (r = -0,41; p =
0,032). .

Em outro trabalho, avaliando 11 pacientes com DM2 normoalbuminaricos,
com bom controle glicEmico (HbAlc média 6,5%), observou-se uma correlacéo
negativa entre a HbAlc e a dilatacdo mediada por fluxo (r= -0,37, p=0,0028).
Quando comparados pela fungéo endotelial, sete estavam com disfungdo e quatro
sem disfuncéo endotelial, a HbAlc foi maior no grupo com disfuncao endotelial, 6,84
(0,24%) versus 6,18 (0,14%), p=0,004, respectivamente. Considera-se disfungéo

endotelial quando o aumento da dilatagdo for inferior a 8%. ©9.

A principal
explicacéo para estas discrepancias deve-se ao fato de que a HbAlc néo reflete as
variagbes agudas da glicemia, que ocorrem no diabetes, embora seja um fator de
risco para as complicacdes micro e macrovasculares do diabetes ©V. A glicemia de
jejum, por sua vez, correlaciona-se com a reducao percentual da dilatacdo mediada
por fluxo “9. O efeito da variacdo glicémica foi estudado ©? em pacientes com DM1
normoalbumindricos, em que foi avaliado o impacto da deterioracdo aguda do
controle metabdlico na disfuncdo endotelial. Todos os pacientes foram avaliados
com dilatacdo mediada por fluxo e marcadores sorolégicos de funcédo endotelial
apos 48 horas de bom ou mau controle metabolico, apds randomizacgéo. Este ultimo
induzido ap6s reducdo da dose de insulina em 20% a 30% e liberacdo da dieta, por
periodo de trés semanas. A média da glicemia no periodo de bom controle foi 113
mg/dl comparada a 286 mg/dl no periodo de mau controle. Ambas as vasodilatacdes
endotélio-dependente e endotélio-independente foram significativamente menores
no periodo de piora do controle glicémico em relacdo ao periodo de bom controle

glicémico. Estes resultados indicam que, no DM1, a funcdo endotelial sofre impacto
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significativo da variacdo aguda da glicemia, porém pode ser revertida com a melhora
do controle glicémico.

O efeito da glicemia poés-prandial na funcdo endotelial tem sido pouco
estudado no DM1. Ocorreu em um estudo ©®® o impacto da glicemia pés-prandial e
da hipertrigliceridemia pos-prandial na funcdo endotelial de pacientes com DM2, e
observaram que marcadores sorologicos de disfuncdo endotelial, como a
concentracdo seérica de moléculas de adeséao Intercelular 1 (ICAM-1), E-selecina, e
marcadores de estresse oxidativo, como a nitrotirosina, aumentavam agudamente
apo6s a ingestdo de 75 g de glicose oral. Este efeito, por sua vez, era ainda maior
quando o estudo era realizado adicionalmente com uma sobrecarga lipidica ©,
indicando que tanto a hiperglicemia aguda, como a lipemia aguda, interferem
marcadamente na funcéo endotelial no DM. Em outro estudo, os mesmos autores %
observaram que apd6s uma sobrecarga oral de glicose, a reducdo da capacidade de
dilatacdo vascular mediada pelo endotélio acentua-se até a segunda hora, mas
retorna ao basal ao completar quatro horas da sobrecarga de glicose. Com a
sobrecarga lipidica, entretanto, a dilatacdo mediada por fluxo permanece alterada
até quatro horas apds. Estes dados sugerem que o efeito da glicemia pés-prandial é
independente do efeito da lipemia pds-prandial e os autores destacam que ambas
sdo mediadas pelo aumento do estresse oxidativo.

O tempo de diabetes € um determinante importante para a presenca de
disfuncdo endotelial no DM1. Em pacientes com mais de 10 anos de doencga, a
disfuncéo endotelial € um achado relativamente comum.

Entre cinco e dez anos de DM1, a disfuncdo endotelial ocorre mais
ocasionalmente. Em um estudo, envolvendo trinta e um adolescentes com pelo
menos um ano de DM1 (média 6,8 anos) e mau controle glicémico (HbAlc 8,6%)
comparados a individuos sem DM apresentaram comprometimento da vasodilatacéo
endotélio-dependente “®. Neste estudo ndo houve diferenca na vasodilatacéo
endotélio- independente nem na espessura da camada intima- média da carétida®.
A duracdo do diabetes apresentou correlacdo inversa com a dilatagcdo endotélio-
dependente (r=-0,39, p=0,02). Estes dados sugerem que a disfuncdo endotelial
pode ocorrer na primeira década de DM1 e é mais precoce do que o aumento da
espessura da camada intima-média das carétidas.

Outros dados indicam que a disfuncdo endotelial pode ser ainda mais

precoce, ocorrendo antes de cinco anos do inicio da doenca, inclusive precedendo a
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microalbuminuria. Reforcando essa precocidade ®5 compararam criancas de 11
anos de idade, com quatro anos de DM1, ndo-obesas, com mau controle (HbAlc=
9,8%) e criancas sem DM, em relacédo a dilatacdo mediada por fluxo e a espessura
intima-média da carétida e evidenciaram a presenca de disfuncéo endotelial em 36%
dos casos das criangas com DM1 ®9 Sendo que, a espessura intima-média da
carétida foi maior nas criangas com DM1. Os autores concluiram que disfungéo
endotelial € comum em criangcas com DM1 nos primeiros anos da doenca e pode ser
um preditor para o desenvolvimento de aterosclerose prematura.

Em contrapartida, outro estudo avaliando adolescentes com 3 anos de DM1,
com mau controle glicémico (HbAlc =9,35%), né&o encontraram diferenca na
dilatacdo mediada por fluxo entre pacientes e controles ®®. Os dados dos estudos
referidos anteriormente permitem inferir que a disfuncao endotelial comecga a surgir
entre trés e cinco anos apoés o inicio do DM1.

Os mecanismos pelo qual o DM1 leva a disfuncéo endotelial s&o complexos e
parcialmente compreendidos. Embora a presenca concomitante de hipertensao e
dislipidemia possa contribuir diretamente para a disfuncdo endotelial, uma
combinacdo de diversos mecanismos diretamente relacionados sdo determinantes
para o desenvolvimento desta condicao.

Tem sido sugerido que a disfungéo endotelial induzida pela hiperglicemia seja
mediada por radicais livres derivados do metabolismo do &cido araquiddnico ®¥. Em
células endoteliais de aorta humana, a exposi¢cao prolongada a altas concentractes
de glicose aumenta a expressdo génica do eNOS e a liberacdo de NO ©®. Contudo,
ocorre aumento concomitante do radical superoxido, um potente oxidante. Estes
anions inativam o NO e levam a producdo de peroxinitrito, um ativador da
peroxidacéo lipidica e da producdo de prostandides.

Segundo Brownlee ©®, a hiperglicemia leva & producéo de superéxido nas
células endoteliais em nivel mitocondrial e estd implicada na génese das
complica¢des do DM. O anion superoxido liga-se ao NO, prejudicando a sua a¢do no
endotélio ©”. Além disso, a producdo aumentada de superéxido ativa a proteina
guinase C, que por sua vez induz a sintese da enzima NADPH oxidase, que também
contribui para producédo de superoxido. A hiperglicemia também favorece, por meio
da ativagcdo do fator nuclear kB (NFkB), aumento da expressdo do eNOS com

(68)

geracdo de NO . As superproducdes de superoxido e de NO favorecem a

formacao de peroxinitrito, que apresenta acao citotoxica, interferindo no cofator para
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producdo de NO, tetrahidrobiopterina, promovendo também producdo de
superéxido, em vez de NO ¢,
O manejo da disfuncéo endotelial no DM1 requer bom controle glicémico, com

énfase, principalmente nas glicemias pés-prandiais 2.

Niveis adequados de
pressao arterial, manejo da dislipidemia, suspensao do tabagismo, dieta pobre em
gorduras e estimulo & pratica da atividade fisica também s&o importantes ©°". O
beneficio do uso de agentes antioxidantes, como as vitaminas C e E, é controverso
("1.72)Colesterol HDL baixo, niveis elevados de apo-proteina B e lipoproteina(a),
aumento do IMC, sedentarismo e historia familiar de doenca coronariana precoce
correlacionam-se com disfungéo endotelial “®, enquanto niveis de LDL, em idades
entre 3 a 23 anos e sexo %™ parecem em criancas nao interferir significativamente
nesta analise. Em pacientes com DM1, os niveis de hemoglobina glicosilada
correlacionam-se positivamente com o grau de disfungéao endotelial (72),

A dosagem de marcadores inflamatérios em criancas e adolescentes em risco
de desenvolver doenca cardiovascular precoce tem evoluido muito nos ultimos anos.
O aumento sérico da proteina C reativa € sabidamente um predictor de evento
cardiovascular em adultos, associando-se com disfuncdo endotelial ®. Em criancas
e adolescentes vérios estudos ja demonstraram esta relacdo *">"®_ A concentracéo
plasmatica de outros marcadores endoteliais como do Fator de Von Willembrand, de
P-selectina e trombomodulina na sua forma soltivel também estdo aumentados ).

Considerando-se o aumento significativo da prevaléncia de DM1 em criangas
e adolescentes e o risco aumentado de desenvolver doenca cardiovascular precoce
nesta populacdo, torna-se importante avaliar o grau de disfuncdo endotelial para
tomar medidas preventivas precoces como o combate a obesidade, a dislipidemia,
ao sedentarismo e, quem sabe, obtermos uma reversdo da disfuncdo endotelial

através de mudancas de estilo de vida.
2.4 Exercicio Fisico Aerébico Continuo

O exercicio fisico aerdbico atua aumentando a biodisponibilidade do NO
derivado do endotélio na fung¢édo vascular. Em criangas com DM1, 30 minutos de
treinamento aerdbico, duas vezes por semana, durante 18 semanas aumenta a

(78)

dilatacdo mediada por fluxo em 65% Em adultos com DM1, 60 minutos de

treinamento aerdbico, 2 vezes por semana, melhora a dilatacdo mediada por fluxo
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em mais de 50% apés 24 semanas 9. Em estudo transversal, adolescentes com
DM1 que fizeram mais de 60 minutos diarios de atividade fisica moderada a vigorosa
tém maior fluxo de dilatacdo mediada que os pacientes inativos com diabetes €.
Muitos outros estudos também mostram melhora da resposta vasodilatadora em
DM2 sem doenca arterial coronariana, com o treinamento aerdbico / resisténcia
aerdbia e misturado com 8 a 12 semanas de duragéo V.

