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ABSTRACT ARTICLE HISTORY

This systematic review with meta-analysis (SRMA) was conducted to assess the effects of high-intensity interval Accepted 10 December 2020
training (HIIT) programmes on men soccer players’ aerobic fitness (maximal oxygen uptake and aerobic
performance), repeated sprint ability (RSA), vertical jump height (VJH), and linear sprinting time (ST). An Football: athletic
electronic search yielded 1,714 articles, 33 of which were included in the present study. Meta-analyses revealed perform:‘mce; interval
significant benefits of HIIT compared to controls in maximal oxygen uptake (p = 0.018), AP (p = 0.041), and RSA training; sprint interval
(p = 0.049). No significant effects were found in terms of ST (p = 0.080). The meta-analyses of non-controlled training

studies revealed significant improvements after HIIT in maximal oxygen uptake (p = 0.001), AP (p = 0.007), RSA

(p = 0.001), and ST (p < 0.001). However, no significant improvements in VHJ were found (p = 0.063).

Furthermore, no significant differences were found in sub-group analysis (comparisons between HIIT types).

In conclusion, HIIT is effective for improving maximal oxygen uptake, AP, and RSA regardless of the HIIT type.

For VHJ and ST outcomes, it seems reasonable to complement the HIIT since it might not be enough to achieve

significant changes.

KEYWORDS

Introduction s of long all-out sprints, with longer rest intervals (e.g., 3-min));
and (v) game-based training (e.g., small-sided games [SSGs],
usually using similar regimens to long-interval HIIT) (M
Buchheit & PBLaursen, 2013b).

Due to the high degree of neuromuscular and metabolic
stress imposed by HIIT, meaningful changes in human skeletal
muscle can occur — namely, mitochondrial protein content,
muscle oxidative capacity, and the maximal activity of key
enzymes can change (Fransson et al., 2018; Gibala et al,
2006). Moreover, HIIT can improve fitness variables such as
maximal oxygen uptake (VO,max), aerobic capacity, sprint
time (ST), vertical jump height (VHJ), and repeated sprint ability
(RSA) (Girard et al., 2011; Toh et al., 2011).

Given the variant properties of each HIIT type, different HIIT
types can have different effects on soccer players’ physical
fitness. Some randomized-controlled studies have attempted
to compare the effects of one or two HIIT types (Dellal et al.,
2012; Helgerud et al, 2001; FM Impellizzeri et al., 2008;
Macpherson & Weston, 2015; Ouerghi et al., 2014). However,
such studies are usually limited by small sample sizes (eight to
14 participants per group) (Dellal et al., 2012; Helgerud et al.,
2001; FM Impellizzeri et al., 2008; Macpherson & Weston, 2015;
Ouerghi et al.,, 2014). This limitation can be largely overcome
using a systematic review and meta-analysis (SRMA) approach.
Although some SRMA have examined the effects of HIIT on
players’ physical fitness (Engel et al., 2018; J Taylor et al,, 2015),

Soccer is characterized by long periods of low- to moderate-
intensity activity interspersed with periods of high-intensity
actions, such as single and repeated sprints (Buchheit & Laursen,
2013a; laia et al,, 2009). Additionally, explosive actions, such as
accelerations, decelerations, quick changes of direction, and
jumps, often occur in key moments of the match (e.g., scoring
situations) (Faude et al.,, 2012). Therefore, a well-prepared soccer
player must be able to endure long periods of low- to moderate-
intensity activity (i.e., endurance performance) and sustain periods
of explosive match effort intensification (Stolen et al., 2005). Those
qualities will help to express performance and guarantee an appro-
priate physical fitness level for worst-case scenarios during a match
(Fereday et al., 2020).

In order to improve endurance as well as single and
repeated explosive performance among soccer players, a time-
efficient method (i.e., compared to conventional continuous
running) generically known as high-intensity interval training
(HIIT) has been proposed (Buchheit & Rabbani, 2014). Five main
HIIT types have been described (M Buchheit & PBLaursen,
2013b): (i) short-interval HIIT (<45 s of high but not all-out
intensity exercise); (ii) long-interval HIIT (2-4 min of high not-
maximal intensity exercise); (i) repeated sprint training (RST:
<10 s repeated all-out [or nearly all-out] short sprint sequences,
with short rest intervals); (iv) sprint interval training (SIT: >20-30
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such studies combined athletes from sports other than soccer
or were focused on one specific physical fitness outcome (i.e.,
endurance) (Moran et al., 2019) and did not compare the effects
of different HIIT types (Gist et al., 2014; Kunz et al., 2019).
Further, previous SRMA have focused only on youth soccer
players (Kunz et al., 2019; Moran et al., 2019). Therefore, the
effects of different HIIT types on a comprehensive battery of the
key physical fitness traits for adult and youth soccer players are
yet to be determined. Therefore, the purpose of this SRMA was
to assess the effects of different HIIT types on soccer players’
physical fitness (i.e, VO,max, aerobic performance assessed
from maximal field based-tests [AP], RSA, VHJ, and ST).

2. Methods

The present SRMA followed the Cochrane Collaboration guide-
lines (Green & Higgins, 2005). The systematic review strategy
was conducted according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) guidelines
(Moher et al, 2009). The protocol was registered with the
International Platform of Registered Systematic Review and
Meta-Analysis Protocols with the number INPLASY202060006
and the DOI number 10.37766/inplasy2020.6.0006.

2.1. Information sources

A comprehensive computerized search of the following elec-
tronic databases was performed: (i) Web of Science; (ii) Scopus;
(iii) SPORTdiscus; and (iv) PubMed. The searching process for
relevant publications had no restriction regarding year of pub-
lication and included articles retrieved until 16 May 2020. The
following search strings were employed: “soccer” OR “football”
AND “high-intensity interval training” OR “HIIT” OR “high-
intensity intermittent training” OR “interval training” OR “small-
sided games” OR “sprint interval training” OR “repeated sprint
training” OR “speed endurance training”.

2.2. Eligibility criteria

Considering that a non-controlled pre-post study design is the
most prevalent for HIIT-related research (J Taylor et al., 2015),
this SRMA will focus on both randomized controlled trials and
non-controlled trials.

The a priori inclusion criteria for this review were as follows:
(i) randomized-controlled (active control; passive control) or
non-controlled trials (parallel studies) conducted in men soccer
players with no restriction of age or competitive level; (ii) iso-
lated (i.e., not combined with other methods) soccer-specific
(i.e., running-based) HIIT interventions with no restrictions for
duration (e.g., short-intervals, long-intervals, small-sided
games, speed endurance training, repeated sprint training
and sprint interval training); (iii) a pre-post outcome for physical
fitness, including VO,max, AP, VJH, RSA or ST; (iv) original peer-
reviewed articles written in English that provided full-text.

Studies were excluded on the basis that they: (i) were obser-
vational studies; (ii) included other sports; (iii) used HIIT com-
bined with other training methods; (iv) used combined HIIT
types (e.g. running-based long-interval HIIT combined with
small-sided games); (v) used other than running-based HIIT

(e.g., cycling, boxing, rowing); (v) were review articles, letters
to the editor, errata, invited commentaries or conference
abstracts.

A posteriori, studies were excluded if they reported the
inclusion of women. This exclusion criterion was adopted con-
sidering the low number of studies found during a pilot litera-
ture search, and the potential confounding factor of sex on the
HIIT-physical fitness interaction.

2.3 Data extraction

A data extraction sheet conceived in Microsoft Excel (Microsoft
Corporation, Readmon, WA, USA) was made based on Cochrane
Consumers and Communication Review Group’s data extrac-
tion template (Group CCCR, 2016). The sheet was used to assess
inclusion requirements and subsequently tested on ten ran-
domly selected studies (i.e., pilot testing). The process was
conducted by two of the authors (FMC and HS). Any disagree-
ment regarding study eligibility was resolved in a discussion
between the authors. Full text articles excluded, with reasons,
were recorded. All the records were stored in the sheet.

2.4. Data items

The outcomes chosen for this SRMA included VO,max, AP, RSA,
VHJ and ST. Both direct (i.e., gas analysis in a graded exercise
test until exhaustion, n = 11) and indirect (e.g., equations
applied to field-based tests, n = 4) measures of VO,max were
considered, usually assessed as maximal oxygen uptake, peak
oxygen uptake, and expressed as mL-kg™"-min~". For the case of
indirect measures of VO,max (equation estimates from AP),
three of the studies (see Table 1) used the Yo-Yo intermittent
recovery test and one study used the 12-min Cooper test. The
AP included progressive tests until exhaustion (e.g., multistage
tests) or time-based tests (e.g.,, maximum distance covered at
a given predefined time) in which the measures of total dis-
tance covered (m), maximal velocity achieved (km-h™") or max-
imal aerobic speed (m-s~") were collected. The VHJ (measured
in cm) was usually assessed during a countermovement jump
(CMJ) with or without arm swing. The RSA was collected based
on the mean time (s) or total time (s) in a series of multiple
sprints. The linear ST (s) at different distances was also col-
lected, without including values of partial times.

