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RESUMO

Introducdo: O Diabetes tipo 2 (DM2) pode ocasionar efeitos deletérios na saude,
especialmente em mulheres ap6s a menopausa. Os exercicios aerdbios e resistidos sao
eficazes no tratamento e prevengao de complicagdes da doenga, entretanto, a ordem ideal da
realizagdo desses exercicios em uma sessao simultdnea permanece desconhecida. Objetivo:
Este estudo comparou a ordem de execu¢do de uma sessdo de exercicio combinado na
glicemia, pressdo arterial (PA) e variabilidade da frequéncia cardiaca (VFC) em mulheres
pés-menopausadas com DM2. Metodologia: Ensaio clinico, cruzado e randomizado, com 15
mulheres na pds-menopausa com DM2 que realizaram trés condi¢des experimentais: (I) 30
minutos de exercicio aerobio (50 a 60% da frequéncia cardiaca de reserva) seguido de 30
minutos de exercicio resistido (3 séries de 8-12 repetigdes maximas) (AR); (II) Exercicio
resistido seguido de exercicio aerdbio (RA); (III) Sessdo em repouso (CON). A glicemia foi
avaliada nos momentos pré, meio, imediatamente no fim do exercicio e 20, 40 e 60 minutos
apos a intervencao. A PA foi avaliada pré-intervencao e 20,40 e 60 minutos apds o exercicio.
A VFC foi avaliada pré e 10, 30 ¢ 50 minutos pés-exercicio. Resultados: Apos a realizagao
do exercicio aerobio, a sessdo AR apresentou menor valor glicémico em comparagdo a sessao
CON (p=0,01). A ordem AR mostrou menor area sob a curva da glicemia durante o exercicio
em comparacdo com RA e CON (p<0,05). Pos-exercicio todas as sessOes experimentais
reduziram a glicemia (p<0,05), sem diferenga entre as condigdes (p>0,05). Ambas as sessdes
com exercicio reduziram a PA sistolica (p<0,05), entretanto, apenas a ordem AR
proporcionou reducao da PA diastélica (p=0,01) apos o exercicio. Independente da ordem, as
sessoes com exercicio reduziram os indices de dominio do tempo da VFC (p<0,05).
Conclusio: A ordem AR promoveu maior redugdo glicémica durante o exercicio e parece ser

mais eficaz na reducao da PA apos o exercicio, entretanto, sem diferenga na VFC.

Palavras-chave: Exercicio aerobio, Musculacdo, Controle glicémico, Hipotensao pds-

exercicio, Sistema nervoso autonomo, Pds-menopausa, Diabetes tipo 2.



ABSTRACT

Introduction: Type 2 Diabetes (T2D) can cause deleterious effects on health, especially in
women after menopause. Aerobic and resistance exercises are effective in the treatment and
prevention of disease complications; however, the optimal order of performing these exercises
in a simultaneous session remains unknown. Objective: This study compared the order of
execution of a combined exercise session on glycemia, blood pressure (BP), and heart rate
variability (HRV) in postmenopausal women with T2D. Methodology: Clinical, crossover,
and randomized trial with 15 postmenopausal women with T2D who underwent three
experimental conditions: (I) 30 minutes of aerobic exercise (50 to 60% of reserve heart rate)
followed by 30 minutes of resistance exercise (3 sets of 8-12 maximum repetitions) (AR); (II)
Resistance exercise followed by aerobic exercise (RA); (III) Resting session (CON).
Glycemia was assessed at pre, mid, immediately at the end of exercise, and 20, 40, and 60
minutes after the intervention. BP was assessed pre-intervention and at 20, 40, and 60 minutes
after exercise. HRV was assessed pre and at 10, 30, and 50 minutes post-exercise. Results:
After the aerobic exercise, the AR session showed a lower glycemic value than the CON
session (p=0.01). The AR order showed a lower area under the glycemic curve during
exercise compared to RA and CON (p<0.05). Post-exercise, all experimental sessions reduced
glycemia (p<0.05), with no difference between conditions (p>0.05). Both exercise sessions
reduced systolic BP (p<0.05); however, only the AR order resulted in a reduction in diastolic
BP (p=0.01) after exercise. Regardless of the order, exercise sessions reduced time domain
indices of HRV (p<0.05). Conclusion: The AR order promoted greater glycemic reduction
during exercise and appears to be more effective in reducing BP after exercise; however,

without a difference in HRV.

Keywords: Aerobic exercise, Resistance exercise, Glycemic control, Post-exercise

hypotension, Autonomic nervous system, Postmenopause, Type 2 Diabetes.
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1 INTRODUCAO

Apobs a menopausa, doengas metabolicas e cardiovasculares tornam-se altamente
prevalentes devido a redugdo dos niveis estrogénicos que ocasionam alteragdes no
metabolismo lipidico, glicidico, além de impactar diretamente a func¢ao vascular. O aumento
da gordura visceral, a redistribuicdo da gordura corporal para a regidao abdominal, além da
reducdo da massa magra, sdo fatores que estdo relacionados a maior incidéncia de doengas,
como o Diabetes Mellitus tipo 2 (DM2), nessa populagio (PASCHOU; PAPANAS, 2019).

O DM2 consiste em um distirbio metabolico caracterizado por hiperglicemia
persistente, devido a falha na secre¢do do hormoénio insulina e/ou na capacidade do organismo
de usar efetivamente a insulina que produz (IDF, 2021). O tratamento da doenga inclui a
adocdo de um estilo de vida saudavel, como dieta e pratica de atividade fisica, além do uso de
antidiabéticos orais e/ou insulina. Quando nao tratado, suas complicagdes incluem doengas
renais, cardiacas, cegueira, amputacdes de membros e morte (IDF, 2021).

O exercicio fisico ¢ capaz de melhorar a tolerancia a glicose, sensibilidade a insulina,
reduzir a glicemia de jejum e os niveis de hemoglobina glicada (HbAlc), além de diminuir e
controlar fatores de risco cardiovascular (DUCLOS; VIRALLY; DEJAGER; 2011;
CANNATA et al., 2020). As atuais diretrizes recomendam a pratica de exercicio fisico
aerdbio e resistido para pessoas com DM2, o que se denomina como exercicio combinado
(SBD, 2019-2020; ADA, 2020). Entretanto, apesar dos resultados relevantes do exercicio
fisico combinado em pessoas com DM?2, ainda ndo se sabe se fatores, como a ordem de
execucdo dessas modalidades, interferem nas respostas cardiometabdlicas ao exercicio,
especialmente no que se refere as mulheres na pos-menopausa com DM2. Nesse contexto,
otimizar a ordem de realizacdo dos exercicios pode ser uma estratégia importante para se
obter melhor controle glicémico, redugdo do risco de hipoglicemia durante e apos a pratica de
exercicio, além de aumentar a eficicia do exercicio no que se refere a controle de fatores de
risco cardiovascular.

