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Abstract: Due to its versatility, whole-body high-intensity interval training (WB-HIIT) can be pro-
posed to the general population and patients to improve health-related fitness. However, its effec-
tiveness compared to traditional aerobic continuous or interval trainings has yet to be determined.
A search of four electronic databases was conducted. Studies reporting the effects of WB-HIIT on
cardiorespiratory fitness (CRF), fat mass, fat-free mass, musculoskeletal fitness and metabolic risk
factors were included. Standardized mean differences (SMD) between WB-HIIT and no exercise or
traditional aerobic trainings were calculated. A meta-regression assessed the effect of total training
time on the different outcomes. Twenty-two studies were included in the systematic review and
nineteen in the meta-analysis. Compared to no exercise, WB-HIIT improves CRF (SMD: 0.75; 95%ClI:
0.28, 1.23; p < 0.001), fat-free mass (SMD: 0.38; 95%CI: 0.11, 0.65; p < 0.001), fat mass (SMD: 0.40;
95%CTI: 0.09, 0.72; p < 0.001) and musculoskeletal fitness (SMD: 0.84; 95%CI: 0.61, 1.08; p < 0.001).
Compared to other aerobic trainings, WB-HIIT has a lower effect on CRF (SMD: —0.40; 95%CI: —0.70,
—0.11; p = 0.007), a similar effect on fat-free mass (SMD: —0.04; 95%CI: —0.44, 0.35; p = 0.8) and fat
mass (SMD: —0.07; 95%CI: —0.39, 0.25; p = 0.7), and a larger effect on musculoskeletal fitness (SMD:
0.42; 95%ClI: 0.14, 0.71; p = 0.003). WB-HIIT overall effect and specific effect on CRF and fat mass were
associated with total training time. The systematic review did not provide evidence of metabolic
risk improvement. Despite a slightly lower effect on CRF, WB-HIIT is equally effective as traditional
aerobic trainings to improve body composition and more effective to enhance musculoskeletal fitness,
which is essential for execution of daily tasks.

Keywords: functional high-intensity training; body composition; musculoskeletal fitness; cardiores-
piratory endurance; metabolic risk factors

1. Introduction

Among the barriers to physical activity, environmental context, cost, access to gym
facilities, lack of time or bad weather are often mentioned [1]. Alternatives to traditional
forms of training that can be performed anywhere, incur low cost and are adaptable to
different fitness levels are therefore needed. Recently, high-intensity functional training has
become popular in the general population and among athletes, but also in rehabilitation
settings due to its versatility and accessibility [2,3]. Similarly to traditional high-intensity
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interval training (HIIT) [4], high-intensity functional training alternates high-intensity bouts
with periods of recovery, but instead of biking, running or rowing, it uses multi-joint aerobic
and strengthening exercises that are closer to athletic and daily living movements [2,5].

High-intensity functional training protocols consist of: (1) whole-body high-intensity
interval training (WB-HIIT) using only the body weight as resistance (e.g., squats, push-
ups, mountain climbers, etc.) and (2) weightlifting exercises (e.g., snatch, shoulder press,
deadlift, etc.) [2]. WB-HIIT is easily adaptable to different fitness levels [6] and presents a
lower risk of injury as compared to higher load weightlifting exercises [7]. It can therefore
be proposed to a larger audience. In addition, due to its multimodal nature, it has the
potential to improve several fitness components [2].

Despite these advantages, the actual effectiveness of WB-HIIT to improve health-
related fitness, especially when compared to traditional forms of aerobic training, has yet
to be determined. Traditional aerobic forms of training include HIIT and moderate- or
vigorous-intensity continuous training (MICT or VICT) in which intensity remains constant.
MICT is generally performed at an intensity between 64% and 77% of maximal heart rate
(HRmax), while in VICT, intensity exceeds 77% of HRmax [8].

In 2020, a meta-analysis compared the effect of WB-HIIT to MICT and HIIT on CRF in
healthy individuals [5]. The aim of the present systematic review and meta-analysis was
to include other important health-related fitness components (i.e., fat mass, fat-free mass,
musculoskeletal fitness and metabolic health) to the comparison between WB-HIIT and
traditional aerobic trainings or no exercise, and to enlarge the investigated populations by
including trials on participants with metabolic risk factors or physical limitations. Since
WB-HIIT studies include a wide variety of exercise protocols differing in duration and
frequency, we also aimed to evaluate the impact of total training time on the effects.

2. Methods
2.1. Search Strategy

This review was prospectively registered with PROSPERO (registration number:
CRD42021266221). The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) provided support in guiding this review [9].

Potentially relevant studies were identified from four databases (PubMed, Scopus,
Embase and ScienceDirect) up to March 2022. MeSH terms and free words referring
to different training modalities were used (“high-intensity functional training”; “Tabata
training”; “whole body” AND “high intensity” AND training; functional AND “circuit
training”; “whole body” AND “circuit training”). References from selected papers and
from other relevant articles were screened for additional studies in accordance with the
snowball principle. The search was limited to peer-reviewed journal articles published
in English.

2.2. Study Selection

Only randomized controlled trials on humans with a longitudinal design were eligible
for inclusion. Animal studies, abstracts, case reports, study protocols, reviews or trials
investigating acute effects of training were excluded. To be included, studies had to use
a WB-HIIT intervention without diet modification or supplementation and test at least
one of the following outcomes: CRF, fat mass, fat-free mass, musculoskeletal fitness or
metabolic risk factors [10]. Only WB-HIIT interventions using body weight as resistance
and multi-joint exercises where subjects were instructed to perform as many repetitions as
possible, leading to an important increase in heart rate during the exercise phases, were
considered. The use of small equipment (e.g., TRX®, step, elastic band, etc.) was accepted,
but not the use of weightlifting exercises. Thus, protocols using CrossFit, heavy weight
bearing, Olympic weightlifting, and functional training combined with aerobic training or
strength training were excluded. This choice was made for the following reasons: the focus
on health-related fitness, the accessibility of WB-HIIT to a large audience and in various
settings, and to facilitate comparison with traditional aerobic trainings. Trials in which the
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training intervention was not defined or in which investigators did not design the exercise
program were excluded. Studies had to include a comparator group, either traditional
aerobic training (HIIT, MICT or VICT) or no exercise. Studies using a comparator group
of combined training (e.g., aerobic plus strength training) or comparing different forms of
WB-HIIT without any other comparator group were excluded.

Articles found in the different databases were collated using Endnote X9. Duplicates
were removed by the software and verified by a reviewer. A first selection was made based
on title and abstract and then on the full text by two reviewers.

2.3. Data Extraction

To investigate health-related fitness components, data related to CRF (maximal oxygen
uptake (VO,max)), total fat mass, fat-free mass (including lean mass and muscle mass),
musculoskeletal fitness (muscle strength and endurance) and metabolic risk factors (high-
and low-density lipoproteins (HDL and LDL) cholesterol levels, fasting plasma glucose,
visceral fat and blood pressure at rest) were extracted. Detailed data extraction was
undertaken independently by two researchers and encoded in an Excel sheet including first
author’s name, publication year, title, population, exercise and control groups, number and
age of the participants, male/female ratio, outcomes and related results. When two papers
were published [11-14] with the same participants but different outcomes, the participants
were counted only once.

2.4. Quality Assessment and Risk of Bias

Quality of studies was assessed using the PEDro scale. Two researchers evaluated the
articles independently. Discrepancies were arbitrated by a third person. To detect potential
publication bias, funnel plot analysis and Egger’s test for the intercept was applied to check
the asymmetry. Sensitivity analysis was performed using a leave-one-out method.

2.5. Data Synthesis and Statistical Analysis

For each component, a minimum of three studies was required to be included in the
meta-analysis [15], comparing either WB-HIIT to no exercise or other training types. The
following outcomes were included in the meta-analysis: VO,max for CRE, total fat mass and
fat-free mass, and performance at muscle strength or endurance tests for musculoskeletal
fitness. Since only two studies investigated metabolic risk factors for WB-HIIT compared
to no exercise and two for WB-HIIT compared to traditional forms of aerobic training,
this component was included in the systematic review but not in the meta-analysis. For
the meta-analysis, mean pre- to post-changes and standard deviation were calculated.
Standardized mean difference (SMD) and 95% CI were calculated for statistical analysis.
SMD was defined as the between group difference in mean values divided by the pooled SD
computed using the Hedge’s g method. Heterogeneity between the studies was assessed
using I2. If the required data were not available in numeric text, authors were contacted
to obtain the numerical data. If data could not be provided, the study was excluded
from the meta-analysis. Data were then pooled using random-effect meta-analysis with
subgroup analyses to evaluate the effect on each component: CRF, fat-free mass, fat mass
and musculoskeletal fitness. A fixed-effect model was then performed to assess the overall
effect of training on the different health-related fitness components. This model was
chosen to give the same weight to each component, regardless of the number of individual
observations. A first analysis was made between WB-HIIT and no exercise and a second
one between WB-HIIT and traditional aerobic trainings (HIIT, MICT and VICT).

For studies comparing WB-HIIT to no exercise, random-effects meta-regression analy-
ses were computed to assess the association between the magnitude of effects (overall and
for CREF, fat-free mass, fat mass and musculoskeletal fitness) and total training time. Studies
were weighted by the inverse of the sum of within- and between-study variance. Total
training time was calculated by multiplying session duration by training frequency and by
the number of weeks (Table 1). Since not all studies provided information about warm-up
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] [ Screening ] [ Identification

] [ Eligibility

Included

and cool-down duration, only the conditioning phase of the session was considered for
training time calculation. Statistical analyses were performed at an overall significance level
of 0.05. Statistics were conducted in RStudio (Rstudio Team, Boston, MA, USA, version
1.2.5042) with R (version 3.6.3).

3. Results
3.1. Search Results

Of the 1959 trials retrieved from databases, twenty-two studies were selected for the
systematic review and meta-analysis. Two studies [16,17] were excluded from the meta-
analysis since numerical data were not available and not provided by the authors. One
study [18] was excluded since the only investigated component was metabolic risk factors.
The meta-analysis hence includes nineteen studies representing a total of 657 participants
(306 WB-HIIT, 155 traditional aerobic training, 196 no exercise). The flow chart of the study
selection process is shown in Figure 1.

