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Abstract

Repeated sprint ability (RSA) is crucial for success in team sports,
and involves both neuromuscular and metabolic factors. While
single-mode training (SGL; e.g., sprint training) and combined
training (CT; e.g., sprint + plyometric) can improve RSA,
whether CT offers additional benefits compared to SGL or active
controls maintaining routine training (CON) remains uncertain in
team-sport athletes. This study evaluates the effect of CT versus
SGL and CON on the RSA of team-sport athletes. A comprehen-
sive search was conducted in five electronic databases. Thirteen
studies involving 394 males and 28 females, aged 14 to 26 years,
were included. The random effects model for meta-analyses re-
vealed greater improvement in RSA mean after CT compared to
SGL (Hedge's g effect size [g] = -0.46; 95 % confidence interval
[CI]: -0.82, -0.10; p < 0.01) and CON (g = -1.39; 95% CI: -2.09,
-0.70; p < 0.01). CT also improved RSA best compared to CON
(9=-1.17; 95% CI: -1.58, -0.76; p < 0.01). The GRADE analyses
revealed low- to very-low certainty of evidence in all meta-anal-
yses. Subgroup analysis revealed that plyometric + sprint training
yielded greater RSA mean (g = -1.46) and RSA best (g = -1.35)
improvement than plyometric + resistance + sprint training and
resistance + sprint training. The effects of CT on RSA did not
differ according to age (> 18 vs. < 18), sports (e.g., soccer vs.
basketball vs. handball), or RSA test type (linear sprint vs. sprint
with change-of-direction). Studies showed an overall high risk of
bias (ROB 2). In conclusion, CT may be improving team-sport
athletes' RSA more effectively than SGL (small effect size) and
CON (large effect size), particularly when CT involves plyome-
tric + sprint training.

Key words: Physical fitness, athletic performance, plyometric
exercise, team sports, resistance training.

Introduction

Team sports such as soccer, basketball, rugby, and hand-
ball, exhibit typical intermittent characteristics, with alter-
nating high-intensity activities (e.g., running, jumping,
sprinting, and changing of directions) and periods of lower-
intensity activities (e.g., jogging and walking) (Stelen et
al., 2005; Bradley et al., 2009; Austin et al., 2013; Castagna
et al., 2018). Athletes in team sports are required to repeat-
edly perform short-duration (explosive) sprints (< 10 s) and
maintain optimal average sprint performance with a rela-
tively short recovery times (< 60s) (Glaister, 2005; Spencer

et al., 2005; Carling et al., 2012). This ability is known as
repeated sprint ability (RSA) (Girard et al., 2011). In the
Australian Football League, players execute three high-in-
tensity efforts every 60 s, with elite players averaging a
minimum of one sprint per minute (Brewer et al., 2010). In
soccer, numerous scoring opportunities frequently emerge
following a series of maximal effort sprints, underscoring
the significance of superior RSA in goal scoring (Faude et
al., 2012). Although technical and tactical factors predom-
inantly dictate overall performance in team sports, enhanc-
ing RSA can positively affect an athlete's physical perfor-
mance during critical match stages (Buchheit et al., 2010d;
Turner and Stewart, 2013; Schimpchen et al., 2016). Con-
sequently, to fulfill the ongoing demands for high-intensity
sprints throughout a match, team-sport athletes require ex-
ceptional RSA (Padulo et al., 2015).