Embora o exercicio fisico tenha demonstrado beneficios em relagéo a funcao
endotelial, ainda faltam estudos que abordem os efeitos de diferentes intensidade
de exercicio. A resposta da adaptacdo do sistema endotelial pode estar interligada
ao sistema neuromuscular. O treinamento fisico é caracterizado por modificacdes na
capacidade de ativacdo e morfologia da musculatura utilizada. O ganho de forca nas
primeiras semanas de treino é atribuido as adaptacdes neurais ®2) enquanto que
adaptacbes morfolégicas se alteram significativamente apdés 8 semanas de
treinamento. Essas adaptacdes neuromusculares do musculo do paciente com DM1
submetidos a diferentes tipos de treinamentos, HIIT e ou EAC sdo de grande
relevancia fisioldgica e motivacional para a adesdo da pratica do exercicio fisico e

podem ter impactos diferentes na fungéo endotelial.
2.5 Exercicio Fisico Aerdbico Intervalado

O EAI consiste na alterndncia de diferentes intensidades de exercicio,
permitindo que o individuo alcance intensidades maiores em pouco tempo as quais
nao seria possivel de sustentar forma persistente por periodo prolongado. Desta
forma, o endotélio pode ser beneficiado por alteracdes mais intensas de fluxo o que
poderia ter beneficio adicional além do exercicio moderado na funcéo endotelial 2.
O HIIT por periodos superiores a 4-6 semanas leva a melhor performance nos
exercicios, a maior oxidacdo das gorduras e aumento da capacidade aerdbica. Em
um estudo ® foram avaliados 43 idosos com DM2 sedentérios de ambos os sexos,
gue foram submetidos a dois métodos de treino diferentes. Divididos em 3 grupos, o
grupo (A) realizou treino aerdbico continuo, o grupo (B) realizou treino intervalado de
alta intensidade e o grupo (C) nédo realizou treinamento fisico. Ao final de 12
semanas de treinamento, foi possivel verificar uma melhora na funcdo endotelial no

percentual de 1,3% no grupo A, de 2% no grupo B e de 0,3% no grupo C. o estudo
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foi realizado sem controle dietético, significativamente melhor, portanto no exercicio
intervalado.

Sessdes com exercicios intervalados de alta intensidade também reduzem o
risco de hipoglicemia durante e apos o esforco, quando em comparagdo com O
exercicio aerébico continuo em DM1®%888) por estas razdes, um programa de
treinamento com a combinacdo alternado de exercicios envolvendo HIIT podera
provocar melhoras na saude dos DM1, e ainda sim, envolver um menor tempo total
nas sessbes de treinamento quando em comparagdo ao treinamento concorrente

tradicional.
2.6 Estresse Oxidativo no Diabetes Mellitus Tipo 1

A literatura cientifica sugere que o estresse oxidativo tenha papel central na
patogénese das complicacdes do diabetes ®®. O estresse oxidativo é um estado de
desequilibrio entre a producdo de espécies reativas de oxigénio (ROS) e a
capacidade antioxidante endégena ®% e o seu papel como determinante principal do
inicio e da progressdo das complicagbes cardiovasculares associadas ao DM tem
sido alvo de grande interesse. Mecanismos bioquimicos tém sido propostos para
explicar as anormalidades estruturais e funcionais associadas com a exposicao
prolongada dos tecidos vasculares a hiperglicemia com indicios de que a
capacidade antioxidante enddgena esteja prejudicada nos individuos com DML,
dificultando a remoc&o dos radicais livres ©?.

A disfuncéo endotelial e a inflamacao crénica estdo implicadas na patogénese
da doenca aterotrombdética cardiovascular em individuos com ou sem diabetes,
independentemente da presenca de fatores de risco, como hipertensao, dislipidemia,
tabagismo. O primeiro estudo a demonstra-la avaliou pacientes com doenca
coronariana leve, ndo obstrutiva e sem diabetes, os quais eram submetidos a
avaliacdo da reatividade vascular por meio da administracdo intracoronariana de
acetilcolina, adenosina e nitroglicerina, seguido de ultra-som intravascular. Os
pacientes eram estudados longitudinalmente para avaliacdo de desfechos
cardiovasculares ©®Y. Neste estudo, os pacientes foram divididos de acordo com a
gravidade da disfuncao endotelial e acompanhados por 28 meses em média. Ao final

do seguimento, 14% dos pacientes com disfuncdo endotelial grave apresentaram
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eventos cardiovasculares (p<0,05), enquanto nenhuns dos pacientes com disfungéo
endotelial leve ou ausente tiveram desfechos cardiacos.

O valor preditivo para mortalidade cardiovascular de marcadores de disfuncao
endotelial como o fator de vonWillebrand (vWf) foi avaliado no estudo HOORN ©2),
Este estudo foi uma coorte populacional de 2.484 individuos caucasianos com 50 a
70 anos de idade, entre 1989 e 1992, em que 27% apresentavam DM2 e 27%
apresentavam intolerancia a glicose ®?. Apés cinco anos de acompanhamento, 58
individuos evoluiram a o6bito. Quando se avaliou o vVWf comparando os niveis
encontrados no tercil superior (>1,56 Ul/ml) em relacdo aos dois tercos inferiores
(<1,56 Ul/ml), o risco de mortalidade cardiovascular em pacientes com diabetes foi
de 2,30 (IC95% 0,80-6,64) apOs ajustes para idade, sexo, tolerdncia a glicose,
enquanto em pacientes sem diabetes o risco foi de 4,10 (IC 95%: 0,96-17,54). Em
todos os individuos agrupados, o risco relativo para mortalidade por todas as causas
associado ao VWTf no tercil superior foi de 2,03 (1IC95%: 1,19-3,47). Estes resultados
sugerem que o VWf, como marcador de disfuncdo endotelial, seja um predictor
independente de morte cardiovascular ©?.

Em pacientes com DM1, o VWf esta, em geral, aumentado em comparacao
com individuos saudaveis ©®¥.Este aumento é maior na presenca de micro e
macroalbuminurias em relagédo aos pacientes normoalbumindricos e correlaciona-se
positivamente com a proteina C reativa (r = 0,44, p<0,0005), indicando associagéo
entre disfuncdo endotelial e inflamagéo vascular ®%_ Os mecanismos pelos quais o
risco cardiovascular estd associado a niveis elevados de vWf ndo sdo bem
conhecidos, mas refletem disfuncdo endotelial generalizada e um estado pro-

tromb6tico®®

, 0 que representa risco maior de desenvolvimento de doenca
aterosclerética ©®®. Como o vWf também pode ser originado de plaquetas, a medida
combinada de vWf e de ativador de plasminogénio tecidual (AP-t)pode ser um indice
mais especifico e sensivel de alteracdo da célula endotelial ©®.

Outros marcadores plasmaticos de disfuncdo endotelial incluem o AP-t, SE-
selectina, molécula de adeséo a célula vascular, molécula de adeséo intracelular e
fator de crescimento endotelial vascular ©?.

Marcadores inflamatérios, como o necrose tumoral alfa (TNF-a), interleucina-6
(IL-6) e proteina C reativa ultra-sensivel (PCR), estdo positivamente associados ao
risco de doenca vascular em individuos sem diabetes ©®. Em pacientes com DM1,

marcadores inflamatorios, como a PCR, IL-6 e TNF-a, também s&o importantes



21

determinantes de inflamacdo. No estudo (EURODIAB Prospective Complications
Study) ®?, 348 pacientes obtido de 543 participantes foram analisados os
marcadores inflamatérios como PCR, TNF-a, IL-6 em individuos com DM1 e
individuos sem diabetes e comparados com o0s niveis de marcadores de disfuncéo
endotelial, como a E-seletina e a molécula vascular da célula de adeséo-1 (VCAM-
1). As medidas de inflamagéo estiveram diretamente associadas com o tempo de
DM, controle glicémico, perfil lipidico, pressdo sistélica e com marcadores de
disfungcéo endotelial (22 Ja a PCR apresenta-se como preditor de todas as causas
de mortalidade cardiovascular, estando relacionada com outros fatores de risco ©2.
Um estudo ©® avaliando 24 pacientes DM1 entre 2 a 12 anos durante a
primeira semana de diagnostico clinico do diabetes, quando o controle metabdlico ja
estava restaurado, demonstraram concentragfes elevadas de malonaldeido (MDA)
plasmatico, produto final da oxidacdo de acidos graxos poliinsaturados, em relacéo
ao grupo-controle (p<0,0001), sugerindo que radicais livres do oxigénio possam
exercer seus efeitos toxicos em estagios iniciais da doenca, mantendo-se elevados
no curso dela, ao serem comparados com um grupo de 30 DM1 com mais tempo de
doenca e sem complicacdes. Demonstraram ainda baixos niveis de glutationa
peroxidase em DM1 recém-diagnosticado em relacéo aos controles (p<0,0001), com
progressivo declinio no curso da doenca. Estes mesmos autores ndo encontraram
correlacdo entre estes achados e os parametros de controle glicémico e lipidico.
Outro estudo “°? avaliando 38 pacientes DM1, com idade média de 16,1+10,3 anos
desde o diagnostico, ndo demonstraram diferenca significativa nas variaveis de
peroxidacdo lipidica e MDA em relacdo ao grupo-controle. Neste grupo, a
capacidade antioxidante total do plasma (quantificada por quimioluminescéncia) foi
16% menor no grupo com DM1 (p<0,0005), a despeito do simultdneo aumento nos
niveis de tocoferol (p<0,05), sem correlacdo com o controle glicémico. Foi %V
demonstrado, em DM1 com media de 5,5+4,4 anos de doenca, correlacdo direta
entre aumento de 8-OhdG (8-hidroxi-2’-deoxiguanosina), outro marcador de estresse
oxidativo, com o controle glicémico e a presenca de microalbuminuria, achados

confirmados em outros estudos %192

, avaliando um grupo de DM1 pré-puberes,
com menos de cinco anos de diagndstic9o, ndo observou diferenca estatisticamente
significante nos marcadores do estresse oxidativo em relagdo aos controles, com
parametros bioquimicos similares entre os dois grupos. Na avaliacdo do estresse

oxidativo em pacientes com DM1 %) com 2,62+2,24 anos de doenca, sem
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comorbidades associadas e em tratamento intensivo do DM1 (aplicacdo de multiplas
doses de insulina), observou-se diferenca estatisticamente significante na producgéo
de ROS por granulécitos de DM1 em relacdo aos ndo DM1 (p<0,05), quantificados
por quimioluminescéncia dependente de luminol (0 método se fundamenta na
amplificacdo pelo luminol da luminescéncia natural emitida pelas espécies reativas
de oxigénio). O status antioxidante do plasma foi avaliado pela reducéo direta do
MTT (sal de tetrazodlio: [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide])
pelo plasma %1% ensaio utilizado na medida de viabilidade e proliferacdo celular,
gue se fundamenta na reducdo do MTT por meio de redutases, que agem como
doadora de elétrons na redugcdo do MTT. Esta reducdo, descrita inicialmente como
fendmeno intracelular, envolve NADH2 e FADH2 e é primariamente uma medida da
taxa de producdo de NADH na hiperglicemia. Nao foi observada diferenca
significativa na capacidade de reducéo direta do MTT pelo plasma entre DM1 e nao-
diabéticos (p>0,05), caracterizando manutencdo do poder antioxidante do plasma
neste grupo. Nenhuma correlacdo entre controle glicémico e lipidico e os parametros

avaliados foi encontrada.
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3. MARCO TEORICO

