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Abstract

Purpose Exercise training improves exercise capacity in type 2 diabetes mellitus (T2DM). It remains to be
elucidated whether such improvements result from cardiac or peripheral muscular adaptations, and whether these
are intensity-dependent.

Methods 27 patients with T2DM (without known cardiovascular disease (CVD)) were randomized to high-
intensity interval training (HIIT, n=15) or moderate-intensity endurance training (MIT, n=12) for 24 weeks (3
sessions/week). Exercise echocardiography was applied to investigate cardiac output (CO) and oxygen (O,)
extraction during exercise, while exercise capacity ((VOapeak (mL/kg/min)) was examined via cardiopulmonary
exercise testing at baseline and after 12 and 24 weeks of exercise training, respectively. Changes in glycaemic
control (HbAlc and glucose tolerance), lipid profile and body composition were also evaluated.

Results 19 patients completed 24 weeks of HIIT (n=10, 66+11 years) or MIT (n=9, 6145 years). HIIT and MIT
similarly improved glucose tolerance (Prime=0.001, Pneraction>0.05), VOopeax (mL/kg/min) (prime=0.001,
Pinteraction>0.05), and exercise performance (Wpeak) (Prime<0.001, Prnteracion>0.05). O extraction increased to a
greater extent after 24 weeks of MIT (56.5%, p1=0.009, prime=0.001, peraction=0.007). CO and left ventricular
longitudinal strain (LS) during exercise remained unchanged (prime>0.05). A reduction in HbAlc was correlated
with absolute changes in LS after 12 weeks of MIT (r=-0.792, p=0.019, LS at rest) or HIIT (r=-0.782, p=0.038,
LS at peak exercise).

Conclusion In patients with well-controlled T2DM, MIT and HIIT improved exercise capacity, mainly resulting
from increments in O, extraction capacity, rather than changes in cardiac output. In particular, MIT seemed highly
effective to generate these peripheral adaptations.

NCT03299790, initially released 09/12/2017

Keywords; stress echocardiography, left ventricular function, type 2 diabetes, exercise tolerance, exercise training
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A Late diastolic inflow

AGE’s Advanced glycation end products
ANOVA Analysis of variance
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CVD Cardiovascular diseases
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HR Heart rate

IVCT Isovolumic contraction time
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(03 Oxygen




OGTT

Oral glucose tolerance test

PLAX Parasternal long axis

RER Respiratory exchange ratio
SD Standard deviation

SV Stroke volume

T2DM Type 2 diabetes mellitus
TDI Tissue Doppler imaging
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) accounts for approximately 90% of the total cases of diabetes (>460 million
worldwide) (Saeedi et al., 2019). Treatment intensification is required, as many targets (e.g. tight glycaemic
control) are not properly achieved, contributing to the high morbidity and mortality rates (Hansen et al., 2020).
Patients suffering from diabetes have a 30% higher risk of developing heart failure, and cardiovascular diseases
(CVD) are a major source of complications leading to extensive health care costs (Dal Canto et al., 2019; Rorth et
al., 2018).

Exercise intolerance is known to be a significant predictor of all-cause mortality and is consistently reported among
patients with T2DM (Kokkinos et al., 2009; Nadeau et al., 2009; Nesti et al., 2020). Cardiac dysfunction seems to
be an important factor, as patients with T2DM have been reported to display a 23% lower cardiac output (CO), as
opposed to healthy controls (Wilson et al., 2017). Fortunately, exercise training not only improves the clinical
course of diabetes (improved physical fitness, enhanced glycaemic and lipid control and a lower blood pressure),
but also resting cardiac function (especially diastolic function) (Hansen et al., 2019; Umpierre et al., 2013;
Verboven et al., 2019). As a result, exercise training is a cornerstone in the management of T2DM (American
Diabetes, 2020).

However, as oxygen uptake (VO,) is determined by CO and oxygen (O,) extraction, both central and peripheral
factors may underlie exercise intolerance and contribute to the improvements in VO, after exercise training.
Wilson et al. (Wilson et al., 2019) recently demonstrated, by the use of exercise echocardiography, the potential
of exercise training to reverse cardiac dysfunction in patients with T2DM and thereby improving exercise
tolerance. Though, such exercise training studies using stress (pharmacologically-induced/exercise)
echocardiography are scarce. Though this is of major importance to resemble patients’ functional status, as
pathological symptoms (e.g. chest pain or dyspnoea) are often absent at rest and/or exaggerated during exercise
(Ha et al., 2007). Indeed, up to 33% of the patients with T2DM report such symptoms during exercise, while
resting echocardiographic findings are normal (Jorgensen et al., 2016).

Moreover, an impaired O, extraction has also been reported to limit exercise tolerance in patients with T2DM,
which could be attributed to attenuated responses in muscular blood flow (Baldi et al., 2003; Bauer et al., 2007).
By combining stress echocardiography and breath-by-breath analyses, our research group recently reported a
limited O, extraction to underlie exercise intolerance in patients with T2DM (but without clinical signs of CVD)
(Van Ryckeghem L, 2020). Of interest, O, extraction capacity is responsive to exercise training, as shown in
patients suffering from peripheral artery disease (Baker et al., 2017).

Though, several aspects of exercise training such as the impact of exercise volume and intensity need to be
elucidated. High-intensity interval training (HIIT) is gaining interest because of superior effects on glycaemic
control and exercise capacity in patients with diabetes mellitus (Liu et al., 2019). Furthermore, Wilson et al.
(Wilson et al., 2019) reported an improved stroke volume during submaximal exercise after HIIT. However, HIIT
was compared to a non-exercising control group and stress echocardiography was not simultaneously combined
with breath-by-breath analyses, impeding to investigate O, extraction capacity. It therefore remains to be
established whether HIIT is indeed superior compared to traditional types of exercise training such as moderate-
intense training (MIT) to improve cardiovascular health in T2DM population. The aim of our study was to
investigate to which extent central (CO) or peripheral (O, extraction) factors underlie improvements in exercise
capacity (VO peak), in patients with well-controlled T2DM but without established CVD by using exercise
echocardiography with simultaneous breath-by-breath analyses. Based on the previous studies (Liu et al., 2019;
Wilson et al., 2019), we hypothesized that supervised HIIT exerts superior effects, compared to supervised MIT.