Records identified: Duplicate records removed:

L J

(n = 1959) (n = 368)

Y

Titlefabstract screened Records excluded

(n = 1591) (n=1456)

Reports excluded:

(n=113)

e No WB-HIIT (n =83)
» | * Crossfit or undefined protocol
(n=15)
+» No CRF, fat mass, fat free
mass, musculoskeletal fitness
or metabolic markers

Full text assessed for eligibility
(n=135)

assessment (n = B)
+ Mo proper comparator group

(n=8)
+ No English version found
(n=1)
Reports included in systematic
review
— Records excluded
n=22
( ) (n=3)
+ Mo numerical data provided
(n=2)
Reports included in + Only metabolic risk factors
meta-analysis n=1)
(n=19)

Figure 1. Flow diagram of the identification and screening procedure. WB-HIIT, whole-body high-
intensity interval training; CRF, cardiorespiratory fitness.
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Characteristics of included studies are presented in Table 1 and narrative description
of the intragroup changes after the interventions in Table 2. Results from the three excluded
studies [16-18] were also included, as they are part of the systematic review.

3.2. Quality Assessment and Risk of Bias

Seventeen of the twenty-two initially selected studies had a PEDro score between 6
and 7, considered as “good” [19]. Four had a score of 5 and one had a score of 4, considered
as “fair”. Except for one study that had blinded investigators [20], blinding was absent.
Concealed allocation of participants was reported in only two studies [18,21]. Complete
PEDro evaluation of the studies is shown in Table 3.

Funnel plot analysis did not reveal any significant asymmetry, regardless of the
comparisons (WB-HIIT vs. no exercise: p = 0.054; WB-HIIT vs. traditional: p = 0.58),
suggesting that there is no publication bias (see Supplementary Figures S1 and S2).

Sensitivity analyses were performed for the two comparisons and did not reveal
change in the results of the meta-analysis after removal of any one study (see Supplementary
Figures S3 and 54).
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Table 1. Characteristics of the included studies.
Exercise Intervention Protocols
Stud Population Groups Interventions i ini Outcomes
y P P Se§ ston IT Work/Rest Ratio Frequency TOt.al Tralr.“ng
Duration (min) Time (min)
Healthy participants
WB-HIIT:
Whole-body
exercises at hlgh WB-HIIT: 16 WkS,
Ballesta-Garcia, 2019 py 0o WB-HIIT vs. RPEs WB-HIIT: 18-40 WB-HIIT: 2% /wk WB-HIIT: 928 MSF
[11] Y WB-MIIT vs. CTL WB-MIIT: WB-MIIT: 18-50 60-90" /120-150" WB-MIIT: 16 wks, WB-MIIT: 1088
Whole-body
! 2% /wk
exercises at
moderate RPE
CTL: No exercise
WB-HIIT:
Whole-body
exercises at hlgh WB-HIIT: 16 WkS,
Ballesta-Garcia, 2020 Healthy adults WB-HIIT vs. RPEs WB-HIIT: 18-40 WB-HIIT: 2% /wk WB-HIIT: 928 CRF
[12] y WB-MIIT vs. CTL WB-MIIT: WB-MIIT: 18-50 60-90”/120-150" WB-MIIT: 16 wks, WB-MIIT: 1088
Whole-body
! 2% /wk
exercises at
moderate RPE
CTL: No exercise
WB-HIIT:
Blackwell etal, 2017y 1000 e T v, HIIT Whole-body WB-HIIT: 11 WB-HIIT: 60" /90" WB'3HXH/T;V‘§(WI‘S' WB-HIIT: 132 CRE, Metabolic risk
[20] Y : exercises HIIT: 11 HIIT: 60” /90" HIIT: 132 factors
HIIT: Cycling at HIIT: 4 wks, 3x /w
95-110% Wmax
WB-HIIT: WB-HIIT: 30”
* Connolly et al., : Whole-body : . low /20" WB-HIIT: 12 wks, s . L
2020 [18] Healthy adults WB-HIIT vs. CTL exercices WB-HIIT: 15 moderate/10” high 3% /wk WB-HIIT: 540 Metabolic risk factors

CTL: No exercise

intensity
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Table 1. Cont.

Exercise Intervention Protocols

Stud Population Groups Interventions : ini Outcomes
y P P Se§ ston IT Work/Rest Ratio Frequency TOt.al Tralr.“ng
Duration (min) Time (min)
WB-HIIT:
Whole-body o
Engel etal, 2019 [22]  Healthy adults WB-HIIT vs. CTL exercises with WB-HIIT: 30 WB-HIIT: 20”/10” WB'?XH/TV:S(WI‘S' WB-HIIT: 480 MSE, h;[aectj‘:r‘;hc risk
suspensmn
trainer
CTL: No exercise
WB-HIIT:
. Whole-body g . WB-HIIT: 6 wks, s . 3
Evag%‘ilg‘s[t;‘;ft Al Healthy adults ~ WB-HIIT vs. VICT exercises Wo- 20 WB-HIIT: 30" /30" 3x /wk WAL 360 Fatmass, fatfree mass,
- VICT: Running at ' VICT: 6 wks, 3x /wk ’
80% HRmax
: WB-HIIT: LT
E“g%;ﬁ?ﬁt al, Healthy adults WB-HIIT vs. CTL Whole-body WB-HIIT: 21 WB-HIIT: 40" /20" Wb ggl/TwiWks' WB-HIIT: 378 CREF, MSF
exercises
WB-HIIT:
Whole-body WB-HIIT: 4 wks
Islametal, 2019 [25]  Healthy adults ' P LT vs. VICT exercises WEB-HIIT: 4 WB-HIIT: 20”/10” ax/wk WB-HIIT: 60 CRF, MSF
v N vs. CTL VICT: Running at VICT: 30 ’ VICT: 4 wks, 4% /wk VICT: 480 !
85% HRmax ’
CTL: No exercise
WB-HIIT: Squats
uSingoTRX® at WB-HIIT: 12 wks,
Jimenez-Garcia etal, oL WB-HIIT vs. 90-95% HRmax WB-HIIT: 25 WB-HIIT: 4'/3' 2% /wk WB-HIIT: 600 Fat mass, Fat-free mass,
2019 [21] calthy adults WB-MIIT vs. CTL WB-MIIT: Squats WB-MIIT: 25 WB-MIIT: 4' /3' WB-MIIT: 12 wks, WB-MIIT: 600 MSF
using TRX® at 2% /wk

50-70% HRmax
CTL: No exercise
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Table 1. Cont.

Exercise Intervention Protocols

Study Population Groups Interventions i ini Outcomes
Se§ Stom IT Work/Rest Ratio Frequency TOt.al Tralr.“ng
Duration (min) Time (min)
WB-HIIT: WB-HIIT: 12 wks,
! Whole-body WB-HIIT: 4 WB-HIIT: 20" /10” 3% /wk WB-HIIT: 144 CREF, Fat mass, Fat-free
Luetal, 2021 [26]  Healthy adults  WB-HIIT vs. HIIT exercises HIIT: 4 HIIT:30"/30” HIIT: 12 wks, HIIT: 144 mass, MSF
HIIT: Running 3x/wk
WB-HIIT:
Whole-body WB-HIIT: 4 wks
* _ . _ 3 . ’ _ 3
MCRae[fg]al" 212 Healthy adutts  VPTIT VS VICT exercises Wh s WB-HIIT: 20" /10" 4x /wk ™ CRE, MSF
) CT: Running at : CT: 4 wks, 4x /wk ’
85% HRmax
CTL: No exercise
WB-HIIT: WB-HIIT: 4 wks,
] Whole-body WB-HIIT: 12-16 WB-HIIT: 20" /10” 3-4x /wk WB-HIIT: 191 CREF, Fat mass, Fat-free
Menzetal, 2019[27]  Healthy adults  WB-HIIT vs. HIIT exercises HIIT: 12-16 HIIT: 20" /10" HIIT: 4 wks, HIIT: 191 mass, MSF
HIIT: Running 3-4x/wk
WB-HIIT:
. Whole-body WB-HIIT: 5 wks
Micielskaetal, 2019y 1ihy adults WB-HIIT vs. CTL exercises WB-HIIT: 25 WB-HIIT: 30" /10" 3% /wk WB-HIIT: 325 CRE, Fat mass, Fat-free
[28] CTL: ] . CTL: 50 mass
CTL: 2 sessions
Whole-body
exercises
Murawska- WB-HIIT: !
Cialowicz etal, 2020  Healthy adults ~ WB-HIIT vs. CTL Whole-body WB-HIIT: 40 WB-HIIT: 20" /10" WB-HIIT: 8 wks, WB-HIIT: 640 CRE, Fat mass, Fat-free
[29] exercises 2% /wk mass

CTL: No exercise
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Table 1. Cont.

Exercise Intervention Protocols

Study Population Groups Interventions i ini Outcomes
Se§ Stom IT Work/Rest Ratio Frequency TOt.al Tralr.“ng
Duration (min) Time (min)
WB-HIIT:
Whole-body WB-HIIT: 16 wks,
‘ WB-HIIT: 8 3x /wk WB-HIIT: 384
_ exercises » . ” ”
SChau“[i]al" 2018 Healthy adults "0 HH\THVCS'THHT V- HIIT: Running at HIIT: 8 WEHII{TI.I;‘)E% é 107 HIIT: 16 wks, 3% /wk HIIT: 384 CRF, Fat mass
; 130% VO, max VICT: 30 ’ VICT: 16 wks, VICT: 1440
VICT: Running at 3x/wk
90-95% VT2
WB-HIIT:
Whole-body WB-HIIT: 16 wks,
' WB-HIIT: 8 3x/wk WB-HIIT: 384
~ exercises B 50 /10"
chglugn[if‘l" Healthy adults "0 HH\THVCS'THHT Vs HIIT: Running at HIIT: 8 WEHII{TI.I;‘)ESI é 107 HIIT: 16 wks, 3% /wk HIIT: 384 MSF
130% VO, max) VICT: 30 ' VICT: 16 wks, VICT: 1440
VICT: Running at 3x/wk
90-95% VT2
WB-HIIT: WB-HIIT7: 1 x 7 WB-HIIT 7: 8 wks,
Schmidt et al., 2016 ! Whole-body WB-HIIT 14: 1 x 7 - 3x /wk WB-HIIT 7: 168
130] Healthy adults WB-HIIT vs. CTL exercices (wk 14), 2 x 7 (wk WB-HIIT: 30”/10 WB-HIIT 14: 8 wks, WB-HIIT 14: 252 CRE, Fat mass, MSF
CTL: No exercise 5-8) 3x/wk
WB-HIIT LV:
Whole-body WB-HIIT LV: Not
exercises specified (6 min WB-HIIT LV: 4 wks,
Sperlichetal, 2018 L L VV\‘,/;;IIITTPLI\\’, v (1x/day) WB-HIITLV: 1 x 6 circuit) 7x /wk WB-HIITLV: 168  CRF, Fat mass, Fat-free
[31] calthy aduits CTL s WB-HIIT HV: WB-HITHV:2 x 6  WB-HIOTHV:Not  WB-HITHV:4wks,  WB-HIIT HV: 336 mass, MSF
Wholg-body specified (6 min 14x /wk
exercises circuit)
(2x/day)