Portanto, torna-se importante identificar a sequéncia de exercicios (aerdbio +
resistido ou resistido + aerobio) mais eficaz para promover melhores efeitos
cardiometabdlicos em mulheres na pés-menopausa. Esses achados podem proporcionar novas
formas de prescricdo de exercicios fisicos, que podem ser facilmente adotadas para atingir um
melhor controle metabolico e prevenir o desenvolvimento e progressao de complicagdes

relacionadas ao DM2, garantindo a efetividade deste tratamento de forma individualizada.
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2 FUNDAMENTACAO TEORICA

2.1. Periodo apos a menopausa

Ao longo da vida, a mulher apresenta diferentes ciclos hormonais que se iniciam na
puberdade, através da menarca, ¢ perduram até a menopausa, momento que marca o fim da
vida reprodutiva (TAKAHASHI; JOHNSON, 2015; SELBAC et al., 2018). A transi¢ao
fisiologica da fase reprodutiva para a ndo reprodutiva na vida da mulher ¢ chamada de
climatério e durante esse periodo ha uma faléncia progressiva da fun¢do ovariana, resultando
na cessagao da producao de hormonios esteroides e ovulagdo, o que ocasiona em amenorreia
permanente, conhecida como menopausa (TAKAHASHI; JOHNSON, 2015; SELBAC et al.,
2018). A menopausa corresponde a ultima menstruagdo, sendo que o diagndstico ¢
oficializado somente apos 12 meses consecutivos de auséncia menstrual. Apos esse periodo,
inicia-se a fase denominada pds-menopausa, que ¢ definida pelo periodo que segue apds a
ultima menstruagdo espontinea (TAKAHASHI; JOHNSON, 2015; WARD; DENERIS,
2018).

Apbds a menopausa, devido a deficiéncia de estrogénio, ocorrem mudancas na
composi¢do corporal, como o aumento da gordura visceral, bem como a redistribui¢do da
gordura para a regido abdominal (OPOKU et al., 2023). Esses sdo fatores importantes que
contribuem para a alteracdo do metabolismo lipidico e glicidico, que por sua vez, podem
ocasionar no desenvolvimento e agravo de doengas (NAIR et al., 2021; OPOKU et al., 2023).
Além disso, o estrogénio exerce papel importante na homeostase da glicose. A menopausa
estd associada a redugdo da secre¢do de insulina pelo pancreas, bem como a reducdo da sua
eliminacdo, resultando em pequenas alteragdes nos niveis circulantes de insulina. Por outro
lado, a resisténcia a insulina aumenta progressivamente com a idade, predispondo as mulheres
na pos-menopausa a desenvolverem DM2 (WEDISINGHE; PERERA, 2009; OPOKU et al.,
2023).

Durante a pré-menopausa, as mulheres apresentam menor prevaléncia de doengas
cardiovasculares em comparacdo com homens da mesma faixa etaria. No entanto, apos a
menopausa, observa-se um notdvel aumento na prevaléncia dessa condi¢ao entre as mulheres,
0 que sugere que as mudangas hormonais associadas a menopausa desempenham papel
crucial como fator de risco para o desenvolvimento de doengas cardiovasculares nessa
populacdo (CARBONEL et al., 2020). O estrogénio atua promovendo vasodilatagdo, através

do aumento da sintese de 6xido nitrico, diminui a sintese de endotelina-1, inibe processos de
15



remodelagdo vascular e ajusta a atividade do Sistema Renina-Angiotensina-Aldosterona e do
sistema simpatico. Essa influéncia confere importantes efeitos protetores durante a idade
reprodutiva, mas essa protecao ¢ significativamente revertida apos a menopausa (DI GIOSIA
et al., 2018; NAIR et al., 2021). Dessa forma, a transicdo menopausal ¢ responsavel por
modifica¢des que podem favorecer o desenvolvimento de hipertensdo, visto que tais fatores

influenciam na regulagdo da pressao arterial (SABBATINI; KARARIGAS, 2020).

Além disso, ha evidéncias de que o estrogénio influencia no controle autondmico da
frequéncia cardiaca, impactando na modula¢do vagal e simpatica (LIU et al., 2003).
Brockbank et al. (2000) encontraram que mulheres na pds-menopausa apresentam menor
variabilidade da frequéncia cardiaca (VFC) em comparagdo com mulheres na pré-menopausa.
Ademais, Von Holzen et al. (2016) encontraram, através de uma revisao da literatura, um
declinio significativo dos parametros vagais da VFC em dire¢ao a uma dominancia simpatica
apds a menopausa. Nesse contexto, acredita-se que as mudangas hormonais desempenham
papel essencial na incidéncia e fisiopatologia da hipertensdo e outras doencas
cardiovasculares em mulheres ap6s a menopausa (DI GIOSIA et al., 2018; NAIR et al., 2021).

Portanto, o controle de fatores de risco cardiovascular nessa populagao torna-se fundamental.

2.2. Diabetes Mellitus tipo 2

O Diabetes Mellitus (DM) ¢ uma doenga que apresenta alta e crescente prevaléncia
em todo mundo. No Brasil, 16,8 milhdes de pessoas possuem DM, sendo o 5° pais do mundo
com maiores nimeros de adultos acometidos por essa doenga que ocasiona um conjunto de
desordens metabolicas. O DM caracteriza-se por uma situagdo de hiperglicemia persistente
decorrente da auséncia de insulina ou producgdo insuficiente desse hormodnio e/ou na

capacidade do organismo de usar efetivamente a insulina que produz (IDF, 2021).

A classificacdo do DM baseia-se em sua etiologia e os principais fatores causais sao
genéticos, bioldgicos e ambientais (SBD, 2019 - 2020). O DM2 ¢ o tipo mais prevalente da
doenga, correspondendo a 90% dos casos, e resulta da combinagdo de fatores ambientais e
genéticos que ocasiona deficiéncia na acdo e/ou secre¢do da insulina (SBD, 2019 - 2020). Os
principais fatores de risco para o DM2 sdo: historico familiar da doenca, processo de

envelhecimento, obesidade, sedentarismo, diagndstico prévio de pré-diabetes ou diabetes
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mellitus gestacional, além da presenca de componentes da sindrome metabdlica, como

hipertensao arterial e dislipidemia (SBD, 2019 - 2020).

Um estado de hiperglicemia cronico ocasiona efeitos deletérios em multiplos
sistemas e o0rgaos do corpo humano, especialmente no sistema cardiovascular. Ha evidéncias
de que os produtos finais de glicagdo avangada (AGEs, do inglés, Advanced Glycation End-
products) estdo envolvidos na patogénese das complicagdes vasculares diabética (FUHR et
al., 2022). A elevagao continua dos niveis de glicose no sangue esta intimamente ligada ao
aumento na produc¢do de AGEs, o que resulta em inflamacgdo, hipermeabilidade vascular,
reducdo da elasticidade e flexibilidade dos vasos, além de aumento da rigidez vascular e
miocardica, contribuindo para o desenvolvimento de doencas cardiovasculares, como
hipertensao arterial e aterosclerose (FUHR et al., 2022; KHALID; PETROIANU; ADEM,
2022).

Além disso, o aumento do estresse oxidativo e da producdo de AGEs, devido ao
excesso de glicose, também acometem vasos e fibras nervosas, afetando o funcionamento do
sistema nervoso autdbnomo simpatico e parassimpatico (WILLIAMS et al., 2022). Esses
efeitos resultam em danos endoteliais microvasculares nas redes capilares neuronais do
sistema nervoso autonomo, ocasionando a neuropatia diabética, que se constitui como uma
das principais complicagdes do DM2 e pode ocasionar manifestagdes como ortostase,
taquicardia em repouso, intolerancia ao exercicio e infarto do miocardio (AGASHE; PETAK,
2018; WILLIAMS et al., 2022). Nesse contexto, o controle metabdlico ¢ fundamental no

manejo do DM2, visto que reduz substancialmente o risco de complicacdes da doenca.

