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Abstract

Background: Individuals with diabetes have greater central arterial stiffness, wave reflections, and hemodynamics, all of which promote the

accelerated cardiovascular pathology seen in this population. Acute aerobic exercise has been shown to be an effective strategy for reducing cen-

tral arterial stiffness, wave reflections, and hemodynamics in healthy individuals; however, the effects of acute aerobic exercise in reducing these

outcomes is not well established in people with diabetes. Recently, implementation of high-intensity interval exercise (HIIE) has shown superior

improvements in cardiovascular health outcomes when compared to traditional aerobic exercise. Yet, the effect of HIIE on the aforementioned

outcomes in people with diabetes is not known. The purpose of this study was to (i) describe the central arterial stiffness, wave reflections, and

hemodynamic responses to a bout of HIIE and moderate-intensity continuous exercise (MICE) in adults with diabetes; and (ii) compare the

effects of HIIE and MICE on the aforementioned outcomes.

Methods: A total of 24 adult men and women (aged 29�59 years old) with type 1 (n = 12) and type 2 (n = 12) diabetes participated in a random-

ized cross-over study. All participants completed the following protocols: (i) HIIE: cycling for 4£ 4 min at 85%�95% of heart rate peak

(HRpeak), interspersed with 3 min of active recovery at 60%�70%HRpeak; (ii) MICE: 33 min of continuous cycling at 60%�70%HRpeak; and

(iii) control (CON): lying quietly in a supine position for 30 min.

Results: A significant group£ time effect was found for changes in central systolic blood pressure (F = 3.20, p = 0.01) with a transient reduction

for the HIIE group but not for the MICE or CON groups. There was a significant group£ time effect for changes in augmentation index at a heart

rate of 75 beats/min (F = 2.32, p = 0.04) with a decrease following for HIIE and MICE but not for CON. For all other measures of central arterial

stiffness and hemodynamics, no significant changes were observed (p > 0.05).

Conclusion: A bout of HIIE appears to lead to a greater transient reduction in central systolic blood pressure than the reduction observed follow-

ing MICE; however, both HIIE and MICE improved augmentation index at a heart rate of 75 beats/min in people with diabetes. There was no

significant difference in response to HIIE and MICE in all outcomes. This provides preliminary evidence on the role of HIIE on such outcomes

in people with diabetes.
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1
1. Introduction

Cardiovascular disease (CVD) is the leading cause of mor-

bidity and mortality in people with diabetes, and these
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individuals are 2�3 times more likely to develop CVD. This

accelerated cardiovascular pathology is prompted by endothe-

lial dysfunction caused by hyperglycemia, insulin resistance,

and inflammation.2 Individuals with type 1 diabetes (T1D) and

type 2 diabetes (T2D) have greater central (aortic) arterial

stiffness, wave reflections, and hemodynamic responses than

healthy individuals,3,4 which contributes to the escalated
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progression of CVD in this population. Despite the differences

in underlying pathologies of T1D and T2D, there is no signifi-

cant difference between the type of diabetes and the progres-

sion of arterial stiffness and central hemodynamics over time.4

Given the significant cardiovascular burden that is experienced

by people with diabetes, there is a clear need for therapies to

address the poor arterial health and, by implication, the CVD

risk in these individuals.

Elevated central arterial stiffness, wave reflections, and cen-

tral hemodynamics are recognized as strong predictors of

all-cause mortality and cardiovascular events.5,6 Furthermore,

these parameters are closely related to cardiac function,

including left ventricular function.7,8 Increased central arterial

stiffness (as measured by pulse wave velocity) leads to the

early arrival of wave reflections from the vasculature during

systole rather than during diastole reducing cardiac perfusion.

