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ABSTRACT

Type 2 diabetes is a chronic disease with an increasing prevalence all over the world. The treatment includes an integral
intervention with medical treatment, healthy diet, and regular exercise. High Intensity Interval Training has been recently
proposed as part of this treatment to improve glycaemic control. The aim of this meta-analysis is to determine the effect of
High Intensity Interval Training on glycosylated haemoglobin in people with type 2 diabetes during at least 12 weeks of
intervention. The search was performed in EBSCOHost, Web of Science, Scopus, PubMed, and EMBASE. A total of 250
records were obtained and 22 studies met the inclusion criteria to be meta-analysed. The results showed that High Intensity
Interval Training could significantly lower glycosylated haemoglobin; in the sedentary control group, glycosylated haemoglobin
significantly increased, making glycaemic control worse. The improvement of glycosylated haemoglobin with High Intensity
Interval Training can be influenced by diet, intensity of the intervals, and age. There were some limitations because of lack
of control group and appropriate information in some studies. An adequate prescription program should be developed by

a qualified professional to ensure best results.
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Introduction

Type 2 diabetes (T2D) is a chronic disease whose
prevalence has been increasing in the world population
during the last years. For example, only in the United
States, there are 29.1 million people diagnosed with
T2D (9.3% of the US population) [1]. In Poland, 8% of
the population suffers from diabetes and it is estimated
that 25-30% of adults with diabetes are unaware of
their health condition. The prediction shows that di-
abetes prevalence in Poland will be 11% by 2040 [2].
In the Costa Rican population, the same trend is ob-
served. Among people aged above 20 years, T2D prev-
alence equals around 10.5% [3]. Moreover, according
to the Costa Rican Social Security Fund (CCSS, Caja
Costarricense de Seguro Social), Costa Rican people
lose an average of 13.2 years of their lives because of

diabetes [3].

To take care of T2D, a multidisciplinary treatment
is necessary, including drugs, healthy diet and life-
style, and a proper exercise plan [1]. Much research
has been performed with reference to this last point,
with the main goal of finding the best option of exer-
cising to ensure good glycaemic control [4].

Moreover, glycosylated haemoglobin (HbAlc) is
a biochemical measure used for diabetes monitoring.
It was recommended for the first time by the World
Health Organization in 2006 and it presents a good
overview of the glycaemic behaviour of a person during
the previous 8-12 weeks [5, 6]. Although the World
Health Organization guidelines indicate that HbAlc
can be assessed every 8-12 weeks, recent studies rec-
ommend an optimal period of 12 weeks [7] because of
the red blood cells replacement time [8].

HbAlc is widely used today in the clinical practice;
it has also been proposed as a diagnostic criterion in
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addition to control and monitoring. It is relatively easy
to assess because it does not require any special phys-
iological condition to be tested (e.g. minimum fasting
hours). In people diagnosed with diabetes, a level of
HbA1lc below 6.5% is recommended for optimal gly-
caemic control [5, 6].

According to the American Diabetes Association
and the American College of Sports Medicine (ACSM),
individuals diagnosed with diabetes should practise
moderate to intense aerobic exercise for 150 minutes/
week, complementary with 2-3 sessions of resistance
training weekly [9]. Recently, however, an alternative
has been proposed, namely High Intensity Interval
Training (HIIT). Some studies have compared the ef-
fect of aerobic training, resistance training, and HIIT
on T2D, and the outcomes bring about different con-
clusions [10, 11]. Moreover, other studies tested other
alternatives like structured walking, finding them
potentially beneficial for glycaemic control [12, 13].

Today, there are no guidelines or protocols to follow
when prescribing HIIT [10, 11]. Some authors suggest
a general schedule with big intervals up to 3 minutes
of high intensity (beyond 85% of maximal capacity)
with rest periods between 10 seconds and 4 minutes
[9]. Another important fact is that there is no stand-
ardized physiological parameter to define the maximal
capacity or to establish the rest periods between inter-
vals. Because of all this, the recent studies have ap-
plied different methodologies and, as a consequence,
revealed different outcomes [9-11].

A recently published meta-analysis compared the
effect of exercise vs. non-exercise on HbAlc in people
with T2D and found beneficial effects of resistance
training with an effect size (ES) of -0.15 (-0.31, 0.01),
concurrent training with ES of -0.67 (-1.04, -0.3),
and aerobic exercise with ES of -0.77 (-1.07, -0.46) [14].
Another recent meta-analysis presented a pre-test vs.
post-test comparison and noted positive effects of
HIIT on HbAlc with ES of -0.29 (-0.55, -0.04) when
HIIT was compared with a control group with ES of
-0.39 (-0.81, 0.02) in favour of HIIT; in a comparison
with moderate intensity continuous training, ES was
-0.37 (-0.55, -0.19) favouring HIIT. Nevertheless, the
study included trials lasting 4 weeks and more [15], so
it could have had accuracy problems in HbAlc meas-
urement [7]; also, it did not provide moderator vari-
able analysis [15].

