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Abstract

Aims To conduct a meta-analysis of head-to-head trials
comparing aerobic exercise training of different intensities
on glycemic control in type 2 diabetes.

Methods Databases, including MEDLINE and EMBASE,
were searched up to January 2016. Randomized trials of at
least 12 weeks in duration that compared two exercise inter-
ventions of different intensities were identified. Two review-
ers independently extracted data from eligible trials. Using
fixed effect model, weighted mean differences (WMD)
between different exercise intensities were calculated for
changes in glycated hemoglobin (HbAlc) and secondary
outcomes, such as fasting glucose and fasting insulin.
Results Eight studies with a total of 235 participants were
eligible. The exercise interventions lasted from 12 weeks
to 6 months. The prescribed exercise intensities varied
among studies. Four studies utilized vigorous exercise
intensities for short durations by performing interval
training. Overall, higher-intensity exercise resulted in a
greater reduction in HbAlc compared to lower-intensity
exercise (WMD = —0.22 %; 95 % confidence interval
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[—0.38, —0.06]; or —2.4 mmol/mol [—4.15, —0.66],
I? = 0). Adherence to exercise and proportion of dropouts
did not differ within trials. No adverse events were reported
in these small trials with selected inclusion criteria.
Conclusions Although our meta-analysis had a limited
sample size, increasing exercise intensity safely accentu-
ated reductions in HbAlc in some people with type 2
diabetes. Different approaches have been used to increase
exercise intensity (i.e., some used interval training,
whereas others used higher-intensity continuous exercise).
However, at this time, it is unclear which form, if any,
leads to the most favorable results.

Keywords Systematic review - HbAlc - HOMA of insulin
resistance - Physical activity intensity

Introduction

The effects of exercise on glycemic control have been
extensively documented by several meta-analyses [1-3].
These studies have contributed to evidence-based recom-
mendations for physical activity/exercise in people with
type 2 diabetes [4, 5]. While there is strong evidence to
support that exercise interventions improve glycemic con-
trol compared to a sedentary control group or standard
care, comparatively little information is available to
examine which frequency, intensity, time, or type of
exercise is best.

Subsequent systematic reviews and meta-analyses have
shed light on this issue by synthesizing the results from
head-to-head trials directly comparing aerobic versus
resistance exercise training [6, 7]. These reviews suggest
that aerobic exercise training leads to slightly greater
improvements in glycated hemoglobin (HbAlc) compared
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to resistance exercise (i.e., statistically significant reduc-
tions of approximately 0.2 % points in HbAlc [6, 7]) and
that combined aerobic and resistance exercise training
leads to greater improvements than either alone [7].

In recent years, there has been much interest on the role
of exercise intensity. Indeed, the American College of
Sports Medicine (ACSM) ranked “high-intensity interval
training” or HIIT as its top fitness trend in its Worldwide
Survey of Fitness Trends for 2014 [8]. While it is relatively
well established that higher-intensity exercise can lead to
greater improvements in some indicators of fitness, even in
patients with cardio-metabolic diseases [9], it is unclear
whether this type of exercise leads to greater improvements
in glycemic control. Part of the controversy in regard to the
effect of exercise intensity is that previous systematic
reviews, including our own, have relied on meta-regression
analyses which examined association between exercise
intensity and changes in Hb1Ac [10, 11]. Meta-regression
is susceptible to being influenced by important confounders
since participants are not randomly assigned to exercise
groups of different intensities.

Therefore, the primary objective of the current study
was to systematically review and, if appropriate, perform a
meta-analysis of randomized trials directly comparing
exercise interventions of different intensities on HbAlc in
type 2 diabetes. Adverse events, exercise adherence, pro-
portion of dropouts, as well as other indicators or glycemic
control or insulin sensitivity that were measured in more
than two studies were included as secondary outcomes.

Methods
Literature search

A literature search was performed in the second week of
January 2016 in seven databases (MEDLINE, EMBASE,
Cochrane Central Register of Controlled Trials, CINAHL,
Sport Discus, Scopus, and Web of Science Core collec-
tion). No restrictions were applied in terms of language or
date of publication. The keywords and controlled vocabu-
lary (if available, e.g., MeSH terms) related to type 2
diabetes, exercise, and intensities were searched. An
example of a complete search is available in the supple-
mentary material. In addition, the reference lists of eligible
articles were searched for potential studies.