Carotid�femoral pulse wave velocity (PWV) is the gold stan-

dard measure of central arterial stiffness9 and is a predictor of

cardiovascular mortality and events.6 Higher PWV conse-

quently has a detrimental impact on cardiac loading, which

elevates the central systolic blood pressure (SBP) and reduces

myocardial perfusion. The augmentation index (AIx),

expressed as a percentage, represents the amount of augmented

pressure due to wave reflections following the initial systolic

peak wave. Increased AIx increases left ventricular afterload

and can chronically lead to cardiovascular pathologies such as

left ventricular hypertrophy.8

It has been well established that aerobic exercise can

improve cardiovascular health outcomes and improve glucose

control and insulin sensitivity in people with diabetes. There

have been a few systematic reviews that suggest aerobic exer-

cise can reduce PWV, AIx, and central blood pressure in healthy

adults10,11 and CVD populations.12 However, the effect of aero-

bic exercise on central arterial stiffness and hemodynamics in

people with diabetes is less well-known. A systematic review

from our lab shows there are no studies examining the effect of

aerobic training on central arterial stiffness or wave reflec-

tions.13 In that review, we did observe conflicting findings for

changes in peripheral (regional) arterial stiffness and AIx with

moderate-intensity continuous exercise (MICE) training in peo-

ple with T2D. It is important to note that peripheral measures

are not as clinically relevant for cardiac pathologies when com-

pared to central measurements of arterial stiffness, wave reflec-

tions, and hemodynamics.14

Investigating the effect of an acute bout of exercise gives

insight into potential transient responses that may lead to

health benefits for poor health outcomes. For instance, in peo-

ple with diabetes, it is now well known that an acute bout of

aerobic exercise improves insulin sensitivity. Examining acute

responses can help inform future research by determining

which interventions warrant further investigation without

exhausting resources and burdening participants. An aerobic

exercise bout induces many cardiovascular changes, including

increasing cardiac output and shear stress on the vasculature

and sympathetic neural drive, and these responses are depen-

dent on exercise intensity.15�17 These cardiovascular

responses during exercise have been thought to lead to a
reduction in central arterial stiffness and wave reflections.

Pierce and colleagues18 observed that there was no significant

change in PWV with acute aerobic exercise in young men. In

contrast, they found a significant reduction in AIx with a bout

of aerobic exercise. This is thought to be related to the

increased vasodilatory response and nitric oxide availability

induced by aerobic exercise.18 However, the acute exercise

responses in central arterial stiffness and wave reflections in

people with diabetes are not known. To our knowledge, no

studies to date have examined the effect of an acute bout of

aerobic exercise on central hemodynamics in individuals with

diabetes. Evidence from Zhang et al’s12 review indicates that

aerobic training can significantly reduce aortic SBP in people

with CVD. Therefore, changes in central arterial stiffness,

wave reflections, and hemodynamics following aerobic exer-

cise in individuals with diabetes warrant investigation.

More recently, evidence has indicated that high-intensity

interval exercise (HIIE) may be a superior mode of aerobic

exercise for improving cardiovascular health outcomes such as

poor cardiorespiratory fitness and vascular dysfunction.19,20

However, the effect of HIIE on central arterial stiffness, wave

reflections, and hemodynamics, particularly in people with dia-

betes, is not known. A bout of HIIE induced greater antegrade

shear stress on the cardiovascular system when compared to

MICE.21 This can be attributed to the superior improvements

found in vascular function following HIIE,21 which could lead

to changes in central arterial stiffness, wave reflections, and

hemodynamics. Because there is sparse evidence on the effect

of HIIE on the aforementioned outcomes, this is an area where

investigation in needed since HIIE could play a role in the man-

agement in these cardiovascular anomalies.

The primary aim of this study was to describe the acute

changes in central arterial stiffness (as measured via PWV),

central wave reflections (AIx and AIx at a heart rate of

75 beats/min (AIx@75)), and central hemodynamics in

response to a bout of HIIE and MICE in adults with

diabetes. A secondary aim was to compare the effect of an

acute bout of HIIE and MICE (independent of exercise energy

expenditure) on these responses. We hypothesized that (i) aer-

obic exercise would reduce central arterial stiffness, wave

reflections, and hemodynamics when compared to control

(CON); and (ii) HIIE would lead to superior reductions in arte-

rial stiffness and hemodynamic responses when compared to

MICE.