METHODS

Study design and subjects

This randomised-controlled trial was executed at the REVAL Rehabilitation Research Centre (Hasselt University,
Hasselt, Belgium) and the Department of Cardiology (Jessa hospital, Hasselt, Belgium). Twenty-nine
asymptomatic (no dyspnoea or chest pain at rest or during exercise) patients with T2DM, aged between 18-81years
and diagnosed according to the criteria of the American Diabetes Association (American Diabetes, 2020), were
recruited using a convenience sampling method (informed by general practitioners and based on availability and/or
willingness to participate). Stable pharmacological treatment (e.g. anti-hypertensive, glucose- and lipid-lowering
drugs) for at least three months was requested, and patients had to be able to perform a maximal incremental
exercise test. Patients were excluded if one of the following diseases or symptoms was reported: renal disease,
retinopathy, neurological, orthopaedic, oncologic or pulmonary diseases prohibiting the performance of an
exercise test, cardiovascular diseases (e.g. valve disease, coronary artery disease, congenital heart disease) and
symptoms of dyspnoea or chest pain (during exercise)). The following parameters were evaluated: anthropometric
measures and body composition, cardiopulmonary exercise testing (CPET), exercise echocardiography and blood
samples analyses (glycaemic control, lipid profile). Body composition was evaluated at the start of the intervention
and after 24 weeks of the intervention. All other assessments were performed at baseline and after respectively 12
and 24 weeks of exercise training.

The study protocol was approved by the medical ethical committee of Jessa hospital (Hasselt, Belgium) and Hasselt
University (Hasselt, Belgium) and was performed according to the Declaration of Helsinki (2013). All participants
gave written informed consent, prior to their participation. The study was registered at Clinicaltrials.gov (NCT
number: NCT03299790)

Anthropometry and body composition

Anthropometric measures (height and body weight) were assessed using a wall-mounted Harpenden stadiometer
(ICD 250DW, De Grood Metaaltechniek, Nijmegem, The Netherlands) and a digital-balanced weighing scale
(Seca 770, Seca Hamburg, Germany). Body mass index (BMI; kg/m?) and body surface area (BSA; m?) were
calculated. Body composition was analysed by using a Dual Energy X-ray Absorptiometry scan (Hologic Series
Delphi-A Fan Beam X-ray Bone Densitometer, Vilvoorde, Belgium) from which whole-body lean tissue mass, fat
mass and body fat percentage were determined.

Blood parameters

Fasted blood samples (lithium heparin tubes, Greiner Bio-One, Vilvoorde, Belgium) were collected to evaluate
lipid profile (total cholesterol, HDL- and LDL-cholesterol and triglycerides) and insulin levels. Thereafter, a 5-
point oral glucose tolerance test (OGTT, sodium fluoride tubes, Greiner Bio-One, Vilvoorde, Belgium) was
performed after ingestion of 75g of glucose (dextrose monohydrate) dissolved in 250mL of water. Blood samples
were stored for 30min at room temperature and thereafter for 120min at 4°C. Afterwards, samples were centrifuged
(1650g, for 15min) and plasma was stored at -80°C and analysed in badge for insulin (sandwich
electrochemiluminescence immunoassay), total cholesterol, HDL- and LDL-cholesterol (enzymatic colorimetry),
triglycerides (colorimetry) and glucose (colorimetry, Roche Cobas 8000, Roche Diagnostics International Ltd,
Rotkreuz, Switzerland). Non-fasted blood samples were analysed for glycated haemoglobin Alc (HbAlc,
Menarini HA-8180 HbAlc auto-analyser, Menarini Diagnostics, Diegem, Belgium) and N-terminal pro-B-type
natriuretic peptide (NT-proBNP, electrochemiluminescence immunoassay, Cobas e 801 immunoassay analyser,
Menarini Diagnostics, Diegem, Belgium). Insulin resistance was estimated using the homeostasis assessment of
insulin resistance (HOMA-IR), calculated as fasting plasma glucose (mmol/L)*fasting serum insulin (mU/L))/22.5
(Matthews et al., 1985). From the glucose measurements of the OGTT, the total area under the curve (tAUC) was
estimated using the trapezoidal rule. All measurements were performed by the clinical laboratory of the Jessa
Hospital (Hasselt, Belgium).

Echocardiography with combined ergospirometry
The exercise echocardiographic assessment was performed as described elsewhere (Van Ryckeghem L, 2020). In
brief, cardiac function was evaluated in the apical two-, four- and five chamber view (AP2C, AP4C, AP5C) and
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in the apical long-axis view (APLAX) using a phased array probe (Vivid E90 and GE M5S 1.5-4.5 MHz, GE
Health Medical, Milwaukee, Wisconsin, USA). Prior outcomes regarding cardiac function were CO, left
ventricular longitudinal strain (LS, within the AP4C view) and parameters of diastolic function (early diastolic
filling phase (E), early diastolic velocity at the septal annulus (e’s) and left ventricular filling pressure (E/e”)).

Breath-by-breath analyses were simultaneously applied (CS-200 Ergo-Spiro, Schiller AG, Switzerland) for the
evaluation of respiratory exchange ratio (RER) and oxygen uptake (VO,). A standardized ramp-stage protocol
(initial workload of 20W, gradually increased by 10W/min) was applied on a semi-supine bicycle (Ergocouch erg
911 LS, Ergosana, Rotterdam, The Netherlands) and a pedal frequency of 60-65 revolutions per minute (rpm) was
applied. The exercise echocardiographic assessment included 2 stages of evaluation; rest and at peak stress. The
latter was performed when RER exceeded 1.03 after which the cycling workload (W) was remained constant
during the assessments. Systolic and diastolic blood pressure were monitored during the entire assessment, using
an electronic sphygmomanometer (Omron®, Omron Healthcare, IL, USA). Continuous 12-lead ECG monitoring
was applied during the test (CardioSoft v6.7, Acertys, Aartselaar, Belgium). Images were digitally stored in a cine-
loop format containing at least three cardiac cycles for each measure and analyses were performed via the
EchoPAC software version 201 (General Electric Vingmed, Horten, Norway).

Cardiopulmonary exercise testing

A CPET was performed in the upright position to determine peak oxygen uptake (VOapeak) as the exercise
echocardiographic assessments were executed during submaximal effort. An electronically braked cycle ergometer
(eBike, GE Medical systems, Milwaukee, Wisconsin, USA) was used and combined with breath-by-breath
analyses (Jaeger Oxycon Pro, Carefusion, Acertys group, Aartselaar, Belgium). Continuous 12-lead ECG
monitoring (KISS™ Multilead, GE Medical systems, Freiburg, Germany) and pulse oximetry (WristOx, 3150,
Nonin Medical, Plymouth, USA) were applied during the test.

