Physiology International 109 (2022) 3, 317-333 @Lﬁ@
DOI: 10.1556/2060.2022.00018 AKADEMIAI KIADO

The effectiveness of high-intensity interval
training on body composition of rodent models of
obesity: A systematic review and meta-analysis

ANA FLAVIA SORDI!, BRUNO FERRARI SILVA**
JULIA PEDROSA FURLAN', SOLANGE MARTA FRANZOI DE MORAES',
DEBORA ALVES GUARIGLIA? and SIDNEY BARNABE PERES'*

! Department of Physiological Sciences, State University of Maring4, Maringé, Brazil
? Health Sciences Center, State University of North of Parand, Jacarézinho, Brazil
3 UniCesumar University, Maringd, Brazil

* Department of Physical Education, State University of Maring4, Maring4, Brazil

Received: January 30, 2022 e Revised manuscript received: April 30, 2022 e Accepted: May 9, 2022

Published online: September 5, 2022 . k)'
© 2022 Akadémiai Kiadé, Budapest updates
ABSTRACT

The present systematic review was compiled to analyze the effectiveness of High-intensity interval training
(HIIT) protocols on the body composition of rodents with obesity. Databases were searched until February
2021 for experimental trials in rodents with a minimum duration of four weeks of HIIT and endpoints
associated with obesity. The data were analyzed by meta-analysis performed for comparisons of body
composition. Sensitivity analysis was performed to investigate the consistency of individual researches.
Of all of the 524 studies found, only 14 were included. The analysis showed a significant reduction in body
weight ([CI 95%: -8.35; -1.98] P < 0.01), adiposity index ([IC 95%: -1.04; —0.80] P < 0.01), and fat pads
([IC 95%: -0.59; —-0.06] P < 0.01). HIIT performed on treadmill or water was effective to reduce body
weight (P < 0.05). In conclusion, HIIT attenuated both body weight and adiposity induced either by HFD
(high-fat diet) or by GOM (genetic obese model), thereby inducing positive changes in body composition.
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INTRODUCTION

Obesity, a result of positive energy balance, is one of the most common epidemiological prob-
lems in public health worldwide [1]. Recently, the incidence of obesity has increased, and obesity
prevalence has risen to almost pandemic proportions [2]. Lack of exercise decreases aerobic
capacity, and unhealthy eating habits are closely associated with metabolic syndromes such as
diabetes, hypertension, and obesity [3]. The benefits of regular exercise in addition to an active
lifestyle are well documented, especially for the prevention and treatment of obesity [4, 5].

To improve adherence to exercise, public health agencies have recommended short exercise
sessions to improve the acceptability of this form of exercise for the obese population [6].

High-intensity interval training (HIIT) is a model of training that involves repeated short-to-
long bouts of high-intensity exercise interspersed with passive or active recovery periods [3, 7].
The major benefits of HIIT are improvement of cardiorespiratory function, anaerobic meta-
bolism, and neuromuscular response in short exercise sessions [8]. Physical exercise has long
been used as a non-pharmacological treatment for weight loss [9], and HIIT has been shown to
improve fat oxidation [10]. However, there is no direct evidence linking the fat oxidation caused
by HIIT with the improvement in body composition, mainly related to weight and fat loss, in
rodent models. Furthermore, it is essential to analyze differences in HIIT protocols and their
efficiency in experimental models involving animals.

Thus, the objective of this systematic review was to analyze the effect of HIIT on body
composition in obese rodents and to compare the responses of different species, diets, and
methods of training in terms of body weight.

METHODOLOGY

Search strategy

Data search was performed from September 2019 to February 2021 by two independent re-
searchers on the following databases: MEDLINE, EMBASE, Web of Science, Scielo, PUBMED,
and Science Direct, as well as manual search in specific journals and reviews already published.
The search strategy was: ((HIIT) OR (HIT) OR (HIIE) OR (high-intensity interval) OR (interval
training) OR (sprint-interval training) OR (sprint repeated) OR (sprint training) OR (“very-
heavy exhaustive exercise) OR (heavy intensity exercise)) AND ((fat) OR (adipose) OR (body
composition) OR (adiposity)) AND ((animals) OR (mice) OR (rats)). The search strategy
was adapted for each database as necessary, the search period was not limited, and articles in
English and Spanish were included. The review protocol was registered in the Systematic Review
Center for Laboratory Animal Experimentation (SYRCLE) for animal experimentation studies
(www.radboudumc.nl/getmedia/efa3a409-bf71-428e-868a-7abf2dc10£38/SYRCLE-protocol- Effect-
of-High-Intensity-Interval-Training.aspx).

Inclusion and exclusion criteria

The selection of articles was carried out in pairs, and in the case of disagreements, a third
examiner was consulted for a final consensus. The selected titles and abstracts were analyzed
based on the following inclusion criteria: experimental trials with only obese rodents that
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presented at least two intervention groups, at least one of them being characterized as HIIT.
Four weeks was considered the minimum intervention period. Investigations were excluded
when the animals were submitted to an acute exercise session and presented any dysfunction
such as: metabolic syndrome, hypertension, or diabetes. Aged rodents, transgenic animals, case
reports, and observational studies were also excluded. A manual search of the reference lists of
the accepted articles was performed to cover all the potential articles for inclusion.

In addition, we considered the American College of Sports Medicine (ACSM) recommen-
dations for vigorous-intensity exercise [11]. Only fully reported studies were eligible (e.g., short
communications and abstracts were excluded). Subsequently, the articles were obtained in their
full version for a complete analysis of the text. All articles that presented outcomes directly
related to inclusion criteria were included.

