
 
 

University of Birmingham

HIT improves aerobic capacity without a detrimental
decline in blood glucose in people with type 1
diabetes
Scott, Sam N; Cocks, Matt; Andrews, Rob C; Narendran, Parth; Purewal, Tejpal S;
Cuthbertson, Daniel J; Wagenmakers, Anton J M; Shepherd, Sam O
DOI:
10.1210/jc.2018-01309

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):
Scott, SN, Cocks, M, Andrews, RC, Narendran, P, Purewal, TS, Cuthbertson, DJ, Wagenmakers, AJM &
Shepherd, SO 2018, 'HIT improves aerobic capacity without a detrimental decline in blood glucose in people
with type 1 diabetes', The Journal of clinical endocrinology and metabolism. https://doi.org/10.1210/jc.2018-
01309

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked for eligibility: 10/10/2018

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 02. May. 2024

https://doi.org/10.1210/jc.2018-01309
https://doi.org/10.1210/jc.2018-01309
https://doi.org/10.1210/jc.2018-01309
https://birmingham.elsevierpure.com/en/publications/e84530b9-f203-4618-8788-7c38ec14b90d


FULL TITLE:  

HIGH INTENSITY INTERVAL TRAINING IMPROVES CARDIO-METABOLIC 
HEALTH IN PEOPLE WITH TYPE 1 DIABETES AND WITHOUT EXERCISE-
ASSOCIATED DECLINE IN BLOOD GLUCOSE  

 

SHORT TITLE:  

6 weeks of HIT in type 1 diabetes  

 

Sam N. Scott, MSc1 

Matt Cocks, PhD1 

Rob C. Andrews, MD, PhD2 

Parth Narendran, MD, PhD3 

Tejpal S. Purewal, MD4 

 
Dan J. Cuthbertson, PhD5 

Anton J. M. Wagenmakers, PhD1 

Sam O. Shepherd, PhD1 

 

1Liverpool John Moores University 

2University of Exeter 

3University of Birmingham  

4Royal Liverpool & Broadgreen University Hospital 

5Clinical Sciences Centre, University Hospital Aintree 

 

Corresponding author: Sam Shepherd, S.Shepherd@ljmu.ac.uk 

 

Word count:  

Number of tables: 2 

Number of figures: 2 



ABSTRACT  

 

OBJECTIVE – To compare the effects of six weeks of high intensity interval training 

(HIT) to moderate intensity continuous training (MICT) on markers of cardio-

metabolic health, and glucose variability in people with type 1 diabetes. 

RESEARCH DESIGN AND METHODS – Fourteen previously sedentary people with 

type 1 diabetes (n=7 per group) completed six weeks of HIT or MICT three times per 

week and the effect on glucose variability using continuous glucose monitors (CGMS) 

and markers of cardio-metabolic health (aerobic capacity, blood lipid profile and 

arterial stiffness) were measured. Capillary blood glucose values were also recorded 

pre and post exercise to assess change in blood glucose concentration during 

exercise in the fed state.  

RESULTS – Six weeks of HIT or MICT improved ሶܸ O2peak by 14% and 15%, 

respectively (P<0.001), and aortic pulse wave velocity by 12% (P<0.001), with no 

difference between groups. CGMS data revealed no differences in incidence or 

percentage of time spent in hypoglycaemia following training in either group (P>0.05). 

The mean change in blood glucose concentration in response to HIT was -0.2 ± 0.5 

mmol/L, whereas blood glucose decreased by -5.5 ± 0.4 mmol/L in response to 

MICT in the fed state. 

CONCLUSIONS - Six weeks of HIT improved cardio-metabolic health markers to a 

similar degree as MICT. However, the finding that blood glucose remains stable 

during HIT in the fed state but consistently falls with MICT suggests that HIT may be 

a more practical option for patients with type 1 diabetes. 

 



ABREVIATIONS 

HIT – High intensity interval training 

MICT – Moderate intensity continuous training 

CON – Control day of no exercise 

aPWV – Aortic pulse wave velocity 

CGMS – Continuous glucose monitor system 

CHO - Carbohydrate 

SBP – Systolic blood pressure 

DBP – Diastolic blood pressure 

MAP – Mean arterial pressure 

EXTOD – Exercising for type 1 diabetes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 

Regular exercise is recommended for people with type 1 diabetes to maintain overall 

health and reduce the risk of macrovascular and microvascular complications, which 

are a major cause of mortality and morbidity (1-3). The current guidelines for people 

with type 1 diabetes are to undertake at least 150 minutes of moderate to vigorous 

aerobic exercise per week, spread over at least three days per week, with no more 

than two consecutive days without activity (4). Benefits of exercise for those with 

type 1 diabetes include improved aerobic capacity ( ሶܸO2max), insulin sensitivity, body 

composition, endothelial function and blood lipid profile (1; 5-7). Despite the benefits, 

few people with type 1 diabetes achieve exercise targets and many programmes 

designed to increase physical activity have failed (8; 9). In addition to the barriers to 

exercise cited by the general population, such as a perceived lack of time, work 

commitments and cost (10-12), people with type 1 diabetes face additional barriers 

including fear of hypoglycaemia, loss of glycaemic control and inadequate 

knowledge around exercise management (10; 12).  