CTL: No exercise
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Table 1. Cont.
Study Population Groups Interventions Exercise Intervention Protocols Outcomes
Session ]?uratlon IT Work/Rest Ratio Frequency Total Tralr.ung Time
(min) (min)
WB-HIIT:
. AT Whole-body 5 . WB-HIIT: 6 wks, 5 .
Wﬂkeﬁ;}’l" 2019 Healthy adults ~ WB-HIIT vs. MICT exercises WI\I/SHEHTI,TF;SO WB-HIIT: 20” /10" 3x /wk WI\I/SHEHTI,BOS;O CRE, MSF
MICT: Walking ' MICT: 6 wks, 3x /wk )
at 50-60% HRR
Specific populations
WB-HIIT:
Batrakoulis et al., : Whole-body — T (V7 /A0 WB-HIIT: 20 wks, T CRE, Fat mass,
2018 [32] Obese women WB-HIIT vs. CTL exercices WB-HIIT: 23-41 WB-HIIT: 20" /40 3% /wk WB-HIIT: 1761 Fat-free mass, MSF

CTL: No exercise

WB-HIIT:
Jungetal, 2019 [33]  ‘vomenwith WB-HIIT vs. CTL Whole-body WB-HIIT: 25-55 WB-HIIT: 10" /5" WB-HIIT: 12 wks, WB-HIIT: 1440 Fat mass, Fat-free
sarcopenia exercises 3x/wk mass
CTL: No exercise
WB-HIIT:
Whole-body
e}):erd'se? IiiItR>80% WB-HIIT: 12 wiks, CREF, Fat mass
theorica max X X i ,
] WB-HIIT: 8-16 e 3x /wk WB-HIIT: 432
Scoftetal,2019[34]  Obeseadults ' 0 i ve HITTS HIIT: Cycling at HIIT: 8-16 o Vs HIIIT: 12 wks, 3 /wk HIIT: 432 Fatirec mass,
100% Wimax MICT: 30-50 ‘ MICT: 12 wks, MICT: 1440 etabotic ns
MICT: Run- factors
: . 3x /wk
ning/Cycling at
65% Theorical
HRmax

CRE, cardiorespiratory fitness; CTL, control; HIIT, high-intensity interval training; HR, heart rate; HRR, heart rate reserve; HV, high volume; LV, low volume; MSE, musculoskeletal
fitness; MICT, moderate-intensity continuous training; RPE, rate of perceived exertion; VICT, vigorous-intensity continuous training; VT2, second ventilatory threshold; WB-HIIT,
whole-body high-intensity interval training; WB-MIIT, whole-body moderate intensity interval training; Wmax, maximal workload, wk(s), week(s), *, excluded from the meta-analysis.



Int. |. Environ. Res. Public Health 2022, 19, 9559

11 of 28

Table 2. Narrative description of the intragroup changes after the intervention.

Study

Number of
Participants

Male/Female Age (Mean + SD)

Cardiorespiratory
Fitness

Body Composition

Musculoskeletal Fitness

Metabolic Risk Factors

Healthy participants

Ballesta-Garcia, 2019
[11]

54

e  WB-HIT: 66 + 5
0/54 e WB-MIT:70+9
o CTL:67+6

Arm curl (rep):
WB-HIITT WB-MIIT <>
CTLt
30s sit to stand (rep):
WB-HIITt WB-MIIT 1
CTL{

Timed up and go (s)
WB-HIIT] WB-MIIT |
CTLt
One leg stand (left) (s):
WB-HIITt WB-MIIT
CTL+
One leg stand (right) (s):

WB-HIIT<+ WB-MIIT <>
CTL+
Right handgrip (kg):
WB-HIIT<> WB-MIIT <+
CTL+
Left handgrip (kg):
WB-HIIT+ WB-MIIT <+
CTL+

Ballesta-Garcia, 2020
[12]

54

. WB-HIIT: 66 & 5
0/54 . WB-MIIT: 70 + 9
. CTL:67 £ 6

VO,;max:
WB-HIITT WB-MIIT 1
CTL+

Blackwell et al., 2017
[20]

12

. WB-HIIT: 52 £ 2
- . HIIT:52 £ 3

VO;max:
WB-HIT1 HITH

SBP (mmHg):
WB-HIIT+ HIIT+>
DBP (mmHg):
WB-HIIT+ HIIT+>
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Table 2. Cont.

Study Il,\l ul‘nl'aer of Male/Female Age (Mean + SD) Cardlo‘r espiratory Body Composition Musculoskeletal Fitness =~ Metabolic Risk Factors
articipants Fitness
SBP (mmHg):
WB-HIIT+ CTL+«>
DBP (mmHg):
WB-HIIT+ CTL+
WB-HIIT and Fasting glucose (mmol/L):
* Connolly et al., 2020 24 0/24 CTL: ) ) ) WB-HIIT+ CTL+
[18] 39 + 10 HDL-C (mmol/L):
WB-HIITT CTL+
LDL-C (mmol/L):
WB-HIIT+ CTL+
Visceral fat (cm®):
WB-HIIT+ CTL+
Leg press (rep):
WB-HIITT CTL+
Chest press (rep):
WB-HIITT CTL+
Pulldown (rep):
WBLHIIT: 35 4 19 WB-HIITT CTL+> SBP (mmHg):
- : Back extension (rep): WB-HIIT<, CTL<>
Engel et al., 2019 [22] 20 10/10 CTL: 37 4 10 - - Ak extension T(L g) DBP (manHg)
Ventral plank (s): WB-HIIT+ CTL+
WB-HIIT+ CTL+
Left plank (s):
WB-HITt CTL+
Right plank (s):
WB-HIIT+ CTL+
Abdominal (rep):
Fat mass (kg): WB-HIIT<» VICT+
Evangelista et al., 2019 25 ) WB-HIIT: 28 + 7 ) WB-HIIT<« VICT<«» Horizontal jump (min): }
[23] VICT:29 £5 Lean mass (kg): WB-HIIT< VICT+

WB-HIIT+ VICT+

Push-ups (rep):
WB-HIIT<+ VICT<+>
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Table 2. Cont.

Number of

Study Participants

Male/Female

Age (Mean + SD)

Cardiorespiratory
Fitness

Body Composition

Musculoskeletal Fitness Metabolic Risk Factors

Evangelista et al., 2021

4] 34

34/0

WB-HIIT: 28 £7
CTL:29 +7

VO;max:
WB-HIITT CTL +

Push-ups (rep):
WB-HIITT CTL+
Sit-ups (rep):
WB-HIITT CTL++
Burpees:
WB-HIITT CTL+
Leg press 1RM (kg):
WB-HIITT CTL+

Islam et al., 2019 [25] 68

52/16

WB-HIIT: 21 £3
VICT:22 + 4
CTL:21 +4

VO;max:
WB-HIIT+« VICT?t
CTL+

Push-ups (rep):
WB-HIITT VICT+ CTL+>
Right plank (s):
WB-HIIT? VICT+ CTL+>
Left plank (s):
WB-HIIT+ VICT+>

CTL+ -
Back extension (s):
WB-HIIT+ VICT+>
CTL+
Sit up (s):
WB-HIIT+ VICT+>
CTL+

Jimenez-Garcia et al.,

2019 [21] 73

20/62

WB-HIIT,
WB-MIIT and
CTL: 68 +3

Body fat (%):
WB-HIIT+
WB-MIIT+ CTL+»
Muscle Mass (kg):

WB-HIIT<+ WB-MIIT+»

CTL<+

Handgrip (kg):
WB-HIITT MIFT<> CTL<«»

Lu et al., 2021 [26] 20

0/20

WB-HIIT: 20 £ 1
HIT:21+£1

VO;max
WB-HIIT 1 HIIT 1

Body fat (%):
WB-HIIT| HIIT|
Lean mass (kg):
WB-HIITt HIITt

Sit-ups (rep):
WB-HIITT HIIT
Push-ups (rep):
WB-HIIT+ HIIT+
Broad jump (cm):
WB-HIITT HIIT+
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Table 2. Cont.

Study

Number of
Participants

Male/Female

Age (Mean + SD)

Cardiorespiratory
Fitness

Body Composition

Musculoskeletal Fitness

Metabolic Risk Factors

* McRae et al., 2012 [16]

22

0/22

WB-HIIT: 21 £1
MICT: 21 + 3
CTL:19 +£1

VO,;max:
WB-HIITT MICT+
CTL+

Leg extension (rep):

WB-HIITT MICT+

CTL+

Lateral pulldowns (rep):

WB-HIIT<« MICT?t
CTL+
Chest press (rep):
WB-HIITT MICT <>
CTL+
Push-ups (rep):
WB-HIITT MICT <>
CTL+
Sit-ups (rep):
WB-HIITT MICT <>
CTL+

Back extension (rep):

WB-HIITT MICT <+
CTL+

Menz et al., 2019 [27]

15

4/11

WB-HIIT: 24 £ 2
HIT:27 £3

VO;max:
WB-HIITt HITt

Body fat (%):
WB-HIIT+ HIIT<+>

Muscle percentage (%):

WB-HIIT<+ HIT<+

Push-ups (rep):
WB-HIIT+ HIIT+
Toes to bar (rep):
WB-HIITT HIIT >
Burpees (rep):
WB-HIIT<+ HIIT{
Broad Jump (m):
WB-HIIT+ HIIT+

Micielska et al., 2019
[28]

33

0/33

WB-HIIT and
CTL:
38 +12

VO,;max:
WB-HIITT CTL+>

Fat mass (kg):
WB-HIIT+, CTL+
Muscle mass (kg):
WB-HIIT+ CTL+

Murawska-Cialowicz
et al., 2020 [29]

25

25/0

WB-HIIT: 32 + 7
CTL:25+3

VO,max:
WB-HIT?T CTL+>

Fat mass (kg):
WB-HIIT| CTL|
Muscle mass (kg):
WB-HIITT CTL+
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Table 2. Cont.