O marco tebrico esquematico apresentando a problemética da pesquisa. Boa parte
dos pacientes com DM1 apresentam hiperglicemia, ocasionando um estresse oxidativo,
desenvolvendo um quadro que pode progredir, em funcdo da permanéncia dos quadros
anteriores, a disfuncdo endotelial. Surgindo complicagdes oriundas desse processo, a
inflamacdo, ocasionando aterosclerose e aumentando as chances de ocorrer um infarto
agudo do miocérdio. Para estudos cientificos, ndo existe ainda um modelo experimental que
apresente o mesmo quadro que o observado em pacientes com DM1 e fungéo endotelial.
Ademais, pacientes com DM1 tendem a desenvolver disfungéo endotelial e ndo podem ser
diagnosticados com sintomas clinicos e sim por técnicas que, em sua maioria, de alto custo.
Entretanto, o exercicio fisico tem sido utilizado como um método de intervencao
terapéutica para prevenir e reverter esta disfuncdo, mas ndo é qualquer tipo de
exercicio que atua positivamente neste sentido. Nossa hipotese que defendemos é se o
exercicio aerobico intervalado de alta intensidade tem a capacidade de melhorar a funcdo
endotelial em comparacdo ao exercicio continuo de intensidade moderada em pacientes
com DM1.

Diabetes Mellitus

Tipo 1
Estresse . <
5 T Menos chances de
Treinamento EAl com objetivo de melhorar a FMD. desenvolver
Inflamagdo
Disfungao >_
Endotelial
EMD _< Menos chances de
( ) desenvolver
Aterosclerose
Inflamacao . LY 5 5 S
Treinamento EAC com objetivo de melhorar a FMD.

Il

Menos chances
de ocorrer
Infarto Agudo
do Miocérdio

Aterosclerose

Infarto Agudo
do Miocardio

Figura 2 (Boff W.;2016)
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4. JUSTIFICATIVA

A disfuncéo endotelial precede ao surgimento da aterosclerose e da doenca
cardiovascular no paciente com DM1. O exercicio fisico tem um importante impacto
na funcdo endotelial em pacientes com fatores de risco cardiovasculares, podendo
ser uma ferramenta terapéutica importante na prevencao de doenca cardiovascular.
Estamos propondo realizar o exercicio fisico como forma avaliar o efeito de 2
protocolos de treinamento cuja caracteristica é o treinamento com intensidades
intervaladas alternando intensidades maiores e menores em comparagdo com um
treinamento continuo com cargas menores em pacientes com diabetes. A ideia é que
expondo o paciente a intensidades maiores intervaladamente o beneficio do
exercicio na funcdo endotelial e no estresse oxidativo e na inflamagéo vascular
poderia ser maior. Como objetivos secundarios também vao avaliar as mudancgas no

controle glicémico relacionadas aos dois tipos de exercicio.
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5. OBJETIVOS

5.1 Objetivo Principal

Determinar o efeito de 8 semanas de HIIT comparado ao EAC e a um grupo
controle sem exercicio (C), na funcédo endotelial medida por FMD ( Flow Mediated

Dilation) em pacientes com diabetes tipo 1.

5.2 Objetivos Secundarios:

Determinar o efeito do treinamento com 8 semanas por HIIT comparado ao
EAC no:

estresse oxidativo, substancias reativas ao acido tiobarbiturico (T-BARS) e
composto organossulfurado (TIOIS);

controle glicémico (HbA1c);

excursao da glicemia capilar durante o exercicio fisico de pacientes com DML1.
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ABSTRACT

Aimghypothesis. To compare the effect of high-intensity intervahiting (HIIT) with
moderate-intensity continuous training (MCT) on ahelial function, biochemical markers,
oxidative stress and clinical fitness in patientthwype 1 diabetes.

Methods. Thirty-six type 1 diabetic patients (mean age 28.9§ears) were randomized into
3 groups: HIT, MCT, and sedentary (CON). Exercigags performed in cycle ergometers
during 40 min, 3 times/week, for 8 weeks at 50-85%ximal heart rate (HR,) in HIIT and
50% HRm.x in MCT. Endothelial function was measured by flovediated dilation
(endothelium-dependent vasodilation [EDVD]), andsth-muscle function by nitroglycerin-
mediated dilation (endothelium-independent vastidih [EIVD]). Peak oxygen consumption
(VOzpea and oxidative stress markers were determinedréedod after training. Endothelial
dysfunction was defined as an increase <8% in Vasdiameter after cuff release. The trial is
registered at ClinicalTrials.gov, identifier: NCT4&8L201.

Results: Twenty-seven patients completed the 8-week prot&ah each group (3 random
dropouts per group). Mean baseline EDVD was similaall groups. After training, mean
absolute EDVD response improved from baseline iiTH#5.5+5.4%, [(=0.0059), but
remained unchanged in MCT: 0.2+4.1%=0.8593) and in CON: -2.6+6.4%<0.2635).
EDVD increase was greater in HIMG. MCT (p=0.0074) and CONpE0.0042) (ANOVA
with Bonferroni). Baseline V@e. was similar in all groupspg0.96). VQyea increased
17.6% from baseline after HIITp£0.0001), but only 3% after MCTp£0.055); no change
was detected in CONp£0.63). EIVD was unchanged in all groupgs=(0.18). Glycemic
control was similar in all groups.

Conclusiond/interpretation: In patients with type 1 diabetes without microvdscu
complications, 8-week HIIT produced greater improeat in endothelial function and
physical fitness than MCT at similar glycemic cahtr

Keywords: high-intensity interval training; endotheliumof-mediated dilation, endothelial
dysfunction; diabetes mellitus, type 1; exercisgfdmrespiratory fitness
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Resear ch in context

What is already known about this subject?

« Some studies show that exercise can improve erddthanction in young patients with

type 1 diabetes, but results are not robust.

« Exercise intensity may be an important determiodeindothelial improvement.

* Meta-analyses show that high-intensity exercisaitrg is better than continuous

exercise training to improve fitness in type 2 dits.

What is the key question?

* Is high-intensity exercise training more effectitilan continuous exercise training in

improving endothelial function and physical fitnéssyoung type 1 diabetes?

What are the new findings?

« High-intensity exercise training for 8 weeks mailggthproves endothelial function
compared with continuous exercise training in yoadglts with non-complicated type 1
diabetes.

« High-intensity exercise training markedly improwesile continuous exercise training

only mildly improves physical fitness in young adubith type 1 diabetes.

* Improvements in endothelial function are not ateldby changes in glycemic control.

How might this impact on clinical practice in the foreseeable future?

« High-intensity exercise training may be preferred¢@ntinuous exercise training as an
exercise training prescription for young type lbaigs due to potential benefits on
cardiovascular function.

« The impact of high-intensity exercise training @ndiovascular prevention should be

investigated in long-term studies.
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INTRODUCTION

Micro- and macrovascular complications are the nmeanses of morbidity and
mortality in patients with type 1 diabetes [1, Endothelial dysfunction is supposed to
precede atherosclerosis and microvascular dise?jseTlie natural course of endothelial
dysfunction in type 1 diabetes is linked to addisib effects on chronic hyperglycemia,
oxidative stress and subclinical endothelial inflaation, leading to accelerated development
of atherosclerosis [4-6]. We previously demonsttdteat long-term, rather than short-term,
poor glycemic control is associated with endothealigsfunction development in recently
diagnosed adolescents with type 1 diabetes [7].efioor glycemic control occurs in the
first few years after type 1 diabetes onset, tieeegreater impact of endothelial dysfunction,
indicating an effect of metabolic memory [7].

In children and adolescents with type 1 diabet@smé of aerobic training for 18
weeks significantly increased flow-mediated dilatigFMD) [8]. In adults with type 1
diabetes, aerobic training significantly enhancédDFafter 24 weeks of training [9]. In a
cross-sectional study, adolescents with type letésbperforming more than 60 min of daily
moderate to vigorous exercise had greater FMD seaientary patients [10]. Improvements
in endothelium-dependent vasodilator response $8 aken in type 2 diabetes without
coronary artery disease, when patients are subjeictecombined aerobic and resistance
training [11].

Intensity changes during exercise seems to be partant determinant of effects on
endothelial function. Studies in different popwat, including type 2 diabetes, arterial
hypertension, heart failure, obesity and metabslindrome have demonstrated that high-
intensity interval training (HIIT) (i.e., high-iahsity efforts interspersed with recovery period
at lower intensity) can increase endothelium-depanddilation more effectively than

traditional moderate-intensity continuous train{(MCT) [12-16]. In addition, HIIT is
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associated with greater improvement in physicalefis performance (VQ,) than MCT. A
meta-analysis involving 10 studies demonstratetHid exercise provided a better physical
conditioning compared to MCT in subjects with ebtlied cardiovascular disease, metabolic
syndrome and obesity [17]. Another recent metayaimlfound that HIIT was better than
MCT in increasing VGhaxin type 2 diabetes [18].

So far, HIIT has not been tested against MCT ifep&t with type 1 diabetes. Our
hypothesis was that if the patient is subjectea ¢peater exercise intensity as in HIIT, FMD
and cardiorespiratory fithess will increase mormtin MCT. Therefore, the main objective
of this randomized controlled trial was to comptire effects of 8-week HIIT and MCT on

endothelial function and cardiorespiratory fitnaspatients with type 1 diabetes.

RESEARCH DESIGN AND METHODS
Design

A randomized, parallel-group clinical trial witha8ms and a 1:1:1 allocation ratio.
The eligibility criteria are shown in Figure 1. Mbanges were made to the methods after

trial commencement.

Eligibility criteria

We searched for patients with type 1 diabetes ali8vgears of age attending at the
Institute for Children with Diabetes (ICD), who weincluded in ICD database from January
1, 2015, to January 1, 2016.