 To overcome a perceived lack of time, high intensity interval training (HIT) is 

purported as a time-efficient alternative to moderate-intensity exercise to improve 

numerous cardio-metabolic risk factors including ሶܸ O2max, insulin sensitivity and 

glycaemic control in people without  type 1 diabetes (13; 14). However these benefits 

have not been explored in people with type 1 diabetes. Recent results from our 

laboratory (Scott et al. companion paper) show that HIT can be undertaken in the 

fasted state safely and without hypoglycaemia. However this has not been explored 

in the fed state. 

Here we investigated the hypothesis that six weeks of HIT would improve 

markers of cardio-metabolic health, including ሶܸO2peak, glycaemic control and vascular 



health, in people with type 1 diabetes. A moderate intensity continuous training 

(MICT) group was used as a control. During this 6-week training period blood 

glucose concentrations were monitored before and after all exercise sessions to 

explore the acute effects of HIT and MICT on blood glucose concentration.  

 

RESEARCH DESIGN AND METHODS 

Fourteen previously sedentary people with type 1 diabetes (10 men/4 women; see 

Table 1 for subject characteristics) on a basal-bolus insulin regimen completed six 

weeks of supervised HIT (n = 7) or MICT (n = 7) three times per week. Participants 

were pair-matched based on sex, age and ሶܸ O2peak to the two training groups. 

Exclusion criteria were duration of type 1 diabetes <6 months, insulin pump therapy, 

significant history of hyper or hypoglycaemia, obesity (BMI >32 kg·m-2), pregnancy or 

planning pregnancy, uncontrolled hypertension (>180/100 mmHg), angina, 

autonomic neuropathy, taking any medication that affects heart rate, major surgery 

planned within 6 weeks of the study, severe nonproliferative and unstable 

proliferative retinopathy. Testing took place in the laboratory of the School of Sport 

and Exercise Sciences at Liverpool John Moores University. The study was 

approved by the Black Country NHS Research Ethics Committee (West Midlands, 

UK) and all participants gave written informed consent to a protocol conforming to 

the Declaration of Helsinki.  

 

 

Pre-training assessments 

Participants first performed an incremental exercise test to exhaustion on an 

electromagnetically braked cycle ergometer (Excalibur Sport V2.0, Lode, Groningen, 



The Netherlands) to determine maximal aerobic power output (Wmax) and ሶܸO2peak 

using an online gas collection system (MOXUS modular oxygen uptake system, AEI 

technologies, Pittsburgh, PA). The test consisted of 3-minute stages starting at 60 W, 

and the workload was increased by 35 W at each stage until subjects could not 

maintain a cadence of >50 rpm, at which point the test was terminated. ሶܸO2peak was 

taken as the highest value achieved over a 15 second recording period.  Participants 

also completed a food diary over a minimum of three days in order to calculate 

habitual caloric and macronutrient intake. 

Three to 7 days after the incremental exercise test, participants attended the 

laboratory after an overnight fast (>10 h) for a second pre-training assessment 

session. Following 15 minutes rest, supine brachial artery blood pressure 

measurements were made in triplicate using an automated sphygmomanometer (GE 

DINAMAP Pro 300 V2). Aortic pulse wave velocity (aPWV) measurements were 

made using a semi-automated device and software (SphygmoCor, AtCor Medical, 

Sydney, Australia), as previously described Cocks et al. (15). A fasting blood sample 

was used to determine fasting plasma cholesterol and triglyceride concentrations, 

using a semi-automatic spectrophotometer (Randox RX Series, the RX Daytona™).  

A Dexcom G4 Platinum (Dexcom, San Diego, CA, USA) CGMS was inserted 

subcutaneously on the abdomen. A habitual free-living 24-hour glucose profile was 

at least 24 hours after the CGMS was inserted. Participants were trained to use the 

CGMS and instructed to calibrate the device a minimum of four times daily using 

capillary blood tests. Participants were provided with a standardised diet of three 

meals (breakfast, lunch and dinner) during the CGMS period (50% CHO; 30% fat; 20% 

protein) in accordance with their habitual calorie intake. No additional snacks were 



permitted and participants only consumed the food provided by the research team 

during this period, unless they needed to prevent hypoglycaemia. Participants were 

instructed to consume these meals at pre-determined time points throughout the day 

and no additional snacks were permitted other than to prevent hypoglycaemia. A 

food diary was completed to confirm that they had consumed the prescribed food at 

the correct times. Participants were instructed to avoid alcohol and caffeine, as well 

as exercise throughout the CGMS period.  

 

Exercise Training  

Training started ~72h after completion of the pre-experimental procedures. 

Participants trained three times per week for six weeks under researcher supervision 

on a Lode Corival cycle ergometer (Corival Lode BV, Groningen, The Netherlands). 

Following a 3 minute low-intensity warm-up, the HIT group performed repeated 1 

minute bouts of high intensity cycling at a workload equivalent to 100% ሶܸ O2peak 

interspersed with 1 minute of recovery at 50 W, whereas the MICT group performed 

continuous moderate intensity cycling at a workload equivalent to 65% ሶܸO2peak. The 

number of intervals in the HIT group increased from 6 in weeks 1 and 2, to 8 in 

weeks 3 and 4 to 10 in weeks 5 and 6. The duration of the sessions in the MICT 

group were 30 minutes in weeks 1 and 2, 40 minutes in weeks 3 and 4 and 50 

minutes in weeks 5 and 6. 

