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REVISAO DE LITERATURA

O Diabetes Mellitus (DM) é uma doenca cronica com elevado impacto
individual e coletivo em termos de morbidade e mortalidade. O DM do tipo 2 (DMT?2)
€ caracterizado por resisténcia a insulina e deficiente secre¢do deste hormoénio pelo
pancreas (2). No Brasil, os dados do estudo multicéntrico sobre a prevaléncia de DM
demonstraram uma prevaléncia de 7,6% na populacdo de 39 a 69 anos (29) enquanto
que dados recentes em nosso Estado indicam valores de 12,4% (44). Atualmente 285
milhdes de pessoas apresentam DM no mundo e estima-se que o nimero de individuos
diabéticos devera aumentar para 439 milhdes de adultos até 2030 (46).

As manifestagdes clinicas do DM em longo prazo decorrem de alteracdes
micro e macrovasculares que levam a disfuncdo, dano ou faléncia de vérios 6rgaos (9).
Entre as complicacdes cronicas macrovasculares frequentes estdo a cardiopatia
isquémica, a doenca vascular periférica e o acidente vascular cerebral. As
complicagdes cronicas microvasculares sido representadas pela nefropatia, retinopatia
diabética (RD), neuropatia sensitiva distal, que também apresentam uma alta
incidéncia nesta populacdo (47). Sendo a hiperglicemia o fator de risco mais
importante para o desenvolvimento das complicacOes cronicas do DM, causando
danos funcionais em tecidos alvos, sem sintomas clinicos, podendo estar presente por
varios anos anteriormente ao seu diagndstico (2).

O tratamento destes pacientes tem como objetivo diminuir sintomas associados
a doenca, prevenir complicagdes agudas e cronicas e reduzir sua taxa de mortalidade.
Para tanto, utilizam-se medidas ndo-farmacoldgicas (dieta e exercicio fisico) e
farmacoldgicas (farmacos antiobesidade, antidiabéticos orais e insulinoterapia). Sabe-

se que a reducdo da glicemia para valores proximos de 160-200 mg/dl é capaz de



tornar o0 paciente assintomdtico, porém ensaios clinicos randomizados
(23,35,45,54,55) mostraram ser este um alvo insuficiente para prevencdo de
complicagdes cronicas e mortalidade associadas a doenga. Para evitar tais desfechos é
necessario reduzir a hemoglobina glicada (HbAlc) a niveis inferiores a 7,0%
(23,45,55). Uma interven¢do multifatorial, incluindo, além do controle glicémico,
controle pressorico, cessacdo do fumo, uso de dcido acetilsalicilico e farmacos
inibidores da enzima conversora da angiotensina e exercicio fisico foi mais eficaz em
reduzir esses desfechos (19).

Viérios mecanismos moleculares tém sido implicados na génese das
complicagdes cronicas do DM, os quais decorrem primariamente da hiperglicemia
crOnica caracteristica da doenca (23,45,55). A hiperglicemia € a causa inicial do dano
tecidual que ocorre no DM, embora haja influéncias genéticas e de susceptibilidade de
cada individuo ao seu desenvolvimento. O dano tecidual se da sobre células
particularmente sensiveis a hiperglicemia, por serem elas especificamente incapazes
de reduzir o transporte de glicose para o seu interior, de forma que o excesso de
glicose circulante € transportado para o interior dessas células. Sdo 4 os principais
mecanismos através dos quais a hiperglicemia determina as complicagdes do DM: 1)
Aumento do fluxo pela via dos polidis; 2) Aumento intracelular de produtos avancados
da glicagdo ndo enzimatica (AGEs); 3) Ativacdo da via da PKC e 4) Aumento da
atividade da via das hexosaminas. Estes mecanismos foram recentemente agregados
numa teoria unificadora, em que o resultado final comum € o aumento de produc¢do de
superdxido pela cadeia de elétrons da mitocondria (7). No entanto, recentemente tem
sido questionada a possibilidade de, mesmo em vigéncia de bom controle do DM,

poder ocorrer também aumento de radicais livres, o que poderia se relacionar a picos
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hiperglicémicos ndo identificados quando se avalia o controle do DM apenas pela

HbAlc (8,32).

Conforme descrito acima, o aumento do metabolismo da glicose decorrente da
hiperglicemia no DM esta associado a formacao aumentada de radicais livres, podendo
resultar em dano tecidual e na produ¢do de compostos téxicos ou danosos aos tecidos.
Isso se deve ao um desequilibrio entre os sistemas pro-oxidantes e anti-oxidantes, de
maneira que os primeiros sejam predominantes, ou seja, 0 organismo encontra-se sob
estresse oxidativo aumentado (8).

Estudos “in vitro” demonstraram que condicdes intermitentes de glicose
elevada podem levar a célula endotelial vascular a apoptose pela superproducdo de
super6xido em nivel mitocondrial (39,41) e estas alteracOes estdo implicadas na
génese das complicagdes do DM (7). Em pacientes com DMT?2 que apresentavam um
controle glicémico inadequado, foi avaliada a excrecdo urindria de prostaglandina F,,
(PGF,,), um indicador de producdo de derivados de radicais livres. Também foram
avaliados glicemia de jejum, HbAlc e as flutuagdes da glicose, identificadas através
de um sistema de monitoriza¢do continua de glicose (CGMS). Nos pacientes com DM
os niveis de PGF,, foram 4 vezes maiores naqueles com maior variabilidade glicémica
comparados com pacientes com menor variabilidade glicémica, independente da
HbAc. Nesses pacientes houve uma correlagdo linear entre o aumento da produgdo de
radicais livres e a magnitude das flutuacdes da glicose. No entanto, ndo houve
correlacdo entre a producdo de radicais livres e a média da glicemia de 24 horas,
glicemia de jejum e HbAlc. Os niveis deste indicador foram quase duas vezes maiores
em pacientes com DM em comparacdo com niveis de individuos sem DM. Além

disso, a variabilidade glicémica aguda foi um forte preditor da producdo total de
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radicais livres, o que ndo foi encontrado quando se analisou a drea sobre a curva do
nivel de glicemia pds-prandial (32).

Portanto, analisar a variabilidade glicémica pode ser uma forma de analisar a
real situagdo do paciente, fazer os ajustes adequados da terapia e proporcionar um
controle glicémico melhor. Na década de 80, um dos grandes avancos quanto ao
controle glicémico do DM foi a medida de glicemia capilar, realizada com amostras
coletadas em ponta de dedo, hoje considerada indispensdvel no acompanhamento do
tratamento do DM. No entanto, a glicemia capilar fornece apenas dados intermitentes,
ndo permitindo visualizacdo completa do perfil glicémico. A auto-monitorizacdo da
glicemia pode ser um caminho para reduzir as complicacdes do DM, como se
observou em metanélise conduzida por Sarol et al (43) onde pacientes com DMT?2
tiveram uma reducdo de HbA1¢ de 0,4% realizando auto-monitorizacao da glicemia.

Ja o CGMS, que consiste de um sensor instalado no tecido subcutaneo, permite
registrar glicemias ao longo de no minimo trés dias de maneira ininterrupta. Este
método pode auxiliar no monitoramento de pacientes, especialmente em condi¢des
clinicas que cursam com oscilacdes dos niveis de glicemia, permitindo que um
profissional especializado possa adequar melhor a terapéutica idealizando melhor
controle glicémico (4). A medida da glicemia ocorre com base na reacdo eletroquimica
da enzima glicose-oxidase encontrada no sensor, com a glicose do fluido intersticial.
Sado identificados valores de 40 a 400mg/dl, captados a cada 10 segundos, com o
registro da média desses valores a cada 5 minutos, em um total de 288 medidas ao dia.
Esses dados sdo enviados para uma base que faz a andlise gréfica e estatistica dos
valores obtidos produzindo relatério das informacdes (38,28).