A standardized (stepwise) protocol was applied including 3min of resting period, 3min of warming-up at 20W,
followed by an incremental test period (starting at 20W, stepwise increase of 20W/min) and a recovery phase of
Smin at 20W. A cycling speed of at least 60 rpm was requested and participants were encouraged to cycle until
volitional exhaustion. The test was terminated in the presence of clinical indications (e.g. 2mm of ST depression)
(Task Force of the Italian Working Group on Cardiac et al., 2006). Following parameters were assessed: VO,
workload (W), HR and RER at ventilatory thresholds and at peak exercise (VOapea (peak VO, within the last 30
seconds of the test and Wpeak (peak W tolerated for 1min), HRpeak, RERpeax). Before starting the CPET, capillary
blood glucose levels were checked from the fingertip (Accu-Chek Aviva, Roche Diagnostics, Machelen, Belgium).
Performance of the test was not allowed in case of hyperglycaemia (>300mg/dL). Carbohydrate supplementation
was used in case of hypoglycaemia (<70mg/dL) and the test performed if glucose levels normalized (>100mg/dL).

Exercise training program

Participants were randomly allocated (using sealed envelopes, 1:1 ratio) to HIIT or MIT. The program was based
on a previous exercise training study of Mitranun et al. (Mitranun et al., 2014) and was extended to 24 weeks of
exercise training (3 sessions/week). The intervention consisted of 4 phases (phase 1: week 1-2, phase 2: week 3-
6, phase 3: week 7-12, phase 4: week 13-24) and is represented in Supplementary table 1. A warming-up and cool-
down of Smin was applied during each session. Training volumes (average % of HR i) were designed to be equal
for both groups during each phase. The results of the CPET (W peak, HRpeak and VOapeak) Were used to personalize
the exercise program and continuous HR monitoring was used (Polar H7, Polar Electro Oy, Finland) to monitor
intensity. VOapeak Was converted to the corresponding HR zones (Hansen et al., 2017).

A standardized pedal frequency of 70 revolutions per minute was applied for each exercise training session. After
12 weeks of exercise training, a CPET was performed to adapt the individual program. Blood glucose values were
checked via the use of a blood sample from the fingertip prior to, and following each training session (explained
above).

Statistical analyses

All statistical analyses were performed in SPSS V.24 (IBM SPSS Statistics for Windows, Chicago, IL, USA). Data
are expressed as mean =+ standard deviation (SD). Normality was checked via the Shapiro-Wilk test. Independent
sample T-tests, paired T-tests, Mann-Whitney U tests and Wilcoxon-signed rank tests (non-parametric alternative)
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were applied whenever appropriate and Holm-Bonferroni correction was used to correct for multiple testing
(01=0.05 (start vs 24 weeks of exercise training), a»=0.025 (start vs 12 weeks of exercise training), a3=0.017 (12
vs 24 weeks of exercise training)) and level of statistical significance set at p;=0.05, p.=0.025, p3=0.017 (two-
tailed). Differences in proportions between groups were evaluated using the Fisher’s exact test. To investigate
interaction effects (within factors: time (baseline, 12 and 24 weeks of exercise training, between factors: groups
(HIIT vs. MIT)), two-way mixed analyses of variance (ANOVA’s) were executed with a level of statistical
significance set at p-value <0.05 (PTime, Pinteraction, tWO-tailed).



RESULTS

General characteristics

Inclusion of participants was schematically presented in the flowchart (Figure 1). Groups were comparable
regarding age, gender distribution, disease duration, body weight, BMI, BSA and body composition (p>0.05; Table
1).

Table 1 General characteristics

MIT (n=9) HIIT (n=10)

Demographics
Sex (male/female) 8/1 9/1
Age (years) 66£11 61£5
Disease duration (years) 12+9 7+4
Smoking (n) 0 0
Ex-smokers (n) 3 5
Medication use
Insulin (%) 0% 10
Oral antidiabetics
Metformin (%) 77.8 80
Insulin secretion stimulation drugs (%) 333 30
Incretin mimetics and DPP4-inhibitors

11.1 20
(%)
SGLT2-inhibitors(%) 0 30
Statins (%) 444 60
Fibrates (%) 11.1 10
B-blocker (%) 11.1 30
ACE-inhibitor (%) 11.1 40
Diuretics (%) 0 30
Sartans (%) 0 10
Calcium antagonists (%) 22.2 20
Anticoagulation/antithrombotics (%) 333 10

Pre Post Pre Post

Body weight (Kg) 89 +20.9°* 87 +18.82% 96.6 £17.6 96.5£17.8
Height (cm) 173+6 - 179 +£6 * -
BMI (Kg/m?) 208+7.12 202 +6.41 30.1 £5.1 30.1+£53
BSA (m?) 2.06 £0.23 2.03£0.22% 2.18£0.2 2.18 £0.22
Body composition
Fat mass (%) 30.1+£3.2 2844391 202 +5 282 +4.9
Fat mass (Kg) 26.5+82¢% 247 + 824 28.1 £8.3 273+8
Lean mass (Kg) 58.1 £10.6 58.6+11.1 63.6+9.4 64.8 £10.6

Population characteristics. Data are presented as means = SD. BMI; body mass index, BSA; body surface area, DPP4;
dipeptidylpeptidase-4, SGLT-2; sodium-glucose co-transporter-2, ACE; angiotensin converting enzyme. a: Data not
normally distributed, non-parametric tests used. Significant differences between groups at *P <0.05. Significant difference
within groups at § p<0.05.

Exercise intervention characteristics and tolerance of the exercise program

Exercise volume (average % of HRpeak) was similar between groups during all phases (p>0.05 between groups,
Supplementary table 2). Absolute energy expenditure was significantly higher (p<0.05) in the HIIT group as
opposed to the MIT group during phase 1 (295+54kcal vs 243+34kcal, p=0.024), phase 3 (335+53kcal vs
271+42kcal, p=0.011) and phase 4 (381+55kcal vs 287+48kcal, p=0.001). Such differences were not observed
when energy expenditure was indexed for (baseline) body weight (p>0.05 between groups). Within the HIIT group,
two events occurred in two participants during a training session (one hypoglycaemic event, one event of exercise-
induced hyperventilation) for which the session was discontinued respectively.