RSA is a complex physical requirement for team-
sport athletes, influenced by neuromuscular factors such as
neural drive, motor unit recruitment, muscle activation,
and proprioceptive input. (Bishop et al., 2011; Buchheit
and Mendez-Villanueva, 2014). It is also influenced by
metabolic factors including phosphocreatine recovery, lac-
tate H" buffering, and anaerobic capacity (Gabbett, 2007;
Girard et al., 2011). Therefore, improving RSA perfor-
mance depends on a combination of interacting factors
(Rampinini et al., 2009; Krustrup et al., 2010). Studies in-
dicate that targeted training, including plyometric (PT)
(Negra et al., 2020; Chaabene et al., 2021) and resistance
training (RT) (Edge et al., 2006; Hill-Haas et al., 2007), can
improve RSA by enhancing neuromuscular function, such
as muscle strength and motor unit recruitment, and boost-
ing running economy (Radnor et al., 2018; Steren et al.,
2008). Additionally, interval sprint and repeated sprint
training (Mohr et al., 2007; Buchheit et al., 2010b; Hoff-
mann et al., 2014) can increase the capacity for sustained
high-intensity efforts, augment aerobic capacity, and im-
prove phosphocreatine resynthesis, addressing metabolic
constraints (Schneiker et al., 2008; Buchheit et al., 2010c).
Although different training methods can address these lim-
iting factors (related to RSA), the high density of competi-
tions in team sports seasons makes it challenging to imple-
ment these methods independently. However, combined
training (CT) integrates different training methods more ef-
ficiently, enhancing multiple physical qualities.
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CT is an increasingly popular program, with the
most common type being complex training, which
typically includes high-load RT and low-load explosive PT
within the same session (often set-by-set) (Ebben, 2002).
This approach is more effective at enhancing speed,
strength, and power compared to performing RT or PT
alone (Ronnestad et al., 2008; Guadalupe-Grau et al., 2009;
Zghal et al., 2019). However, CT may include various
combinations of training methods from RT, speed drills,
aerobic endurance training, power training, and other
methods, all of which can improve performance to varying
degrees (Ribeiro et al., 2021). Performance improvements
may be attributed to the conditioning activity, usually a
high-load resistance training exercise that increase skeletal
muscle excitation following the stimulus, thus enhancing
subsequent training performance (e.g., post-activation per-
formance enhancement - PAPE) (Prieske et al., 2020). For
instance, an acute physiological, mechanical, or psycho-
logical response to a set of high-intensity deep squats with
high loads (at relatively slow speeds) may enhance strength
and/or speed in subsequent low-load, high-velocity exer-
cises (e.g., sprints or jumps) (Cormier et al., 2022). Thus,
the chronic performance gains from CT may result from
potentiated acute responses to training sets.

Regarding the effect of CT on RSA in team-sport
athletes, Beato et al. (2018) showed that combined sprint
training (ST) and PT improved sprinting performance com-
pared to isolated ST in young soccer players (range: -0.51
to -0.29 vs. -0.22 to -0.15, for 10 m, 20 m, and 40 m inter-
vals). Similarly, PT + RT has proven effective in increasing
Neuromuscular performance (20-m sprint, Squat Jump
[Power, velocity, force and height]) (Fischetti et al., 2019).
Additionally, PT + RT + ST can improve repeated sprint
mean and best time (Spineti et al., 2016; Hammami et al.,
2019a). Conversely, sprint speed was reduced after PT+RT
(Kobal et al., 2017), with no RSA enhancement after
RT+PT+ST (Hammami et al., 2017). Therefore, research
results have shown inconsistency regarding the potential of
CT to enhance RSA.

To date, only Thapa et al. (2022) have systemati-
cally reviewed the effect of CT on RSA in soccer players,
and reported a non-significant effect. However, the system-
atic review included only three studies (two from the same
research team), and included very specific CT interven-
tions (i.e., contrast format) (Thapa et al., 2022). Although
other meta-analysis have investigated the effects of CT on
specific populations such as basketball (Uysal et al., 2023)
and soccer players (Oliver et al., 2023), comprehensive
analyses of its effect on RSA across various team sports are
still scarce. Given the debated effect of the CT program and
the lack of meta-analysis addressing CT's influence on
team-sport athletes' RSA. A comprehensive summary of
the available evidence can help to clarify the role of CT on
RSA in team-sport athletes.

The purpose of this study was to compare the inter-
vention effects on team-sport athletes' RSA among CT,
specific controls undergoing SGL (such as resistance,
plyometrics, sprint, etc.), and active controls maintaining
regular training (CON). Additionally, CT was categorized
based on three different types (i.e., PT + ST, PT + RT +

ST, and RT + ST) to explore the optimal CT program for
enhancing RSA in team-sport athletes.

Methods

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page et al., 2021). The study was
preregistered on the Open Science Framework (OSF), with
the registration document accessible via the following link:
https://doi.org/10.17605/0OSF.I0/2EU97.