Number of

Cardiorespiratory

Study . Male/Female Age (Mean + SD) . Body Composition Musculoskeletal Fitness =~ Metabolic Risk Factors
Participants Fitness
WB-HIIT: 24 £ 2 Vo Body fat (%)
HIIT: 23 + 1 pmax: ody rat i %o): -
Schaun et al., 2018 [13] 41 41/0 VICT: 24 + 1 WB-HIITt HIITt VICTt  WB-HIIT| HIIT| VICT]
Counter movement jump
height (cm):
WB-HIIT1 HIITT VICT{
WB-HIIT: 24 + 2 W%ﬂwm(l%break
. 14 HIIT:23 +1 - - jump peak power (W ):
Schaun et al., 2019 [14] 41 41/0 VICT: 24 4 1 WB-HIIT! HITTT VICT L5
Squat jump height (cm):
WB-HIITT HIITT VICTT
Squat jump peak power (W):
WB-HIIT1 HIITT VICT{
Right handgrip Male (kg):
WB-HIIT 7« WB-HIIT
141 CTL+
WB-HIIT 7 Male: Left handgrip Male (kg):
22 +2 WB-HIIT-71
WB-HIIT 14 Male: WB-HIIT-14+> CTL+>
2141 VO,max Male: Body fat Male (%): Push-ups Male (rep):
CTL Male: 21 + 1 WE VJE}HET 78" . WE \éI\IE:FHlIiTJg} . WB-HIIT-71 WB-HIIT-141
i WB-HIIT 7 5 = e - -las A CTL+
Schmidt et al., 2016 [30] 96 43/53 Ml VO,max Female: Body fat Female (%): Right handgrip Female (kg):
WB-HIIT 14 WB-HIIT 74 WB-HIIT-7+ WB-HIIT-7~

Female: 21 £+ 2
CTL Female: 20 +
1

WB-HIIT 141 CTL+

WB-HIIT-144+ CTL<>

WB-HIIT-144+ CTL+
Left handgrip Female (kg):
WB-HIIT-7+>
WB-HIIT-144» CTL++
Push-ups Female (rep):
WB-HIIT-71 WB-HIIT-141
CTL+
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Table 2. Cont.

Study Nul‘nl'aer of Male/Female Age (Mean + SD) Cardlo‘r espiratory Body Composition Musculoskeletal Fitness =~ Metabolic Risk Factors
Participants Fitness
Push-ups (rep):
WB-HIIT-LV?t
Fat mass (kg): WB-HIIT-HV+ CTL¢>
WB-HIIT-LV and VO, max: WB-HIIT-LV <+ Leo-1 .
VO,max: WB-HIIT-HV ¢> CTL Leg-levers (rep):
Sperlich et al., 2018 [31] 24 10/14 f;’ and CTL: 25 WB-HIIT-LV <> Muscle percentage (%): WB-HIIT-LV 1 -
WB-HIIT-HV+ CTL+ WEHITIV S WB-IE:IHT-HVT CTL P
WB-HIIT-HV ¢ CTL¢ Burpees (rep):
WB-HIIT- LV 1
WB-HIIT-HV?T CTL<+
Leg press 1IRM (kg):
WB-HIITT MICT+
WE-HIIT: 26 < 6 Chest press 1RM (kg):
* TN il VO;max: ) WB-HIITT MICT )
Wilke et al., 2019 [17] 33 12/21 MICT: 24 + 3 WB-HIIT o MICT<s Single leg hop distance (cm):
WB-HIIT+ MICT+
Counter movement jump (cm):
WB-HIIT+ MICT+
Specific populations
Fat mass (kg):
Batrakoulis et al., 2018 35 0/35 WB-HIIT: 36 + 5 VO,max: WB-HIIT| CTL+ Leg press 1RM (kg): )
[32] CTL:36 + 4 WB-HIITT CTL¢ Fat-free mass (kg): WB-HIITT CTL+>
WB-HIITT CTL+
Body fat (%):
WB-HIIT: 75 £+ 4 B-HIIT] CTL
Jung et al., 2019 [33] 2 0/26 CTL: 754 5 - WB-HIIT| CTL& - .

Fat-free mass (kg):
WB-HIITT CTL<+>
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Table 2. Cont.

Cardiorespiratory

Fitness Body Composition Musculoskeletal Fitness =~ Metabolic Risk Factors

Study Nul‘nl'aer of Male/Female Age (Mean + SD)
Participants

Fasting glucose (mmol/L):
WB-HIIT<+ HIIT+
MICT+
HDL-C (mmol/L):
WB-HIIT+ HIT+
MICT+
LDL-C (mmol/L):
Body fat (%): T ——rr
e WB-HIT:32+38 VO,max: WB-HIIT HIIT| MICT/ WB'HI\I;ITCHT E e
Scott et al., 2019 [34] 32 13/19 e HIT37+13 WB-HIIT? HIITt Lean mass (kg): - SBP (mmHzg):
e MICT:38+9 MICT1 WB-HIIT¢ HITe WEHITS HiTo
MICT+ MICT <
DBP (mmHg):
WB-HIIT+ HIIT<+»
MICT+
Visceral fat (g):
WB-HIIT, HIIT,
MICT/,

CTL, control; DBP, diastolic blood pressure; HDL-C, high-density lipoproteins cholesterol; HIIT, high-intensity interval training; HV, high volume; LDL-C, low-density lipoproteins
cholesterol; LV, low volume; MICT, moderate-intensity continuous training; 1RM, one-repetition maximum; SBP, systolic blood pressure; VICT, vigorous-intensity continuous training;
WB-HIIT, whole-body high-intensity interval training; WB-MIIT, whole-body moderate intensity interval training; WB-HIIT 7, 7 min protocol; WB-HIIT 14, 14 min protocol; 1, value
increasing significantly; |, value decreasing significantly; <+, no significant change. *, excluded from the meta-analysis.

Table 3. Methodological quality assessment (PEDro scale).

. Inclusion Random Concealed F;r?ups Blinded Blinded Blmd‘e d Dataofrom Intention to Between Estimation
Studies o . . Similar at . . . Investiga- >85% of Group of Effect and TOTAL
Criteria Allocation Allocation . Participants Therapist . Treat - o s
Baseline tors Participants Comparison Variability
Ballesta-Garcia,
2019 [11] 1 1 0 1 0 0 0 1 1 1 1 6
Ballesta-Garcia,
2020 [12] 1 1 0 1 0 0 0 1 1 1 1 6
Blackwell et al., 1 1 0 1 0 0 1 1 1 1 1 7

2017 [20]
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Table 3. Cont.
. Inclusion Random Concealed gr?ups Blinded Blinded Blmd.e d Dataofrom Intention to Between Estimation
Studies . . . Similar at .. . Investiga- >85% of Group of Effect and TOTAL
Criteria Allocation Allocation . Participants Therapist g Treat b . s
Baseline tors Participants Comparison Variability
Connolly et al.,
2020 [18] 1 1 1 1 0 0 0 0 1 1 1 6
Engel et al,,
2019 [22] 1 1 0 1 0 0 0 1 1 1 1 6
Evangelista 1 1 0 1 0 0 0 1 1 1 1 6
etal., 2019 [23]
Evangelista
etal,, 2021 [24] 1 1 0 1 0 0 0 0 1 1 1 5
Islam et al.,
2019 [25] 1 1 0 1 0 0 0 1 1 1 1 6
Jimenez-Garcia
etal,, 2019 [21] 1 1 1 1 0 0 0 1 1 1 1 7
Luetal,
2021 [26] 0 1 0 1 0 0 0 1 1 1 1 6
McRae et al.,
2012 [16] 0 0 0 1 0 0 0 1 0 1 1 4
Menz et al.,
2019 [27] 1 1 0 1 0 0 0 0 1 1 1 5
Micielska et al.,
2019 [28] 1 0 0 1 0 0 0 1 1 1 1 5
Murawska-
Cialowicz et al., 1 1 0 1 0 0 0 1 1 1 1 6
2020 [29]
Schaun et al.,
2018 [13] 1 1 0 1 0 0 0 1 1 1 1 6
Schaun et al.,
2019 [14] 1 1 0 1 0 0 0 1 1 1 1 6
Schmidt et al, 1 1 0 1 0 0 0 1 1 1 1 6

2016 [30]
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Table 3. Cont.
. Inclusion Random Concealed gr?ups Blinded Blinded Blmd.e d Dataofrom Intention to Between Estimation
Studies . . . Similar at .. . Investiga- >85% of Group of Effect and TOTAL
Criteria Allocation Allocation . Participants Therapist g Treat b . s
Baseline tors Participants Comparison Variability
Sperlich et al.,
2018 [31] 1 1 0 1 0 0 0 1 1 1 1 6
Wilke et al.,
2019 [17] 1 1 0 1 0 0 0 1 1 1 1 6
Batrakoulis
etal., 2018 [32] 1 1 0 1 0 0 0 1 1 1 1 6
Jung et al,,
2019 [33] 1 1 0 1 0 0 0 1 1 1 1 6
Scott et al, 1 0 0 1 0 0 0 1 1 1 1 5

2019 [34]
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3.3. Characteristics of the Included Studies

Among the nineteen studies included in the meta-analysis, sixteen investigated the
impact of WB-HIIT in healthy participants [11-14,20-31] and three in populations with
physical limitations or metabolic risk factors [32-34] (two in obese adults and one in women
with sarcopenia). Eleven studies [11,12,21,22,24,28-33] compared WB-HIIT to a no exercise
control group only, seven studies [13,14,20,23,26,27,34] had a traditional aerobic training
comparator group, and one study [25] included both. Thirteen studies [12,13,20,24-32,34]
assessed CREF, twelve [13,21,22,26-34] assessed fat mass, ten [21,23,26-29,31-34] assessed
fat-free mass, and twelve [11,14,21-27,30-32] assessed musculoskeletal fitness.

3.4. WB-HIIT Compared to No Exercise

Of the twelve studies [11,12,21,22,24,25,28-33] with a no exercise comparator, eight [12,
24,25,28-32] evaluated CREF, six [21,28,29,31-33] changes in fat-free mass, seven [21,28-33]
changes in fat mass, and eight [11,21,22,24,25,30-32] musculoskeletal fitness. The overall
effect on health-related fitness was significantly higher for WB-HIIT (SMD: 0.60, 95% CI:
0.46 to 0.75; p < 0.001). When analyzing the different components, WB-HIIT statistically
improved CRF (SMD: 0.75, 95% CI: 0.28 to 1.23; p < 0.001), fat-free mass (SMD: 0.38,
95% CI: 0.11 to 0.65; p < 0.001), fat mass (SMD: 0.40, 95% CI: 0.09 to 0.72; p < 0.001)
and musculoskeletal fitness (SMD: 0.84, 95% CI: 0.61 to 1.08; p < 0.001). The forest plot
summarizing the results is presented in Figure 2.