Quando comparado com as medidas convencionais de glicemia, o CGMS

prové maior conhecimento da direcdo, magnitude, duracdo e frequéncia das flutuacdes
12



da glicemia (42). A diferenca média absoluta entre o que € avaliado pelo sensor e pelas
medidas usuais de glicemia é de 1.3 a 2.6 mmol/L, refletindo o atraso biolégico que
ocorre entre as concentragdes de glicose no intersticio e plasma. A sensibilidade e
especificidade do CGMS para detectar episddios hipoglicémicos (<55 mg/dl)
mostraram que o CGMS identifica corretamente 33% destes eventos € 96% fora da
faixa de hipoglicemia (21). Este método também € capaz de avaliar a variabilidade
glicémica (32). No entanto, ha dados que questionam esta precisdo quando avaliados
em individuos sauddveis. Estudo realizado com crian¢as ndo-diabéticas foi realizado
para avaliar a acurcia de dois métodos de monitorizacio continua de glicose, CGMS
e GlucoWatch G2 Biographer (GW2B) e foram comparados dois periodos de medidas
de glicose (23:00-6:00hs e das 6:30-10:30hs). O GW2B registrou 286 valores de
medidas no periodo noturno e 201 no periodo diurno e o CGMS 307 noturnos e 361
diurnos. Estes valores foram comparados com uma medida de referéncia obtida 1h
apos a instalagdo do sensor através de glicose plasmadtica. Este estudo mostrou que
existe uma diferenca de 30-42% entre os dois métodos, GW2B e CGMS,
respectivamente, em relacdo a medida de referéncia, além de nao identificar episédios
hipoglicémicos nesta populacdo (31).

Recentemente foi publicado um ensaio clinico randomizado em que 322
pacientes com DM tipo 1 (DMTT1) foram divididos para avaliacao periddica quanto ao
controle glicémico com CGMS vs. sem esta interven¢do. Os resultados mostraram que
agregar este tipo de monitoriza¢do foi benéfico em atingir menores niveis de HbAlc
apenas em pacientes com mais de 25 anos de idade (52). No entanto, ndo foi possivel
avaliar se este beneficio se reflete em menos complicacdes cronicas da doenga, ja que
o estudo foi de curta duragdo (26 semanas) e também ndo foi avaliada a variabilidade

glicémica como potencial causador da melhora observada.
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Em estudo realizado em gestantes com DMT1 que foram monitoradas pelo
CGMS, foi realizada uma tentativa de ajustar a dose de insulina pelos dados de
variabilidade glicémica obtidos. Observou-se que a variabilidade glicémica era alta e
que somente dois dias de monitoriza¢do continua de glicose ndo foram suficientes para
obter o ajuste desejado. Embora com resultados negativos, os autores sugerem que
medicdes continuas de glicose em pacientes com a variabilidade glicémica alta
poderiam ser uteis para aumentar a conscientizacdo desses pacientes sobre tais
variacOes, eventualmente sendo tteis na exploracdo de razdes especificas para os
padrdes de variabilidade elevada do dia-a dia (25).

Além das situagdes acima descritas, a monitorizacdo com CGMS tem sido
utilizada em outras situagdes que podem provocar oscilacdes nos niveis glicEémicos,
tais como a atividade fisica ou treinamento fisico (13). Porém, episédios de
hipoglicemia e hiperglicemia foram pouco explorados na fase aguda e subaguda do

exercicio.

Exercicio fisico no diabetes mellitus

Considerando-se as alternativas terapéuticas disponiveis para o tratamento do
DMT?2 acima descritas, sabe-se que aumento de atividade fisica associada a dieta
alimentar sdo medidas tteis na prevengdo (26), enquanto que exercicio fisico regular
aerobico, resistido ou combinado € capaz de reduzir a HbAlc nos pacientes com
diagnéstico firmado (6,50,53).

Portanto, para falarmos de exercicio fisico € importante fazermos as defini¢cdes
de alguns termos abordados neste estudo. O exercicio aerdbico refere-se a atividades
como caminhar ou movimentar-se com um movimento continuo, repetitivo de grandes

grupos musculares por pelo menos 10 minutos a uma hora, enquanto que o exercicio
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de resisténcia refere-se a atividades tais como levantamento de peso, uso de forca
muscular para mover um peso ou trabalhar contra uma carga de resisténcia (49).

Em individuos sauddveis, durante a realizacdo do exercicio fisico ocorrem
vdrias respostas fisiolégicas cardiovasculares e metabodlicas adaptativas. A contracao
muscular aumenta a captacdo glicose sanguinea e esse aumento € maior nas
intensidades superiores a 50% do VOymsx (16). A magnitude desse aumento de
captacdo da glicose muscular € influenciada por ambos, intensidade e duragdo do
exercicio fisico e a energia para este aumento de consumo provém de estoques
musculares de glicogénio, triglicerideos, dcidos graxos livres e de glicose de origem
hepatica (51). A prética de exercicios fisicos regulares também traz uma série de
beneficios, tais como a melhora da qualidade de vida (33), reducdo do risco
cardiovascular, de acidente vascular cerebral, do desenvolvimento de hipertensao
arterial, DMT?2, osteoporose, obesidade, cancer de célon, cincer de mama, ansiedade e
depressao (22).

Considerando-se a atividade fisica, um ensaio clinico randomizado
multicéntrico com seguimento de 4 anos foi realizado com 5.145 individuos com
DMT?2 e sobrepeso ou obesidade (59,5% mulheres, 58,7 anos em média). Foram
avaliados os efeitos de uma intervengao intensiva no estilo de vida com modificagoes
na dieta associada a prescricao de 175 min de atividade fisica distribuidos ao longo da
semana, mantendo intesidade de caminhada, enquanto que o grupo controle era
avaliado 3 vezes ao ano para recomendacdes de dieta, atividade fisica e apoio social
usuais. Observou-se que os participantes do grupo intervencdo mantiveram melhorias
superiores ao grupo controle em relagdo a peso, condicionamento fisico, niveis de
HbAlc, niveis de pressdo arterial sistdlica e colesterol HDL (58). E importante

ressaltar que apenas o aconselhamento para aumentar a atividade fisica mostra-se bem
15



sucedido em alcancar a quantidade recomendada de atividade atualmente, mas nao é
suficiente para alcancar um bom controle metabdlico se ndo existir uma aderéncia ao
exercicio fisico regular (36,4).

Com o objetivo de alcancar todos os beneficios que o exercicio fisico pode
trazer, metabdlicos (um melhor controle glicémico) ou ndo, a Associagdo Americana
de Diabetes recomenda a pratica de pelo menos 150 minutos de exercicio aerébico de
intensidade moderada (50-70% da frequéncia cardiaca maxima), distribuidos ao longo
da semana, evitando mais do que 2 dias consecutivos sem atividade. Na auséncia de
contra-indicacdes, deve ser encorajada a pratica de exercicio de resisténcia 3 vezes por
semana, nos principais grupos musculares (3).

Nos pacientes com DMT?2 a atividade fisica regular melhora a sensibilidade a
insulina prejudicada pela doenga de base, auxiliando na obteng@o de melhor controle
glicémico, efeito ndo mediado pela perda de peso (15). Mesmo o exercicio fisico
mostrando ser um forte aliado no tratamento do DM, um estudo realizado nos Estados
Unidos mostrou que somente um total de 39% dos adultos com DM eram fisicamente
ativos vs. 58% dos adultos sem DM. A proporcao de adultos ativos sem DM diminuiu
conforme o ndmero de fatores de risco aumentado, até cair a taxas similares as das
pessoas com DM (34).