We recruited subjects of both genders, regulatignaling clinic visits, who were
physically inactive or not involved in exerciseiiiag programs in the previous 6 months
and were interested in starting an exercise trgipiogram. We excluded smokers, pregnant

women, patients with known co-morbidities not rethto diabetes, patients taking drugs
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other than insulin and those who presented witlersediabetes-related complications, such
as: loss of renal function (serum creatinine ab®82.60 pmol/L), moderate to severe
retinopathy or blindness, suspected or confirmadrary artery disease, severe peripheral
neuropathy, foot ulcers or history of foot ulcersdaany suspected or confirmed clinical
autonomic neuropathy. Patients who met the eligjbidriteria were invited to visit the

research center.

Intervention

The intervention group was submitted to the HII®tpcol. We included an exercise
control group (MCT) and a sedentary control gro@®OWN). Training sessions were
performed in the ESEFID training center under suipem of part of the team in the
afternoon period.

As a general recommendation, patients in HIIT ar@Myroups exercised on cycle
ergometers 3 times a week, for 8 weeks. Heartwatemonitored during the whole exercise
sessions using heart rate monitors (Folf4, Polar Electro Oy, Kempele, Finland). All
exercise sessions were supervised and adherencemavatored by group. Capillary blood
glucose was measured every 5 min during all exetcé&@ning sessions and oral 10 g glucose
gels were given whenever blood glucose wa$5 mmol/L and a 20% decrease in insulin
basal dose was recommended to all patients in traing of every training day to minimize
the risk of hypoglycemia. In addition, patients aeecommended not to exercise at the peak

of insulin action.

High-intensity interval training (HIIT) protocol
HIIT protocol was divided into 3 phases accordiodMitranun et al (12) (Figure 2):

phase 1: weeks 1-2, phase 2: weeks 3-4, phaseeRs\Be8. In phase 1, participants warmed
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up for 5 min, increasing intensity gradually to aeeb0% of maximal heart rate. It was
maintained for 20 min and then followed by a recgyeeriod of 5 min. In phase 2, there was
a 5-min warm up to reach 50% maximum heart rate.ghJRand it was followed by a 1-min

sprint at 80% HR., then slowing down to 50% HR for 5 min. This procedure was
repeated 3 more times and then followed by a regophase of 5 min. In phase 3, the
protocol was longer and more intense. After a 5-mverm-up to 60% HR.., patients

performed six 1-min sprints at 85% HR followed by 4-min slow-down intervals at 50%.

The whole session lasted 40 min.

Moderate-intensity continuous training (MCT) praibc

MCT protocol was also divided into 3 phases asnitessd previously (12). In phase
1, training was identical as in HIIT. In phase artwipants exercised to attain 50% KRN
5 min and then increased intensity to 60%;,kRor 20 min, ending with 5 min to recover,
totaling 30 min. In phase 3, participants attairi% HR.., in 5 min and exercised

constantly at 65% HR, for 30 min, recovering in 5 min and totaling 40nmi

Sedentary control group (CON)
Control patients were only asked to follow gendifaktyle recommendations,
including to walk at least 3 times a week for aimum of 30 min. This group was not

supervised. No other exercise specifications wiateng

Primary outcome
Flow-mediated dilation (FMD)
We pre-specified the difference between post- aretqaining percentage FMD as

the primary outcome. FMD was determined as folloWghin 2 weeks of the first visit,
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patients were assessed for pre-training endotHaligtion through brachial artery ultrasound
in the left arm. The examination was performed byeaperienced member, blinded to the
results of the study, using the technique accortbr@orretti et al [19], which was previously
described by our group [7]. Tests were performetthénnon-invasive cardiovascular methods
unit of Hospital de Clinicas de Porto Alegre (HCPByiefly, patients were studied in the
morning, after the usual dose of basal insulin and00-kcal low-fat standard meal for
breakfast. Arterial blood pressure was measuredhbyauscultatory technique, using an
aneroid sphygmomanometer, at room temperature 422)2 All measurements were
performed using-high resolution ultrasound equipmé¢BnVisor CHD, Philips, Bothell,
USA) with a high-frequency transducer (3-12 MHz,2k3 Philips) to obtain longitudinal
images of the brachial artery. The ultrasound ireagere obtained with two-dimensional
mode, color and spectral Doppler. The simultaneelestrocardiography (ECG) was
recorded. To minimize operational errors, bothgdarcer and arm positions were maintained
throughout the procedure. Images were recordedtivithpatients at rest for 30 min.
Endothelium-dependent vasodilation (EDVD) and ehdaim-independent vasodilation
(EIVD) were determined respectively by FMD and atfiycerin vasodilation. Measurements
were done at multiple vascular sites using the nreasent system of the same equipment.
Arterial diameter measurements were done off-liatehe end of diastole, at the peak of the R
wave in the ECG.

After recording of baseline images, the brachitdrgrwas occluded for 5 min with a
pressure cuff positioned on the arm and inflatedc®mmHg above systolic blood pressure
for 4 min. The EDVD response was recorded betwéeantl 60 s after cuff release. After 10
min resting, baseline images were repeated andQlemg of sublingual nitroglycerin spray

(Natispray Trinitrite, Procter & Gamble PharmacesitiParis-Cochin, France) was used to
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evaluate EIVD 4 min after the spray. EDVD and EIMBre expressed as percent change in
brachial artery diameter before and after cuff asée or nitroglycerin administration,
respectively. Endothelial dysfunction was considev¢ghen EDVD was less than 8% in
relation to baseline [20, 21]. Smooth muscle dysfiom was considered by the same criteria

after nitrate use for EIVD [20, 21].

Secondary outcome
Maximal oxygen consumption (VQa)

We pre-specified the difference between post- aredtmaining VQpeax values
during a maximum load test. Briefly, all patientsrev submitted to cardiorespiratory fitness
assessment one day before starting the traininggois, which was repeated within 48 h
after the last training session was completed. #aremental maximal cycle ergometer
(Cybex, Medway, USA) test was conducted to detegnpeak oxygen uptake (baseline
VOypea), UsiNg the breath-by-breath method in an opecuttirspirometry (Quark CPET,
Cosmed, Rome, ltaly). After a 3-min warm-up periogcling at 50 W, the workload was
increased by 25 W every min until fatigue. The heate was measured during the test,
which was interrupted when cadence was <60 rpmy,Qvas defined as the highest mean

value achieved within the last 15 s prior to extiansas described in Moser et al [22].



Sample size calculation

The sample size, using FMD as the primary outcomwss calculated according to
the study of Mitranun et al [12] in type 2 diabet@#swhich the difference between pre- and
post-training values of FMD was around 2%. Condgidea standard deviation of 1.1%, alpha
= 0.05 and beta = 0.8, the minimal number of p&tiém each group was 8. We anticipated

possible dropouts and decided to include 12 patien¢ach group.

Randomization

The randomization process was in blocks, accortifgMD results before training.
Baseline FMD results were ranked in decreasingroidélocks of 3, so that the first 3
patients with corresponding higher FMD results fednthe first block, in a 1-2-3 sequence,
respectively, Group 1 = HIIT, Group 2 = MCT, Gro@p= CON. The following block
followed an inverse sequence (3-2-1) and then ootisely. This process ensured that
baseline FMD was similar between the 3 groups kefi@ining intervention. For technical
reasons, the intervention was not blinded, sincerg@ry control patients knew that they
would not exercise. However, the investigator resgme for FMD determination was
blinded for the rest of the study. All further evations were performed before and after the

exercise training interventions by the same ingastirs.

Biochemical assays

Blood and urine samples were collected after 12dtirfg. Patients were asked to
avoid exercise in the 48 h before blood and uriokection. Blood samples were routinely
centrifuged for 15 min and serum and plasma wemged at -80°C. HbAlc was determined
by immunoturbidimetry (Certified Self-Analysis ofhd National Glycohemoglobin

Standardization Program-Cobas Integra 400, RocheelBSwitzerland). Plasma glucose was
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evaluated by the glucose-peroxidase method usiagnsatic colorimetric reactions. Serum
total cholesterol, high-density lipoprotein chodest (HDL-c) and triglyceride concentrations
were also measured by the colorimetric enzyme ndetfddodular, Roche, Mannheim,

Germany). LDLc was estimated by the Friedewald #gnaCreatinine was measured by the
method of Jaffe (Modular; Roche) and high-sensitivC-reactive protein (hs-CRP) by
nephelometry (BN II; Dade-Behring, Deerfield, ILSW). Albuminuria was determined in a
single urine sample obtained in morning using tenunoturbidimetric method: Url-Pack

Bayer® MAIb Kit, Cobas Mira® Roche (AlbUCobas) [23]

Oxidative stress parameters
Total thiol group concentrations-SH) were assessed by reaction with 5,5
dithiobis (2-nitrobenzoic acid); DTNB] [24], and reading4dt2 nm. Levels of plasma

thiobarbituric acid-reactive substances (TBARS) were evaluatgaoregously described [25],

determined spectrophotometrically at 532 nm.

Statistics
Data distribution was evaluated by the Shapiro-Wikst. ANOVA with

Bonferroni/Dunn post-test was used to study FMD,GN&@nd VQ.a« The differences
between pre and post values for EDVD, EIVD and,)Qwere referred to as DELTA.
ANOVA with Bonferroni was used to make comparis@isDELTA between groups. The
chi-square test was used for qualitative varialfResarson’s correlation coefficient was used
to study the association between )Q.and FMD. Statistical tests were performed with the
standard software package Statistical AnalysiseéBy4iSAS) version QC (GraphPad, USA)

and StatView (Abacus, USA).
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Ethicsand approvals
This clinical trial was registered at ClinicalTsajov Identifier: NCT03451201.
This study protocol was approved by the HCPA ethimard, and the reported investigations
were carried out in accordance with the principddsthe Declaration of Helsinki. All
participants provided oral and written consent iptm inclusion in the study. Those who
agreed to participate were registered for furthelwation at HCPA and School of Physical

Education, Physiotherapy and Dance (ESEFID).

RESULTS

The study randomized 36 patients with type 1 deeDuring follow-up, 12
dropped out, 6 due to health problems not relabethé study and 3 canceled consent for
personal reasons. At the end, 27 patients compthatedtudy, 9 in each group (Figure 1). All
patients were analyzed in their original randomizgdups. No interim analysis was
performed. Patients were recruited from Januanyb20lJanuary 2016. The last follow-up
visit was in May 2016. The trial ended due to thd ef the protocol.

Baseline clinical and biochemical characteristitpatients are shown in Table 1. At
baseline, the HIT group showed slightly lower siistand diastolic blood pressure values
than the other groups. All other variables wereilainbetween groups.

Changes in metabolic, oxidative stress, endothéliattion and cardiovascular
parameters between groups before and after traar@ghown in Table 2. Lipid profile,
urinary albumin excretion, hs-CRP and oxidativesgrmeasures did not differ between
groups before and after training.