2.3. Exercicio combinado e Diabetes Mellitus tipo 2

A pratica de exercicio fisico ¢ uma importante interven¢cdo nao farmacoldgica no
tratamento do DM2, capaz de melhorar o controle glicémico e auxiliar na prevencdo de
complicacdes agudas e cronicas da doenga (DUCLOS; VIRALLY; DEJAGER; 2011;
CANNATA et al., 2020). Dentre os diversos efeitos, o exercicio ¢ capaz de aumentar a
captacdo de glicose durante e apds a pratica, através de mecanismos independentes e
dependentes da insulina (COLBERG et al., 2010). H& evidéncias que apds uma Unica sessao
de exercicio a captacdo de glicose permanece aumentada por até 2 horas, por vias que nao
dependem da insulina, e até 48 horas através de vias mediadas pela insulina (MIKINES et al.,

1988, CARTEE et al., 1989).
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As atuais diretrizes recomendam a realizagdo do exercicio aerobio e resistido para
pessoas com DM2, o que se denomina exercicio combinado (KANALEY et al., 2022; SILVA
JUNIOR et al., 2022). O exercicio aerébio consiste em movimentos continuos e ritmicos de
grandes grupos musculares, como caminhada, corrida e ciclismo. Por outro lado, o exercicio
resistido envolve movimentos utilizando pesos livres, aparelhos de musculagdo, exercicios
com peso corporal ou faixas elasticas (KIRWAN; SACKS; NIEUWOUDT, 2017). Na
literatura, tem sido frequentemente discutido o efeito da ordem de execucdao do exercicio
combinado em diversas populagdes e variaveis, visto que o exercicio de forga e o aerdbio sao
caracterizados por adaptagdes cardiovasculares e neuromusculares especificas e diferentes

(CADORE et al., 2013).

No que se refere a glicemia, o exercicio aerdbio e resistido ocasionam efeitos
fisiologicos distintos (BACCHI et al., 2012). Em individuos com DM2 que realizam atividade
fisica aerobia moderada, a captacdao de glicose geralmente aumenta mais do que a produgao
hepatica de glicose e, portanto, a glicemia tende a cair (MINUK et al., 1981). Por outro lado,
durante o exercicio resistido, devido ao aumento dos niveis de catecolaminas, hormoénio do
crescimento e/ou lactato pode haver aumento da glicemia durante o exercicio (FARINHA et
al., 2017). Jiménez et al. (2009) avaliaram os efeitos agudos do exercicio resistido em pessoas
com Diabetes tipo 1 e encontraram que a sensibilidade a insulina permaneceu inalterada 12 e
36 horas apos a sessdo, sugerindo que o exercicio resistido pode ndo causar tanta resposta
hipoglicémica pos-exercicio em compara¢do com o exercicio aerdbio. Corroborando com esse
achado, um estudo realizado por Ferreira Neta (2017) encontrou que o treinamento aerdbio
ocasionou maior nimero de hipoglicemia em comparacdo com o treinamento resistido e

combinado em mulheres com DM2.

Em relagdo a ordem de execugdo do exercicio combinado, estudos anteriores
relataram diferentes respostas do hormoénio de crescimento em homens jovens saudaveis
(GOTO et al., 2005) e em pessoas com Diabetes tipo 1 (YARDLEY et al., 2014) e do cortisol
em homens jovens sem diabetes (JONES et al., 2017). Além disso, em ndo diabéticos, a
realizacdo do exercicio aerdbio apos o resistido resultou em maior disponibilidade de gordura
durante o exercicio (GOTO et al., 2007) e sabe-se que tais fatores influenciam na resposta
glicémica aguda, visto que interferem na libera¢do e utilizacdo da glicose como substrato
energético durante o exercicio. Nesse contexto, Bellini et al. (2021) avaliaram os efeitos da

ordem de execucdo de uma sessdo de exercicio combinado e relataram maiores beneficios
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para pacientes com DM2 quando o exercicio aerdbio foi realizado antes do resistido. Por
outro lado, Correa et al. (2021) encontraram que o exercicio combinado, independente da
ordem, foi eficaz na resposta glicémica aguda em idosos com DM2. Divergindo desses
achados, um estudo de Silveira-Rodrigues et al. (2022) realizado com homens e mulheres de
meia-idade e idosos com DM2 encontrou maior reducdo glicémica quando o exercicio

resistido precedeu o aerobio.

No que se refere a desfechos cardiovasculares, sabe-se que tanto o exercicio fisico
aerdbio quanto o resistido podem influenciar o comportamento da pressdo arterial (PA) com
uma unica sessdo, podendo reduzir os niveis presséricos em comparagao aos valores pré-
exercicio ou aos registrados em um dia sem exercicio, o que ¢ denominado hipotensdo pos-
exercicio (AZEVEDO et al., 2019). Em pessoas com DM2, estudos agudos e cronicos tém
demonstrado os beneficios do exercicio fisico aerdbio e resistido na redugdo da PA
(MONTEIRO et al., 2010; SIMOES et al., 2010; SANTIAGO et al., 2018; MACHADO et al.,
2020). Entretanto, acredita-se que quando o exercicio aerobio € realizado apds o resistido
ocorre aumento da produgdo de 6xido nitrico e, consequentemente, promove maior dilatacao
arterial (SHIOTSU et al., 2018). Por outro lado, quando o exercicio aerobio precede o
resistido o efeito vasodilatador do exercicio aerdbio € atenuado, o que impactaria diretamente
na resposta da pressdo arterial (KEESE et al., 2012). Entretanto, ndo ha estudos na literatura
que avaliaram se a ordem de execuc¢do de uma sessdo de exercicio combinado influencia na
resposta hipotensora pds-exercicio de pacientes com DM2, especialmente em mulheres apos a
menopausa.

Em relacdo aos efeitos do exercicio fisico no sistema nervoso autdbnomo, estudos que
avaliaram os efeitos agudos do exercicio na VFC de pessoas com DM2 sdo escassos na
literatura. Entretanto, evidéncias com estudos cronicos demonstram os beneficios do
treinamento para pessoas com DM2 em parametros autonomicos. Bellavere et al. (2018)
compararam os efeitos do treinamento fisico aerdbio e resistido na fungdo autondmica
cardiovascular de individuos com DM2 e encontraram que tanto o treinamento aerdbio quanto
o resistido melhoraram diversos indices relacionados ao controle autondmico. Su et al. (2022)
encontraram que apos 12 semanas de treinamento combinado houve melhora na VFC em
mulheres de meia-idade ¢ idosas com DM2. Além disso, uma revisao sistematica e meta-
analise que avaliou o efeito do treinamento fisico na VFC em pacientes com DM2, concluiu que

o treinamento fisico melhorou os pardmetros da VFC, com nivel mais alto de evidéncia para o

treinamento resistido (PICARD et al., 2021).
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Em relagdo a ordem de realizacdo do exercicio aerobio e resistido, Abad Cal et al.
(2010) avaliaram os efeitos de uma unica sessdo de exercicio aerdbio e resistido isolado no
controle autondmico de individuos saudaveis e encontrou que no periodo de recuperagdo o
exercicio resistido promoveu maior alteragdo autonomica. Além disso, Ruiz et al. (2011) ao
avaliarem homens jovens saudéveis, encontrou diferenca na reativagdo vagal apds o exercicio
combinado em comparagdo com a realizacdo das duas modalidades isoladas. Dessa forma, ¢
possivel que a ordem de execucdo de tais exercicios implique em diferentes respostas
autonOmicas apds o exercicio, entretanto, ndo ha estudos que avaliaram os efeitos da ordem

de execugdo de uma sessao de exercicio combinado na VFC em pacientes com DM2.

3 OBJETIVOS
3.1. Objetivo geral

Avaliar os efeitos da ordem de execucdo de uma sessdo de exercicio combinado em

desfechos cardiometabolicos de mulheres pdés-menopausadas com DM2.