Search strategy

A comprehensive search strategy was implemented across
five electronic databases: PubMed/MEDLINE, Web of
Science, Cochrane Library, SPORTDiscus, and Scopus in
this systemically conducted review. Training interventions
are classified and defined as (1) strength/resistance train-
ing: training exercises aimed at improving the ability to
generate maximum external force through high-load, low-
velocity movements (e.g., squats, deadlifts) (Stone, 1993);
(2) plyometric training: training exercises aimed at improv-
ing the ability to effectively utilize the stretch-shortening
cycle (SSC) and explosive transition from eccentric to con-
centric muscle actions (e.g., drop jumps, hurdle jumps, hor-
izontal jumps) (Taube et al., 2012); (3) sprint training: spe-
cific exercises that more closely mimic RSA demands,
such as maximum velocity linear sprints, repeated sprint
training, sprint interval training, and change-of-direction
sprints, aiming to develop optimal sprint speed, recovery
ability between sprints, and neuromuscular function (Tay-
lor et al., 2015; Nygaard Falch et al., 2019); (4) combined
training: interventions that combine strength/resistance,
plyometric, and/or sprint training. The search timeframe
spanned from each database's inception to 7 January 2024,
complemented by a subsequent search on 1 March 2024.
Following the PICOS principle (Population, Intervention,
Comparison, Outcome, Study) (Considine et al., 2017), we
identified keywords via an initial trial filtering of literature
to delineate terms associated with population, intervention,
and performance outcomes, such as "team sports", "inva-
sion sports", "athletes", "players", "training", intervention,
"combined training", "complex training", "resistance train-
ing", "plyometric", "change of direction", "sprints train-
ing", "repeated sprints training", "sprints interval training",
"high-intensity interval training. These search terms were
amalgamated using the Boolean operators AND and OR.
The supplementary material 1 provides detailed infor-
mation on the search strategy for each database. Further-
more, we explored Google Scholar and the reference lists
of all eligible articles and reviews to identify additional rel-
evant studies.

Selection process and eligibility criteria

All records from the databases were imported into refer-
ence management software (EndNote X9, Clarivate Ana-
lytics, 2018). Duplicate records were removed by an inde-
pendent researcher (LHX). The remaining records were
then screened based on inclusion/exclusion criteria. The
primary researchers (LHX and ZW) conducted a two-step
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screening process. Initially, the screening was based on ti-
tles and abstracts. The second phase involved full-text
screening. Study eligibility was determined through the
PICOS approach. The inclusion and exclusion criteria are
detailed in Table 1.

Data extraction and interpretation

The author (LHX) independently extracted relevant infor-
mation. The extracted content included author details
(names and publication year), study design, participant
characteristics (sample size, average age, gender, sport,
level), intervention details (exercise type, duration, pro-
gram, control group), RSA test parameters (distance, sets,
repetitions, interval, inter-set rest, presence of directional
changes or straight-line sprints), and pre-and post-interven-
tion test data (RSA best time, meantime, total time, and fa-
tigue index). In cases where articles were missing any rel-
evant information (i.e., pre-post-test data), attempts were
made to contact the authors via email to request the neces-
sary details. The collected information was presented in
tabular form within a standard data extraction model. A
second researcher (ZW) thoroughly cross-verified the ex-
tracted data. When collecting RSA data for pre-post inter-
vention tests, both RSA mean and RSA total results were
considered as the same indicator (since RSA mean is ob-
tained by dividing the RSA total by the number of sprint
repetitions). The RSA mean was selected for synthesis if a
study reported both the RSA mean and the RSA total.

Risk of bias

The risk of bias was assessed by two authors independently
(LHX and LR) as suggested by the Cochrane Collabora-
tion, with a senior researcher (ZMX) solving eventual dis-
agreements. The researchers performed several trials to be-
come familiarized with the risk of bias (ROB2) tool (Hig-
gins et al., 2019).

Certainty of evidence

Table 1. Inclusion and exclusion criteria.

The overall certainty of the evidence for each outcome was
assessed using the Recommendation, Assessment, Devel-
opment, and Evaluation (GRADE) tool (Schiinemann et
al., 2019). The overall certainty of the evidence was cate-
gorized as 'very low', 'low', 'moderate’, or 'high'. The grad-
ing was completed by one reviewer (LR) and reviewed by
a second (LHX).

Summary measures, synthesis of results, and publica-
tions bias

This meta-analysis employed the inverse variance method
and synthesized main effects using the DerSimonian-Laird
random-effects model. The Jackson method calculated
tau?, tau, and confidence intervals (DerSimonian and Laird,
1986). We extracted the mean difference (MD), standard-
ized mean difference (Hedge's g), and 95% confidence in-
terval (CI) from each study to calculate the pooled effect
size. Given that outcome measures often involve various
testing units, and previous research suggests the priority
use of Hedge's g (Nagashima et al., 2019), this study uses
Hedge's g, corrected for bias with an exact formula for each
study, as the effect size measure, notably since most in-
cluded studies have a small sample size. Hedge's g catego-
ries are as follows: < 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
huge (Hopkins et al., 2009). Improvements in RSA perfor-
mance is typically quantified by reductions in time (sec-
onds) or decreases in the fatigue index (percentage). Ac-
cording to the Cochrane Handbook, if a study includes
multiple control groups (such as SGL and CON), and com-
parisons need to be made between the CT intervention
group and each control group separately, the sample size
should be divided proportionally to enable comparisons
among multiple groups (Cumpston et al., 2019).