At baseline, the percentage of patients with eral@th dysfunction (%ED) was
similar in all groupsi = 0.60), as well as the baseline mean EDVD (Taplé&Rer training,

%ED was significantly lower in HIIT (22.2%%s. MCT (88.8%) p = 0.044) and/s. CON
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88.8% p = 0.0184) (Table 2). After training, EDVD increasiedm baseline in HIIT
(p = 0.0059) and was significantly greater in relatiorMCT (p = 0.0074) and CON
(p = 0.0042) (Figure 3). No increase in EDVD was seeNICT or CON. EIVD was
unchanged between pre- and post-training in alliggo

Although systolic blood pressure (SBP) values wiarghe normal range within
groups before and after training, SBP increaseé&o7d HIIT (p = 0.0378), while it was
unchanged in MCT(= 0.58) and CON@ = 0.08). Maximal heart rate was increased in HIIT
in relation to CON § < 0.05). There was no change in maximal heartlrateeeen MCT and
CON (Table 2).

VOzeakWas similar at baseline between groups (0.96) and increased 17.6% from
baseline after HIIT trainingp(= 0.0001) but only 3% in MCTp(= 0.055), with no change in
CON (p = 0.63). There was a trend for a greater increas€Q,yca« after training in HIT
compared to MCT( = 0.055) (Table 2).

We found a positive correlation50.337,p=0.007) between the delta of Qxand
the delta of FMD, indicating that a better cardémieatory fithess was associated with an
improvement in endothelial function (Figure 4).

After training, HbAlc was not significantly changedmpared to baseline values in
any of the protocol groups. No serious hypoglycesypisodes occurred. No patient had
muscular injury or cardiovascular symptoms. All ewfised exercise sessions were

completed.

DISCUSSION
This randomized clinical trial examined the effectHIIT in relation to MCT on
endothelial function of young adults, with non-cditgted type 1 diabetes. The study

showed that 8 weeks of HIIT training markedly imyd vascular function, by increasing
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EDVD 2-fold from baseline, significantly more thtCT during a similar period of training,
which was not dependent on improvements in glycesoigrol. Moreover, HIIT produced a
robust improvement in physical fithess from baselirwhile there was only a mild
improvement in MCT. The strong positive correlatimimserved between the improvement in
FMD and improvement in VQ..«indicated that these variables are interdependeat,that
changing intensity during exercise is an impor@eterminant to improve physical fithess
and vascular improvement in young patients witletypdiabetes.

Exercise can improve endothelial function in bathet 1 and type 2 diabetes when
compared to non-exercising controls. Three studé® previously evaluated FMD in type 1
diabetes using different protocols. In a non-cdigdostudy, Seeger et al [8] observed that,
after performing 30-min sessions of aerobic trgjrtimice a week for 18 weeks, children and
adolescents with type 1 diabetes showed a 65%agserm FMD, compared to nhon-exercising
controls. Fuchsjager et al [9] observed that trgjngessions with aerobic exercise for 24
weeks improved FMD by more than 50%, in adults witm-complicated type 1 diabetes,
while no change was observed in non-exercisingviddals. In a cross-sectional study [10]
including children and adolescents with type 1 diab, there was an association between
FMD and exercising, and endothelial function wakagted in patients who engaged in more
than 60 min/day of moderate-to-vigorous physicaivég.

Although exercise training effects have been stlidigype 1 diabetes, this is, to the
best of our knowledge, the first study comparingTHand MCT in a head-to-head
randomized clinical trial. The effect of short intals during exercise sessions was studied,
however, in type 2 diabetes. Interval and contisuexercise training were compared in an
open label clinical trial in relation to microvasaureactivity. Mitranun et al [12] randomized
45 patients with type 2 diabetes to perform exersissions with similar energy expenditure,

walking on a treadmill for 30 and 40 min per day 1@ weeks. They observed that both
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continuous and interval exercise training wereatiffe in improving FMD from baseline, but
there was a greater improvement in FMD in the grthgt performed intensity exercise
intervals than in those who exercised in the caowtirs training group (3Vs. 27% increase,

p < 0.05, respectively). In the present study, thiéedinces in FMD caused by interval

training were even more robust than those obsdrvgge 2 diabetes by Mitranun et al [12].

We found that there was an almost doubling of FM®@rf baseline in HIIT (97% increase)

with no change in MCT.

It is well known that acute exercise can enhanaoelial function compared to
non-exercising controls in different clinical cotidins. A meta-analysis indicated that all
exercise modalities can enhance endothelial fund@26]. Exercise can enhance endothelial
function basically through 4 mechanisms: 1) by éasing nitric oxide (NO) bioavailability,
which occurs secondarily to enhanced expressidniligition of endothelial nitric oxide
synthase enzyme (eNOS) and/or reduced inactivdtgnadation of NO by free-radicals
[27]; 2) increasing expression of antioxidant enegmsuperoxide dismutase, glutathione
peroxidase and catalases thus enhancing antioxidgo#city [28] as well as reducing the
expression of oxidant enzymes, such as nicotinanddenine dinucleotide phosphate
(NADPH) oxidase [29]; 3) reducing the expressionpof-inflammatory molecules such as
interleukins, adhesion molecules [30]; and finallyincreasing the number of endothelial
progenitor cells (EPCs), which are important deteamts of vascular endothelium
regeneration and angiogenesis [31].

The mechanisms by which interval training could rexeffects on endothelial
function are still speculative. It is plausible wayver, that shear stress may be increased after
exercise [32] and that it could induce eNOS phosgation [33]. In a pilot trial, Dopheide et
al [32] evaluated mean tangential wall stress (TWShe femoral artery, a surrogate marker

of shear stress, in 40 patients with known peripharery disease, who were compared to
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healthy individuals before and after supervised-@sge training. Patients were asked to walk
60 min per day, at least 3-5 days a week. The $itiewas limited by claudication, and they
should rest for intervals of up to 5 min, repeating same distance at lower intensity. There
was a significant increase in TWS in relation tateols, indicating that intermittent exercise
training may increase shear stress. Moreover, entestudy [33] demonstrated that repeated
muscle contraction can induce eNOS phosphorylatidlumans by increasing arterial shear
stress. Casey et al [33] studied seven young maltes performed 20 bouts of rhythmic
forearm exercise at 20% maximal (3 min each) sépafay 3 min of rest, over a 2 h period.
Fresh endothelial cells were then obtained 2 hr a&fkercise. They observed that protein
expression and phosphorylation of eNOS was inctea$his was the first evidence in
humans that muscle contraction-induced increasesnduit arterial shear could leadito
vivo posttranslational modification of eNOS activityendothelial cells.

Endothelial dysfunction in type 1 diabetes is known be caused by chronic
hyperglycemia and increased oxidative stress, \atsgened by early vascular rigidity [3]. In
the present study, however, exercise training didchange oxidative stress markers such as
TBARS or T-SH levels, not supporting the hypothekat a reduction in oxidative stress was
critical for short-term improvements in endothefiahction.

The present study had some limitations to be censil Since we studied young
patients with type 1 diabetes without establishiatbetic complications, extrapolating these
results to a group with more advanced diseasenigelil. Long-term effects of exercise on
endothelial function are also unknown. On the otheand, there were some important
strengths to be considered. 1) We used randomieatidlocks considering FMD, which
favored very similar values at baseline, minimizsglection bias. 2) We had a very high

adherence level, with minimal random dropouts agagrsimilarly in all groups, 3) FMD
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measurements were performed by a single highlpecdhblinded examiner, increasing

accuracy.

CONCLUSION

In young adults with type 1 diabetes without ctiogtions and in moderate
glycemic control, HIT is superior to MCT in imprimyg endothelial dysfunction and physical
fitness during an 8-week training period. The @ffeon endothelial function was closely
related to improvement of physical fithess and mtitl depend on glycemic control changes.
Thus, HIT can be recommended as a useful non-paoiogical alternative to improve
vascular function in patients with type 1 diabetemg-term studies to examine the efficacy

of HIIT in preventing micro- and macrovascular dise are still required.
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Table 1. Baseline characteristics of patients.

59

HIIT (n=09) MCT (n=9) CON (n=9) p

Age (yr) 26.1+7.8 23.745.8 20.8£2.6 0.18
Male/Female 3/6 5/4 4/5 0.63
Duration of type 1 diabetes (years) 9.1+2.9 10.8+2. 9.7£2.7 0.64
Total daily insulin dose (Ul/kg) 0.48+0.09 0.561P.2 0.47+0.11 0.43
BMI (kg/m?) 23.242.4 24.142.0 22.7+2.6 0.56
Systolic BP (mmHg) 108.3+7°9 120.5+8.8 116.5+7.5 0.03
Diastolic BP (mmHgQ) 71.148°2 78.817.8 79.616.5 0.05
Fasting plasma glucose (mmol/L) 11.49+4.05 8.6642.9 11.32+6.16 0.36
HbA;c (%) 8.2+1.3 8.4+0.9 8.8+2.3 0.67
Total cholesterol (mmol/L) 4.77+0.77 4.57+0.84 5333 0.38
LDL cholesterol (mmol/L) 2.87£0.70 2.31+0.57 3.1631 0.64
HDL-c (mmol/L) 1.53+0.31 1.47+0.63 1.57+0.38 0.89
Triglycerides (mmol/L) 0.78+0.34 1.70+0.21 1.29+40.8 0.35
Serum creatinine (umol/L) 51.85+9.91 59.48+9.15 38811.44 0.82
Mean UAC (mg/L) 12.6 (3.0-41.0) 30.4 (3.3-184) 3BD-142) 0.58
Microalbuminuria (%) 1/9 (11.1) 2/9 (22.2) 2/9 (2p. 0.78
Endothelial dysfunction (%) 5/9 (55.5) 719 (77.7) /9 666.6) 0.60

BMI, body mass index; BP, blood pressure; HpAdlycated hemoglobin; HDL-c, high-
density lipoprotein cholesterol; UAC, urinary albimnconcentration.
Microalbuminuria was defined as UAC>30mg/g. Dataexpressed as mean + standard

deviation, except for UAC.
ANOVA was used in parametric variables.
p = p for trend.

Male/female and % of microalbuminuria and endo#ieliysfunction comparison were
done using chi-square; UAC was analyzed using Kadékallis.

