DIABETES RESEARCH AND CLINICAL PRACTICE 99 (2013) I120-129

journal homepage: www.elsevier.com/locate/diabres

Contents available at Sciverse ScienceDirect

Diabetes Research
and Clinical Practice

DIABETES
RESEARCH ax
CLINICAL PRACTICE

International
Diabetes
Federation

Feasibility and preliminary efficacy of high intensity interval
training in type 2 diabetes™

Tasuku Terada %, Alanna Friesen, Baljot S. Chahal ®, Gordon ]. Bell ¢,
Linda J. McCargar®, Normand G. Boulé**

@Faculty of Physical Education & Recreation, University of Alberta, 1-052 Li Ka Shing Center, Physical Activity and Diabetes Laboratory,

Edmonton, Alberta, Canada T6G 2H9

® Department of Agricultural, Food and Nutritional Science, University of Alberta, 2-012D Li Ka Shing Center, Health Research Innovation,

Edmonton, Alberta, Canada

ARTICLE INFO

ABSTRACT

Article history:

Received 18 July 2012

Received in revised form

11 September 2012

Accepted 22 October 2012

Published on line 24 November 2012

Keywords:

High intensity interval exercise
Adherence

Hemoglobin A;c

Adipose tissue

Aims: To compare the feasibility of high intensity interval exercise (HI-IE) versus moderate
intensity continuous exercise (MI-CE) in patients with type 2 diabetes (T2D), and to investi-
gate the preliminary efficacy of HI-IE and MI-CE for improving glycated hemoglobin A;.
(HbA;) and body composition.
Methods: Individuals with T2D were recruited and randomly assigned to HI-IE and MI-CE.
Exercise training was performed 5 days per week for 12 weeks. Recruitment, retention,
adherence, feeling states and self-efficacy were analyzed for feasibility. Changes in HbA.
and percent body fat from baseline were investigated at 12 weeks to determine the
preliminary efficacy.
Results: Of 126 participants showing interest to join the study, 15 individuals were random-
ized and completed the program. No participants dropped out from the study after enroll-
ment. Adherence rates were high and did not differ between HI-IE and MI-CE (p > 0.05;
>97.2% of the eligible exercise sessions for both groups). Feeling states and self-efficacy did
not differ between the groups. Percent trunk fat decreased in both HI-IE and MI-CE (p = 0.007
and 0.085, respectively). Total percent body fat, percent leg fat, and subcutaneous fat width
were significantly reduced in both groups (p < 0.05), whereas HbA;. did not change from
baseline (p > 0.05). The degree of improvement was similar between the interventions
(p > 0.05).
Conclusion: In individuals with T2D, implementing a 12-week structured HI-IE training can
be as feasible as MI-CE training. Both interventions are equally effective in lowering total
body fat but have little impact on HbA,. in relatively well controlled participants with T2D.
© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Current physical activity or exercise recommendations for
patients with type 2 diabetes (T2D) suggest a minimum of
150 min per week of moderate to vigorous aerobic exercise [1].

However, data are conflicting as to whether or not individuals
with T2D benefit more from participating in high intensity
exercise. Recent meta-analyses have highlighted the variabil-
ity in the response to various exercise protocols and have
suggested that a greater exercise dose predicts greater
decreases in glycated hemoglobin A;. (HbA;.) [2]. Conversely,

* Clinical trial registration number: NCT01144078
* Corresponding author. Tel.: +1 780 492 4695; fax: +1 780 492 2364.
E-mail addresses: tasuku@ualberta.ca (T. Terada), nboule@ualberta.ca (N.G. Boulé).
0168-8227/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.diabres.2012.10.019


http://dx.doi.org/10.1016/j.diabres.2012.10.019
mailto:tasuku@ualberta.ca
mailto:nboule@ualberta.ca
http://www.sciencedirect.com/science/journal/01688227
http://dx.doi.org/10.1016/j.diabres.2012.10.019

DIABETES RESEARCH AND CLINICAL PRACTICE 99 (2013) 120-129 121

greater exercise intensity per se has been shown to lead to
greater improvements in HbA,. in some meta-analyses [3] but
not others [2,4].

Similarly, while high intensity exercise has been indicated
to improve insulin sensitivity [5-7], the mechanisms by which
exercise intensity affects insulin sensitivity are not well
understood. Acute increases in non-oxidative glucose disposal
[8-10] or chronic preferential reduction in intra abdominal
adipose tissue (IAAT) [11], just to name a few, may be more
prominent following high intensity exercise and contribute to
enhanced insulin sensitivity. Recently, more attention has
been directed toward the effect of high intensity exercise on
IAAT due to its role in the pathogenesis of insulin resistance
and T2D. Nonetheless, studies have shown conflicting results
with some studies showing preferential reductions in IAAT
with higher intensity exercise irrespective of energy expendi-
ture [12-14] while others report no differences [15,16]. Thus,
whether exercise intensity can be tailored to favor preferential
reductions in IAAT and HbA,. remains inconclusive.