The 12 statistic (I?) was used as the primary source
of information to report the impact of heterogeneity, with
I values <25%, 25 - 75%, and > 75% indicating low, mod-
erate and high heterogeneity, respectively (Nakagawa et
al., 2017).

Inclusion criteria Exclusion criteria

Population Team-sport athletes of any gender and level (invasion sports | Non-team sports (e.g., solo, squash, or combat
on the field or court). sports), ice, beach, or water team sports, game

officials, non-athletes.

Intervention | The combined training intervention is defined as athletes per- | The intervention group did not involve studies
forming neuromuscular training (such as plyometrics and re- | that utilized combinations of training methods
sistance training) combined with metabolic training (such as such as plyometrics, resistance training, sprint-
sprinting, interval training) on the same training day or within | ing, or repeated sprint training. Acute interven-
the same training session. These interventions lasted for at tions lasting < 4 weeks.
least 4 weeks.

Comparator | Active control (CON) (i.e., players participating keeps regu- No control groups.
lar training) or a specific control group with single-mode
training (SGL) (i.e., players participating resistance, plyom-
etrics, sprint, repeated sprints, etc.).

Outcome The study includes pre- and post-intervention assessment of The pre-test or post-test lacks the outcomes of
at least one RSA parameter: RSA best, RSA mean, and RSA the RSA test and is an RSA test in a laboratory
fatigue index (i.e., assessed by fatigue index and/or sprint at- | environment, such as cycling.
tenuation scores). The pre- and post-testing modalities must
be a running RSA test performed on the ground.

Study design | The study design must have at least two groups and be a ran- | Non-randomized controlled trials, single-arm
domized controlled trial. experiments, and observational studies.
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Subgroup analyses to explore sources of heteroge-
neity and moderating factors were conducted on results
with significant differences from more than two studies.
The subgroup analyses primarily focused on the subjects
and the intervention plans (Hopkins and Batterham, 2018).
Specifically, the moderating factors for subjects were cat-
egorized by age into adults (average age > 18) and adoles-
cents (average age < 18), and by sport into soccer, basket-
ball, and handball, where futsal and mixed team sports with
only one study each were not compared. The intervention
strategies were classified based on CT types: plyometric +
sprint training (PT + ST), plyometric + resistance training
+ sprint training (PT + RT + ST), and resistance + sprint
training (RT + ST). Additionally, we conducted subgroup
analyses based on the RSA test mode: one COD sprint,
multiple COD sprint, and linear sprint. Due to the limited
number of studies meeting the inclusion criteria, subgroup
analyses on training duration and frequency could not be
conducted.

Funnel plots (Peters et al., 2008) combined with Eg-
ger's test were used to explore publication bias (Egger et
al., 1997), with p > 0.05 implying no publication bias.
When Egger's test suggests potential publication bias,
the trim-and-fill method was employed to estimate and cor-
rect for potential publication bias, thereby enhancing the

objectivity and comprehensiveness of the results. Statisti-
cal analyses and plotting were conducted using the "meta"
and "metafor" packages in R (version 4.3.0) (Viechtbauer,
2010). Statistical significance was set at p < 0.05, and a
trend toward statistical significance was considered when
0.10>p>0.05.

Results

Figure 1 presents the PRISMA flow diagram detailing the
screening process. The initial database search yielded 1056
publications, and an additional 11 from Google Scholar
and previous studies' references. After duplicates removal,
319 publications remained and were screened by titles and
abstracts. Thereafter, 68 full-text publications were
screened, and 13 studies were included (Spineti et al.,
2016; Hammami et al., 2017; 2019a; 2019b; Torres-Tor-
relo et al., 2018; Sanchez-Sanchez et al., 2019; Aloui et al.,
2021a; 2021b; 2022; Brini et al., 2022; 2023; Gaamouri et
al., 2023b; Derraa, 2023). Of note, two studies (Torres-
Torrelo et al., 2017; Torres-Torrelo et al., 2018) reported
analogous data, thus only the study presenting more com-
prehensive data was included (Torres-Torrelo et al., 2018).