Study selection
Two authors (Y.L, K.F) independently reviewed the title
and abstracts of all records identified by the literature

search. Records deemed potentially eligible by either
reviewer were reviewed in full text by both reviewers.
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Disagreements regarding eligibility of articles were
resolved by consensus with a third reviewer (N.G.B.). The
eligibility of the studies was formulated according to the
following PICOS criteria:

e Population Adults with type 2 diabetes.

e Intervention Structured aerobic exercise interventions
were defined in terms of frequency, intensity, type,
and time. Aerobic exercise, sometimes known as
cardiorespiratory exercise, was defined in accordance
with the American College of Sports Medicine
(ACSM) as “regular, purposeful exercise involving
major muscle groups and is continuous and rhythmic
in nature” [12]. Only interventions lasting 12 weeks
or longer were eligible. Exercise adherence was
required to be monitored by direct supervision or
objective measures such as heart rate monitors or
accelerometers. It was recognized that some forms of
interval exercise may include anaerobic energy pro-
duction. These were included in the review since most
of the energy during repeated high-intensity intervals
alternating with recovery intervals would be produced
aerobically.

e Comparison and co-interventions Only studies com-
paring higher- versus lower-intensity aerobic exercise
interventions were eligible. Many types of comparisons
were eligible, for example high versus moderate
intensity, or moderate versus low intensity. Exercise
groups did not have to be matched in terms of energy
expenditure or workload. If co-interventions were
present (e.g., dietary recommendations), they had to
be equivalent in both groups.

e QOutcome Eligible studies were required to report our
primary outcome of HbAlc before and after the
interventions. Secondary outcomes were not required
for eligibility.

e Study design Randomized studies which assigned
participants to at least two different exercise intensity
groups were included. Randomization to a control
group was not necessary.

Data extraction and quality assessment

Characteristics of the aerobic training interventions were
extracted for each study, including exercise frequency,
intensity, time, and type. The intensity reported in each
training protocol was categorized as vigorous or high-
(=64 % VOsax), moderate- (46—63 % VOjax), and light
(=45 % VO, ax)-intensity trainings based on the definition
by ACSM [12]. Heart rate and heart rate reserve equiva-
lents are also provided by the ACSM [12]. Baseline char-
acteristics such as age, body mass index, and duration of
diabetes of the participants were extracted. We attempted
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to resolve ambiguities regarding the exercise protocols or
results by contacting authors.

The means and standard deviations (SD) were extracted for
baseline, post-training, and the absolute change from baseline.
Several strategies were used if the change-from-baseline SD
was not provided. First, we contacted the authors to obtain the
missing information. Second, change-from-baseline SD was
estimated from p values or 95 % confidence intervals (95 %
CI) according to the methods described in the Cochrane
Handbook (Section 7.7.3.3) [13]. Third, the correlation
coefficient between pre- and post-training values was calcu-
lated in the studies that reported the baseline, post-training,
and change means and SD, and then the mean correlation
coefficient from these studies was used to impute the missing
change-from-baseline SD (described in the Cochrane Hand-
book, Section 16.1.3.2 [13]). For the study by Chao etal. [14],
the reported change-from-baseline SD in fasting glucose or
HbAlc was much smaller compared to other studies in our
review. This was unexpected given that the within-group
changes were larger in this study. Estimation of the SD from
the p value suggested that standard error for the change and not
SD may have been presented in the article.

In addition to HbAlc, other outcomes related to gly-
cemic control or insulin sensitivity were analyzed if they
were available from more than two studies. These out-
comes included fasting glucose, fasting insulin, and insulin
resistance estimated by the homeostasis model assessment
of insulin resistance (HOMA-IR). Adherence to the exer-
cise intervention, expressed as the proportion of sessions
attended, as well the proportion of dropouts and number of
adverse events, was also extracted.