While the benefits of high intensity exercise requires
further research, there are several concerns regarding the
feasibility of implementing high intensity exercise, particu-
larly in older, sedentary or overweight participants with
comorbidities such as T2D. Primary perceived barriers include
concerns over the risk of injury [17], poor adherence [18], and
low self-efficacy in the ability to implement exercise [19]. One
approach to minimizing the barriers to high intensity exercise
may be the use of interval exercise training which alternates
between high intensity exercise bouts and lower intensity
recovery periods. Interestingly, while only a few previous
studies [20-22] have prescribed interval training in people with
T2D, all demonstrated preferable effects with one study [20]
reporting greater reductions in HbA;. and IAAT than other
studies identified in a meta-analysis [2]. Unfortunately, this
latter study did not have a moderate intensity exercise
comparison group and it is unknown whether the greater
than expected benefits were due to the intervention itself or to
some characteristics of the participants.

As recently suggested by Hawley et al, high intensity
interval training may be a potent therapeutic intervention to
improve blood glucose concentrations and body composition
[23]. Nonetheless, to our knowledge there has not yet been a
randomized trial that compares the feasibility and chronic
effects of high intensity interval exercise (HI-IE) and moderate
intensity continuous exercise (MI-CE) interventions in T2D.
The objective of this pilot study was to compare the feasibility
(recruitment, adherence and retention) of HI-IE versus MI-CE
in patients with T2D. Secondary outcomes of interest included
investigation of the preliminary efficacy of HI-IE and MI-CE in
improving HbA;. and estimates of IAAT. Compensatory
changes in daily steps and energy intake throughout the
study were also investigated.

2. Methods
2.1.  Design
This was a 12-week, single center, parallel-group randomized

trial (ClinicalTrials.gov registration number: NCT01144078)
conducted in Edmonton, Alberta, Canada. Ethical approval

was obtained from the University of Alberta Health Research
Ethics Board.

2.2. Participants

Initial recruitment was conducted through newspaper adver-
tisement and websites. These recruitment strategies briefly
outlined the inclusion criteria: (1) men and women between 55
and 75 years (y) of age; (2) diagnosed with T2D; (3) able to
exercise 5 days per week; and (4) non-smokers. Other
recruitment procedures were conducted through word of
mouth and by contacting the individuals with T2D who
expressed interest in participating in research studies.

The study coordinator conducted a brief telephone inter-
view to confirm the potential eligibility of participants,
answered questions regarding the study, and scheduled a
first meeting. In the first meeting participants responded to
questionnaires to further screen for the following criteria: (1)
post-menopausal for more than 5 y; (2) <150 min of structured
exercise per week; (3) <3 kgbody weight change within the last
6 months (mo); (4) absence of diabetes-related complications
and limitations to regular exercise; and (5) self-reported
absence of alcohol or substance abuse within last 12 mo.
Blood pressure (BP) was measured at rest to ensure the
participants were safe to perform exercise intervention (cutoff
criteria < 140/90). The use of prescription medications that
might affect body fat distribution (i.e., insulin and thiazolidi-
nedione) was considered a contraindication to participation.
Participants meeting the inclusion criteria provided a baseline
fasting blood sample measured at a local accredited diagnostic
laboratory (DynallFEpx, Edmonton, AB). Individuals with
HbA;. > 9%, LDL > 3.5mmol/l or total cholesterol to HDL
ratio > 5.0 were excluded. The fasting blood sample was used
to determine baseline lipids, lipoproteins, fasting blood
glucose and HbA,. concentrations. All participants provided
written informed consent.

2.3. Initial assessment

Participants performed a graded exercise stress test on a
treadmill (stress test) under the supervision of a trained
physician, and reported to the University of Alberta on a
separate day to assess baseline anthropometric character-
istics, body fat, peak oxygen consumption (VOzpeax) and
ventilatory threshold (VT). Height was measured with a wall-
mounted stadiometer. Waist and hip circumferences and
sagittal diameter were measured as previously described [24].
Briefly, waist and hip circumferences were measured with a
flexible tape measure (Almedic, Saint-Laurent, QC) in stand-
ing with feet together at the end of a normal expiration (end-
tidal). Waist circumference was measured midway between
the costal arch and the iliac crest and hip circumference was
measured as the maximal circumference over the buttocks at
the level of the trochanters. For sagittal diameter, while
participants were lying supine on the floor, a sliding-beam
caliper was used to measure the vertical distance between the
floor and the abdomen at the level of umbilicus. All measures
were performed in duplicate to the nearest 0.1 cm. Where the
difference exceeded 0.5 cm, measurements were repeated
and the average of the closest two was calculated.
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Body fat, i.e., percent total body fat, trunk fat, arm and leg
fat, was analyzed with dual-X-ray absorptiometry (DXA) scan
(LUNAR Prodigy High Speed Digital Fan Beam X-Ray-Based
Densitometry with encore 9.20 software; General Electric,
Madison, WI). The detailed mechanism of DXA has been
described elsewhere [25]. Also, accuracy and reliability of DXA
to determine abdominal adiposity has previously been
demonstrated [26]. A trained radiographer determined
subcutaneous fat width from the DXA measures [24]. IAAT
was subsequently estimated based on the subcutaneous fat
width and anthropometric measures, as described by Bertin
et al. [24].