Additionally, the following information was extracted from
the included studies: (i) number of participants (n), age (years),
competitive level (if available) and design of the study (rando-
mized-controlled trial or non-controlled trial); (i) HIIT type (e.g.,
short-interval HIIT; long-interval HIIT; SSGs; RST; SIT) following
the classification of a previous study (M Buchheit & PBLaursen,
2013b); (iii) period of intervention (number of weeks) and
number of sessions per week (n/w); and (iv) regimen of inter-
vention (work duration, work intensity, modality, relief dura-
tion, relief intensity, repetitions and series, between-set
recovery) (M Buchheit & PBLaursen, 2013b).

2.5. Assessment of methodological quality

The Physiotherapy Evidence Database (PEDro) scale was used
to assess the methodological quality of the randomized
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controlled trials included in this SRMA. The scale scores the
internal study validity in a range of 0 (high risk of bias) to 10
(low risk of bias). Eleven items are measured in the scale. The
criterion 1 is not included in the final score. Points for items 2 to
11 were only attributed when a criterion was clearly satisfied.
Two of the authors (FMC and HS) independently scored the
articles. Disagreements in the rating between both authors
were resolved through discussion. Aiming to control the risk
of bias between authors, the Kappa correlation test was used to
analyse the agreement level for the included studies. An agree-
ment level of k = 0.84 was obtained.

In the case of the non-randomized trials, the methodological
index for non-randomized studies (MINORS) was used (Slim et al.,
2003). Twelve items were analysed, in which zero represented
cases of no report, one case of report but inadequate, and two in
cases of report and adequate. Two of the authors (FMC and HS)
independently scored the articles. Disagreements in the rating
between both authors were resolved through discussion. Aiming
to control the risk of bias between authors, the Kappa correlation
test was used to analyse the agreement level for the included
studies. An agreement level of k = 0.78 was obtained.

2.6. Summary measures

The analysis and interpretation of results in this SRMA were only
conducted in the case of at least three study groups provided
baseline and follow-up data for the same measure
(Garcia-Hermoso et al., 2019; Moran et al,, 2018; Skrede et al,
2019). Means and standard deviations for a measure (VO,max;
AP; RSA; VHJ; ST) of pre-post HIIT interventions were converted
to Hedges's g effect size (ES). The inverse variance random-effects
model for meta-analyses was used because it allocates
a proportionate weight to trials based on the size of their individual
standard errors (Deeks et al., 2008) and enables analysis while
accounting for heterogeneity across studies (Kontopantelis et al.,
2013). The ESs were presented alongside 95% confidence intervals
(Cls) and interpreted using the following thresholds (Hopkins et al.,
2009): <0.2, trivial; 0.2-0.6, small; >0.6-1.2, moderate; >1.2-2.0,
large; >2.0-4.0, very large; >4.0, extremely large. All analyses
were carried out using the Comprehensive Meta-Analysis pro-
gramme (version 2; Biostat, Englewood, NJ, USA).

2.7. Synthesis of results

To estimate the degree of heterogeneity between the included
studies, the percentage of total variation across the studies due
to heterogeneity was used to calculate the /? statistic (Higgins,
2003). Low, moderate and high levels of heterogeneity corre-
spond to % values of <25%, 25-75%, and >75%, respectively
(Higgins, 2003; Higgins & Thompson, 2002).

2.8. Risk of bias across studies

The extended Egger’s test (Egger et al, 1997) was used to
assess the risk of bias across the studies. To adjust for publica-
tion bias, a sensitivity analysis was conducted using the trim
and fill method (Duval & Tweedie, 2000), with LO as the default
estimator for the number of missing studies (Shi & Lin, 2019).
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3. Results
3.1. Study identification and selection

The searching of databases identified a total of 1,714 titles.
These studies were then exported to reference manager soft-
ware (EndNote™ X9, Clarivate Analytics, Philadelphia, PA, USA).
Duplicates (502 references) were subsequently removed either
automatically or manually. The remaining 1,212 articles were
screened for their relevance based on titles and abstracts,
resulting in the removal of a further 811 studies. The full texts
of the remaining 391 articles were examined diligently; 315
were rejected, as they did not satisfy the relevant criteria (e.g.,
HIIT interventions in soccer). Following the screening proce-
dure, 78 articles were selected for in-depth reading and analy-
sis. After reading full texts, further 45 studies were excluded
due to a number of reasons (Figure 1). The 33 studies included
in the meta-analysis provided mean and standard deviation for
pre- and post-interventions data for at least one main outcome.

3.2. Study characteristics

The characteristics of the 33 studies included in the meta-
analysis can be found in Table 1. Additionally, the details of
the HIIT programs can be found in Table 2. The included
randomized-controlled studies involved 11 individual experi-
mental groups and 107 participants, and 78 participants in the
9 control groups. The included non-controlled studies involved
39 individual groups and 400 participants.

3.3. Methodological quality

Using the PEDro checklist, one study scored 5 points and was
classified as being of “moderate” quality, while eight studies
achieved 6 points and were therefore considered as being of
“high” methodological quality (Table 3). In the case of non-
randomized trial, eleven studies were between 16 and 17
points, 12 studies between 18 and 19 points and one study
achieved 20 points (Table 4).

3.4. Effects of HIIT on maximal oxygen uptake

A summary of the included studies and results of VO,max
reported before and after HIIT programs are provided in
Table 5.

Six controlled studies provided data for VO,max, involving
seven experimental and six control groups (pooled n = 122).
There was a significant effect of HIIT on VO,max (ES = 0.57; 95%
Cl = 0.10 to 1.03; p = 0.018; I* = 40.1%; Egger’s test p= 0.103;
Figure 2; a funnel plot for bias assessment is available as
Supplementary Figure 1). The relative weight of each study in
the analysis ranged from 12.1% to 16.8%.

Nine non-controlled studies provided data for VO,max,
involving 14 experimental groups (pooled n = 148). There was
a significant effect of HIIT on VO,max (ES = 0.66; 95% Cl = 0.27
to 1.05; p = 0.001; I = 86.8%; Egger’s test p= 0.001; Figure 3,
bottom). The relative weight of each study in the analysis
ranged from 2.4% to 8.1%. After the trim and fill method was
applied, the adjusted values remained equal as the observed
values (a funnel plot for bias assessment is available as
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Records excluded

(n=315)

Full-text articles excluded:
Observational designs (n = 5)
»| Just women or men and women in the same

T
c
.g Records identified through database searching
o (Web of Science, Scopus, Sportdiscus, PubMed)
= -
= (n=1,714)
c
)
E l
~—
— Records after duplicates removed
(n=1,212)
ap
=
c
()
<
O
2l Records screened
(n=391)
| N
— I
Full-text articles assessed
.*? for eligibility >
o (n=78)
&
g !
N Studies included in
qualitative synthesis
(n=33)
; !
[)
°
% Studies included in
£ quantitative synthesis
(meta-analysis)
(n=33)
|

study (n =3)
Combined HIIT and other training method (n =
6)
Combined two formats of HIIT (n = 4)
Non-running based HIIT (n = 2)
Other sport (n=7)
Not related with the topic (n = 14)
No outcomes related (n = 4)

Figure 1. PRISMA flow diagram highlighting the selection process for the studies included in the systematic review and meta-analysis.

Supplementary Figure 2). No significant sub-group difference
(between-group p = 0.776) was found between long-interval
HIIT (six study groups; ES = 0.69; 95% Cl = —0.08 to 1.46; within-
group P = 91.1%) and SSGs (6 study groups; ES = 0.83; 95%
Cl = 0.23 to 1.43; within-group 1> = 86.3%). Due to reduced
number of studies available for robust meta-analyses, one RST
study group and one short-interval HIIT study group were not
included in the between-group comparison.

3.5. Effects of HIIT on aerobic performance assessed from
maximal field based-tests

A summary of the included studies and results of AP reported
before and after HIIT programs are provided in Table 6.

Seven controlled studies provided data for AP, involving
nine experimental and seven control groups (pooled n = 160).
There was a significant effect of HIIT on AP (ES = 0.52; 95%
Cl = 0.02 to 1.02; p = 0.041; ? = 53.9%; Egger’s test p= 0.719;
Figure 4; a funnel plot for bias assessment is available as
Supplementary Figure 3). The relative weight of each study in
the analysis ranged from 8.8% to 13.1%.