Therefore, the aim of this meta-analysis was to de-
termine the effect of chronic HIIT on HbAlc in people
aged above 18 years with T2D after at least 12 weeks of
experimental and quasi-experimental intervention.
The second goal was to analyse the potential factors
that could directly influence this effect.

Material and methods
Data sources and searches

This meta-analysis was performed in accordance
with the PRISMA statement [16]. In October 2019,
the following databases were searched: EBSCOHost
(Academic Search Complete, Fuente Académica Pre-
mier, MEDLINE, and SportDiscus), Web of Science,
Scopus, PubMed, and EMBASE. The Boolean phrase
was “(glycated hemoglobin or glycosilated hemo-
globin or hemoglobin alc HbAlc) AND (type 2 dia-
betes or type 2 diabetes mellitus or t2dm) AND (hit
or hiit or high intensity interval training or high in-
tensity training or aerobic interval training or high
intensity intermittent training)”. The last search up-
date was made in January 2021.

Inclusion criteria

In accordance with the PICOS criteria, the meta-
analysed studies met the following inclusion criteria:
the selected participants were subjects aged 18 years
or above with a diagnosis of T2D and available to do
exercise, pregnant women were excluded (P); the in-
tervention involved the implementation of a HIIT
protocol for at least 12 weeks (I); the comparison was
between the status before and after intervention (i.e.
pre-test vs. post-test) (C); the outcomes were pre-test
and post-test HbAlc measures (O); and the selected
studies had an experimental or quasi-experimental
design (S).

There was no gender or date of publication limit,
and all the records published in Spanish and English
were reviewed. Conference abstracts that met the cri-
teria and showed the necessary data to meta-analyse
were included, too.

Study selection

Data selection and codification was performed by
one of the authors and then the information was
checked by the other 2 authors. All the information
was extracted and processed in Microsoft Office Excel®.
The data involved authors, year of publication, coun-
try; information on the participants: age, sex, type of
medication, physical activity level, diet; information
on the methodology: training method, intervention
duration, exercise frequency, duration, and intensity;
information about dependent variables to calculate
ES: pre-test and post-test HbAlc, standard devia-
tions, and sample size. ES was based on the change
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between pre-test and post-test outcomes and calcu-
lated with the OpenMEE software [17] and the con-
tinuous random effects model [18]. Four studies did
not report data necessary for meta-analysis and the
authors were successfully contacted via e-mail to re-
trieve the information. Also, 4 articles reported HbAlc
in mmol/I; to calculate ES, these values were converted
to % with a German DiaSys Diagnostic Systems GmbH
converter [19].

Quality assessment and risk of bias

Quality was assessed with the PEDro scale [20].
The results were exposed to description purposes and
evaluated as a moderator variable to look for possible
trends depending on quality results. Heterogeneity
analysis was performed with I? in the OpenMEE soft-
ware, subjective risk of bias was assessed with a fun-
nel plot analysis in OpenMEE [17], and an objective
analysis was conducted with Egger regression by us-
ing RStudio [21].

Sensitivity analysis
One study seemed to alter data heterogeneity, so

analysis was performed with and without this trial to
show the reader its impact on the results (see Figure 2b, c).

Moderator variable analysis

Moderator variables were assessed to find any pos-
sible factor affecting directly the HbAlc behaviour in
the studies analysed. The categorical variables were
meta-analysed with subgroup analysis and continu-
ous variables were analysed with meta-regression,
both in the OpenMEE software [17].

Ethical approval
The conducted research is not related to either hu-
man or animal use.

Results

A total of 233 studies were obtained from the dif-
ferent databases; 17 were added from other sources
like reviews and research application updates. Among
these 250 studies, 89 were duplicated records so a total
of 161 articles were screened and compared with the
inclusion criteria. After all the assessment, 22 stud-
ies were selected for meta-analysis (Figure 1).

A total of 564 participants were included in the
analysis; among them, 361 performed the HIIT pro-
tocol. Gender analysis was not possible because most
of the studies did not report the results distributed by
gender. The main information about the included pa-

Records identified through database searching:
EBSCOHost: 24, Web of Science: 119,
PubMed: 81, Scopus: 7, EMBASE: 2
Total: n = 233

Additional records identified
through other sources
n=17

Figure 1. Flow diagram of the study selection process
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Duplicates removed
n=_89

Article titles and
abstracts screened | —,
n=161

|

Full text articles
assessed -_
n=40

Excluded articles
n=121

Excluded articles: n = 18

Sample below 18 years of age: 1
Less than 12 weeks of
intervention: 1
1 Not an experimental trial: 3
No HIIT intervention: 6
No HbA1c: 2
No T2D diagnosed: 2
Not enough information: 4

Studies included in
meta-analysis
n=22
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a)

c)