Risk of bias

Risk of bias was assessed according to the criteria devel-
oped from Section 8.5.a in the Cochrane Handbook (The
Cochrane Collaboration’s tool for assessing risk of bias)
[13]: (1) random sequence generation, (2) allocation con-
cealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment for the primary outcome,
(5) incomplete outcome data, (6) selective reporting, and
(7) other sources of bias. The risk of bias for these seven
categories was coded as “low,” “high,” or “unsure” by
two authors. Publication bias was examined by visually
inspecting funnel plots that plotted the mean difference on
the x-axis and the standard error of the mean difference on
the y-axis. The inclusion of non-directly supervised train-
ing designs may increase the risk of certain bias and
compromise internal validity even when other measures
such as heart rate monitors were used to calculate the
achieved training intensity. Sensitivity analyses were per-
formed to determine whether exclusion of the non-directly
supervised interventions affected the results.

Statistical analysis

Statistical analyses were performed with Review Manager
Software (RevMan 5.1, Cochrane Collaboration, Copen-
hagen, Denmark). The within-person change-from-baseline
mean and SD were entered for each exercise intensity
group to calculate the mean difference between groups and
its 95 % CI for each study. For HbAlc and glucose,
weighted mean differences (WMD) were obtained using a
fixed effect model. All HbAlc data were entered as per-
centages for the analyses. The WMD were also presented
in mmol/mol by multiplying the percentage values by
10.929. For insulin and HOMA-IR, some studies had much
greater values than others at baseline (reflecting large dif-
ferences in insulin resistance, different assay methods, or
different calculations). Since such differences had a large
impact on the change-from-baseline SD and therefore the
weight attributed to each study, standardized mean differ-
ences (SMD) were used for these outcomes.

Heterogeneity was estimated with the y” test of hetero-
geneity. The percent of total variability attributable to
heterogeneity (i.e., not to chance) was expressed as the I-
squared (I?). Significant »* tests for heterogeneity or I*
above 40 % were considered indicative of heterogeneity.
Several strategies were determined a priori to address
heterogeneity, including subgroup analyses, sensitivity
analyses, or random effects model if appropriate. Sub-
groups analyses were also performed in the absence of
heterogeneity and were defined according to the exercise
intensity and the continuous or intermittent nature of the
exercise prescription.

Results

The literature review retrieved 2358 articles after dupli-
cates were removed, see Fig. 1 for a summary of the study
selection flow diagram. After reviewing abstracts and titles,
2315 articles were excluded. The most common reasons for
exclusion were inappropriate population, comparing aero-
bic exercise training with control rather than comparing
different exercise intensities, the presence of different co-
interventions, and illegible study design (e.g., not ran-
domized trial). The full texts of remaining 43 articles were
assessed for eligibility, of which eight were included for
the qualitative description and quantitative analyses.

The reasons for exclusion at the full-text stage are
described in Fig. 1. Nine records were excluded because the
interventions were shorter than 12 weeks and could there-
fore underestimate the effect on HbAlc. Eight records (six
abstracts [15-20] and two articles [21, 22]) were potentially
eligible but were excluded due to insufficient data on the
outcomes of interest or missing information regarding the
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Records identified through
database searching: n = 4401

Additional records identified
through other sources: n=6

A 4

n=2358

Records screened after duplicates excluded:

Records excluded:
n=2315

A

Full-text articles excluded, with

Full-text articles assessed for eligibility:

reasons: n =35

=43 - Less than 12 weeks: n=9
- Insufficient data: n=8
\ - Included non-T2DM: n=7
- Exercise vs control: n=3
3 - Not randomized: n=3
Studies included in qualitative synthesis: - Co-intervention: n=2
n=8 - Exercise not

supervised/structured: n=3

A

n=8

Studies included in quantitative synthesis:

Fig. 1 Study selection flow diagram. n sample size, HbAIc glycated hemoglobin, 72DM type 2 diabetes mellitus

exercise intervention. We attempted to contact authors for
additional information before excluding these articles. Seven
articles were excluded because we were unable to differ-
entiate between participants with and without type 2 dia-
betes. For example, the article by Hamed et al. [23] was
excluded because we were unsure if results included only
participants with type 2 diabetes or also those with impaired
fasting glucose. The article stated that: “They had type 11
diabetes according to Oral Glucose Tolerance Test (i.e.,
impaired fasting glucose: >100-125 mg/dl—2 h postpran-
dial: 140-199 mg/dl)”. Two articles were excluded because
moderate-intensity exercise interventions were either not
supervised [24] or because accelerometer suggested a
greater increase in “physical activity-associated energy
expenditure above moderate activity level” in the moderate-
intensity group [25].