Fifteen non-controlled studies provided data for AP, invol-
ving 25 experimental groups (pooled n = 250). There was
a significant effect of HIIT on AP (ES = 0.35; 95% Cl = 0.10 to
0.60; p = 0.007; I = 83.5%; Egger's test p= 0.497; Figure 5,
bottom; a funnel plot for bias assessment is available as
Supplementary Figure 4). The relative weight of each study in
the analysis ranged from 2.5% to 4.6%. No significant sub-
group difference (between-group p = 0.129) was found
between long-interval HIIT (three study groups; ES = —0.56;
95% Cl = —1.59 to 0.47; within-group I* = 89.7%), RST (6 study
groups; ES = 0.54; 95% Cl = 0.28 to 0.81; within-group

12 = 49.4%), short-interval HIT (3 study groups; ES = 0.78; 95%
Cl =—0.46 to 2.01; within-group I* = 93.8%), SIT (4 study groups;
ES = 0.19; 95% Cl = —0.06 to 0.44; within-group I = 0.0%), and
SSGs (9 study groups; ES = 0.43; 95% Cl = —0.07 to 0.94; within-
group 1> = 86.8%).

3.6. Effects of HIIT on repeated-sprint ability

A summary of the included studies and results of RSA reported
before and after HIIT programs are provided in Table 7.

Three controlled studies provided data for RSA, involving
four experimental and three control groups (pooled n = 71).
There was a significant effect of HIIT on RSA (ES = 0.47; 95%
Cl = 0.00 to 0.93; p = 0.049; ¥ = 0.0%; Egger’s test p= 0.907;
Figure 6; a funnel plot for bias assessment is available as
Supplementary Figure 5). The relative weight of each study in
the analysis ranged from 17.2% to 31.6%.

Ten non-controlled studies provided data for RSA, involving
17 experimental groups (pooled n = 182). There was a signifi-
cant effect of HIIT on RSA (ES = 0.45; 95% Cl = 0.19 to 0.71;
p =0.001; P = 79.4%; Egger’s test p= 0.022; Figure 7, bottom).
The relative weight of each study in the analysis ranged from
4.5% to 6.7%. After the trim and fill method was applied, the
adjusted values remained equal as the observed values (a
funnel plot for bias assessment is available as Supplementary
Figure 6). No significant sub-group difference (between-group
p = 0.631) was found between RST (eight study groups;
ES = 0.39; 95% Cl = 0.20 to 0.57; within-group I* = 35.2%), SIT
(3 study groups; ES = 0.07; 95% Cl = —0.66 to 0.80; within-group
12 = 82.1%), and SSGs (5 study groups; ES =0.57; 95% Cl = -0.17
to 1.30; within-group I? = 89.6%). Due to reduced number of
studies available for robust meta-analyses, one short-interval
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Table 3. Physiotherapy Evidence Database (PEDro) scale ratings.
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N.o1* N.o2 N.23 N.o4 N.o5 N.°6 N.c7 N.c8 N.°9 N.210 N.o11 Total**
(Dellal et al., 2012) 0 1 0 1 0 0 0 1 1 1 1 6
(Chtara et al., 2017) 0 1 0 1 0 0 0 1 1 1 1 6
(Helgerud et al., 2001) 1 1 0 1 0 0 0 1 1 1 1 6
(FM Impellizzeri et al., 2008) 0 1 0 1 0 0 0 1 1 1 1 6
(Kavaliauskas et al., 2017) 0 1 0 0 0 0 0 1 1 1 1 5
(Macpherson & Weston, 2015) 1 1 0 1 0 0 0 1 1 1 1 6
(Ouerghi et al., 2014) 0 1 0 1 0 0 0 1 1 1 1 6
(Sanchez-Sanchez et al., 2019) 1 1 0 1 0 0 0 1 1 1 1 6
Tonnessen et al (Tennessen et al., 2011) 1 1 0 1 0 0 0 1 1 1 1 6

*: PEDRro scale items number; **: the total number of points from a possible maximal of 10; N.°1: eligibility criteria were specified; N.°2: subjects were randomly
allocated to groups; N.°3: allocation was concealed; N.°4: the groups were similar at baseline regarding the most important prognostic indicators; N.°5: there was
blinding of all subjects; N.°6: there was blinding of all therapists who administered the therapy; N.°7: there was blinding of all assessors who measured at least one
key outcome; N.°8: measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; N.°9: all subjects for whom
outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was
analysed by “intention to treat”; N.210: the results of between-group statistical comparisons are reported for at least one key outcome; and N.°11: the study provides

both point measures and measures of variability for at least one key outcome.

Table 4. Methodological index for non-randomized studies (MINORS).

N.o1* N.o2 N.e3 N.o4 N.°5 N.°6 N.o7 N.°8 N.°9 N.°10 N.o11 N.12 Total**
(Arslan et al., 2020) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Beato et al., 2019) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Bravo et al., 2008) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Buchheit et al., 2010) 2 1 2 2 0 2 1 2 1 2 2 2 19
(Dello lacono et al.) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Eniseler et al., 2017) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Faude et al., 2013) 2 2 2 2 0 2 0 0 2 2 2 2 18
(Faude et al., 2014) 2 0 2 2 0 2 0 0 2 2 2 2 16
(Harrison et al., 2015) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Hill-Haas et al., 2009) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Hostrup et al., 2019) 2 1 2 2 0 2 1 0 1 2 2 2 17
(laia et al., 2015) 2 1 2 2 0 2 2 0 1 2 2 2 18
(laia et al., 2017) 2 1 2 2 0 2 1 0 1 2 2 2 17
(F Impellizzeri et al., 2006) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Jastrzebski et al., 2014) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Los Arcos et al.,, 2015) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Mohr & Krustrup, 2016) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Mujika et al., 2009) 2 2 2 2 0 2 0 0 1 2 2 2 17
(Radziminski et al., 2013) 2 1 2 2 0 2 0 0 1 2 2 2 16
(Rey et al., 2019) 2 1 2 2 0 2 2 2 1 2 2 2 20
(Safania et al., 2011) 2 1 2 2 0 2 2 0 1 2 2 2 18
(Slettalokken & Rgnnestad, 2014) 2 2 2 2 0 2 2 0 1 2 2 2 19
(Sperlich et al., 2011) 2 0 2 2 0 2 1 0 2 2 2 2 17
(JM Taylor et al., 2016) 2 1 2 2 0 2 2 0 1 2 2 2 18

*. MINORS scale items number; N.°1: A clearly study aimed; N.° 2: Inclusion of consecutive patients; N.° 3: Prospective collection of data; N.© 4: Endpoints appropriate to
the aim of the study; N.° 5: Unbiased assessment of the study endpoint; N.° 6: Follow-up period appropriate to the aim of the study; N.° 7: Loss to follow less than 5%;
N.o 8: Prospective calculation of the study size; N.° 9: An adequate control group; N.210: Contemporary groups; N.° 11: Baseline equivalence of groups; N.° 12:
Adequate statistical analyses; **: the total number of points from a possible maximal of 24.

HIT study group was not included in the between-group
comparison.

3.7. Effects of HIIT on vertical height jump

A summary of the included studies and results of VJH
reported before and after HIT programs are provided in
Table 8.

Sixteen experimental groups (pooled n = 167) provided data
for VJH. There was a non-significant effect of HIIT on VJH
(ES = 0.25; 95% Cl = —0.01 to 0.51; p = 0.063; I = 79.4%;
Egger’s test p= 0.000; Figure 8, bottom). The relative weight
of each study in the analysis ranged from 1.7% to 7.3%. After
the trim and fill method was applied, the adjusted values were
ES = 0.35, 95% Cl = 0.08 to 0.63 (a funnel plot for bias assess-
ment is available as Supplementary Figure 7). No significant
sub-group difference (between-group p = 0.665) was found

between long-interval HIIT (three study groups; ES = 1.07;
95% Cl = —0.29 to 2.43; within-group ¥ = 92.9%), RST (4four
study groups; ES = 0.21; 95% Cl = —0.01 to 0.44; within-group
1> = 0.0%), short-interval HIIT (three study groups; ES = 0.14;
95% Cl = —0.67 to 0.96; within-group 1> = 90.0%), and SSGs (five
study groups; ES = 0.28; 95% Cl = —0.18 to 0.74; within-group
1> = 77.0%). Due to reduced number of studies available for
robust meta-analyses, one SIT group was not included in the
between-group comparison.

3.8. Effects of HIIT on sprint time

A summary of the included studies and results of ST reported
before and after HIIT programs are provided in Table 9.

Three controlled studies provided data for ST, involving
three experimental and three control groups (pooled n = 61).
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Table 5. Summary of the included studies and results of VO,max (mLkg™"-min~") reported before and after HIIT programs.