 

Acute change in blood glucose with exercise 

Before starting and after completing each training session during the 6 week training 

period, participant’s blood glucose concentrations were required to be between 7-14 



mmol/L, in accordance with the Exercising for Type 1 Diabetes (EXTOD) guidelines 

(16).  If blood glucose concentrations fell outside of this range corrective measures 

were taken; glucose was ingested if blood glucose <7 mmol/L, and a light walk or 

insulin was advised if glucose >14 mmol/L, as well as checking blood ketones (17). 

During the MICT sessions participants were advised to check their blood glucose 

concentrations part-way through the exercise and to consume carbohydrate as 

necessary to prevent hypoglycaemia. Capillary blood glucose concentrations were 

recorded before and after exercise and whether the exercise session was 

undertaken in the fasted (>10 hours) or fed state (last meal consumed <4h previous). 

As such, over the course of the six weeks of training we gathered pre and post 

exercise blood glucose concentrations from a total of 108 MICT training sessions 

and 87 HIT sessions in the fed state. The proportion of total sessions that blood 

glucose was recorded was 86%. 

 

Post-training assessments 

Approximately 72h after the final training session, participants attended the 

laboratory on two occasions (separated by 72h) to complete a series of post-training 

assessments.  These assessments were identical in all respects to those undertaken 

prior to training (pre-training assessments).   

 

Statistical analyses 

The primary outcome variable was ሶܸO2peak. Previous research in our group (18; 19) 

has suggested a SD of 2.7-3.2 to detect a change in ሶܸO2peak of 3.5 ml∙kg∙min‐1, which 

is a clinically significant increase in ሶܸO2peak (20). A power calculation suggested that 



7-9 participants were required in each group to detect a within-group difference with 

a paired t test with 80% power at a significance level of 0.05. Continuous glucose 

monitor data were downloaded from the device using Dexcom Studioᵀᴹ software 

(12.0.4.6) and analysed in accordance with the International Consensus on Use of 

Continuous Glucose Monitoring (21). Glycaemic thresholds were defined as follows: 

target range (3.9-10 mmol/L), level 1 hypoglycaemia (≤3.9 mmol/L), level 2 

hypoglycaemia (≤2.9 mmol/L) and hyperglycaemia (≥10 mmol/L). The 24-hour period 

was defined as 08:00-08:00h and the nocturnal period was defined as 24:00-06:00h. 

All variables were analysed using a two-way mixed ANOVA, with the between factor 

‘group’ (HIT vs. MICT) and repeated factor ‘training status’ (pre-training vs. post 

training), followed by Bonferroni post-hoc corrections. A two way mixed ANOVA, with 

the between factor ‘group’ and the repeated factor ‘time point’ (pre-training vs. post 

training) was used to assess whether there was an acute change in blood glucose 

concentration following HIT and MICT in the fed state over the 6 weeks of training. 

The CGMS did not work on one participant in the MICT group. Aortic PWV readings 

were obtained from five participants in the HIT group and six in the MICT group. All 

analyses were performed using IBM SPSS Statistics for Windows, Version 22.0. 

Armonk, NY: IBM Corp. Data are presented as mean ± SEM and significance was 

set at P≤0.05. 

 

RESULTS 

By design, there were no differences in age (P=0.877), ሶܸO2peak (P=0.371) or duration 

of type 1 diabetes (P=0.291) between the training groups at baseline. BMI was, 

however, significantly higher in the HIT group compared to the MICT group 



(P=0.038). Pre and post training variables are presented in Table 1. Training 

increased ሶܸO2peak (HIT 14%, MICT 15%; P<0.001) and Wmax (HIT 13%, MICT 14%; 

P<0.001), with no difference between groups (Fig. 1). Six weeks of training also 

improved aPWV (P=0.001) and there was no difference between groups. Systolic, 

diastolic and mean arterial blood pressure did not improve following training 

(P=0.219; P=0.476; P=0.268, respectively). There was also no change in plasma 

cholesterol or triglyceride concentrations with training (P=0.881; P=0.652). 

 

Glycaemic control 

Glucose data from the CGMS obtained over a 24-hour period pre and post training 

are presented in Table 2. There was no difference in the time spent in level 1 

hypoglycaemia (≤3.9 mmol/L) over the 24-hour period (P=0.727) or nocturnal period 

(P=289) with training. Similarly, there was no difference in time spent in level 2 

hypoglycaemia (≤2.9 mmol/L) with training over the 24-hour period (P=0.442) or 

nocturnal period (P=0.397). There were also no differences in the time spent in 

target range over the 24-hour (P=0.412) or nocturnal periods (P>0.382). Furthermore, 

there was no difference in the time spent in hyperglycaemia over the 24-hour 

(P=0.540) or nocturnal period (P=0.118). However, there was an interaction effect for 

the time spent in target range (P=0.034) and time in hyperglycaemia over the 

nocturnal period (P=0.039). Post hoc analysis revealed that the HIT group spent 

significantly less time in target glycaemia during the nocturnal period (P=0.038) 

which was due to a greater time spent in hyperglycaemia over the nocturnal period 

(P=0.016). The incidence of level 1 hypoglycaemia over the 24-hour period (P=0.675) 

and nocturnal period (P=0.363) was no different with training. There were no 



differences in the incidence of level 2 hypoglycaemia over the 24-hour (P=0.174) or 

nocturnal (P=0.549) with training.  