2. Methods

2.1. Participants

Adults (age range: 29�59 years) diagnosed with T1D or

T2D by a physician (confirmed through medical records) were

recruited to participate in the study. Posters advertising the

study were displayed in the Charles Perkins Centre at the Uni-

versity of Sydney and in the Royal Prince Alfred Diabetes

Centre, as well as, and local endocrinologists’ rooms. A

recruitment database was also used to contact individuals who

may have been eligible to participate in the study. Volunteers

were able to contact researchers via phone or email and were
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recruited from September 2016 to December 2017. To assess

eligibility, telephone screening was performed by 2 trial

researchers (KLW and ASL) prior to the 1st study visit. Partic-

ipants provided written informed consent on the 1st visit to the

laboratory. Volunteers were excluded if they had a medical

condition that contraindicated exercise (e.g. unstable cardiac

conditions, poor glucose control, musculoskeletal conditions,

active foot ulcers, or untreated severe diabetic retinopathy).

After giving written informed consent, all volunteers under-

went a physical examination by a study physician (ASL) prior

to commencing the intervention. After initial measures were

gathered, the experimental exercise sessions were conducted

in a randomized order through a computer-generated (www.

randomization.com) sequence in a cross-over design. The

study protocol conformed to the ethical guidelines of the 1975

Declaration of Helsinki, and the study was approved by the

Human Research Ethics Committees of the University of Syd-

ney and the Sydney Local Health District, Royal Prince Alfred

Hospital.

2.2. Anthropometry

During the 1st visit, stature was measured by stadiometer

(HR-200; Tanita, Wall-Mounted Height Rod, Arlington

Heights, IL, USA). Waist circumference was measured at the

level of the umbilicus after deep expiration. Blood pressure was

taken manually (767 Mobile Aneroid Sphygmomanometer;

Welch Allyn, Skaneateles Falls, NY, USA) on each arm after

10�15 min of quiet sitting and measured twice on each arm. A

3rd reading was taken when there was a difference of �10

mmHg between the 1st and 2nd reading, with the highest reading

recorded. Body mass was measured with an electronic digital

platform scale (Tanita BC-418 Body Composition Analyzer;

Tanita Corporation, Tokyo, Japan). After height and weight

were recorded, body mass index (BMI) was calculated using

body mass (kg) divided by subject height (m2). Glycosylated

hemoglobin (HbA1c (%)) was measured from venous blood,

which was analyzed by an accredited laboratory (Douglas

Hanley Moir Pty Ltd., Sydney, Australia). Measurements were

taken within 3 months before commencing the 1st intervention.

2.3. Graded exercise testing

All participants undertook a graded maximal exercise test

(GXT) to measure cardiorespiratory fitness. This was per-

formed on an electronically braked cycle ergometer (Lode

Corival CPET; Lode B.V., Groningen, Netherlands) under the

supervision of the study physician (ASL) and an accredited

exercise physiologist (KLW). A breath-by-breath gas analysis

(Ultima PFX pulmonary function/stress testing system; MGC

Diagnostics, Saint Paul, MN, USA) was collected simulta-

neously to determine peak rate of volume of oxygen consump-

tion (VO2peak). Resting blood pressure, heart rate (HR) (Polar

FS1; Polar, Kempele, Finland), and blood glucose measured

by finger prick (using the participant’s personal glucometer)

were collected prior to commencing the GXT. The GXT con-

sisted of a 3-min warm-up at 35 watts for women and 65 watts

for men, with incremental increases of 25 watts every 150 s
until volitional fatigue. HR, BP, and rating of perceived exer-

tion (RPE) (using the Borg scale) were obtained at each stage.

The peak heart rate (HRpeak) obtained in the GXT was used to

guide exercise intensity for each individual in the subsequent

exercise intervention sessions.

2.4. Pulse wave analysis and central hemodynamics

Prior to collecting central arterial stiffness, wave reflec-

tions, and hemodynamic measures, all individuals were

required to lie in a supine position for 5 min. Participants were

asked to abstain from alcohol, caffeine, and strenuous exercise

for 24 h prior to exercise sessions. A brachial pressure cuff

was applied to the right arm to record brachial BP and pulse

pressure via oscillatory method. Five seconds after the brachial

BP was recorded, the cuff was inflated to capture the brachial

waveform (pulse wave analysis) via SphymoCor XCEL device

(Version 1.3; AtCor Medical, Sydney, Australia). Central (aor-

tic) pressures (systolic, diastolic, pulse, and mean arterial pres-

sure), AIx, AIx@75, and HR were measured. Measurements

were taken 30 min before the exercise bout (�30 min), imme-

diately post-exercise (0 min), and 30 min (30 min) and 60 min

(60 min) post-exercise.