Risk of bias

To verify and ensure the quality of the selected studies, the SYRCLE, for systematic reviews on
animal interventions, was individually applied to all the selected studies. The risk of bias consists
of eleven items evaluated in pairs from simple and direct questions considering the following
risk scales: “yes”, “no” and “not reported” [12]. One point was assigned when the answer was
marked as “yes”. The global score ranged from zero to 11, where 11 was the best possible score.
The closer an article got to score 11, the greater its strength and quality. However, in the current
systematic review, it was not used as an exclusion criterion (Table 1).

Meta-analysis

Statistical analysis was performed using Review R Language software (R-Project, version 3.5.1)
using meta and metafor packages. A meta-analysis was performed to quantify the effects of
HIIT on body weight, adiposity index, and fat pads. Body weight was analyzed in subgroups
from the variables: species (rats and mice), diet (high-fat and obese model), methods of training
(treadmill and swimming), and fat pads were analyzed in subgroups according to epididymal,
retroperitoneal, and subcutaneous adipose tissue. To reduce bias, only randomized trials
meeting the search criteria were considered for the analysis. Additional sensitivity analyses
examined the individual effects of all the studies. The value of P < 0.05 was adopted as a sta-
tistically significant difference for the fixed and random effect model.

RESULTS

Literature search

The flow chart of the studies’ selection is shown in Fig. 1. Searches on electronic databases
retrieved 524 potential references. After the removal of the duplicates, reading of the titles,
abstracts, and examination of the complete texts, only 14 studies were selected for composing
the current systematic review and included in the meta-analysis (Table 2).

Risk of bias

Table 1 shows the bias risk assessment of included studies according to SYRCLE'’s tool [12].
The global ratings of the studies’ quality assessment scores range from 3 to 8. All the studies
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Table 1. Quality assessment of the included studies

Study ID

Criteria 1 5 6 8 9 10 1 12 13 14

1. Was it stated that the experiment was Y Y NR NR Y Y NR NR NR Y Y Y
randomized at any level?

2. Was it stated that the experiment was Y Y Y Y N Y N N N Y Y Y
blinded at any level?

3. Was the allocation sequence Y Y Y NR N Y NR NR NR Y Y Y
adequately generated and applied?

4. Were the groups similar at baseline or Y NR Y Y Y Y Y Y Y Y Y Y
were they adjusted for confounders
in the analysis?

5. Was the allocation adequately N N N N N Y N N N Y N N
concealed?

6. Were the animals randomly housed N N Y NR NR NR Y Y NR Y Y Y
during the experiment?

7. Were the caregivers and/or N N N N N N N N N N N N
investigators blinded from knowledge
of which intervention each animal
received during the experiment?

8. Were animals selected at random for N N N N N N N N N N N N
outcome assessment?

9. Was the outcome assessor-blinded? N N N N N N N N N N N N

10. Were incomplete outcome data Y Y Y Y Y Y Y Y Y Y Y Y
adequately addressed?

11. Was the study apparently free of Y Y Y Y Y Y Y Y Y Y Y Y
other problems that could result in a
high risk of bias?

Total score 6 5 6 4 4 7 4 4 3 8 7 7

Abbreviations: Y: yes; N: no; NR: not reported.
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Fig. 1. Flow diagram of the systematic review

presented clear objectives and specific samples, nonetheless analysis showed potential con-
founding variables because of a considerable amount of unreported information and lack of
randomization and blinding during the experimental animal studies.

Characteristics of the sample and intervention

The characteristics of the studies are summarized in Table 2. As for the samples, 277 rodents (Wistar
rats n = 49; Zucker rats n = 64; Sprague-Dawley rats n = 16; C57Bl/6 mice n = 128; ICR mice
n = 20) were used in the included trials. Most of the studies used rodents with obesity induced by a
high-fat diet (HFD: [3, 13-20]), high fat and carbohydrate content (HFDC: [21]), or high fructose
(HF: [22]). Only the remaining three studies used a genetic obese model (GOM: [23-25]).

Training protocols

The training protocols included in the analysis (Table 2) lasted for 4-16 weeks with the
rodents submitted to 18 - 60 sessions of HIIT training. Trials used different variables to
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Table 2. Characteristics of studies and HIIT protocols in rodents with obesity

Autor, Year Groups Animals Diet Time Sessions Intensity Volume Type
Batacan et al. HIIT (n = 10) Wistar ~ High-fat-diet- 12 weeks 60 Inclination: 0-10% 22 min of 4 bouts  Treadmill
2016 CLT (n = 12) carbohydrate Active: maximal (2.5 min
aerobic capacity active/3 min rest)
Rest: passive
Coll Risco L. AIF al (n = 8) Zucker  Genetic obese 8 weeks 40 Inclination: 0% 30 min of bouts Treadmill
et al. 2017 SED al (n = 8) model Active: 65-80% (3 min
VOimax active/3 min
Rest: 50-65% active rest)
VOZmax
Groussard HIIT (n = 12) Zucker  Genetic obese 10 weeks 50 Inclination: 0% 42 min of 6 bouts  Treadmill
et al. 2019 CONT (n = 12) model Active: 65-80% (4 min
VO, max active/3 min
Rest: 50-65% active rest)
VOZmax
Khalafi et al. Ob-HIT (n = 8)  Wistar  High-fat diet 12 weeks 60 Inclination: 0% 60 min of 10 Treadmill
2020 Ob-22w (n = 8) Active: 85-90% bouts (4 min
maximal running active/2 min
speed active rest)
Rest: 50% maximal
running speed
Maillard et al. HIIT (n = 12) Zucker  Genetic obese 10 weeks 50 Inclination: 0% 42 min of 6 bouts  Treadmill
2019 CONT (n = 12) model Active: 65-80% (4 min
VOsmax active/3 min
Rest: 50-65% active rest)
VOZma_x
Marcinko et al. ~ HFD+Exercise- ~ C57Bl/6  High-fat diet 6 weeks 18 Inclination: 0% 60 min of bouts  Treadmill
2015 WT (n = 8) Active: maximal (2 min
HFD-WT (n = 6) running speed active/2 min rest)
Rest: passive
(continued)
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Table 2. Continued