3.2. Objetivos especificos

e Avaliar os efeitos da ordem de execu¢do de uma sessdo de exercicio
combinado na resposta glicémica aguda durante e apds o exercicio em
mulheres p6s-menopausadas com DM?2.

e Avaliar os efeitos da ordem de execu¢do de uma sessdo de exercicio
combinado na pressdo arterial apdés o exercicio em mulheres pods-
menopausadas com DM?2.

e Avaliar os efeitos da ordem de execu¢do de uma sessdo de exercicio
combinado na variabilidade da frequéncia cardiaca apds o exercicio em

mulheres pés-menopausadas com DM2.
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Abstract

Aerobic and resistance exercises effectively treat and prevent complications of
cardiometabolic diseases in individuals with Type 2 Diabetes (T2D), but the optimal order for
a combined session is unknown. This study compared the execution order of a combined
exercise session on glycemia, blood pressure (BP), and heart rate variability (HRV) in
postmenopausal women with T2D. A clinical, crossover, and randomized trial included 15
postmenopausal women with T2D in three experimental conditions: (I) 30 minutes of aerobic
exercise (50 to 60% of reserve heart rate) + 30 minutes of resistance exercise (3 sets of 8-12
repetitions) (AR); (II) Resistance exercise + aerobic exercise (RA); (III) Resting session
(CON). Glycemia was assessed pre, mid, and immediately at the end of exercise, and 20, 40,
and 60 minutes post-exercise. BP was assessed pre and at 20, 40, and 60 minutes post-
exercise. HRV was assessed pre, at 10, 30, and 50 minutes post-exercise. After aerobic
exercise, the AR session showed lower glycemic than CON session (p=0.01). AR session
showed a lower area under the glycemic curve during exercise compared to RA and CON
(p<0.05). Post-exercise, all sessions reduced glycemia (p<0.05), with no difference between
conditions (p>0.05). Both exercise sessions reduced systolic BP (p<0.05), however, only in
AR there was a reduction in diastolic BP (p=0.01) after exercise. Regardless of the order,
exercise sessions reduced time domain indices of HRV (p<0.05). In conclusion, the AR order
promoted greater glycemic reduction during exercise and seemed more effective in reducing
BP after exercise, with no difference in HRV between sessions.

Registro Brasileiro de Ensaios Clinicos: RBR-8z7295b.

Keywords: Aecrobic exercise; Resistance exercise; Glycemic control; Post-Exercise

Hypotension; Autonomic Nervous System; Postmenopause; Type 2 Diabetes
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Introduction

After menopause, there is a decrease in estrogen hormone levels, causing changes
such as the reduction of lean mass and an increase and redistribution of adipose tissue,
increasing susceptibility to the development of cardiometabolic diseases and related

complications (Paschou and Papanas 2019).

A chronic state of hyperglycemia results in the complications of Type 2 Diabetes
Mellitus (T2DM). Deleterious effects on vascular function and structure can lead to elevated
blood pressure (BP) and consequently contribute to the development of cardiovascular
diseases, such as Hypertension (Bortolotto 2007). On the other hand, the reduction of BP
levels is associated with lower mortality and cardiovascular events in individuals with T2DM

(Emdin et al. 2015).

Additionally, individuals with T2DM often exhibit reduced heart rate variability
(HRV), which is associated with a higher cardiovascular risk and cardiac autonomic
neuropathy, one of the main complications of Diabetes (Benichou et al. 2018; Coopmans et
al. 2020). In this context, the analysis of HRV can be used to provide important information
about the functioning of the autonomic nervous system (Benichou et al. 2018). Thus, the
effective management of diabetes should include an approach that considers the optimal

control of cardiovascular risk factors along with adequate glycemic control (Naha et al. 2021).

Physical exercise is one of the important pillars in the treatment of T2DM, and the
combination of aerobic and resistance exercises has been widely recommended by current
guidelines (Kanaley et al. 2022; Silva Janior et al. 2022). Previous studies have reported that
combined exercise improved glycated hemoglobin (HbAlc) levels (Tomas-Carus et al. 2016;

Ghodrati et al. 2023), insulin sensitivity (Zhao et al. 2021), diastolic BP (Zhao et al. 2021),
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and systolic BP (Balducci et al. 2010; Zhao et al. 2021), beyond autonomic nervous function

(Su et al. 2022) in people with T2DM.

Evidence suggests that the order in which aerobic and resistance exercises are
performed plays an important role in the exercise response, as they lead to distinct
physiological effects. Previous studies have reported different responses of growth hormone
and cortisol when the order of combined exercise was altered (Goto et al. 2005; Yardley et al.
2014; Jones et al. 2017). Furthermore, performing aerobic exercise after resistance training
resulted in greater fat availability during exercise (Goto et al. 2007). In this context, it is
believed that the order of exercise execution may interfere with the selection of energy
substrate and hormonal response during exercise, potentially impacting glycemic response.
However, there is currently no consensus in the literature on the optimal order of physical

exercises to improve glycemic control.

Regarding cardiovascular outcomes, it is presumed that the hemodynamic and
muscular differences found in different types of exercise (aerobic and resistance) may also
influence BP and cardiac autonomic control after physical activity. It is believed that when
aerobic exercise 1s performed after resistance training, there is an increase in nitric oxide
production, consequently promoting greater arterial dilation (Shiotsu et al. 2018). On the
other hand, when aerobic exercise precedes resistance training, the vasodilatory effect of

aerobic exercise is attenuated, directly impacting BP response (Keese et al. 2012).

Furthermore, Abad Cal et al. (2010) assessed the effects of a single session of
isolated aerobic and resistance exercise on the autonomic control of healthy individuals and
found that during the recovery period, resistance exercise promoted greater autonomic
changes. Moreover, Ruiz et al. (2011), when evaluating healthy young men, found a

difference in vagal reactivation after combined exercise compared to the performance of the
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two modalities in isolation. Thus, it is possible that the order of execution of such exercises
may result in different BP and autonomic responses after exercise; however, there is a lack of
studies on the order of combined exercise in cardiovascular outcomes in patients with type 2

diabetes.

In light of this, it becomes important to elucidate the clinical intervention strategy of
physical exercise that may potentially contribute to improving glycemic control and
preventing the development and progression of cardiovascular complications related to
T2DM, especially in postmenopausal women who are more susceptible to potential
complications. Therefore, the aim of this study was to assess the effects of the order of
execution of a combined exercise session on glycemic response during and after exercise, as

well as on BP and HRV response after exercise in postmenopausal women with T2DM.

Materials and methods

Randomized crossover clinical trial conducted at the Cardiorespiratory and
Metabolic Physiology Laboratory of the Federal University of Uberlandia. The participants
were recruited through social networks and media, and data collection occurred between
March and August 2023. The study was approved by the Ethics Committee of the Federal
University of Uberlandia (CAAE: 57236522.1.0000.5152) and registered in the Brazilian
Clinical Trials Registry (registration number: RBR-8z7295b). All volunteers signed the

informed consent form before starting their participation in the study.
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Study participants

The participants were recruited according to the following inclusion criteria:
postmenopausal women (at least twelve months of permanent amenorrhea), aged between 45
and 70 years, diagnosed with T2DM by a physician, not using insulin or hormone
replacement therapy, and without a history of smoking or cognitive/physical impairment that
would affect their participation in the study. Participants were excluded if they had
uncontrolled blood glucose levels and were using medications that could influence the heart
rate response to exercise. The sample size calculation was carried out considering the
difference in post-exercise glycemic response between combined exercise sessions performed
in different orders (Aerobic + Resistance and Resistance + Aerobic) (Corréa et al., 2021).
Thus, an effect size "f"" of 0.18, a of 0.05, and power of 0.80 were considered. A minimum
sample size of 15 individuals, who should complete the 3 intervention sessions, was

determined.