VOypeax and VT were determined using a cycle ergometer
(Monark 818; Monark, Varberg, Sweden) and a TrueMax®™
(ParvoMedics) metabolic measurement system that was
calibrated for air volume and gas concentrations as per the
manufacturer’s instruction. The exercise began pedaling at
60-65 revolution per minute (rpm) with no resistance. Power
output was increased by approximately ~30 W for the first
2 min and then by 15 W per min thereafter. The data were
acquired every 15 s and the highest VO, (ml/kg/min) observed
before reaching volitional exhaustion determined VOspeax [27].
VT was determined using a v-slope method [28]. Participants
were instructed to maintain the cadence between 60 and
65 rpm and the test was terminated when participant failed to
keep up with the cadence. The highest resistance completed
during the last min while maintaining 60-65 rpm was used to
determine peak power output (PO).

2.4. Run-in phase

Before randomization to the HI-IE and MI-CE interventions,
participants were required to participate in a 2-week run-in
period. The purpose of the run-in period was two-fold: to favor
the randomization of initially compliant participants; and to
gradually habituate participants to the exercise interventions.
During the run-in period, participants reported to the
University of Alberta for 30-min exercise sessions on Monday,
Wednesday and Friday for 2 weeks. The exercise intensity was
set at workload corresponding to 40% oxygen consumption
reserve (VO,R), the ratio of the net oxygen costs to net
maximal oxygen consumption [29]. All exercise sessions were
supervised by a member of the investigative team. The
prerequisite for randomization was attendance at 5 out of
the 6 run-in visits.

2.5. Randomization

Participants were randomly allocated to HI-IE and MI-CE
intervention groups. Randomization was stratified by sex and
completed by a computer program. While blinding of the
participants was not feasible, blood samples and body fat
assessments were completed by individuals who were
unaware of group allocation.

2.6. Intervention
Both groups exercised at the time of participants’ conve-

nience 5 days per week (Monday-Friday) for 12 consecutive
weeks in a fitness center. Exercise duration, frequency, and

average relative intensity (VO,R) of HI-IE and MI-CE groups
were matched. The MI-CE group performed continuous
exercise at 40% VO,R, whereas the HI-IE protocol involved
alternatingbetween 1-minintervals at 100% VO,R followed by
3-min recovery intervals at 20% VO,R (average = 40%) except
for one day (Wednesday), when they performed MI-CE
protocol. As many complete intervals as possible were
completed during HI-IE training session (e.g., 7 intervals in
a 30 min period (7x 4 min = 28 min)), with the remaining time
spent at 40% VO,R to ensure that the average work output for
both groups corresponded to 40% of the VO,R. To obtain
appropriate workload for each individual, peak oxygen
consumption was first determined from the baseline pro-
gressive maximal walking and stationary cycling exercise
tests, followed by the calculation of the workload that yielded
the oxygen cost equivalent to the VO,R of interest (i.e., 20, 40
and 100%) [29].

Participants were progressed from 30 min per session for
weeks 1-4 to 45 min per session for weeks 5-8, and then to
60 min per session for weeks 9-12 post randomization.
Stationary cycling and treadmill walking were performed
alternately for exercise variety. All exercise sessions were
supervised and delivered at a University of Alberta exercise
facility.

2.7. Questionnaires

Participants completed the subjective exercise experiences
scale [30], a 12-item, 7-point Likert scale to assess positive and
negative feeling states: positive well-being, psychological
distress, and fatigue. In addition, three types of self-efficacy:
task-efficacy for elemental aspects of the behavior; coping-
efficacy for exercising under challenging circumstances; and
scheduling-efficacy for arranging one’s time commitments to
exercise regularly were assessed by a 10-item, 10-point Likert
scale questionnaire [31]. Both questionnaires have been
demonstrated to be sensitive to exercise interventions
[30,32]. Questionnaires were first provided during the run-in
phase and were repeated in weeks 6 and 12 of the intervention.
Consequently, questionnaires were completed during weeks
of different exercise duration (i.e., 30, 45, and 60 min).
Participants’ satisfactions with the exercise training program
were measured with another questionnaire provided at the
completion of the 12-week exercise training. Participants were
instructed to rate on a 7-point Likert scale anchored with
1 = ‘not beneficial at all’ and 7 = ‘very beneficial’.