Study description

Details of the study characteristics are listed in Table 1. A
total of 235 subjects participated in the eight studies. The
age of the participants ranged from adolescents [26] to
older adults of 55-75 years of age [27]. Comparisons
among exercise interventions were categorized as:

¢ high-intensity interval training versus moderate-inten-
sity continuous training (HIIT vs. MICT) [27-29],

e high-intensity interval training versus low-intensity
continuous training (HIIT vs. LICT) [26],

@ Springer

e High-intensity continuous training versus moderate-
intensity continuous training (HICT vs. MICT)
[14, 30, 31],

e moderate-intensity continuous training versus low-
intensity continuous training (MICT vs. LICT) [32].

All of the studies, except for the one study comparing
MICT versus LICT [32], developed their exercise inter-
ventions to match the exercise energy expenditure or
exercise volume between the higher- versus lower-inten-
sity groups. This implies that the higher-intensity groups
exercised for shorter durations [14, 30] than their lower-
intensity counterparts or had similar exercise duration but
longer duration recovery intervals between their higher-
intensity intervals in the HIIT group (see Table 1). The
MICT versus LICT comparison [32] was not matched for
energy expenditure but for exercise duration. Therefore,
the higher-intensity subgroup in this study had greater
energy  expenditure than  their  lower-intensity
counterparts.

The length of aerobic exercise training programs ranged
from 12 weeks to 6 months. Most studies had direct
supervision of exercise training with the exception of two
studies that used accelerometers [28] or heart rate monitors
[32] to assess compliance with the exercise duration and
intensity.

Glucose-lowering medication use was available in four
studies (see supplementary material for details). Metformin
was the most common medication. It was prescribed in 72
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and 71 % of higher- and lower-intensity exercise partici-
pants, respectively.

Exercise training intensity and HbAlc

A total of 233 participants from eight studies reported
changes in HbAlc (Fig. 2). There was an overall greater
reduction in HbAlc with higher-intensity training com-
pared to lower-intensity training (WMD = —0.22 %
[-0.38, —0.06], or —2.4 mmol/mol [—4.2, -—-0.7],
p = 0.007, > = 0 %). Sensitivity analyses which excluded
the two studies that lacked direct supervision of exercise
training did not meaningfully affect the results
(WMD: -0.21 % [—0.39, —0.03], or —2.3 mmol/mol
[—4.3, 03], p = 0.02, > = 0 %, n = 196).

Of the subgroups examined, only the HIIT versus MICT
comparison, which included three studies, showed a signifi-
cantly greater reduction in the higher-intensity group (WMD:

Higher intensity

Author, year Mean SD Total Mean
HIT vs. MICT

Karstoft (2013) -0.1 06 12 0.1

Mitranun (2014) -0.5 05 14 -0.2

Terada (2013)  -0.1 03 7 0.1

Subtotal 33

WMD: -0.23 [-0.43,-0.02], p=0.03, Hetero.: Chi*=0.17, p=0.92, 1’=0%

HIT vs. LICT
Lee (2015) 2.2 26 10 -1
WMD: -1.20 [-2.91, 0.51], p=0.17, Hetero.:NA

HICT vs. MICT

Chao (2015) -143 081 15 -1.47
Hansen (2009)  -0.5 08 24 -0.2
Li (2012) -0.1 07 28 0
Subtotal 67

WMD: -0.16 [-0.42, 0.10], p=0.23, Hetero.: Chi*=0.77, p=0.68, ’=0%

MICT vs. LICT

Krause (2014)  -0.1 0.6 7 0.3
WMD: -0.40 [-1.12, 0.32], p=0.27, Hetero.:NA

Total 117

WMD: -0.22 [-0.38,-0.06], p=0.007, Hetero.: Chi’=2.65, p=0.92, ’=0%

Fig. 2 Effect of higher- versus lower-intensity exercise on glycated
hemoglobin (HbAlc). WMD weighted mean difference, SD standard
deviation, 95 % CI 95 % confidence interval, HIIT high-intensity

Lower intensity

—0.23 % [—0.43, —0.02], or —2.5 mmol/mol [—4.7, —0.2],
p =003, F =0,n=66).