Body composition

Within the MIT group, body weight (p=0.039), BMI (p=0.041), BSA (p=0.017) and fat mass and proportion in fat
mass (kg and %, p=0.001 and p=0.007)) decreased significantly after 24 weeks of exercise training (Table 1). The
HIIT group only displayed a significant decrease in body fat (%, p=0.028).
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Blood sample analyses

Generally, exercise training significantly (prime<0.05) improved glycaemic control (HbAlc levels, fasting glucose
and insulin levels, glucose tolerance (lower tAUC) and whole-body insulin resistance) and total cholesterol levels
without interaction effects (Prmeracion>0.05, Table 2). However, different effects were found between MIT and HIIT.
While glucose tolerance (tAUC) was improved after both 24 weeks of MIT (p;=0.019) and HIIT (p;=0.012),
insulin resistance (HOMA-IR) was only improved by HIIT (p;=0.007), driven by a decrease in fasting insulin
levels (p1=0.011). HIIT specifically improved total cholesterol levels after 12 weeks of exercise training (p»=0.008)
while significance was lost after 24 weeks of exercise training (p;>0.05). In contrast, MIT only exerted a significant
decrease in total cholesterol after 24 weeks of exercise training (p;=0.038). NT-proBNP levels remained
unchanged during the exercise intervention (prime>0.05).
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Table 2 Blood profile changes following a 24-week exercise training intervention

MIT (n=9) HIIT (n=10)
Pre Mid Post Pre Mid Post P Time P Time*Group
HbAlc (%) 6.8+0.5 6.5+05 % 6.6£0.6 6.6+0.7 6.5+0.7 6.5+0.7 0.031 0.321
HDL cholesterol (mg/dL) 53+18 50+16 5116 47 +13 45+ 14 44 +12 0.07 0.86
Non-HDL cholesterol (mg/dL) 106 35 96 +31 94 +£29 11 118 20 108 £ 16 2 121 +28 0.029 0.064
Total cholesterol (mg/dL) 160 + 40 147 + 37 145 £33 1 164 + 19 153+19 % 165 +28 0.009 0.114
Triglycerides (mg/dL) 126 £ 74 122 +57 133 £ 88 142 72 139 + 66 159 £ 91 0.323 0.869
NT-proBNP (ng/L) 72 +£27° 90 +52° 72 £33 60 +22° 63+31* 65+27% 0.094 0.083
Fasting glucose (mg/dL) 148 + 39 132 +27 131 £30 % 134+ 17 126 £ 13 128 + 14 0.002 0.361
Fasting insulin (pmol/L) 94 +42 88 £38 79 £33 112+£95° 87+702 66 £ 622 0.009 0.266
tAUCglucose (mmol/L/0-120min) 1690 + 373 1486 + 324 1461 +£249 11 1609 + 284 1510 £ 261 1385 +283 ! 0.001 0.549
HOMA-IR 52+33 42+20 3719 50+£38°2 38+£3.0° 29+273H 0.014 0.789

Data are mean + SD. HbAc; blood glycated haemoglobin Alc, HDL; high-density lipoprotein, NT-proBNP; N-terminal pro-B-type natriuretic peptide, tAUC; total area under the
curve, HOMA-IR; homeostasis assessment of insulin resistance. a: Data not normally distributed, non-parametric tests used. Within group differences; 1 1; Pre vs post (01=0.05), {2;

Pre vs Mid (02=0.025), £3; Mid vs Post (a3=0.017).
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Exercise capacity

Prior to the intervention, exercise performance (Wpea) Was higher in the HIIT group as opposed to the MIT group
(p1=0.014). Exercise capacity (VOapeak (mL/kg/min)) improved significantly and to a similar extent after 24 weeks
of HIIT (p1=0.019) or MIT (pi=0.017) (Pinteraction>0.05, Table 3). Within the MIT group, absolute VO2peax (mL/min)
did not significantly increase after 24 weeks of exercise training (p;>0.05), in contrast to the HIIT group (p1=0.02).
Exercise performance (Wpeax) increased significantly after 12 and 24 weeks of HIIT (p>=0.001 and p;=0.001) or
MIT (p»=0.015 and p;=0.001), respectively. HIIT resulted in a shift of both VT1 and VT2 towards higher VO,
(p1=0.002 and p;=0.001) and W (p1=0.001 and p;<0.001) after 24 weeks of exercise. Effects were already
significant after 12 weeks of HIIT for VT2 on VO, (p2=0.002) and W (p2=0.001). MIT resulted in a shift of VT1
towards a higher W (p;1=0.021) and VT2 towards a higher VO, (pi=0.013) after 24 weeks of exercise. Maximal
systolic blood pressure significantly decreased after 24 weeks of MIT (p;=0.047).
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Table 3: Exercise capacity following a 24-week exercise training intervention

MIT (n=9) HIIT (n=10)

Pre Mid Post Pre Mid Post P Time P Time*Group
HRrest (bpm) 75+20 74£12 71+14 709 69+9 67+8 0.146 0.453
Peak exercise performance
VO2peak % of predicted (%) 106+13 # 112423 118£17 #1 109425 119425 119424 11 0.002 0.744
VO2peak (mL/min) 20794520 22344623 22914489 2496+696 27344682 2710£652 #! 0.003 0.648
VO2pear (mL/kg/min) 23.443.1 - 26.6+4.3 11 26.6+8.9 - 28.9+8.8 1! 0.001 0.713
HRpeak (bpm) 152+19 153+21 151£19 15519 158+15 154+£18 0.832 0.477
Workloadpeak (W) 15626 183436212 191443 11 200442 1 224450 ¥ 228450 1! <0.001 0.393
Blood pressure and saturation
BPsysrest (mmHg) 137+16 13548 @ 125£10 #.8 132410 124+10 12749 0.028 0.123
BPdiarest (mmHg) 78+10 83+10 7948 80+7 7945 80+5 0.906 0.478
BPsysmax (mmHg) 185431 192420 184+18 @ 180+12® 190+£17 @ 194£13 11 0.21 0.087
BPdiamax (mmHg) 8611 85+102 817 86+5° 8716 8445 0.014 0.461
Sa02rest (%) 97412 97+1 97+1 962 97+1 97+1 0.837 0.188
Sa02minimal (%) 961 95+1 95+12 961 962 95+1 0.451 0.166
First ventilatory threshold
VO at VT1 (mL/min) 1340+305 14574356 14944252 1470£376 1641+311 2 1756357 11 <0.001 0.577
Workload at VT1 (W) 113£17 120+21 13626 1! 12625 134428 152429 11 <0.001 0.995
HR at VT1 (bpm) 113+£13 112418 112418 108+12 106+14 111+10 0.22 0.823
RER at VT1 0.91+0.07 0.87+0.06 0.92+0.03 0.87+0.06 0.87+0.06 0.88+0.05 0.073 0.291
Second ventilatory threshold
VOzat VT2 (mL/min) 1765+417 19924480 20254426 1 2158+588 2454577 2 2543+588 11 <0.001 0.666
Workload at VT2 (W) 162425 2 185+38 180+37 190+32 218442 2 230444 " 11 <0.001 0.094
HR at VT2 (bpm) 138+19 138421 13719 136+17 139+19 139417 0.872 0.264
RER at VT2 1.13+0.07 1.0620.06 1.11+0.07 1.06+0.1 1.06+0.09 1.04+0.07 0.174 0.058
RERpeak 1.21+0.09 1.19£0.09 1.20+0.1 1.15+0.11 1.16+0.08 1.160.1 0.929 0.507
Borg scores and blood glucose
Borg score dyspnoea 542 622 6+3 62 72 6£3 2 0.406 0.538
Borg score fatigue 5+1 4+12 542 6+2 6+1" 6£3 ¢ 0.764 0.573
Blood glucosestart (mg/dL) 191464 * 167455 179457 153447 2 137429 146£33 0.129 0.803
Blood glucoseend (mg/dL) 172455 132435 148+39 157451 13124 11710 0.016 0.716