Studies Mean difference 95% CI
Ahmed et al, 2019 0.554 (-0.077, 1.186) L
Alvarez et al, 2016 0.212 (-0.667, 1.090) -
Cassidy et al, 2014 0.069 (-0.767, 0.905) ]
Cassidy et al, 2016 0.316 (-0.525, 1.157) il
Cassidy et al, 2018 0.906 (0.029, 1.784) i
Hua et al, 2019 -0.114 (-0.492, 0.263) ——
Karstoft et al, 2013 1.483 (0.377, 2.590)
Magalhaes et al, 2019 0.092 (-0.499, 0.683) ]
Mir et al, 2020 0.566 (-0.376, 1.508) L
Mitranum et al, 2014 0.127 (-0.589, 0.843) =
Subgroup Control (1*2=27.31 % , P=0.193) 0.294 (0.027, 0.561) ety
Bellia et al, 2017 -0.529 (-1.379, 0.322) L
Magiamarchi et al, 2017 0.000 (-0.877, 0.877)
Way et al, 2020 0.770 (-0.097, 1.636) L
Subgroup Control + (1"2=54.9 % , P=0.109) 0.077 (-0.666, 0.820) —_— T
Overall (1*2=29.93 % , P=0.145) 0.259 (0.011, 0.508) <>
T - T
-1 o 1
HbA1c
Studies Mean difference 95% CI !
Aguilera et al, 2015 -0.171 (-1.153, 0.811) ]
Ahmed et al, 2019 -1.426 (-2.120, -0.732) ' 3 i
Alvarez et al, 2016 -2.114 (-3.073, -1.154) - i
Bellia et al, 2017 -0.816 (-1.686, 0.054) -
Cassidy et al, 2014 -0.123 (-0.923, 0.8678) L
Cassidy et al, 2016 -0.304 (-1.109, 0.500) L
Cassidy et al, 2018 -0.833 (-1.704, 0.038) =
Francois et al, 2017 -0.248 (-0.630, 0.134) .
Hollekim-Strand et al, 2014 -0.370 (-0.995, 0.255) —_—
Hua et al, 2019 -2.431 (-2.910, -1.951) —R—
Karstoft et al, 2013 -0.379% (-1.186, 0.429) -
Macias Cervantes et al, 2017 -0.651 (-1.472, 0.170) L
Magiamarchi et al, 2017 -0.8987 (-1.866, 0.072) = t
Maillard et al, 2016 -0.315 (-1.301, 0.671) : L ]
Mitranum et al, 2014 0.211 (-0.954, 0.532) —
Stoa et al, 2017 -0.459 (-1.161, 0.243) —._.__
Way et al, 2020 -0.234 (-1.037, 0.569) — =
Subgroup HIIT (1*2=79.34 % , P=0.000) -0.713 (-1.103, -0.322) —:::,:)——
Magalhaes et al, 2019 0.033 (-0.735, 0.802) ;
Mir et al, 2020 0.569 (-1.463, 0.325)
Sudarsono et al, 2019 -0.448 (-1.109, 0.214)
Terada et al, 2013 -0.169 (-1.219, 0.880)
Wormgoor et al, 2018 -0.163 (-0.964, 0.639)
Subgroup HIIT + other (1*2=0 % , P=0.843) -0.271 (-0.632, 0.089)
Overall (1*2=75.18 % , P=0.000) -0.615 (-0.935, -0.294)
r T T
3 2 E] [
HbA1c
Studies Mean difference 95% CI HbA1c — glycosylated haemoglobin,
Aguilera et al, 2015 -0.171 (-1.153, 0.811) : Subgroup ContrOI - pure sedentary
Ahmed et al, 2019 1,426 (-2.120, -0.732) - - control group, subgroup control + —
Alvarez et al, 2016 -2.114 (-3.073, -1.154) L H o _
Belln ot a1 2017 e e olben . qontrol group with nutrltlppal educa
Cassidy et al, 2014 -0.123 (-0.923, 0.678) - tion or with low-level act|V|ty
Cassidy et al, 2016 -0.304 (-1.109, 0.500) L . .
Cassidy et al, 2018 -0.833 (-1.704, 0.038) = subgroup HIIT — group with High
Franc:.)ls etal, 2017 -0.248 (-0.630, 0.134) —— |ntensity Interval Training
Hollekim-Strand et al, 2014 -0.370 (-0.995, 0.255) L ]
Karstoft et al, 2013 -0.379 (-1.186, 0.429) ] Subgroup H||T + other —_ gl’OUp Wlth
Macias Cervantes et al, 2017 -0.651 (-1.472, 0.170) " . . - .
Magiamarchi et al, 2017 ~0.897 (-1.866, 0.072) High Intensity Interval Training mixed
Maillard et al, 2016 -0.315 (-1.301, 0.671) - W|th Other type of training
Mitranum et al, 2014 -0.211 (-0.954, 0.532) 3
Stoa et al, 2017 -0.459 (-1.161, 0.243)
Way et al, 2020 -0.234 (-1.037, 0.569) L
Subgroup HIIT (I1"2=37.75 % , P=0.063) -0.560 (-0.803, -0.317) R
Figure 2
Magalhaes et al, 2019 0.033 (-0.735, 0.802)
Mir et al, 2020 ~0.569 (-1.463, 0.325) (a) Forest plot for control groups
Sudarsono et al, 2019 -0.448 (-1.109, 0.214)
Terada et al, 2013 -0.169 (-1.219, 0.880) g and the effeCt on HbAlC
Wormgoor et al, 2018 -0.163 (-0.964, 0.639) = (b) Forest plOt for experlmental
Subgroup HIIT + other (1*2=0 % , P=0.843) -0.271 (-0.632, 0.089) — T
| groups effect on HbAlc.
Overall (1%2=25.71 % , P=0.137, -0.488 (-0.684, -0.292) .
‘ ‘ ! 2 (c) Forest plot for experimental
r T T