Exercise training intensity and fasting glucose

A total of 234 participants from eight studies reported
fasting glucose (Fig. 3). There was no difference between
higher versus lower exercise intensity (WMD: —0.04
[—0.33, 0.25], p = 0.79, =38 %). None of the subgroup
or sensitivity analyses identified significant effects of
exercise intensity.

Exercise training intensity and fasting insulin
or HOMA-IR

A total of 159 participants from five studies reported

fasting insulin (Fig. 4). Overall, there was no significant
effect of exercise intensity on fasting insulin (SMD: —0.26

WMD [95%CI]

SD Total Weight Fixed Effects Model
03 12 174% -uf-
06 14 15.0% —
03 7 25.4% -

33 57.7%

&

09 10 0.90% ——8%——
132 15 4.1% ——
07 25 14.1% —
07 27 18.3% —

67 36.5%

0.7

\/

<

6 4.90% —

116  100.0%

¢

2 -1

-3 o 1 2 3
HbAlc (%)
Favours Favours

Higher Intensity Lower Intensity
interval training, MICT moderate-intensity continuous training, LICT

low-intensity continuous training, HICT high-intensity continuous
training, Hetero heterogeneity
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Higher intensity

Author (year) Mean SD  Total Mean
HIT vs. MICT

Karstoft (2013) -0.2 1.5 12 0.3

Mitranun (2014) -1.05 1.82 14 -0.99

Terada (2013) -0.1 08 7 -0.6

Subtotal 33

WMD:0.07 [-0.54, 0.69], p=0.81, Hetero:
HIT vs. LICT

Lee (2015) -2.0 1.1 10 2.4

WMD:0.44 [-0.44, 1.32], p=0.32, Hetero.: NA
HICT vs. MICT

Chao (2015) -1.43 0.81 15 -1.43

Hansen (2009) -0.5 1.8 25 -0.06

Li (2012) 01 12 28 02

Subtotal 68

WMD: -0.06 [-0.44, 0.32], p=0.77, Hetero: Chi?=

MICT vs. LICT
Krause (2014) -1 117 0.1
WMD:-1.10 [-2.24, 0.04], p=0.06, Hetero.:NA

Total 118

WMD:-0.04 [-0.33, 0.25], p=0.79, Hetero.: Chi*=7.61,P=0.37,1>= 8%

Fig. 3 Effect of higher- versus lower-intensity exercise on fasting
glucose. WMD weighted mean difference, SD standard deviation,
95 % CI 95 % confidence interval, HIIT high-intensity interval

[-0.57, 0.06], p = 0.11, P=0 %). A total of 186 par-
ticipants from six studies reported insulin resistance as
measured by HOMA-IR. HOMA-IR was not significantly
affected by exercise intensity (SMD: —0.22 [—0.51, 0.07],
p=0.13, P =0 %, Fig.5). None of the subgroup or
sensitivity analyses identified significant effects of exercise
intensity.

Dropouts, exercise adherence, and adverse events

The number of participants who dropped out before
completing the exercise training was reported in 5 of 8
trials. One study reported no dropouts, and three studies
each had <10 % dropout per group, see Table 1. The
study by Hansen et al. had the longest training interven-
tions included in our review (6 months) and reported

@ Springer

Lower intensity

Chi*=1.90,P=0.39, I’=0%

WMD [95%CT]
SD Total Weight Fixed Effects Model

12 12 710% j;

171 14 5.00%

09 7 10.80% e
33 22.90%

<>

08 10 11.10% T

0.81 15 25.50% ——

1.1 25 12.60% —a——

12 27 21.30% ——
67 59.40%

1.10, p=0.58, 2= 0% <>

1 6 6.60% —=—

116  100.0%

L 2

3 2 -1 0 1 2 3
Fasting Glucose (mmol/L)