Autor, Year Groups Animals Diet Time Sessions Intensity Volume Type
Marques-Neto HED-+HIIT Wistar ~ High-fat diet 4 weeks 20 Inclination: 0% 47 min of 7 bouts  Treadmill
et al. 2020 (n=05) Active: 85% VOjnax (3 min
HFD (n = 6) Rest: 60% VO, 4 active/3 min
active rest)
Martinez- HED-+HIIT C57Bl/6  High-fat diet 10 weeks 30 Inclination: 0% 40 min of bouts  Treadmill
Huenchullan (n=12) Active: 90% maximal (2.5 min active/2.5
et al. 2018 HED untrained running capacity active rest)
(n = 12) Rest: 50% maximal
running capacity
Motta et al. OB-T (n = 10)  C57Bl/6  High-fat diet 12 weeks 36 Active: 10-15% of the 50% maximal Swimming
2016 (a) [17] OB-NT (n = 10) body weight work bouts (20's
Rest: passive active/10 s rest)
Motta et al. OB-T (n = 10)  C57Bl/6  High-fat diet 12 weeks 36 Active: 10-15% of the 50% maximum  Swimming
2016 (b) OB-NT (n = 10) body weight work bouts (20's
Rest: passive active/10 s rest)
Motta et al. F-HIIT (n = 15) C57Bl/6  High-fructose 8 weeks 24 Inclination: 0% Maximum Treadmill
2019 F-NT (n = 15) diet Active: 80-90% repetition bouts
VOsmax (2 min
Rest: 30% VO, pax active/1 min
active rest)
Pimenta et al. SHAM-HEF-T C57Bl/6  High-fat diet 8 weeks 24 Active: 10-14% of the ~ 50% maximum  Swimming
2015 [18] (n = 10) body weight work bouts (20's
SHAM-HE-NT Rest: passive active/10 s rest)
(n = 10)
Rocha et al. ITH (n = 8) Sprague-  High-fat diet 8 weeks 40 Active: 5-16% of the 10 min of 5 bouts ~Swimming
2016 CH (n = 8) Dawley body weight (60 s active/60 s
Rest: passive rest); 7 min of
14 bouts (20 s
active/10 s rest)
(continued)
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Table 2. Continued

Autor, Year Groups Animals Diet Time Sessions Intensity Volume Type
Wang et al. HIIT (n = 10) ICR High-fat diet 8 weeks 40 Inclination: 25% 60 min of 10 Treadmill
2017 CON (n = 10) mice Active: 85-90% bouts (4 min
VOomax active/2 min
Rest: 30% VOjmax active rest)

Abbreviations: n = number of samples; HIIT: High-intensity interval training; CTL: Control/AIF al: Aerobic interval exercise combined with
resistance training ad libitum; SED al: Sedentary ad libitum/HIIT: High-intensity interval training; CONT: Control/Ob-HIIT: Obesity + high-intensity
interval training; Ob-22w: Obesity + sedentary/HFD+Exercise-WT: High-fat-diet + exercise - wild-type; HFD-WT: High-fat diet - wild-type/
HFD+HIIT: High-fat diet + high-intensity interval training; HFD: High-fat diet/HFD+HIIT: High-fat diet + high-intensity interval training; HFD
untrained: High-fat diet untrained/OB-T: Trained obese animals; OB-NT: Non-trained obese animals/F-HIIT: Fructose diet high-intensity interval
training; F-NT: Fructose diet nontrained/SHAM HEF-T: Sham-high-fat diet-trained; SHAM HF-NT: Sham-high-fat diet-non-trained/ITH: Interval
training high-fat diet; CH: Control high-fat diet/HIIT: High-intensity interval training; CON: Control; VO,,ax.: Maximum oxygen uptake; Min:
Minute; Sec: Second.
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measure training intensity like inclination, maximal running speed, maximal aerobic capacity
(VOs,max)> and the body mass percentage. As to the rest intervals, eight studies used active rest
[3, 14, 15, 20, 22-25] whereas the other six studies, passive rest [14, 16-19, 21]. Ten studies
employed HIIT in the treadmill [3, 13-15, 20-25] and four used the water tank for swimming
[16-19].

Meta-analyses

Finally, 14 trials were included in the meta-analysis. Firstly, we analyzed the effects of HIIT
on body weight (Fig. 2A). The data showed a general heterogeneity (I*) of 87% and a mean

A HIT Control Weight Weight Mean Difference Mean Difference
Study Mean SD Total Mean SD Total (i ) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% CI
Batacan et al., 2016 411.00 4111 10 443.20 66.86 12 0.0% 0.5% -32.20[-77.81; 13.41] =
CollRisco L. etal., 2017 438.30 28.30 8 462.10 32.20 8 0.0% 1.1% -23.80[-53.51; 5.91] S
Groussard et al., 2019 493.00 37.00 12 505.00 49.00 12 0.0% 0.8% -12.00[-46.74; 22.74] —Ag—

Khalafi et al., 2020 407.00 121.57 8 438.87 61.89 8 0.0% 01%  -31.87[-126.40; 62.66] S=——t=%——