-
HbA1c
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by Hua et al. [31]
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Table 1. Main characteristics of the included papers

Main characteristics of the subjects Intervention
Article, year Country i ;
n Sex Mean age Medication Activity D urauon. of Frequentcy Method Diet
(years) level intervention of exercise
Aguilera Eguia . .
etal, 2015 Chile 8 Mixed 62 NR NR 12 weeks 0 tmes/ Treadmill and cycle  Not
22] week ergometry controlled
20* 51.8* .
Ahmed et al., . 3 times/ . Not
2019 [23] Egypt 20 Male 2 Pill Sedentary 12 weeks week Treadmill controlled
Alvarez et al 10 4317 3times/  Walking/jogging/ Standardized
varez et al. Brazil Mixed Pill Sedentary 16 weeks 1mes aiing/J08gine andardize
2016 [24] 13 45.6 week running or controlled
: 11° 56.3" : .
Bellia et al, Italy Mixed Pill Sedentary 12 weeks 2.75 times/ Treadmill Standardized
2017 [25] 11 58.8 week or controlled
. . 11* 60* :
Cassidy et al., United . 3 times/
2014 [26] Kingdom 1, Mixed " NR NR 12 weeks week Cycle ergometry NR
Cassidy et al., United 147 Mixed 59+ pill Sedenta 12 weeks 3 times/ Cvele ereomet Standardized
2016 [27] Kingdom 14 61 vy W week Y 8 ™" or controlled
Cassidy et al., United 11~ Mixed 59* Medicine + NR 12 weeks 3 times/ Cvele ereomet Standardized
2019 [28] Kingdom {4 60 lifestyle NR W week Y 8 ™Y or controlled
Treadmill or cycle
Francois et al., . 3 times/ ergometry Experimental
2017 [29] Canada 53 Mixed 57.7 NR NR 12 weeks week or elliptical condition
and elastic bands
Hollekim- 3 times/
Strand et al., Norway 20 Mixed 58.6 NR NR 12 weeks week NR NR
2014 [30]
54* 43.7* . . .
Hua et al., China Mixed ——— Me.dlcme * NR 12 weeks 3 times/ Cycle ergometry Expem.n.e ntal
2020 [31] 58 443 lifestyle week condition
Karstoft et al., Denmark 8* Mixed 571" Medicine + Sedenta 16 weeks 5 times/  Walking/jogging/ Standardized
2013 [13] 12 57.5 lifestyle ol week running or controlled
Macias- 3 times/
Cervantes et Mexico 12 NR 45.8 NR Sedentary 16 weeks is Cycle ergometry NR
al., 2017 [32] wee
= 22% 59* .
Magalhies et . 3 times/
al, 2019 [33] Portugal 3 Mixed 6. NR NR 52 weeks week Cycle ergometry NR
Maillard et al., Pill and 2 times/ Standardized
2016 [35] France 8 Female 68.2 injectable Low 16 weeks week Cycle ergometry or controlled
. . 10 54.1° . . .
Mangiamarchi . Pill and 3 times/ Experimental
etal, 2017 [34] Chile ; Female T injectable Sedentary 12 weeks week Cycle ergometry condition
Mir et al., 9* 57.7* . 3 times/ . Not
2020 [36] Iran 10 Male 50 Pill Sedentary 12 weeks week Treadmill controlled
36
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Mitranum 15* 60.9*

etal, 2014 Thailand =™ Mixed Pill Sedentary 12 weeks 8 times/ Treadmill Standardized
[37] 14 61.2 week or controlled
I
iil yd;éslc;n?;(;t] Indonesia 18 Mixed 51.69 Pill NR 12 weeks 3&1?/ ;ﬁ:ﬁgiﬁ:& i??oﬁiﬁﬁg
T s 5 et @ VST Sy ks i Tt S
\ZA([)aZYOEF 4a11j’ Australia 1 Mixed Z;j Pill Sedentary 12 weeks 33}2;;8/ Cycle ergometry conlt\:Ir(c))tlled

A0 zeand 12 Ml 522 JUERCONRazweeks IO Cydleergomenry (T

NR - not reported

* control group, * control + low activity level groups, ~ control + nutritional advice groups

pers can be found in Table 1. Figure 2 shows the sub-
group analysis corresponding to control and experi-
mental groups.