2p = 0.022vs. MCT; ® p= 0.03vs. CON;° p = 0.027vs. CON (ANOVA and Fisher).
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Table 2. Metabolic, oxidative stress, endothelial functiord aardiovascular parameters before (PRE) and @t@86T) 8 week-training period
in HIIT, MCT, and COM

HIIT (n=9) MCT (n=9) CON(n=9)
Variables PRE POST DELTA PRE POST DELTA PRE POST DELTA
Metabolic parameters
Weight (kg) 64.1+7.3 61.7+9.3 -2.36+4.6  71.4+11.61  70.7+10.9 -0.7+2.0 65.6+9.5 63.316.5 0.03+0.9
FBG (mmol/L) 11.53+4.0z8 11.44+6.12 -0.08+5.76 8.67+2.96 9.70+3.15 1.02+4.17 11.34+6.20 11.73+6.95 -0.06+9.20
HbAlc (%) 8.2+1.3 8.0£1.0 -0.2+0.6 8.4+0.9 8.1+0.9 -0.3+0.3 8.8+2.3 9.2+2.4 0.4+0.8
TC (mmol/L) 4.77+0.77 4.69+0.93 -0.08+0.57 4.56+0.85 4.04+1.37 -0.01+£1.45 5.34+1.74 5.54+2.05 0.21+0.98
LDL-c (mmol/L) 2.87+0.70 2.80+0.80 0.09%0.56 2.31+0.57 1.81+1.24 -0.51+1.32 3.16+1.37 3.16+1.40 0.00£0.75
HDL-c (mmol/L) 1.53+0.31 1.54+0.42  0.01+0.18  1.47+0.63 1.37+0.51 -0.0840.20 1.57+0.38 1.62+0.55 0.05+0.27
TG (mmol/L) 0.78+0.34 0.80+0.28  0.02+0.25 1.70+0.21 1.86+0.16 0.16+0.92 1.29+0.87 1.64+1.53 0.32+0.71
hs-CRP (nmol/L) 18.10+20.95 19.05+15.24 0.95+9.52 31.43+23.81 37.14+31.43 5.71+24.76 47.62+43.81 102.86+147.62 55.24+153.34
Oxidative Stress
TBARS (UM of MDAJL) 2.00+1.41 2.31+1.60 0.31+0.45 2.18+0.59 2.68+1.54 0.49+1.72 2.40+£1.76 2.35+1.67 -0.04+2.63
T-SH (hmol/mg of GSH 79.59+15.26  88.37+12.18 8.77+17.23 95.04128.30 96.26+14.04 1.22+25.01 95.35+29.76 91.31+21.71 -4.03+32.59

Endothelial dysfunction
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HIIT (n=9) MCT (n=9) CON (n=9)
Variables PRE POST DELTA PRE POST DELTA PRE POST DELTA
EDVD
Mean FMD (%) 5.7+5.0 11.2+5.4°  55+4.4° 5.2+3.3 5.4+3.3 0.24+4.0 7.6+7.4 5.0+3.3 -2.646.4
% with ED 5/9 (55.5) 2/9 (22.2§° - 7/9 (77.7)  8/9 (88,8) - 6/9 (66.6) 8/9 (88.8) -
EIVD
Mean NTG (%) 24.1+7.3 22.545.3 -1.545.4 18.0+4.2 16.3+4.7 -1.743.9 26.346.7 18.6+7.7 -4.346.2
% with SMD 0 0 - 0 0 - 0 0 -
Cardiovascular parameters
Systolic BP (mmHg) 108.3+7.9 116.1#9.2  7.7#9.3 120.5#8.8  118.2+7.8 -1.6+8.6 116.5+7.5 120.5+7.2 4.0£5.5
Diastolic BP (mmHg) 71.148.2 78.848.9 7.749.0 78.8+7.8 81.6+8.2 2.748.7 79.646.5 80.6+7.6 1.0+7.4
Resting HR (bpm) 76.5£11.7 74.448.7  -2.1x125  73.2+4.7 76.0+8.4 2.1#8.3 77.7+10.5 84.1%7.5 6.3+8.5
Max HReax (bpm) 180.4+14 189.0#16 8.51#13.9  179.2+16  178.3+14.9 -0.88+5.32 183.2+15 184.3+16 0.55+4.12
VOspea(ml/kg/min) 34+6.3 40.1+4.3  6.08+2.58°  3348.2 36+8.8 3.04+4.08 33.2+10 32.7+10 -0.34+2.78

BP, blood pressure; CON, non-exercising controBGFfasting blood glucose; HbAlc, Hemoglobin A1®IHc, high-density lipoprotein
cholesterol; HIIT, high intensity interval trainingR, heart rate; hs-CRP, high sensitivity C-reaseprotein; LDL-c, low density lipoprotein
cholesterol; Max HR.ax maximal heart rate; MCT, moderate continuousitrg; TBARS, plasma thiobarbituric acid-reactivéstances;
TC,total cholesterol; TG, triglycerides; T-SH, tiataiol group concentrations; V., maximal oxygen consumption during exercise.
EDVD, endothelial dependent vasodilation; Mean FMigan flow-mediated dilation; % with ED, percenpatients with endothelial
dysfunction; EIVD, endothelial independent vasditila, Mean NTG, mean of nitroglycerin-mediated tida; % with SMD, percent of
patients with smooth muscle dysfunction. All vatesowere tested by ANOVA and Fisher; except in ¥\&D and % with EIVD where chi-
square was used. Data are expressed as meanatardtdeviation. PRE, corresponds to value obtdmetkdiately before first training
session; POST, correspond to values obtained imateddiafter the last exercise session; DELTA, poads to the mean of difference
between post and pre values.

2p < 0.05vs. MCT; ® p< 0.05vs. CON;°p < 0.01vs. MCT;  p < 0.01vs. CON; ®p < 0.01vs baseline-HIIT
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FIGURE LEGENDS
Figure 1. Flow diagram of inclusion of patients in the study.
Figure 2. Description of the exercise training protocols fhigtensity interval training -
HIIT) and moderate-intensity continuous trainingCT) divided into phases according to
exercise intensity related to percent of maximalrhete obtained in the maximal exercise
test, according to protocol of Mitranun et al (12).
Figure 3. A. Endothelium-dependent vasodilation, expressdtbasmediated dilation
(FMD) before and after 8 weeks of training with exge protocols: high-intensity interval
training (HIIT), moderate continuous training (MCand non-exercising patients (CON). B
Differences between post- and pre-training val#sL({TA) of FMD.
Figure 4. Correlation between the increment in flow-mediadédtion (DELTA-FMD) and
the increment in peak oxygen consumption (DELTAME) with 8-week training in all

patients with type 1 diabetes who exercised.
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Figure 2. Description of the exercise training protocols (high-intensity interval training -HIIT) and moderate-
intensity continuous training - MCT) divided into phases according to exercise intensity related to percent of
maximal heart rate obtained in the maximal exercise test, according to protocol of Mitranun et al (12).
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Abstract

The use of the high intensity interval training foiol (HIIT) is still underutilized in type 1
diabetes mellitus (T1DM) due to fear of hypoglycands a consequence of increased
intensity. The present study aimed to study théedihces between 8 weeks of HIIT and
CONT in the glucose excursion, the rate of hypoghyic episodes and the potential to
improve HbAlc. This is a subset of a randomizedndpeel trial in which the HIIT and
CONT training protocols were studied in sedentaryDW patients with no chronic
complications. In this study, 18 patients were &ddn this reanalysis, 9 in the HIIT protocol
and 9 in the CONT training. All patients exercisgetimes per week on cycle ergometer for 8
weeks, each session for 30 to 40 minutes. Patienite HIIT and CONT groups performed 3
exercise sessions per week for 8 weeks. The HItTGANT protocols were divided into 3
phases. Phase 1 (initial training) included 6 30-exercise sessions during weeks 1 and 2
with moderate intensity in both groups. Phase fe(mediate training) included 30 during
weeks 3-4, where HIIT, but not CONT, included 4&segs of 1 to 80% of maximal heart rate
(HRmax). Phase 3 (intense phase) included 40 mémcese sessions during weeks 5 to 8,
where HIIT but not CONT included 6 seizures of Innait 85% (HRmax). All exercise
sessions were supervised and adherence monitoribe bbgsearchers. Capillary glycemia was
measured every 5 min in all sessions. Oral glugeds of 10 g were offered to patients
whenever glucose reached 100 mg / dl or less. Eoeed of hypoglycemia was classified
when the glucose levels were <80mg / dl, <60mg érdk50mg / dl verified by means of
finger blood samples. HbAlc was determined befarkadter 8 weeks of formation. For each
patient, in each exercise during exercise, theaapeof 6 or 12 glucose was used according to
the exercise phase. We used ANOVA for repeated unesado analyze the excursions of
glucose during exercise and chi-square for the eghyc episodes. Results: Mean blood
glucose during exercise sessions was similar invileegroups at the beginning of phases 1, 2
and 3. The blood glucose capillary excursion wasilar between HIIT and CONT at all
times of exercise during the phases 1 and 2. Isg@Bathere was an interaction between the
glucose curves between HIIT and CONT (p = 0.004®)ch was reduced more strongly in
CONT than in HIIT, respectively, in 35 min: 112 2 s .134 + 62 mg / dl (p = 0.0384) E at
40 - 103 + 82 Vs. 130 + 84 mg / dl (0.0270). lage 1, hypoglycemic episodes <80mg / dI
were more incident in HIIT than in CONT: 9.28% ¥98% (p = 0.0299), but episodes
<60mg / dl and <50mg / dl were similar in both greuln phase 2 there were no differences
in the incidence of hypoglycemia between groupstdge 3, however, there was a significant
increase in the episodes <80mg / dl and <60mg ihdihe CONT compared to HIIT,
respectively 10.5% vs. 7.5% (p = 0.0301) and 1#ue0.5% (p = 0.0535). Both training
protocols reduced HbALlc levels. We conclude thdT ldan be safer and more efficient than
the currently prescribed CONT protocol and shoudd recommended for uncomplicated
T1DM.
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INTRODUCTION

Exercise is a fundamental tool in the treatmentypeé 1 diabetes mellitus (T1DM),
due to its effect on reducing hyperglycemia as waelbrtality, preventing chronic
complications, thus improving general health. Inm&tanalysis of prospective cohorts,
including 5.859 individuals with diabetéd it was observed that physical activity was
associated to a lesser risk of cardiovascular desend total mortality. Compared with
sedentary individuals, a reduced risk of mortaWtyas observed in moderately active
individuals. The greater the level of physical wityi the smaller the risk of mortalit}).

Improving glycemic control is a key feature of tieercise role in T1DM treatment.
Metanalysis indicate that continuous aerobic trgn{CONT) can reduce 0.7% HbALc in
patients with diabetes who exercise, compareddsetiwho do not exercise®. Currently it
is recommended that T1DM should do aerobic exerisaoderate intensity for at least 150
minutes per weel?. Exercise is also associated to reduced mortality cardiovascular
disease in diabetéy.

