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ABSTRACT
Aim
The objective of this meta-analysis was to explore the effects of high-intensity interval training

(HNT) compared with control conditions (CON) or moderate intensity continuous training

(MICT) on glycemic parameters in diabetes subjects.
Methods

Pubmed, Embase and Google Scholar databases were searched for HIIT interventions that were
carried out in diabetic subjects and exploring fasting glucose, glycated haemoglobin (HbALc),

fasting insulin and/or HOMA-IR.
Results

This systematic review retrieved a total of 1741 studies of which 32 articles fulfilled the eligibility
criteria. Nineteen trials were included in the meta-analysis since they compared HIIT intervention
with CON or MICT group. There was a significantly reduction of fasting glucose of 13.3
mg/dL(p<0.001), HblAc -0.34% (p<0.001), insulin -2.27 UI/L (p=0.003), HOMA-IR -0.88
(p=0.005) in the HIIT-group compared with CON-group. Nevertheless, this reduction was not
significantly different when comparing HIIT with MICT (p= 0.140, p=0.315, p=0.520 and
p=0.389). Besides, there was a significant increase of absolute VO2max of 0.21 L/min (p<0.001)
and relative VO2max of 2.94 ml/kg/min (p<0.001) in the HIIT-group compared with the CON-

group and the MICT-group (0.22 L/min, p=0.025) and (0.97 ml/kg/min, p=0.045).
Conclusions

These findings revealed that HIIT intervention led to significant improvement in glycemic control

and insulin resistance in subjects with diabetes compared with CON-group.
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1. INTRODUCTION

Type 2 diabetes mellitus (T2DM) causes a greater burden of morbidity and mortality worldwide.
It is estimated that 642 million of adults aged 20-79 years will be diabetic by 2040 [1]. To identify
strategies that optimize its management, delay its onset and minimize or postpone the
complications associated with this disease are a priority for the scientific com-munity. Lifestyle
intervention is a fundamental aspect of diabetes care and includes nutrition therapy, physical
activity and smoking cessation counseling, among others [2]. Exercise has demonstrated
improvements on glycemic control, decreases in cardiovascular risk factors, and enhancement of
weight loss and feelings of well-being [3,4]. The American Diabetes Association recommends
practicing 60 min/day or more of moderate- or vigorous-intensity aerobic activity, with vigorous
muscle-strengthening and bone-strengthening activities at least 3 days/week [2,5]. It is stated that
people with T2DM should perform gradually increased aerobic and resistance exercise to reach
150 min/week of moderate-intensity exercise. However, there is no wide consensus about the
type, mode, duration, intensity and weekly frequency that should be prescribed to subjects with

diabetes.

High-intensity interval training (HIIT) has been recently promoted since it is a feasible
effective and time-efficient form of exercise. HIIT involves short intervals of exercise at a high
intensity and intervals at rest or at a lower intensity, allowing for less discomfort and inducing a
more positive mental wellbeing response than moderate intensity continuous training (MICT)
[6,7]. HIT exercise is defined as exercise with 80-100% peak heart rate alternating with periods
of low intensity (40-50% peak heart rate). MICT exercise included continuous exercise with <
70% peak heart rate. Scientific interest on this subject has increased in recent years and several
studies have demonstrated that this type of training leads to increase aerobic capacity,
cardiometabolic improvement, and weight loss, along with inflammatory markers decrease,
among other benefits. Although initially these studies were developed with a healthy population,
later they have also been developed with subjects with overweight, obesity, hypertension, even

more recently some of them have been carried out in subjects with T2DM [8-10]. The effect of



HIIT on glycemic control in subjects with diabetes has shown heterogeneous results [8-10] and
whether this training could have greater benefit than MICT in T2DM is still unclear. Thus, our
objective was to perform a systematic review and a meta-analysis of studies exploring the effect
of HIIT on subjects with type 1 diabetes mellitus (TLDM) or T2DM on glycemic parameters
(fasting glucose and insulin, HOMA-IR, and glycated hemoglobin). To our knowledge, this is the
first meta-analysis including all types of clinical trials performed of this training effect on glucose
metabolism both in TLDM and T2DM. Taking into account that physical activity is a corner-stone
in diabetes management, it is highly relevant to elucidate if there is a type of exercise that could

lead to a greater control of the disease.

2. MATERIAL AND METHODS

This meta-analysis has been reported according to the preferred reporting items for systematic
reviews and metanalyses (PRISMA) guidelines [11]. The Evaluation of Quality Assessment

instruments checklist is available in Tables S1 and S2.

2.1 Search strategy and study selection

A systematic search of the relevant literature was performed until May 1, 2020 with the use of
PubMed, Cochrane Library and Scopus database in order to identify interventional studies
investigating the effect of HIIT on glucose metabolism in subjects with diabetes. If available, we
also included systematic reviews, meta-analysis and clinical guidelines. References of in-cluded
studies and reviews were manually checked for additional studies. The structured search strategies
used the combination of HIT exercise and different outcomes related to glycemic profile in
subjects with diabetes: [HIIT OR High Intensity Interval Training] AND [Glucose OR Diabetic
OR Insulin OR HOMA OR Glycated haemoglobin OR DM2 OR Diabetes mellitus]. Articles
retrieved were then included or excluded based on the following criteria. Inclusion criteria
included: a) articles published in a peer-reviewed journal; b) randomized controlled trial or
clinical trial; c) studies conducted in adults older than 18 years old; d) studies conducted in

humans with T2DM,; e) studies which performed HIIT exercise compared to MICT exercise or



no exercise; f) studies which reported data about fasting glucose and/or glycated haemoglobin
and/or insulin and/or HOMA-IR. Exclusion criteria involved: a) case studies; b) letters,
commentaries, conference papers, or narrative reviews; c) studies not conducted in humans; d)
studies conducted in children. The search was limited to literature presented in English. The study
selection and data extraction were performed by seven different researches (ILM, JGG, LM, SPC,

LBR, AMB and RMG) being fully reviewed by two of them (ILM and RMG).

2.2 Outcome measures

Main outcomes of interest were changes in glucose, insulin, glycated haemoglobin and HOMA-
IR. Body weight, body mass index (BMI) and maximal oxygen uptake (VO2 max) variation after

intervention were secondary outcomes.

2.3 Data collection and data synthesis

Outcomes for glucose metabolism, body weight and maximal oxygen uptake were extracted and
registered in a database for analysis, including baseline and post-intervention mean + standard
deviation values, and mean difference (MD) and 95% confidence intervals were reported. If not
reported, the MD between pre-intervention and post-intervention was calculated by subtracting
baseline from post-intervention values. MD was calculated as a difference change from baseline
and was applied when different methods were used to establish the same outcome measure.
Standard deviation (SD) of the mean difference were obtained as follows: SD = square root [(SD
pre-exercise)? + (SD post-exercise)? — (2R x SD pre-exercise X SD post-exercise)], assuming an
effect model due to the moderately high (>50%) heterogeneity, which has quantitatively assessed
using the Higgins index 12. Authors of included studies were contacted for missing values if

required.

2.4 Statistical analysis

Between-group meta-analyses were completed for continuous data by using the change in the
mean and standard deviation of outcome measures as outlined previously. A random effects

inverse variance analysis was used with the effects measure of median deviation for fasting



glucose, glycated hemoglobin, insulin, HOMA-IR, VO, max and BMI measures. Heterogeneity
was quantified using the Cochrane Q test and Higgins 12. Egger funnel plots were pro-vided to
assess the risk of publication bias and were commented on in the results only in case of significant
publication bias (Figures S1-S7). Independent sample t-tests were conducted to assess differences
between HIIT and MICT interventions in training hours per week during the interventions or
between HIIT- non exercise. Within-group meta-analyses were completed for continuous data
using the baseline and post-intervention values for each intervention. Random effects inverse
variance analysis was also used with the same effects measures as above. Level of significance
was set at p < 0.05 and 95% confidence intervals. Due to the heterogeneity of HIIT intervention,
we did a sub-analysis included comparing the HIIT- MICT intervention, se-lecting only articles
which realized HIT interventions with intervals between 1 and 4 min (80-95% of maximum
oxygen consumption or> 90% of maximum heart rate), with a total duration of one HIIT session
> 20 min. Statistical analysis was performed using statistical computing was conducted using

package (meta) in R software (version 3.5.0) [12].