2.5. PWV

Immediately following each pulse wave analysis mea-

surement, carotid�femoral PWV (AtCor Medical, Sydney,

Australia) was recorded. A femoral pressure cuff was

placed as proximal as possible on the individual’s right

upper thigh, and the distance from the carotid to the femo-

ral pulse was measured. PWV distance was calculated by

the subtraction method from the (i) right carotid pulse to

the sternal notch, (ii) sternal notch to the top edge of the

femoral pressure cuff, and (iii) left inguinal fold to the top

edge of the femoral pressure cuff. A tonometer was placed

on the right carotid pulse to obtain a pulse wave reading.

After a regular carotid pulse wave was detected, the femo-

ral pressure cuff was inflated to capture a femoral pulse

wave. In instances where collecting PWV was not success-

ful on the right side, the left side was attempted.

2.6. Exercise sessions

All exercise sessions were supervised by an accredited

exercise physiologist (KLW) and/or physician (ASL) using the

electronically braked upright cycle ergometer. Each interven-

tion session was performed �48 h, and all individuals under-

took a CON condition involving no exercise after the

completion of both exercise interventions. HR, RPE, brachial

BP, and symptoms of possible hypoglycemia were intermit-

tently monitored throughout the exercise sessions. For safety

reasons, each participant’s capillary blood glucose level

(BGL) was measured before and after exercise using a memory

glucose meter. This was to ensure that individuals were not in

a hyperglycemic or hypoglycemic state. All volunteers were

asked to arrive in a fed state to avoid hypoglycemic events.

Individuals with T1D who arrived with hyperglycemia

http://www.randomization.com
http://www.randomization.com
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(>14 mmol/L) capillary ketones levels were checked. If ketone

levels were �0.5 mmol/L, the exercise session was rescheduled.

In instances where ketones < 0.5 mmol/L, the participant was

given a correction bolus of insulin by the study physician (ASL),

and BGL was rechecked in 60 min. To commence exercise, the

BGL had to fall within 7.0�14.0 mmol/L. The exercise session

was rescheduled if it did not fall within this range. Volunteers

completed a 5-min warm-up at 60%HRpeak and a 3-min cool-

down at 50%HRpeak before and after each bout, respectively.

Given the nature of exercise interventions, participants were not

blinded to the intervention allocation.

The HIIE exercise session involved cycling for 4 repeated

high-intensity bouts at 85%�95%HRpeak for 4 min, separated

by 3 bouts of 3 min active�recovery cycling at 50%�70%

HRpeak. In total, HIIE lasted 28 min. The MICE session

involved 33 min of continuous cycling on the cycle ergometer

at an intensity of 60%�70% of HRpeak. To standardize the

energy expenditure of each exercise intervention, the Ameri-

can College of Sports Medicine metabolic equation for leg

ergometry (maximal oxygen consumption (VO2max) = 1.8

(work rate/body mass) + 3.5 + 3.5 (mL/kg/min)) was used to

calculate the energy expenditure of the HIIE protocol to deter-

mine the duration of the MICE exercise bout that would elicite

an energy expenditure equivalent to HIIE.17,18 The CON ses-

sion involved lying quietly in the supine position for 30 min

(the mean time of each exercise bout).
2.7. Statistical analysis

Power calculation was computed a priori using G*Power

(Version 3.1.9.2; Universitat Kiel, Kiel, Germany). Based on a

b error of 20% (power = 0.80) and an a error of 5%, a total

sample size of 24 subjects was required to detect a moder-

ate effect size of 0.25 (§0.5 m/s) for changes in PWV

using repeated measures analysis of variance (ANOVA)

(within-between interaction). Responses to aerobic exercise

bouts of exercise (HIIE and MICE) and the CON are reported

as mean § SE. A one-way ANOVA was conducted to

determine any baseline characteristic differences. To examine if

changes in central arterial stiffness and central hemodynamic

measures were observed with time, and possible group£ time
Table 1

Participant characteristics (mean § SE).