Maillard et al., 2019 490.00 57.14 12 500.00 50.00 12 0.0% 0.5% -10.00 [-52.96; 32.96] i

Marcinko et al., 2015 4200 7.07 8 4200 6.12 6 0.5% 10.8% 0.00[ -6.93; 6.93] r

Marques-Neto et al., 2020 46120 56.13 5 457.00 44.83 6 0.0% 0.3% 4.20 [-56.68; 65.08] —

Martinez- Huenchullan et al,, 2018 3590 2.00 12 4520 220 12 8.7% 20.9% -9.30[-10.98; -7.62] L

Motta VF, 2016 (b) 36.00 102 10 39.00 203 10 12.4% 21.3% -3.00[ -4.41; -1.59]

Motta et al., 2019 2355 075 15 2558 085 15 75.0% 221% -2.03[ -2.60; -1.46] <]

Pimenta et al., 2015 2100 011 10 2500 446 10 32% 19.0% -4.00[ -6.77; -1.23]

Rocha et al., 2016 450.80 27.70 8 543.40 52.10 8 0.0% 06%  -9260[-133.49;-51.71] ———

Wang et al,, 2017 60.00 28.11 10 7200 21.08 10 0.1% 2.0% -12.00[-33.78; 9.78] =

Fixed Effect Model 128 129  100.0% - -2.87[ -3.37; -2.37]

Total (random effect, 95% Cl) ~  100.0% 5.17[ -8.35; -1.98]

Heterogeneity: Tau” = 11.8995; Chi’ = 89.15, df = 12 (P < 0.01); I = 87%

Test for overall effect (common effect): Z = -11.32 (P < 0.01) -100 -50 0 50 100
Favors HIT Favors Control

B
Study or HIT Control Weight Weight Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total di IV, Fixed + dom, 95% Cl IV, Fixed + Random, 95% CI
subgroup = Rats
Batacan et al., 2016 41100 4111 10 44320 6686 12 0.0% 0.5% -32.20[-77.81; 13.41] ~
CollRisco L. etal., 2017 438.30 28.30 8 462.10 32.20 8 0.0% 1.1% -23.80[-53.51; 5.91] —— 1
Groussard etal., 2019 49300 37.00 12 505.00 49.00 12 0.0% 08%  -12.00(-46.74; 22.74] ——

Khalafi et al., 2020 407.00 121.57 8 438.87 61.89 8 0.0% 0.1%  -31.87 [-126.40; 62.66] —_———
Maillard et al., 2019 490.00 5714 12 500.00 50.00 12 0.0% 0.5% -10.00 [-52.96; 32.96] ==
Marques-Neto et al., 2020 46120 56.13 5 457.00 44.83 6 0.0% 0.3% 4.20[-56.68; 65.08] I —
Rocha etal,, 2016 450.80 27.70 8 543.40 52.10 8 0.0% 06%  -9260[-133.49;-51.71] ——+——

Fixed Effect Model 63 66 0.1% - -29.17 [ -45.05; -13.29] <

Total (random effect, 95% Cl) - 3.9% -29.27 [ -54.05; -4.50] -
Heterogeneity: Tau” = 5 Chi’ =12 =6(P=( =5

subgroup = Mice

Marcinko et al., 2015 4200 707 8 4200 6.12 6 0.5% 10.8% 0.00[ -6.93; 6.93] r
Martinez- Huenchullan etal., 2018 3590 200 12 4520 220 12 8.7% 20.9% -9.30[-10.98; -7.62] o

Motta VF, 2016 (b) 36.00 1.02 10 39.00 203 10 12.4% 21.3% -3.00[ -4.41; -1.59]

Motta et al., 2019 2355 075 15 2558 085 15 75.0%  221% -2.03[ -2.60; -1.46] [ ]
Pimenta et al., 2015 21.00 011 10 2500 446 10 3.2% 19.0% -4.00[ -6.77; -1.23]

Wang etal., 2017 60.00 2811 10 72.00 21.08 10 0.1% 20%  -12.00[-33.78; 9.78] =
Fixed Effect Model 65 63 99.9% - -2.84[ -3.34; -2.35]

Total (random effect, 95% Cl)_ - 96.1% -4.20[ -7.16; -1.24]

Hetero ty: Tau = 9. B P <0.( 2

Fixed Effect Model 128 129  100.0% - -2.87[ -3.37; -2.37]

Total (random effect, 95% Cl) - 100.0%  -517[ -8.35; -1.98]

Heterogeneity: Tau® = 11.8995; Chi” = 89.15, df = 12 (P < 0.01); I = 87%

Test for overall effect (common effect): Z =-11.32 (P < 0.01) -100 -50 O 50 100
Test for subgroup differences (common effect): Chi® = 10.54, df = 1 (P < 0.01) Favors HIT  Favors Control

Test for subgroup differences (random effects): Chi?=3 88, df =1 (P =0.05)

Fig. 2. Forest plot of (A) The changes in body weight in the trained and control groups; (B) The changes in
body weight in the trained and control groups in rats vs. mice. Squares represent the mean difference (MD)
for each trial, and diamonds represent the pooled MD across trials. SD: standard deviation; IV: inverse
variance; 95% CI: 95% confidence intervals
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difference of -5.17 [CI 95%: -8.35; —-1.98] (Diamond). A significant effect was observed in the
fixed model (P < 0.01), suggesting a reduction of body weight as an effect of HIIT intervention.
In addition, to understand the responsiveness of the rodent species to training, we analyzed
the body weight of animals submitted to HIIT vs. controls by subgroups (Fig. 2B). We
observed that rats showed an I? of 51% and a mean difference of -29.27 [CI 95%: —54.05;
-4.50] exhibiting a higher magnitude of response compared with mice that presented an
I? 0f 92% and a mean difference of -4.20 [CI 95%: -7.16; —1.24], with significant random effect
(P = 0.05).