First visit

On the first visit to the laboratory, the participants were informed about the study's
objectives, methodological procedures, risks and benefits of the sessions, and subsequently,
they signed the informed consent form. In addition, a medical history form was filled out,
containing information such as age, medical history, and medication usage.
The volunteers also completed the International Physical Activity Questionnaire (IPAQ) short
version, which assesses the physical activity level through eight questions, and its result
classifies the participant as very active, active, irregularly active, or sedentary (IPAQ, 2005).

After the completions, the familiarization session was scheduled.
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Familiarization

During the familiarization visit, the participants remained seated at rest for ten
minutes, and the baseline heart rate was collected and used to calculate the target zone for
aerobic training. The volunteers were familiarized with all strength exercises and walking on
the treadmill at the required speed and incline. In weight training, a warm-up of 15 repetitions
with minimal load was performed for all exercises. Subsequently, four attempts were made in
which the volunteers had to perform 8 to 12 maximum repetitions, with a 3-minute interval
between each attempt. All procedures and evaluations that would be carried out during the
study were reinforced. Finally, the participants were instructed to maintain their usual dietary
intake throughout the study, avoid alcohol consumption, and refrain from engaging in

strenuous exercise in the days leading up to the experimental sessions.

Breakfast

On the days of the experimental sessions, participants arrived at the laboratory at
7:00 am, with a ten-hour overnight fast, and a standardized breakfast was provided. The meal
consisted of 170g of natural yogurt, 4 slices of whole wheat toast, and 10g of butter. This
meal provided 325 kcal (61.4% carbohydrates, 23.7% fat, 13.2% protein, and 1.7% fiber).
During the experimental sessions, participants were allowed to drink water, but no other food

or beverage was consumed. After breakfast, they also took their usual morning medications.

Dietary assessment

On the days of the experimental sessions, food intake was assessed through the 24-
hour Dietary Recall, administered by a trained researcher. The volunteers were instructed to
recall the foods and beverages they had consumed on the previous day.

The food intake was analyzed for total energy content (kcal) and macronutrient intake (g) to
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ensure that the dietary consumption was similar before each experimental session.

The dietary data were analyzed using the Dietbox® software.

Experimental sessions

The participants underwent three experimental sessions, with a minimum interval of
three days and in a random order (www.randomizer.org), as follows: (I) 30 minutes of aerobic
exercise followed by 30 minutes of resistance exercise (AR); (II) 30 minutes of resistance
exercise followed by aerobic exercise (RA); (III) Participants remained seated at rest (CON).
All sessions started 40 minutes after breakfast. After exercise, the participants remained at rest

in a seated position for one hour (Figure 1).
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Figure 1. Study design. BP: Blood pressure. iRR: R-R interval
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Aerobic exercise

The aerobic exercise consisted of treadmill walking at an intensity of 50% to 60% of
the heart rate reserve (HRR). The treadmill speed and incline were adjusted to achieve the
target training zone. For the calculation of HRR, the formula used was: Maximum Heart Rate
(MHR) - Resting Heart Rate (RHR). RHR was considered the minimum heart rate measured
during the 10-minute rest on the familiarization visit day and MHR was estimated using the

formula: 220 — age.

Resistance exercise

The resistance exercise consisted of five exercises for the upper and lower limbs
performed in the following order: barbell bench press, leg press 180°, seated cable row, free
dumbbell squat, and shoulder press machine. The participants performed 3 sets of 8 to 12
maximum repetitions, with a 1-minute rest interval between sets and exercises. The load

recorded during the adaptation visit was used as a reference for the experimental sessions.

Control session
During the CON session, the volunteers remained seated for 1 hour and were

allowed to read and use their cell phones and/or computers during the session.

Anthropometric and body composition assessment

The waist circumference was measured using a 0.5 cm wide inelastic measuring tape
from the Filizola® brand, considering the midpoint between the last rib and the iliac crest.

Body composition consisted of measuring muscle mass, body fat, body mass, and
Body Mass Index (BMI) using tetra-polar bioimpedance (InBody 230 Trepel®, Perafita,
Portugal), with the instrument's own reading software. Stature was measured using a fixed
stadiometer (Sanny®, Sao Bernardo do Campo, SP, Brazil). For the bioimpedance

examination, it was necessary to have abstained from foods containing caffeine (e.g., coffee

29



and tea) and alcohol 48 hours before the exam, have a minimum 4-hour fast of food and
beverages, including water, and not engage in intense exercise in the 24 hours leading up to

the examination.

Glycemic assessment

Capillary blood glucose was measured pre-exercise, mid-exercise (end of the first
exercise modality), immediately at the end of the exercise (end of the second modality), and
20, 40, and 60 minutes after exercise. Capillary blood glucose was assessed using a glucose
monitor and test strips (Accu-Chek Active®). After asepsis of the area with alcohol,
collection was done through fingertip puncture with a disposable lancet, and the first drop of

blood was discarded to prevent sample contamination.

Assessment of blood pressure

BP was assessed pre-exercise and 20, 40, and 60 minutes after exercise, with the
participant in a seated position, using a digital and automatic blood pressure monitor
(OMRON® BP HEM-7113, Kyoto, Japao). BP was measured three times consecutively,

always in the left arm, and the average of these measurements was used for data analysis.

Assessment of heart rate variability

To evaluate HRV, the R-R interval was recorded pre-exercise, at 10, 30, and 50
minutes after exercise, using a chest strap heart rate monitor (POLAR® H10, Kempele,
Finland). At each collection moment, the R-R interval was recorded for 10 minutes with the
participant seated, and the last 5 minutes were used for HRV analysis. For HRV calculation,
indices in the time domain were considered: standard deviation of all normal R-R intervals
(SDNN) and the square root of the mean squared difference of successive R-R intervals

(RMSSD). The frequency domain indices were: low-frequency power (LF), high-frequency
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power (HF), and the LF/HF ratio. HRV analysis was performed using the Kubios HRV

Standard® software, version 3.5.0.

Statistical analysis

The data were checked for normality and homoscedasticity using the Shapiro-Wilk
test and the Levene's Test, respectively. A two-way repeated measures ANOVA was
conducted to determine the differences between conditions at each time point. The sphericity
of the variables was checked using the Mauchly's test. The area under the curve (AUC) was
calculated using the trapezoidal method, and a one-way ANOVA was used to check the
difference between conditions. In case of statistical differences, post-hoc analyses with
Bonferroni adjustments were conducted. The AUC for blood glucose was calculated at two
moments: during and after exercise, and for the analysis of BP, the AUC was calculated using
post-exercise measurements. The Kruskal-Wallis test was used to compare the dietary intake
of the participants between experimental conditions. The Cohen's d was calculated to assess
the magnitude of the difference between experimental sessions, being considered as follows:
small = 0.2 to 0.49; medium = 0.5 to 0.79; and large = > 0.8 (Cohen 1988). For all tests, p <
0.05 was considered statistically significant. All statistical analyses were conducted using

GraphPad Prism® version 8.0.2 and SPSS® version 23.0 (SPSS Inc, Chicago, IL, USA)

Results
After the selection, evaluation, and study development process, 15 postmenopausal
women with T2DM completed all experimental sessions (Figure 2). The characteristics of the

participants are described in Table 1.
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Evaluated for elegibility (n =111)

Excluded (n =92)
- Not meeting inclusion criteria (n = 78)
- Declined to participate (n = 12)
- Communication failure (n = 2)

Order of randomized sessions (n = 19)

Excluded during the study (n = 4)
- Personal reasons (n = 2)

- Uncontrolled Diabetes (n = 1)

- Using beta-blocker (n = 1)

Analysed (n = 15)

Figure 2. Study Flowchart.