HIT Before After Before-after
Study Format Design N Mean+SD Mean+SD (A%)
(Jastrzebski et al., 2014) SiHIT NC 1 55.7 +5.2 56.9 + 5.6 2.2
(Ouerghi et al., 2014) SiHIT C 8 533 +45 573 +£40 7.5
(Bravo et al., 2008) liHIT NC 13 528 +3.2 56.3 £ 3.1 6.6
(Helgerud et al., 2001) liHIT C 9 58.1+45 64.3 +£39 10.7
(FM Impellizzeri et al., 2008) liIHIT C 11 56.6 + 2.5 58.9 + 3.0 41
(Radziminski et al., 2013) liHIT NC 11 56.2 + 8.7 553 £ 6.1 -1.6
(Safania et al., 2011) liHIT NC 10 340+ 14 435+ 14 279
(Slettalpkken & Ronnestad, 2014)€ liHIT NC 9 65.6 £ 2.1 643 +13 -2.0
(Slettalgkken & Rgnnestad, 2014)" liHIT NC 8 63.4+59 64.0 +59 0.9
(Sperlich et al., 2011) liHIT NC 9 55.1+49 589 +47 6.9
(Bravo et al., 2008) RST NC 13 557 +23 585 £ 4.1 5.0
(Kavaliauskas et al., 2017) RST C 7 488 + 34 50.2 +3.2 29
(Sanchez-Sanchez et al., 2019) RSTY C 10 512 +28 516 +2.8 0.8
(Sanchez-Sanchez et al., 2019) RST" C 10 441 +28 447 +2.8 13
(Macpherson & Weston, 2015) SIT C 14 527 +47 543 + 3.4 3.0
(Harrison et al., 2015) SSGs NC 10 55.9 + 3.0 571 +35 2.1
(Hill-Haas et al., 2009) SSGs NC 10 593 +45 589 +£55 -0.7
(F Impellizzeri et al., 2006) SSGs NC 14 577 +4.2 61.8 £ 4.5 7.1
(Jastrzebski et al., 2014) SSGs NC 1 525+52 57.0+54 8.6
(Radziminski et al., 2013) SSGs NC 9 58.6 + 6.9 63.3 £8.0 8.0
(Safania et al., 2011) SSGs NC 10 342+ 1.6 429+ 14 254

@: one liHIIT session every week; 1: one liHIIT session two every two weeks; HIIT: type of high-intensity interval training; siHIIT: short-interval HIIT; [iHIIT: long-interval
HIIT; RST: repeated sprint training; SIT: sprint interval training; $SGs: small-sided games; C: controlled; NC: non-controlled; % group above 48 mL-kg™"-min~" of VO,
max; ™ group below 48 mL-kg™"-min™" of VO,max; N: number of participants per group; SD: standard deviation.

Study name HIITtype

Hedges's Standard
g error

Lower
Variance limit

(Ouerghi et al., 2014) (siHIIT) siHIT 0.896
1.168

1.237

0.499
0478
0.461
0.506

0.249  -0.082

(Helgerud, et al., 2001) (iHIIT) liHIT 0229 0231

(Impellizzeri et al., 2008) (FHIT) ~ LHIT
RST
(Sanchez-Sanchez et al., 2019) (RST - hf)RST
(Sanchez-Sanchez et al., 2019) (RST - If) RST
(Macpherson & Weston, 2015) (SIT) ~ SIT

0212 0334

(Kavaliauskas et al., 2017) (RST) 0.379 0.256  -0.612

-0.374 0.558 0312 -1.469

0.309 0.519 0.269
0.179

0.057

-1.326

0.675 0.424 -0.156

0.566 0.239 0.098

Statistics for each study

Hedges's g and 95%CI

Upper

limit  Z-Value p-Value

1.873 1.796 0.072 -

2105 2443 0015

2.140 2.685 0.007
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-0.670
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Figure 2. Forest plot of changes in maximal oxygen consumption, in men soccer players participating in high-intensity interval training (HIIT) compared to controls.
Values shown are effect sizes (Hedges’s g) with 95% confidence intervals (Cl). The size of the plotted squares reflects the statistical weight of the study.

There was a non-significant effect of HIIT on ST (ES = 0.48; 95%
Cl = -0.06 to 1.02; p = 0.080; P =15.1%; Egger’s test p= 0.691;
Figure 9; a funnel plot for bias assessment is available as
Supplementary Figure 8). The relative weight of each study in
the analysis ranged from 32.9% to 34.2%.

Sixteen non-controlled studies provided data for ST, involving
25 experimental groups (pooled n = 267). There was a significant
effect of HIIT on ST (ES = 0.30; 95% CI = 0.19 to 0.41; p < 0.001;
P =33.0%; Egger’s test p=0.011; Figure 10, bottom). The relative
weight of each study in the analysis ranged from 3.0% to 5.6%.
After the trim and fill method was applied, the adjusted values
remained equal as the observed values (a funnel plot for bias
assessment is available as Supplementary Figure 9). No significant
sub-group difference (between-group p = 0.366) was found
between long-interval HIIT (three study groups; ES = 0.15; 95%
Cl = -0.10 to 0.40; within-group ¥ = 0.0%), RST (9 study groups;
ES = 0.40; 95% ClI = 0.25 to 0.55; within-group P = 7.6%), short-
interval HIIT (3 study groups; ES = 0.43; 95% Cl = —0.04 to 0.89;
within-group P = 65.9%), SIT (3 study groups; ES = 0.23; 95%

Cl = —0.07 to 0.52; within-group F = 0.0%), and SSGs (7 study
groups; ES = 0.20; 95% Cl = —0.06 to 0.45; within-group 12 = 54.3%).

3.9. Adverse effects

Among the included studies, none reported soreness, pain, fatigue,
injury, damage or adverse effects related to the HIIT interventions.

4, Discussion
4.1. Effects of HIIT on maximal oxygen uptake

Overall, HIIT had favourable effects on VO,max. In the case
of controlled trials, slight improvements were observed in
comparison to control groups. Interestingly, among the
controlled studies, those testing short or long-interval
HIIT (Bravo et al, 2008; Helgerud et al., 2001; Ouerghi
et al, 2014) had moderate to large benefits, while RST
(Kavaliauskas et al., 2017) and SIT (Macpherson & Weston,
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Figure 3. Forest plot on the effects of high-intensity interval training (HIIT) on maximal oxygen consumption in men soccer players from non-controlled trials. Upper
figure: individual studies results (the size of the plotted squares reflects the statistical weight of the study). Bottom figure: overall results. Values shown are effect sizes
(Hedges's g) with 95% confidence intervals (Cl).

Table 6. Summary of the included studies and results of aerobic performance assessed from maximal field based-tests reported before and after HIIT programs.

HIT Before After Before-after
Study Format Design N Mean+SD Mean+SD (A%)
(Dellal et al., 2012) SiHIIT C 8 194 + 0.5 207 £1.2 6.7
(Faude et al., 2013) SiHIT NC 20 17.05 £ 1.1 17.30 £ 0.9 1.5
(Faude et al., 2014) SiHIIT NC 10 178+ 1.0 173+1.0 -2.8
(Ouerghi et al., 2014) SiHIT C 8 16.0 £ 1.5 176 £ 1.0 10.0
(Arslan et al., 2020) SiHIT NC 10 1240 £ 75 1484 + 74 19.7
(FM Impellizzeri et al., 2008) liHIT C 1 1890 + 180 2100 + 200 1.1
(Los Arcos et al., 2015) liHIT NC 8 16.8 £ 0.9 171+£1.0 1.8
(Slettalokken & Rgnnestad, 2014)® liHIT NC 9 2531 + 106 2327 + 96 -8.1
(Slettalgkken & Rgnnestad, 2014)" liHIT NC 8 2335 + 390 2213 £ 345 -5.2
(Beato et al., 2019) RST® NC 18 1642 + 365 1822 + 461 11.0
(Beato et al., 2019) RSTf NC 18 1686 + 359 1811 £+ 260 74
(Eniseler et al., 2017) RST NC 9 2307 £ 252 2480 + 159 7.5
(laia et al., 2017) RST® NC 9 1000 + 169 1111 2171 1.1
(laia et al., 2017) RsTd NC 10 1016 + 217 1072 + 156 5.5
(Kavaliauskas et al., 2017) RST C 7 1468 + 409 1643 + 382 11.9
(Sanchez-Sanchez et al., 2019) RSTY C 10 1764 + 334 1798 + 335 2.0
(Sanchez-Sanchez et al., 2019) RST" C 10 914 + 330 985 + 337 8.1
(JM Taylor et al., 2016) RST NC 8 1830 + 274 2269 + 201 24.0
(Tennessen et al., 2011) RST C 10 120+ 1.2 126 +£1.2 5.0
(Hostrup et al., 2019) SIT NC 8 1910 £ 557 1940 + 553 1.6
(laia et al., 2015) SIT NC 6 927 £ 185 1020 + 155 10.0
(laia et al., 2015)" SIT NC 7 989 + 226 1026 + 210 37
(Macpherson & Weston, 2015) SIT C 14 1523 + 493 1799 + 292 18.1
(Mohr & Krustrup, 2016) SIT NC 9 680 + 68 693 + 52 1.9
(Arslan et al., 2020) SSGs NC 10 1284 + 152 1472 = 99 14.6
(Dellal et al., 2012) SSGs NC 8 19.5+0.9 205+ 1.2 5.1
(Dello lacono et al.) SSGs NC 10 1646 + 138 1990 + 176 20.9
(Eniseler et al., 2017) SSGs NC 10 2320 + 388 2432 + 336 4.8
(Faude et al., 2014) SSGs NC 9 175+£1.0 17.8 £0.7 1.7
(Harrison et al., 2015) SSGs NC 10 181 +13 191 +14 5.5
(Hill-Haas et al., 2009) SSGs NC 10 1488 + 345 1742 + 362 17.1
(Los Arcos et al.,, 2015) SSGs NC 7 17.0 + 0.8 16.9 + 0.8 -0.6
(Mohr & Krustrup, 2016) SSGs NC 9 978 £ 57 858 + 48 -123