2.8. Outcomes and measurement

The primary outcome of this study was the feasibility of
conducting the planned study in terms of recruitment,
retention and adherence. In regards to recruitment, we
identified the number of potential participants who responded
to our initial recruitment strategies, the proportion who
remained interested after being informed of the requirements
of the study, as well as the proportion being randomized. From
the retention perspective, we were interested in identifying
the attrition rate which was established as discontinuation of
the intervention and loss to follow-up measurement for both
conditions following randomization and by the end of 12



DIABETES RESEARCH AND CLINICAL PRACTICE 99 (2013) I20-129 123

weeks of training. Finally, adherence was measured through
attendance to the exercise sessions and compliance to the
prescribed intensities. All exercise sessions were monitored by
study personnel who noted attendance in a log and ensured
each participant completed each exercise bout at the
individually prescribed intensity and duration. For the
subjective exercise experiences scale and self-efficacy ques-
tionnaires, means of positive well being, psychological
distress, fatigue, and self-efficacies were calculated [31].
Important secondary outcomes were the preliminary
efficacy of HI-IE at reducing IAAT and improving HbA;..
Within a week of the last exercise session, VOjpear, VT,
anthropometric analyses, DXA, and blood profile measure-
ments were repeated. Our original intention was to estimate
the amount of IAAT by using a previously validated technique
which combines DXA and anthropometric measurements to
calculate IAAT [24]. However, it became apparent that this
indirect measurement was unsuitable for examining longitu-
dinal changes as the calculation was confounded by changes
in other parameters. Accordingly, raw anthropometric and
DXA data were analyzed to determine changes in body

composition. VT was visually determined using the graphi-
cally display generated by the software on the metabolic
measurement system by a single researcher who was blinded
to the participants and to the order of testing.

To assess compensatory behavior changes, participants
used a provided pedometer (Walk4Life Inc., Plainfield, IL). The
pedometer was provided a week before the initiation of
exercise training and was worn on a daily basis throughout the
study period. Participants also completed 3-day dietary record
during the run-in phase, the 6th week of the training
intervention, and within 1 week of the last day of the training
session. Participants were encouraged to continue to consume
their regular diet.

2.9.  Data analysis

Data were tested for normality using histogram and normal
probability plots. Where skewness was visually identified, the
normality was further tested using Kolmogorov-Smirnov test.
Treatment group differences in baseline characteristics were
tested using independent t-tests. We used descriptive statis-

Initial Screening for Eligibility (n=126)

Excluded (n=59)

* Lost interest: 17
» Non diabetics: 2

| * Unable to exercise 5d/wk: 18« Age below 55: 14

* Smokers: 3
» Others: 5

Eligibility questionnaire / Blood pressure (n=67)

Excluded (n=49)

+ Medication: 15

« Not sedentary: 11

+ Health 1ssue: 9

« Failed to make an anot: 5

A 4

» Weight unstable: 4
* Postmenopausal <Syr: 3
« BP > 140/90: 2

Blood Analyses (n=18)
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)
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v
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Fig. 1 - Study flow diagram. Questionnaires and 3-day dietary records were completed during the run-in phase, 6th week

after randomization, and within one week of the last exercise session.
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tics to examine recruitment, retention and adherence rates, as
well as quantitative analyses to investigate the differences
between HI-IE and MI-CE. Friedman ANOVA by ranks and
Mann-Whitney U tests with Bonferroni adjusted p-value of
0.01 were undertaken for positive well being, psychological
distress, fatigue, self-efficacy measures and training program
satisfaction.

For the secondary outcomes measured before and after the
intervention period (i.e., anthropometric measures, body fat
and HbA,) one-way ANCOVA (HI-IE vs. MI-CE) was performed
on post training outcomes with baseline values serving as
covariates to compare the treatment effects. Paired sample t-
tests were also performed to investigate within group changes
from baseline. Intention-to-treat analysis was performed for
all variables unless otherwise stated.

For step counts and dietary intake analyses, two-way
(intervention by time) repeated-ANOVA was used. Step counts
were stratified into before exercise training, 30 min per
session, 45 min per session, and 60 min per session. Dietary
records were analyzed using Fitday dietary analysis program
(http://www .fitday.com) by two investigators and, where
discrepancies in caloric intake exceeded 300 kcal per day,
the data were reanalyzed. The average of the two caloric
intakes was used for the statistical analyses. Quantitative data
was analyzed using Minitab 15 statistical software (Minitab
Inc., State College, PA, USA). All data are presented as
means + SD. p-Values <0.05 were considered significant
unless otherwise stated.