Favours Favours
Higher Intensity Lower Intensity

training, MICT moderate-intensity continuous training, LICT low-
intensity continuous training, HICT high-intensity continuous train-
ing, Hetero heterogeneity

highest dropout rates of 32 and 20 % for the HICT and
MICT, respectively (i.e., 8/25 vs. 5/25). Overall, the odds
ratio for dropout was not different between the higher-
versus lower-intensity exercise training (OR 1.25 [0.5,
3.15], p = 0.64, I’ = 0 %). Mean adherence to the exer-
cise intervention was reported in 4 of 8 trials and was
above 85 % for each of their eight training groups.
Another trial considered participants as dropout if they
did not reach 80 % adherence (note that there was one
dropout per each group of 14 participants [29]). There was
no difference in adherence between higher- versus lower-
intensity exercise (SMD: —0.13 [—0.55, 0.28], p = 0.53,
I = 0 %). Only one study reported adverse events [28].
Other studies did not report any adverse events, but the
reasons for dropouts were often not provided. See Table 1
details.
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Higher intensity

Author, year Mean SD  Total Mean
HIOT vs. MICT

Karstoft (2013) -17.9 362 12 2.7

SMD:-0.58 [-1.41, 0.24], p=0.16, Hetero.: NA

HIIT vs. LICT

Lee (2015) -1404 1358 10 -70.8

SMD:-0.39 [-1.28, 0.50], p=0.39, Hetero.: NA
HICT vs. MICT

Hansen (2009)  -6.1 458 22 10.9

Li(2012) -192 495 28 -19.8

Subtotal 50

SMD: -0.17 [-0.56, 0.22], p=0.39, Hetero.: Chi* =1.06, p=0.30, I* = 6%

MICT vs. LICT
Krause (2014) 6 6.8 7 9
SMD:-0.12 [-1.22, 0.97], p=0.82, Hetero.:NA

Total 79
SMD:-0.26 [-0.57, 0.06], p=0.11, Hetero.: Chi*=

Fig. 4 Effect of higher- versus lower-intensity exercise on fasting
insulin. SMD standardized mean difference, SD standard deviation,
95 % CI 95 % confidence interval, HIIT high-intensity interval

Risk of bias

According to our inclusion criteria, all trials were described
as randomized. In addition, all trials were evaluated to have
low risk of bias for “blinding of outcome assessment,”
“incomplete outcome data,” “selective reporting,” and
“other sources of bias.” Trials generally received a rating
of unclear risk for “allocation concealment” since insuf-
ficient information was present to permit judgment. A high
risk of bias resulted from the inability to blind participants
to their group allocation. Funnel plots did not suggest
asymmetry for any of the outcomes except HbAlc. The
asymmetry was caused by the study by Lee et al. [26]
which showed the most beneficial effect of higher-intensity
exercise with a small sample size (n = 10 per group) and a
higher estimated change-from-baseline SD. While asym-
metrical funnel plots can suggest publication bias, it is also
possible that the asymmetry was caused by the fact that this
study was the only one conducted in adolescents and the
only one comparing activity characterized as high versus
low intensity. Removing this study from the overall anal-
ysis did not affect the HbAlc results (WMD: —0.21

Lower intensity

SMD [95%ClI]

SD Total Weight Fixed Effects Model
31.6 12 14.60% ——®&%——
200.4 10 12.50%  ——&%—F]—
37.1 24 28.80% —a—
50.1 28 35.90% —a—
52 64.60%

327 6

2.00,P=0.74,I*= 0%

8.30%

80 100.0%

<*

-2 -1 0 1 2
Fasting Insulin
Favours Favours

Higher Intensity Lower Intensity

training, MICT moderate-intensity continuous training, LICT low-
intensity continuous training, HICT high-intensity continuous train-
ing, Hetero heterogeneity

[—0.37, —0.05], or —2.3 mmol/mol [—4.0, —0.5],
p = 0.009, F=0 %). Funnel plots as well as the risk of
bias summary figures are provided in the supplementary
material.