High intensity interval training (HIIT) has receptémerged as an interesting option
for improving physical conditioning and endothelfahction in diabetes(6) Hypoglycemia,
however, is one of the main limitations for exeecia T1DM, beside to its association to
intensity and duration of exercise. It is reasoadblconsider that the more intense or longer
the exercise the higher would be the risk of hypoginia(7). This premise however does not
consider the point that counter-regulatory hormoresild attenuate the trend for
hypoglycemia in high-intensity exercise protocds. HIIT was found to promote several
health benefits on other populations (8), it issmewble to compare its safety regarding
hypoglycemia against the currently recommendediootis moderate-intensity protocol for
T1DM patients. The present study evaluates theogkicexcursion and the incidence of
hypoglycemia episodes during workouts related teveeks of HIIT or CONT training
protocols in T1LDM patients.

MATERIAL AND METHODS
Study design and Patients

This is a sub-analysis of the original randomizeéred clinical trial designed to
compare flow mediated dilation (FMD) before andeafé 8 week period either with high
intensity interval training (HIIT) or aerobic contious moderate exercise (CONT) in TIDM
patients without severe chronic complications. Dally patients were divided into 3 groups:
HIIT, CONT and controls. The present sub analysiamalized the data of HIIT and CONT
groups only.

Recruited participants were T1DM patients aboveyd&rs old with duration of 5
to 12 years, without known diabetes complicatioreggularly consulting at Instituto da
Crianca com Diabetes (ICD). All participants sigreedinformed consent based on Helsinki
declaration. We excluded patients who were engagatiernative exercise training programs
in the last 6 months, smokers, pregnant women,thoge with known co-morbidities not
related to diabetes. We also excluded patients s@ttere diabetes-related complications that
would contra-indicate intensive exercise traininglsas severe loss of renal function (serum
creatinine above 1.5 mg/dl), confirmed coronargmrdisease, severe neuropathy with foot
ulcer or amputation and suspected or known clire€autonomic neuropathy. Patients using
other medications and those who refused to sigornméd consent than insulin were also
excluded. The study design was approved by thé Etbécs Comitee in Research of Hospital
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de Clinicas de Porto Alegre (HCPA), Escola de EdaoaFisica, Fisioterapia e Danca
(ESEFID) and Instituto da Crianca com Diabetes @mdpo Hospitalar Conceicédo (ICD-

GHC). Patients were selected by convenience frangtimeral registry of ICD. Those who
qualified for the eligibility criteria were invitetdly phone to a consultation at ICD and the
informed consent was signed. Those who agreedrtipate in the study were booked for
further evaluations in the HCPA and ESEF.

Protocol

Training Process

All patients exercised in the afternoon, at ledstfrdm the last insulin dose. All
patients were recommended to reduce insulin dos20%6 in day of training. All patients
exercised in cycle ergometer at room temperatuitl, 3vsessions a week, along 8 weeks, in a
total of 24 sessions. Both HIT and CONT trainingtpcols were divided into 3 phases.
Phase 1 was performed in weeks 1 and 2, Phase@eiks 3 to 4 and Phase 3 from weeks 4
to 8. Exercise sessions lasted 30 minutes in phasesl 2 and 40 minutes in phase 3. Heart
rate was monitored during the exercise sessiomg Usgart rate monitors (Polar® FT4, Polar
Electro Oy, Kempele, Finland) and the maximal heatet attained during maximal effort test
was obtained. All exercise sessions were supervessdl adherence monitored by the
investigators.

High Intensity Interval Training (HIIT) Protocol

In phase 1, participants warmed up gradually taimtb0% of the maximal heart
rate (HRnay) during 5 min, staying in stable intensity at 50%HRmax during 20 min with 5
more min of recovering in the end. In phase 2 gpds$i exercised more intensively. First there
was a 5 min warm up to attain a heart rate of 50%@HRy. During the following 20 min,
patients exercised at 50% of HR However, there were 4 bouts of 1 at 80% ofHfach 4
min. At the end, there was a recovering period ofid until stopping. In phase 3, participants
warm up to 60% of HRax for the first 5 min. Then they exercised at 50%16%,.., however,
there were 6 bouts of 1 at 85% kKReach 4 min, with 5 min for recovering in the emtle
whole sessions lasted 40 minutes(9)

Continuous Moderate Protocol (CONT)

CONT protocol was also divided into 3 phases. Iagghl, training was identical
to described for HIIT. In phase 2, in the first Inmparticipants attained 50% of the RHR
and increased the intensity to 60% of fdRduring the following 20 min continuously,
without increments. At the end, there was a 5 meitovering period, totalizing 30 min. In
phase 3, participants attained 50% of 4Rn 5 min and exercised constantly at 65% of
HRmax during 30 min, followed by a recovering lagtb min in the end, totalizing 40 min.

Glucose determinations and carbohydrate supplet@mta

Capillary blood glucose was measured every 5 mimdweach exercise session, in
all 24 exercise sessions. Oral 10g glucose gels vad&en, under supervision, whenever blood
glucose was 100mg/dl or less, without interruptitng exercise session. The glucose
reposition protocol is shown in figure 1. Beforeemise session, patients were asked to
reduce insulin dose in 20% in the training day taimize the risk of hypoglycemia. In the
same manner, patients were recommended not toisx@ndhe peak of insulin action.

Hypoglycemia
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Hypoglycemia degree was classified when glucoseldelielow 80mg/dl (mild),
60mg/dl (moderate) or 50mg/dl (severe). As gluomas measured every 5 min, we consider
a hypoglycemic episode if a low blood glucose at @lbove mentioned cut-offs was found
independently of the previous or following valuesen if episodes were sequential. By this
criteria, in each exercise session it would be iptsso present from 0 to 9 episodes
depending on the phase.

Statistical Methods

Variable normality was checked by the Shapiro-Witiethod. ANOVA for
repeated measures with Fisher post test were wsstlidy glucose excursion. Chi squared
was used for studying hypoglycemic episodes. Adtistics were performed with a standard
software package Statistical Analysis System (S483ion QC (GraphPad, USA

RESULTS

We analyzed data of 18 patients who participatiaénoriginal study. Each patient
exercised in a maximal of 24 sessions during theleviraining period. Adhesion to training
was similar in HIIT and in CONT, respectively: 9%2/-4,6 vs 92,4%+/-3,47; p=0,37.

Baseline clinical and biochemical characteristi€patients are demonstrated in
table 1. We observed that T1DM patients in HIITupgresented a slight increased systolic
and diastolic blood pressure, although all measwes® in the normal range and no patient
were considered as having hypertension. All otlaeiables were similar between groups.

A total of 3.129 glucose measurements were obtaibeithg 1537 in HIIT group
and 1592 in CONT group (Table 5).

Glucose excursion

Mean fasting glucose was similar between HIIT ar@NT in all Phases of the
study. In phase 1 and 2, glucose fell similarlHihiT and CONT with no interaction between
groups (table 4, Figure 1). In phase 3, howeveetlwas a significant interaction between
groups (p=0.0012) with HIIT presenting higher glsewalues than CONT at times 35 and 40
min, respectively: HIIT vs. CONT: 103,13+8,02mgxd. 130,76+8,02mg/dl (p=0,0270) and
(HIIT vs CONT 134,26+6,71mg/dl vs 112,82+6,71mdfu0,0384).

Mild hypoglycemic episodes (<80mg/dl)

There were 251 light hypoglycemic episodes, coordmg to 8.02% of glucose
measurements. Considering all phases togethet,dghodes were similar in both HIIT and
CONT (7.48% vs8.54% p=0.27). However, in the maorense and longer phase 3, HIIT
group presented significant lower number of episo256%, vs. 10.56% respectively;
p=0.031). Curiously, in phase 1, where protocolgeweompletely similar, HIIT group
presented an increased number of light hypoglycepisodes 9.28% vs 4.98% (table 5). In
phase 1, HIIT participants presented a slight higlegjuency of light hypoglycemia
<80mg/dl than CONT patients ((9.28% vs 4.98%; p29)0In phase 2, there were no
differences between in light hypoglycemic episdoletsveen groups (Table 5, Figure 2).

Moderate Hypoglycemic episodes (<60mg/dl)

There were of 27 moderate episodes corresponding0.86% of total
measurements. HIIT presented lower frequency oferadd hypoglycemic episodes, being 7
episodes in a total of 1.537 measurements (0.4%#)e CONT presented 20 episodes in
1.592 measurements (1.25%) p=0.015. The greateoptinrese episodes in CONT occurred
in the more prolonged phase 3, where HIIT preseatednd to smaller frequency 0.47% vs.
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CONT 1.36% p=0.053. There were no differencesequency of moderate episodes in
phases 1 and 2 (Table 5).

Severe Hypoglycemic episodes (<50mg/dl)

There was a total of 10 severe episodes, beingls8f7 measurements (0.13%) in
HIIT and 8 of 1592 (0.50%) in CONT, p=0.065. Therere no differences between groups in
separate phases (Table 5).

Glucose Supplementation during exercise

Oral glucose supplementation was given in 10g ansowhenever blood glucose
levels were below 100mg, at intervals of 5 minndeded. Considering all phases, HIIT
needed 331 doses in 1537 glucose measurement8dRarisl CONT needed (22.4%) there
were no differences between groups. However, irs@!t3 HIIT demanded less reposition of
glucose in relation to CONT, respectively 20,0%26s8% p=0.002, while, in phase 2 HIIT
demanded more glucose than CONT 23.2% vs 15.3%90060There were no differences in
phase 1 (Table 6).

DISCUSSION

The present study showed that in TIDM patientsauttcomplications, the fall in
blood glucose during exercise is similar betweefilr Hind CONT in the low intensity and
shorter phases 1 and 2, but significantly less quoned in the HIT than in the CONT
protocol in the more intense and prolonged phaseaaiing (phase 3). In phase 3, despite
starting from similar initial glucose values, blogllicose were significantly lower in CONT
at the end of exercise period than in HIIT, at 88 40 min. Moreover, HIIT protocol was
associated with significantly less frequent mildseges of hypoglycemic in phase 3, and
significantly less frequent moderate hypoglycenpesedes considering all phases together.
Finally, in phase 3, HIIT promoted significantlysteneed for glucose reposition than CONT.
These results indicate that, in T1DM without corogiions, HIIT is less prone to
hypoglycemia than CONT, especially when exercisenithe more intense and prolonged.
This suggests that HIIT may be an excellent alterador CONT, not only for being safer,
but also for allowing extra benefit such as a bgite/sical conditioning and improvements in
endothelial function, described in the originaldstu

Studies comparing specifically HIIT protocol withOBIT protocol are few. In
general, there are studies comparing the effestadhte modalities of exercise in glycemic
control. In a small non-randomized clinical trié),(a 0.96% reduction in HbAlc in 11 T1DM
patients submitted to a circuit with 5 exercise algs during 12 weeks, but not all studied
show significant reductions of Alc in T1DM (7). despect of the incidence of hypoglycemia
compared with two protocols of different intenstieliterature is also scarce. To our
knowledge, this seems to be the first study compatthe chronic performance of HIIT and
CONT protocols on glycaemia during workouts in T1Dphatients, encompassing
hypoglycemia frequency and glucose excursion dukegcise.