3. Results
3.1. Recruitment

Between June 2010 and February 2011, 126 participants were
screened. The intervention was delivered between September
2010 and June 2011. Fig. 1 shows the flow of the participants
from recruitment to follow-up. Of the 126 individuals
screened, 59 did not meet the initial inclusion criteria and
were excluded. The most common reasons for exclusion were
time constraint to exercise 5 days per week (n = 18) and loss of
interest (n = 17). Subsequently, another 49 were excluded after
briefly meeting with the study coordinator. The most common
reasons for exclusion were medication (n = 15) and being too
active (n = 11). The remaining 18 participants provided a blood
sample. Three did not meet our inclusion criteria and were
excluded. Fifteen participants (12%) entered the run-in phase.
All completed the minimum of 5 exercise sessions during the
run-in phase and were randomly allocated to HI-IE and MI-CE
intervention groups.

3.2.  Participants

Descriptive characteristics of the 15 participants (8 males and
7 females) are summarized in Table 1. Of the 7 participants
allocated to HI-IE: 4 were treated with metformin alone; 1 with
metformin and sitagliptin, and 2 with dietintervention alone.
Of the 8 participants in MI-CE: 4 were treated with metformin
alone, 1 with metformin and sitagliptin, 2 with metformin
and sulfonylurea, 1 with sulfonylurea and sitagliptin. One

participant in MI-CE group discontinued antihyperglycemic
medication 9 weeksinto the 12-week intervention period. The
discontinuation was not related to our exercise program but
due to a delay in renewing a prescription. As a direct result of
this, a large increase in blood glucose concentration was
observed, and it was decided to repeat the fasting blood
glucose and HbA,. analyses while excluding the participant.
All the other data obtained from the participants were
included in the analyses.

At baseline, sagittal diameter and waist circumference
were lower in HI-IE than MI-CE (p < 0.05). There were no
significant baseline differences in body fat, fitness, or blood
profiles between groups.

3.3. Retention

Once enrolled in the study, all 15 participants completed all
phases of the study. No one dropped out from the exercise
intervention after randomization.

3.4. Adherence

Through the 12 weeks of exercise training intervention, both
HI-IE and MI-CE groups had similar exercise adherence, with
the mean attendance of 56 sessions for HI-IE and 57 for MI-CE
(97.2+2.7 and 97.3£3.7% of the eligible exercise sessions
completed within each exercise condition, respectively).
Reasons for not attending sessions included: health issues,
automobile troubles, and business trips.

3.5. Secondary outcomes

Contrary to our expectation, although it did not reach
statistical significance, IAAT increased from 110.3 +20.0 to
116.8 + 22.80 and from 141.6 4+ 40.7 to 154.6 + 43.1 cm? in HI-IE
and MI-CE, respectively. Because we suspected the increase
was associated with the formula used to compute IAAT, raw-
DXA data were analyzed and presented. Table 1 summarizes
changes from baseline. The decreases in percent trunk fat
were significant in HI-IE (p = 0.007) and showed tendency to
decrease in MI-CE (p = 0.075). Total percent body fat, percent
leg fat, and subcutaneous fat width were significantly reduced
in both groups (p <0.05). Conversely, in both exercise
intervention groups fasting blood glucose, HbA;., cholesterol,
HDL, LDL, ratio of cholesterol to HDL, triglycerides concentra-
tion, body weight, sagittal diameter, waist circumference and
percent arm fat did not change from baseline to post
intervention. One-way ANCOVA showed no significant differ-
ences between the interventions, indicating the similar
effectiveness of both types of exercise after accounting for
the baseline differences. For fasting blood glucose and HbA,,
neither intention-to-treat nor per-protocol analysis resulted in
any significant differences. VOypeax did not change in either
group but oxygen consumption at VT increased significantly
(p=0.025 for both groups). Maximal PO attained during
VOypeak test increased significantly only in HI-IE (p = 0.029).
Step counts tended to be higher when mean steps during
the 60 min exercise bout were compared to the pre-training
mean (p = 0.053), probably due to a longer time spent on the
treadmill. The step counts differed significantly between HI-IE
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Table 1 - Baseline blood profiles, anthropometric measures, body fat, and exercise performance changes over 12-week

exercise training.