2.5 Quality measures

The quality of each included trial was assessed based on the previously validated methodology
developed by Kmet et al [13]. The methodology was derived from a checklist for assessing the
quality of quantitative studies, which included the following criteria: 1) Question, objective
sufficiently described?; 2) Study design evident and appropriate?; 3) Method of subject,
comparison group selection or source of information and input variables described and
appropriate?; 4) Subject and comparison group (if applicable) characteristics sufficiently de-
scribed?; 5) If interventional and random allocation was possible, was it reported?; 6) If
interventional and blinding of investigators was possible, was it reported?; 7) If interventional
and blinding of subjects was possible, was it reported?; 8) Outcome and (if applicable) exposure
measure(s) well defined and robust to measurement, misclassification bias? Means of assessment
reported?; 9) Sample size appropriate?; 10) Analytic methods described, justified and ap-

propriate?; 11) Some estimate of variance is reported for the main results?; 12) Controlling for



confounding?; 13) Results reported in sufficient detail?; 14) Conclusion supported by the results?.
Each question was answered with “yes”, “partial”’, “no” or “not applicable”. Scoring process was
done according to the following formula: ((number of “yes” x2) + (number of “partial” x1) / (total
possible sum (28) — (number of “not applicable” x2)). The score ranged from 0 to 1; thus, the
closer the value is to 1, the higher is the quality of the trial. Quality assessment of each trial was
performed by seven different researches (ILM, JGG, LM, SPC, LBR, AMB and RMG). Two

researchers performed the quality checklist of each trial. If a discordance was found (difference

mean score more than 0.1 points), a third review by a different researcher was performed.

3. RESULTS

This section may be divided by subheadings. It should provide a concise and precise de-scription
of the experimental results, their interpretation, as well as the experimental conclusions that can

be drawn.

3.1 Study selection

The systematic search retrieved a total of 1741 studies of which 1112 were identified in Pubmed,
348 in Cochrane and 281 in Scopus. After removing 281 duplicated articles, we screened 1460
manuscripts of which 821 were excluded because of they were not carried out in humans or they
were not clinical trials. We reviewed the abstract of 639 articles, excluding 533 articles for not
meeting selection criteria. We made full-text reviews of 106 articles, excluding 74 for various
reasons: not carried out in diabetic patient (n = 33), not reporting fasting glycaemic metabolism
parameters (n=25), not performing HIT (n = 6), carried out in subjects under 18 years of age
(n=4), five used the same patients and one of them was a letter. Thirty-two articles fulfilled the
eligibility criteria of which 19 were included in the quantitative synthesis (meta-analysis) and 13
were excluded from this analysis and were only included in qualitative synthesis for different
reasons. Most excluded articles did not have a control group (n=8), two of them had a control
group which did not include subjects with T2DM and three of them did not report complete data

(Figure 1).



3.2 Participants and main study characteristics

A detailed description of the studies included in the meta-analysis can be found in Table 1. The
19 studies included a total of 708 participants (aged 22-80 years). There was some heterogeneity
in clinical characteristics of the study populations. In summary, 19 studies recruited subjects with
T2DM of whom 9 included subjects without diabetic complications [14-22], two of them had
subjects with stable body weight [15,18], one of studies did not provide any antidiabetic treatment
[14]. Among 19 studies, 17 recruited participants of both sexes, only one of them included only
postmenopausal women [23] and one only recruited men with T2DM [24]. Twelve studies had a
2-armed intervention [14,18,21-30]: six of them analyzed the effect of HIIT exercise compared
with a control group [14,18,21,22,27,28], who did not do exercise; while the other six compared
the effect of HIT exercise with MICT [23-26,29,30]. Eight studies had 3-armed interventions,
including HIIT, control and MICT groups. Diabetes pharmacologic treatment differed among 19
studies included in the meta-analysis: twelve articles recruited participants who were only taking
oral antidiabetics, five included participants receiving insulin, two did not report any drug detail

and one reported that participants did not take any diabetic medication.

Table S3 shows the main characteristics of the 13 articles included in the qualitative
analysis. The studies included a total of 336 participants with mean age of 50.7 years (range 22-
80 years). Nine studies recruited subjects with T2DM [31-39], two studies included prediabetic
and subjects with diabetes [40,41], one study included T2DM subjects and healthy participants
[42] and, finally, one study included subjects with T2DM, dyslipidemia, hypertension and a group
of healthy subjects who carried out HIIT [43]. Four studies reported a single arm intervention,
including only subjects who performed HIIT; six studies had 2-armed intervention, including
participants who did HIIT exercise and MICT or not exercise; and three studies reported 3 or

more-armed study groups.

3.3 Training description



Training description of those studies included in meta-analysis can be found in Table 1. Briefly,
most of the studies involved cycling (n=6) or ergocycling (n=6), two included a combination of
walking and jogging on a treadmill, one performed a combination of cycling and walking, an-
other three carried out fast walking and one of them did not report what kind exercise realized
their participants. HIIT exercise included heterogeneous design involving: from 4 intervals of 1
minute to 60 intervals of 8 seconds, with a heart rate max between 70 to 100%, interspersed by
intervals from 12 seconds to 4 minutes with a heart rate max of 40-50%. Besides, most HIIT
exercise included warm-up and cool down periods from 3 to 10 minutes. Training duration per
session widely ranged from 10 to 135 minutes with a frequency from 2 to 5 days per week.

Intervention’s duration of the studies varied from 8 to 16 weeks.

Training exercise of articles included in the qualitative analysis included cycling or ergo-
cycling (n=11), running or jogging (n=2), functional weightlifting (n=1) and elliptical (n=1)
(Table S3). HIT exercise included heterogeneous design including: from 3 intervals of 3.5
minutes to 20 intervals of 30 seconds, with a heart rate of between 70 to 95% maximum,
interspersed generally by intervals of one minute of active recovery. However, in most studies the
HIIT protocols did not report warm-up and cool down times. Training duration per session ranged
from 10 to 60 minutes, with a frequency of one to three days per week. The duration of

interventions studies varied from 6 to 16 weeks.

3.4 Changes in glycemic metabolism

3.4.1 Fasting glucose

Among 19 studies included in this meta-analysis, fifteen reported fasting glucose data pre- and
post-exercise intervention and seven described significant differences after the HIIT intervention.
Cassidy et al [27] and Suryanegara et al [21] reported that fasting glucose levels did not
significantly vary among participants doing HIIT, while the significantly increased in participants
not practicing any exercise. Besides, two studies [19,22] showed that the HIIT group showed
significant reductions in fasting glucose compared with control groups. Winding et al [44]

demonstrated that the HIIT group showed significantly decrease in fasting glucose while in



endurance training and control groups had no significant declines. Finally, Mitranun et al [16]
showed significant decreases in fasting glucose in HIIT and continuous training groups (Table

2).

Data of fasting glucose levels reported by fifteen studies was included in the meta-analysis. Of
these, 13 of them (81.3%) compared the HIIT group with at least one control group (no exercise
or MICT group). There was a reduction in fasting glucose of 13.3 mg/dL (-19.83 to -6.79 mg/dL,
p<0.001) in the HIIT group compared with the no exercise group (Figure 2A). However, this re-
duction was not significantly different when comparing HIT with MICT groups -3.76 mg/dL (-
8.75 to 1.23 mg/dL, p= 0.140, Figure 2B). The sub-analysis included four articles with
homogenous HIIT intervention showing there was a reduction in fasting glucose of 5.83 mg/dL
(-11.50 to -0.17 mg/dL, p<0.043) in the HIIT group compared with the MICT group. However,

this re-duction was not significantly different using the prediction interval (-18.27 to 6.60 mg/dL).

3.42 HblAc

Of 19 studies included in the meta-analysis, seventeen of them reported Hb1Ac levels pre- and
post-exercise intervention. Ten of them described significant differences after training HIIT
intervention. Six studies [14,16,17,22,29,44] reported significant decreases of Hb1Ac only in the
HIIT group, without significant differences in control or MICT groups. However, one study [23]
showed significant decreases both in HIIT and MICT groups. Finally, Suryanegara et al [21]
described significant reductions of Hb1Ac in both groups (HIIT and no exercise group) (Table

2).

Data of Hb1Ac reported by seventeen studies was included in the meta-analysis. Of these, 15 of
them (83.3%) compared HIIT to at least one control group (no exercise or MICT group). Hb1Ac
concentration decreased by -0.34% (-0.52 to -0.16%, p<0.001) in the HIIT group which was
significant different when it was compared with the no exercise group (Figure 3A). However,
this reduction was not significantly different when comparing HIIT exercise with MICT exercise

(-0.07%, -0.20 to 0.06, p=0.315, Figure 3B). The sub-analysis included eight articles with



homogenous HIIT intervention showing there was a not significant reduction in Hb1Ac of -0.0938
(-0.2437 to 0.0561, p=0.220) in the HIIT group compared with the MICT group. Furthermore,

this reduction was also not significantly different using the prediction interval (-0.28 to 0.09 %).

3.4.3 Insulin

Among 19 studies included in the current meta-analysis, only eight of them reported fasting
insulin data pre- and post-exercise intervention and half of them (4 studies) described significantly
differences after training HIIT intervention. Two groups showed a benefit of HIIT in fasting
insulin levels: Karstoft et al [15] reported only significant decreases in the HIIT group while
control and MICT groups experienced significant increases and no variation, respectively; while
Ghardashi Afousi et al [19] reported significant decreases in HIIT and MICT groups. However,
the other two studies reported negative or neutral effect of HIIT intervention on fasting insulin:
one of them showed that HIIT lead to significant increases in fasting insulin levels [18]. The other
one demonstrated that HIIT did not cause any effect and only the MICT group showed a

significant decrease in fasting insulin [26] (Table 2).