£:120s passive recovery; *: 40s passive recovery; @: one liHIIT session every week; 1: one liHIIT session every two weeks; HIIT: type of high-intensity interval training;
siHIIT: short-interval HIIT; liHIIT: long-interval HIIT; RST: repeated sprint training; SIT: sprint interval training; SSGs: small-sided games; : one session per week; > two
session per week;  short rest; : long rest; ® straight sprint; ": with change of direction; 9: group above 48 mL-kg™"-min~" of VO,max; ™ group below 48 mL-kg™"-min~"'
of VO,max; C: controlled; NC: non-controlled; N: number of participants per group; SD: standard deviation.
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Study name Statistics for each study Hedges's g and 95%CI1
Hedges's  Standard Lower  Upper

g error  Variance limit limit Z-Value p-Value
(Ouerghi et al., 2014) (siHIIT) 0876 0497 0247 009 1851 1762 0078 -—r
Dellal et al (2012) (siHIIT) 1028 0657 0431 -0259 2314 1565 0118
(Impellizzeri et al., 2008) (HHIIT) 1634 0489 0239 0675 2593 3338  0.001 —-
(Tonnessen et al., 2011) (RST) 0282 0431 0185 -0562 1126 0655 0513 ——
(Kavaliauskas et al., 2017) (RST) 0.385 0.506 0.256  -0.606 1.376 0.762 0.446 -
(Sanchez-Sanchez et al., 2019) (RST - high-fitness) ~ -0.721 0570 0325 -1839 0397 -1264 0206 L 3
(Sanchez-Sanchez et al 2019) (RST - lowfitness)  -0.619 0528 0279 -1.654 0415 -L173 0241 =
(Macpherson & Weston, 2015) (SIT) 0988 0437 0091 0431 1844 2261  0.024 +
Dellal et al (2012) (SSGs) 0771 0640 0410 0485 2026 1203 0229 L

052 0255 0065 002 1021 2047  0.041 "

Figure 4. Forest plot of changes in aerobic performance assessed from maximal field

-2.00 -1.00 0.00 1.00 2.00
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based-tests measured in men soccer players participating in high-intensity interval

training (HIIT) compared to controls. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the plotted squares reflects the statistical

weight of the study.
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RST (Beatoetal, 2019) (sraight ) 001 012 008 005 078 2206 0027
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RST (Eniseler, “shan, Ocan, & Dinler, 2017) rst 0660 0263 000 013 LIS 258 00l ——
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SHIT (Faude, Seffen. Kellmarm, & Meyer, 2014) (SHIIT) 047 02 00% 098 00K 195 00st
SHIT (Arstan, Orer, & Clemente, 2020) (sHIIT) 2994 0s65 0319 LS87 4100 5300 0000 ——
SHITT 0T® 060 0397 0456 2014 1237 0216
st (Hosnpetal, 2019) 008 024 009 0499 006 0197 084
ST (aiactal, 2015) (1208 passive recovery) 04025 08 U7 L9 IS8 013
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Figure 5. Forest plot on the effects of high-intensity interval training (HIIT) on aerobic performance assessed from maximal field based-tests measured in men soccer
players from non-controlled trials. Upper figure: individual studies results (the size of the plotted squares reflects the statistical weight of the study). Bottom figure:
overall results. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl).

2015) had smaller benefits. VO,max improvements seem to
be elicited by working at intensities closer to VO,max, in
which the high aerobic demands signal peripheral adapta-
tions (e.g., increased skeletal muscle mitochondrial content
and capillary density) and central adaptations (e.g., max-
imal stroke volume, maximal cardiac output, and blood
volume) (Maclnnis & Gibala, 2017). However, the type of
HIIT used elicits different acute responses that may explain

different levels of adaptations found in the results (Figures
2 and 3). For example, short-interval HIIT seems to stimu-
late a large spectrum of responses, namely metabolic load
(oxygen transport and utilization), anaerobic glycolytic
energy contribution, neuromuscular strain, and load,
while long-interval HIIT seems to be more closely asso-
ciated with the stress of the anaerobic system and neuro-
muscular strain and load (Buchheit & Laursen, 2013a). The
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Table 7. Summary of the included studies and results of repeated sprint ability before and after HIIT programs.

HIIT Before After Before-after
Study Format Design N Mean+SD Mean+SD (A%)
(Arslan et al., 2020) siHIT NC 10 382+17 34915 -8.6
(Beato et al., 2019) RST® NC 18 7.46 £0.19 7.40 £ 0.20 -0.8
(Beato et al., 2019) RsTf NC 18 7.50 £ 0.21 7.48 = 0.21 -0.3
(Buchheit et al., 2010) RST NC 10 6.35+0.20 6.18 + 0.14 -2.7
(Chtara et al., 2017) RST C 12 6.53 + 0.13 6.42 + 0.14 -1.7
(Eniseler et al., 2017) RST NC 9 7.13+£0.17 7.13 +£0.21 0.0
(laia et al., 2017) RST® NC 9 9291 £ 4.66 90.47 + 4.24 -2.6
(laia et al., 2017) RST® NC 10 91.45 + 435 88.22 + 4.65 =35
(Rey et al., 2019) RST? NC 14 420 £0.17 412 £0.20 -1.9
(Rey et al., 2019) RST® NC 13 4.20 £ 0.20 4.08 +0.19 -29
(Sanchez-Sanchez et al., 2019) RSTY C 10 440 + 0.33 4,26 + 0.23 3.0
(Sanchez-Sanchez et al., 2019) RST" C 10 477 £ 0.41 476 + 0.40 0.3
(Tennessen et al., 2011) RST C 10 542 +£0.18 530 +0.14 -2.2
(laia et al., 2015) SIT NC 6 86.09 £ 6.30 83.97 £4.72 =25
(laia et al., 2015)# SIT NC 7 83.81 £ 2.37 84.65 + 2.27 2.2
(Mohr & Krustrup, 2016) SIT NC 9 445 + 0.05 436 +0.14 -2.0
(Arslan et al., 2020) SSGs NC 10 378+ 15 356+1.2 -5.8
(Dello lacono et al.) SSGs NC 10 548 +0.14 523+0.10 -4.6
(Eniseler et al., 2017) SSGs NC 10 712 +£0.17 7.22 +0.20 14
(Hill-Haas et al., 2009) SSGs NC 10 421+ 1.1 420+14 -0.2
(Mohr & Krustrup, 2016) SSGs NC 9 441 + 0.07 435+ 0.22 -14

£.120s passive recovery; *: 40s passive recovery; HIIT: type of high-intensity interval training; siHIIT: short-interval HIIT; liHIIT: long-interval HIIT; RST: repeated sprint
training; SIT: sprint interval training; SSGs: small-sided games; : one session per week; °: two sessions per week; : short rest; % long rest; ®: straight sprint; : with
change of direction; % group above 48 mL-kg™"-min~" of VO,max; ": group below 48 mLkg~"-min™" of VO,max; C: controlled; NC: non-controlled; N: number of

participants per group; SD: standard deviation

Study name

Standard
error

Hedges's
F

Lower

Variance limit

(Chtaraet al., 2017) (RST) 0.621 0.422 0178 -0.207

(Tennessen et al., 2011) (RST) 0.356 0.432 0.187  -0.490

(Sanchez-Sanchez et al., 2019) (RST- hf) 0.765 0572 0328 0357

(Sanchez-Sanchez et al., 2019) (RST - 1f) 0.158 0516 0267 0854

0.468 0.237 0.056 0.003

Statistics for each study
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1.449

1.203

1.887

1.169

0.933
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ZValue  p-Value

1.470 0.142
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Figure 6. Forest plot of changes in repeated sprint ability, in men soccer players participating in high-intensity interval training (HIIT) compared to controls. Values
shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the plotted squares reflects the statistical weight of the study.