Variable Intervention Baseline 12 weeks Changes from baseline p-Value?
n (M/F) HI-IE 4/4 4/4
MI-CE 4/3 4/3
Age (y) HI-IE 62 (3)
MI-CE 63 (5)
T2DM duration (y) HI-IE 6 (4)
MI-CE 8 (4)
Body weight (kg) HI-IE 80.5 (9.9) 79.7 (10.2) —0.8 (2.4) NS
MI-CE 93.9 (18.3) 92.6 (18.8) ~1.3(0.9) NS
BMI (kg/m?) HI-IE 28.4 (4.1) 28.1 (4.0) -0.3 (0.9) NS
MI-CE 33.1 (4.5) 32.6 (4.3) —0.5 (0.9) NS
Total body fat (%) HI-IE 36.1 (10.9) 34.2 (10.4) ~1.9 (1.4) 0.009
MI-CE 416 (6.3) 40.1 (5.6) —1.5 (1.5) 0.028
Trunk fat (%) HI-IE 417 (8.9) 39.2 (8.8) —2.5 (1.6) 0.007
MI-CE 46.1 (6.3) 44.3 (5.5) ~1.8 (2.4) 0.075
Arm fat (%) HI-IE 33.3 (15.8) 33.2 (15.5) —0.1 (1.3) NS
MI-CE 40.0 (8.1) 39.6 (7.1) —0.4 (2.1) NS
Leg fat (%) HI-IE 30.0 (13.8) 28.4 (12.9) —1.6 (1.6) 0.032
MI-CE 36.7 (7.5) 35.4 (7.1) —1.3 (1.5) 0.049
Sagittal diameter (cm) HI-IE 24.2 (1.8)" 24.3 (2.1) .2 (0.9) NS
MI-CE 27.7 (3.7) 28.2 (3.3) o 5 (1.3) NS
Waist circumference (cm) HI-IE 102.6 (7.2)* 102.2 (6.9) —0.5 (2.6) NS
MI-CE 116.3 (11.0) 115.1 (11.5) —1.2 (3.5) NS
Hip circumference (cm) HI-IE 107.1 (10.3) 105.4 (9.4) —1 7 (2.4) NS
MI-CE 116.0 (6.7) 114.3 (8.9) 7 (4.9) NS
Subcutaneous fat width (cm) HI-IE 4.4 (1.6) 4.1 (1.6) —-0.3 (0.2) 0.029
MI-CE 5.8 (1.9) 5.3 (1.9) —0.5 (0.6) 0.042
Fasting glucose (mmol/l) HI-IE 6.8 (0.8) 6.7 (0.8) —0.1 (0.8) NS
MI-CE 7.3 (1.7) 7.6 (3.0) 0.3 (2.9) NS
MI-CEP 7.3 (1.8) 6.7 (1.3) —0.6 (0.9) NS
HbA1c (%) HI-IE 6.6 (0.6) 6.5 (0.5) —0.1(0.3) NS
MI-CE 6.7 (0.9) 7.0 (1.1) 0.3 (0.5) NS
MI-CEP 6.6 (0.9) 6.7 (0.8) 0.1 (0.3) NS
HDL (mmol/l) HI-IE 1.2 (0.2) 1.2 (0.2) 0.0 (0.1) NS
MI-CE 1.3 (0.4) 1.3 (0.4) 0.0 (0.1) NS
LDL (mmol/l) HI-IE 2.0 (0.2) 2.2 (0.6) 0.2 (0.6) NS
MI-CE 1.8 (0.7) 1.8 (0.7) 0.0 (0.4) NS
Cholesterol (mmol/]) HI-IE 3.9 (0.4) 4.0 (1.0) 0.2 (0.9) NS
MI-CE 3.9 (0.5) 3.8 (0.8) —0.1 (0.3) NS
Cholesterol to HDL ratio HI-IE 3.2 (0.3) 3.5 (0.7) 0.2 (0.7) NS
MI-CE 3.3 (1.1) 3.2 (1.3) —0.1 (0.4) NS
Triglyceride (mmol/l) HI-IE 1.5 (0.4) 1.6 (0.9) 0.1 (0.7) NS
MI-CE 2.1 (0.8) 1.6 (0.9) —0.5 (1.2) NS
VOapear (ml/kg/min) HI-IE 22.8 (5.4) 24.3 (7.4) 5 (3.2) NS
MI-CE 18.1 (2.7) 18.9 (4.1) o 8 (2.5) NS
VO, at VT (ml/kg/min) HI-IE 10.5 (4.8) 12.2 (5.9) 1.7 (1.5) 0.025
MI-CE 10.5 (1.3) 12.2 (1.5) 1.7 (1.7) 0.025
Peak power output (W) HI-IE 145 (46) 162 (57) 17 (16) 0.029
MI-CE 118 (34) 128 (35) 11 (18) NS

HI-IE, high intensity interval exercise; MI-CE, moderate intensity continuous exercise; HbA;., glycosylated hemoglobin Aic; VOspeak, peak
oxygen consumption; VT, ventilator threshold; NS, not significant. Values are presented as mean (SD).