O efeito agudo do exercico fisico varia de acordo com a sua intensidade. No
exercico aerobico, mesmo uma sessdo de intensidade moderada pode reduzir a
glicemia e melhorar a acdo da insulina. Em pacientes com DMT2 ndo usudrio de
insulina, o risco de hipoglicemia induzida pelo exercico fisico é minimo (15). Em
exercicios fisicos muito intensos, niveis plasmdticos de catecolaminas podem subir e
conduzir a um aumento de producdo de glicose, resultando numa hiperglicemia que

pode persistir de 1-2h (30). O efeito de maior sensibilidade a insulina induzido por
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uma unica sessdo de exercicio fisico aerébico pode durar entre 24 e 72h, dependendo
da sua intensidade e duracdo (57), podendo ser maior para os exercicios resistidos
(59). Estudo realizado em 59 pacientes com DMT2 submetidos a sessdes de
caminhadas regulares, 3 vezes por semana durante 4 meses vs um grupo controle que
recebeu somente recomendagdes, mostrou mudangas na HbAlc e glicemia de jejum,
maiores em pacientes que compareceram a pelo menos 50% das sessdes de caminhada
em relacdo ao grupo controle, além de uma interrup¢do ou reducdo de antidiabéticos
de 33% deste pacientes contra 5% do grupo controle (36).

Dados de metandlises realizadas em pacientes com DMT2 que realizaram
exercicio fisico aerébico vs. nenhuma intervencdo mostraram que este tipo de
exercicio € capaz de reduzir a HbAlc de forma eficaz em aproximadamente 0,5%,
além melhorar a resposta a insulina, diminuir lipidios no sangue e reduzir tecido
adiposo visceral e triglicérides, sem mudangas no colesterol (5). E interessante
observar que existe uma relagdo direta entre intensidade do exercicio fisico realizado e
areducdo da HbAlc (6).

Nos ultimos 15 anos vém aumentando as evidéncias de que a pratica de
exercicios fisicos resistidos deveria ser incluida nos programas de treinamento de
individuos de todas as idades e pacientes com DMT2. Com a idade hd uma tendéncia
de reducdo da massa muscular, menor capacidade funcional, menor taxa de
metabolismo basal, aumento de adiposidade e resisténcia a insulina, todas as alteracdes
passiveis de melhoria com os exercicios resistidos (60,37). O treinamento de
resisténcia pode ser uma intervencdo eficaz para auxiliar o controle glicémico,
especialmente porque, de acordo com os principais ensaios clinicos randomizados, os
efeitos dessa forma de intervengdo sdao compardveis ao de exercicios aerdbicos, como

relatado na meta-andlise de Boulé et al.(5) onde a redugdao HbAlc pelo exercicio
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resistido foi de aproximadamente 0,5%, além de uma diminui¢do de triglicerideos. Os
estudos ndo relatam efeitos adversos com este tipo de exercicio (50,53).

Em pacientes com DMT2 dois estudos mostraram que um programa
envolvendo multiplos exercicios de resisténcia de alta intensidade 3 vezes por semana
determina reducdo significativa da HbAlc, sem ser acompanhado de efeitos deletérios,
além de reducdo de pressdo arterial sistdlica e aumento de massa magra, nao
ocorrendo diferencas no HDL colesterol, LDL e colesterol total (10,17). Ensaio clinico
randomizado foi realizado com 57 pacientes obesos com DMT?2, sedentérios, 40-80
anos que foram primeiramente submetidos a 2 meses de treinamento de resisténcia
supervisionado e apds randomizados em dois grupos (um grupo treinando em centros
de exercicios e outro em casa, de 2 a 3 vezes por semana) por mais 12 meses de
manutengdo dos exercicios. Este estudo mostrou uma reducdo de 0,4% da HbAlc e
uma manutencdo do controle glicémico inicial no grupo que seguiu treinando nos
centros. Esse resultado se deu devido a uma associa¢@o a aderéncia ao programa (18).
Além disso, o treinamento de resisténcia supervisionado contribui para essa melhora
no controle glicémico e na sensibilidade 2 insulina (20). E necessdrio considerar as
contra-indicagOes para a pratica dos exercicios fisicos resistidos, que incluem diabetes
ou hipertensdo arterial ndo-controlados, neuropatia autondmica grave, neuropatia
periférica grave e retinopatia proliferativa (3).

Considerando-se a combinacdo dos exercicios fisicos aerdbicos e resistidos, a
meta-analise de Snowling et al. (50) mostrou que essa combinagdo foi capaz de reduzir
a HbAlc em 0.8%, além de um beneficio em relagdo a lipideos no sangue e uma
vantagem sobre o aerébico em relagdo a glicemia de jejum, pressao arterial diastdlica e
HDL colesterol. Subsequentemente, dois grandes ensaios clinicos randomizados foram

publicados com o objetivo de avaliar as trés formas de exercicio fisico em pacientes
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com DMT2. O estudo DARE mostrou beneficio superior do exercicio fisico
combinado em reduzir a HbAlc em relacdo tanto ao exercicio fisico resistido como em
relacdo ao aerdbico. No entanto, os pacientes submetidos ao exercicio fisico
combinado receberam maior volume de exercicio no decorrer do treinamento, o que
poderia ser a explicacdo para o maior beneficio encontrado nessa modalidade (49).
Mais recentemente o estudo HART buscou sanar este problema metodoldgico,
mostrando os resultados dos trés tipos de exercicio aplicados com volumes
semelhantes a pacientes com DMT2. Os resultados mostraram maior beneficio do
exercicio fisico combinado em relagdo as demais modalidades, no entanto, a grande
perda de pacientes no decorrer do seguimento reduziu muito o poder do estudo. Numa
andlise por protocolo, os resultados mudaram um pouco, havendo entdo também
beneficio dos exercicios aerdbico e resistido na melhora do controle glicEémico (14).
Considerando-se a reprodutibilidade das glicemias avaliadas por glicemia
capilar ou venosa em relacdo aquelas avaliadas pelo CGMS, poucos estudos abordam
o problema durante atividade fisica. Em pacientes obesos com DMT?2, tanto a glicemia
capilar, como a avaliada pelo CGMS, foram reduzidas durante o exercicio fisico,
conforme esperado, o que ndo ocorreu no grupo controle com as mesmas avaliagdes. O
CGMS superestimou a glicemia nos grupos controle e com DM durante o exercicio. O
nimero de pontos fora do intervalo de confianca de 95% foi, no entanto, <5% em
ambos os grupos, mostrando que a concordancia entre os métodos durante o exercicio
¢ aceitdvel do ponto de vista estatistico (27). Outro grupo que avaliou a
reprodutibilidade do método, o fez em individuos sem DM, comparando os sensores
aplicados em tecido subcutaneo do abdomen e de antebrago a glicemia capilar e
venosa. Os autores descrevem que a reducdo inicial da glicemia durante o exercicio

fisico ndo foi completamente detectada com o uso de CGMS, tanto em sensores no
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antebraco como no abddmen. Durante a noite, os valores de glicemia avaliados pelo
CGMS colocado em tecido subcutineo do abddmen foram aproximadamente 20%
menores do que aqueles avaliados pela glicemia capilar e medidos por sensores no
antebracgo (56). Portanto, a literatura ainda nio respondeu de forma precisa o quanto a
avaliacdo da glicemia por CGMS ¢é reprodutivel em pacientes com DM submetidos ao
exercicio fisico.