In Fig. 3 we observed a significant effect in the fixed model (P < 0.01) for adiposity of rodents
in favor of HIIT over to the control, with I? of 78% and mean difference of -0.92 [CI 95%: -1.04;
-0.80]. Also, Fig. 4 shows that HIIT induced a significant decrease in fat pad weight (P < 0.01),
with a high I? of 84% and mean difference of -0.32 [CI 95%: -0.59; —0.06]. Nonetheless,
no statistical difference was observed between the subgroups in trained animals (Fig. 4). The
epididymal tissue had a mean difference of -0.23 [CI 95%: -0.53; 0.07] and an I of 56%,
retroperitoneal tissue had a mean difference of -2.44 [CI 95%: -8.62; 3.74] and an 1% of 74%, and
subcutaneous tissue presented a mean difference of —0.39 [CI 95%: —0.93; 0.15] and an I* of 97%
when compared to the control group.

Figure 5 shows the effect of HIIT on body weight according to different strategies to induce
obesity in the animals. The analysis showed an I* of 90% and a mean difference of -4.85 [CI
95%: -8.03; -1.68] for HFD and an I? of 0% and a mean difference of —-16.91 [CI 95%: -36.89;
3.08] for GOM, with overall significant effect in favor of HIIT (P < 0.01). No statistical dif-
ference was observed between groups.

Finally, the effects of HIIT performed in water (swimming) were compared to those of
HIIT performed on the treadmill (Fig. 6). Both swimming and treadmill were efficient to
decrease body weight (Z = -11.32, P < 0.01), and no statistical difference between the
subgroups was identified. The mean difference of the body weight to the animals trained
on the treadmill was -5.72 [CI 95%: -10.73; —0.71] with an I?* of 87% and the mean dif-
ference to the animals trained in the water was -29.74 [CI 95%: -84.26; 24.78] with an

I* of 89%.
HIT Control Weight Weight Mean Difference Mean Difference
Study Mean SD Total Mean SD Total (common) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% CI
CollRisco L. etal., 2017 42.14 75.97 8 4728 41.30 8 0.0% 0.1% -5.14[-65.07; 54.78] ——
Groussard et al., 2019 36.51 3595 12 3980 5510 12 0.0% 0.2% -3.29[-40.51; 33.93] s E—
Maillard et al., 2019 35912998 12 40.00 100.00 12 0.0% 0.1% -4.09 [-63.16; 54.98] —
Marcinko et al., 2015 35.00 3.18 8 3750 551 6 0.1% 8.3% -2.50[-7.43; 2.43) =i
Marques-Neto et al., 2020 281 6.85 5 255 672 6 0.0% 3.9% 0.26[-7.80; 8.32] -
Motta VF, 2016 (a) 10.00 0.18 10 1350 182 10 1.2% 24.0% -3.50 [ -4.64; -2.36]
Motta et al., 2019 560 006 15 647 024 15 98.3% 26.8% -0.87[-1.00;-0.74] [ ]
Pimenta et al., 2015 380 202 10 920 348 10 0.2% 17.1% -5.40[-7.89;-2.91] +
Rocha et al., 2016 441 205 8 550 9.80 8 0.0% 5.0% -1.09[-8.03; 5.85] -+
Wang et al., 2017 500 345 10 1000 345 10 02%  14.6% -5.00[-8.02; -1.98] E
Fixed Effect Model 98 97  100.0% - -0.92[-1.04; -0.80]
Total (random effect, 95% Cl) - 100.0% 2.99[-4.71; -1.28]
Heterogeneity: Tau” = 2.8560; Chi® = 40.32, df = 9 (P < 0.01); I* = 78%
Test for overall effect (common effect): Z = -14.54 (P < 0.01) 60 -40 20 0 20 40 60

Favors HIT  Favors Control
Fig. 3. Forest plot of the changes in adiposity index (%) in the trained and control groups. Squares

represent the mean difference (MD) for each trial, and diamonds represent the pooled MD across trials.
SD: standard deviation; IV: inverse variance; 95% CI: 95% confidence intervals
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Study or HIT Control Weight Weight Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total (common) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% Cl
subgroup = Epididymal i

Batacan et al. 2016 015005 10 027008 12 40.8% 22.4% -0.12[-0.17;-0.07]

Maillard et al. 2019 9.00 1.71 12 11.00 342 12 0.0% 1.4% -2.00[-4.16; 0.16] =

Marcinko etal. 2015 208 0.21 8 201046 6 08%  15.1% 0.07 [-0.33; 0.47] -
Marques-Neto et al. 2020 11.56 2.14 5 11.21 367 6 0.0% 0.6% 0.35[-3.13; 3.83]

Martinez- Huenchullan etal. 2018  1.75 046 12 226 0.40 12 1.0%  16.4% -0.51[-0.85;-0.17] -

Rocha et al. 2016 7.30 454 8 11.00 4.09 8 0.0% 0.4% -3.70[-7.93; 0.53]

Fixed Effect Model 55 56 42.6% -0.13 [-0.18; -0.07]

Total (random effect, 95% CI) - 56.2% -0.23 [-0.53; 0.07]

0.0522; Chi

> = 0.04); I = 56%

subgroup = Retroperitoneal

Marques-Neto et al. 2020 16.77 4.02 5 15.96 3.96 6 0.0% 0.3% 0.81[-3.93; 5.55]