Identification of studies via databases and registers Identification of studies via other methods
) .
Records identified from*:
% Databases(nfmﬁﬁl Records identified from: Records removed before
PubMed (n=368) Google Scholar and reference ~ Screening:
% SPORTDiscus (n=136) (n=11) Duplicate records removed
8 Cochrane Library(n=105) (n=8650)
= Web of science(n=212)
Scopus (n=235)
\\
Records excluded:
Records screened Meta-analysis (n = 26)
(n=417) Review (n = 59)
Conference, Report, Letter (n = 13)
-] .
£ Reports 5°”_9'3" g" retrieval 4| Records excluded by Tittle and
3 (n=319) Abstract (n =251)
@
v
— Full-text articles excluded, with
Reports assessed for eligibility reasons (n = 55):
(n =68) Wrong population (n=2)
Wrong intervention (n=41)
Non-randomized (n=5)
Wrong outcome (n=2)
S Wrong comparator (n=2)
Mot English (n=2)
s Same data (n=1)
g Studies included for analysis
= (n=13)

Figure 1. Summary PRISMA (preferred reporting items for systematic reviews and meta-analyses) flowchart identifying the

study selection process.
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Study characteristics

The included studies comprised 13 CT intervention groups (n = 185), along with 7 SGL
groups (n = 88) and 11 CON groups (n = 149). Table 2 details study characteristics, in-
cluding participant details, types, and contents of intervention and controls, in addition to
RSA testing methods and results. The predominant gender among the study participants
was male (n = 394), with a single study including female participants (n = 28). The studies
primarily covered team-sport athletes including soccer (n = 188), basketball (n = 94),

handball (n = 84), futsal (n = 34), and mixed team-sport athletes (n = 22, a mix of soccer
and basketball). The participants were aged between 14 and 26 years. Eight studies utilized
a CT type of PT + ST, three studies implemented a combination of PT + RT + ST, and
two studies followed an RT + ST. Eight studies employed One COD Sprint, three studies
employed Multiple COD Sprint, and two studies employed Linear Sprint. The total inter-
vention duration ranged from 5 to 10 weeks, with a frequency of 2 to 3 times per week.

Table 2. Study characteristics.

Characteristics of participants

Detail of intervention

Detail of test and outcomes

Study S Sample size Age Level and Frequency Combine Programs of combined and single training RSA test Outcomes
(n) (years) sport /Duration type
Aloui et al.2022 M CT,n=17 14.6 £ 0.5 National 2/8 PT+ST 1. 6x 0.4 m hurdle jumps+ 15 m sprint; 2. 6x Lateral hur- 6x 20+20 m running Best
CON, n=17 14.6 £ 0.4 First dles+ 10 m sprint; 3. 6x bouncy strides+ 15 m sprint; 4.  sprints with 180° turns Mean
Divisional 6x single-leg hop +10 m sprint; All 1 set/3-6 reps shuttle; rest=25 s Fatigue index
soccer
Aloui et M CT,n=18 16.6 £0.5 National 2/8 PT+COD 1. 6x 0.5 m hurdles+15 m COD sprint; 2.6x 0.4 m lateral ~ 6x 20+20 m running Best
al.2021a CON,n=16 16.6 £ 0.5 First hurdle+10 m COD sprint; 3.6x bouncy strides+ 15 m  sprints with 180° turns Mean
Division COD sprint; 4.6x 0.5 m drop jumps+10m s COD sprint; shuttle; rest=20 s Total
soccer All 1 set/3-6 reps Fatigue index
Aloui et M CT,n=18 17.5+£0.6 National 2/8 PT+ST Participants wear weighted vest (8% body mass): 1. 6x  6x 20+20 m running Best
al.2021b CON,n=16 17.5+£0.6 First 0.5 m hurdles+15 m sprint; 2. 6x 0.4 m lateral hurdlest+ sprints with 180° turns Mean
Divisional 10 m sprint; 3. 6x bouncy strides+ 15 m sprint; 4. 6x 0.5 shuttle; rest=25 s
soccer m drop jumps+ 10m sprint; All 1 set/3-6 reps
Brini et al.2022 M CT,n=13 26.10 +1.82 First 2/8 PT+RST  CT: drop jumps + 6x5m 90° COD sprint; 3 sets/8-10reps; 10x 6x5m sprints with Best
PT,n=13 26.02 +2.37 Division PT: 50 cm drop jumps; 3 sets/10-12reps; RST: 6x5m 3x 180° + 2x 90° Total
RST,n=13 25.75+1.76  basketball 90°COD sprint; 3 sets/8-10reps COD; rest=30 s Fatigue index
CON,n=13 2635+2.11
Brini et al.2023 M CT,n=14 25.1+£23 First 2/8 PT+RST  CT: drop jumps + 6x5m 90> COD sprint; 3 sets/8-10reps; 10x 6x5m sprints with Best
PT,n=14 248+ 1.7 Division PT: (5 vertical+5 horizontal jumps); 3 sets/10-12reps 3x 180° + 2x 90° Total
CON,n=14 26.0+2.1 basketball COD:; rest=30 s Fatigue index
Derraa et M CT,n=10 17.6 £ 0.52 Jijel State 3/6 PT+COD  Hurdles, bounds, hops, CMJs, broad jumps + COD (45°, 6x 20 m straight line Best
al.2023 CON, n=10 17.5+0.53 Honors 60°, 90°, 135°, 180°) or curve sprint; 4-5 sets sprints; Mean
League rest=25 s Total
soccer Fatigue index
Gaamouri et M CT,n=15 16.5+04 Elite 2/8 PT+ST 1. 6% 40 cm hurdles +5 s sprint at 130% aerobic max; 2.  6x 15+15 m running Best
al.2023b CON,n=13 16.7+0.3 Division of 6x30 cm extended-leg hurdles +5 s sprint at 130% aero- sprints with 180° turns Mean
National bic max; 3. 6 xhorizontal jumps+5 s sprint at 130% aero- shuttle; rest=20 s Fatigue index
handball bic max; 4. 3 right-leg+3 left-leg hops+5s sprint at 130%