Data of fasting insulin informed by eight studies was included in the meta-analysis. Among, 5
(62.5%) compared HIIT to at least one control group (no exercise or MICT group). There was a
significant reduction in insulin -2.27 UI/L (-3.78 to —0.75 UI/L, p=0.003) in the HIIT group com-
pared with the no exercise group. Nevertheless, the predicted value did not show significant
decreases (-5-59 to 1.06, Figure 4A). Besides, the reduction was not significantly different when

comparing HIT with MICT (-0.53 UI/L, -2.14 to 1.08, p=0.520, Figure 4B).

344 HOMA-IR

Of 19 studies that were included in the meta-analysis, eleven of them reported HOMA-IR values
pre- and post-exercise intervention and six of them described significant differences after training
HIIT intervention. Five studies [14,19,22,26,44] showed significantly decreases of HOMA-IR in

participants practicing HIIT, although two of them showed significantly decreases in the MICT



group as well [19,26]. In contrast, Hollekim-Strand et al [17] showed there was not a significant

variation of HOMA levels in HIIT and MICT groups after training intervention (Table 2).

Data of HOMA-IR reported by eleven studies was included in the meta-analysis. Of these,
10 of them (90.9%) compared HIIT to at least one control group (no exercise or MICT group).
HOMA-IR varied by -0.88 (-1.49 to —0.26 UI/L, p=0.005) in the HIT group compared with the
no exercise group. However, the predicted value did not show significantly decreases (-2.50 to
0.75), due to the small differences and the limited number of studies included in this me-ta-
analysis (Figure 5A). The reduction was not significantly different when comparing HIIT
exercise with MICT exercise -0.17, (-0.57 to 0.22, p=0.389, Figure 5B). Visual interpretation of
funnel and bubble plots suggested limited publication bias in HOMA-IR when comparing HIIT

both with no exercise and MICT (p=0.038 and p=0.0076, respectively; Figure S4).

3.4.5 Qualitative synthesis

Of 13 studies included in qualitative synthesis, 69% (9/13), 50% (4/8) and 40% (2/5) reported
significant differences in fasting glucose, Hb1Ac and HOMA-IR respectively, between pre- and

post-values after training HIIT intervention. (Table S3).

3.5 Changes in anthropometric characteristics

Although change in anthropometric characteristics was not the main objective of the current
study, we analysed the effect of HIIT intervention on BMI and cardiorespiratory fitness, ex-
pressed as absolute or relative VO2max, due to the great relevance that the change in these

parameters has for the interpretation of the results of glycemic parameters.

351 BMI

Of 19 studies included in the meta-analysis, thirteen of them reported BMI pre- and post-exercise
intervention and seven of them described significant differences after training HIIT intervention.
Most studies (87.5%) [14-17,22,29,44], showed that significantly decreased in BMI occurred

only in the HIIT group, without significantly differences in control or MICT groups (Table 2).



Data on BMI reported by thirteen studies was included in the meta-analysis. Of these, 11 of them
(84.6%) compared HIIT to at least one control group (no exercise or MICT group). There was not
a significantly reduction in BMI (which varied by -0.31 kg/m2, -0.85 to 0.24 kg/m2, p=0.267) in
the HIT group compared with the no exercise group (Figure 6A). Besides, the re-duction was
not significantly different when comparing HIIT with MICT neither (-0.096 kg/m2, -0.544 to

0.353 kg/m2, p=0.676, Figure 6B).

3.5.2  Cardiorespiratory fitness

Cardiorespiratory fitness was expressed as absolute (L/min) or relative (mL/kg/min) VO2max
which was reported by sixteen studies (80%). Of these, nine showed significant increases of
absolute or relative VO2max in the HIIT group, without significant variation in MICT group
among four studies [15,17,26,29]. In contrast, two studies showed significant increases of
VO2max both in the HIIT group and the control group. Similarly, three studies reported that HIIT
and MICT groups experienced significant increasing of VO2max, without a significant variation

in the control group [16,19,44] (Table 2).

Data of VO2max informed by fifteen studies was included in the meta-analysis. Of these, nine
(60%) reported data of absolute VO2max, while thirteen (86.7%) showed data of relative
VO2max. There was a significant increase of absolute VO2max of 0.21 L/min (0.12 to 0.29
L/min, p<0.001) in the HIIT group compared with the no exercise group (Figure 7A). The
increase was also significant when comparing HIIT with MICT (0.22 L/min, 0.04 to 0.40 L/min,
p=0.025). However, the predicted value of the comparison of HIIT vs MICT exercises, was not
significant due to the limited number of studies included in this meta-analysis (Figure 7B). Along
the same lines, relative VO2max, which is expressed according to body weight, significantly
increased by 3.02 ml/kg/min (2.36 to 3.67 ml/kg/min, p<0.001) in the HIIT group compared with
the no exercise group (Figure 8A). In addition, the increase was also significant when comparing
HIIT with MICT (0.97 ml/kg/min, 0.29 to 1.65 ml/kg/min, p=0.045, Figure 8B). However, both
predictive values were not significant indicating that it is necessary to increase the number of

studies for a more accurate analysis. Visual interpretation of funnel and bubble plots suggested



limited publication bias in absolute levels VO2max when HIIT and MICT were compared

(p=0.014, Figure S6).

3.5.3 Qualitative synthesis

Of 13 studies included in qualitative synthesis, 9 and 4 of them, respectively, reported data of
BMI and cardiorespiratory fitness before and after exercise. Of them 44.4% (4/9) and 100% (4/4)
reported significant differences in BMI and cardiorespiratory fitness respectively, between pre-

and post-values after training HIIT intervention (Table S3).

3.6 Quality of the studies

The overall quality score of the included studies in meta-analysis is summarized in Table 2, with
a quality score ranging from 0.59 to 0.96, and a mean score of 0.75. Detailed description of quality
assessment for each study is included in Table S1. The greatest concerning issues were
randomization of descriptions, blinding of investigators and subjects, sample size calculation and
controlling for confounding factors. Among 19 studies that were included in the meta-analysis,
only 7 of them included a sample size calculation and two of them partially described it. Besides,
none study made a statistical analysis taking into account the confounding factors and only three

of them taking into account partially.

The overall quality score of the included studies in the review analysis is summarized in
Table S3. These studies showed lower quality score than studies included in the meta-analysis
with a score that ranged from 0.30 to 0.86 and a mean score of 0.60. Table S2 shows the detailed
description of quality assessment for each study included in the systematic review. The issues a
greatest concerning was randomization of descriptions, blinding of investigators and subjects,
sample size calculation and controlling for confounding factors. Among seven systematic-review
studies which included a randomized clinical trial design, only two of them carried out a blinded
intervention. Among 13 included trials, 3 of them included a sample size calculation and one of
them partially described it. In addition, only one study did a statistical analysis taking into account

the confounding factors.



4. DISCUSSION

The main finding of this meta-analysis is that HIIT led to higher improvement in glucose
metabolism parameters (both glucose, HbAlc, insulin and HOMA-IR) in subjects with T2DM
compared with no practicing exercise practice. Exercise induced a similar benefit on glycemic
homeostasis compared with MICT. The decrease in BMI was similar after intervention with both
exercise protocols but, importantly, the meta-analysis revealed that HIIT caused higher significant
VO2max increases than MICT. Most studies reported that HIIT was well tolerated and safe and
participants showed a high compliance for this protocol intervention. Among 19 studies included
in the meta-analysis, only one recruited subject with TIDM so our findings could not be

extrapolated for this disease.

Previous meta-analysis exploring the effects of HIIT and MICT in subjects with T2DM
included few studies and showed heterogenous results in glucose metabolism [45-48], being the
current article the first meta-analysis which included a complete systematic review. While
Trevisan De Nardi et al [46] found no differences in Hb1Ac between two modalities of exercises,
Liubaoerjijin et al [48] and Liu et al [47] observed greater improvement in HbAlc after HIIT
intervention (WMD = -0.23 (95%CI -0.43 t0 -0.02), p = 0.03; — 0.37, (95%CT1 -0.55 t0 -0.19, P <
0.0001, respectively). Our meta-analysis is the largest one by including 19 studies and it revealed
that subjects with T2DM underwent HIIT obtained reductions in glucose and HbAlc levels,
which was statistically significant comparing to no exercise group. The results seemed to
indicated that HIIT could have a slight benefit in glycemic control than the one produced by
MICT; although, no statistical differences among two exercise protocols were found. However,
it is interesting to highlight that any decrease in HbAlc concentrations has been widely related to
a decrease in microvascular and macrovascular complications in T2DM specially in early phases
of the disease [49,50]. In the Second Manifestations of Arterial Disease (SMART) trial, a 1%-
HbAlc level increase was associated to a 27% higher risk of a cardiovascular event in patients
with T2DM without vascular disease [51]. It is important to note that the non-difference between

exercise protocols on glucose and HbA1c may be related to the small sample size of the studies.