No meta-analysis was carried out for metabolic risk factors since only two studies
assessed those [18,22]. They observed no change in blood pressure, fasting glucose, vis-
ceral fat or LDL cholesterol, and an increase in HDL cholesterol in the WB-HIIT group
(Table 2) [18,22].

3.5. WB-HIIT vs. Traditional Aerobic Training

Of the eight [13,14,20,23,25-27,34] studies comparing WB-HIIT to traditional aero-
bic training, three [13,14,34] included two forms of training as comparator. All tradi-
tional aerobic training modalities (HIIT, MICT or VICT) were gathered in the same forest
plot (Figure 3). Six studies [13,20,25-27,34] assessed CRE, four [23,26,27,34] fat-free mass,
five [13,23,26,27,34] fat mass and five [14,23,25-27] musculoskeletal fitness.

The overall effect on health-related fitness of WB-HIIT was not statistically different
from traditional aerobic training (SMD: —0.01, 95% CI: —0.16 to 0.15; p = 0.22). Regarding
CRE a small effect was observed in favor of traditional aerobic training (SMD: —0.40, 95%
CI: —0.70 to —0.11; p = 0.007). In contrast, a small effect was observed in favor of WB-HIIT
for musculoskeletal fitness (SMD: 0.42; 95% CI: 0.14 to 0.71; p = 0.003). No difference was
found between WB-HIIT and other training modalities for fat-free mass (SMD: —0.04, 95%
CI: —0.44 to 0.35; p = 0.8) or fat mass (SMD: —0.07, 95% CI: —0.39 to 0.25; p = 0.7). The forest
plot summarizing the results is presented in Figure 3.

The two studies investigating metabolic risk factors observed no effect on blood pres-
sure, fasting glucose, HDL or LDL cholesterol, whatever the training modality
(Table 2) [20,34]. One study observed a similar decrease in visceral fat in WB-HIIT and
traditional aerobic trainings [34].
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Subgroup SMD 95%-Cl
Cardiorespiratory fitness H

Ballesta-Garcia et al., 2020 —— 0.99 [0.29; 1.68]
Batrakoulis et al., 2018 i — e 249 [1.59; 339
Evangelista et al., 2021 P 160 [0.81;240]
Islam et al., 2019 - 018 [-0.48; 0.84]
Micielska et al., 2019 —— 084 [0.11,157]
Murawska-Cialowicz et al., 2020 —— 1.07 [0.22;1.93]
Schmidt et al.,, 2016 (14min) L 1.07 [0.54;1.60]
Schmidt et al., 2016 (7min) I 0.20 [-0.27,0.68]
Sperlich et al., 2018 (2*6min) - -0.15 [-0.58; 0.28]
Sperlich et al.,, 2018 (Gmin) —_ -0.16 [-0.59; 0.27]
Random effects model il 0.75 [0.28;1.23]
1" = 84% [T2%, 91%], 3=55.13 (p < 0.01) i

Fat free mass H

Batrakoulis et al., 2018 I 0.42 [-0.27,1.10]
Jimenez-Garcia et al., 2019 T 0.49 [-0.08; 1.06]
Jung etal., 2019 — 0.66 [-0.13;1.45]
Micielska et al., 2019 —— 0.18 [-0.52;0.88]
Murawska-Cialowicz et al., 2020 . 053 [-0.29;1.34]
Sperlich et al., 2018 (2*6min) —T 019 [-0.61;0.99]
Sperlich et al., 2018 (Bmin) —a 013 [-0.67; 093]
Random effects model b 0.38 [0.11;0.65]
17 = 0% [ 0%; 71%], 7 = 1.67 (p = 0.95) :

Fat mass H

Batrakoulis et al., 2018 e 1.44 [0.68; 2.20]
Jimenez-Garcia et al,, 2019 —e 010 [-0.46; 0.66]
Jungetal., 2019 —a— 128 [043,212]
Micielska et al., 2019 — 0.25 [-0.45; 0.96]
Murawska-Cialowicz et al., 2020 T 048 [-0.33;1.29]
Schmidt et al., 2016 (14min) —— 0.05 [-0.44; 0.54]
Schmidt et al., 2016 (7min) L 0.21 [-0.27,0.69]
Sperlich et al.,, 2018 (2*6min) t 0.21 [-0.59;1.01]
Sperlich et al., 2018 (6min) — 0.11 [-0.69;0.91]
Random effects model - 0.40 [0.09;0.72]
1* = 49% [ 0%; 76%], 7 = 15.65 (p = 0.05) :

Musculoskeletal fitness H

Ballesta-Garcia et al., 2019 , 30s arm curl {reps) ——'—-— 029 [-047;1.05]
Ballesta-Garcia et al,, 2019, 30s sitto stand (reps) H — = 332 [2.38;426]
Ballesta-Garcia et al,, 2019 , Right Handgrip Strength —a— 0.00 [-0.65; 0.65]
Ballesta-Garcia et al.,, 2019, Left Handgrip Strength e -0.22 [-0.87; 0.44]
Batrakoulis et al., 2018 , Leg Press (1RM) — 1.39 [0.64,2.15]
Engel etal, 2019, Back extension (reps) -—'— 1.43 [0.44; 247
Engel et al., 2019, Chest Press (reps) —T 051 [-0.43;1.45]
Engel etal., 2019, Leg Press (reps) — 040 [-0.54; 1.34]
Engel et al., 2019, Right Plank {time) T 0.64 [-0.26; 1.54]
Engel et al., 2019, Left Plank (time) —— 111 [0.17; 2.06]
Engel et al., 2019, Ventral Plank {time) —aE— 0.36 [-0.52;1.29]
Engel et al., 2019, Pulldown (reps) e 214 [1.03;3.26]
Evangelista et al., 2021, Push-ups (reps) —E— 1.57 [0.78, 2.36]
Evangelista et al., 2021 |, Sit-ups (reps) [ 207 [1.21;293)
Evangelista et al., 2021 , Burpees (reps) —+—— 268 [173 363
Evangelista etal , 2021, Leg Press (1RM) P —a— 170 [0.80; 251]
Islam et al., 2019, Back extension (reps) T 056 [-0.09;1.21]
Islam et al., 2019, Right Plank (time) — = 0.38 [-0.26;1.03]
Islam et al., 2019, Left Plank (time) — 071 [0.06;1.36]
Islam et al., 2019, Push-ups (reps) e 1.05 [0.40;1.70]
Islam et al., 2019, Sit-up (time) - 0.36 [-0.29;1.01]
Jimenez-Garcia et al., 2019 , Handgrip Strength — 073 [018;1.28]
Schmidt et al., 2016 (14min) , Right Handgrip Strength —'.— 0.49 [-0.01;099]
Schmidt et al., 2016 (14min) , Left Handgrip Strength T 020 [-0.30; 0.69]
Schmidt et al., 2016 (14min) , Push-ups (reps) - 098 [0.46;1.50]
Schmidt et al., 2016 (7min} , Right Handgrip Strength —-'—— 019 [-0.29; 0.66]
Schmidt et al., 2016 (Ymin), Left Handgrip Strength s 0.20 [-0.28; 0.67]
Schmidt et al,, 2016 (Ymin), Push-ups (reps) — 061 [0.12;1.09]
Sperlich et al,, 2018 (2*6min) , Burpees (reps) —a 1.08 [0.22;1.94]
Sperlich et al.,, 2018 (2*6min) , Leg-levers (reps) —=— 0.85 [0.34,1.36]
Sperlich et al., 2018 (2*6min) , Push-ups (reps) —-'— 0.81 [0.32;1.30]
Sperlich et al., 2018 (6min) , Burpees (reps) H ———— 256 [1.46; 366]
Sperlich et al., 2018 (6min) , Leg-levers (reps) T 035 [-0.08;078]
Sperlich et al., 2018 (6min) , Push-ups (reps) - -0.13 [-0.56; 0.30]
Rzandom effects mogel - 0.84 [0.61;1.08]
1" = 76% [B7%, B3%], i3 = 14021 (p < 0.01) ;

Fixed effects [plural&model - 0.60 [0.46;0.75]

1 = T3% [68%; T9%], 5= 8.65 (p = 0.03) f T T T !

4 0 1 2 3 4
Figure 2. Forest plot of standardized mean difference (SMD) and confidence interval (CI) for the
comparison WB-HIIT vs. no exercise. Positive values favor WB-HIIT. Subgroups mean effect and
overall effect are written in bold. Reps, number of repetitions performed during a certain amount of
time or until exhaustion; 1RM, one-repetition maximum.
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Subgroup SMD 95%-Cl1
Cardiorespiratory fitness

Blackwell et al., 2017 | HIT e -0.42 [-[157, 0.72]
Luetal, 2021  HIT — T -0.40 [-1.28; 0.49]
Menzetal, 2019 , HIT — T -0.56 [-1.70; 0.58]
Scottetal, 2019  HIT — -0.23 [-1.08; 0.62]
Schaun etal, 2018 | HIT —= -0.84 [-1.65;-0.03]
Scottetal, 2019  MICT — 014 [-0.77, 1.04]
Islam etal., 2019 | VICT - -0.37 [-0.92; 0.18]
Schaun et al,, 2018 | VICT —a T -0.56 [-1.38; 0.26]
Random effects model - -0.40 [-0.70;-0.11]
i# = 0% [ 0%; 68%], 3 =2.88 (p = 0.90)

Fat free mass

Luetal, 2021  HIT — T -0.33 [-1.22; 0.55]
Menzetal, 2019 , HIT —E— 0.02 [-0.99; 1.04]
Scottetal, 2019  HIT — 006 [0.79; 0.92]
Scottetal, 2019 | MICT —|-'— 018 [-0.72; 1.08]
Evangelista et al,, 2019 | VICT — -0.11 [-0.90; 0.68]
Random effects model - -0.04 [-0.44; 0.35]
J—D%[D%?B%];d—ﬂ?sm 0.94)

Fat mass

Luetal, 2021  HIT — -0.68 [-1.58; 0.23]
Menzetal, 2019  HIT —— 0.00 [1.01; 1.01]
Scottetal, 2019 | HIT —a— -0.04 [-0.89; 0.81]
Schaun et al., 2018 | HIT —|-‘— 0.21 [-0.56; 0.97]
Scottetal, 2019, MICT —a— -0.05 [-0.95; 0.85]
Evangelista etal, 2019 ,VICT — -0.28 [-1.07, 0.52]
Schaun et al,, 2018 | VICT — 0.22 [-0.55; 1.00]
Random effects model - -0.07 [-0.39; 0.25]
i# = 0% [ 0%; T1%], % = 3.06 (p = 0.80)