RST that implies repeated all-out efforts also seem to elicit
the oxygen system but primarily focuses on the anaerobic
system (higher rate of anaerobic energy turnover) (laia
et al.,, 2009) and neuromuscular participation due to the
greatest power required during sprints (Mendez-Villanueva
et al., 2008). The SIT is also more focused on neuromuscu-
lar load, power output, and the anaerobic system, consid-
ering the levels of blood lactate accumulation (MacDougall
et al., 1998). These differences in acute responses could
explain the different magnitudes of adaptations observed
between the different types of training considered in the
current SRMA. This justifies the greater improvements of
short and long-interval HIIT on VO,max than RST and SIT,
which can be more appropriate for developing other phy-
sical qualities.

The additional analysis made with the non-controlled stu-
dies (Figure 3) confirmed greater magnitudes of benefits

regarding long-interval HIIT and SSGs when compared to
other HIIT types (despite the small number of studies asso-
ciated with short-interval HIIT and RST in this section).
Interestingly, SSGs prescribed with similar regimens as long-
interval HIIT (two to five bouts of 2-4 min of intense effort) also
reveals moderate improvements in VO,max, thus confirming
previous findings that have compared the efficacy of running-
based exercises and SSGs (Moran et al., 2019).

In our comparisons, both HIIT types (long-interval HIIT and
SSGs) were effective in improving VO,max, and no significant
differences were found between them. This could be interest-
ing for those who want to choose the most effective HIIT types
to implement in practical scenarios. Even though the majority
of studies have been conducted on youth players (Table 1), it
seems that coaches may choose between long-interval HIIT and
SSGs to improve players’ VO,max taking into account the idea
behind the training intervention, granting technical proficiency
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Groupby Study Statistics for each study Hedges's g and 95% C1
HITtype
Hedges's  Standard Lower  Upper
eor  Variance  limit  limit  ZValue p-Value
RST (Beato et al., 2019) (straight sprint) 0293 0178 0032 0056 0643 1644 0.100 -
RST (Beato et al., 2019) (with change ofdirection) 0091 0.175 0031 0252 0434 0520 0603 ——
RST (Buchheit et al,, 2010) 0843 0267 0071 0319 1367 3153 0002 ——
RST (Eniseler, ?ahan, Opcan, & Dinler, 2017) RST 0000 0233 0054 0457 0457 0.000 1.000 ——
RST (laiaet al., 2017) (short rest) 0492 0250 0062 0002 0982 1969 0049 —e—
RST (laiact al., 2017) (long rest) 0654 0251 0063 0162 1146 2607 0009 ——
RST (Rey et al,, 2019) (1 session/week) 0400 0203 0041 0001 0798 1964 0049 ——
RST (Rey etal., 2019) (2 sessions/week) 0575 0219 0048 0145 1005 2622 0009 ——
RST 0386 0.09% 0009 0199 0573 4040 0000 <>
SIHIT (Arslan, Orer, & Clemente, 2020) (siHIIT) 1.865 0393 0155 1095 2636 4745 0.000 - '.—
SHIIT 1865 0393 0155 1095 2636 4745 0.000 s :>
SIT (laiaet al, 2015) (120s passive recovery) 0307 0275 0076 0232 0846 L1115 0265 -+
SIT (laiact al,, 2015) (40s passive recovery) 0685 0291 0085 -1256 0114 2351 0019 —
SIT (Mohr & Krustrup, 2016) (SIT) 0568 0255 0065 0068  1.068 2225 0026 ——
SIT 0073 0373 0139 0659 0804 0195 0845 <>
SSGs (Asslan, Orer, & Clenrente, 2020) (SSGs) 1440 0335 0112 0783 2098 4296 0.000 ——
SSGs (Dello Iacono, Beato, & Unnithan) SSGs 1771 0380 0144 1026 2515 4663 0.000 —
SSGs (Eniseler, ?ahan, Qecan, & Dinler, 2017) 0485 0239 0057 0954 0016 029 0042 —
SSGs (Hill-Haas, Coutts, Rowsell, & Dawson, 2009) 0070 0224 0050 0369 0510 0314 0754 ——
SSGs (Mohr &Krustrup, 2016) (SSGs) 0236 0237 0056 0229 0700 0994 0320 -—
SSGs 0565 0377 0142 0174 1304 1499 0134 <<>
-3.00 -150 0.00 150 3.00
Negative  Positive
Statistics for each study Hedges's g and 95% CI
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g error Variance  limit limit ~ Z-Value p-Value
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Figure 7. Forest plot on the effects of high-intensity interval training (HIIT) on repeated sprint ability in men soccer players from non-controlled trials. Upper figure:
individual studies results (the size of the plotted squares reflects the statistical weight of the study). Bottom figure: overall results. Values shown are effect sizes

(Hedges's g) with 95% confidence intervals (Cl).

and tactical awareness while choosing SSGs, but finely control-
ling the physiological responses while implementing long-
interval HIIT. Additionally, although one study has included
a group with small VO,max levels at the baseline
(~34 mL-Kg-min~") (Safania et al., 2011), the remaining studies
related to long-interval HIIT and SSGs displayed players’ base-
line values between ~53 and 65 mL-Kg-min™", thus suggesting
that even in cases of moderate to high VO,max baseline levels,
long-interval HIIT and SSGs seem to be effective enough to
elicit favourable adaptations. The only exceptions of no
improvement were noted after long-interval intervention invol-
ving a single training session per week and very high players’
baseline VO,max level (65.6 mLKg-min~') (Slettalokken &
Rennestad, 2014), and a study using SSGs in a sample with
59.3 mLkg-min~" as baseline VO,max (Hill-Haas et al., 2009).
Establishing the link for the practice, the analysis of training
prescription (Table 2) revealed that long-interval HIIT varied
from four to eight weeks, with the majority of interventions
applying one to two sessions/week and the regimen consisting
of 3-5 bouts of work at 87-95% of HR,ax or 90-95% V7. Relief
intervals of 3 min with light activities (e.g., jogging) occurred in
the majority of cases. Considering SSGs, the interventions had
similar regimens to long-interval HIIT, while one vs. one to four
vs. four games were contested in most cases. These regimens

seem to be effective enough to increase VO,max in soccer
players.

4.2. Effects of HIIT on aerobic performance assessed from
maximal field based-tests

The synthesis of controlled studies revealed significant moder-
ate benefits on field-based AP after HIIT. Among the controlled
studies (Figure 4), the exception (in which the intervention was
not favourable compared to the control condition) was a study
implementing RST (Sanchez-Sanchez et al., 2019). The remain-
ing interventions (short-interval HIIT, long-interval HIIT, and
SSGs) showed that the intervention was favourable, as did
one study that examined SIT (Macpherson & Weston, 2015).
Overall, these studies reveal that regardless of the HIIT type, this
type of training seems to effectively improve aerobic perfor-
mance during field-based tests. Consistently with the observa-
tions related to VO,max, RST does not appear to be as effective
as short and long-interval HIIT and SSGs to improve AP, and this
fact deserves consideration while implementing this kind of
training in soccer players. Nonetheless, more studies are still
warranted on this topic.

Considering the non-controlled studies, significant
improvements in field-based aerobic performance were
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Table 8. Summary of the included studies and results of vertical height jump before and after HIIT programs.

HIT Before After Before-after
Study Format Design N Mean+SD Mean+SD (A%)
(Faude et al., 2013) SiHIT NC 20 38.0+4.0 363 +5.0 —4.5
(Faude et al.,, 2014) siHIIT NC 10 385+ 4.0 373140 -3.1
(Arslan et al., 2020) SiHIT NC 10 282 +20 306 + 1.8 8.5
(Bravo et al., 2008) liHIT NC 13 485+ 3.8 48.1 £ 3.8 -0.8
(Los Arcos et al.,, 2015) liHIT NC 8 428 + 4.6 424 + 4.8 -0.9
(Sperlich et al., 2011) liHIT NC 9 26.0 £ 0.5 29.0 £ 0.6 11.5
(Bravo et al., 2008) RST NC 13 46.1 £ 3.5 46.1 £ 3.0 0.0
(Buchheit et al., 2010) RST NC 10 355+58 380+70 7.0
(JM Taylor et al., 2016) RST NC 8 419 £ 3.8 425+ 5.1 1.4
(Tennessen et al., 2011) RST C 10 352 +39 379+ 57 7.7
(Mujika et al., 2009) SIT NC 10 424 £ 6.0 427 £5.9 0.7
(Arslan et al., 2020) SSGs NC 10 285+ 25 313+ 19 9.8
(Dello lacono et al.) SSGs NC 10 421 +5.2 458 + 5.2 8.8
(Faude et al., 2014) SSGs NC 9 38.1+47 375146 -1.6
(Harrison et al., 2015) SSGs NC 10 33.2+6.2 338+64 1.8
(Los Arcos et al., 2015) SSGs NC 7 427 + 24 420+ 2.8 -1.6