Exercise capacity. Data are presented as means = SD. HR; heart rate, VO2; oxygen uptake, BP; blood pressure, SaO2; oxygen saturation, VT1; first ventilatory threshold, RER;
respiratory exchange ratio, VT2; second ventilatory threshold. a: Data not normally distributed (non-parametric alternative used). Between group differences; *1; Pre (01=0.05), *2;
Post (2=0.025), *3; Mid (03=0.017). Within group differences; {1; Pre vs post (01=0.05), £2; Pre vs Mid (02=0.025), 3; Mid vs Post (03=0.017).



Resting cardiac function

Resting cardiac function was similar between groups at the start of the study (p>0.05 between groups;
Supplementary Table 3). Left ventricular mass was higher in the HIIT group compared to the MIT group
(p1=0.039), attributed to a higher LVDd in the HIIT group (p:=0.031). MIT led to significant increases in E/A
(0.77£0.24 vs 0.84%0.19, p»=0.017) after 12 weeks of exercise training, whereas ejection time increased after 24
weeks of MIT (271+17ms vs 290+£25ms, pi1=0.015 respectively).

Exercise echocardiography

Prior to the intervention, systolic (CO, LS) and diastolic (E, e’s and E/e’) function were similar in both groups
during exercise (p1>0.05; Table 4). O, extraction during exercise increased significantly after 24 weeks of exercise
training in both the HIIT and MIT group (13£3mL/dL vs 16+3mL/dL, p;=0.04 and 12+2mL/dL vs 19+5mL/dL,
p1=0.009) with a significant interaction effect in favour of MIT (Pmeraction=0.007). Other ergospirometry-related
parameters significantly changed during exercise as a result of the intervention in both the MIT and HIIT group
after 24 weeks of exercise training; CO/VO, decreased (5.7+1.8 vs 3.9+1.5, p;=0.002 and 6.5+1.5 vs 4.7+1.5,
pi1=0.02) and O» pulse during exercise significantly increased in the MIT group (11+2mL/bpm vs 14+2mlL/bpm,
p1=0.018). Parameters of systolic (CO, LS) and diastolic function (E, ¢’s, E/e’) remained unchanged after the
intervention, both at rest and during exercise.
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Table 4: Cardiac function during exercise echocardiography following the exercise intervention

MIT (n=9) HIIT (n=10)
Pre Mid Post Pre Mid Post P Time P Time*Group

HRiest (bpm) 718 6714 6714 7448 64+8 12 6310 11 0.003 0.221
Peak exercise performance
VO2peak (mL/min) 14004205 1579494 19164461 21! 1699+547 1930+427 *2 19274428 <0.001 0.085
VO2peak % of predicted (%) 78+11 84+7 101£19 #! 80+21 89+13 89+11 0.001 0.061
HRpeak (bpm) 12713 128+13 131£27 140+14 13612 13119 0.893 0.414
Woeak (W) 105£17 11148 13637 1! 134442 15140 "1 157443 0.001 0.38
RER peak 1.07+0.04 1.06£0.05 1.05+0.04 1.03+0.06 1.03+£0.04 1.02+0.04 0.083 0.763
Peripheral parameters
O2 pulse resc (mL/bpm) 4412 442 4+1 65 ° 5+1 4+1 0.383 0.511
O2 pulse peak (ML/bpm) 11£22 12+2 1442 1.8 12+4 14+2 15+2 0.001 0.557
Oz extraction rest (mL/dL) 5+2 542 62 6+3 72 6+2 0.96 0.456
07 extraction peak (mL/dL) 1242 1343 1945 11 13+3 1745 1643 # 0.001 0.007
Systolic function
COrest (L/min) 4.7+£0.9 5.3x1.2% 4.2+1 5+1.1 4.5+1.3 4.8+1.1 0.391 0.123
COpeak (L/min) 114423 12+1.8 10.242.3 13.7+£2.3 11.5+£3.3 12.6+3.3 0.483 0.071
CI rest (L/min/m?) 2.38+0.4 - 2.14+£0.44 2.35+0.52 - 2.3+0.48 0.308 0.688
CI peak (L/min/m?) 5.7+1.06 - 5.14+£1.11 6.44+1.35 - 5.93+1.44 0.148 0.889
Longitudinal strainrest (%) -17.3x1.6 -18.6+1.7 -18.7+2.1 -16.6+2.8 -18+£2.5 -18.2+1.8 0.193 0.776
Longitudinal strainpea (%) -21.1+£3.3 24422 -22.1+1.8 -20.2+3.6 -22.5+3.5 -22.543 0.17 0.531
Absolute change in LSpeak-rest (%) 4.6+3.1 53+2.1 48+23 44+3 48+13 43+3.1 0.885 0.987
Diastolic function
Erest (m/sec) 0.62+0.14 0.62+0.13 0.59+0.1 0.57+0.18 0.56+0.14 0.52+0.14 0.433 0.78
Epeak (m/sec) 1.06+0.24 1.15+0.17 1.09+0.13 1.23+0.1 1.13+0.14 1.14+0.14 0.694 0.068
€’srest (M/sec) 0.06+0.01 0.06+0.02 0.06+0.01 0.06+0.01 0.06+0.02 0.05+0.02% 0.144 0.886
€’s peak (M/seC) 0.11+0.05 0.13+0.03 0.13+0.04 0.14+0.05 0.13+0.04 0.13+0.03 0.286 0.365
E/e’ rest 11.443.9 11.1£34 11.1+3.3 9.8+2.7% 9.4+1.3 10.6+2.7 0.784 0.511
E/e’ peak 10.9+5 9.442.1 9.443.1 10.3£5.9° 9.7+4 8.8+1.9 #1 0.095 0.917
Other
CO/W (L/min/W) 3.6+1.2% 4.3+1.2 3.840.8 3.4+14 3.120.8 2 3.7+£1.3 0.841 0.375
CO/VO> 5.7+1.8 5.3+0.9 3.9+1.5 % 6.5+1.5 4.6x1.3 4.7x1.51 0.001 0.176