& Changes from the baseline values determined by paired sample t-tests.

® n =7, per-protocol analysis (one participant was excluded due to discontinuation of oral antihyperglycemic medication).

’ Significantly lower than MI-CE (p < 0.05).

ANCOVA on changes from baseline showed no differences between HI-IE and MI-CE among all parameters listed between HI-IE and MI-CE
(p > 0.05).
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and MI-CE, with HI-IE consistently showing higher number of
steps throughout the study (p < 0.001). After discarding the
days on the treadmill, time did not affect step counts
(p = 0.469), but between-group difference remained significant
(p < 0.001). Dietary intake of participants did not change over
time (p=0.96) and was consistently higher in HI-IE group
(p < 0.01). The result did not change when the same analysis
was performed on caloric intake relative to body mass (kcal/
kg). There were no group by time interaction effects.

3.6. Questionnaires

Overall results are summarized in Table 2. Changes in positive
well being, psychological distress, fatigue, task-efficacy,
scheduling-efficacy and coping-efficacy over time were not
significant. There were no differences between HI-IE and MI-
CE. Equal satisfaction with the interventions was confirmed by
the end-of-training questionnaire.

4, Discussion

To our knowledge, this is the first randomized trial to compare
the feasibility of high intensity interval and moderate
intensity continuous exercise training in individuals with
T2D. The results suggest that both interventions are feasible
and provide high satisfaction to participants. While the
recruitment rate for this study (12%) is similar to a larger
study investigating the effects of different exercise interven-
tions on glycemic control [33,34], the key finding is that, for the
subset of participants who were randomized into the exercise
training program in the present study, HI-IE training did not
negatively impact exercise adherence and retention compared
to more traditionally used MI-CE. Adherence and attrition

rates observed in HI-IE are superior to most of the studies
reporting the rates of individuals with T2D enrolled in
structured exercise [2]. These findings are important in light
of recent studies showing that interval training can possibly
lead to substantial improvements in glucoregulation [21] or
metabolic health [22] within a shorter timeframe than other
forms of training [23].

A number of contributing factors, including positive feeling
states, low psychological distress and fatigue, and high self-
efficacy, explain the high adherence and retention rates. A
relationship between positive feeling states and exercise
participation in aging individuals has previously been
reported [35]. In our study psychological responses to exercise
stimulus measured via subjective exercise experiences scale
were positive throughout the exercise training regardless of
exercise intensity and duration, and were highly comparable
to those of younger and more fit individuals [36,37]. Moderate
intensity exercise has generally believed to be an optimum
stimulus to induce positive psychological outcomes, while
positive sense of achievement in the completion of a difficult
task may also have resulted in the positive feeling states in HI-
IE [38]. To date, a few studies have reported an association
between high intensity continuous exercise and high psycho-
logical distress/fatigue [32,36,39]. However, by performing
high intensity exercise in interval fashion, HI-IE showed
similar levels of psychological distress and fatigue to MI-CE.

Self-efficacy is another important determinant of adher-
ence. Task-efficacy, coping-efficacy, and scheduling-efficacy
observed in this study were high in both groups and were
comparable to avid exercisers [31]. The reason for the positive
feeling states and high self-efficacy is not clear but may be
attributable to high motivation due to voluntary participation,
easy accessibility of the training facility, and supervision of
each exercise session [19]. In any case, it was speculated that

Table 2 - Means and standard deviations for psychological health, fatigue, and efficacy in response to exercise.

Exercise duration (min) HI-IE MI-CE
Mean (SD) Mean (SD)

Psychological well-being 30 5.5 (1.0) 5.4 (1.2)
45 5.6 (1.0) 6.2 (0.6)

60 5.6 (1.0) 6.5 (0.5)

Psychological distress 30 1.9 (0.9) 2.1 (1.3)
45 1.9 (1.2) 1.3 (0.7)

60 1.2 (0.2) 1.1 (0.2)

Fatigue 30 2.5 (0.9) 3.2 (1.7)
45 2.5 (0.9) 2.3 (1.1)

60 2.6 (1.6) 1.9 (1.0)

Task self-efficacy 30 8.4 (1.3) 8.8 (0.6)
45 8.6 (0.7) 9.2 (0.8)

60 9.2 (0.8) 9.6 (0.8)

Scheduling self-efficacy 30 7.5 (1.5) 8.0 (0.6)
45 7.8 (0.9) 8.7 (1.4)

60 8.3 (1.2) 9.0 (1.2)

Coping self-efficacy 30 8.0 (0.7) 8.7 (1.0)
45 8.3 (0.9) 9.0 (0.8)

60 8.1(0.8) 9.1 (1.0)

Satisfaction (End of study) 6.8 (0.5) 6.8 (0.4)

There were no significant differences in the magnitude of changes among all parameters listed between HI-IE and MI-CE (p > 0.05).
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the same average relative intensity and the same exercise
duration and frequency explained the absence of differences
in feeling states and self-efficacy between HI-IE and MI-CE,
and hence the similar adherence rates.