Discussion

Our meta-analysis suggests greater reduction in HbAlc
with higher-intensity exercise compared to lower-intensity
exercise in type 2 diabetes. Our findings are important
given the existing inconsistent findings from meta-regres-
sion analyses examining this issue [10, 11]. There are,
however, important limitations to meta-regression analysis
since the relationship is examined across trials and does not
have the benefit of randomization to each intervention [33].
Although the reduction in HbAlc may be considered small
in absolute terms (—0.22 % points or —2.4 mmol/mol), it
is important to consider that the mean effect of exercise on
HbAlc is thought to be about —0.65 % points or
—7.1 mmol/mol [1-3]. In relative terms, a 33 %
improvement in the effect of exercise on HbAlc without
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Higher intensity

Author (year) Mean SD  Total

HIIT vs. MICT
Karstoft (2013) -0.8 23 12 0.6
Mitranun (2014) -0.6 1 14 -0.5
subtotal 26

SMD:-0.31 [-0.86, 0.24], p=0.27, Hetero.: Chi = 0.65, P=0.42, I*=0%

HIIT vs. LICT

Lee (2015) -109 85 10 -114

SMD:0.05 [-0.83, 0.92], p=0.92, Hetero.: NA
HICT vs. MICT

Hansen (2009) -1.1 34 22 0.7

Li (2012) -1 26 28 -1.2

Subtotal 50

SMD:-0.21 [-0.61, 0.18], p=0.29, Hetero.: Chi? =2.57, p=0.11, I>* =61%
MICT vs. LICT

Krause (2014) 0 03 7 0.5

SMD:-0.42 [-1.53, 0.69], p=0.45, Hetero.:NA

Total 93

SMD:-0.22 [-0.51, 0.07], p=0.13, Hetero.: Chi* = 3.80, P=0.58, I* = 0%

Fig. 5 Effect of higher- versus lower-intensity exercise on HOMA-
IR. SMD standardized mean difference, SD standard deviation, 95 %
CI 95 % confidence interval, HIIT high-intensity interval training,

increasing the duration of exercise (and perhaps reducing
it) may be perceived as clinically relevant to some patients
and practitioners.

Despite leading to greater improvements in HbAlc,
higher-intensity exercise training did not cause reductions
in fasting glucose compared to lower-intensity exercise.
Previous meta-analysis has found reductions in fasting
glucose with regular exercise training compared to control
or baseline levels [34]. However, we could not confirm
these findings in another meta-analysis of mostly shorter-
term exercise studies measuring fasting glucose with con-
tinuous glucose monitoring [35]. Although speculative, it is
possible that greater weight/fat loss or a negative energy
balance may be required for exercise to achieve improve-
ments in fasting glucose. Interestingly, in our current meta-
analysis, the greatest effect of higher-intensity exercise on
fasting glucose was seen in the study that did not match
energy expenditure between groups. In this study by
Krause et al. [32], the difference in the change-from-
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baseline fasting glucose was —1.1 mmol/L (95 % CI
—2.24, 0.04) in favor of the higher-intensity exercise
group, which also showed greater reductions in percent
body fat [32].

The prescription of higher-intensity exercise was not
associated with lower adherence, a greater number of
dropouts or more adverse events. However, it is important
to consider that the total sample size was small and that the
exercise interventions were of relatively short duration and
mostly supervised. In addition, the participants enrolled in
these studies are likely not representative of all people with
diabetes. These studies sometimes included younger par-
ticipants with short durations of diabetes. In addition, some
studies had detailed pre-exercise inclusion criteria that
included a baseline exercise stress test (e.g., [27, 29],).
Higher-intensity exercise may not be appropriate for all
people with type 2 diabetes.

In 2015 alone, there have been at least two other sys-
tematic reviews on related topics [36, 37]. These reviews
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were limited to high-intensity interval training (HIIT) and
did not included studies comparing continuous exercise of
different intensities. The systematic review by Curry et al.
identified six studies on the effect of HIIT in type 2 dia-
betes, but only included two of the longer-term studies
from our review (i.e., Mitranun [29] and Terada [27]) and
did not perform any meta-analysis. The very comprehen-
sive review by Jelleyman et al. [36] had broader inclusion
criteria than ours. For example, it was not limited to type 2
diabetes and included HIIT study of at least 2 weeks in
duration. They performed many analyses, including head-
to-head comparison between HIIT and continuous training
(similar to our MICT). Their analysis on HbAlc identified
a similar, but not statistically significant WMD of —0.18 %
[—0.36, 0.03] compared to our subgroup analyses showing
a significant difference between HIIT and MICT
(WMD = —0.23 % [—0.43, —0.02]). The similar findings
are not surprising since both reviews were based on the
studies from Karstoft et al. [28], Terada et al. [27], and
Mitranun et al. [29]. However, the review by Jelleyman
also included the study by Hollekim-Strand [24], which we
excluded because the continuous exercise group performed
home-based exercise, whereas only the HIIT group was
supervised. This likely only had a small effect since the
mean difference in that study was estimated at —0.20 %
[—0.60, 0.20]. Another small difference is that we obtained
the within-group change-from-baseline mean and SD data
directly from the authors of the study by Karstoft et al.
[28]. The data in their article show that HbAlc stayed at
6.6 % from pre- to post-intervention (mean change entered
as 0.0 %) in the lower-intensity group. However, the more
precise change data that we obtained showed a change of
0.075 £ 0.336 % (entered as 0.1 & 0.3 % in our review).