 

Acute change in blood glucose during training 

When quantifying the change in blood glucose concentration during exercise training 

sessions undertaken in the fed state over the six week intervention, the mean 

change in blood glucose concentration in response to HIT was -0.2 ± 0.5 mmol/L 

whereas blood glucose decreased by -5.5 ± 0.4 mmol/L in response to MICT (Fig. 2).  

 

CONCLUSIONS 

This study demonstrates for the first time that six weeks of HIT improves ሶܸO2peak and 

aPWV in people with type 1 diabetes to a similar magnitude as MICT. Secondly, we 

observed that blood glucose concentration remained stable during HIT when 

participants exercised in the fed state throughout the training programme, but there 

was a consistently large drop in blood glucose during MICT, with patients at risk of 

hypoglycaemia. The CGMS data revealed no difference between HIT and MICT 

other than during the nocturnal period where there was an increase in the time spent 

in hyperglycaemia. The fact that HIT is as effective as MICT but does not cause a fall 

in glucose during exercise means that it may be a more practical exercise for 

patients with type 1 diabetes. 

Aerobic capacity improved to a similar extent following six weeks of HIT and 

MICT, despite the weekly time commitment being 47-60% less for HIT than for MICT. 

The 14% increase in ሶܸO2peak observed in our investigation following HIT (a mean 



increase of 4.9 ml·kg·min-1) is high in comparison to other studies using similar 

protocols that tend to report changes of 7-10% in populations without type 1 diabetes 

(22) and the only other study to examine the effect of sprint interval training in type 1 

diabetics (repeated 30-second maximal cycling bouts interspersed with 3-4 minutes 

of rest 3 times a week for 7 weeks) reported a 7% increase in ሶܸO2peak (23). This has 

clinical importance given that ሶܸ O2max is reported to be the strongest prognostic 

marker of cardiovascular mortality (20) and improvements in	 ሶܸO2max with exercise 

training are associated with a reduction in all-cause mortality risk (24). In fact, Myers 

(20) found that there is a 8-17% reduction in all-cause mortality for each 1-MET (~3.5 

ml·kg·min-1) increase in ሶܸ O2max. Although these correlations have not been 

specifically confirmed in people with type 1 diabetes, it is likely that the HIT 

programme used here induces clinically meaningful benefits to this population, which 

is especially important as they are at increased risk of cardiovascular disease 

compared to a non-diabetic population (1; 2).  

In the present study there was a 12% reduction in aPWV following both 

training modes, which is greater than has previously been reported in other training 

studies in populations without type 1 diabetes (25; 26). To the authors’ knowledge, 

this is the first study to investigate changes in arterial stiffness following HIT and 

MICT in people with type 1 diabetes. The reduction in aPWV is of clinical relevance 

as increased arterial stiffness is associated with negative cardiovascular outcomes 

(27).  

Neither training mode improved glycaemic control according to the CGMS 

data, measured as time spent in target range (euglycaemia) or hypoglycaemia or the 

incidences of hypoglycaemia. Previous studies using HbA1c and daily insulin dosage 

as a marker of glycaemic control have also failed to show overall improvements in 



glycaemic control with exercise training (23; 28; 29), although studies reporting 

positive effects of training on glycaemic control do exist (30). There was a reduction 

in the time spent in euglycaemia in the HIT group which was due to an increase in 

the time spent in hyperglycaemia. Although increasing the proportion of time spent in 

hyperglycaemia during the nocturnal period is not desirable, it at least reduces the 

risk of developing hypoglycaemia. It could be speculated that participants in the HIT 

group consumed additional carbohydrates before bed to prevent hypoglycaemia and 

as a result spent more time in hyperglycaemia. However, the study was performed 

under strict dietary control and participants in the HIT group did not report consuming 

additional snacks. The small sample size and the fact that just one 24 hour period 

was recorded is more likely to account for these differences. Although the use of 

CGMS in our investigation allowed a detailed analysis of glycaemic control, we 

acknowledge that longer duration exercise training programmes with larger sample 

sizes are needed to assess the effects of exercise training on long-term glycaemic 

control. Furthermore, the current guidelines suggest that a minimum of 14 

consecutive days should be recorded when analysing CGMS data (21). 

Unfortunately, these guidelines were published after our data collection was 

completed so will have to form the recommendations for our future work. 