aerobic max; All 2 sets/8reps

Abbreviations ordered alphabetically. F female, M male, S sex, COD change of direction training, CON reguler training or reguler training group, CT combined training or combined training group, HIIT high intensity interval
training, PT plyometric training, RT resistance training, RSA repeated sprint ability, RST repeated sprint training, ST sprint training.
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Characteristics of participants Detail of intervention Detail of test and outcomes
Study S Sample size Age Level and Frequency Combine Programs of combined and single training RSA test Outcomes
(n) (years) sport /Duration type
Hammami et F CT,n=14 16.6 +£0.3 Elite 2/10 RT+PT+ST 1 .6x half-squat at 85% 1RM + 6x 40 cm hurdle jumps 6x 20+20 m running Best
al.2019a CON,n=14 16.6 0.3 handball + 10 m sprints; 2. 6x thigh press at 85% 1RM + 6x hor-  sprints with 180 turns Mean
izontal jumps + 10 m sprints shuttle; rest=20 s Total
6x thigh press at 85% of 1RM + 6 horizontal jumps Fatigue index
+10 m sprints; 3. 8s isometric half-squat at 75% IRM +
6x single-foot hops (3 right, 3 left) + 10 m sprints; 4. 6x
calf extensions at 90% 1RM + 6x 30 cm extended-leg
hurdle jumps + 10 m sprints; All 4reps
Hammami et M CT,n=16 16.0£0.5 NR 2/8 RT+PT+ST  CT: (rising sets 70-90% 1RM back half squat +3x CMJ  6x 20+20 m running Best
al.2017 RT,n=16 16.2+0.6 soccer at Tuesday, descending sets 90%-10% back half squat+3 sprints with 180¢ turns Mean
CON,n=12 16.8 +£0.2 x CMJ+1x 15 m sprint at Thursday); 3-5 sets/3-8reps; shuttle; rest=20 s Total
RT: (rising sets 70-90% 1RM back half squat at Tuesday, Fatigue index
descending sets 90%-10% 1RM back half squat at Thurs-
day); 3-5 sets/3-8reps
Hammami et M CT,n=14 145+0.3 First 2/8 PT+COD 1. 3 right hops + 3 left hops + COD sprint; 2. 6x 0.3 m 7 x agility-T test run- Best
al.2019b CON,n=14 14.6 0.2 Division lateral hurdles (3 left, 3 right) + COD sprint; 3. 6x hori- ning sprints; rest =25 Mean
National zontal jumps (3 left, 3 right) + COD sprint; 4. 6x 0.4 m s Total
handball hurdles + COD sprint Fatigue index
Sanchez- M CT,n=12 225+22 Amateur 2/5 RT+HIIT CT: (30 s 90-100% HRmax) 2 sets/8reps +(backwards ~ 6x 15+15 m running Best
Sanchez et HIIT,n=10 225+£22 team sports lunges, unilateral hamstring "kicks", kBox3 half-squats); sprints with 180 turns Mean
al.2019 2-3 sets/6reps; HIIT:(30s 90-100% HRmax); 2 sets/8reps shuttle; rest=30 s Fatigue index
Spineti et M CT,n=12 18.4+0.4 First 3/8 PT+RT+ST CT: 1. CMJ, barrier front jumps, single barrier front 6x 20+20 m running Best
al.2016 RT,n=10 184+0.4 Brazilian jumps, diagonal cone hops; 2. high pull, straight sprints, sprints with 180¢ turns Mean
League knee-up sprints, zig-zag sprints; 3. box CMJ, box-to-box shuttle; rest=20 s Fatigue index
Division depth jumps; All 2 sets/4-10reps; RT: 1.12-15RM Smith
soccer machine squats, Olympic bar knee-flexion deadlifts,
stiff-legged deadlifts, knee extension, knee flexion, and
hip adduction machines; 2. 8-10RM Smith machine
squats, Olympic bar knee-flexion deadlifts, stiff-legged
deadlifts, knee extension machine; 3. 4-6RM Smith ma-
chine squats, Olympic bar knee-flexion deadlifts, stiff-
legged deadlifts; All 2-4 sets
Torres-Torrelo M CT,n=12 229+5.1 Spanish 2/6 RT+COD  Full squat (38.4+4.6 to 52.1 + 5.9 kg) 2-3 sets/4-6 reps ~ 9x 20 m straight line Best
etal.2018 RT,n=12 23.8+24 Third + 10 s COD with 5-10kg load 2-5 sets. RT: Full squat sprints; rest=25 s Mean
CON,n=10 247+4.7 Division (36.8 £ 8.0 to 49.6 + 8.3 kg) 2-3 sets/4-6 reps. Fatigue index
futsal