As opposed to our findings, the overall analysis by Jel-
leyman observed greater improvement in insulin resistance
with HIIT versus MICT. However, as in our analyses, the
difference did not reach statistical significance when they
considered the subgroup with metabolic syndrome or type
2 diabetes. Given the higher variability associated with
measures such as fasting insulin and HOMA, the absence
of a significant difference could be due to lower statistical
power.

Our meta-analysis builds on the one by Jelleyman [36]
by expanding the comparisons to include higher- versus
lower-intensity continuous exercise. While this is a novel
contribution of our analyses, it was also one of the more
difficult aspects to interpret. In our overall analyses, the
higher-intensity groups showed a greater reduction in
HbAlc. However, only the subgroup analyses comparing
HIT versus MICT, representing 57.7 % of the total
weight, showed a significant difference. Even though the
test for subgroup differences did not reach statistical sig-
nificance ()(2 = 1.71, p = 0.64, F=0 %), one of the main

criticisms of meta-analyses is combining results from dif-
ferent types of interventions (i.e., “combine apples with
oranges” [13]). Looking specifically at the HICT versus
MICT or MICT versus LICT comparisons, the differences
did not reach statistical significance. When dealing with
small mean differences such as these, it is possible that the
absence of a significant effect in some subgroups is due to
low statistical power.

It is noteworthy that our a priori inclusion criteria led us
to having to make a difficult decision regarding one of the
largest trials comparing HICT versus MICT. As part of the
Italian Diabetes and Exercise Study (IDES), the article by
Balducci et al. [38] reported comparisons between different
aerobic exercise intensities, with 152 and 136 participants
completing HICT and MICT, respectively. HICT per-
formed exercise at 70 % of predicted VOy,,.x, Whereas the
MICT completed an equal volume at 55 % VO, (see
Table 2). This study did not meet our inclusion criteria
because it included a co-intervention that was different in
both groups. The HICT group also performed resistance
training at 80 % of predicted 1-repetition maximum,
whereas the MICT group also trained at 60 % of 1-repe-
tition maximum. Consequently, it would be impossible to
tell whether greater improvements in the HICT would be
due to the higher-intensity aerobic or resistance training (or
both). However, it is encouraging that the mean decrease in
HbAlc between the higher- versus lower-intensity groups
(reported as —0.17 % [—0.44, 0.10]) [38] was in line with
our results. Had we included this study in our meta-anal-
ysis, the overall results (WMD: —0.21 % [—0.36, —0.07],
or —2.3 mmol/mol [—3.9, —0.8], p = 0.004, XZ = 2.71,
p = 0.95, P=0 %) and those from the HICT versus
MICT training subgroup (WMD: —0.16 % [—0.38, 0.05],
or —1.7 mmol/mol [—4.2, 0.5], p = 0.13, Hetero.:
¥* =0.78, p=0.86, > =0 %) would have been very
similar.

The main limitations of our study included low sample
size and the inclusion of studies with different exercise
interventions or populations. Despite these limitations, the
changes in HbAlc were consistent among all of our com-
parisons. In this rapidly growing area of research, our
search identified several recent abstracts for which we were
unable to obtain sufficient data. It is likely that many of
these abstracts (including the one from Panday et al. [20],
n = 76) will soon be available as full articles and add to
this rapidly growing literature.

Although most trials attempted to match the workload or
exercise energy expenditure between the higher and lower
exercise intensity groups, we cannot be certain that energy
expenditure was in fact the same in both groups. For
example, higher-intensity exercise normally has greater
excess post-exercise energy expenditure. Another chal-
lenge that we faced was that most trials did not report the
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