£:120s passive recovery; : 40s passive recovery; HIIT: type of high-intensity interval training; siHIIT: short-interval HIIT; liHIIT: long-interval HIIT; RST: repeated sprint
training; SIT: sprint interval training; SSGs: small-sided games; C: controlled; NC: non-controlled; n: number of participants per group; N: number of participants per

group; SD: standard deviation.
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Figure 8. Forest plot on the effects of high-intensity interval training (HIIT) on vertical jump height in men soccer players from non-controlled trials. Upper figure:
individual studies results (the size of the plotted squares reflects the statistical weight of the study). Bottom figure: overall results. Values shown are effect sizes

(Hedges's g) with 95% confidence intervals (Cl).

observed after HIIT, although the magnitudes were rated
as small. Additional sub-group analysis comparing different
HIIT types did not reveal significant differences. These sub-
group comparisons included long-interval HIIT, RST, SIT,
and SSGs. Interestingly, some parallel studies included in
this section tested different HIIT types. In particular, com-
parisons of SSGs vs. short- and long-interval HIT were
tested (Arslan et al., 2020; Dellal et al., 2012; Faude et al.,

2014; Los Arcos et al., 2015). In one study conducted on
amateur players, no significant differences were found
between SSGs and short-interval HIIT, even though both
groups had improved their final velocity at 30-15, test
(Vier) by ~5% (Dellal et al., 2012). Also, in a study that
compared short-interval HIIT to SSGs in youth players, the
results revealed that both interventions improved aerobic
performance in YYIRT (~13% for SSG group and 16% for



16 e F. MANUEL CLEMENTE ET AL.

Table 9. Summary of the included studies and results of sprint time before and after HIIT programs.

HIT Before After Before-after
Study Format Design N Mean+SD Mean+SD (A%)
(Faude et al., 2014) SiHIT NC 10 412 £0.13 4.09 £ 0.11 -0.7
(Jastrzebski et al., 2014) SiHIT NC 1" 4,66 + 0.22 462 +0.22 -0.9
(Arslan et al., 2020) SiHIT NC 10 5.00 + 0.34 4.66 + 0.29 —6.8
(Bravo et al., 2008) liHIT NC 13 1.77 £ 0.06 1.77 £ 0.06 0.0
(Helgerud et al., 2001) liHIT C 9 5.58 + 0.16 5.56 + 0.15 -04
(Radziminski et al., 2013) liHIT NC 11 4.80 = 0.28 4.77 £ 0.24 —0.6
(Sperlich et al., 2011) liHIT NC 9 6.41 + 037 6.23 + 0.39 —-2.8
(Beato et al., 2019) RST® NC 18 294 + 0.11 292 +0.11 -0.7
(Beato et al., 2019) RsTf NC 18 296 + 0.12 290+ 0.10 —-2.0
(Bravo et al., 2008) RST NC 13 1.77 £ 0.06 1.76 + 0.06 —-0.6
(Buchheit et al., 2010) RST NC 10 470 £0.12 4.60 £0.19 -2.1
(Chtara et al.,, 2017) RST C 12 4.68 + 0.09 457 £ 0.07 —24
(laia et al., 2017) RST® NC 9 3.30 £ 0.09 3.25 + 0.06 -1.5
(laia et al., 2017) RSTY NC 10 3.29 £ 0.08 3.21 £ 0.08 -2.4
(Rey et al., 2019) RST? NC 14 3.31+£0.15 3.23 £ 0.21 —24
(Rey et al.,, 2019) RST® NC 13 3.28 + 0.15 3.23+0.22 -1.5
(JM Taylor et al., 2016) RST NC 8 296 + 0.10 2.85+0.18 -3.7
(Tennessen et al., 2011) RST C 10 521 +0.21 5.15+0.20 -1.2
(Hostrup et al., 2019) SIT NC 8 434 £0.16 430 £0.12 -0.9
(laia et al., 2015) SIT NC 6 2.84 + 0.08 2.83+0.12 —-04
(laia et al., 2015)# SIT NC 7 291 + 0.09 2.87 £ 0.10 -14
(Arslan et al., 2020) SSGs NC 10 5.15+ 0.32 4.81 £0.31 —6.6
Dello lacono et al.) SSGs NC 10 2.79 + 0.09 2.76 £ 0.10 -1.1
(Faude et al., 2014) SSGs NC 9 413 £0.13 413 £0.11 0.0
(Harrison et al., 2015) SSGs NC 10 333 +0.27 324+ 024 2.7
(Hill-Haas et al., 2009) SSGs NC 10 3.26 £ 0.12 3.24 £0.17 —-0.6
(Jastrzebski et al., 2014) SSGs NC 1 461+ 0.25 4,67 +0.25 1.3
(Radziminski et al., 2013) SSGs NC 9 491 +£0.29 4.89 + 0.40 —-04

£:120s passive recovery; : 40s passive recovery; HIIT: type of high-intensity interval training; siHIIT: short-interval HIIT; liHIIT: long-interval HIIT; RST: repeated sprint
training; SIT: sprint interval training; SSGs: small-sided games; ®: one session per week; ®: two sessions per week;  short rest; % long rest; ®: straight sprint; f. with
change of direction; C: controlled; NC: non-controlled; N: number of participants per group; SD: standard deviation.
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Figure 9. Forest plot of changes in sprint time, in men soccer players participating in high-intensity interval training (HIIT) compared to controls. Values shown are
effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the plotted squares reflects the statistical weight of the study.

short-interval HIIT) without any significant changes found
between the two interventions (Arslan et al., 2020).
Comparing short-interval HIIT and SSGs, significant
improvements were also found regarding individual anae-
robic thresholds in both groups, while no significant differ-
ences between interventions were found (Faude et al,
2014). Finally, one study that compared long-interval HIIT
and SSGs in youth players found that neither intervention
promoted significant benefits, and no significant differ-
ences were found between them (Los Arcos et al., 2015).
Therefore, it seems reasonable to assume that, overall,
SGGs have similar effects as short and long-interval HIIT
on aerobic performance.

Some parallel studies included in this section also tested
different strategies that share the same HIIT type (Beato et al.,

2019; laia et al., 2017). One study compared straight line vs. RST
with changes of direction and reported no significant improve-
ments for either group and no significant changes between
them regarding the aerobic performance on the YYIRT (Beato
et al, 2019). Comparing RST in players with high and low
aerobic fitness levels, it was found that only RST was effective
in low-aerobic fitness players, and none of the intervention
groups performed better than a control group that engaged
in soccer-specific training (Sanchez-Sanchez et al., 2019).
Possibly, the fact that RST taxes more anaerobic systems and
a greater neuromuscular load and strain than the oxygen sys-
tem chain may explain the reduced effectiveness of this
method to significantly improve aerobic capacity (M Buchheit
& PBLaursen, 2013c¢). Also, a study that tested two RST inter-
ventions and compared variations in resting time revealed that
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Figure 10. Forest plot on the effects of high-intensity interval training (HIIT) on sprint time in men soccer players from non-controlled trials. Upper figure: individual
studies results (the size of the plotted squares reflects the statistical weight of the study). Bottom figure: overall results. Values shown are effect sizes (Hedges's g) with

95% confidence intervals (Cl).

shorter rests (15 s) had greater efficacy than longer rests (30 s)
in improving aerobic performance at YYIRT (laia et al., 2017). In
fact, the period of rest might aid the general understanding of
the adaptations promoted by training, particularly considering
that shorter periods might elicit a greater taxing of both aero-
bic and anaerobic metabolisms (M Buchheit & PBLaursen,
2013c). Nonetheless, RST does not seem to be the most suited
training strategy to promote gains in aerobic endurance in
soccer players.

4.3. Effects of HIIT on repeated-sprint ability

Randomized controlled trials revealed a significant beneficial
effect of HIIT in RSA when compared to control groups. In this
case, only RST interventions were included in the analysis
(Chtara et al, 2017; Sanchez-Sanchez et al,, 2019; Tennessen
et al,, 2011). The RST interventions included in the randomized
controlled trials varied from six to 10 weeks, and one to two
sessions/week during which working intervals involved 18 to
40-m sprints performed 10 to 16 times per set. Because RST
involves aerobic and anaerobic pathways, the capacity of
improving RSA is expected, specifically when compared to
control groups (Buchheit, 2012). Moreover, one possible expla-
nation for the improvements is the similarity between RST and
the specific RSA tests. Thus it is reasonable to expect improve-
ments, and this should be highlighted and carefully interpreted
(Buchheit, 2012). Nevertheless, it is important to note that some

studies did not find any positive effect of performing RST on
RSA in soccer (Haugen et al, 2014, 2015) and futsal players
(Soares-Caldeira et al., 2014). Therefore, more controlled studies
need to be conducted before concluding upon the effective-
ness of RST on RSA, especially after considering that short-
interval HIIT showed superior effects in the improvement of
RSA than RST in team sports players (Buchheit et al., 2008).
The analysis of non-controlled studies revealed significant
improvements in RSA from HIT. No significant differences
between RST, SIT, and SSGs were found, thus suggesting that
all of them are equally effective in improving RSA. In nature,
RST and SIT are highly similar to the RSA tests, and they are
expected to improve sprinting speed (Buchheit, 2012).
Interestingly, even considering that SSGs may not involve
enough sprinting during typical external load demands
(Clemente, 2020), significant improvements at RSA were also
found. In a parallel study that compared SIT and SSGs (Mohr &
Krustrup, 2016) over four weeks, similar benefits were found
(~1.5-2%). However, the fatigue index was improved only to
SIT in comparison to SSGs (Mohr & Krustrup, 2016). Oppositely,
a study comparing RST and SSGs interventions revealed that
SSGs led to significant decreases in the best time during RSA,
while no significant changes were found for RST (Eniseler et al.,
2017). However, in the same study, it was found that SSGs
improved RSA decrements after the intervention, suggesting
a greater capacity to recover between sprints (Eniseler et al,,
2017). Finally, a parallel study that compared short-interval HIT
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and SSGs revealed that both interventions contributed to
improvements in RSA and that there were no significant differ-
ences between interventions (Arslan et al., 2020).