Poucos estudos utilizaram o CGMS para avaliar o perfil glicémico apds
exercicio fisico em pacientes com DM. Cauza et al avaliaram 15 pacientes com DMT?2
submetidos a 4 meses de treinamento fisico resistido ou aerébico quanto ao perfil
glicémico (CGMS) 48h antes e apds o treinamento, mostrando redugdo da glicemia
média (15,6%) obtida com o0 CGMS apenas para os pacientes que foram submetidos
ao treinamento aerdbico. Importante ressaltar que, apesar de ndo significativa, havia
diferenca na glicemia e indice de massa corporal basais dos dois grupos estudados
(maiores no grupo que foi submetido ao treinamento aerébico) e ndo foi estudado um
grupo controle. O seguimento de 10 desses pacientes por mais 4 meses com
manutengdo da atividade fisica aerdbica evidenciou melhoria adicional no perfil
glicémico (11). Em estudo realizado pelo mesmo autor com 6 corredores de maratona
(5 com DMTI1 e um DMT?2) observou-se frequentes episédios de hipoglicemias e
hiperglicemias durante e apds as maratonas, sendo que os episoédios com e sem
sintomas clinicos foram medidos, confirmando que o CGMS pode ajudar a identificar
esses episddios assintomdticos durante e depois de uma corrida de longa distancia
(13). Em pacientes com DMT1 o uso de CGMS mostrou uma frequéncia elevada de
hipoglicemias noturnas apds exercicio fisico intenso aerdbico associado ao resistido

(24).
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A avaliacdo de efeitos agudos e subagudos do exercicio fisico aerdbico
realizado em cicloergdbmetro com lh de duracdo a 90% da capacidade aerdbica
méxima foi investigada em pequeno grupo de pacientes com DMT2 através do
CGMS, mostrando reducao da glicemia apds o exercicio fisico e também de sua média
em todo o dia apés o exercicio, o que ndo ocorreu no grupo controle (27). Outros
autores realizaram estudo semelhante em DMT?2 tratados com insulina. As excursoes
hiperglicémicas foram diminuidas em 39% durante um periodo de 24h apds uma
sessdo aguda de exercicio fisico, mas a média da glicemia de 24h antes e apds a sessao
nao foi diferente (40). Pacientes com DMT?2 que tiveram sua glicemia monitorada por
72h relataram um maior empenho no exercicio e na dieta apés o uso CGMS (1).

Embora tanto o treinamento fisico aer6bico quanto o treinamento fisico
resistido tenham se mostrado benéficos para os portadores de DMT2, pouco se
conhece sobre o perfil glicemico durante e imediatamente apds o exercicio, assim
como sua reprodutibilidade em relacdo a glicemia capilar nesta situagdo especifica. A
maioria dos estudos aborda o efeito cronico do exercicio fisico regular, ou seja,
aquelas adaptagdes produzidas pelo exercicio fisico ao longo do tempo.

Porém, para que exista efeito benéfico ao longo do tempo, € preciso entender
primeiro os efeitos agudos e subagudos do exercicio fisico, ou seja, aquelas adaptacdes
que o organismo sofre durante e imediatamente apds a sessdo de treinamento. Para
1ss0, este estudo visa avaliar os efeitos agudos e subagudos de uma sessao de exercicio
fisico aerdbico comparando aos efeitos de uma sessdo de exercicio fisico combinado
(aerobico e resistido), em pacientes com DMT?2 utilizando o CGMS como principal

ferramenta na avaliacdo do perfil glicémico.

JUSTIFICATIVA
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Muitos estudos t€ém abordado o efeito cronico do exercicio fisico regular, ou
seja, aquelas adaptacdes produzidas pelo exercicio fisico ao longo do tempo. Porém,
para que exista efeito benéfico ao longo do tempo, é preciso entender primeiro os
efeitos agudos e subagudos do exercicio fisico, ou seja, aquelas adaptagdes que o
organismo sofre durante e imediatamente apds a sessdo de treinamento. Também se
sabe que agentes terapéuticos que atuam em excursdes de glicose pds-prandial
parecem de particular interesse em reduzir a instabilidade da glicose. No entanto,
pouco se sabe sobre o possivel efeito benéfico do exercicio fisico como uma
ferramenta para diminuir a variabilidade glicémica, bem como possiveis diferencas
entre as diversas modalidades de treinamento fisico sobre essa varidvel. Devido a
poucos estudos abordarem os efeitos dos exercicios agudos sobre o perfil glicémico e
a variabilidade glicémica, nosso estudo justifica-se pela necessidade de uma
abordagem sobre esse tema que tém muito a contribuir para que o tratamento do

paciente com DMT?2 seja mais efetivo.
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OBJETIVO GERAL

Comparar os efeitos agudos e subagudos de uma sessdao de exercicio fisico
aerobico vs de uma sessdo de exercicio fisico combinado (aerébico e resistido) em
relacdo ao perfil glicémico avaliado através do Sistema de Monitorizagdo Continua de
Glicose (CGMS) em pacientes com DMT2.

Especificos

Avaliar os efeitos de uma sessdao aguda de exercicio aerdbico e de uma sessao
de exercicio combinado (aerdbico e resistido) sobre a glicemia e variabilidade
glicémica;

Comparar as medidas de glicemia capilar com as medidas do CGMS
realizadas durante os dias em que o paciente se encontra monitorado para avaliar a

concordancia entre os métodos.
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ABSTRACT

Purpose: To evaluate the effect of different acute exercise sessions, aerobic (AER) or
aerobic plus resistance exercise (COMB), on glucose and glucose variability by
multiple glucose measurements performed by a continous glucose monitoring system
in subjects with type 2 diabetes. Methods: Fourteen subjects with type 2 diabetes (5
men, age 56 + 6 years) wore a CGMS/72-hour period. All participants underwent two
randomized experimental exercise sessions (AER and COMB), both in the morning
(24 h after the CGMS placement), and were at least 7 days apart. Results: Baseline
fasting glycemia was 139.4 + 19.1 mg/dL and HbAlc 7.9 + 0.7%. Glucose decreased
immediately after AER and COMB protocols by ~ 16.55% and soon (6h later) rose to
prior levels. Evaluating the 24h period after the exercise bout showed that the area
under the glucose response curve (AER: 3.25 + 0.60, COMB: 3.03 + 0.77 10* mg/dL x
h, P =0.335), glucose variance (AER: 287.06 + 66.18 mg2/dL2, COMB: 421.45 +
85.72 mgz/sz, P=0.389) and glucose coefficient of variation (AER: 13.13 £ 1.93 %,
COMB:14.29 + 1.25%, P = 0.531) were similar between the different modalities of
exercise. Exercise per se (both modalities evaluated together, n=28) reduced glucose
variance (before the exercise protocol: 699.81 + 128.96 mgz/sz, after the exercise
protocol: 354.26 + 54.69mg*/dL?, P < 0.001) and glucose coefficient of variation
(before the exercise protocol: 15.51 + 1.20%, after the exercise protocol: 13.71 + 1.14
%, P < 0.001). Conclusion: Both AER and COMB exercise modalities can reduce
glucose variability in type 2 diabetic patients, irrespective of the absolute glucose
lowering.

Keywords: glucose, diabetes mellitus type 2; exercise;
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INTRODUCTION

Paragraph Number 1. Exercise has been considered one of the cornerstones of
diabetes management, along with dietary and pharmacological interventions (1, 8).
Structured exercise training (aerobic, resistance or both in combination) was shown to
reduce Glicated Hemoglobin (HbAlc) by ~0.6% (3, 24, 25). It is reasonable to
consider that the combination of aerobic and resistance training could lead to the most
benefit due to an additive effect, since it fulfilled a more complete physical training,
and this was shown in one meta-analysis (24). Likewise, the DARE trial (23) showed
similar results, but patients in combined aerobic and resistance training performed
larger amounts of exercise as compared with other intervention arms, which could
contribute to greater benefits from the combined exercise. In the recently published
HART-D study the comparison of these modalities of exercises with equal amounts of
exercise showed a superiority of the combined intervention over the others. However,
in a per-protocol analysis, aerobic exercise also led to a reduction in HbAlc, and
resistance training showed a trend to the same result, especially in patients with
baseline HbA1c higher than 7% (7).