Rocha et al. 2016 9.50 4.54 8 15.00 4.09 8 0.0% 0.4% -5.50[-9.73;-1.27] =

Fixed Effect Model 13 14 0.0% - -2.70 [-5.86; 0.46] —

Total (random effect, 95% CI) _ - 0.7% -2.44[-8.62; 3.74]

Hetero ty: Tau® = 14.6515: Chi® = 3.7 P=005) =7

subgroup = Subcutaneous

Martinez- Huenchullan etal. 2018 064 021 12 131022 12 41%  20.6% -0.67 [-0.84; -0.50] =

Motta et al. 2019 039003 15 051009 15 532%  22.4% -0.12[-0.17;-0.07] [ ]

Fixed Effect Model 27 27 57.4% - -0.16 [-0.21; -0.11]

Total (random efft - 43.1% -0.39[-0.93; 0.15] *

He ty: Tau if = 1 (P < 0.01); IF = 97%

Fixed Effect Model 95 97  100.0% - -0.15[-0.18; -0.11]

Total (random effect, 95% Cl) - 100.0% -0.32 [-0.59; -0.06] 4
Heterogeneity: Tau® = 0.0819; Chi® = 54.94, df = 9 (P < 0.01); I* = 84% I 1
Test for overall effect (common effect): Z =-8.19 (P < 0.01) -5 0 5
Test for subgroup differences (common effect): Chi = 3.30, df = 2 (P = 0.19) Favors HIT  Favors Control

Test for subgroup differences (random effects): Chi?= 0.73,df =2 (P =0.70)

Fig. 4. Forest plot of the changes in fat pads in the trained and control groups. Squares represent the
mean difference (MD) for each trial, and diamonds represent the pooled MD across trials. SD: standard
deviation; IV: inverse variance; 95% CI: 95% confidence intervals

Study or HIT Control Weight Weight Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total ( ( ) IV, Fixed + ,95% Cl IV, Fixed + 95% CI
subgroup =HFD

Batacan et al., 2016 411.00 41.11 10 44320 66.86 12 0.0% 0.5% -32.20[-77.81; 13.41] =

Khalafi et al., 2020 407.00 121.57 8 438.87 61.89 8 0.0% 01%  -31.87[-126.40; 62.66] =
Marcinko etal., 2015 4200 7.07 8 4200 6.12 6 05%  10.8% 0.00[ -6.93; 6.93] B
Marques-Neto et al., 2020 46120 56.13 5 457.00 44.83 6 0.0% 0.3% 4.20[-56.68; 65.08] —
Martinez- Huenchullan et al., 2018 3590 200 12 4520 220 12 8.7% 20.9% -9.30[-10.98; -7.62] of

Motta VF, 2016 (b) 3600 102 10 39.00 203 10 12.4% 21.3% -3.00[ -4.41 59]

Motta et al,, 2019 2355 075 15 2558 085 15 75.0% 221% -2.03[ -2.60; -1.46] ']

Pimenta et al., 2015 2100 011 10 2500 446 10 32%  19.0% -4.00[ -6.77; -1.23]

Rocha etal., 2016 450.80 27.70 8 543.40 52.10 8 0.0% 06%  -92.60[-133.49;-51.71] ————

Wang etal., 2017 60.00 2811 10 7200 21.08 10 0.1% 20%  -12.00[-33.78; 9.78] =

Fixed Effect Model 96 97 99.9% - -2.86 [ -3.36; -2.36]

Total (random effect, 95% Cl) - 97.6% -4.85[ -8.03; -1.68]

He y: Tau® = 11 Chi 9 (P <0.01); I” = 90%

subgroup = GOM

CollRisco L. etal., 2017 438.30 28.30 8 462.10 32.20 8 0.0% 1.1% -23.80[-53.51; 5.91] —

Groussard et al., 2019 493.00 37.00 12 505.00 49.00 12 0.0% 0.8% -12.00[-46.74; 22.74] —

Maillard et al., 2019 490.00 57.14 12 500.00 50.00 12 0.0% 0.5% -10.00 [-52.96; 32.96] -

Fixed Effect Model 32 32 0.1% - -16.91[-36.89; 3.08] -

Total (random effect, 9: - 2.4% -16.91[-36.89; 3.08] -

Hef y = ? =09

Fixed Effect Model 128 129  100.0% - -2.87[ -3.37; -2.37]

Total (random effect, 95% Cl) - 100.0% -5.17[ -8.35; -1.98]

Heterogeneity: Tau® = 11.8995; Chi = 89.15, df = 12 (P < 0.01); I = 87% T T !
Test for overall effect (common effect): Z=-11.32 (P < 0.01) -100 -50 0 50 100
Test for subgroup differences (common effect): Chi> = 1.90, df = 1 (P = 0.17) Favors HIT Favors Control

Test for subgroup differences (random effects): Chi?= 1.36,df =1 (P =0.24)

Fig. 5. Forest plot of the changes body weight in the trained and control groups subjected to a high-fat diet

or genetically obese. Squares represent the mean difference (MD) for each trial, and diamonds represent the

pooled MD across trials. SD: standard deviation; IV: inverse variance; 95% CI: 95% confidence intervals;
HFD: high-fat diet; GOM: genetic obese model
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Study or HIT Control Weight Weight Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total (; ) (random) IV, Fixed + Rand 95% Cl IV, Fixed + Random, 95% CI
subgroup = Treadmill

Batacan et al., 2016 41100 4111 10 44320 66.86 12 0.0% 05%  -3220[-77.81; 13.41] =

CollRisco L. etal.,, 2017 438.30 2830 8 462.10 32.20 8 0.0% 1.1% -23.80[-53.51; 591] =