The number of studies exploring the effect of HIIT on insulin and HOMA-IR in subjects
with T2DM is quite limited. Just one meta-analysis including 5 trials has previously explored the
effect of HIIT on insulin and HOMA-IR in subjects with diabetes by not showing statistical-ly
significant differences between HIIT in control nor MICT groups [47]. Authors mentioned that
the lack of benefit of HIIT on insulin resistance may be due to the different methods used to
determine insulin sensitivity and glycemic control in different trials. Our meta-analysis showed
that HIIT caused significant improvements in insulin and HOMA-IR concentrations with respect
to not practicing physical activity, although predictive values were not significant for any
parameter. This lack of significance could be due to the small differences observed after both
interventions and the limited number of trials that reported fasting insulin (N = 8) and HOMA-IR
(N = 11) levels after interventions. We observed no differences in the benefit obtained by HIT

and MICT interventions on insulin resistance markers.

The mechanisms responsible for the benefit of HIIT in glycemic control and insulin
resistance in subjects with T2DM may entail a combination of improvements on beta cell function
and, hepatic and peripheral insulin resistance [10]. HIT has previously been demonstrated to
increase receptor gamma coactivator 1-alpha (PGC-1a) which drives the expression of glucose
transporter type 4 (GLUT 4) [52]. PGC-1a activity has been suggested to decrease glucose
transport and mitochondrial fatty-acid oxidation; thus, incompletely oxidized fatty acid
intermediates would increase by leading to insulin resistance [53]. On the other hand, Tjonna et
al. showed increased circulating adiponectin after HIIT intervention whose concentrations have

been widely and directly related to insulin sensitivity and T2DM development [54].

Previous meta-analysis has pointed out the superiority of HIIT for aerobic fitness by
showing a higher increase in VO2max than MICT both in healthy and in subjects with T2DM
[55,56]. In spite of it being a secondary outcome of our meta-analysis, we analyzed the
cardiorespiratory fitness in those trials that were included by showing a significantly greater in-
crease in VO2max compared with the no exercise group and MICT. However, the predictive value

was not statistically significant, due to the limited number of trials and the small sample size. The



superiority of HIIT for cardiorespiratory fitness has important clinical implications since
VO2max is a great predictor of cardiovascular risk and its improvement is associated with a
decrease in cardiovascular disease morbidity and mortality and T2DM prevalence [57]. In fact,
several researches point out that the improvement of functional capacity in T2DM pa-tients
represents an important therapeutic task [57]. Moreover, HIIT interventions have demon-strated
to have superior benefits than MICT in other factors with an essential impact on the management
of T2DM and global cardiovascular risk: decreased in systolic and diastolic blood pressure,
oxidative stress and inflammation and increased in high density lipoproteins, avail-ability of nitric

oxide and cardiac function, among others [54,55,58-60].

Weight loss is also a key issue in the management of T2DM. Despite finding of a superior
benefit on weight loss after HIIT intervention compared with MICT being not well established, a
recent meta-analysis has reported that HIIT provided 28.5% greater reductions in total absolute
fat mass than MICT [61]. Our meta-analysis revealed no significant decreases in BMI after HIIT
intervention compared with control or MICT groups. However, the body composition is an
essential factor that could interfere in the results and it was not assessed in the trials included in
the meta-analysis. Researchers have previously proposed that the enhance-ability of HIIT on
cardiorespiratory fitness could improve the hypoxia-induced necrosis of adipose tissue that occurs
in overweight and obesity [62]. This could, in turn, lead to improvements in insulin resistance,
inflammation and oxidative stress that could contribute to lower cardiovascular risk in subjects

with T2DM.

Unquestionably, the success of an exercise intervention and the optimization of long-term
benefits directly depend on the compliance to the recommendations. It has been previously
demonstrated that adherence to HIIT protocol prescription is higher than the reported by other
exercise like MICT and participants showed higher rates of enjoyment and greater improvements
of quality of life with HIIT [6,55]. HIIT is also reported to be more time-efficient than MICT
which is an essential issue since lack of time is often one the reasons why people do not practice

sport. The compliance of both HIIT and MICT was very high in all trials that were included in



the meta-analysis and no differences were reported in safety, tolerability and compliance between

the two protocols.

It is important to note that the trials included in the meta-analysis experiences
methodological limitations that should be taken into account when interpreting the findings.
Firstly, HIIT protocols are not fully standardized. The trials included in the meta-analysis consist
of a variety of intervals, intensities and program durations. In this way, some authors have
demonstrated that the intensity and duration of the recovery period in HIT plays an essential role
in cardiometabolic changes obtained with this exercise. Moreover, the mode and intensity of
exercise protocol seems to have an essential role in benefits induced by HIIT since different
studies have described that a 4x4 approach leads to higher improvements in cardiometabolic
parameters when compared to other protocols. Secondly, most interventions were of short du-
ration. Long-term interventions would be useful to explore the glycemic control, safety,

tolerability and the adherence to this exercise protocol in subjects with T2DM.

5. CONCLUSIONS

In conclusion, this meta-analysis revealed that HIIT led to a greater improvement in glucose
metabolism parameters (both glucose, HbAlc, insulin and HOMA-IR) in subjects with T2DM
when compared with no practicing exercise. The benefits observed both in glycemic control,
insulin resistance and the evolution of body mass index after the interventions with HIIT and
MICT did not significantly differ. Importantly, the meta-analysis showed that HIIT caused higher
significant VO2max increases than MICT in subjects with T2DM that would in-volve further
clinical benefits beyond glycemic control. Based on these statements, future recommendations in
the management of T2DM should consider including HIIT counselling at the same level as MICT

is usually advised.
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Figure Legend

Figure 1. Flow Chart

Figure 2. Forest plot of fasting glucose change depending on exercise performed: HIT vs non

exercise (A) and HIIT vs CMIT exercise (B).

Figure 3. Forest plot Hb1Ac change depending on exercise performed: HIIT vs non exercise

(A) and HIIT vs CMIT exercise (B).



Figure 4. Forest plot insulin change depending on exercise performed: HIIT vs non exercise (A)

and HIIT vs CMIT exercise (B).

Figure 5. Forest plot HOMA change depending on exercise performed: HIIT vs non exercise

(A) and HIIT vs CMIT exercise (B).

Figure 6. Forest plot BMI change depending on exercise performed: HIIT vs non exercise (A)

and HIIT vs CMIT exercise (B).

Figure 7. Forest plot Absolute VO 2max change depending on exercise performed: HIIT vs non

exercise (A) and HIIT vs CMIT exercise (B).

Figure 8. Forest plot Relative VO 2max change depending on exercise performed: HIIT vs non

exercise (A) and HIIT vs CMIT exercise (B).

Supplemental Figure

Figure S1. Funnel and bubble plot of fasting glucose depending on exercise performed: HIIT vs

non exercise (A) and HIIT vs CMIT exercise (B).

Figure S2. Funnel and bubble plot of Hb1Ac depending on exercise performed: HIIT vs non

exercise (A) and HIIT vs CMIT exercise (B).

Figure S3. Funnel and bubble plot of fasting insulin depending on exercise performed: HIIT vs

non exercise (A) and HIIT vs CMIT exercise (B).

Figure S4. Funnel and bubble plot of HOMA depending on exercise performed: HIIT vs nhon

exercise (A) and HIIT vs CMIT exercise (B).

Figure S5. Funnel and bubble plot of BMI depending on exercise performed: HIIT vs non

exercise (A) and HIIT vs CMIT exercise (B).

Figure S6. Funnel and bubble plot of Absolute VO,max depending on exercise performed:

HIIT vs non exercise (A) and HIIT vs CMIT exercise (B).



Figure S7. Funnel and bubble plot of relative VO,max depending on exercise performed: HIIT

vs non exercise (A) and HIIT vs CMIT exercise (B).



REFERENCES

[1]

(2]

3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus
and its complications. Nat Rev Endocrinol 2018;14:88-98.
https://doi.org/10.1038/nrendo.2017.151.

5. Lifestyle Management: Standards of Medical Care in Diabetes—2019 | Diabetes Care
n.d. https://care.diabetesjournals.org/content/42/Supplement_1/546 (accessed
September 10, 2021).

Hemmingsen B, Gimenez-Perez G, Mauricio D, Roqué | Figuls M, Metzendorf M-I, Richter
B. Diet, physical activity or both for prevention or delay of type 2 diabetes mellitus and
its associated complications in people at increased risk of developing type 2 diabetes
mellitus. Cochrane Database Syst Rev 2017;12:CD003054.
https://doi.org/10.1002/14651858.CD003054.pub4.

Yang D, Yang Y, Li Y, Han R. Physical Exercise as Therapy for Type 2 Diabetes Mellitus:
From Mechanism to Orientation. Ann Nutr Metab 2019;74:313-21.
https://doi.org/10.1159/000500110.

Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. Physical
Activity/Exercise and Diabetes: A Position Statement of the American Diabetes
Association. Diabetes Care 2016;39:2065-79. https://doi.org/10.2337/dc16-1728.

Brr O, Tm S, M K, Fo P, Ac D. Affective and enjoyment responses in high intensity interval
training and continuous training: A systematic review and meta-analysis. PloS One
2018;13. https://doi.org/10.1371/journal.pone.0197124.

Taylor JL, Holland DJ, Spathis JG, Beetham KS, Wislgff U, Keating SE, et al. Guidelines for
the delivery and monitoring of high intensity interval training in clinical populations. Prog
Cardiovasc Dis 2019;62:140-6. https://doi.org/10.1016/j.pcad.2019.01.004.

Costa EC, Hay JL, Kehler DS, Boreskie KF, Arora RC, Umpierre D, et al. Effects of High-
Intensity Interval Training Versus Moderate-Intensity Continuous Training On Blood
Pressure in Adults with Pre- to Established Hypertension: A Systematic Review and Meta-
Analysis of Randomized Trials. Sports Med 2018;48:2127-42.
https://doi.org/10.1007/s40279-018-0944-y.

Wewege M, van den Berg R, Ward RE, Keech A. The effects of high-intensity interval
training vs. moderate-intensity continuous training on body composition in overweight
and obese adults: a systematic review and meta-analysis. Obes Rev 2017;18:635—-46.
https://doi.org/10.1111/0br.12532.

Cassidy S, Thoma C, Houghton D, Trenell MI. High-intensity interval training: a review of
its impact on glucose control and cardiometabolic health. Diabetologia 2017;60:7-23.
https://doi.org/10.1007/s00125-016-4106-1.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et al. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. BMJ 2009;339:b2700.
https://doi.org/10.1136/bmj.b2700.

Team RC. R Foundation for Statistical Computing; Vienna, Austria: 2014. R: A Language
and Environment for Statistical Computing 2018:2013.

Standard quality assessment criteria for evaluatin.pdf n.d.

Backx K, McCann A, Wasley D, Dunseath G, Luzio S, Owens D. The effect of a supported
exercise programme in patients with newly diagnosed Type 2 diabetes: a pilot study. J
Sports Sci 2011;29:579-86. https://doi.org/10.1080/02640414.2010.544666.

Karstoft K, Winding K, Knudsen SH, Nielsen JS, Thomsen C, Pedersen BK, et al. The effects
of free-living interval-walking training on glycemic control, body composition, and
physical fitness in type 2 diabetic patients: a randomized, controlled trial. Diabetes Care
2013;36:228-36. https://doi.org/10.2337/dc12-0658.



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Mitranun W, Deerochanawong C, Tanaka H, Suksom D. Continuous vs interval training on
glycemic control and macro- and microvascular reactivity in type 2 diabetic patients.
Scand J Med Sci Sports 2014;24:e69-76. https://doi.org/10.1111/sms.12112.
Hollekim-Strand SM, Hgydahl SF, Follestad T, Dalen H, Bjgrgaas MR, Wislgff U, et al.
Exercise Training Normalizes Timing of Left Ventricular Untwist Rate, but Not Peak
Untwist Rate, in Individuals with Type 2 Diabetes and Diastolic Dysfunction: A Pilot Study.
J Am Soc Echocardiogr 2016;29:421-430.e2. https://doi.org/10.1016/j.ech0.2016.01.005.
Bellia A, lellamo F, De Carli E, Andreadi A, Padua E, Lombardo M, et al. Exercise
individualized by TRIMPi method reduces arterial stiffness in early onset type 2 diabetic
patients: A randomized controlled trial with aerobic interval training. Int J Cardiol
2017;248:314-9. https://doi.org/10.1016/].ijcard.2017.06.065.

Ghardashi Afousi A, 1zadi MR, Rakhshan K, Mafi F, Biglari S, Gandomkar Bagheri H.
Improved brachial artery shear patterns and increased flow-mediated dilatation after
low-volume high-intensity interval training in type 2 diabetes. Exp Physiol
2018;103:1264-76. https://doi.org/10.1113/EP087005.

Magalhdes JP, Judice PB, Ribeiro R, Andrade R, Raposo J, Dores H, et al. Effectiveness of
high-intensity interval training combined with resistance training versus continuous
moderate-intensity training combined with resistance training in patients with type 2
diabetes: A one-year randomized controlled trial. Diabetes Obes Metab 2019;21:550-9.
https://doi.org/10.1111/dom.13551.

Suryanegara J, Cassidy S, Ninkovic V, Popovic D, Grbovic M, Okwose N, et al. High
intensity interval training protects the heart during increased metabolic demand in
patients with type 2 diabetes: a randomised controlled trial. Acta Diabetol 2019;56:321-
9. https://doi.org/10.1007/s00592-018-1245-5.

Abdelbasset WK, Tantawy SA, Kamel DM, Algahtani BA, Soliman GS. A randomized
controlled trial on the effectiveness of 8-week high-intensity interval exercise on
intrahepatic triglycerides, visceral lipids, and health-related quality of life in diabetic
obese patients with nonalcoholic fatty liver disease. Medicine (Baltimore)
2019;98:€14918. https://doi.org/10.1097/MD.0000000000014918.

Maillard F, Rousset S, Pereira B, Traore A, de Pradel Del Amaze P, Boirie Y, et al. High-
intensity interval training reduces abdominal fat mass in postmenopausal women with
type 2 diabetes. Diabetes Metab 2016;42:433-41.
https://doi.org/10.1016/].diabet.2016.07.031.

Wormgoor SG, Dalleck LC, Zinn C, Borotkanics R, Harris NK. High-Intensity Interval
Training Is Equivalent to Moderate-Intensity Continuous Training for Short- and Medium-
Term Outcomes of Glucose Control, Cardiometabolic Risk, and Microvascular
Complication Markers in Men With Type 2 Diabetes. Front Endocrinol (Lausanne)
2018;9:475. https://doi.org/10.3389/fendo.2018.00475.

Terada T, Friesen A, Chahal BS, Bell GJ, McCargar LJ, Boulé NG. Feasibility and preliminary
efficacy of high intensity interval training in type 2 diabetes. Diabetes Res Clin Pract
2013;99:120-9. https://doi.org/10.1016/j.diabres.2012.10.019.

Ramos JS, Dalleck LC, Borrani F, Mallard AR, Clark B, Keating SE, et al. The effect of
different volumes of high-intensity interval training on proinsulin in participants with the
metabolic syndrome: a randomised trial. Diabetologia 2016;59:2308-20.
https://doi.org/10.1007/s00125-016-4064-7.

Cassidy S, Thoma C, Hallsworth K, Parikh J, Hollingsworth KG, Taylor R, et al. High
intensity intermittent exercise improves cardiac structure and function and reduces liver
fat in patients with type 2 diabetes: a randomised controlled trial. Diabetologia
2016;59:56—66. https://doi.org/10.1007/s00125-015-3741-2.

Ruffino JS, Songsorn P, Haggett M, Edmonds D, Robinson AM, Thompson D, et al. A
comparison of the health benefits of reduced-exertion high-intensity interval training



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

(REHIT) and moderate-intensity walking in type 2 diabetes patients. Appl Physiol Nutr
Metab 2017;42:202-8. https://doi.org/10.1139/apnm-2016-0497.

Stga EM, Meling S, Nyhus L-K, Glenn Strgmstad null, Mangerud KM, Helgerud J, et al.
High-intensity aerobic interval training improves aerobic fitness and HbAlc among
persons diagnosed with type 2 diabetes. Eur J Appl Physiol 2017;117:455-67.
https://doi.org/10.1007/s00421-017-3540-1.

Mortensen SP, Winding KM, lepsen UW, Munch GW, Marcussen N, Hellsten Y, et al. The
effect of two exercise modalities on skeletal muscle capillary ultrastructure in individuals
with type 2 diabetes. Scand J Med Sci Sports 2019;29:360-8.
https://doi.org/10.1111/sms.13348.

Madsen SM, Thorup AC, Overgaard K, Jeppesen PB. High Intensity Interval Training
Improves Glycaemic Control and Pancreatic  Cell Function of Type 2 Diabetes Patients.
PLoS ONE 2015;10:e0133286. https://doi.org/10.1371/journal.pone.0133286.
Nieuwoudt S, Fealy CE, Foucher JA, Scelsi AR, Malin SK, Pagadala M, et al. Functional
high-intensity training improves pancreatic B-cell function in adults with type 2 diabetes.
Am J Physiol Endocrinol Metab 2017;313:E314-20.
https://doi.org/10.1152/ajpendo.00407.2016.