Table 1. Characteristics of the participants (n = 15).

Variables Mean + SD or n (%)
Age (years) 60.6+5.9
Body mass (kg) 73.8+ 8.8
Height (cm) 156.8 +3.9
Waist circumference (cm) 100.5+7.7
BMI (kg/m?) 30+3.5
Fat mass (kg) 322+64
Body fat (%) 433+4.2
Skeletal muscle mass (kg) 226123
Postmenopausal time (years) 10.8 £5.1
Diagnosis T2DM time (years) 9.2+4.1
Fasting glucose (mg/dL) 118 +21
Glycated hemoglobin (%) 6.8+£0.5
Systolic blood pressure (mmHg) 114+ 13
Diastolic blood pressure (mmHg) 69+ 6
Oral hypoglycemics

Biguanides (n (%)) 14 (93.3)

Gliflozins (n (%)) 2(13.3)

Sulfonylureas (n (%)) 5(33.3)
Hypertension (n (%)) 9 (60)

Antihypertensives drugs




CCB 1 (6.6)

ARB 5(33.3)

Thiazide diuretic 7 (46.6)

ACE Inhibitor 3 (20)
Physical activity level

Sedentary (n (%)) 1(6.7)

Active (n (%)) 3 (20)

Irregularly active (n (%)) 11 (73.3)

BMI: Body Mass Index; T2DM: Type 2 Diabetes Mellitus; CCB: Calcium Channel
Blockers; ARB: Angiotensin II Receptor Blocker; ACE: Angiotensin-Converting
Enzyme.

The analysis of the 24-hour Dietary Recall showed that the dietary intake of the

participants on the day prior to each experimental session was similar, as there was no

difference in total energy content and macronutrient intake (p > 0.05) (Table 2).

Table 2. Dietary intake of participants on the day before the experimental sessions.

Variables AR RA CON P
Mean £ SD Mean £ SD Mean £ SD
Proteins (g) 75.5+36.3 65.5+31.9 55.8£20.1 0.29
Carbohydrates (g) 218.8+£191.2 199.7+114.9 2253+ 128.2 0.85
Lipids (g) 87.1 £69.1 55.4+37.1 48 +23.4 0.18
Calories (kcal) 1683.8 + 654.1 1596.7 + 831 1603.3 +£759.7 0.72

The intragroup analysis of absolute glycemic values showed that in both exercise
sessions (AR and RA), a significant decrease in glycemia was observed in the middle of the
exercise session (after the end of the first modality) (p < 0.001 and p = 0.01, respectively), in
relation to the pre-exercise value (Table 3). Post-exercise, all experimental sessions reduced
blood glucose (p < 0.05) compared to the pre-exercise moment, with no difference between
conditions (p > 0.05) (Table 3). In the intergroup analysis, the AR session presented a lower
glycemic value than the CON session in the middle of the exercise (after performing the

aerobic exercise) (d = 1.18; p=0.01) (Table 3).
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Table 3. Absolute blood glucose values pre and post-exercise during experimental sessions.

Variabl AR RA CON i . interacti
ariables Mean = SD  Mean — SD Mean+ Sp P time  p session p interaction
Pre-exercise 183 £33 175+33 182 £ 28

Mid-exercise 130 £35%*  150+48"  174+39
End of exercise 126+ 31" 126 £36" 150+ 35"
20’post-exercise 125 + 25 138 +26" 137 +32"
40’post-exercise 124 + 19" 128 £22% 126+ 30"
60’post-exercise 121+ 17" 119+22" 121 +24"

<0.001 0.34 <0.001

# significant difference in relation to the pre-exercise moment.* significant difference with the
CON session.

On the other hand, the analysis of deltas showed that in the middle of the exercise
session, there was a greater reduction in blood glucose in the AR group compared to the RA
(d =0.94; p=0.02) and CON sessions (d = 1.57; p < 0.001) (Figure 3). Furthermore, the AR
order showed a lower AUC compared to RA (d = 0.68; p < 0.001) and CON (d = 1.25;

p <0.001) during exercise (Figure 3).
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Figure 3. Glycemic response during and after exercise and their corresponding area under the
curve. AUC: area under the curve. Figure A: Delta of glycemic response during exercise;
Figure B: AUC of the glycemia delta during exercise; Figure C: Delta of glycemic response in
the post-exercise period; Figure D: AUC of the glycemic delta in the post-exercise period;
* difference between AR and CON sessions; $ difference between AR e RA sessions.
Regarding BP, the delta analyses showed that 20 minutes after exercise, the AR and
RA sessions had a lower systolic blood pressure (SBP) compared to the CON condition
(d =093, p=10.03, and d = 1.15, p = 0.01, respectively). Furthermore, 40 minutes after
exercise, a significant difference was found only between AR and CON (d = 0.87; p = 0.04)
(Figure 4). However, there was no difference in post-exercise diastolic blood pressure (DBP)

in any experimental condition across time points (p > 0.05). On the other hand, the AR and

RA orders showed a lower AUC compared to the CON session for SBP (d = 0.90, p < 0.001
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and d = 1.15, p = 0.01, respectively). Additionally, the AR order had a lower AUC compared

to the CON condition for DBP (d = 0.73; p =0.01) (Figure 4).
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Figure 4. Blood pressure response after exercise and the corresponding area under the curve.
AUC: area under the curve; SBD: Systolic blood pressure; DBP: Diastolic blood pressure;
Figure A: Delta of post-exercise systolic blood pressure response; Figure B: AUC of the post-
exercise systolic blood pressure delta; Figure C: Delta of post-exercise diastolic blood
pressure response; Figure D: AUC of the post-exercise diastolic blood pressure delta;
* difference between AR and CON; T difference between RA and CON sessions.

Regarding the analysis of absolute SDNN index data, the AR condition showed
significantly lower values at 10 minutes post-exercise compared to baseline (p = 0.03).
In contrast, the CON condition exhibited significantly higher values at 10, 30, and 50 minutes

post-exercise compared to the pre-exercise moment (p < 0.05) (Table 4).
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Regarding the intergroup analysis of time domain indices, after 10 and 30 minutes of

exercise, the AR and RA sessions showed lower values in the SDNN and RMSSD indices

compared to the CON session (d = > 1.18; p < 0.05) (Table 4). Furthermore, regarding the

SDNN index, the RA session also showed a statistically lower value compared to the CON

session 50 minutes after exercise (d = 0.93; p = 0.04). About the frequency domain indices

HF, LF, and LF/HF, there was no significant difference between the experimental conditions

(p > 0.05) (Table 4).

Table 4. Absolute values of time and frequency domain indices pre and post-exercise in the

experimental sessions.

AR

RA

CON

Variables Mean + SD Mean+SD  Mean + SD p time p session  p interaction
SDNN (ms)

Pre 19.3+9.1 18.7+7.7 20.1 £8.2

10’ post 13.5+4.1#* 13.9 + 7% 26.3+103# <0.001 <0.001 <0.001
30’ post 17.4 £5.2% 16.1 £6.9% 283+ 11.9#

50’ post 20.6 £ 9.5 18.6 £9.1*  27.4+9.8#

RMSSD (ms)

Pre 182+ 10 17.7+9 20.7+11.2

10’ post 11.1+3.7*% 11+6* 27.1£14.8 0.10 <0.001 <0.001
30’ post 154 £ 7% 13.5+6.7* 27+11.9

50 post 20.2 +16.8 14.8 + 8.1 25.7+9.9

HF (n.u.)