Glucose excursion curve was less pronounced in Hiéh in CONT at the end of
phase 3, where patients exercised most intensiVélig. is an apparent paradoxical finding,
once the more intensive exercise would be expdoteécrease more blood glucose than less
intense exercises. However, a study using euglycdmperiinsulinemic clamp in patients
with T1DM (8), submitted to different exercise ins#ties, showed an antagonic glycemic
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response, in which lower decline glycaemia occuremwthey compared high and low
intensity exercises. They included 9 T1DM patienith age 21 and mean of 11 years of
diabetes duration, with mean HbAlc 7,9%. The melcoge infusion during clamp to
maintain constant blood glucose levels increasedrpssively when the intensity of exercise
reached 50% of maximal but fell progressively ab60&6 not being necessary to continue
when the intensity reached 80%. At the same tithe, datecholamine levels were higher
when intensity reached 80%. The authors conclubdatithe increasing in exercise intensity
promotes an inverted U curve with less fall in lhloglucose when the exercise is more
intense. This is likely to be related to the coumegulatory hormones released in the more
intense exercise. These data suggest that, wheadtie@ergic response to hypoglycemia is
preserved, as in T1IDM patients without complicatiorlIT protocol seems to be safe.
However, in patients who counter regulatory meckranare impaired, especially in cases of
hypoglycemia unawareness, the utilization of higtemsity exercise protocols need to be
evaluated with caution and may even be avoided.

The present study have limitations. The main litrotais that this is a sub-analysis
from the original study, and was not designed fier teferred outcomes, and, by this way the
sample size was not calculated a priori. Howevey, tlae results attained statistical
significance, the beta error lost relevance and datuld be considered reliable. Second, we
did not controll patients food ingestion and exszsiwere done at least 2h after a meal. It is
possible that differences in food composition mayeh interfered in glucose values. To
minimize this effect, we used the mean of many a@gecdeterminations at different days for
each point of exercise glucose excursion. Thisgedwsubstantially the biological variability
of glycemia during exercise and increased the pafé¢he study. The main strength of the
study was the very large number of glucose measentsrand the low rate of missing values.
Besides that, the study attained a very high adhasite, which also increases power.

In conclusion, in patients with TLIDM with no diabstrelated-complications, HIIT
is clearly less prone to promote hypoglycemia t6&@NT, especially in the more intense and
prolonged phases of the training protocol. ThusTHldn be suggested as a safer alternative
for exercise in T1DM patients, especially those wiesire to perform high-intensity
workouts.
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Table 1 Oral glucose supplementation before and during exercise in patients with DM1

Glycemia (mg/dL) Oral glucose 10 g
<80 Ingestion of 10g of glucose. Do not start the exercise.
80a100 Ingestion of 10g of glucose before starting and during: andreset
every 5 min if the glucose level persists.
>100e<250 Start the exercise without supplementation.

>300 e Ketonuria (-) Start exercise without glucose replacement.
> 300 e Ketonuria (+) Postpone the onset of exercise until normalization of ketone
levels and water intake. Refer to physician.

Table 2 General clinical and biochemical characteristics of groups before training.

HIT (n=9) CONT (n=9) P
Age (yr) 26.1+7.8 23.745,8 ns
Male/female 3/7 5/4 ns
Duration of diabetes (years) 9.1+2.9 10.4+2.8 ns
Daily insulin dosage 30.645.7 30.0+9.8 ns
BMI (kg/m?) 23.242.4 24,1420 ns
Systolic BP (mmHg) 108.33+7.91 120.55+8.82 0.0417*
Diastolic BP (mmHg) 71.1148.21 78.89+7.82 0.0246*
Fasting Blood Glucose (mg/dl) 20773 156453 ns
HbA1c (%) 8.1+1.3 8.3+0.9 ns
Total cholesterol (mg/dl) 184+29.6 176.3+32.6 ns
HDL cholesterol (mg/dl) 59+12 56.7+24.5 ns
Triglycerides (mg/dl) 68.6+30.4 150.8+18.7 ns
Serum Creatinine (mg/dl) 0.68+0.13 0.78+0.12 ns
UAC (mg/L) 12.6(3.0-41.0) 30.4(3.3-184) ns

The dataare describedinmeanand DP

P =HIIT vs CONTROL

The comparison between men and women was performed in Chi-square - p value = total interaction
UAC: urinary albumin concentration FBG = fasting glucose

UAC was analyzed using the Kruskall-Wallis method.

Body mass index (BMI)



Table 3

76

Weight and Glucose Control Changes (delta) before (pre) and after (post) 8 week-training period between HIIT and

CONTprotocols in patients with Type 1 Diabetes.

HIT (n=9) CONT (n=9)
Pre Post Delta % Change Pre Post Delta % Change
Weight (kg) 64.0+7.6 61.7+9.2 -2.36+4.63 -3,72+7.12 71.3+11.6 70.7+10.9 -0.68+2.02 -0.79+£2.72
TDI (Ul/kg/day) 0,67+0.11 0,55+0,11 -0,141+0,08 -20,0£9.17 | 0,82+0,21 0,68+0,18 -0,141,+0,11 -16.86+12. 04
FBG (mg/dl) 207+73 206+110 -1,554+103,85 - 156453 17 4455 18,33+75 -
HbAlc (%) 8,1+1,3 7,9+0,9 -0.22+0.58 -2.0745.87 8,3+0.9 8,0+0.8 -0.32+0.29 -3.76+3.46
VO2 max (mikg/min) 34+6,3 40,1+4,3  6,08%+2,58 - 33+8,2 36+8,8 3,04+4,03 -

TDI: Total Daily Insulin Dose corrected by weight; FBG: Fasting Plasma Glucose; HbAlc: Glycated Haemoglobin A;¢; Delta: The difference between Post and Pre
training values; HIIT; High Intensity Interval Training; CONT: Continuous moderate Training. Data are Mean and Standard Deviation.



Figure 1
Glucose excursion during HIIT and CONT protocols in Type 1 Diabetes patients in different phases.
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Data are the mean of blood glucose samples obtained every 5 minutes during exercise in 3
different phases of training in both HIIT and CONT protocols groups. Each patient data corresponds
to the mean of individual training set measurements of glucose in different days during phase 1, 2

and 3.




Table 4. Mean glucose data values from all training sets.

HIT CONT p

Phasel

MeanzSD Mean+SD

0 201451 188425 ns
5 190450 176+29 ns
10 177445 166+29 ns
15 160+45 152430 ns
20 150444 141422 ns
25 143441 127425 ns
30 136440 120417 ns

Phase?2
0 206459 205450 ns
5 194456 194444 ns
10 184453 182441 ns
15 164+46 167+43 ns
20 150443 153+39 ns
25 138+43 143436 ns
30 134+40 127431 ns

Phase3
0 182+1 208+1 ns
5 176+1 195+1 ns
10 16849 18049 ns
15 15948 16148 ns
20 15047 14647 ns
25 144+7 13547 ns
30 14047 12247 ns

35 13446 112+6* 0.0384
40 13048 103+8* 0.0270
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Table 5.Percent of hypoglycemic episodes defined at 3 different cut-offs in each phase of the
training in the 2 different protocols. .

HIT CONT X2 P
Glucose n Total % n total %
Cutt off
Phasel
<50 0 334 0% 2 341 058% | ns ns
<60 2 334 059% | 4 341 1.17% |0.631 0426
<80 31 334 9.28% | 17 341  4.98% |4.715 0.029
Phase?2
<50 0 357 0 2 371 053% | ns ns
<60 1 357 0.28% | 4 371 1.07% |1.698 0.192
<80 20 357 560% | 26 371 7.00% |0.607 0.435
Phase3
<50 2 846 0.23% 4 880 0.45% | 0.592 0.441
<60 4 846 0.47% | 12 880 1.36% | 3.727 0.053
<80 64 846 756% | 93 880 10.56% | 4.705 0.030

Intensity Interval Training; CONT: Continuous Moderate Training;

nisthe number of hypoglycemic episodes; % is the percent of hypoglycemic episodes
Totalis the total of glucose measurements. Statistics were Chi Squared.



Table 6.Glucose replacement during exercise training. Each unit replacement
consisted in a 10g of liquid oral glucose gel. Glucose replacement was offered during
exercise whenever blood glucose was 100mg/dl or less.

80

HIT CONT

PHASE Glucose Total Total of % Glucose Total Total of % X2 p

doses Glucose Blood Doses Glucose sample

n (g) Glucose n (g2) s

samples

1 78 780 334 23.3 64 640 341 18.7 213 0.1439
2 83 830 357 23.2 57 570 371 15.3 7.28  0.0069
3 170 1.700 846 20.0 236 2.360 880 26.8 | 10.83 0.0009
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Figure 2. Percent of hypoglycemia episodes below 80mg/dl and below 60mg/dI of glucose from the
total of blood glucose sample measurements during phase 3.
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9. CONSIDERACOES FINAIS

As mudancas de estilo de vida representam uma grande dificuldade
para as pessoas, especialmente quando se trata de seguir uma rotina
exercicios fisicos. Em particular, as pessoas com DM1 devem, diariamente,
tomar decisOes para controlar sua doenca, e estas decisbes tém um maior
impacto sobre os sistemas cardiovascular e metabolico. Como tal, o bom
controle do DM1 tem um papel crucial clinicamente no bem estar geral do
paciente. O estudo atual, demonstrou que o treinamento intervalado de alta
intensidade melhorou a fungdo endotelial (mediada pelo fluxo), a aptidado
fisica cardiorrespiratéria e menos episodios de complicacbes agudas ao
exercicio como a hipoglicemia. Esses resultados indicam que o treinamento
aerébio de alta intensidade pode ser recomendado com seguranca para
pacientes com DM1. E pode ocorrer menos complicagées agudas e cronicas

vasculares dos quais muitos DM1 muitas vezes sofrem.

10. PERSPECTIVAS FUTURAS

Como perspectivas futuras de aplicagcdo do EAI, sugere-se um maior
tempo de intervencado nas fases dois e trés para efeitos mais expressivos.

Acreditamos que intervencgdes direcionadas a associagdo do exercicio
fisico e controle nutricional e do estresse possam trazer melhores beneficios a

curto e longo prazo para esta populagao.