Abbreviations ordered alphabetically. F female, M male, S sex, COD change of direction training, CON reguler training or reguler training group, CT combined training or combined training group, HIIT high intensity interval
training, PT plyometric training, RT resistance training, RSA repeated sprint ability, RST repeated sprint training, ST sprint training.
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Risk of bias

Regarding the randomization process (D1), although all the
included studies were randomized crossover trials, only 2
studies explicitly reported the randomization methods. The
remaining 11 studies were classified as having some con-
cerns due to the lack of information on the randomization
process. The studies included in this review were classified
as having low bias risk due to issues related to the timing
of participant identification or recruitment (D2), deviations
from the intended interventions (D3), and missing outcome
data (D4). In the field of sports training, implementing
blinding is nearly impossible due to participants' direct in-
volvement in the training. Typically, the same person
serves as both the researcher and the outcome assessor.
However, there was no reported blinding of outcome asses-
sors among the 13 studies. This could lead to bias and dis-
tortion of research outcomes, decreasing internal validity
and credibility. With one individual overseeing multiple as-
pects of the study, the lack of blinding for outcome asses-
sors may introduce subjective bias, impacting the accuracy
and reliability of study findings. Hence, we assessed all
studies with a high risk of bias in the measurement of out-
come (D5). Selective outcome reporting (D6) was present
in almost all studies to some extent. All the included studies
(n=13) had a high risk of bias (Supplementary Figure 1).

Meta-Analysis Results

Repeated sprint ability mean

Thirteen studies (Spineti et al., 2016; Hammami et al.,
2017;2019a; 2019b; Torres-Torrelo et al., 2018; Sanchez-
Sanchez et al., 2019; Aloui et al., 2021a; 2021b; 2022;
Brini et al., 2022; 2023; Gaamouri et al., 2023b; Derraa,
2023) assessed RSA mean, involving 13 CT groups, 7 SGL
groups and 11 CON groups (total n = 422). CT improved
RSA mean compared to the combined sub-groups SGL and
CON (g =-0.99; 95% CI: -1.44, -0.54; p < 0.001; Figure
2). High heterogeneity was observed (Tau? = 0.695; Chi =
70.20; df = 17; p < 0.001; I> = 76%; PI: -2.82, 0.84). The
sensitivity analysis indicated stability in the pooled effect
size (g = -0.99; 95% CI: -1.44, -0.54; p < 0.001; Supple-
mentary Figure 2). Egger's test showed potential publica-
tion bias in the primary pooled effect size (p = 0.015), as
depicted in the funnel plot in Supplementary Figure 3. Af-
ter applying the trim-and-fill method, no potential un-
published studies were identified, implying a balance be-
tween published and expected published studies. Both be-
fore and after trim-and-fill, the pooled result for the out-
come (RSA mean) remained significant at p < 0.001, indi-
cating stability in the pooled effect size. When compared
to SGL, CT improved RSA mean (7 datasets; g = -0.46;
95% CI: -0.82, -0.10; I = 0%; p = 0.01). When compared
to CON, CT significantly improved the RSA mean (11 da-
tasets; g =-1.39; 95% CI: -2.09, -0.70; I> = 84%; p < 0.01).