A total of 10 studies involved pure control seden-
tary groups, 3 trials had a control group mixed with
another kind of treatment. For example, one of them
included at least 10,000 steps/day or 70,000 steps/
week and another received nutritional education; be-
cause of this variety of the control groups, they were
analysed in another subgroup. The results showed
that being sedentary did not improve glycaemic con-
trol; on the contrary, HbAlc significantly increased
in these cases, making glycaemic control worse. In the
control + subgroup, glycaemic control did not present
any changes (Figure 2a).

In the experimental group, ES was significantly
lower. There were trials that involved only HIIT treat-
ments and in 5 studies HIIT was mixed with another
exercise protocol (e.g. combined with resistance train-
ing); these were analysed separately. The subgroup
of HIIT revealed a significantly lower ES and the sub-
group of HIIT + another intervention obtained lower
ES but the difference was not significant (Figure 2b).
The 5 trials of HIIT + another category were not in-
cluded in the moderator variable analysis.

The heterogeneity of the results was significantly
high; a sensitivity analysis was performed and it showed
that the study by Hua et al. [31] brought about impor-
tant heterogeneity changes. When the forest plot was
obtained without this study, I* turned out non-signif-
icant (Figure 2c). Despite this, the results maintained
significantly lower HbAlc when HIIT was performed.

The funnel plot subjective analysis shows that there
is symmetry in data and the Egger regression test con-

Standard Error

0.00000
|

0.28228 014114
| |

0.42343
.

056457

T - T T o 1
-2.00000 -1.00000 0.00000 1.00000 2.00000

Observed Cutcome

Figure 3. Funnel plot analysis of bias

firmed this in an objective way (t = -0.634, p = 0.535,
slope: 0.179). This result indicates a low risk of bias in
the studies included in the meta-analysis (Figure 3).
Quality assessment of the meta-analysed studies
was performed with the PEDro scale [20] and is dis-
played in Table 2. There is an important detail about
this evaluation. Because of the trials design, it was
not possible to blind the subjects and therapists; for
that reason, all the studies were assigned 0 in these
items. This, however, does not necessarily mean that
the risk of bias was increased. The meta-regression
analysis revealed no significant trend in ES depend-
ing on the quality score (Table 3); all 22 studies meta-
analysed were included in this meta-regression.

37
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Table 2. Included trials quality assessment performed with PEDro scale

= g £

2 p= b =)

= g—' g £ T = 12 E

3] = =) “‘5‘ g 8 [ <

g S o > 3 2 D = 2 >

& ) oy 3 a k7] 2 = (SR 8 o

< i s = 3 = 2 9 g E o0 £73
Study = o 8 ® oy 5 g o % 5 g » &5 Total

= =] g o a < 2 o 2 ) b5) g g

5 = o 8 e G ey © g = 3 E a (4

2 = g & o o - g5 ze2 2 S

= E £ § g E EF EE& % 2% £t

=) '8 8 — —E ’E 's 8 g = § "“; 1= - 3

B 5 S E £ £ E SE Z§% 238 £°%

5 & < % ) g = Sd <ZE& x£& A&E
Aguilera Eguia et al., 2015 [22] 1 1 0 ? 0 0 1 1 0 1 1 6
Ahmed et al., 2019 [23] 1 1 1 ? 0 0 0 0 1 1 1 6
Alvarez et al., 2016 [24] 1 1 0 1 0 0 1 1 1 1 0 7
Bellia et al., 2017 [25] 1 1 0 1 0 0 0 0 1 1 0 5
Cassidy et al., 2014 [26] 1 1 0 ? 0 0 ? ? 1 1 1 5
Cassidy et al., 2016 [27] 1 1 1 1 0 0 0 0 1 1 1 7
Cassidy et al., 2019 [28] 1 1 1 1 0 0 0 0 1 1 1 7
Francois et al., 2017 [29] 1 1 0 ? 0 0 0 1 1 1 1 6
Hollekim-Strand et al., 2014 [30] 1 1 0 1 0 0 0 0 1 1 1 6
Hua et al., 2020 [31] 1 1 0 1 0 0 0 1 1 1 1 7
Karstoft et al., 2013 [13] 1 1 0 1 0 0 1 1 1 1 1 8
Macias-Cervantes et al., 2017 [32] 1 1 0 1 0 0 0 ? 1 1 1 6
Magalhaes et al., 2019 [33] 1 1 1 1 0 0 0 0 1 1 1 7
Maillard et al., 2016 [35] 1 1 0 1 0 0 0 1 1 1 1 7
Mangiamarchi et al., 2017 [34] 1 0 0 1 0 0 0 1 1 1 0 5
Mir et al., 2020 [36] 1 1 0 ? 0 0 0 1 1 1 1 6
Mitranum et al., 2014 [37] 1 1 0 1 0 0 0 1 1 1 1 7
Stoa et al., 2017 [38] 1 0 0 1 0 0 0 1 1 1 1 6
Sudarsono et al., 2019 [39] 1 1 0 1 0 0 1 0 1 0 1 6
Terada et al., 2013 [40] 1 1 1 1 0 0 0 1 1 1 1 8
Way et al., 2020 [41] 1 1 1 1 0 0 0 1 1 1 1 8
Wormgoor et al., 2018 [42] 1 1 1 1 0 0 ? 1 1 1 0 7