Pre 47.5+21.6 45+ 146 49.2+184

10’ post 33.1+15.2 34.6 £18.1 45.7 +20.7 <0.001 0.41 0.32
30’ post 393+18.4 354+144  43.5+19.5

50’ post 43.4+199 35+17.7 41 +£16.7

LF (n.u.)

Pre 52.3+21.6 548+ 146 50.7+18.4

10° post 66.8+15.2 65.3 +18.1 54.2+£20.7 <0.001 0.41 0.32
30’ post 60.6 £ 18.4 645+144 56.3+19.6

50’ post 56.4+19.9 649+177 589+16.7

LF/HF

Pre 1.7+ 1.7 1.4+0.9 1.4+1.1

10° post 27+1.8 29+£2.6 1.9+2.1 <0.001 0.51 0.32
30’ post 26+3.4 24+1.5 1.8+1.3

50’ post 21+£25 33+34 1.9+1.6

# significant difference compared to the pre-exercise moment; * significant difference with the CON

session.
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Discussion

The present study aimed to assess the effects of the order of execution of a combined
exercise session on blood glucose during and after exercise, as well as on post-exercise BP
and HRYV responses in postmenopausal women with T2DM. The main results showed that: (I)
The AR order appears to be more effective in reducing blood glucose during exercise;
however, there was no difference between the experimental sessions post-exercise; (II) Both
exercise sessions, regardless of the order, were effective in reducing SBP; however, only the
AR session led to a reduction in DBP; (III) The order of execution of aerobic and resistance
exercise does not interfere with autonomic responses after exercise.

In our study, performing aerobic exercise first was more effective in reducing blood
glucose during exercise compared to the session where resistance exercise was performed first
and the control session. In type 1 diabetics, it was found that when resistance exercise
preceded aerobic exercise, there was increased growth hormone secretion, potentially
neutralizing the hypoglycemic effect of exercise (Yardley et al. 2014), which could be a
possible explanation for our finding. In this context, current guidelines recommend
scheduling resistance exercise before aerobic exercise to minimize the risk of hypoglycemia
in insulinized patients (SBD 2019-2020); however, such a recommendation is not yet well-
established for people with T2DM who do not use insulin and initiate the training session
with inadequate blood glucose levels. Thus, our findings indicate that for patients with high
postprandial glycemic values pre-exercise, the best strategy would be to start with aerobic
exercise. On the other hand, starting with resistance exercise may be more effective for
patients with low pre-exercise glycemic values, aiming for a lower risk of hypoglycemia
during the practice.

In addition to the lack of evidence comparing the effect of combined exercise order
in postmenopausal women, results regarding the order's impact on glycemic response are still
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contradictory in the literature. Bellini et al. (2021) reported greater benefits for type 2
diabetics when aerobic exercise was performed before resistance exercise, which corroborates
with the result of the present study. On the other hand, a study by Silveira-Rodrigues et al.
(2022) conducted with middle-aged and elderly men and women with type 2 diabetes found
greater glycemic reduction when resistance exercise preceded aerobic exercise. However, it is
important to note that these divergent results may be due to differences in exercise protocols,
as the intervention by Silveira-Rodrigues et al. (2022) had a longer duration and exercise
volume, and these are variables that influence glycemic response (Li et al. 2012; Umpierre et
al. 2013).

Correa et al. (2021), who evaluated elderly men and women with type 2 diabetes
using an exercise protocol similar to the present study, found that after 30 minutes of exercise,
there was a greater reduction in blood glucose in the session where aerobic exercise preceded
resistance exercise. However, there was no difference at the end of the exercise, which
corroborates with our findings. On the other hand, in the study by Correa et al. (2021), aerobic
exercise was the main contributor to glycemic reduction during exercise, which differs from
our finding, as we observed a decrease in blood glucose after resistance exercise.

In the present study, exercise was performed after a meal, and it is known that
postprandial hyperglycemia is associated with the development of cardiometabolic disorders
(Ceriello and Genovese 2016). Therefore, after 30 minutes of treadmill walking, we found a
significant reduction in blood glucose, which was not observed when resistance exercise
preceded aerobic exercise. This is an important finding, as it may contribute to attenuating
postprandial glycemic peaks.

On the other hand, although there is evidence that glucose uptake remains increased
for up to 48 hours after exercise (Mikines et al. 1988, Cartee et al. 1989), we did not find a

difference between the exercise sessions and the control condition. The opposite result to our
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study was reported by Bellini et al. (2021), where both exercise sessions, regardless of the
order, reduced blood glucose compared to the control condition for up to two hours after
exercise. In our study, the reduction in blood glucose in the control group may be related to
insulin release, as the research was conducted in a postprandial situation, along with the use of
hypoglycemic medications. This is particularly relevant given that most participants took their
medications after breakfast. Additionally, since the participants were using different
hypoglycemic medications, this factor may have also influenced the exercise response
(Shahar et al. 2015).

Type 2 diabetes is a risk factor for the development of hypertension in
postmenopausal women (Rossi et al. 2006). In our sample, 60% of the participants had
hypertension and were taking antihypertensive medications. Previous studies have reported
that combined aerobic and resistance exercises can significantly reduce blood pressure in
postmenopausal women (Xi et al. 2021). Although we did not find studies in the literature that
assessed the effect of the order of combined exercise on blood pressure response in diabetic
patients, previous studies with young normotensive women (Abrantes et al. 2021) and
hypertensive elderly individuals (Fernandes et al. 2022) reported a reduction in blood pressure
after combined exercise, regardless of the order, which corroborates with our findings
regarding SBP.

Only the session where aerobic exercise preceded resistance exercise was effective in
reducing DBP. This result partially corroborates with the study by Lovato et al. (2012),
conducted with young normotensive men. In the session where aerobic exercise preceded
resistance exercise, reductions were observed at some points in systolic and diastolic blood
pressure, while the session where resistance exercise was performed first led to minimal

changes in blood pressure values.
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It is known that autonomic system degeneration can occur quite early in people with
diabetes (Picard et al. 2021). There is evidence that combined training improves autonomic
nerve function in middle-aged and elderly women with type 2 diabetes (Su et al. 2022);
however, acute studies are scarce in the literature. As expected, we found that both
experimental exercise sessions had significantly lower values in the time domain indices of
HRV compared to the CON session. This could be explained by the increased cardiac
autonomic stress imposed by the exercise. Furthermore, these differences were found after 10
and 30 minutes of exercise; however, by 50 minutes, they had already equalized with the
control session. Our findings corroborate with the study by Lovato et al. (2012) that assessed
HRYV (through HF and LF indices) in young men and also found no difference in the order of
combined exercise execution.

This study has some limitations that should be considered, such as the small sample
size, despite the sample size calculation being performed and reaching the required number of
participants, and the lack of a longer follow-up after the exercise sessions. On the other hand,
as strengths, we highlight the cross-over and randomized design of the study, the inclusion of
a control session, the standardization of breakfast, and the use of a 24-hour Dietary Recall to
minimize any influence of diet on our results.