Alvarez C, Ramirez-Campillo R, Martinez-Salazar C, Mancilla R, Flores-Opazo M, Cano-
Montoya J, et al. Low-Volume High-Intensity Interval Training as a Therapy for Type 2
Diabetes. Int J Sports Med 2016;37:723-9. https://doi.org/10.1055/s-0042-104935.
Francois ME, Durrer C, Pistawka KJ, Halperin FA, Chang C, Little JP. Combined Interval
Training and Post-exercise Nutrition in Type 2 Diabetes: A Randomized Control Trial.
Front Physiol 2017;8:528. https://doi.org/10.3389/fphys.2017.00528.

Mangiamarchi P, Caniuqueo A, Ramirez-Campillo R, Cardenas P, Morales S, Cano-
Montoya J, et al. Ejercicio intermitente y consejeria nutricional mejoran control glicémico
y calidad de vida en pacientes con diabetes mellitus tipo 2. Revista Médica de Chile
2017;145:845-53. https://doi.org/10.4067/s0034-98872017000700845.

Asle Mohammadi Zadeh M, Kargarfard M, Marandi SM, Habibi A. Diets along with
interval training regimes improves inflammatory & anti-inflammatory condition in
obesity with type 2 diabetes subjects. J Diabetes Metab Disord 2018;17:253—-67.
https://doi.org/10.1007/s40200-018-0368-0.

Savikj M, Gabriel BM, Alm PS, Smith J, Caidahl K, Bjornholm M, et al. Afternoon exercise
is more efficacious than morning exercise at improving blood glucose levels in individuals
with type 2 diabetes: a randomised crossover trial. Diabetologia 2019;62:233-7.
https://doi.org/10.1007/s00125-018-4767-z.

Wormgoor SG, Dalleck LC, Zinn C, Harris NK. Acute blood glucose, cardiovascular and
exaggerated responses to HIIT and moderate-intensity continuous training in men with
type 2 diabetes mellitus. J Sports Med Phys Fitness 2018;58:1116—26.
https://doi.org/10.23736/50022-4707.17.07639-3.

Cox N, Gibas S, Salisbury M, Gomer J, Gibas K. Ketogenic diets potentially reverse Type I
diabetes and ameliorate clinical depression: A case study. Diabetes Metab Syndr
2019;13:1475-9. https://doi.org/10.1016/j.dsx.2019.01.055.

Fex A, Leduc-Gaudet J-P, Filion M-E, Karelis AD, Aubertin-Leheudre M. Effect of Elliptical
High Intensity Interval Training on Metabolic Risk Factor in Pre- and Type 2 Diabetes
Patients: A Pilot Study. J Phys Act Health 2015;12:942-6.
https://doi.org/10.1123/jpah.2014-0123.

Alvarez C, Ramirez-Campillo R, Ramirez-Vélez R, Izquierdo M. Prevalence of Non-
responders for Glucose Control Markers after 10 Weeks of High-Intensity Interval
Training in Adult Women with Higher and Lower Insulin Resistance. Front Physiol
2017;8:479. https://doi.org/10.3389/fphys.2017.00479.

Madsen SM, Thorup AC, Overgaard K, Bjerre M, Jeppesen PB. Functional and structural
vascular adaptations following 8 weeks of low volume high intensity interval training in



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

lower leg of type 2 diabetes patients and individuals at high risk of metabolic syndrome.
Arch Physiol Biochem 2015;121:178-86.
https://doi.org/10.3109/13813455.2015.1087033.

Alvarez C, Ramirez-Campillo R, Martinez-Salazar C, Castillo A, Gallardo F, Ciolac EG. High-
Intensity Interval Training as a Tool for Counteracting Dyslipidemia in Women. Int )
Sports Med 2018;39:397-406. https://doi.org/10.1055/s-0044-100387.

Winding KM, Munch GW, lepsen UW, Van Hall G, Pedersen BK, Mortensen SP. The effect
on glycaemic control of low-volume high-intensity interval training versus endurance
training in individuals with type 2 diabetes. Diabetes Obes Metab 2018;20:1131-9.
https://doi.org/10.1111/dom.13198.

Lora-Pozo I, Lucena-Anton D, Salazar A, Galan-Mercant A, Moral-Munoz JA.
Anthropometric, Cardiopulmonary and Metabolic Benefits of the High-Intensity Interval
Training Versus Moderate, Low-Intensity or Control for Type 2 Diabetes: Systematic
Review and Meta-Analysis. Int J Environ Res Public Health 2019;16:E4524.
https://doi.org/10.3390/ijerph16224524.

De Nardi AT, Tolves T, Lenzi TL, Signori LU, Silva AMV da. High-intensity interval training
versus continuous training on physiological and metabolic variables in prediabetes and
type 2 diabetes: A meta-analysis. Diabetes Res Clin Pract 2018;137:149-59.
https://doi.org/10.1016/j.diabres.2017.12.017.

Liu J-X, Zhu L, Li P-J, Li N, Xu Y-B. Effectiveness of high-intensity interval training on
glycemic control and cardiorespiratory fitness in patients with type 2 diabetes: a
systematic review and meta-analysis. Aging Clin Exp Res 2019;31:575-93.
https://doi.org/10.1007/s40520-018-1012-z.

Liubaoerjijin Y, Terada T, Fletcher K, Boulé NG. Effect of aerobic exercise intensity on
glycemic control in type 2 diabetes: a meta-analysis of head-to-head randomized trials.
Acta Diabetol 2016;53:769-81. https://doi.org/10.1007/s00592-016-0870-0.

Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association of
glycaemia with macrovascular and microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study. BMJ 2000;321:405-12.
https://doi.org/10.1136/bm;j.321.7258.405.

Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes Interventions
and Complications (EDIC) Research Group, Lachin JM, White NH, Hainsworth DP, Sun W,
Cleary PA, et al. Effect of intensive diabetes therapy on the progression of diabetic
retinopathy in patients with type 1 diabetes: 18 years of follow-up in the DCCT/EDIC.
Diabetes 2015;64:631-42. https://doi.org/10.2337/db14-0930.

Kranenburg G, van der Graaf Y, van der Leeuw J, Nathoe HMW, de Borst GJ, Kappelle LJ,
et al. The relation between HbAlc and cardiovascular events in patients with type 2
diabetes with and without vascular disease. Diabetes Care 2015;38:1930-6.
https://doi.org/10.2337/dc15-0493.

Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A practical model of low-
volume high-intensity interval training induces mitochondrial biogenesis in human
skeletal muscle: potential mechanisms. J Physiol 2010;588:1011-22.
https://doi.org/10.1113/jphysiol.2009.181743.

Supruniuk E, Miktosz A, Chabowski A. The Implication of PGC-1a on Fatty Acid Transport
across Plasma and Mitochondrial Membranes in the Insulin Sensitive Tissues. Front
Physiol 2017;8:923. https://doi.org/10.3389/fphys.2017.00923.

Tjgnna AE, Lee SJ, Rognmo @, Stglen TO, Bye A, Haram PM, et al. Aerobic interval training
versus continuous moderate exercise as a treatment for the metabolic syndrome: a pilot
study. Circulation 2008;118:346-54.
https://doi.org/10.1161/CIRCULATIONAHA.108.772822.



[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

Weston KS, Wislgff U, Coombes JS. High-intensity interval training in patients with
lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J
Sports Med 2014;48:1227-34. https://doi.org/10.1136/bjsports-2013-092576.

Batacan RB, Duncan MJ, Dalbo VJ, Tucker PS, Fenning AS. Effects of high-intensity interval
training on cardiometabolic health: a systematic review and meta-analysis of
intervention studies. BrJ Sports Med 2017;51:494-503.
https://doi.org/10.1136/bjsports-2015-095841.

Tadic M, Grassi G, Cuspidi C. Cardiorespiratory fitness in patients with type 2 diabetes: A
missing piece of the puzzle. Heart Fail Rev 2020. https://doi.org/10.1007/s10741-020-
10015-3.

Molmen-Hansen HE, Stolen T, Tjonna AE, Aamot IL, Ekeberg IS, Tyldum GA, et al. Aerobic
interval training reduces blood pressure and improves myocardial function in
hypertensive patients. EurJ Prev Cardiol 2012;19:151-60.
https://doi.org/10.1177/1741826711400512.

Wislgff U, Stgylen A, Loennechen JP, Bruvold M, Rognmo @, Haram PM, et al. Superior
cardiovascular effect of aerobic interval training versus moderate continuous training in
heart failure patients: a randomized study. Circulation 2007;115:3086-94.
https://doi.org/10.1161/CIRCULATIONAHA.106.675041.

Fu T-C, Wang C-H, Lin P-S, Hsu C-C, Cherng W-J, Huang S-C, et al. Aerobic interval training
improves oxygen uptake efficiency by enhancing cerebral and muscular hemodynamics in
patients with heart failure. Int J Cardiol 2013;167:41-50.
https://doi.org/10.1016/j.ijcard.2011.11.086.