Paragraph Number 2. Treatment strategies in diabetes should be aimed at reducing
HbAlc, but other components of dysglycemia (postprandial glucose and glucose
variability) have been recently evaluated as possible targets for intervention. Urinary
isoprostanes, which reflect whole body oxidative stress, are positively correlated with
the glycemic variability assessed by the mean amplitude of glycemic excursions
(MAGE) (18), pointing out for a possible deleterious effect of glucose variability in
generating excessive protein glycation and oxidative stress, key factors in the
pathogenesis of diabetic complications (5). In patients with type 1 diabetes, increasing

variability in HbAlc adds to the risk of microvascular complications over and above
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that predicted by the mean HbAlc value alone (14), but data from the same cohort of
patients reported that MAGE could not predict the development of retinopathy or
nephropathy (15). Therapeutic agents that act on postprandial glucose excursions seem
of particular interest for reducing glucose instability. However, little is known about
the possible beneficial effect of exercise training as a tool for lowering glucose
variability, as well as possible differences among the diverse modalities of exercise
training on this variable.

Paragraph Number 3. This study evaluated the effect of a single exercise session,
consisting of either aerobic (AER) or aerobic combined with resistance exercise
(COMB), on glucose levels and glucose variability, as evaluated by multiple glucose
measurements performed by a continuous glucose monitoring system in subjects with

type 2 diabetes.

METHODS

Paragraph Number 4. Research Design and Participants: Fourteen type 2 diabetic
patients, (5 men), age 56 * 6 years, duration of diabetes 4.5 (3.1 - 5.9) years
participated in this crossover randomized trial. Subjects had normal physical
examination, normal resting electrocardiogram, were not taking insulin or
sulphonylureas. The exclusion criteria were heart disease, proliferative diabetic
retinopathy, severe autonomic neuropathy, peripheral amputations, vascular disease,
uncontrolled hypertension, diabetic nephropathy (protein-creatinine index > 0.2)
and/or chronic renal failure (creatinine > 1.4 mg/dL) and osteomuscular conditions
which could limit proposed protocols. Patients were initially evaluated by medical
history and physical examination. Possible risks and discomforts were informed, and

written informed consent was obtained before the study. The protocol was approved
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by the Ethics in Research Committees at Hospital de Clinicas de Porto Alegre (GPPG-
HCPA/UFRGS). Subjects initially responded to a questionnaire including information
about their disease, scholarity, race, comorbidities, medications and usual physical
activity (International Physical Activity Questionnaire - IPAQ) (9). Then a physical
examination (anthropometric evaluation, arterial pressure and heart rate measurement)
was performed and a 12-h fasting blood sample and urine were collected for glucose,
HbAlc, cholesterol, HDL-cholesterol, triglycerides, urinary protein, creatinine and
microalbuminuria. One week prior to the experimental exercise session, subjects
underwent a maximal cardiopulmonary exercise testing and a maximal strength
testing.

Paragraph Number 5. Maximal Cardiopulmonary Exercise Testing: The maximal
incremental exercise test was performed on an electrically braked cycle ergometer
(ER-900, Ergoline, Jaeger, Wiirzburg, Germany) with increments of 20W/minute. In
short, subjects were instructed to maintain a pedaling frequency of 60 rpm. During the
test, gas exchange variables were measured by a previously validated system (Oxycon
Delta, VIASYS, Healthcare GmbH, Jaeger, Germany). The 12-lead electrocardiogram
was continuously monitored (Nihon Kohden Corporation, Japan) to record the end of
each minute. Blood pressure was monitored with sphygmomanometer at rest (sitting),
every 2 minutes during the test, and up to 5 minutes during recovery.

Paragraph Number 6. Strength Testing: The test was preceded by exercises at mild
intensity for movement familiarization and warm-up. Proper technique was
demonstrated and practiced for each exercise (leg press, leg extension, bench press and
biceps curl). Strength was measured by 1 repetition maximum (1-RM). When new
attempts were needed, a 5-min resting period was allowed between subsequent

attempts.
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Paragraph Number 7. CGMS Measurements: Subjects were admitted to the
laboratory in the morning at approximately 9:00 a.m, 24 h before the exercise session,
when the glucose sensor (Medtronic Mini-Med, Northridge, CA) was inserted
subcutaneously. The sensor is a glucose oxidase based platinum electrode that is
inserted through an insertion needle into the subcutaneous tissue of the anterior
abdominal wall using a spring-loaded device (the Senserter). Glucose oxidase
catalyzes the oxidation of glucose in the interstitial fluid, which generates an electrical
current. The current is carried by a cable to a pager-size monitor that analyzes the data
every 10 s and reports average values every 5 min, giving a total of 288 readings per
day. Glucose profiles were collected the day before (day 1), the day of (day 2), and the
day following (day 3) the single 1-h bout of moderate exercise. Sensor readings were
calibrated by using a glucose monitor (Accu-Check Performa, Roche Diagnostics,
Mannheim, Germany) using 4 finger-stick blood sampling for each 24 h. Each sensor
was used continuously for up to 72 h. At the end of the CGMS recording period, the
data were downloaded from the monitor and the results were analyzed (Medtronic
download program). All patients were previously submitted from the basic operation
of the monitor, the technique of handling (event registration and blood glucose in the
monitor), general care and completing detailed food recall during the period of
monitoring. Subjects were asked to closely match their daily nutritional intake and
kept detailed food diaries across the 3-d period. The dietary assessment was performed
using the software Diet Win 2008 Professional.

Paragraph Number 8. Randomization: Subjects were randomized using a
computerized process to generate random numbers to two 50-min sessions of either
aerobic exercise (AER, n = 14) or combined aerobic and resistance exercise (COMB,

n = 14) with 7 days apart between sessions.
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Paragraph Number 9. Exercise Protocol: One day following the CGMS placement,
subjects returned to the laboratory in order to perform the exercise session, which also
occurred in the morning at 9:00 a.m. Each session was supervised by one of the
investigators. Exercise intensity was recorded for each individual by a heart rate watch
(Polar F1 TM). For the AER session, subjects exercised on a cycle (Pro Fitness
Computer-Embraeex 360). Each session include a 5-min warm up, followed by 40 min
at 70% of the peak heart rate, as determined in the cardiopulmonary exercise test, and
5-min cool down. In the COMB session, subjects completed a 5-min warm-up on
cycle and continued by additional 20 min at 70% of the peak heart rate. This aerobic
part was then complemented by 4 resistance exercises (leg press, leg extension, bench
press and biceps curl), in which subjects completed 3 sets of 12 repetitions at 65% of
1-RM.

Paragraph Number 10. Analyses: The 18.0 version of Statistical Package for Social
Sciences software was used for statistical analysis. Based on the results of previous
studies (14), we estimated that a sample size of 14 individuals in each group would
have a power of 80 % to detect a 3,0 difference in hyperglycemic episodes, for an o =
0.05. Descriptive data are presented as mean and SEM or median and IQR (P25-P75).
The effects of the interventions were compared by two-way analysis of variance for
repeated measures (ANOVA), and multiple comparisons were performed with the
Bonferroni correction.

Paragraph Number 11. The variability of blood glucose was assessed from the series
of absolute values of glucose, obtained by the sensor (sensor name), sampled every 5
minutes. The time series were divided into blocks of 6 hours to obtain the measures
according the time of the day. The first set time for the analysis was the one obtained

before the exercise, which was compared to those obtained after the bout of exercises.
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Four sets of records were obtained after the exercise bouts, completing 24h of
analysis. Each series, divided by hours, was used for the analysis of variability. To
calculate the variability of blood glucose several indexes were constructed from the
statistical properties of the series: glucose standard deviation (SD), glucose variance
(VAR) and the glucose coefficient of variation (CV%), all normalized by the mean
blood glucose on each period. Glucose area under curve (AUC) value was calculated
considering the integrated over area enclosed by glucose curve, on each 24 hour time

interval.