In practical terms, our findings indicate that the sequence in which exercise is
conducted can have a significant impact on glycemic control and safety during physical
activity. Furthermore, it is crucial to consider the pre-exercise glycemic level when
determining the order of exercise to ensure optimal results. Furthermore, in patients requiring
better blood pressure control (such as women with coexisting diabetes and hypertension),
performing aerobic exercise before resistance exercise may be a more effective strategy for
reducing blood pressure levels. Finally, regarding autonomic changes, the exercise execution

order can be at the discretion of the practitioner.
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Conclusion

The order of combined exercise influenced the behavior of blood glucose during
exercise, with a greater reduction observed when aerobic exercise was performed first.
However, there was no difference in the post-exercise response. Additionally, performing
aerobic exercise first was also more effective in reducing blood pressure, as it led to a
decrease in both systolic and diastolic blood pressure. In the end, both sessions, regardless of
the order, reduced time domain indices of heart rate variability in postmenopausal women

with type 2 diabetes.

Data availability
The datasets generated and/or analyzed during the current study are available from the

corresponding author upon reasonable request.
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APENDICES

Apéndice 1 — Anamnese

Nome: Codigo:
Idade: Data nasc.: /
Escolaridade

Profissao: Estado civil

Fumante: ( )Nao ( ) Sim Tempo de tabagismo: ~ Tempo de pausa:
Menopausa: ( ) Nao ( ) Sim Anos na menopausa:

Uso de terapia de reposi¢dao hormonal: () Nao () Sim Quanto tempo:

Hipertensdo: ( ) Nao ( ) Sim Medicamentos/dose:

Horario: Tempo de uso:
Diabetes: ( ) Nao ( ) Sim Tempo de diagnoéstico:

Medicamentos/dose:

Horario: Tempo de uso:

Acompanhamento médico (Diabetes): ( ) Nao ( ) Sim

Ultima vez que foi a0 médico: Monitora glicemia em casa: ( ) Ndo ( ) Sim
Complicagdes relacionadas a Diabetes: ( ) Nao () Sim

Quais?

Insulina ex6gena: () Nao () Sim  Histérico familiar de Diabetes:

Outras patologias, cirurgias e medicamentos:

Historico de DCV:

Possui acompanhamento médico: ( ) Nao () Sim Especialidade:

Pratica exercicios fisicos regularmente: ( ) Nao ( ) Sim  Horas/dia:

Frequéncia semanal: Tipo de Atividade:

Contato de emergéncia:

OBS:

Avaliador(a): Data: / /
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Apéndice 2 - Ficha de dados antropométricos e da sessiao de familiarizacao

Data avaliagao: / /

Altura (m): MC (kg): IMC:

C Cintura: C Quadril: C Abdomen:

TESTE ZONA DE REPETICAO
Data avaliagao: / /
Carga — Numero de repeticoes Observacao
Exercicio 1° tentativa | 2° tentativa | 3 tentativa | 4° tentativa
Supino

Leg press 180¢9

Remada baixa

Agachamento ¢/
halteres

Desenvolvimento

FAMILIARIZACAO EXERCICIO AEROBIO

Velocidade alcangada: Inclinagao:
Obs:
FCmax: FC basal: FCreserva:

Zona de treinamento:
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Apéndice 3 — Ficha de coleta

SESSAO DATA / /

Céd. Vol.:

H ultima refeicao:

N© polar:

Tempo de jejum:

H medic.:

Avaliador:

Tempo

Tempo

1* medida 2* medida 3* medida Glicemia

07:00

G

07:20

-

07:40

07:50

R I
---------

08:00

08:30

09:00

09:10

09:20

09:30

09:40

09:50

10:00




ANEXOS
Anexo 1 — Avaliaciao do nivel de atividade fisica

International Physical Activity Questionnaire (IPAQ) ID:

Para responder as perguntas pense somente nas atividades que vocé realiza por pelo menos 10 minutos
continuos de cada vez na ULTIMA semana:

- Atividades VIGOROSAS: precisam de grande esforco e fazem respirar MUITO mais forte que o normal.
- Atividades MODERADAS: precisam de algum esforgo e fazem respirar UM POUCO mais forte que o normal.

1A) Em quantos dias da ultima semana vocé caminhou por pelo menos 10 minutos continuos em casa ou no
trabalho, como forma de transporte para ir de um lugar para outro, por lazer, por prazer ou como forma de
exercicio? Dias por SEMANA ( )
Nenhum

1B) Nos dias em que vocé caminhou por pelo menos 10 minutos continuos quanto tempo no total vocé
gastou caminhando por dia? Horas: Minutos:

2A) Em quantos dias da ultima semana, vocé realizou atividades MODERADAS por pelo menos 10 minutos
continuos, como por exemplo pedalar leve na bicicleta, nadar, dancar, fazer ginastica aerdbica leve, carregar
pesos leves, fazer servicos domésticos na casa, no quintal ou no jardim como varrer, aspirar, cuidar do
jardim, ou qualquer atividade que fez aumentar moderadamente sua respiracdo ou batimentos do coragao
(NAO INCLUA CAMINHADA). Dias por SEMANA ()
Nenhum

2B) Nos dias em que vocé fez essas atividades moderadas por pelo menos 10 minutos continuos, quanto
tempo no total vocé gastou fazendo essas atividades por dia? Horas: Minutos:

3A) Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por pelo menos 10 minutos
continuos, como por exemplo correr, fazer gindstica aerdbica, jogar futebol, pedalar rapido na bicicleta,
jogar basquete, fazer servicos domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar
pesos elevados ou qualquer atividade que fez aumentar MUITO sua respiracdo ou batimentos do coragao.
Dias por SEMANA () Nenhum

3B) Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos continuos quanto
tempo no total vocé gastou fazendo essas atividades por dia? Horas:
Minutos:

As ultimas questdes sdo sobre o tempo que vocé permanece sentado no trabalho, na escola ou faculdade,
em casa e durante seu tempo livre. Isto inclui o tempo sentado estudando, sentado enquanto descansa,
visitando um amigo, lendo, sentado ou deitado assistindo TV. Nao inclua o tempo gasto sentando durante
o transporte em Onibus, trem, metro ou carro.

4A) Quanto tempo no total vocé gasta sentado em um dia de semana? horas minutos

4B) Quanto tempo no total vocé gasta sentado em um dia de fim de semana? horas minutos
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DADOS DO PARECER

Numero do Parecer: 5.464.190

Apresentagéao do Projeto:

As informacdes elencadas nos campos “Apresentacédo do Projeto”, “Objetivo da Pesquisa” e “Avaliacao dos
Riscos e Beneficios” foram retiradas dos documentos Informagdes Basicas da Pesquisa arquivo
"PB_INFORMACOES BASICAS DO _PROJETO_1886613.pdf" e Projeto Detalhado arquivo

"projeto_pesquisa_CEP.docx", postados em 30/05/2022.

INTRODUCAO

Na pés-menopausa, o Diabetes Mellitus tipo 2 (DM2) torna-se altamente prevalente devido a redugédo dos
niveis estrogénicos e alteragdes no metabolismo lipidico e glicidico. O exercicio fisico concorrente (aerébico
e resistido na mesma sessao) tem efeitos benéficos no controle glicémico e previne o desenvolvimento de
complicagbes relacionadas a doenga, no entanto, ainda ndo estda bem estabelecida qual a ordem de
realizacdo desses exercicios proporciona melhor controle glicémico e menor risco de hipoglicemia. Dessa
forma, o objetivo desse estudo € avaliar os efeitos da ordem de execugcdo de uma sesséo de exercicio
concorrente nas respostas glicémicas durante e apdés o exercicio em mulheres pés-menopausadas com
DM2. Participardo do estudo 30 mulheres na pds-menopausa com DM2, com idade entre 45 e 60 anos.
Cada participante realizara 5 sessdes experimentais em ordem aleatodria, separadas por pelo menos 3 dias:
1) Exercicio aerébico seguido de exercicio resistido (AR): 1 sess&o de 30 minutos de exercicio aerdbico de
intensidade moderada
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