Viana RB, Naves JPA, Coswig VS, de Lira CAB, Steele J, Fisher JP, et al. Is interval training
the magic bullet for fat loss? A systematic review and meta-analysis comparing
moderate-intensity continuous training with high-intensity interval training (HIIT). Br J
Sports Med 2019;53:655-64. https://doi.org/10.1136/bjsports-2018-099928.

Cinti S, Mitchell G, Barbatelli G, Murano |, Ceresi E, Faloia E, et al. Adipocyte death
defines macrophage localization and function in adipose tissue of obese mice and
humans. J Lipid Res 2005;46:2347-55. https://doi.org/10.1194/jlr.M500294-JLR200.



Table 1. General information of articles included in the meta-analysis.

First author, Gender Trainin Training frequency and Study
year of N Age (men,n Type of article Participants Groups descri '8 & treq y duration
s . o escription duration
publication (%)) (w)
Cycle ergometer: 10-min warm-up + interval periods at intensity of 40—
T2DM subjects 50% or 80-90% HRmax + 5-min cool-down. 5 d/w; Consisted of three 60-
diagnosed in the W1-2: 1-2 min at 40-50% HRmax + 1,2 or 3 min at 80-90% HRmax (until min supported + 2
10 : SEP . -
59.6 15 Randomized Previous3 months 20 min of PA) unsupported exercise 12
Backx, 2011 [44.0- 78.9 trolled trial without oral anti- W 3-12: 1-2 min at 40-50% HRmax + 1, 2 or 3 min at 80-90% HRmax (until sessions per week
69.0] (78.9)  controlled tria diabetic drugs or 20—40 min of PA)
insulin, and severe No specific exercise intensities indicated. SCP participants were
9 complications of DM. SCP telephoned every other week, as advised by the ethics committee, to 5 d/w; 30 min/session
check on progress.
T2DM subjects with IWT-HIIT: 3 min of fast walking (>70% of the peak energy-expenditure . .
12 575+24 7(58.3) stable weight (<2 kg/6 IWT-HIIT rate) + 3 min of slow walking 5 d/w; 59+2 min/day 4 months
Karsg(())flté 8 57.1+£3.0 5(62.5) cgsﬁiﬁrergztigl lﬂ%ﬁtsh(szi;gd;?s% Control CON subjects were instructed to continue their habitual lifestyle - 4 months
and no associated . . o . .
12 60.8£2.2 8(66.6) di CWT Continuous walking: >55% of the peak energy-expenditure rate 5 d/w; 59+2 min/day 4 months
isease.
7 62+3 4 (57.1) HIT Cycling and walking training: 1-min exercise at 100% VO2R (as many
- ’ . T2DM subjects, aged intervals as possible) + 3-min recovery intervals at 20% VO2R. 5 d/w; W 1-4: 30 min/session,
Terada T, Randomized X .
.1 55-75 years, and non- W 5-8: 45 min/session, 12
2013 controlled trial smokers W 9-12: 60 min/session
8 63+5 4 (50) MICT Cycling and walking training: continuous exercise at 40% VO2R. ' '
CON exercise had 3 phases:
Phase 1: 5 min warmed up (50% of the VOzpeax) + 20 min (50% of the .
. 3 d/week;
VO2peak) + 5 min cool down. Phase 1 (w 1-2): 30 min
14 61.7+2.7 5(35.7) CON  Phase 2: 5 min warmed up (60% of VOzpeak) + 20 min (60% of VOzpeak) + ' . 12
. . Phase 2 (w 3-6): 30 min
T2DM subjects 5 min cool down. Phase 3 (W 7-12): 40 min
without nephropathy, Phase 3: 5 min warm up (65% of VOzpeax) + 30 min (65% of VOzpeak) + 5 ’ ’
Mitranun, Randomized retinopathy, severe min cool down
2014 controlled trial diabetic neuropathy, INT exercise had 3 phases:
and severe CVD or Phase 1: Equal to CON phase 1. 3 d/week;
stroke disease Phase 2: 5 min warmed up (50% of VOzpeak) + 4 interval x Imin at 80%  Phase 1 (w 1-2): 30 min,
14 61228 5357) INT of VOzpeak interspersed by 4-min at 50% VOzpeak + 5 min cool down. Phase 2 (w 3-6): 30 min 12
Phase 3: 5 min warn up (60% of VOzpeax) + 6 interval x 1-min 85% Phase 3 (W 7-12): 40 min.
VO2peak interspersed by 4-min at 60% VOzpeak + 5-min cool down.
15 609+24 5(33.3) SED SED control group were instructed to remain sedentary. - 12




s 61.80 0 T;Si}“;jg;ﬁ“%a&l pp  Cycling training: 60 cycles x 8 s (77-85% HRaw) + pedaling slowly (20~ 2 d/w; 20 min/
Maillard F, Randomized  25-40 kg/m?, stable 30 rpm) x12's + 5-min cool down. session.
2016 controlled trial ~ eating habits and 16
3 61-80 0 hvsical activity >3 MICT Cycling training: 40 min at 55-60% of their individual HRR+ 5-min 2 d/w; 40-min/
phy months y= cool down. session.
T2DM subjects, aged Walking or jogging on an inclined treadmill: 10-min warm up at 70%
. 58.6+ 12 20-65 years, without HRumax + 4 intervals x 4-min work bouts at 90-95% HRmax + 3-min . . .
g?;ﬁlénl\;[ 24 5.0 (60) insulin treatment and HITT intervals of recovery at 70% HRmax between work bouts + 5-min cool- 3d/w; 40 min/session 12
2016 ! Randomized with diastolic down.
23 54.7+ 13 controlled trial ~dysfunction. CON MICT Home-based exercise training: 210 min/w including exercise bouts > 210 min/w;
5.3 (64.7) subjects were 10-min in duration. No frequency indicated.
37 51 NR ma’;cél:gfgégﬁ}fier, Control No training -
57+ 36 10-min warm up at 60-70% of HRpeak + 4 intervals x 4-min exercise at
Ramos JS 66 _1 0 (55) Subjects with 4HIIT 85-95% of HRpeak + 3-min intervals of recovery at 50-70% of HRpeak 3 d/w; 38 min/session
281 6OS ’ Randomized metabolic syndrome; between work intervals + 3-min cool-down at 60-70% of HRpeak.
12 58+ 6 cosgoﬁrendlztiial a sub analysis of 1HIIT 10-min warm up at 60-70% of HRpeak + 4-min exercise at 85-95% of 3 d/w: 17 min/session 16
7 (61) subjects with T2DM HRpeak + 3-min cool-down at 60-70% of HRpeak. ’
6 °7* 9 4 (71) was performed MICT 30-min exercise at 60-70% of HRpeak. 5 d/w; 30 min/session
. . Ergocycle training: 5-min warm-up at 9-13 of RPE + 2-min (increasing
Cassidv S 12 61+ 9 8 (72.7) Randomized TZDSI:;IS;; bé?gso‘;ﬂth I;I(EJT up to 3-min in 12 w) x 5 intervals at >80 rev/min by reaching 16-17 of 3d/w
2016y ' controlled trial metformin treatment sTouP RPE) + 3-min of recovery periods + 3-min cool down. 12
11 59+ 9 10(83 3) for > 6 months. Control No training -
fSurblegtIsnwrilttI}’:STZnD’I[\/I fee(?u_ Cycling: 10-min of exercise at 25 W+ 10-s (sessions 1-4) / 15-s (sessions
. or 5 mon*s, no 5-12) / 20-s (remaining 12 sessions) x 1 (first session) or 2 (remaining . . .
RuffinoS, 16 55+ 16 under insulin exer . . 1s of evel . ) ¢ 3d/w; 10 min+10-40 s/session
2016 (Cross5 (100) Clinical trial treatment or more tion sessions) intervals o Cycl\le—syl)(rmis against a constant torque of 0.65 8
-over) than 2 anti-diabetic HIIT m-kg/ lean mass.
drugs. Control Walking: 30-min of exercise at8 A)L(z) f IL(ngé—Z), 50% (w 3-4) and 55% (w 5- 5d/w; 30-min/session
JoDM Subjects aged Treadmill: Warm up: 10 ‘at 40-60% of HRmax + 4 min walk at 75-80% of f’ﬁ{e‘izﬁ 3 min 2 ﬁv ors
itﬁ] e?rg,l bod HIT-AIT the HRmax repeated 2 to 4 times per training session interspersed with intervals ,w 3-4.3d W x 2
11 58.8+7.9 9(81.8) Randomized ‘1'Nht SH‘?) Ael 27%(7 rou active 3 min recovery to 45-50% of the HRmax. Workload (speed, intervals/ w 5—6: 3d/wx3
Bellia, 2017 ra:tr ﬁ d ti'al W.eﬂ% 't com. er‘ diti o Broup incline and serial number) was gradually adapted to the level of intervals and w 7-12- 3d/w x 12
controtied tr V;SISOCC); tgg S: delntlalr(;s efficiency achieved by the subject. Cool down: 10" at 40-50% of HRmax. 4 intervals.
11 56.3+6.4 7(63.6) habits and ability to SOC SOC group received a pedometer and asked to make at least 10,000 NA
perform PA group steps per day or 70,000 steps per week.