T1D

Age (year) 40.4 § 3.0

Sex (M/F) 3/9

Weight (kg) 78.8 § 5.3

BMI (kg/m2) 26.9 § 1.6

Waist circumference (cm) 89.9 § 4.5

Diabetes duration (year) 16.5 § 2.9

HbA1c (%) 8.0 § 0.3

VO2peak (mL/kg/min) 28.2 § 1.8

* p � 0.05, ** p < 0.01, significant difference between groups.

Abbreviations: BMI = body mass index; F = female; HbA1c = glycosylated hemogl

rate of volume of oxygen consumption.
interactions, a two-way repeated measure ANOVA was con-

ducted using IBM SPSS Statistics (Version 22.0; IBM Corp.,

Armonk, NY, USA). For Model 1, diabetes classification was

entered as a covariate. In Model 2, diabetes classification and

age were entered as covariates. Statistical significance was

accepted at p < 0.05.
3. Results

3.1. Participants

Of the 34 individuals screened to participate in the trial, 24

eligible volunteers (11 men and 13 women; 12 with T1D and

12 with T2D) undertook initial assessment and randomization.

All participants completed each exercise bout and the CON

session. Central arterial stiffness and hemodynamic responses

were collected from all participants during each intervention

and CON session. The study population had a mean age of

48.6 § 2.4 years (mean § SE), an HbA1c of 7.4% § 0.2%

national glycohemoglobin standardization program units, and

a VO2peak of 25.2 § 1.1 mL/kg/min. The majority of the par-

ticipants were obese (BMI = 30.8 § 1.4 kg/m2) and had

abdominal obesity (100.7 § 3.5 cm) and pre-hypertension

(131/75 mmHg). Baseline participant characteristics showed

that there were significant differences in series of characteris-

tics between those with T1D and T2D, including age, sex, dia-

betes duration, BMI, and HbA1c level (p � 0.05; Table 1). All

participants with T1D were on insulin (n = 12), and all individ-

uals with T2D were prescribed an oral glycemic medication

(n = 12). Two participants were prescribed both oral glycemic

medications and insulin (T1D: n = 1; T2D: n = 1). Half the par-

ticipants were on lipid-lowering medication (T1D: n = 3; T2D:

n = 9), and eight of them were prescribed hypertension medica-

tion (T1D: n = 1; T2D: n = 7).
3.2. Central arterial stiffness and wave reflection

Results from Model 1 show a significant time (F = 9.83,

p < 0.01) and group£ time interaction (F = 2.32, p = 0.04) for

change in wave reflection, as measured by AIx@75 (Fig. 1),

with a transient reduction with HIIE and MICE. Following

HIIE, there was a significant increase in AIx@75 immediately
T2D Total p

56.8 § 1.8 48.6 § 2.4 <0.01**

8/4 11/13 0.04*

103.0 § 5.8 90.9 § 4.6 <0.01**

34.7 § 1.7 30.8 § 1.4 <0.01**

111.5 § 3.0 100.7 § 3.5 <0.01**

8.4 § 1.4 12.5 § 1.8 0.02*

6.9 § 0.2 7.4 § 0.2 <0.01**

22.2 § 0.8 25.2 § 1.1 0.05*

obin; M =male; T1D = type 1 diabetes; T2D = type 2 diabetes; VO2peak = peak



Fig. 1. The effect of an acute bout of MICE, HIIE, and CON on augmentation

index at a heart rate of 75 beats/min. The results presented in the figure reflect

the Model 1 statistical analysis. * p < 0.05, significant difference between

�30 min and 30 min timepoints; ** p < 0.01, significant difference between

�30 min and 60 min timepoints. CON = control; HIIE = high-intensity interval

exercise; MICE =moderate-intensity continuous exercise.