Musculoskeletal fitness

Luetal, 2021, Sit-ups (reps), HIT — 213 [1.02, 325]
Lu et al, 2021, Push-ups (reps), HIT T 0.83 [0.09; 1.74]
Lu et al., 2021, Broad jump (distance), HIT —— 295 [1.66, 425]
Menz et al., 2019, Broad Jump (distance) , HIT — 0.02 [-1.00; 1.03]
Menzetal., 2019 , Burpees (reps), HIT —_— 023 [-0.79; 1.24]
Menzetal, 2019, Push-ups (reps), HIT —&— -0.43 [-1.46; 0.60]
Menzetal., 2019, Toes to bar (reps), HIT — -0.13 [-1.15; 0.89]
Schaun et al., 2019, Counter movement jump (height) , HIT — T -0.40 [-1.17, 0.37]
Schaun et al., 2019 | Squat jump (height) , HIT — 0.84 [0.05; 1.64]
Evangelista et al,, 2019, Abdominal (reps), VICT e 0.26 [-0.53; 1.05]
Evangelista et al., 2019 , Horizontal jump (time) , VICT — 0.10 [-0.69; 0.89]
Evangelista et al., 2019 , Push-ups (reps), VICT T 046 [-0.34; 1.26]
Islam et al., 2019 , Back extension (reps), VICT — -0.39 [-0.94; 0.15]
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Figure 3. Forest plot of standardized mean difference (SMD) and confidence interval (CI) for the
comparison WB-HIIT vs. traditional aerobic training. Positive values favor WB-HIIT. Subgroups
mean effect and overall effect are written in bold. HIIT, high-intensity interval training; MICT,
moderate-intensity continuous training; VICT, vigorous-intensity continuous training; Reps, number
of repetitions performed during a certain amount of time or until exhaustion.

3.6. Total Training Time

A wide interstudy variability of WB-HIIT total training time was observed, ranging
from 48 to 1761 min. The meta-regression analysis showed that overall effect of WB-HIIT
on health-related fitness is associated (p = 0.004) with total training time (Figure 4 and
Table 4). A significant association was also found for the effect on CRF (p = 0.001) and fat
mass (p < 0.001), but not for fat-free mass and musculoskeletal fitness (p = 0.41 and 0.1,
respectively; Table 4).
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Figure 4. Regression between the total training time and the overall effect of WB-HIIT. Filled circles
size is proportional to the study weight.

Table 4. Association between total training time of WB-HIIT and overall effect or effect on individual
components (per hour of training).

Parameters K Beta (SE) p Value
Overall effect 14 0.036 (0.012) 0.004
Cardiorespiratory fitness 10 0.078 (0.024) 0.001
Fat-free mass 7 0.012 (0.018) 0.41
Fat mass 9 0.048 (0.012) <0.001
Musculoskeletal fitness 10 0.030 (0.018) 0.1

K, number of included studies; Beta, regression beta coefficients; SE, standard error.

4. Discussion

We conducted a systematic review and meta-analysis to assess the efficacy of WB-HIIT
to improve health-related fitness as compared to no exercise or traditional forms of aerobic
training. The present results show that WB-HIIT is effective in improving CREF, fat-free
mass, fat mass and musculoskeletal fitness when compared to no exercise. WB-HIIT is
less effective than traditional forms of aerobic training for enhancing CRF but is equally
effective for improving fat-free mass and fat mass. The meta-analysis highlights a higher
effect of WB-HIIT on musculoskeletal fitness compared to other forms of aerobic training.
The overall effect of WB-HIIT on health-related fitness, as well as specific effects on CRF
and fat mas, is associated with the total training time, indicating the existence of a dose-
response relationship. The absence of a significant association between fat-free mass and
musculoskeletal fitness suggests that other parameters (e.g., exercises type, load, motor
skills trained, etc.) are predominant in improving these components.

4.1. Cardiorespiratory Fitness

Since the WB-HIIT protocols included in the meta-analysis were designed to reach
high intensities during the exercise phases, the greater effect of WB-HIIT on CRF, compared
to no exercise, is consistent with previous findings [5]. A novel observation is the existence
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of a dose-response relationship supported by the regression between the total training time
of WB-HIIT and the effect on CRF.

When compared to traditional forms of aerobic training, our results show a lower
effect of WB-HIIT to improve CRE. The lower effectiveness as compared to VICT could be
explained by the shorter total training time in WB-HIIT and the high intensity of VICT,
resulting in a greater training volume (time X intensity) for the latter. This hypothesis is
supported by the observation that the study that compared WB-HIIT to MICT, characterized
by a lower intensity than VICT, showed similar improvement after both training types [34].
The HIIT protocols included in the present meta-analysis were mostly time equivalent to
WB-HIIT. Therefore, total training time alone could not explain the greater improvement of
CRE A potential explanation is that WB-HIIT protocols fail to reach an intensity as high as
traditional forms of HIIT, which would result in a smaller improvement of VO,max [35,36].
Target intensity for WB-HIIT is often mentioned as “all out”, while it is described as a
percentage of maximal HR or VO,max in HIIT protocols. Only one study reported peak and
mean HR reached during training sessions, and they were lower for WB-HIIT compared
to HIIT [27]. The findings highlight the importance of monitoring training intensity to
provide comparable data in the future.

4.2. Fat Mass and Fat-Free Mass

Compared to no exercise, the meta-analysis indicates a significant decrease in fat mass
for WB-HIIT. The impact of total training time on fat mass loss supports the existence of a
dose-response relationship. This finding is consistent with previous observations showing
that HIIT with a sufficient energy expenditure is required to reduce body fat mass [37].

When comparing WB-HIIT to traditional forms of aerobic training, the effect on fat
mass is not different. As mentioned above, the intensity reached during WB-HIIT protocols
was probably lower compared to HIIT and VICT, resulting in a lower training volume.
Therefore, the similar effect on fat mass could at first be surprising. However, compared to
traditional HIIT and VICT, WB-HIIT induces a greater muscle mass recruitment through
exercises involving lower and upper limbs and core muscles, which would increase energy
expenditure despite a lower training intensity. Unfortunately, no study compared energy
expenditure between traditional aerobic trainings and WB-HIIT protocols. Nevertheless,
WB-HIIT appears to be as effective as traditional aerobic training to decrease body fat mass
when the amount of training is sufficient.

Although resistance training using high loads is generally considered as the gold
standard to induce muscle hypertrophy, emerging evidence suggests that interval training,
such as HIIT or sprint interval training, has the potential to upregulate cellular mechanisms
underlying lean mass increases [38]. The enhancement of fat-free mass by WB-HIIT sup-
ports this observation. Similar to HIIT, WB-HIIT involves high execution speed and short
resting periods but also stretch-shortening cycles that favor recruitment of type 2 muscle
fibers and thereby promote muscle hypertrophy [38].

The effect of WB-HITT on fat-free mass was not different from traditional forms of
aerobic training. The selected WB-HIIT and traditional aerobic training protocols were
designed to elicit cardiovascular impact and were not optimized to improve muscle mass.
This could explain the low effect on fat-free mass [23,27,34] for WB-HIIT as well as for
traditional forms of aerobic training (Table 2). One advantage of WB-HIIT over traditional
HIIT is the possibility to enhance muscle recruitment by selecting adequate exercises and/or
adding free weights.

4.3. Musculoskeletal Fitness

Our results revealed that WB-HIIT is more effective than no exercise and traditional
aerobic trainings to improve musculoskeletal fitness. To assess musculoskeletal fitness,
strength tests (e.g., handgrip and one-repetition maximum) and muscular endurance
tests (e.g., planks, sit-ups, push-ups, squat jumps, etc.) were used. Improvements in
strength tests are known for being mainly related to greater muscle recruitment, [39] while
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muscular endurance tests involve muscle endurance and strength but also segmental
coordination, core stability and/or explosiveness. Since muscular endurance tests include
motor skills/coordination needed for execution of daily tasks (e.g., pulling, pushing, squat,
etc.), they are considered to better reflect functional abilities than usual strength tests [40,41].

The greater improvement in musculoskeletal fitness after WB-HIIT seems intrinsically
linked to the training modality. Traditional forms of aerobic training are generally unimodal
(e.g., running, rowing, cycling, etc.), while WB-HIIT is multimodal [2] and involves specific
motor skills and core stability that are necessary for the performance of muscular endurance
tests and multi-joint dynamic strength tests. This is supported by our results showing larger
increases after WB-HIIT in the number of repetitions performed during dynamic endurance
tests [16,22,24-26,30] or functional strength tests [11,31] and in leg press one-repetition
maximum [17,24,32], compared to no exercise [11,16,22,24,25,30-32] or traditional aerobic
trainings [16,17,25,26], while a lower effect for isometric strength tests was observed [11,30].
Based on the concept of motor skills transfer [42], WB-HIIT hence appears more effective
for improving functional musculoskeletal fitness than traditional aerobic training.

4.4. Metabolic Risk Factors

Only two studies assessed metabolic risk factors after WB-HIIT vs. no exercise, and
two compared WB-HIIT to other aerobic training. Except for the increased HDL levels with
WB-HIIT in one study [18], and the decreased visceral fat in another study [34], no changes
were found for blood pressure or for fasting blood glucose or lipids, regardless of training
type [18,20,22,34]. In all four studies, these variables were within normal ranges and were
therefore less likely to improve. Studies investigating the effect of WB-HIIT in patients with
metabolic syndrome are therefore needed.

4.5. Limitations and Recommendations

There are some limitations to this meta-analysis. First, session number and frequency
and intervention duration differed greatly between studies. Only one study [27] recorded
intensity attained during sessions, precluding between study comparisons of total training
volume that can greatly impact CRF and body composition [37]. Second, a large variety of tests
were used to assess musculoskeletal fitness, explaining the variability in observed effects (see
Figures 2 and 3), and complicating study comparisons. Future studies should systematically
monitor training intensity, compare WB-HIIT to traditional aerobic trainings of similar volume
and include standardized tests to assess muscle strength and endurance. Lastly, only few
studies used WB-HIIT in participants with physical limitations (one study on sarcopenia [33])
and metabolic risk factors (two studies including obese subjects [32,34]), or assessed effects of
WB-HIIT on lipid profile, blood pressure or fasting glucose level [18,20,22,34]. Visceral fat, an
important cardiovascular disease risk factor, was measured in only one study comparing
WB-HIIT to no exercise [18] and one comparing WB-HIIT to traditional training [34]. Given
this paucity of data, the impact of WB-HIIT on cardio-metabolic risk factors can currently
not be meta-analyzed. Further studies are needed to investigate the potential of WB-HIIT,
especially in patients with established risk factors.