RESULTS

Paragraph Number 12. Demographic and clinical characteristics of participants are
shown in Table 1. Of the total subjects included 36% were men, HbAlc level was 7.9
% + 0.7%, duration of diabetes was 4.5 (3.1 - 5.9) years. Five patients were
hypertensive, and this is the only comorbid in the group. Baseline systolic and
diastolic blood pressure was well controlled, as well as the lipid profile. The VO2peak
was low, is in accordance with the low level of physical activity of the group (71.4%
insufficiently active) as evaluated by the IPAQ. Dietary records were similar among
the 3 days of the study when AER session (P > 0.05) and among the 3 days when
COMB session was performed (P > 0.05): no differences were found in total caloric
intake, protein, lipids and carbohydrate intake. No differences were observed when the
3 days including the AER session were compared to the 3 days including the COMB
session.

Paragraph Number 13. Glucose, heart rate, systolic and diastolic blood pressure
levels immediately before and after the exercise sessions are presented in Table 2.

Both modalities of exercise determined a glucose reduction, which was of 27.5 mg/dL.
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(18.2%) for AER and of 21.6 mg/dL (14.9%) for COMB (P <0.001). Heart rate
increased after both exercise sessions, as expected. Systolic blood pressure increased
after the AER session (P = 0.012), but not after the COMB session (P = 0.403).
Paragraph Number 14 Glucose decreased immediately after AER and COMB
protocols by ~ 16.55% and soon (6h later) rose to prior levels. The glucose values
were adjusted in deltas (generalized estimating equations), considering the exercise
variable and the measurements of 6h post exercise (P=0.216), as shown in Figure 1,
panel A. Evaluating the 24h period after the exercise bout showed that the area under
the glucose response curve (Figure 1, Panel B, P =0.335) was similar between both
exercise sessions performed.

Paragraph Number 15. Figure 2 shows glucose variability as evaluated by the glucose
variance comparing the two groups separately (Panel A), which was similar between
them (P = 0.389, n = 14 for each group) and comparing the exercise effect per se,
using data from both exercise sessions together (Panel B), which showed a reduction
induced by exercise (P < 0.001, n = 28). Glucose variability was also evaluated by the
glucose coefficient of variation and compared in the two groups separately (Panel C),
showing similarity between them (P = 0.531, n = 14 for each group) and compared the
exercise effect per se, using data from both exercise sessions together (Panel D),
which showed a reduction induced by exercise (P < 0.001, n = 28).

Paragraph Number 16. The duration of hyperglycemia (percentage of time glucose
levels were above 150 mg/dL) was not different in both exercises AER and COMB
when values after exercise were compared with post-exercise ones (P= 0.499). Before
the AER session hyperglycemic episodes occurred in 32.7 + 0.29% of the period, and

after it, in 31.4 £ 0.27% of the 24h period (P = 0.782). Before the COMB session
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hyperglycemic episodes occurred in 31.3 £ 0.20% of the 24h period, and after it, in
26.7 £ 0.30% of the period (P = 0.330).

DISCUSSION

Paragraph Number 17. In the present study, we show that both an acute session of
aerobic and aerobic/resistance exercise can decrease glucose levels as evaluated by the
CGMS glucose immediately after the exercise, quickly returning to previous levels
after only 6 hours. Moreover, although absolute glucose level reduction was trivial and
persisted for such a short time, glucose variability presented a more pronounced and
durable reduction.

Paragraph Number 18. The acute glucose lowering effect of exercise results from
high glucose uptake by muscle determined by increased insulin sensitivity induced by
muscle contraction (13); it is described to last 72 h (16). However, our data, using
multiple and frequent glucose measurements with a continuous monitoring of glucose
did not confirm this long duration of glucose reduction after either modality of
exercise performed. The increased insulin sensitivity determined by exercise is
accomplished by increased GLUT4 protein (13, 20) which is determined by enhanced
skeletal muscle AMPK activity (13, 21). This changes occur very rapidly in response
to a single bout of exercise and can last 16 h after the intervention (20). However,
feeding a high-carbohydrate diet, with development of glycogen supercompensation,
prevents the increase in insulin responsiveness (11) and feeding a carbohydrate free-
diet can maintain the increase in GLUT4 and insulin responsiveness for days after the
exercise bout (12). Considering that patients of our study maintained their usual
carbohydrate ingestion, this could be one reason for the short duration of the

hypoglycemic effect observed. Moreover, the severity of the insulin-resistant state
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characteristic of type 2 diabetes was shown to preclude the expected exercise increase
in glucose uptake by muscle cells (10).

Paragraph Number 19. Considering that sulphonylureas (17) and insulin (12, 21) can
enhance the hypoglycemic action of exercise when the treatments are combined, we
studied patients not using these agents, in order to isolate the effect of exercise.
Because current guidelines recommend metformin as the first step in diabetes
treatment (1), and this drug has no hypoglycemic effect, patients on metformin were
included. However, recent data showed that the enhanced insulin sensitivity caused by
an exercise bout is blunted by metformin addition, which was accounted for the
absence of skeletal muscle AMPK activity rise, thus resulting in an attenuation of the
well-documented hypoglycemic effect of exercise alone (21). This is another fact that
could account for the small lowering of glucose observed in the present study.
Paragraph Number 20. To track changes in blood glucose level of the patients' both
in usual activities, as well as in exercises sessions, we used the CGMS, which has
proven to be effective in registering changes in blood glucose levels in usual activities,
recording nocturnal hypoglycemia and postprandial hyperglycemia that are not evident
with routine monitoring (2). Using the CGMS during an acute exercise session was
previously performed by other authors (6, 12), but our study is the first to compare an
acute session of aerobic exercise with a combination of aerobic with resistance
exercise. Although combined aerobic and resistance training had recently been
suggested to be the ideal way to reduce HbAlc in type 2 diabetic patients (7, 21), our
data showed no differences between the two modalities. Notwithstanding the results
we present are from an acute exercise session, they are in accordance with the per
protocol analysis presented by Church et al (7) which shows similar metabolic effects

of both exercise modalities. An important issue to remember is that we have been
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careful to maintain the same duration of both exercise protocols, because differences
between them could be caused by longer duration. Diabetic patients that perform
combined exercise received a greater volume of exercise during the training, which
could be the explanation for the greater metabolic benefit found in this modality (22).
In addition, a modified Borg CR10 scale was used to measure the rating of perceived
exertion, and it showed no difference between the two sessions of exercises.
Paragraph Number 21. An interesting new finding was the glucose variability
reduction induced by the acute sessions of exercise, irrespective of the modality
employed. Glucose fluctuations trigger activation of oxidative stress, a main
mechanism leading to diabetic complications (4). However, different ways of
evaluating glucose variability were shown controversial results concerning adding in
microvascular complications risk prediction above HbAlc levels (14, 15). These
studies were performed in type 1 diabetic patients, and no study evaluated the possible
beneficial effect of exercise training as a tool for lowering glucose variability and its
potential in reducing diabetic complications in long term. Here we provide the first
piece of evidence showing this potential of exercise.

Paragraph Number 22. In conclusion, both aerobic and combined aerobic/resistance
acute exercise sessions can reduce glucose variability in type 2 diabetic patients,
irrespective of the absolute glucose lowering. Long-term potential benefits of lowering
glucose variability by exercise training should be tested in proper clinical trials.
Moreover, the amplitude and duration of glucose lowering after either aerobic or
combined aerobic/resistance acute exercise sessions are trivial in type 2 diabetic

patients using metformin.
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LEGENDS:

Figure 1: 24-h glucose levels (CGMS), detailed on the first 6h after exercise in
AER and COMB (Panel A) two type exercise (AER an COMB) mean + SEM of the
glucose concentrations for baseline using CGMS and a detailed of the first 6h after

exercise. Panel B; is similar to panel A, but shows area under the glucose response

curve (P =0.335).