Fig. 2. The effect of an acute bout of MICE, HIIE, and CON on central sys-

tolic pressure. The results presented in the figure reflect the Model 1 statistical

analysis. * p < 0.05, significant difference between 0 min and 60 min time-

points. CON = control; HIIE = high-intensity interval exercise; MICE =mod-

erate-intensity continuous exercise.
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post-exercise (p = 0.05) and a significant reduction at 60 min

post-exercise (p < 0.01) when compared to the pre-interven-

tion (�30 min) measurement. There was no significant time or

group£ time interaction found for changes in PWV or AIx

(Table 2). The analysis from Model 2 revealed no significant

time or group£ time interactions for changes to central arterial

stiffness and wave reflections.

3.3. Central hemodyanmics

We observed a significant time (F = 3.45, p = 0.02) and

group£ time interaction for change in central SBP (F = 3.20,

p = 0.01; Fig. 2) in Model 1, which decreased in favor of HIIE

below the immediate post-intervention measurement (0 min)

at both 30 min (p = 0.06) and 60 min (p = 0.03) post-interven-

tion. There was a significant time (F = 4.06, p = 0.01) and

group£ time interaction for responses in central diastolic

blood pressure (DBP) (F = 2.42, p = 0.03; Table 2), which sig-

nificantly increased immediately following HIIE (p < 0.01)
Table 2

Results of central arterial stiffness, wave reflections, and hemodynamic responses (m

CON MIC

�30 min 0min 30 min 60 min �30 min 0min

Arterial stiffness (m/s)

PWV 10.2§ 2.2 10.1 § 2.0 10.3 § 2.2 10.5 § 2.1 8.2 § 0.3 8.3 § 0.4

Wave reflections (%)

AIx 26.0§ 2.3 22.4 § 2.4 24.2 § 1.7 24.3 § 1.9 24.5 § 2.1 25.0 § 2.4

AIx@75 24.4§ 2.3 20.0 § 2.0 20.7 § 1.7 20.3 § 1.8 27.2 § 1.8 25.3 § 2.2

Central hemodynamics (mmHg)

SBP 117 § 4 120 § 5 117 § 4 117 § 5 117 § 2 116 § 2

DBP 76 § 2 77 § 2 78 § 2 79 § 2 78 § 2 81 § 2

PP 41 § 2 40 § 2 39 § 2 40 § 2 43 § 2 43 § 3

MAP 93 § 2 93 § 2 93 § 2 94 § 2 96 § 2 99 § 2

* p < 0.05, ** p < 0.01, significant difference in group£ time interaction.

Abbreviations: AIx = augmentation index; AIx@75 = augmentation index at a h

HIIE = high-intensity interval exercise; HR = heart rate; MAP =mean arterial pr

PWV = pulse wave velocity; SBP = systolic blood pressure; T1D = type 1 diabetes; T
and decreased at 30 min and 60 min post-exercise but did not

change in CON and MICE. For pulse pressure, there was a sig-

nificant time interaction (F = 5.22, p < 0.01), but no significant

group£ time interaction was observed (p = 0.28). There were

no significant time or group£ time interactions observed for

mean arterial pressure (Table 2). When analyzed through

Model 2, there were no significant time or group£ time inter-

actions observed for all changes to central hemodynamic

responses.

4. Discussion

This is the 1st study to examine the effect of acute aerobic

exercise on central arterial stiffness, wave reflections, and

hemodynamic responses in people with diabetes. We also

compared the effect of acute HIIE and MICE bouts on these

outcomes and the possible influence of diabetes classification.

Using a cross-over randomized controlled design, we showed

that HIIE led to a significant reduction in central SBP 60 min
ean § SE).

E HIIE
p

30 min 60 min �30 min 0min 30 min 60 min

8.1 § 0.2 8.3 § 0.3 8.1 § 0.2 8.1 § 0.2 7.9 § 0.2 8.0 § 0.2 0.40

26.9 § 1.8 24.8 § 1.9 24.5 § 1.7 19.9§ 2.0 21.1§ 2.0 19.0 § 2.1 0.16

25.3 § 1.8 21.8 § 2.1 24.5 § 1.7 26.5§ 2.0 24.0§ 1.8 18.3 § 2.2 0.04*

117 § 3 119 § 3 120 § 2 123 § 3 117 § 3 114 § 3 0.01**

79 § 2 80 § 2 79 § 2 84 § 2 81 § 2 79 § 2 0.03*

42 § 2 40 § 2 41 § 2 39 § 2 36 § 2 35 § 2 0.28

96 § 2 95 § 2 96 § 2 98 § 4 96 § 2 94 § 2 0.53

eart rate of 75 beats/min; CON = control; DBP = diastolic blood pressure;

essure; MICE =moderate-intensity continuous exercise; PP = pulse pressure;