Exercise echocardiography. Data are presented as means + SD. HR; heart rate, VO2; oxygen uptake, W; workload, CO; cardiac output, CI; cardiac index, LS; longitudinal strain, E;
peak velocity of early diastolic filling phase, ¢’s; early diastolic velocity at the septal annulus, E/e'; left ventricular filling pressure. a: Data abnormally distributed (non-parametric
alternative used). Between group differences; *1; Pre (01=0.05), *2; Post (02=0.025), *3; Mid (03=0.017). Within group differences; 1 1; Pre vs post (01=0.05), £2; Pre vs Mid (02=0.025),
13; Mid vs Post (a3=0.017).



Correlations

Changes in HbAlc levels were negatively correlated with (absolute) changes in LS during exercise in the HIIT
group after 12 and 24 weeks of intervention (r=0.-809, p=0.028 and r=-0.782, p=0.038; Supplementary table 4).
Within the MIT group, HbAlc was negatively correlated with resting LS after 12 and 24 weeks of intervention
(r=-0.824, p=0.023 and r=-0.792, p=0.019).

Observed power

Given the explorative nature of the study, a post-hoc power was calculated for effects of the different exercise
training programs on O, extraction during exercise (paired T-test, start vs. 24 weeks of exercise training). Observed
power was 0.849 for HIIT and 0.95 for MIT (effect size 1.1591 and 1.391, a error probability 0.05, total sample
size 10 and 9). Observed power for the repeated measures ANOVA was 0.954 (repeated measures; start of the
intervention, 12 and 24 weeks of exercise training) and 0.85 (interaction effects; MIT vs. HIIT).
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DISCUSSION

This study compares the effects of 24 weeks of supervised exercise training (HIIT vs. MIT) on cardiac function
and O, extraction capacity in patients with T2DM and without known CVD. For the first time within this
population, exercise echocardiography was combined with simultaneous breath-by-breath analyses, allowing to
(indirectly) investigate O, extraction by applying the Fick principle (Tibby et al., 1997). As such evaluations were
lacking in previous studies, it remained to be elucidated whether improvements in exercise capacity are related to
central and/or peripheral adaptations. Both exercise programs were safe and well tolerated by the participants and
resulted in an improved exercise performance (VOzpea and peak workload) and improved glycaemic control (lower
tAUC). Improvements in exercise capacity, especially in the MIT group, were related to peripheral adaptations
(increased O, extraction capacity) rather than central adaptations (cardiac output remained unchanged).

The intervention effects are in accordance with the expectations in patients with T2DM. Indeed, exercise capacity
(VOnpeax (mL/kg/min) improved with an expected magnitude, respectively 13.6% and 10.5% after MIT and HIIT
(Boule et al., 2003; Liu et al., 2019). In addition, body composition (body weight, body fat percentage, BMI),
glycaemic control (fasting blood glucose, peripheral insulin resistance) and lipid profile (total cholesterol levels)
improved to a similar extent as reported by other studies (Liu et al., 2019; Pan et al., 2018). Nevertheless, this was
not the case for triglyceride levels and some aspects (e.g. body weight) mainly applied to MIT only, which is in
contrast to the reported effectiveness of HIIT interventions (Liu et al., 2019). The tight glycaemic control at
baseline could have contributed to the relatively small improvements in HbAlc levels (Snowling & Hopkins,
2006). HIIT exerted improvements in exercise capacity earlier in the intervention as opposed to MIT and therefore
seemed to be more effective on the short term (12 weeks of exercise training) (De Nardi et al., 2018). Though,
high-intensity training seemed to exert a strong initial boost in exercise capacity which flattens afterwards, while
moderate-intense training exerted a slower but modest progression, which is in line with a previous study of our
research group (Hansen et al., 2009).

The exercise intervention was highly effective to improve O, extraction capacity during exercise. O» extraction is
determined by the O, delivery (muscle blood flow) and O flux (flux towards the myocytes), implicating that an
impaired muscle blood flow can underlie an impaired O, extraction in patients with T2DM (Poitras et al., 2018).
Indeed, Sacre et al. (Sacre et al., 2015) reported a relation between exercise intolerance and blood flow reserve in
patients with T2DM. However, it remains doubtful whether adaptations in muscle blood flow contributed to an
improved O» extraction capacity, as Bauer et al. (Bauer et al., 2007) demonstrated that abnormal responses in
muscle blood flow mainly affect VO, kinetics at onset of exercise (without affecting VOapeax) in patients with
T2DM. Nevertheless, exercise training is known to improve endothelial function in T2DM patients (Lee et al.,
2018). Second, a decrease in HbAlc levels could contribute to an increased O, extraction by improving O, flux
(high HbAlc levels impede O> flux because of increased affinity for O,) (Poitras et al., 2018). However, changes
in HbAlc and O, extraction were not correlated and therefore other factors are more likely to have contributed to
the increased O, extraction capacity.