Groussard et al., 2019 49300 37.00 12 505.00 49.00 12 0.0% 08%  -12.00[-46.74; 22.74] —ar=

Khalafi et al., 2020 407.00 121.57 8 43887 61.89 8 0.0% 0.1%  -31.87 [-126.40; 62.66] S |
Maillard et al., 2019 490.00 57.14 12 500.00 50.00 12 0.0% 05%  -10.00[-52.96; 32.96] —

Marcinko et al., 2015 4200 7.07 8 4200 612 6 05%  10.8% 0.00[ -6.93; 6.93] r
Marques-Neto et al., 2020 46120 56.13 5 457.00 44.83 6 0.0% 0.3% 4.20 [-56.68; 65.08] —
Martinez- Huenchullan etal,, 2018 3590 2.00 12 4520 220 12 87%  20.9% -9.30[-10.98; -7.62] o

Motta et al., 2019 2355 075 15 2558 085 15 75.0%  221% -2.03[ -2.60; -1.46] n

Wang et al., 2017 60.00 2811 10 7200 21.08 10 0.1% 2.0% -12.00[-33.78; 9.78] —

Fixed Effect Model 100 101 84.3% - -2.79[ -3.33; -2.25]

Total (random effect, 95% Cl) - 59.1% -5.72[-10.73; -0.71]

subgroup = Swimming

Motta VF, 2016 (b) 36.00 102 10 3900 203 10 124%  21.3% -3.00[ -4.41; -1.59]

Pimenta et al., 2015 2100 011 10 2500 446 10 32%  19.0% -4.00[ -6.77; -1.23]

Rocha etal., 2016 45080 27.70 8 54340 52.10 8 0.0% 06%  -92.60[-133.49;-51.71] ————

Fixed Effect Model 28 28 16.7% - -3.29[ -4.54; -2.04]

Total (random effect, 95% - 40.9% -29.74 [ -84.26; 24.78] e ——

Fixed Effect Model 128 129 100.0% - -2.87[ -3.37; -2.37]

Total (random effect, 95% Cl) - 100.0% -5.17 [ -8.35; -1.98]

Heterogeneity: Tau® = 11.8995; Chi® = 89.15, df = 12 (P < 0.01); I = 87%

Test for overall effect (common effect): Z = -11.32 (P < 0.01) 4100 -50 0 50 100
Test for subgroup differences (common effect): Chi*=051,df=1(P= 0.47) Favors HIT  Favors Control

Test for subgroup differences (random effects): Chi?=0.74, df =1 (P =0.39)

Fig. 6. Forest plot of the changes body weight in the trained and control groups submitted to treadmill vs.
swimming. Squares represent the mean difference (MD) for each trial, and diamonds represent the pooled
MD across trials. SD: standard deviation; IV: inverse variance; 95% CI: 95% confidence intervals

DISCUSSION

The present systematic review and meta-analysis evaluated the effect of HIIT on the body
composition of obese rodents. The primary outcomes indicated that HIIT induces a significant
decrease in body weight, adiposity index, and fat pad weight and improves body mass
composition. Also, HIIT effectively reduced the body weight of animals subjected to HFD and
induced GOM. Finally, HIIT performed both on the treadmill and in water was effective in
reducing body weight.

Since obesity is characterized by excessive adipose tissue accumulation [26], we could expect
a concomitant reduction in the size and the number of adipocytes with physical exercise that
accompanies weight loss [3]. However, previous studies have revealed histological changes in
adipocytes that demonstrated a catabolic state without weight loss [3]. A study by Marques Neto
et al. [14] suggested that HIIT can improve fitness without leading to fat loss. In contrast, we
demonstrate the effectiveness of HIIT in inducing weight loss and reducing adiposity in this
study. The decrease in fat deposits can be explained by specific changes in the lipolysis pathway,
including the sensitivity of adrenergic or insulin receptors, lipase activity, and mitochondrial
adaptations [24].

We also investigated whether HIIT reduced fat pad weights in specific subgroups of adipose
tissue (epididymal, retroperitoneal, and subcutaneous). Although the results were in favor of
the HIIT group compared to the control group, no statistical difference was observed between
epididymal, retroperitoneal, and subcutaneous adipose tissue.

The visceral (epididymal and retroperitoneal) and subcutaneous adipose tissues present
morphological similarities and are characterized mainly by white adipocytes that store lipids in
the triglyceride form [27], yet they reveal different metabolic responses. It is known that the
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lipolytic response induced by catecholamines in visceral adipose tissue is greater than that in
subcutaneous adipocytes, suggesting greater sensitivity of visceral deposits to changes induced
by exercise [24]. However, despite HIIT’s reducing adipose tissue, in particular visceral adipose
tissue [20, 25], which is responsible for numerous metabolic complications, we found no sig-
nificant differences between the analyzed subgroups, i.e. visceral and subcutaneous. The present
study provides evidence that HIIT performed chronically reduces body weight and adiposity
(visceral and subcutaneous), improving body composition.

Based on the results, considering the bias of the response that may have generated high
heterogeneity when using the two species in the same analysis, and the specificity of the
magnitude of response that both species may contain, this study determined distinct responses
between rodent species used in HIIT studies. We observed that rats were more responsive to
HIIT and showed a greater reduction in body weight than mice. It is important to note that rats
have greater body mass than mice. Thus, the mean difference between the final weight of the
trained animals and the initial weight of the controls after the intervention was -31.9 and -5.05 g
for rats and mice, respectively. The percentage of total weight reduction was observed to be
-7.77% of the initial body mass in rats and -14.08% in mice.