2D = type 2 diabetes.
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following exercise but not after MICE or CON. We also

observed a significant lowering of AIx@75 following HIIE

and MICE. We found a reduction in AIx@75 following the

CON scenario, albeit attributed to prolonged lying in a supine

position. To date, there is very limited evidence investigating

central responses to aerobic exercise, particularly central blood

pressure and wave reflections.

People with diabetes have significantly greater central arte-

rial stiffness and hemodyanmic responses when compared to

healthy populations,3,4 and these responses contribute to the

accelerated progression of CVD in diabetic populations. To

date, these outcomes have been predominately managed

through pharmacological strategies that do not necessarily

treat the underlying pathology of arterial stiffness or hyperten-

sion.22 There is irrefutable evidence on the positive benefits of

aerobic exercise on cardiovascular risk factors, such as poor

cardiorespiratory fitness, hyperglycemia, and peripheral hyper-

tension.19,20 Therefore, understanding the acute responses to

aerobic exercise may give some insight into whether aerobic

exercise may be an appropriate therapy for improving other

markers of CVD progression, such as central arterial stiffness,

wave reflections, and central hemodynamics. The significant

transient reductions observed in central systolic pressure and

AIx@75 indicates that an acute bout of HIIE can successfully

decrease cardiac afterload in people with diabetes.23 These are

important clinical findings because HIIE transiently reduces

cardiac strain, and, by implication, could have further preven-

tative benefits for chronic pathological changes such as left

ventricular hypertrophy and myocardial ischemia. Much like

other transient improvements to cardiometabolic health out-

comes following exercise, such as insulin sensitivity,24 acute

responses are pertinent in the management of diabetes.

To date, most studies examining the acute effect of aerobic

exercise on AIx have been conducted in healthy individu-

als.10,11 Pierce’s systematic review11 revealed a significant

reduction in AIx following acute aerobic exercise in healthy

people (mean difference = �4.54%; 95% confidence interval:

�7.05 to �2.04; p < 0.01; 13 studies), with the majority of

studies conducting MICE. Interestingly, a study by Hanssen

et al.25 found that HIIE, but not MICE, led to a significant

reduction in AIx@75 24 h post-exercise; however, AIx@75

was significantly elevated during the immediate recovery

phase post-exercise in healthy young males (which was similar

to our findings). The immediate increase in AIx@75 following

HIIE is not likely to be associated with a consequential effect

on cardiovascular health since it was not a sustained response.

Similar to the findings of Hanssen et al.,25 we observed a trend

toward a reduction in AIx@75 over time following HIIE; it

may be possible that this could persists for at least 24 h.25

Interestingly, we did observe a reduction in AIx@75 in the

CON condition over time. Our findings are in contrast to

Pierce’s meta-analysis,18 which showed no transient change in

AIx in a resting state. The lowering in AIx@75 following the

CON condition was not expected but was unlikely to have

been associated with the positive benefits associated with exer-

cise, such as increased vascular function and nitric oxide avail-

ability. Given that the reduction in AIx@75 was more robust in
people with T1D, this may have been due to insulin-mediated

vasodilation (due to a correction bolus). Insulin increases the

availability of nitric oxide and Na+/K+ ATPase activity, which

are essential in the signaling pathway to relax vascular smooth

muscle and may therefore reduce AIx@75.26 Therefore, the

reduction observed in the CON session should be interpreted

with caution.