Indeed, mitochondrial dysfunction is supposed to underlie impairments in O, extraction and concomitantly
exercise capacity in T2DM (McCoy et al., 2017). An increased O, extraction could relate to an increased
mitochondrial content resulting from exercise-induced mitochondrial biogenesis, which is however not
consistently reported and not mandatory as increments in oxidative capacity have been reported in patients with
T2DM without changes in mitochondrial content (Larsen et al., 2014; Sparks et al., 2013). Furthermore, the role
of exercise intensity remains to be elucidated, as previous work of our research group reported similar
improvements in mitochondrial oxidative capacity after moderate vs high-intensity training in patients with T2DM
(Hansen et al., 2009). Lastly, an increased O, extraction capacity might result from an increased skeletal muscle
capillary density by exercise training, which has been reported in obese persons displaying glucose intolerance
(Prior et al., 2014). Of interest, improvements in O, extraction in our study were observed earlier by HIIT as
opposed to MIT (after respectively 12 and 24 weeks of exercise training). A previous exercise intervention in
sedentary non-diabetic persons reported an increased muscle capillary density after both MIT and HIIT for eight
weeks, whereas mitochondrial oxidative capacity was only improved by HIIT (Daussin et al., 2008). Although this
might indicate a more potent effect of HIIT on the skeletal muscle oxidative capacity, it remains unclear whether
our results were driven by similar mechanisms.
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Intriguingly, our data could not confirm the potential of exercise training to improve cardiac function, which is
widely reported in previous studies (Verboven et al., 2019) at rest and recently by Wilson ef al. (Wilson et al.,
2019) during exercise. Prior to the intervention, 11 out of the 27 (40.7%) patients with T2DM displayed some
form of diastolic dysfunction at rest and only one patient displayed a positive diastolic stress test. Wilson et al.
(Wilson et al., 2017) already demonstrated an impaired ventricular filling to be associated with limited cardiac
reserve and exercise capacity in patients with T2DM. The association between positive diastolic stress tests and
exercise intolerance was recently confirmed by Nishi et al. (Nishi et al., 2020) in a large cohort of patients with
T2DM (n=161). However, our study could not confirm the results of Hollekim-Strand et al. (Hollekim-Strand et
al., 2014) who reported superior effects of HIIT on resting parameters of diastolic function and LS.

The absolute changes in LS were negatively associated with decreases in HbAlc levels, stipulating the importance
of glycaemic control. Indeed, optimizing glycaemic control in patients with poorly controlled T2DM is associated
with improved strain (Leung et al., 2016). Hyperglycaemia and the concomitant collagen deposition closely relate
to the development of myocardial fibrosis, a major determinant affecting myocardial deformation (and therefore
strain), in the diabetic heart (Jia et al., 2018). From diabetic animal models, exercise training seems to reverse
cardiac fibrosis by reducing collagen deposition, being an important factor determining deformation parameters in
vivo (Novoa et al., 2017; Verboven et al., 2019). Therefore, a reduced collagen deposition as result of improved
glycaemic control could underlie adaptations in myocardial deformation. Of interest, the correlations were
significant after 24 weeks of exercise training, but were dominated by the first 12 weeks of the exercise program,
emphasizing the effectiveness of exercise training on the short term (Verboven et al., 2019).

Collectively, our data, combined with the study of Wilson et al. (Wilson et al., 2019), stipulate the potential of
exercise training to improve cardiovascular health and exercise capacity in the T2DM population. Both limitations
at central level (cardiac output) and peripheral level (O, extraction) can be reversed (or at least partially) by
exercise training, at least in patients with T2DM but without a known diagnosis of CVD. Determining the
underlying cause of exercise intolerance in T2DM population is of clinical interest, especially in terms of exercise
training therapy, in order to optimize the latter according to the individual’s phenotype (e.g. effects warranted on
the short term or not, whether exercise capacity is dominated at the central level). Stress echocardiography with
simultaneous breath-by-breath analyses could be useful in this setting. However, larger studies including patients
with poorly controlled diabetes and/or diabetic complications are warranted to have a better understanding of the
effects of diabetes on cardiovascular health and the opportunities for exercise training therapy.

Limitations

Several limitations need to be addressed in this randomised controlled trial. To start with, the limited sample size
impedes to compare subgroups according to the patient characteristics (e.g. age and gender) and investigate the
effects of the latter. The age range of inclusion was very broad (18 — 81 years of age), which could have affected
the results. However, as age was not significantly different between both groups, the effect of the latter was
minimal. Second, a methodological and conceptual limitation in the study regarding gender distribution should be
addressed. All but one of the participants in each of the groups was a male, so that there is no potential to
extrapolate findings towards female patients. Such a disbalanced proportion is an imminent risk when recruiting
using a convenience sampling method (based on availability and willingness to participate) without applying
prespecified quota. In addition, previous intervention studies investigating cardiac function after exercise training
have mainly included male patients and so female patients are understudied. Therefore, future studies should
include prespecified quota, in order to increase the external validity. Third, patients displayed an adequate
glycaemic control. It therefore remains to be elucidated to what extent the degree of glycaemic control can
influence the effect of the intervention impeding to extrapolate our results towards the entire diabetes population.

Eventually, some methodological limitations need to be addressed. O, extraction was measured indirectly. The
latter can be measured directly using arterial blood gas analyses but requires arterial punctures. The procedure to
obtain arterial blood gasses is difficult to execute during high-intensity exercise, and therefore this technique was
not applied in our study.
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Conclusion

In patients with well-controlled T2DM and without a diagnosis of CVD or signs of cardiac dysfunction (during
exercise), an improved exercise capacity was related to adaptations at the peripheral level (oxygen extraction
capacity) rather than at the central level (cardiac output). Adaptations were more rapidly exerted by HIIT, although
MIT was equally effective on the long term.

Figure captions
Figure 1: Flowchart of the study. T2DM: Type 2 Diabetes Mellitus, CAD; Coronary artery disease, MIT;
moderate-intense training, HIIT; high-intensity interval training.
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Supplementary Table 1: Design of the exercise training program

Intensity

Duration (excluding warm-up and cool-down) and frequency

Program  Time frame

MIT Week 1 —24

HIIT Week 1 —2
Week 3 -6
Week 7 - 12
Week 13 —24

35min at 70-80% of HR peak
35min at 70-80% of HR peak
6 x 1min at 90-100% of Wpeak, 6 x 4min at 70% of HR peax
7 x 1min at 90-100% of Wpeak, 7 x 4min at 70% of HR peax
8 x Imin at 90-100% of Wpeak, 8 x 4min at 70% of HR peax

35min, 3x/week
35min, 3x/week
30min, 3x/week
35min, 3x/week
40min, 3x/week

Design of the exercise training program. HR peax; peak heart rate achieved during cardiopulmonary exercise testing,

Wpeak; maximal achieved workload during cardiopulmonary exercise testing

Supplementary Table 2: Details of the exercise training program

HIIT (n=10)

MIT (n=9)