Within the same HIIT type, some parallel studies tested the
variations of training regimens in RST. Comparing RST using
straight running or running with a change of direction,
improvements in RSA were found only in the group exposed
to changes of direction. This can be explained by the neuro-
muscular load and tension promoted by the change of direc-
tion, also contributing such stimulus for improving acceleration
(Beato et al,, 2019). In a different approach, a study comparing
short vs. long rest intervals during RST revealed that longer rest
periods might improve RSA total time, while unclear findings
were found regarding decrements in RSA (laia et al.,, 2017).
A study comparing the effects of resting periods (120 vs. 40 s)
during SIT (laia et al., 2015) found that longer periods (120 s) led
to meaningful improvements in RSA total time, while short
periods led to very likely impairments in this outcome.
Possibly, the decreased running performance was due to fati-
gue, which could justify the decreases associated with shorter
periods (laia et al., 2015).

4.4. Effects of HIIT on vertical height jump

The included HIIT studies indicated no significant effects on VHJ.
Additionally, sub-group comparisons (long-interval HIIT vs. RST vs.
SSGs) revealed no differences between HIIT types. Despite sprint-
ing being associated with short contact time and dependence
from reactive strength (Suchomel et al.,, 2016), it seems plausible
that VHJ is not the main target of HIIT. However, and interestingly,
comparing SIT with contrast training (heavy-light resistance with
soccer-specific drills for speed and power development), no sig-
nificant changes were found for VJH, and no differences were
observed among interventions (Mujika et al., 2009).

By comparing different HIIT types, parallel studies have
revealed that short-interval HIIT and SSGs implemented in
youth soccer had positive effects on VHJ, though there was
no significant difference between them (Arslan et al., 2020).
Comparing long-interval HIIT and SSGs in youth players, no
significant changes in time were found among interventions
(Los Arcos et al., 2015). Similar trends of no benefits and no
differences between interventions were found in a study com-
paring RST and SSGs (Faude et al., 2014).

Based on the trivial effects of HIIT (independent of the type),
it seems reasonable to utilize more specific training that allows
improvements in the stretch-shortening cycle and reactive
strength, thus potentially complementing HIIT interventions.
Even considering the considerable neuromuscular strain and
load promoted by RST and SIT (Buchheit & Laursen, 2013a), no
meaningful benefits were found in this SRMA - for that reason,
it can be assumed that the inefficacy of HIIT to develop VHJ.

4.5. Effects of HIIT on sprint time

The analysis of randomized controlled trials did not reveal
significant benefits of HIIT in comparison to a control condition
regarding sprinting time. Despite that, small effects were ben-
eficial to HIIT groups. Among the included studies, two of them
used RST (Chtara et al,, 2017; Tgnnessen et al., 2011), and one

used long-interval HIIT (Helgerud et al., 2001). Because long-
interval HIT works at submaximal speeds, no meaningful
changes in sprinting time are to be expected. However, in the
RST, the work is centred on speed endurance at all-out inten-
sity, and the results of the individual studies revealed signifi-
cant improvements in 40-m maximum sprint (Tennessen et al.,
2011) and 30-m sprint (Chtara et al., 2017). More specifically,
when comparing RST vs. plyometric training vs. control, the
most significant improvements were found for RST (Chtara
et al, 2017). Thus, it might be prudent to assume that HIIT
can produce different effects on sprinting time, depending on
the type and the level of players.

The analysis of non-controlled studies revealed significant
improvements in sprinting time after HIIT interventions. No
significant differences were found between HIIT types (i.e.,
long-interval HIIT, RST, SIT, and SSGs). Some parallel studies
compared different HIIT types. A study comparing short-
interval HIIT and SSGs revealed the positive effects of both
interventions on sprinting time, and no changes were found
between the interventions (Arslan et al., 2020). Nevertheless,
two studies comparing short-interval HIIT and SSGs in youth
players revealed no significant improvements in any of the
groups and no differences between them (Faude et al., 2014;
Jastrzebski et al., 2014). Similarly, in a study that compared SSGs
and long-intervals interventions in youth players, it was found
that neither intervention yielded significant improvements in
sprinting time, and there were no differences among them
(Radziminski et al., 2013). In the particular case of SSGs, it may
be unlikely to observe maximal sprint in smaller formats and
pitch dimensions, and in cases of longer field dimensions, there
is often a poor frequency of sprinting stimulus (Djaoui et al.,
2017). Thus, it is recommended to use running-based drills to
promote enough stimulus to achieve the maximal sprint
(Castagna et al., 2017; Clemente, 2020).

In a study that compared long-interval HIIT and RST interven-
tions in youth soccer players, no significant improvements were
found in sprinting performance for any of the groups, and no
differences were observed between the groups (Bravo et al.,
2008). Two RST interventions (one using straight sprinting and
other using sprinting with a change of direction) revealed no
significant improvements in 20-m sprint. However, RST with
a change of direction yielded significant improvements in 10-m
sprinting, which is mainly justified by the greater neuromuscular
tension promoted by RST with a change of direction and the
transfer for acceleration (Beato et al, 2019). Furthermore,
a comparison of two different RST interventions (short vs. long
resting intervals) revealed that the group exposed to longer rest
intervals exhibited unclear small benefits, possibly because they
were given more time for recovery, thus allowing them to main-
tain greater performance at each bout (laia et al., 2017).

4.6. Potential limitations, directions for future research,
and practical implications

There are some potential limitations to the current SRMA. One
of them is the limited number of studies per each HIIT type.
Another is the limited number of randomized controlled stu-
dies. These facts limited the sub-group analysis and did not
permit an examination of the effects of controlled interventions



on VHJ. Another potential limitation relates to the relatively
reduced number of participants among the included studies.
Considering reduced sample sizes are common in the sports
science literature (Abt et al., 2020), it was not surprising to find
that most included studies comprised between 8 and 10 parti-
cipants per experimental (or control) group. In this sense, some
of our meta-analyses were conducted with a relatively reduced
sample size (e.g., n = 61), potentially limiting inferences towards
other soccer players. Future studies in the field of HIIT in soccer
are encouraged to follow recently published recommendations
(Abt et al., 2020) to increase the sample size.

From the results of this SRMA, it can be highlighted that
VO,max, field-based aerobic performance, or RSA can be
elicited by different HIIT types and - with SSGs among
them. This may allow coaches to decide the best type of
HIIT for each moment of the season. The majority of the
studies involved one or two sessions a week. Thus, we may
suggest that this schedule should be maintained during
regular weeks to ensure positive adaptations or mainte-
nance. However, HIIT does not seem to elicit positive
adaptations in VHJ and, in some cases, in sprinting time.
Therefore, it could be beneficial to add complementary
training to improve reactive strength/plyometrics (for
improving VHJ and the stretch-shortening cycle), sprinting
training (closer to maximal velocity), and other strength
and power training methods that help to improve
sprinting.

5. Conclusions

The current SRMA indicates that randomized controlled trials
have revealed the significant beneficial effects of HIIT (overall) on
VO,max, field-based aerobic performance, and RSA. No signifi-
cant benefits were found in terms of sprinting time. Considering
the analysis of non-controlled trials (parallel studies), HIIT (over-
all) was found to produce significant improvements in VO,max,
field-based aerobic performance, RSA, and sprinting, although
no significant improvements were found for VHJ.

Sub-group analysis (i.e, comparisons between HIIT types)
revealed no significant differences in any of the outcomes.
However, more research should be conducted to test this idea
and, possibly, greater analysis to responder profile of players is
necessary, aiming to adjust HIIT type to human variability.
Nevertheless, coaches can use HIIT methods as part of their
regimens and should perhaps vary the HIIT type throughout
the season to foster stimulus variability, but also keep in mind
that some specificities exist across the HIIT strategies in terms
of adaptation.
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