Before the training sessions, we recorded blood glucose concentration for 

safety reasons to prevent participants from exercising when glucose concentrations 

were too high or low based on the EXTOD guidelines (16), and after the sessions so 

that they did not leave the laboratory while they were at increased risk of 

hypoglycaemia. This meant that we collected pre and post exercise blood glucose 

readings from up to 18 training sessions for each participant over the course of six 

weeks HIT or MICT. We found that blood glucose concentration remained stable 



during HIT when participants exercised in the fed state throughout the training 

programme, but there was a consistently large drop in blood glucose during MICT in 

the fed state, with patients at risk of hypoglycaemia. This was a consistent 

observation across all participants undertaking MICT (Fig. 2b). The changes in blood 

glucose concentration during the exercise we have reported here are striking and are 

the first of their kind in the literature over so many training sessions. Furthermore, 

they are supported by Garcia-Garcia et al. (31) who conducted a systematic review 

and meta-analysis in which they aggregated results from 10 studies to estimate rate 

of change of glucose concentration during and after different types of exercise in 

people with type 1 diabetes. Their results showed a rapid decline in glycaemia during 

continuous exercise (-4.43 mmol/L h-1 on average) while the results were more 

variable during intermittent high intensity exercise depending on the protocol.  

The instability in blood glucose that we observed during the MICT in the fed 

state is likely due to the effect of short-acting insulin in the circulation. During 

moderate intensity exercise in healthy individuals, blood glucose concentration 

remains stable because insulin secretion is suppressed at the onset of exercise and 

there is an increase in adrenaline and growth hormone, resulting in increased 

hepatic glucose production, lipolysis and reduced peripheral glucose uptake. 

However, because insulin is supplied exogenously in people with type 1 diabetes, 

they are unable to reduce circulating insulin which limits the effects of glucagon on 

hepatic glucose production, increases peripheral glucose uptake and delays lipolysis. 

The combination of insulin and exercise-mediated glucose disposal coupled with 

decreased hepatic glucose production increases the risk of hypoglycaemia. During 

HIT, insulin does not tend to decrease even in healthy individuals, presumably 

because the exercise bout is too short. Previous research has also shown there is a 



rise in catecholamines and blood lactate during high intensity exercise which may 

increase gluconeogenesis and could also be a contributing factor for the attenuated 

decline in glucose during exercise where high intensity bouts are added to a MICT 

session (32-34). The implications from these findings are important for people with 

type 1 diabetes that want to exercise as they show that HIT can be performed in the 

fed state without significant reduction in blood glucose concentration.  

Another important observation, although not quantitatively reported here, was 

the number of training sessions in which participants had to prevent or treat an 

episode of hypoglycaemia by consuming fast-acting carbohydrate. During the MICT 

sessions, participants were advised to stop exercising at least once to check their 

blood glucose concentration, correct accordingly with glucose if necessary, and then 

wait for their blood glucose to stabilise before recommencing the training. However, 

all participants were able to complete the HIT sessions without interruption. Many of 

the participants in the MICT condition found this frustrating and it would often mean 

that the already time consuming 50 minute cycling sessions were even longer while 

blood glucose was checked. The large drop in blood glucose concentration that we 

found during the MICT sessions highlights why the guidelines recommend that 

carbohydrate should be taken when doing more than 30 minutes of moderate 

intensity exercise (17).  

The main strengths of this investigation were 1) the strict dietary 

standardisation under free-living conditions during the CGMS period pre and post 

training, and 2) the monitoring of acute changes in blood glucose concentrations 

during exercise throughout the intervention. However, we acknowledge that there 

are some limitations. The sample size of the study was small; however, the clear 

increases in ሶܸO2peak suggest that we have the power to conclude that HIT is effective 



at improving ሶܸO2peak at least. Secondly, we did not record insulin dose before and 

after training. This would be useful to determine whether there is a change in insulin 

sensitivity as reduced insulin dosage is associated with decreased risk of 

cardiovascular complications in people with type 1 diabetes (35; 36). 

In summary, this is the first study to demonstrate that six weeks of HIT leads 

to comparable improvements in ሶܸO2peak and arterial stiffness to MICT. HIT though 

may be the preferred approach, as blood glucose remains stable during HIT but falls 

during MICT. We therefore recommend that HIT is a safe, effective, flexible and time 

efficient form of exercise for people with type 1 diabetes. 

 

ACKNOWLEDGMENTS 

SNS, MC, SOS, RCA, PN, DJC, TSP: conception and design of the experiments.  

SNS, MC, SOS, RCA, PN: collection, analysis and interpretation of the data.  SNS, 

MC, SOS, RCA, PN, AJMW: drafting and revising the manuscript.  All authors have 

read and approved the final manuscript. SOS is the guarantor for the article. This 

work was supported by a grant from Diabetes Research & Wellness Foundation.  

SNS is supported by PhD scholarship from Liverpool John Moores University. The 

authors have no conflicts of interest to disclose.  

 

 

 

 



Figure

intensit

A show

training

 

 

 

 

 

e 1 – Effec

ty continuo

ws the me

g. *Indicate

ct of six w

ous training

ean respo

es a signifi

eeks of hi

g on ሶܸO2pe

nses and 

cant differe

gh intensit

eak.  

B shows 

ence from 

ty interval 

individual 

baseline (

training H

response

P<0.05).  

HIT and mo

es in ሶܸO2pe

 

oderate 

eak with 

 



Figure 2 - Change in blood glucose following exercise in the fed state 

Finger prick blood glucose concentrations were recorded before and after exercise 

and whether the exercise session was undertaken in the fasted (>10 hours) or fed 

state, as well as information about the timing of the last insulin dose. As such, over 

the course of the six weeks of training we gathered pre and post exercise blood 

glucose concentrations from a total of 108 MICT training sessions and 87 HIT 

sessions in the fed state (86% of total possible sessions). A shows mean change in 

blood glucose concentration and B shows individual changes during HIT and MICT. 