Based on these data, we observed that although the absolute reduction in body weight
measured in grams was greater in rats than in mice, the proportion of body weight lost in mice
was higher than that in rats. These findings can be explained by the superior metabolic activity
of mice and the reluctance of obese rats to undergo training [23]. So, we suggest here that obese
mice are a good model to test the beneficial effects of physical exercise programs, especially HIIT
training.

The effectiveness of HIIT in reducing the body weight of animals subjected to HFD and
GOM was evaluated. HFD, a 60% fat diet, is commonly used to induce obesity as it promotes
metabolic changes similar to those observed in human obesity [19] and increases fat stores in the
form of triglycerides [19, 28]. On the other hand, in one type of genetic model of obesity, a leptin
protein mutation predisposes rodents to hyperphagia [23, 29]. In this model, the animals also
exhibit the entire pathological, biochemical, and metabolic profile of obesity, such as hyper-
insulinemia, hyperlipidemia, insulin resistance, and adipocyte hypertrophy [24, 29]. Both models
are efficient in stimulating adipocyte lipogenesis and hyperplasia that indicate obesity [30].

According to Muller et al. [31], HIIT demands the anaerobic glycolytic system to comple-
ment muscle energy production. Energy production through anaerobic glycolysis is oxygen-
independent, thus representing the rapid but limited pathway of ATP delivery through glucose
hydrolysis [32]. The depletion of glucose hydrolysis promotes the mobilization of lipids excess
stored in white adipose tissue as triacylglycerol (TAG). The mobilization of lipids in WAT plays
a key role in the metabolic alterations present in obesity. The sympathetic nervous system (SNS)
is the main responsible factor for WAT lipolysis [33]. Lipolysis occurs in response to adrenergic
stimulation by catecholamines, especially adrenaline, via adrenergic receptors in the adipocytes,
increasing lipolytic activity through HSL phosphorylation that binds to the fatty acid binding
proteins hydrolyzing the TAG in glycerol and free fatty acids to supply the energy demands
of other tissues and organs [5] reducing body weight [34]. In addition to increasing lipolytic
activity, HIIT can also inhibit appetite [34], which is another important point relevant to the
constant exposure to HFD and hyperphagia in GOM animals.

Most human HIIT studies are performed on cycle ergometers, thus limiting the comparison
with alternative protocols [10]. On the other hand, HIIT studies in rodents are commonly
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performed on treadmills or in water tanks, allowing the analysis of different training protocols.
In the present study, both training protocols were shown to efficiently reduce body weight.

Studies indicate that HIIT performed at 90-100% of VOy,.x can generate metabolic and
physiological adaptations for weight loss [13]. On the treadmill, the intensity used in the various
studies ranged from 65 - 90% VOjn. or maximal running speed (16-24 m min~ ') [35],
above the speed of the lactate threshold (12.5 m min~") [36]. In water (swimming), the use of
individualized external overload, ranging from 5% to 16%, is seen in most studies [16-19].
A previous study indicated that the lactate threshold was reached with loads between 5 and 6%
of body weight [35]. Thus, when applied at intensities higher than those indicated to reach
VOimax and lactate threshold, both methods effectively reduce body weight. HIIT protocols vary
widely among interventions [37], and critical variables such as intensity and volume directly
influence training results by either decreasing or not altering body weight and adiposity. Studies
comparing different volumes and methods of HIIT would help to evaluate differences between
the two training types as per the different manipulations found in the variables used to control
the training intensity, such as VOjpay, lactate threshold, maximum running speed, and load
(referring to % body weight).

Traditionally, moderate-intensity continuous training (MICT') has been the common type of
exercise recommended to improve body composition [20]. However, much is discussed about
the efficiency of MICT versus HIIT in adiposity and obesity. Despite the limited data available
for analyzing MICT versus HIIT it is important to note that previous studies have observed that
HIIT suppresses the increase in fat mass, decreases the visceral adipose tissue, the fat mass and
the body weight, when compared to MICT [10, 20, 38].

Our findings demonstrate that in a short time (4 weeks), HIIT provides a potent stimulus to
reduce body weight and fat pads thus improving the body composition of obese rodents.
Moreover, the reduction of visceral fat is extremely relevant since it implies improvements in the
metabolic profile independent of weight loss. Another strength of this study is the assessment
of different species and HIIT methods (treadmill vs. water tank), considering that studies
commonly compare HIIT with moderate-intensity continuous exercise. Thus, this work may
shed light on the importance of comparing different HIIT methods based on volume, intensity,
and duration and the possibility of manipulating these variables as well as the importance of
choosing the rodent species for studying physical exercise.

Furthermore, we believe that the findings of this study cannot be translated into humans,
because rodents are not exposed to environmental factors that can influence the results
obtained with HIIT. Thus, this study was developed to guide researchers from the experi-
mental line of animals with obesity providing answers about the HIIT as a non-pharmaco-
logical treatment.

This review has some limitations, such as none of the studies reported how obesity is
evaluated, for example by the Lee index or adiposity index [39], and we suggest to insert this
information in the next clinical trials. Other limitations are the inability to compare the effect of
HIIT before and after the intervention, and the limited data available for analyzing the fat pad
weights. However, it is worth emphasizing that the high heterogeneity found in the data is
common in laboratory animal studies.

In conclusion, the current study emphasizes that HIIT attenuates body weight and adiposity
induced by HFD and GOM. Moreover, HIIT causes positive changes in body mass composition,
with the advantage of short exercise bouts, thus suggesting HIIT as a form of obesity treatment.

Brought to you by MTA Titkarsag - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 11/07/22 09:59 AM UTC



Physiology International 109 (2022) 3, 317-333 331

Furthermore, mice were more responsive than rats, and both treadmill and swimming effectively
reduced body weight.
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