Week 1-2 Week 3-6 Week 7-12 Week 13-24
Heart rate
HRaverage (bpm) 115+13 114+13 114+13 11513
HRaverage (%) 742 73%1 73+2 742
HRpeak (%) 812 81432 82+2 8242
Energy expenditure
Caloric expenditureayerage (kcal) 243434 257440 271442 287+48
Caloric expenditure indexed for body
weightaverage (kcal/Kg) 2.83+0.63 2.98+0.65 3.16+0.72 3.33+0.73
Blood glucose
Blood glucose at startaverage (mg/dL) 182+44 175429 163+24 161+22
Blood glucose at endayerage (mg/dL) 115£29° 112423 2 110£17 104£13

Week 1-2 Week 3-6

11748
7242
8242

295+54%*

3.17£0.95*  3.08+0.86

153+26
112420

Week 13-24
123+11
7732
9347 2%

3814+55%
4.09+1.04

156+31
131+£23%*

Details of the exercise training program. HR; heart rate. a; data not normally distributed (non-parametric alternative used). Significant differences at between

groups at * p <0.05
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Supplementary Table 3:

Resting cardiac function following the exercise intervention

MIT (n=9) HIIT (n=10)

Pre Mid Post Pre Mid Post
Cardiac structure
and dimensions
IVSd (mm) 11+1 11+1 11+1 12+1 12+1 12+1
LVPWd (mm) 11+£2 11+1 11+1 1242 1242 12+1
LVDd (mm) 40+3 4343 41+7 45+4 "1 46+5 42+6
LVM (g) 142434 165+39 162+56 190+48 *! 205+62 180441
LVMi (g/m2) 71+14 - 8125 88+16 ™! - 724312
LVOT (mm) 21+1 21+1 20+1 22+1 212 2241 2%2
Systolic function
s’s (m/sec) 0.0740.01 0.06+0.02 0.07+0.012 0.07+0.02 0.07+0.01 0.07+0.022
IVCT (ms) 70+15 72+10° 70+11 80+27 2 87+20 86+37°
ET (ms) 27117 285427 290425 1 279431 283+19 285+29
Diastolic function
E (m/sec) 0.63+0.15 0.7+0.1 0.68+0.12 0.54+0.1 0.62+0.16% 0.58+0.15
A (m/sec) 0.86+0.17 0.9+0.33 0.8+0.2 0.65+0.1 ™! 0.7+0.13 0.62+0.152
E/A 0.77+0.24 0.8440.19 ¥ 0.88+0.24 0.84+0.17 ® 0.9+0.25 0.94+0.22
Dt (ms) 194456 175432 213438 208424 190445 230430
¢’s (m/sec) 0.06%0.02 0.06+0.01 @ 0.06+0.02 0.05+0.01 2 0.06+0.02 0.06+0.03 @
a’s (m/sec) 0.1+0.02 0.09+0.01 0.09+0.01 0.09+0.02 0.1+0.02 0.09+0.02 #3
E/e’ 12+£2.3 12.443.2 11.6+3 10.1+1.8 10.4+2.5 11.1+4
IVRT (ms) 89+32 97+18 85+18 102425 96+22 103442 @

Resting echocardiography. Data are presented as means + SD. HR; heart rate, IVSd; interventricular septum thickness end-diastole, LVPWd; left ventricular posterior
wall thickness end-diastole, LVDd; left ventricular diameter end-diastole, LVM; left ventricular mass, LVMi; left ventricular mass indexed for BSA, LVOT; left
ventricular outflow tract diameter, LVEDV; left ventricular end-diastolic volume, LVESV; left ventricular end-systolic volume, E; peak velocity of early diastolic
filling phase, A; peak velocity of late diastolic filling phase, Dt; deceleration time, e’; early diastolic velocity at the septal annulus, a’; late diastolic velocity at the
septal annulus, E/e’; left ventricular filling pressure, IVRT: isovolumic relaxation time (ms), LVEF; left ventricular ejection fraction, SV; stroke volume, CO; cardiac
output, s’s: peak systolic velocity at the septal annulus, IVCT; isovolumic contraction time, ET; ejection time. a: Data not normally distributed (non-parametric
alternative used). Between group differences; *1; Pre (a;=0.05), *2; Post (02=0.025), *3; Mid (a3=0.017). Within group differences; }1; Pre vs post (0;=0.05), £2; Pre
vs Mid (a2=0.025), £3; Mid vs Post (a3=0.017).
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Supplementary Table 4: correlations between changes in cardiac function and changes in glycaemic control

MIT (n=9) HIIT (n=10)

Pre to Post Pre to Mid Mid to Post Pre to Post Pre to Mid Mid to Post
HbAlc r p r p r p r p r p r p
LS at rest -0.824  0.023* -0.792  0.019* 0.498  0.256 -0.3 0469 -0.234 0577 -0.297 0475
LS during exercise 0478  0.338 -0314 0449 -0419 0408 | -0.809 0.028* -0.782 0.038* -0.513 0.194
VOopeak -0.007 0986 -0.096 0.821 0.194  0.645 | 0.229 0.525 0517 0.126  0.162  0.654
CO at rest -0.037 0.93 0.624  0.098  0.199 0.636 | 0.506 0.2 0474 0236 0.162  0.677
CO during exercise 0.008  0.986 -0.3 0.513 -0.253 0.546 | 0.147 0.706  0.412 0.31 -0.191  0.651
O, extraction at rest 0286  0.534 -0327 0474 -0.068 0.899 | -0.544 0.164 -0.24 0.566  0.001  0.999
O, extraction during exercise -0.202 0.7 -0.113 0.81 0.249 0591 | -0.188  0.628  -0.457  0.255 0.255 0.542

Pearson correlations between changes in HbAlc (absolute changes) and changes in exercise echocardiographic parameters (expressed as percentages). LS; left

ventricular longitudinal strain (and percentages expressed as absolute changes), VOapeak; peak oxygen uptake, CO; cardiac output. Significant at * p<0.05
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Figure legends and supplementary data

Figure 1: Figure 1: Flowchart of the study. T2DM: Type 2 Diabetes Mellitus, CAD;
Coronary artery disease, MIT; moderate-intense training, HII'T; high-intensity interval
training.
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Supplementary Table 1: Design of the exercise training program
Supplementary Table 2: Details of the exercise training program
Supplementary Table 3: Resting cardiac function following the exercise intervention

Supplementary Table 4: correlations between changes in cardiac function and changes in
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