*denotes a significant change from baseline (P<0.05). 

 

 

 

REFERENCES 

1. Chimen M, Kennedy A, Nirantharakumar K, Pang TT, Andrews R, Narendran P: 
What are the health benefits of physical activity in type 1 diabetes mellitus? A 
literature review. Diabetologia 2012;55:542-551 
2. Moy CS, Songer TJ, LaPorte RE, Dorman JS, Kriska AM, Orchard TJ, Becker DJ, 
Drash AL: Insulin-dependent diabetes mellitus, physical activity, and death. 
American journal of epidemiology 1993;137:74-81 
3. Wasserman DH, Zinman B: Exercise in individuals with IDDM. Diabetes Care 
1994;17:924-937 
4. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, 
Horton ES, Castorino K, Tate DF: Physical Activity/Exercise and Diabetes: A 
Position Statement of the American Diabetes Association. Diabetes Care 
2016;39:2065-2079 
5. Makura CB, Nirantharakumar K, Girling AJ, Saravanan P, Narendran P: Effects of 
physical activity on the development and progression of microvascular complications 
in type 1 diabetes: retrospective analysis of the DCCT study. BMC endocrine 
disorders 2013;13:37 
6. Codella R, Terruzzi I, Luzi L: Why should people with type 1 diabetes exercise 
regularly? Acta diabetologica 2017;54:615-630 
7. Pang TT, Narendran P: Addressing insulin resistance in Type 1 diabetes. Diabetic 
medicine : a journal of the British Diabetic Association 2008;25:1015-1024 



8. Brazeau AS, Gingras V, Leroux C, Suppere C, Mircescu H, Desjardins K, Briand P, 
Ekoe JM, Rabasa-Lhoret R: A pilot program for physical exercise promotion in adults 
with type 1 diabetes: the PEP-1 program. Applied physiology, nutrition, and 
metabolism = Physiologie appliquee, nutrition et metabolisme 2014;39:465-471 
9. Bohn B, Herbst A, Pfeifer M, Krakow D, Zimny S, Kopp F, Melmer A, Steinacker 
JM, Holl RW: Impact of Physical Activity on Glycemic Control and Prevalence of 
Cardiovascular Risk Factors in Adults With Type 1 Diabetes: A Cross-sectional 
Multicenter Study of 18,028 Patients. Diabetes Care 2015;38:1536-1543 
10. Brazeau AS, Rabasa-Lhoret R, Strychar I, Mircescu H: Barriers to physical 
activity among patients with type 1 diabetes. Diabetes Care 2008;31:2108-2109 
11. Jabbour G, Henderson M, Mathieu ME: Barriers to Active Lifestyles in Children 
with Type 1 Diabetes. Canadian journal of diabetes 2016;40:170-172 
12. Lascar N, Kennedy A, Hancock B, Jenkins D, Andrews RC, Greenfield S, 
Narendran P: Attitudes and barriers to exercise in adults with type 1 diabetes (T1DM) 
and how best to address them: a qualitative study. PloS one 2014;9:e108019 
13. Hood MS, Little JP, Tarnopolsky MA, Myslik F, Gibala MJ: Low-volume interval 
training improves muscle oxidative capacity in sedentary adults. Medicine and 
science in sports and exercise 2011;43:1849-1856 
14. Little JP, Gillen JB, Percival ME, Safdar A, Tarnopolsky MA, Punthakee Z, Jung 
ME, Gibala MJ: Low-volume high-intensity interval training reduces hyperglycemia 
and increases muscle mitochondrial capacity in patients with type 2 diabetes. 
Journal of applied physiology (Bethesda, Md : 1985) 2011;111:1554-1560 
15. Cocks M, Shaw CS, Shepherd SO, Fisher JP, Ranasinghe A, Barker TA, 
Wagenmakers AJ: Sprint interval and moderate-intensity continuous training have 
equal benefits on aerobic capacity, insulin sensitivity, muscle capillarisation and 
endothelial eNOS/NAD(P)Hoxidase protein ratio in obese men. J Physiol 
2016;594:2307-2321 
16. Narendran P, Jackson N, Daley A, Thompson D, Stokes K, Greenfield S, 
Charlton M, Curran M, Solomon TPJ, Nouwen A, Lee SI, Cooper AR, Mostazir M, 
Taylor RS, Kennedy A, Andrews RC: Exercise to preserve beta-cell function in 
recent-onset Type 1 diabetes mellitus (EXTOD) - a randomized controlled pilot trial. 
Diabetic medicine : a journal of the British Diabetic Association 2017;34:1521-1531 
17. Riddell MC, Gallen IW, Smart CE, Taplin CE, Adolfsson P, Lumb AN, Kowalski A, 
Rabasa-Lhoret R, McCrimmon RJ, Hume C, Annan F, Fournier PA, Graham C, Bode 
B, Galassetti P, Jones TW, Millan IS, Heise T, Peters AL, Petz A, Laffel LM: Exercise 
management in type 1 diabetes: a consensus statement. The lancet Diabetes & 
endocrinology 2017;5:377-390 
18. Shepherd SO, Wilson OJ, Taylor AS, Thogersen-Ntoumani C, Adlan AM, 
Wagenmakers AJ, Shaw CS: Low-Volume High-Intensity Interval Training in a Gym 
Setting Improves Cardio-Metabolic and Psychological Health. PloS one 
2015;10:e0139056 
19. Shepherd SO, Cocks M, Tipton KD, Ranasinghe AM, Barker TA, Burniston JG, 
Wagenmakers AJM, Shaw CS: Sprint interval and traditional endurance training 
increase net intramuscular triglyceride breakdown and expression of perilipin 2 and 5. 
Journal of Physiology-London 2013;591:657-675 
20. Myers J: Cardiology patient pages. Exercise and cardiovascular health. 
Circulation 2003;107:e2-5 
21. Danne T, Nimri R, Battelino T, Bergenstal RM, Close KL, DeVries JH, Garg S, 
Heinemann L, Hirsch I, Amiel SA, Beck R, Bosi E, Buckingham B, Cobelli C, Dassau 
E, Doyle FJ, 3rd, Heller S, Hovorka R, Jia W, Jones T, Kordonouri O, Kovatchev B, 