0 -no, 1 -yes, ? — no clear information in the study

Table 3. Meta-regression results for continuous
moderator variables

Factor B Data range p
Age (years) 0.096 44.3-68.2 <0.01*
Frequency of exercise 0.162  2.75-5 0.541
(times/week)
Number of intervals 0.002 2.75-60 0.912
High interval duration (s)  0.001 8-240 0.528
Low interval duration (s)  0.004  12-240 0.222
Quality of studies -0.048 5-8 0.780
(PEDro scale)
*p<0.05
Type of diet

As for the diet intervention (Figure 4a), the studies
with a standardized or controlled diet and those that
did not control the diet presented significantly lower
ES than the studies that made diet part of the ex-

38

perimental condition. It is important to highlight that
there are few studies in the experimental condition
category and this ES could not be accurate.

Type of medication

In the type of medication analysis (Figure 4b), all
groups significantly improved HbAlc, regardless of
the type of pharmacological treatment received by the
participants. In the category where the studies included
participants without pharmacological treatment, treat-
ed with lifestyle changes, no significant improvement
was observed.

Method of exercise
In the subgroup analysis of exercise method, the

cycle ergometer and the treadmill presented signifi-
cantly lower ES (Figure 5a).
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a)

Studies

Aguilera et al, 2015 -0.171
Ahmed et al, 2019 -1.426
Alvarez et al, 2016 -2.114
Cassidy et al, 2016 -0.304
Way et al, 2020 -0.234
Subgroup Not controlled (1*2=73.63 % , P=0.004) -0.848
Bellia et al, 2017 -0.816
Cassidy et al, 2018 -0.833
Karstoft et al, 2013 -0.379
Maillard et al, 2016 -0.315
Mitranum et al, 2014 -0.211
Stoa et al, 2017 -0.459
Subgroup Standardized or controlled (I"2=0 % , P=0.866) -0.486
Francois et al, 2017 -0.248
Hua et al, 2019 -2.431
Magiamarchi et al, 2017 -0.897
Subgroup Experimental condition (142=95.9 % , P=0.000) -1.197
Overall (1*2=82.15 % , P=0.000) -0.784

b)

Studies
Ahmed et al, 2019 -1.426
Alvarez et al, 2016 -2.114
Bellia et al, 2017 -0.816
Cassidy et al, 2016 -0.304
Mitranum et al, 2014 -0.211
Way et al, 2020 -0.234
Subgroup Pill (1*2=68.95 % , P=0.007) -0.830
Cassidy et al, 2018 -0.833
Hua et al, 2019 -2.431
Karstoft et al, 2013 -0.379
Subgroup Medicine and lifestyle (1°2=91.3 % , P=0.000) -1.247
Magiamarchi et al, 2017 -0.897
Maillard et al, 2016 -0.315
Stoa et al, 2017 -0.459
Subgroup Pill and injectable (I1*2=0 % , P=0.680) -0.536
Overall (1*2=81.01 % , P=0.000) -0.883

HbA1c — glycosylated haemoglobin
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Figure 4. (a) Effect of High Intensity Interval Training on HbAlc depending on diet intervention.
(b) Effect of High Intensity Interval Training on HbAlc depending on received medication
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a)

Studies

Aguilera et al, 2015

Subgroup treadmill and cycle ergometry (1*2=NA , P=NA)

Ahmed et al, 2019

Bellia et al, 2017

Mitranum et al, 2014

Subgroup treadmill (1*2=63.61 % , P=0.064)

Alvarez et al, 2016
Karstoft et al, 2013
Stoa et al, 2017

Subgroup walking/jogging/running (12=78.13 % , P=0.010)

Cassidy et al, 2014

Cassidy et al, 2016

Cassidy et al, 2018

Hua et al, 2019

Macias Cervantes et al, 2017

Magiamarchi et al, 2017

Maillard et al, 2016

Way et al, 2020

Subgroup cycle ergometry (1#2=85.28 % , P=0.000)

Francois et al, 2017
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b)

Studies

Aguilera et al, 2015
Ahmed et al, 2019
Bellia et al, 2017
Cassidy et al, 2014
Cassidy et al, 2016
Cassidy et al, 2018
Francois et al, 2017
Hollekim-Strand et al, 2014
Hua et al, 2019
Magiamarchi et al, 2017
Mitranum et al, 2014
Stoa et al, 2017

Way et al, 2020

Subgroup 12 weeks (1*2=82.38 % , P=0.000)

Alvarez et al, 2016
Karstoft et al, 2013
Macias Cervantes et al, 2017
Maillard et al, 2016
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Overall (1*2=79.34 % , P=0.000)

HbA1c — glycosylated haemoglobin
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Figure 5. (a) Effect of High Intensity Interval Training on HbAlc depending on the type of exercise performed.
(b) Effect of High Intensity Interval Training on HbAlc depending on the number of intervention weeks
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Intervention duration

In the studies included, the interventions lasted
12 or 16 weeks; their duration was analysed as a cat-
egorical variable (Figure 5b). Trials that endured 16
weeks revealed a better improvement in ES but both
categories, as well as the overall group, presented sig-
nificantly lower outcomes.