~15-min warm up at ~52% VOomax + 4 intervals x 4-min exercise at 85—

Stea EM, 19 59+ T2DM subjects, HIT  95% at HRpeak + 3-min recovery between intervals + ~12-min cool down 3 d/w; 52 min/session 12
11 15 . . . o
2017 (39.5) Clinical trial overweight and at ~52% VOzmax
9 0 sedentary habits - yep Continuously exercise at 70-75% HRpeak. 3 d/w; 60 min/session
54+ 7 T2DM subjects, no Cycling training: 5-min warm up + 1-min x 10 intervals of exercise at . . .
13 6 (53.8) under insulin HIIT 95% of Wpeak + 1-min recovery intervals at 20% Wpeak 3 d/w; 135 min/session
Winding 12 98 3 7 (58.3) Randomized Efg;n;f;tg’gz Iatﬂstﬁgle_ END  Cycling training: 5-min warm up + 40-min of exercise at 40% of Wopeak 3d/w; 75 min/session 11
KM, 2018 controlled trial K
574 5 smokers.
7 T (71.4) Control No training -
. _ Ergocycle training: 10-min warm-up (walking, running and stretching)
Ly 429 T2DM Sublegf;éogoz 2 Vgﬁj;’ne at 40% HRmex + 1.5 min x 12 intervals of exercise (85%-90% HRmay + 20 54 oo oo
. 5.61 (52.9) years, age . min active recovery intervals (55%- 60% HRmax) + 10-min cool-down ’
Ghardashi years, pre-HTA or HIIT o
. .. . (40 % of HRmax)
Afousi A, Clinical trial treated HTA, and no — - v - - 12
2018 18 54.8+ 9 exercise training in  MICT Ergocycle training: 10-min warm-up at 40% HRmax + 42-min cycling at 3d/w; 62 min/session
6.19 (50.0) nmg 70% HRmax+ 10-min cool-down (40% of HRmax) !
the previous 6 — - — - -
1y 531 7 months. Control Encouraged to maintain the same daily activities without physical B
4.84 (41.2) training throughout the study
Introductory stage (3 ws): 10-min MICT cycling (50%eWLmax) at RPE
of ~13. Intermediate stage (4 w): 3 bouts x 3:30-min (75% eWLmax), at
52.2+ 12 RPE of ~16. Advanced stage (5 w): 2 alternative 28-min trainings, a) 12
12 - HIIT  x 1-min bouts (95% eWLmax) + 1-min recovery bouts (40% eWLmax) 3d/w
W 7.1 (100) ) S L S . 12w
ormgoor T2DM subiects. aced at RPE of ~18; b) a sprint interval training session including 8 x 30 s +
SG, 2018 Clinical trial JECts, ag bouts (120% eWLmax) + 2:15-min recovery bouts (30% eWLmax). 2-
35-59 years. . : 6 months
min warm-up + 3-min cool-down. follow-u
Introductory stage (3 w): 10-min MICT cycling (50%eWLmax) at RPE p
11 52.5+ 11 MICT of ~13. Intermediate stage (4 ws): 17:30-min MICT cycling (55% 3d/w
7.0 (100) eWLmax) at RPE of ~13. Advance stage (5 ws): 26-min MICT cycling
(55% eWLmax) at RPE of ~14. 2-min warm-up + 3-min cool-down
11 93 6 HIT Cycling training: 5-min warm-up (40% Wpeak) + 20-min cycling (10 x 1 3 d/w; 25-min of exercise/
Mortensen 7 (54) Randomized Subiects with T2DM min at 95% Wpeak) + 1-min of active recovery (20% Wpeak). session 1
SP, 2018 57+ 7 controlled trial ) Cycling training: 5-min warm-up (40% Wpeak) + 40-min cycling (50% 3 d/w; 45-min of exercise/
10 MICT .
9 (70) Wpeak). session
Subjects with T2DM, Cycling training: Phase 1 (w 1-4): continuous exercise at 40-60% of 3d/w; Exercise duration
aged 30-75 years, BMI HRR; Phase 2 (w 5-8): 2-min bouts at 70% (w 5-6) or 80% of HRR (ws Calcula,te d based on VO2
Magalhaes  ,- 567+ 15 Randomized <48 kg/m?and no HIIT 7-8) of HRR + 1-min at 40-60% of HRR; Phase 3 (ws 9-52): 1-min - o = =" ) weeﬁx 5
JP, 2019 8.3 (60) controlled trial major micro or macro exercise at 90% of HRR+ 1-min at 40-60% of HRR. After aerobic P P y

vascular
complications.

target of 10 kcal/kg, 33.1+6.4

component, participants completed a whole-body resistance training min (average)

with increasing weight.




Cycling training: continuous exercise at 40-60% of HRR.

3d/w; Exercise duration

calculated based on VOzmax

28 59'7;5 13( 46.4) MICT After aerobic component, participants completed a whole- body of each participant + wly
) ’ resistance training with increasing weight. target of 10 kcal/kg, 45.0+7.1
min (average)
590+ 14 No structured exercise sessions, participants were invited to a baseline
27 81 (51.9) Control  orientation session and monthly meetings by including general PA -
) ) counselling.
. Ergocycle training: 5-min warm up at 9-13 of RPE + 5 intervals with
13 61.1+ 3 T2DM sub]ects,.well— pedal rate >80 rev/min (16-17 of RPE) x 2-min (first w by increasing 10 . . .
. controlled previous 6  HIIT - - - ; 3d/w; 30-35 min/session 12
Suryanegara 8.6 (23) Randomized s for every w until reached 3-min) + 3-min recovery cycle (90s passive
. months, absence of
J, 2019 controlled trial S recovery).
DM complications,
13 59'%6 3 3 and non-smokers  Control No training - 12
65+ 9 Ergocycle training: 10-min warm-up at 70% HRpeak + 4-min x 4 intervals
18 - HIIT at 90% of HRpeak +3-min x 3 intervals of active recovery at 70% of 4d/w; 40 min/session 8
2 (50.0) HRpeak + 5-min cool down at 70% of HRpeak
. T2DM subjects, aged pea ° peat:
Hwong CL, 62 10 Randemized 3079 years, with E le training: 10-mi 32-min of ise at 70% HR
2019 + controlled trial - ; Wi rgocycle training: 10-min warm-up + 32-min of exercise at 70% HRpeax . . .
16 2 (62.5) sedentary habits. ~ MICT +5-min cool down at 70% of HR peak. 4d/w; 47 min/session 8
61+ 8 ..
16 2 (50.0) Control No training - 8
. Ergocycling training: 5-min warm-up (cycling without resistance) + 4-
16 55.2+ ? . TZ.DM Subjects, . HIIT min x 3 intervals of exercise at 80-85% of VOzmax + 2-min active 3d/w; 40 min/session 8
Abdelbasset 4.3 (56.2) Randomized obesity, nonalcoholic recovery intervals at 50% of VOzmex + 5-min of cool down
WK, 2019 =1 m controlled trial fatty liver disease and :
At aged 45-60 years. e _
16 53 (62.5) 8 Yy Control No training 8

DDP-4 I: DPP-4 inhibitor; GLP-1 A: GLP-1 analogues; HRmax: Heart rate max; HRR: heart rate reserve; HRpeak: Heart rate peak; HTA: Hypertension; Min: minutes; NR: not reported; PA: physical
activity; pre-HTA: pre-hypertension; RPE: Borg Rating of Perceived Exertion; S:seconds; T2DM, type 2 diabetes mellitus; W: week; Bs: Baseline; SEP: Supported exercise programme; SCP: Standard
care programme; DM: Diabetes Mellitus; IWT-HIIT: Interval-walking training-High Intensity Interval Training ; CON: Continuous exercise training; CWT: continuous-walking training; HIIT: High-
intensity Interval Training; MICT: Moderate intensity continuous training; CVD: Cardiovascular Disease; INT: Interval exercise training ; SED: Sedentary control ; BMI: Body Mass Index; HIIT-AIT:
High intensity interval training- aerobic interval training; SOC: unsupervised physical activity; HbAlc: Glycated haemoglobin; NA: Not applied; Wpeak: peak workload; END: endurance training;
eWLmax: maximum estimated workload.



Table 2. Results of the main outcomes, intervention adherence and quality score of all articles included in the meta-analysis.

First author,

Glucose

Glycated

Insulin

VOZ max

Intervention Quality

- 2
year of (mg/dL) hemoglobin(%) (uIU/mL) HOMA-IR (L/min) BMI (kg/m?) adherence  score
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1 Values are expressed as mean + SD or mean + SE. 2 VO2max expressed as relative values (mL/kg/min). 3 Authors indicate that pooled data are included
in statistical analysis. *Denotes p< 0.05 between groups. **Denotes p< 0.05 within each group. NR: not reported