Figure 2: Glucose variability evaluated by the glucose variance after AER or
COM exercise (Panel A, n = 14); after exercise (AER and COMB, Panel B, n = 28)
and evaluated by the coefficient of variation after AER or COM exercise (Panel C, n =
14) and after exercise (AER and COMB, Panel D, n = 28). Data reported as mean +
SEM. * P<0.001 vs. pre-exercise values. Two-way analysis of variance for repeated

measures (ANOVA); Bonferroni correction.

49



TABLES:

Table 1: Baseline characteristics of the patients studied

Characteristics
Men 5(35.7)
Age (yr) 56+6
Anthropometrics
Body weight (kg) 794+ 164
Body mass index (kg.m’z) 306 £4.6
Waist circumference (cm) 101.1 £11.0
Blood pressure (mmHg)
Systolic 136.1 £14.8
Diastolic 77.8 £9.8
Duration of diabetes (yr) 4.5(3.07 -5.93)
HbAlc (%) 7.9+£0.7
Fasting blood glucose (mg/dl) 1394 £19.1
Total cholesterol (mg/dl) 191.3 +30.1
HDL cholesterol (mg/dl) 61.1+£47.2
LDL cholesterol (mg/dl) 95.6 £45.7
HOMA -IR 4.5(0.5-8.5)

Triglyceride level (mg/dl)
Psysical activity level (IPAQ)
Insufficiently Active
Sufficiently Active

Very active
VOypeak (mL.Kg ' .min ')
Heart rate peak (bpm)

RE peak

Maximal strength testing (1-RM)

Biceps curl
Bench press
Leg press
Leg extension
Medications
Metformin
B-blockers

Angiotensin-converting enzyme inhibitors

Aspirin
Diuretic

Statins

161.5 (124.7-198.3)

11(71.4)
3(21.4)
1(7.1)
235+57
156.3 £23.7
14203

95+20
305+8
131.4 +64.7
30185

14 (100)
2(14.3)
4(28.6)
4 (28.6)
6 (42.8)
5(35.7)

HbAlc: glycated hemoglobin; Homa IR: homeostatic model assessment;
VO,peak: peak oxygen uptake per kilogram of body weight/fat-free mass;

1-RM: one-repetition maximum; R,k respiratory exchange ratio of peak;
IPAQ: International Physical Activity Questionnaire; **Data are expressed as
mean * SD, except duration of diabetes which is expressed as median (95% CI);

categorical variables are presented as numbers (%).
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Table 2. Characteristics at baseline and after exercise

Aerobic Combined P P P
Pre Post Pre Post  Exercise = Time Interaction
Glucose (mg/dl) 151.1 123.6 147.3 125.4 0.895 0.001 0.449
Heart rate(bpm) 85.9 113.1 84.4 108.7 0.283 0.001 0.576
Blood pressure Systolic (mmHg) 129.7 145.1 128.7 133.5 0.201 0.005 0.282
Blood pressure Diastolic (mmHg)  81.1 78.7 74.5 74.2 0.042 0.681 0.743

Two-way analysis of variance for repeated measures (ANOV A);Post Hoc Bonferroni correction.
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CGMS Glucose (mg/dL)

FIGURES:

Figure 1.

180-A

Exercise

160

140 A

120

—8— Aerobic Session
—O— Combined Session

Glucose AUC (10°mg/dL x h)

35

25

05

[ Aerobic Session
Il Combined Session

T
Baseline { 2 3 4

| | |
6-12 12-18 18-24

Time (hours)

24h pre-exercise

24h post-exercise

24 - 48h post-exercise

52



Glucose variance (mg¥dL?)

(%)

Coefficent of variation

Figure 2.

1100

1000 +

—e— Aerobic Session
—o— Combined Session

06:00/12:00
Baseline

Exercise

12:00418:00 18:00/24:00 00:00/06:00 06:00/12:00
Post-exercise
Time of day (hours)

—e— Aerobic Session
—O— Combined Session

T
06:00/12:00
Baseline

v T T T
12:00/18:00 18:00/24:00 00:00/06:00 06:00/12:00
Post-exercise
Time of day (hours)

Glucose variance (mg?fdL?)

tion (%)

Coefficent of vari

1100

1000 o

900

800

700 +

600

500 o

200

100

Exerc

ise

08:00/12:00
Baseline

12:00/18:00 18:00/24:00 00:00/06:00 06:00/12:00
Post-exercise
Time of day (hours)

08:00/12:00
Baseline

12:00/18:00 18:00/24:00 00:00/06:00 06:00/12:00
Post-exercise
Time of day (hours)

53



Artigo 2. Submitted Diabetes Care

Brief Communication

Accuracy of continuous glucose monitoring system

during exercise

Franciele R. Figueira, PEI, Daniel Umpierre, MSCI,
Pedro S. Tetelboml, Nicoli T. Hennl, Jorge P. Ribeiro, MD, ScD 1’2’3,

Jorge F. Esteves®, and Beatriz D. Schaan, MD, ScD *°°

'Exercise Pathophysiology Research Laboratory, “Endocrinology Division, and
3Cardiology Division, Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil,
4Ophthalmology Division, Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil,
5Department of Internal Medicine, Faculty of Medicine, Universidade Federal do Rio

Grande do Sul, Porto Alegre, Brazil.

Word count: abstract: 150; text: 998.

*Corresponding author: Beatriz D. Schaan, MD, ScD

Servigco de Endocrinologia - Hospital de Clinicas de Porto Alegre
Rua Ramiro Barcelos 2350, prédio 12, 4° andar

90035-003 Porto Alegre, RS

Phone/Fax: +55 51 3359-8127

E-mail: beatrizschaan@gmail.com

54



ABSTRACT
OBJECTIVE - To evaluate the concordance of a continuous glucose monitoring
system (CGMS) and finger-stick blood glucose (FSBG) in type 2 diabetic patients
during daily activities (DA), sessions of aerobic (AE), and aerobic plus resistance

exercise (AE+RE).

RESEARCH DESIGN AND METHODS - Fourteen type 2 diabetic patients
performed DA, AE and AE4+RE wearing a CGMS. Reference FSBG was determined

using a glucose monitor.

RESULTS - Correlations between FSBG and CGMS glucose during DA (r=0.89,
P<0.001) were significantly stronger than those in the AE+RE (r=0.67, P<0.001), but
were not significantly different when compared with AE (r=0.83, P<0.001). CGMS
readings were within the tolerance in 100% of measures during DA and during

AE+RE, while 90% of measures were within recommended limits during AE.

CONCLUSIONS - Agreement between FSBG and CGMS glucose may be poorer

during exercise, but more than 90 % of all the CGMS readings were within the

recommended accuracy limits.

Keywords: glycemia, blood glucose self-monitoring, exercise interventions
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INTRODUCTION

Continuous glucose monitoring system (CGMS) has been increasingly used in
clinical practice and research in patients with diabetes, providing information on
intersticial glucose throughout the day, facilitating treatment decisions and HbAlc
reduction in selected patients (1). Because CGMS data are to be employed for
treatment decisions, this should be done during patients’ usual daily activities, which
may include physical exercise, one of the cornerstones of type 2 diabetes treatment (2).
However, one study with 6 diabetic patients found that CGMS overestimated blood
glucose during aerobic exercise (AE) (3) and no information in available during
combined aerobic and resistance exercise (AE+RE), which has been shown to reduce
HbAlc in patients with type 2 diabetes (4; 5). Therefore, this study aimed to assess the
concordance of the MiniMed CGMS with simultaneously measured finger-stick blood
glucose in subjects with type 2 diabetes during usual daily activities as well as during

two exercise sessions, consisting of AE or AE+RE.