High interval intensity

The intensity of the high interval was measured
with different physiological parameters in the ana-
lysed trials. For that reason, all the information con-
cerning this topic was classified in accordance with
the ACSM guidelines [43] as very light, light, moderate,
vigorous, or maximal. Those studies that involved an
intensity progress during the trial, the different in-
tensities were averaged for analysis purposes. All the
high intervals in the trials presented vigorous or maxi-
mal intensity (Figure 6), and ES was significantly
lower in the overall analysis. In the subgroup analysis,
the vigorous intensity kept significantly lower but the
maximal subgroup was not significantly different.

The meta-regression analysis showed a signifi-
cant impact of age on the results (Table 3). Regres-
sion presented a positive correlation: the older the par-
ticipant, the smaller effect HIIT had on HbAlc (ES =
+0.096 for each subsequent year of age). The perfor-
mance variables that revealed progression during the

Studies Mean difference 95% CI
Aguilera et al, 2015 -0.171 (-1.153, 0.811)
Alvarez et al, 2016 -2.114 (-3.073, -1.154)
Subgroup Maximal (1*2=87 % , P=0.006) -1.145 (-3.049, 0.758)
Ahmed et al, 2019 -1.426 (-2.120, -0.732)
Bellia et al, 2017 -0.816 (-1.686, 0.054)
Cassidy et al, 2014 -0.123 (-0.923, 0.678)
Cassidy et al, 2016 -0.304 (-1.109, 0.500)
Cassidy et al, 2018 -0.833 (-1.704, 0.038)
Francois et al, 2017 -0.248 (-0.630, 0.134)
Hollekim-Strand et al, 2014 -0.370 (-0.995, 0.255)
Hua et al, 2019 -2.431 (-2.910, -1.851)
Macias Cervantes et al, 2017 -0.651 (-1.472, 0.170)
Magiamarchi et al, 2017 -0.897 (-1.866, 0.072)
Maillard et al, 2016 -0.315 (-1.301, 0.671)
Stoa et al, 2017 -0.459 (-1.16l1, 0.243)
Subgroup Vigorous (1*2=82.67 % , P=0.000) -0.755 (-1.237, -0.274)
Overall (1*2=81.97 % , P=0.000) -0.806 (-1.260, -0.351)

HbA1c — glycosylated haemoglobin

trial were averaged for analysis purposes. All other con-
tinuous variables showed no significant trends and
their ranges are depicted in Table 3.

Discussion

The experimental HIIT group revealed a signifi-
cant reduction in ES of HbAlc; in the trials that imple-
mented only a HIIT protocol without any other train-
ing, ES was bigger. Among these studies, those by
Ahmed et al. [23], Alvarez et al. [24], and Hua et al.
[31] presented the biggest changes (ES = -1.426, ES =
-2.114, ES = -2.431, respectively). Seven of the 17
only-HIIT studies had ES below the overall, but all
the 17 studies indicated a negative size effect. This is
consistent with the meta-analysis by Jang et al. [14],
who found significant ES when comparing the HIIT
and control groups. On the contrary, Liu et al. [15] did
not observe significant differences in HbAlc in compari-
son with controls, but noted a difference in comparison
with continuous aerobic exercise; on the other hand,
De Nardi et al. [11] did not find significant differ-
ences in comparison with continuous aerobic exer-
cise. An important detail about these previous meta-
analyses is that they involved fewer studies than this
meta-analysis, and De Nardi et al. [11] included par-
ticipants diagnosed with prediabetes; these can be
possible reasons for the differences in the results.
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Figure 6. Effect of High Intensity Interval Training on HbAlc depending on the high interval intensity [43]
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In some of the trials analysed, HIIT was comple-
mented with another type of training and ES reduction
was not significant, but there were only 5 studies ap-
plying this method. It is important to highlight that all
of these 5 studies presented smaller ES than the over-
all and actually Magalhaes et al. [33] implied posi-
tive ES without significant changes. It is therefore
necessary to perform more research to obtain a clear
picture of the effect of HIIT complemented with some
other training alternatives.

A recent meta-analysis showed a comparison be-
tween HIIT, moderate intensity training, low intensity
training, and control in affecting HbAlc in T2D par-
ticipants [44]. A significant reduction of HbAlc was
found when HIIT was performed, as in the present
meta-analysis. HIIT turned out more beneficial than
control and low intensity training. There was no signifi-
cant difference between HIIT and moderate intensity
training [44].

A possible explanation for the HbAlc reduction
could be the effect of HIIT on appetite [45]; it was
proved that HIIT reduced ghrelin plasma levels in
obese diabetic subjects and also increased glucagon-
like peptide-1 concentrations in obese and normal
weight diabetics. Ghrelin plasma levels reduction helps
to improve appetite control and regulate energy intake.
The improvement of glucagon-like peptide-1 concen-
trations enhances insulin metabolism. Both factors
can contribute to HbAlc reduction [46, 47].