Kowalski A, Laffel L, Maahs D, Murphy HR, Norgaard K, Parkin CG, Renard E, 
Saboo B, Scharf M, Tamborlane WV, Weinzimer SA, Phillip M: International 
Consensus on Use of Continuous Glucose Monitoring. Diabetes Care 2017;40:1631-
1640 
22. Weston M, Taylor KL, Batterham AM, Hopkins WG: Effects of low-volume high-
intensity interval training (HIT) on fitness in adults: a meta-analysis of controlled and 
non-controlled trials. Sports medicine (Auckland, NZ) 2014;44:1005-1017 
23. Harmer AR, Chisholm DJ, McKenna MJ, Hunter SK, Ruell PA, Naylor JM, 
Maxwell LJ, Flack JR: Sprint training increases muscle oxidative metabolism during 
high-intensity exercise in patients with type 1 diabetes. Diabetes Care 2008;31:2097-
2102 
24. Lee DC, Artero EG, Sui X, Blair SN: Mortality trends in the general population: 
the importance of cardiorespiratory fitness. Journal of psychopharmacology (Oxford, 
England) 2010;24:27-35 
25. Slivovskaja I, Ryliskyte L, Serpytis P, Navickas R, Badariene J, Celutkiene J, 
Puronaite R, Ryliskiene K, Cypiene A, Rinkuniene E, Sileikiene V, Petrauskiene B, 
Juocevicius A, Laucevicius A: Aerobic Training Effect on Arterial Stiffness in 
Metabolic Syndrome. The American journal of medicine 2017; 
26. Horner K, Kuk JL, Barinas-Mitchell E, Drant S, DeGroff C, Lee S: Effect of 
Aerobic versus Resistance Exercise on Pulse Wave Velocity, Intima Media 
Thickness and Left Ventricular Mass in Obese Adolescents. Pediatric exercise 
science 2015;27:494-502 
27. Cecelja M, Chowienczyk P: Dissociation of aortic pulse wave velocity with risk 
factors for cardiovascular disease other than hypertension: a systematic review. 
Hypertension (Dallas, Tex : 1979) 2009;54:1328-1336 
28. Laaksonen DE, Atalay M, Niskanen LK, Mustonen J, Sen CK, Lakka TA, 
Uusitupa MI: Aerobic exercise and the lipid profile in type 1 diabetic men: a 
randomized controlled trial. Medicine and science in sports and exercise 
2000;32:1541-1548 
29. Lehmann R, Kaplan V, Bingisser R, Bloch KE, Spinas GA: Impact of physical 
activity on cardiovascular risk factors in IDDM. Diabetes Care 1997;20:1603-1611 
30. Salem MA, AboElAsrar MA, Elbarbary NS, ElHilaly RA, Refaat YM: Is exercise a 
therapeutic tool for improvement of cardiovascular risk factors in adolescents with 
type 1 diabetes mellitus? A randomised controlled trial. Diabetology & metabolic 
syndrome 2010;2:47 
31. Garcia-Garcia F, Kumareswaran K, Hovorka R, Hernando ME: Quantifying the 
acute changes in glucose with exercise in type 1 diabetes: a systematic review and 
meta-analysis. Sports medicine (Auckland, NZ) 2015;45:587-599 
32. Sigal RJ, Purdon C, Bilinski D, Vranic M, Halter JB, Marliss EB: Glucoregulation 
during and after intense exercise: effects of beta-blockade. The Journal of clinical 
endocrinology and metabolism 1994;78:359-366 
33. Guelfi KJ, Ratnam N, Smythe GA, Jones TW, Fournier PA: Effect of intermittent 
high-intensity compared with continuous moderate exercise on glucose production 
and utilization in individuals with type 1 diabetes. American journal of physiology 
Endocrinology and metabolism 2007;292:E865-870 
34. Marliss EB, Vranic M: Intense exercise has unique effects on both insulin release 
and its roles in glucoregulation: implications for diabetes. Diabetes 2002;51 Suppl 
1:S271-283 
35. Schauer IE, Snell-Bergeon JK, Bergman BC, Maahs DM, Kretowski A, Eckel RH, 
Rewers M: Insulin resistance, defective insulin-mediated fatty acid suppression, and 



coronary artery calcification in subjects with and without type 1 diabetes: The CACTI 
study. Diabetes 2011;60:306-314 
36. Bergman BC, Howard D, Schauer IE, Maahs DM, Snell-Bergeon JK, Eckel RH, 
Perreault L, Rewers M: Features of hepatic and skeletal muscle insulin resistance 
unique to type 1 diabetes. The Journal of clinical endocrinology and metabolism 
2012;97:1663-1672 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 - General characteristics 