RESEARCH DESIGN AND METHODS

Fourteen patients with type 2 diabetes (5 men, age 56 + 6 years), with a mean duration
of diabetes of 4.5 years (3.1 - 5.9) participated in the study. Informed consent was
obtained from each participant and the protocol was approved by the institution’s
research committee. Subjects underwent maximal exercise testing on cycle ergometer
(Jaeger, Wiirzburg, Germany) with increments of 20 W/min. Maximal strength was
measured by 1 repetition maximum (1-RM), for leg press, leg extension, bench press
and biceps curl. The CGMS device (Medtronic Mini-Med, Northridge, CA) was
applied to the abdomen of each subject, 24 h before the exercise session in accordance

with manufacturer’s instructions, calibrated as recommended (before operation and
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four additional times per day, 6 h apart over the 72 h of the study) and removed 48 h
after the exercise sessions. The reference blood glucose for calibration of the system
was determined using a glucose monitor (Accu-Check Performa, Roche Diagnostics,
Mannheim, Germany). CGMS glucose was obtained every 5 min, but only matched
values with the finger-stick blood glucose were considered for comparing methods.
Therefore, simultaneous CGMS intersticial glucose sampling and finger-stick blood
glucose sampling were obtained before 4 meals per day during daily activities, and
every 10 min during the exercise sessions. Since each patient had the CGMS placed
for 3 days, 4 samples were obtained on the first and the third day of the first and
second week of experiments, totalizing 16 readings during daily activities.

Participants performed two randomized exercise sessions, which occurred in
the morning (24 h after the CGMS placement) and were at least 7 days apart. AE
session was performed on cycle ergometer and comprised a 5-min warm up of
unloaded cycling, followed by 40 min at 70% of the peak heart rate (HRpeax), as
determined in the exercise test, and 5-min cool down of unloaded cycling. In the
AE+RE session, subjects completed a 5-min warm-up on cycle ergometer, continued
by additional 20 min at 70% of the HR e, and performed 4 resistance exercises (leg
press, leg extension, bench press and biceps curl), consisting of 3 sets of 12 repetitions
at 65% of 1-RM.

Data are presented as mean * standard deviation (SD). Correlations between
finger-stick blood glucose and intersticial glucose evaluated by CGMS were
determined using the Pearson correlation coefficient, and coefficients of correlation
were compared in WinPepi software (6). Differences between techniques were plotted

as described by Bland and Altman (7). Significance was set at P < 0.05.
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RESULTS

There were 224 readings during daily activities, 70 readings during the AE
session, and 70 readings during AE+RE session. The correlation coefficients between
finger-stick blood glucose and intersticial glucose evaluated by CGMS during daily
activities (r=0.89, n=224, P<0.001, Figure 1, Panel A) were stronger (P<0.001) when
compared to the AE+RE (r=0.67, n=70, P<0.001, Figure 1 Panel E), but were not
different (P>0.05) when compared to AE (r=0.83, n=70, P<0.001, Figure 1, Panel C).
Bland-Altman plots (Figure 1) show that the mean difference (bias) of measurements
between finger-stick and CGMS methods was 1 + 16 mg/dL (P = 0.39) during daily
activities, -8 = 24 mg/dL (P = 0.007) for the AE, and 0.1 £ 26 mg/dL (P = 0.97) for the
AE+4RE. Considering the proposed International Organization for Standardization
criteria for the accuracy assessment of glucose meters, which states that the meter
value should be + 15 mg/dL for reference glycemia < 75 mg/dL and + 20% for
reference glycemia >75mg/dL (8), CGMS readings were within the tolerance in all
(100%) measures during daily activities as well as on the AE+RE, while 90% of all

measures were within the recommended limits on the AE.

CONCLUSIONS

Agreement between glycemia and CGMS glucose has been previously
evaluated in healthy individuals (9), type 1 and type 2 diabetic patients, adults and
children (8; 10), but only one study has evaluated individuals during AE (11). The
present findings show that both types of exercise performed determined loss of
accuracy of the method, as evaluated by the comparison of correlation coefficients and

by the Bland-Altman method. Notwithstanding these observations, the percentage of
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CGMS values in accordance with glycemia were within the proposed International
Organization for Standardization criteria (8).

It seems that not only the glycemic state (9) and the possible biological time
delay between blood and interstitial glucose concentrations (10), but also the technical
conditions when measurements are obtained, can limit the accuracy of the CGMS. We
did not use venous blood glucose as a comparative marker to assess the efficacy of the
CGMS to reflect changes in glucose concentrations during exercise, as others did (11).
Moreover, because the reference glucose values we used were also used to calibrate
the CGMS, the correlations we obtained may be at least in part a measure of how well
the calibration equation was functioning rather than being a true measure of accuracy.

In conclusion, when compared to finger-stick blood glucose, CGMS provides
acceptable accuracy during AE as well as AE+RE, since more than 90 % of all CGMS

readings are within the recommended accuracy limits.
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Figure legend:

Figure 1. Scattergram plots of the association between finger-stick blood glucose and
CGMS blood glucose during daily activities (panel A), during AE session (panel C),
and aerobic plus resistance exercise session (panel E). Bland—Altman plots limits of
agreement between finger-stick glycemia and CGMS glucose values during daily
activities (panel B), during AE session (panel D), and aerobic plus resistance exercise

session (panel F).
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Figure 1

Capillary glycemia (mg/dl)

Capillary glycemia (mg/dl)

Capillary glycemia (mg/dl)

3007
2501
2004
140

1004

R=10.89
P <0.01

3004

2504

2004

1504

1004

504

T
50

I 1 | | 1
100 150 200 250 300

R=10283
P<0.01

3001

2501

2001

1504

1004

50

T T T T 1
100 150 200 250 300

R=1087
P<0.01

a0

T T T T 1
100 150 200 250 300

CGMS glycemia (mg/dI)

During daily activities

80 -
60 A

ULA=32.2

and CGMS glucose (mgldl)
o
L

Difference between capillary glycemia

60

0 80 100 120 140 180 180 200 220 240 260 280

Aerobic exercise session

E 80 1 D

2= 60

=3 o)

;g’ o) © ULA=38.2

= 40 1 O OO

§5 20 4 )

T o

oo e

@3 -20 A '

E -40 1 LLA = 53.9
-60 2 T T T T T T T

0 80 100 120 140 160 180 200 220 240 260 230

Aerobic plus resistance exercise session

80 -
60 +

ULA=514

and CGMS glucose (mg/dl)

Bias = 0.10

LLA=_51.2

Difference between capillary glycemia

-60 2 T

0 80 100 120 140 160 180 200 220 240 260 280
Mean capillary glycemia and CGMS glucose (mg/dl)

62



CONCLUSOES

1. Em pacientes com DM tipo 2 em uso de metformina € com controle
glicémico razodvel, uma sessdo aguda de exercicio aerébio e de exercicio fisico
combinado diminuem a glicemia em aproximadamente 20%, efeito que dura
aproximadamente 6 horas, enquanto que a variabilidade glicémica apresenta reducao
mais acentuada e duradoura, efeito independente da modalidade de exercicio
empregada.

2. Quando comparadas as medidas de glicemia capilar e glicemia intersticial
avaliada pelo sistema de monitorizacdo continua de glicose hd precisdo aceitdvel
durante o exercicio aerdbico, bem como no exercicio combinado vs. fora das sessoes
de exercicio, j4 que mais de 90% de todas as leituras do CGMS estdo dentro dos

limites de precisdo recomendado.
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