Some practical recommendations could be formulated based on our results. Since the
effect of WB-HIIT appears to be related to total training time, and because previous studies
have reported that intensity influences body composition and CRF changes [4,37,43], WB-
HIIT practitioners should ensure that training duration and exercise intensity attained
during the active phases is sufficient to induce significant improvements. As discussed
above, WB-HIIT is characterized by fast and explosive multi-joint exercises involving
more functional motor skills and segmental coordination than traditional aerobic trainings.
WB-HIIT should therefore be incorporated into physical training programs to facilitate
transfer to daily activities and sports requiring multi-joint movements. Traditional HIIT and
WB-HIIT both favor type 2 fibers recruitment [38] known to foster muscle mass and muscle
performance increase. Additional studies comparing different protocols of WB-HIIT and
HIIT would help to understand the determinants of training-related adaptations. This step
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is essential to advise specific training characteristics maximizing body composition and
musculoskeletal fitness improvements, depending on the context and target population.

5. Conclusions

WB-HIIT is a low-cost, easy to implement, and effective way for improving CRE, body
composition and musculoskeletal fitness. Although traditional forms of aerobic training are
more effective at improving CRF, WB-HIIT induces equivalent improvements in body com-
position and has greater effects on musculoskeletal fitness required for execution of daily
tasks. Importantly, our results highlight the dose-response relationship between WB-HIIT
effects on CRF and fat mass and total training time. Since intensity affects training-related
changes, it is essential that future studies systematically assess this parameter. Further
studies are needed to establish if WB-HIIT improves autonomy and cardio-metabolic health
in patients with physical limitations and metabolic risk factors, and to define the most
effective WB-HITT protocols to improve specific components of health-related fitness.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ijerph19159559/s1, PRISMA_2020_checklist JERPH sub-
mission [44]; Supplementary Figure S1 Funnel Noexercise; Supplementary Figure S2 Funnel Active;
Supplementary Figure S3 Sensitivity Noexercise; Supplementary Figure S4 Sensitivity Active.

Author Contributions: The study was conceived by C.S., V.F. and M.K., who conducted the literature
search and summarized the data. C.S., B.B. and M.K. performed the analysis. C.S., B.B., V.F, M.K. and
M.C. contributed to the interpretation of the data and to the writing of the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: Corentin Scoubeau received a grant from the Brussels Region (INNOVIRIS BRIDGE
grant Diatype) to support his research. This paper is published with the support of the “Fondation
Universitaire de Belgique” (Belgian University Foundation).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All the data and codes used in the conduction of this meta-analysis are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Spiteri, K.; Broom, D.; Bekhet, A.H.; de Caro, J.X.; Laventure, B.; Grafton, K. Barriers and Motivators of Physical Activity
Participation in Middle-Aged and Older Adults—A Systematic Review. J. Aging Phys. Act. 2019, 27, 929-944. [CrossRef]
[PubMed]

Feito, Y.; Heinrich, K.; Butcher, S.; Poston, W. High-Intensity Functional Training (HIFT): Definition and Research Implications for
Improved Fitness. Sports 2018, 6, 76. [CrossRef] [PubMed]

Thompson, W.R. Worldwide survey of fitness trends for 2020. Acsm’s Health Fit. ]. 2019, 23, 10-18. [CrossRef]

Milanovi¢, Z.; Sporis, G.; Weston, M. Effectiveness of High-Intensity Interval Training (HIT) and Continuous Endurance Training
for VO2max Improvements: A Systematic Review and Meta-Analysis of Controlled Trials. Sports Med. 2015, 45, 1469-1481.
[CrossRef] [PubMed]

Wilke, J.; Mohr, L. Chronic effects of high-intensity functional training on motor function: A systematic review with multilevel
meta-analysis. Sci. Rep. 2020, 10, 21680. [CrossRef]

Machado, A.F.; Baker, J.S.; Junior, A.F,; Bocalini, D.S. High-intensity interval training using whole-body exercises: Training
recommendations and methodological overview. Clin. Physiol. Funct. Imaging 2017, 39, 378-383. [CrossRef]

Knapik, J.J. Injuries During High-Intensity Functional Training. J. Spéc. Oper. Med. A Peer Rev. J. SOF Med. Prof. 2021, 21, 112.
[CrossRef]

American College of Sport Medicine. ACSM’s Guidelines for Exercise Testing and Prescription, 9th ed.; Wolters Kluwer: Alphen aan
den Rijn, The Netherlands, 2014.

Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, ].P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.;
Moher, D. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Healthcare
Interventions: Explanation and Elaboration. BMJ (Clin. Res. Ed.) 2009, 339, b2700. [CrossRef]


https://www.mdpi.com/article/10.3390/ijerph19159559/s1
http://doi.org/10.1123/japa.2018-0343
http://www.ncbi.nlm.nih.gov/pubmed/31141447
http://doi.org/10.3390/sports6030076
http://www.ncbi.nlm.nih.gov/pubmed/30087252
http://doi.org/10.1249/FIT.0000000000000526
http://doi.org/10.1007/s40279-015-0365-0
http://www.ncbi.nlm.nih.gov/pubmed/26243014
http://doi.org/10.1038/s41598-020-78615-5
http://doi.org/10.1111/cpf.12433
http://doi.org/10.55460/K817-9GWY
http://doi.org/10.1136/bmj.b2700

Int. J. Environ. Res. Public Health 2022, 19, 9559 27 of 28

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Srikanthan, K.; Feyh, A.; Visweshwar, H.; Shapiro, ].I.; Sodhi, K. Systematic Review of Metabolic Syndrome Biomarkers: A Panel
for Early Detection, Management, and Risk Stratification in the West Virginian Population. Int. J. Med. Sci. 2016, 13, 25-38.
[CrossRef] [PubMed]

Ballesta-Garcia, 1.; Martinez-Gonzalez-Moro, 1.; Rubio-Arias, ].A. ; Carrasco-Poyatos, M. High-Intensity Interval Circuit Training
Versus Moderate-Intensity Continuous Training on Functional Ability and Body Mass Index in Middle-Aged and Older Women:
A Randomized Controlled Trial. Int. J. Environ. Res. Public Health 2019, 16, 4205. [CrossRef]

Ballesta-Garcia, I.; Martinez-Gonzalez-Moro, I.; Ramos-Campo, D.J.; Carrasco-Poyatos, M. High-Intensity Interval Circuit Training
Versus Moderate-Intensity Continuous Training on Cardiorespiratory Fitness in Middle-Aged and Older Women: A Randomized
Controlled Trial. Int. |. Environ. Res. Public Health 2020, 17, 1805. [CrossRef] [PubMed]

Schaun, G.Z.; Pinto, S.S.; Silva, M.R.; Dolinski, D.B.; Alberton, C.L. Whole-body high-intensity interval training induce similar
car-diorespiratory adaptations compared with traditional high-intensity interval training and moderate-intensity continuous
training in healthy men. J. Strength Cond. Res. 2018, 32, 2730-2742. [CrossRef] [PubMed]

Schaun, G.Z.; Pinto, S.S.; Brasil, B.; Nunes, G.N.; Alberton, C.L. Neuromuscular adaptations to sixteen weeks of whole-body
high-intensity interval training compared to ergometer-based interval and continuous training. J. Sports Sci. 2019, 37, 1561-1569.
[CrossRef] [PubMed]

O’Driscoll, R.; Turicchi, J.; Beaulieu, K.; Scott, S.; Matu, J.; Deighton, K.; Finlayson, G.; Stubbs, R.J. How well do activity monitors
estimate energy expenditure? A systematic review and meta-analysis of the validity of current technologies. Br. J. Sports Med.
2018, 54, 332-340. [CrossRef] [PubMed]

McRae, G.; Payne, A.; Zelt, ].G.; Scribbans, T.D.; Jung, M.E,; Little, J.P.; Gurd, B.]. Extremely low volume, whole-body aerobic-
resistance training improves aerobic fitness and muscular endurance in females. App. Physiol Nutr. Metab. 2012, 37, 1124-1131.
[CrossRef]

Wilke, ].; Kaiser, S.; Niederer, D.; Kalo, K.; Engeroff, T.; Morath, C.; Vogt, L.; Banzer, W. Effects of high-intensity functional circuit
training on motor function and sport motivation in healthy, inactive adults. Scand. |. Med. Sci. Sports 2019, 29, 144-153. [CrossRef]
Connolly, L.J.; Scott, S.; Morencos, C.M.; Fulford, J.; Jones, A.M.; Knapp, K.; Krustrup, P.; Bailey, S.J.; Bowtell, ].L. Impact of a novel
home-based exercise intervention on health indicators in inactive premenopausal women: A 12-week randomised controlled trial.
Eur. J. Appl. Physiol. 2020, 120, 771-782. [CrossRef]

Cashin, A.G.; McAuley, ].H. Clinimetrics: Physiotherapy Evidence Database (PEDro) Scale. J. Physiother. 2020, 66, 59. [CrossRef]
Blackwell, J.; Atherton, PJ.; Smith, K.; Doleman, B.; Williams, ].P.; Lund, J.; Phillips, B. The efficacy of unsupervised home-based
exercise regimens in comparison to supervised laboratory-based exercise training upon cardio-respiratory health facets. Physiol.
Rep. 2017, 5, €13390. [CrossRef]

Jiménez-Garcia, J.D.J.; Martinez-Amat, A.; De La Torre-Cruz, M.].; Fabrega-Cuadros, R.; Diaz, D.C.; Aibar-Almazan, A.;
Achalandabaso-Ochoa, A.; Hita-Contreras, F. Suspension Training HIIT Improves Gait Speed, Strength and Quality of Life in
Older Adults. Int. ]. Sports Med. 2019, 40, 116-124. [CrossRef]

Engel, FA.; Rappelt, L.; Held, S.; Donath, L. Can High-Intensity Functional Suspension Training over Eight Weeks Improve
Resting Blood Pressure and Quality of Life in Young Adults? A Randomized Controlled Trial. Int. J. Environ. Res. Public Health
2019, 16, 5062. [CrossRef]

Evangelista, A.L.; Teixeira, C.V.L.S.; Machado, A.F; Pereira, P.E.; Rica, R.L.; Bocalini, D.S. Effects of a short-term of whole-body,
high-intensity, intermittent training program on morphofunctional parameters. J. Bodyw. Mov. Ther. 2019, 23, 456-460. [CrossRef]
[PubMed]

Evangelista, A.L.; Brigatto, F.A.; De Camargo, ].B.; Braz, T.V.; Bocalini, D.S.; Teixeira, C.V.; Paunksnis, M.R.; Barros, B.M.; Santos,
L.M.; Carnevali, L.C., Jr. Effect of a short-term whole-body high-intensity interval training on fitness, morphological, and
functional parameters in untrained individuals. J. Sports Med. Phys. Fit. 2021. [CrossRef] [PubMed]

Islam, H.; Siemens, T.L.; Matusiak, J.B.; Sawula, L.; Bonafiglia, J.T.; Preobrazenski, N.; Jung, M.E.; Gurd, B.]. Cardiorespiratory
fitness and muscular endurance responses immediately and 2 months after a whole-body Tabata or vigorous-intensity continuous
training intervention. Appl. Physiol. Nutr. Metab. 2020, 45, 650-658. [CrossRef] [PubMed]

Lu, Y.; Wiltshire, H.D.; Baker, ].S.; Wang, Q. The Effects of Running Compared with Functional High-Intensity Interval Training
on Body Composition and Aerobic Fitness in Female University Students. Int. |. Environ. Res. Public Health 2021, 18, 11312.
[CrossRef]

Menz, V.; Marterer, N.; Amin, S.B.; Faulhaber, M.; Hansen, A.B.; Lawley, ].S. Functional Vs. Running Low-Volume High-Intensity
Interval Training: Effects on VO2max and Muscular Endurance. J. Sports Sci. Med. 2019, 18, 497-504.