 HIT MICT 

 Pre Post Pre Post 

Age (years) 29 ± 3 - 29 ± 5 - 



Sex 5M/2F - 5M/2F - 

Duration of T1D 

(years) 

13 ± 3 - 9 ± 2 - 

Mass (kg) 90.0 ± 4.8 89.8 ± 4.8 76.7 ± 5.4 76.3 ± 5.3 

BMI (kg·m-2) 29.2 ± 1.2 29.2 ± 1.2 25.3 ± 1.2 25.2 ± 1.2 

ሶܸO2peak (ml·kg·min-1) 35.6 ± 2.6 40.5 ± 2.6* 32.1 ± 2.6 36.9 ± 3.2* 

ሶܸO2peak (L/min-1) 3.2 ± 0.3 3.7 ± 0.3* 2.5 ± 0.3 2.9 ± 0.4* 

Wmax (W) 245 ± 16 277 ± 19* 202 ± 22 231 ± 24* 

SBP (mmHg) 121 ± 3 119 ± 4 123 ± 4 122 ± 4 

DBP (mmHg) 65 ± 3 63 ± 3 70 ± 5 68 ± 4 

MAP (mmHg) 84 ± 3 82 ± 2 87 ± 4 86 ± 3 

aPWV (m/s) 6.1 ± 0.5 5.4 ± 0.7* 6.1 ± 0.4 5.4 ± 0.4* 

Cholesterol (mmol/L) 5.07 ± 0.29 5.12 ± 0.35 4.81 ± 0.41 4.93 ± 0.41 

Triglycerides (mmol/L) 0.94 ± 0.09 1.03 ± 0.25 0.70 ± 0.04 0.65 ± 0.06 

 

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; aPWV = arterial pulse wave velocity. Data 

are presented as mean ± SEM. * denotes a significant change from pre-training to 

post-training (P<0.05). 

 

Table 2 - Summary of continuous glucose monitor data  

 HIT  MICT 

 Pre Post  Pre Post 

24-hr period      



Mean glucose (mmol/L) 9.3±0.3 9.5±1.0  9.2±0.6 8.6±0.7 

CV (%) 42.6±3.6 38.2±2.6  37.9±3.6 36.9±4.0 

Time in level 1 

hypoglycaemia (%) 

6.1±2.6 5.4±3.1  3.4±1.5 2.8±1.9 

Time in level 2 

hypoglycaemia (%) 

0.2±0.2 0.5±0.3  0.9±0.5 0.0±0.0 

Time in range (%) 56.7±3.1 56.4±7.8  59.3±5.8 68.2±7.7 

Time in hyperglycaemia  

(%) 

37.0±2.0 37.7±8.9  36.3±6.5 28.9±8.5 

Incidence of level 1 

hypoglycaemia 

1.8±0.6 1.2±0.5  0.9±0.5 1.4±0.6 

Incidence of level 2 

hypoglycaemia 

0.2±0.2 0.2±0.2  0.4±0.2 0.1±0.1 

Incidence of 

hyperglycaemia 

3.0±0.5 2.8±0.5  3.2±0.5 2.5±0.5 

Nocturnal period      

Mean glucose (mmol/L) 8.8±1.3 11.7±2.0  8.0±1.2 7.4±1.1 

CV (%) 23.2±5.9 19.5±9.1  29.1±7.2 22.2±6.2 

Time in level 1 

hypoglycaemia (%) 

9.3±9.0 3.0±2.0  7.6±5.0 4.9±4.9 

Time in level 2 

hypoglycaemia (%) 

0.0±0.0 1.2±1.2  3.2±2.0 0.0±0.0 

Time in range (%) 57.4±15.5 32.6±14.3*  60.0±15.4 71.3±16.5

Time in hyperglycaemia  

(%) 

33.3±16.7 63.0±16.3*  28.5±15.9 23.6±15.8



Incidence of level 1 

hypoglycaemia 

0.5±0.2 0.3±0.2  0.3±0.2 0.1±0.1 

Incidence of level 2 

hypoglycaemia 

0.0±0.0 0.2±0.2  0.3±0.2 0.0±0.0 

Incidence of 

hyperglycaemia 

0.5±0.2 0.8±0.2  0.5±0.2 0.3±0.2 

 

The 24-hour period was defined as 08:00-08:00h and nocturnal period as 24:00-

06:00h. Level 1 hypoglycaemia (≤3.9 mmol/L), level 2 (severe) hypoglycaemia (≤2.9 

mmol/L), target range (3.9-10 mmol/L) and hyperglycaemia (≥10 mmol/L). There 

were no differences in any of the variables with training (P>0.05). 

 

 

 

 

 

 

 

 

 

 

 