There have been few studies examining the effect of acute

aerobic exercise on central hemodynamics. Three studies

found no significant changes to central SBP or DBP following

moderate- or maximal-intensity aerobic exercise.27�29 Inter-

estingly, 2 studies revealed a significant reduction in aortic

pulse pressure, which was significantly correlated with

decreases in PWV following a bout of MICE.28,29 It should be

noted that these studies were conducted in obese,27

healthy,24,26 or post-menopausal populations.25 In contrast, we

observed a significant reduction in central systolic pressure fol-

lowing HIIE but not after MICE. Our findings suggest that the

mode of aerobic exercise, i.e., HIIE is detrimental in targeting

central systolic pressure. This could be due to the greater ante-

grade shear rate observed with interval-type exercise, which

stimulates higher endothelium nitric oxide bioavailability and

enhances endothelial function.21,30 Given the significant

decrease in AIx@75 observed following HIIE in our study, the

reduction in aortic systolic pressure could be explained by a

reduction in the magnitude of wave reflections.

Interestingly, we did not find a significant reduction in cen-

tral arterial stiffness (PWV) following an acute bout of aerobic

exercise. Most of the evidence supports a decrease in PWV

following acute aerobic exercise in healthy individuals.18

Kingwell et al.31 showed that arterial compliance improved

after a bout of MICE in healthy young males, which may

explain the improvements observed in other trials. Given the

chronic pathological changes (fibrosis) to the aorta via

advanced glycation end-products in people with diabetes,32 it

is unlikely that an acute bout of exercise could lead to reduc-

tions in PWV. This is further supported by the lack of change

in central pulse pressure following HIIE and MICE. Central

pulse pressure is associated with aortic diameter and arterial

stiffness. Therefore, chronic aerobic training may lead to

changes in PWV and central pulse pressure in this population.

There are currently no exercise guidelines specifically tar-

geting arterial stiffness, wave reflections, or central hemody-

namics in people with diabetes.33 For individuals with

diabetes, it appears that the mode of aerobic exercise plays an

important role for these outcomes. Our study has provided pre-

liminary evidence that HIIE should be recommended to tran-

siently improve central systolic pressure and AIx@75.

However, future research needs to be conducted on the differ-

ent styles of interval training, such as sprint interval training,

as well as on the optimal intensity and number of intervals to

prescribe. Additionally, research needs to investigate how long

the transient benefits last.

Our study is not without limitations. We acknowledge that

generalization to chronic/adaptive effects of regular exercise

training cannot be made from our study of acute aerobic exer-

cise, which has potentially transient outcomes (measured at
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60 min post-exercise). Nevertheless, in light of the lack of the

evidence concerning the efficacy of aerobic exercise on central

arterial stiffness and BP outcomes, understanding acute

responses is important to inform future research and clinical

interventions. Furthermore, we acknowledge that we did not

or were not able to collect data on the possible mechanisms

that led to the observed reductions in central SBP and

AIx@75. Therefore, this limited our ability to explain the

physiological changes that may have occurred when these out-

comes decreased after HIIE or MICE. We recognize that the

relatively small sample size (n = 24) may also limit the ability

to draw conclusions regarding the efficacy of acute aerobic

exercise and the changes described for central hemodynamics

and wave reflection. Also, to avoid hypoglycemic events, exer-

cise sessions were performed in a fed state; therefore, food

intake may have partly impacted the response seen in these

outcomes, albeit equally across the exercise and CON inter-

ventions. However, this does provide a real-world scenario for

individuals with diabetes who exercise. While our group of

individuals with either T1D or T2D showed significantly dif-

ferent characteristics (age, sex, BMI, waist circumference,

HbA1c, and diabetes duration), there was no significant differ-

ence between the groups for any outcome measures. While our

study has provided the important first data examining the

effect of HIIE vs. traditional aerobic exercise and non-exercise

CON on central hemodynamics and arterial stiffness, more

studies are warranted in similar populations in order to exam-

ine the effects over the longer term.

5. Conclusion

This is the 1st study to examine the acute effect of aerobic

exercise on central arterial stiffness, wave reflections, and cen-

tral hemodynamics in individuals with diabetes (T1D or T2D).

An acute bout of HIIE leads to transient reductions in wave

reflections and central SBP, and these outcomes were not

observed following MICE. There appears to be a superior ben-

efit for post-exercise wave reflection and central blood pres-

sure with the implementation of HIIE. Our study provides

valuable insights into possible benefits that could lead to better

management of cardiovascular health in people with diabetes.
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