With regard to the secondary outcomes, compensatory
increases in energy intake and/or decreases in non-exercise
energy expenditure have been regarded as factors that, atleast
partially, negate exercise-induced weight loss [40]. Conse-
quently, we measured energy intake and step counts to
exclude the possibility that the secondary outcomes were
confounded by compensatory behavioral changes. When two-
way ANOVA was performed on food intake and step counts,
our results showed that there were no time effects or group by
time interaction effects, indicating that caloric intake and
physical activity outside the study remained relatively
constant for both HI-IE and MI-CE intervention groups. This
allowed us to attribute the changes in body composition to the
effects of the interventions.

While the secondary objective of the present study was to
investigate the effects of different exercise modalities on
IAAT and HbA,, it became apparent that the experimental
method chosen for estimating IAAT was inappropriate for
detecting longitudinal changes. For example, in some cases
where a large reduction in subcutaneous fat width was
estimated, we observed an increase in IAAT despite mean-
ingfullosses of body mass or the amount of total body fat. This
is contrary to what would be expected in studies that have
utilized computed tomography or magnetic resonance
imaging estimates of IAAT, which have shown that reduc-
tions in total body fat or subcutaneous fat width are strongly
associated with reductions in IAAT [12,13,41-43]. According-
ly, we analyzed raw anthropometric and DXA data and
demonstrated favorable body composition changes in the
abdominal area and in lower exercising limbs in both HI-IE
and MI-CE. This is an important benefit as excess body fat has
long been recognized as an important modifiable risk factor
for T2D.

Conversely, while HI-IE resulted in a significant increase in
PO, it showed no additional benefits on body composition over
MI-CE after accounting for the baseline differences, suggesting
the possibility that, when adjusted for relative intensity and
volume, HI-IE and MI-CE have equal effectiveness on body
composition. This findingis in line with the study by Cho et al,,
who reported similar impact on body composition changes
when continuous high and moderate intensity exercise with
duration adjusted for energy expenditure were compared [16].
Since there were no significant changes in food intake and
physical activity patterns outside the intervention throughout
the study period, similar energy expenditure associated with
HI-IE and MI-CE may explain similar changes in body
composition.

Our findings, however, need to be interpreted with
caution given the small sample size, the presence of
significant baseline differences in some characteristics
despite random assignment, and large individual variabili-
ty in certain changes. An investigation with more parti-
cipants is warranted to elucidate the impact of different
exercise interventions. Another potential factor that could
have affected the outcome was the presence of a run-in
phase. The run-in phase required the attendance of 5 out

of 6 sessions to be eligible for the study and this could have
resulted in a selection bias by favoring participants who
were more likely to be compliant to the intervention. This
selection of more compliant individuals strengthens
internal validity but may weaken external validity. How-
ever, because all participants were able to complete the
run-in phase and were randomized, the impact of the run-
in phase on selection bias was minimized.

It is also important to note that there are many different
forms of high-intensity interval training. A unique strength of
our study is that both exercise groups were matched in regards
to prescribed exercise duration, frequency, mean relative
intensity and volume. While this allows us to control for
confounding variables in a research context, it may not
represent some practical forms of interval training that may
have less recovery and/or shorter total exercise durations.
With regard to HbA,, fasting glucose, cholesterols, lipopro-
teins, and triglycerides, there was minimal to no improvement
observed in the present study. As indicated by a recent
systematic review, relatively low HbA;. at baseline [2], as well
as lack of statistical power to detect meaningful differences
may be responsible for the lack of change. Lastly, while
changes in VOypeqx did not achieve significant improvement,
VT increased significantly, suggesting that both interventions
were effective in improving aerobic fitness. While VO,peax is a
valid surrogate of VO,max [27], it was expected to be influenced
by many factors especially in those who are not accustomed to
exercising at a high intensity. Therefore, we regarded VT as
more robust assessment of the intervention effects in this
population.

In conclusion, high adherence and retention rates
indicated that, in individuals with T2D, implementing a
12-week structured high intensity interval exercise training
canbe as feasible as moderate intensity continuous exercise
training. This information is essential for planning more
definitive trials, which would require a relatively large
sample size and more sensitive measures of glycemic
control and intra-abdominal fat. Our results also demon-
strated that 12-week HI-IE and MI-CE interventions are
equally effective in lowering total body fat but have little
impact on HbA;. in relatively well controlled participants
with type 2 diabetes.
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