A significant increase of ES was observed in the
control groups, corresponding with a negative effect of
sedentarism on diabetes control. The study by Karstoft
et al. [13] presented the biggest ES (+1.483), and only
Hua et al. [31] indicated negative ES (-0.114) between
the sedentary control group studies. There were 3 trials
that had control groups mixed with nutritional edu-
cation or low-level activity; these did not reveal sig-
nificant changes, whereas the pure sedentary control
group had a significant increase in ES. The results
show that being sedentary not only is unsuitable to
improve glycaemic control, but also worsens the sta-
tus of this chronic disease. This confirms the impor-
tance of an integrated treatment (diet, medication,
and exercise) to obtain better glycaemic control, already
reported in the literature [14].

With reference to the moderator variable analysis,
there are some aspects to highlight. Concerning the
diet, when it was controlled or standardized or the
participants were instructed to continue their usual
habits without any control, the results were better than
when diet constituted part of the experimental con-
dition. This reflects the influence of diet on T2D treat-
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ment. In the case of the type of medication, all the phar-
macologic alternatives presented a significant ES
reduction but when participants with lifestyle modi-
fication without medication were included, the results
were not satisfactory. These facts again imply the im-
portance of an integrated treatment where it is neces-
sary to combine healthy lifestyle with exercise and
pharmacologic treatment for better T2D control [48].

Sex analysis was not possible because of lack of ap-
propriate information in the studies meta-analysed.
A study published as an ACSM meeting abstract found
a bigger reduction of HbAlc in males when they fol-
lowed an aerobic training, resistance training, and
flexibility training program [49].

The other moderator variable analysis showed
that the best HIIT program involved a cycle ergometer
or treadmill used for at least 12 weeks; better results
were achieved with 16 weeks and with the high in-
terval in vigorous intensity in accordance with ACSM
guidelines [43]. Maximal intensity did not imply sig-
nificant results; as it only appeared in 2 studies, fur-
ther research is needed to draw conclusions about
maximal intensity.

The meta-regression analysis showed no trend con-
cerning exercise frequency, number of intervals, or in-
terval duration; so, when the protocol was prescribed
in the ranges displayed in Table 3, the result in HbAlc
was satisfactory. The analysis revealed a significant
trend with reference to age: the older the person, the
smaller reduction in HbAlc the ES indicated. In the
study by Hua et al. [31], the average age was 44.3 years,
and, the lowest in this meta-analysis, its ES equalled
-2.431. On the other hand, Maillard et al. [35] in-
volved the oldest participants, with an average age of
68.2 years, and ES was -0.315. It illustrates the trend
found in the meta-regression results.

A recent review indicated that HIIT could be benefi-
cial for glycaemic control in patients of any age; how-
ever, it remains unclear if this benefit is the same for
all ages, so further investigation is recommended to
make a specific evaluation concerning the participants’
age [50]. That prediction is consistent with this meta-
regression analysis, which found significant differ-
ences in HbAlc reduction depending on age.

Among the strengths of this meta-analysis, there
is the quality analysis, performed in accordance with
the PEDro scale (with the assumption that it was not
possible to blind the subjects and therapists because
of the design of the studies). There is a low risk of bias
in the trials analysed, so the results are reliable. More-
over, as revealed in the meta-regression analysis (Ta-
ble 3), there is no influence of the quality score on the
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results. Another strength of this study is that papers
published in Spanish or English were included and
there was no publishing year restriction in the search.

On the other hand, this meta-analysis included
T2D-diagnosed participants only; prediabetes indi-
viduals were excluded. The intervention length was
filtered in accordance with the newest recommenda-
tions for HbAlc assessment (at least 12 weeks) [7, 8].
In addition, to our knowledge, this is the only meta-
analysis evaluating moderator variables and propos-
ing a HIIT protocol.

Among the limitations of this study, there are de-
sign weaknesses, lack of control groups in many trials,
and lack of randomization in 2 studies. In the mod-
erator variable analysis, it was not possible to include
all the information because there was not enough
information in some studies. Furthermore, some trial
designs combined HIIT and other training modalities;
these could not be included in the moderator variable
analysis. There was another case with control groups
in which nutritional education, diet, or another exercise
were part of the intervention; this made them non-
strict control groups.

Conclusions

HIIT has a beneficial effect on HbAlc in people
diagnosed with T2D and this effect is influenced by
diet, training program intensity, and age. Keeping sed-
entary despite medical treatment can worsen glycaemic
control. It is important to take into account the fre-
quency, intensity, and length of intervention, interval
duration, and the number of intervals when making
prescription; this should be done by qualified profes-
sionals.

HIIT can be applied in people with T2D and medi-
cal approval; the suggested regimen involves practis-
ing 2-5 times/week, with vigorous intensity intervals
lasting from 8 seconds to 4 minutes, for at least 12
weeks, on a treadmill or cycle ergometer.
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