Micielska, K.; Gmiat, A.; Zychowska, M.; Kozlowska, M.; Walentukiewicz, A.; Lysak-Radomska, A.; Jaworska, J.; Rodziewicz, E.;
Duda-Biernacka, B.; Ziemann, E. The beneficial effects of 15 units of high-intensity circuit training in women is modified by age,
baseline insulin resistance and physical capacity. Diabetes Res. Clin. Pract. 2019, 152, 156-165. [CrossRef]

Murawska-Cialowicz, E.; Wolanski, P.; Zuwala-Jagiello, J.; Feito, Y.; Petr, M.; Kokstejn, J.; Stastny, P.; Goliniski, D. Effect of HIIT
with Tabata Protocol on Serum Irisin, Physical Performance, and Body Composition in Men. Int. . Environ. Res. Public Health
2020, 17, 3589. [CrossRef]

Schmidt, D.; Anderson, K.; Graff, M.; Strutz, V. The effect of high-intensity circuit training on physical fitness. |. Sports Med.
Phys. Fit. 2015, 56, 534-540.


http://doi.org/10.7150/ijms.13800
http://www.ncbi.nlm.nih.gov/pubmed/26816492
http://doi.org/10.3390/ijerph16214205
http://doi.org/10.3390/ijerph17051805
http://www.ncbi.nlm.nih.gov/pubmed/32164314
http://doi.org/10.1519/JSC.0000000000002594
http://www.ncbi.nlm.nih.gov/pubmed/29746386
http://doi.org/10.1080/02640414.2019.1576255
http://www.ncbi.nlm.nih.gov/pubmed/30724683
http://doi.org/10.1136/bjsports-2018-099643
http://www.ncbi.nlm.nih.gov/pubmed/30194221
http://doi.org/10.1139/h2012-093
http://doi.org/10.1111/sms.13313
http://doi.org/10.1007/s00421-020-04315-7
http://doi.org/10.1016/j.jphys.2019.08.005
http://doi.org/10.14814/phy2.13390
http://doi.org/10.1055/a-0787-1548
http://doi.org/10.3390/ijerph16245062
http://doi.org/10.1016/j.jbmt.2019.01.013
http://www.ncbi.nlm.nih.gov/pubmed/31563355
http://doi.org/10.23736/S0022-4707.21.12342-4
http://www.ncbi.nlm.nih.gov/pubmed/34156180
http://doi.org/10.1139/apnm-2019-0492
http://www.ncbi.nlm.nih.gov/pubmed/31782930
http://doi.org/10.3390/ijerph182111312
http://doi.org/10.1016/j.diabres.2019.05.009
http://doi.org/10.3390/ijerph17103589

Int. J. Environ. Res. Public Health 2022, 19, 9559 28 of 28

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sperlich, B.; Hahn, L.-S.; Edel, A.; Behr, T.; Helmprobst, J.; Leppich, R.; Wallmann-Sperlich, B.; Holmberg, H.-C. A 4-Week
Intervention Involving Mobile-Based Daily 6-Minute Micro-Sessions of Functional High-Intensity Circuit Training Improves
Strength and Quality of Life, but Not Cardio-Respiratory Fitness of Young Untrained Adults. Front. Physiol. 2018, 9, 423.
[CrossRef]

Batrakoulis, A.; Jamurtas, A.Z.; Georgakouli, K.; Draganidis, D.; Deli, C.K.; Papanikolaou, K.; Avloniti, A.; Chatzinikolaou, A.;
Leontsini, D.; Tsimeas, P; et al. High intensity, circuit-type integrated neuromuscular training alters energy balance and reduces
body mass and fat in obese women: A 10-month training-detraining randomized controlled trial. PLoS ONE 2018, 13, €0202390.
[CrossRef] [PubMed]

Jung, W.-S.; Kim, Y.-Y.; Park, H.-Y. Circuit Training Improvements in Korean Women with Sarcopenia. Percept. Mot. Ski. 2019, 126,
828-842. [CrossRef] [PubMed]

Scott, S.N.; Shepherd, S.O.; Hopkins, N.; Dawson, E.A.; Strauss, J.A.; Wright, D.J.; Cooper, R.G.; Kumar, P.; Wagenmakers,
A.J.M.; Cocks, M. Home-hit improves muscle capillarisation and eNOS/NAD(P)Hoxidase protein ratio in obese individuals with
elevated cardiovascular disease risk. J. Physiol. 2019, 597, 4203-4225. [CrossRef] [PubMed]

Huang, G.; Wang, R.; Chen, P; Huang, S.C.; Donnelly, J.E.; Mehlferber, ]J.P. Dose-response relationship of cardiorespiratory
fitness adaptation to controlled endurance training in sedentary older adults. Eur. J. Prev. Cardiol. 2015, 23, 518-529. [CrossRef]
[PubMed]

Matsuo, T.; Saotome, K.; Seino, S.; Shimojo, N.; Matsushita, A.; Iemitsu, M.; Ohshima, H.; Tanaka, K.; Mukai, C. Effects of a
Low-Volume Aerobic-Type Interval Exercise on VO2max and Cardiac Mass. Med. Sci. Sports Exerc. 2014, 46, 42-50. [CrossRef]
[PubMed]

Sultana, R.N.; Sabag, A.; Keating, S.E.; Johnson, N.A. The Effect of Low-Volume High-Intensity Interval Training on Body Com-
position and Cardiorespiratory Fitness: A Systematic Review and Meta-Analysis. Sports Med. 2019, 49, 1687-1721. [CrossRef]
Callahan, M.].; Parr, E.B.; Hawley, J.A.; Camera, D.M. Can High-Intensity Interval Training Promote Skeletal Muscle Anabolism?
Sports Med. 2021, 51, 405-421. [CrossRef] [PubMed]

Honorato, R.D.C.; Franchini, E.; Lara, ] P.R.; Fonteles, A.I; Pinto, ].C.B.D.L.; Mortatti, A.L. Differences in Handgrip Strength-
Endurance and Muscle Activation Between Young Male Judo Athletes and Untrained Individuals. Res. Q. Exerc. Sport 2021,
92, 1-10. [CrossRef]

Heinrich, K.M.; Becker, C.; Carlisle, T.; Gilmore, K.; Hauser, |.; Frye, J.; Harms, C.A. High-intensity functional training improves
functional movement and body composition among cancer survivors: A pilot study. Eur. ]. Cancer Care 2015, 24, 812-817.
[CrossRef]

Beaudart, C.; Rolland, Y.; Cruz-Jentoft, A.J.; Bauer, ].M.; Sieber, C.; Cooper, C.; Al-Daghri, N.; De Carvalho, I.A.; Bautmans, I;
Bernabei, R.; et al. Assessment of Muscle Function and Physical Performance in Daily Clinical Practice. Calcif. Tissue Int. 2019,
105, 1-14. [CrossRef]

Komar, J.; Ong, C.Y.Y.; Choo, C.Z.Y.; Chow, J.Y. Perceptual-motor skill transfer: Multidimensionality and specificity of both
general and specific transfers. Acta Psychol. 2021, 217, 103321. [CrossRef] [PubMed]

Maclnnis, M.J.; Gibala, M.]. Physiological adaptations to interval training and the role of exercise intensity. J. Physiol. 2017, 595,
2915-2930. [CrossRef] [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
Available online: http://www.prisma-statement.org (accessed on 7 March 2022). [CrossRef] [PubMed]


http://doi.org/10.3389/fphys.2018.00423
http://doi.org/10.1371/journal.pone.0202390
http://www.ncbi.nlm.nih.gov/pubmed/30138475
http://doi.org/10.1177/0031512519860637
http://www.ncbi.nlm.nih.gov/pubmed/31284844
http://doi.org/10.1113/JP278062
http://www.ncbi.nlm.nih.gov/pubmed/31218680
http://doi.org/10.1177/2047487315582322
http://www.ncbi.nlm.nih.gov/pubmed/25901000
http://doi.org/10.1249/MSS.0b013e3182a38da8
http://www.ncbi.nlm.nih.gov/pubmed/23846165
http://doi.org/10.1007/s40279-019-01167-w
http://doi.org/10.1007/s40279-020-01397-3
http://www.ncbi.nlm.nih.gov/pubmed/33512698
http://doi.org/10.1080/02701367.2019.1699233
http://doi.org/10.1111/ecc.12338
http://doi.org/10.1007/s00223-019-00545-w
http://doi.org/10.1016/j.actpsy.2021.103321
http://www.ncbi.nlm.nih.gov/pubmed/33957573
http://doi.org/10.1113/JP273196
http://www.ncbi.nlm.nih.gov/pubmed/27748956
http://www.prisma-statement.org
http://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057

	Introduction 
	Methods 
	Search Strategy 
	Study Selection 
	Data Extraction 
	Quality Assessment and Risk of Bias 
	Data Synthesis and Statistical Analysis 

	Results 
	Search Results 
	Quality Assessment and Risk of Bias 
	Characteristics of the Included Studies 
	WB-HIIT Compared to No Exercise 
	WB-HIIT vs. Traditional Aerobic Training 
	Total Training Time 

	Discussion 
	Cardiorespiratory Fitness 
	Fat Mass and Fat-Free Mass 
	Musculoskeletal Fitness 
	Metabolic Risk Factors 
	Limitations and Recommendations 

	Conclusions 
	References