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = CON

Aloui et al (PT+STvsCON), 2022 -0.69 0.4204 17 -0.21 0.2352 17  6.3% -1.38[-2.13,-0.62] =

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.3859 16 6.3% -1.24 [-1.98, -0.50] -

Aloui et al (PT+STvsCON), 2021b -0.75 0.1808 18 -0.12 0.2400 16 5.5% -2.92[-3.92, -1.92] -

Brini et al (PT+RSTvsCON), 2022 -0.66 0.2961 4 -0.03 0.0854 13 3.3% -3.91[-578,-2.04] —=%—

Brini et al (PT+RSTvsCON), 2023 -0.64 0.2921 7 02500985 14 34% -466[-647, -285 —%—

Derraa et al (PT+CODvsCON), 2023 -0.17 0.1758 10 -0.01 0.1552 10 5.7% -0.92[-1.86, 0.01] —
Gaamouri et al (PT+STvsCON), 2023 -0.50 0.3081 15 -0.05 0.2200 13 5.9% -1.61[-2.48, -0.74] -

Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3300 14 -0.04 0.1500 14 6.3% -0.30[-1.05, 0.44] 2§
Hammami et al (PT+CODvsCON), 2019b -0.20 0.5000 14 -0.40 0.8000 14 6.3% 0.29[-0.45, 1.04] ; -‘I*—
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1758 8 -0.09 0.3951 12 5.8% -0.26[-1.16, 0.64] '—°—
Torres-Torrelo et al (RT+CODvsCON), 2018 -0.05 0.1100 6 0.010.1100 10 54% -0.52[-1.55, 0.52] -

Total (95% CI) 131 149 60.4% -1.39 [-2.09, -0.70] >
Heterogeneity: Tau® = 1.105; Chi’ = 60.65, df = 10 (P < 0.01); I = 84% :

Test for overall effect: Z =-3.93 (P < 0.01) :

subgroup = SGL i

Brini et al (PT+RSTvsPT), 2022 -0.66 0.2961 5 -0.34 0.3407 13 5.3% -0.92[-2.01, 0.16] —

Brini et al (PT+RSTvsRST), 2022 -0.66 0.2961 4 -0.70 0.3940 13 52% 0.10[-1.02, 1.22] —i—

Brini et al (PT+RSTvsPT), 2023 -0.64 0.2921 7 -0.37 03477 14 57% -0.78[-1.73, 0.16] -
Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1758 8 -0.08 0.1539 16 5.9% -0.60[-1.47, 0.27] = N
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.28 0.3915 12 -0.11 0.2100 10 6.0% -0.51[-1.36, 0.35] -

Spineti et al (PT+RT+STvsRT), 2016 -0.10 0.1114 12 -0.07 0.2352 10 6.0% -0.16 [-1.00, 0.68] -';-—
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.05 0.1100 6 -0.01 0.1200 12 56% -0.33[-1.31, 0.66] —0—

Total (95% CI) 54 88 39.6% -0.46 [-0.82, -0.10] »
Heterogeneity: Tau? = 0; Chi’ = 2.77, df = 6 (P = 0.84); I = 0% :

Test for overall effect: Z = -2.53 (P = 0.01) ;

Total (95% CI) 185 237 100.0% -0.99 [-1.44, -0.54] &
Prediction interval [-2.82, 0.84] ———
Heterogeneity: Tau® = 0.695; Chi’ = 70.20, df = 17 (P < 0.01); I* = 76% e UL
Test for overall effect: Z =-4.30 (P < 0.01) 6 4 -2 0 2 4 6
Test for subgroup differences: Chi’ = 5.49, df = 1 (P = 0.02)

Figure 2. The forest plot illustrates the effect of combined training compared to regular training (top) and single-mode training
(bottom) on athletes' repeated sprint ability mean. COD: change of direction training; CON: regular training or regular training group; HIIT:
high intensity interval training; PT: plyometric training; RT: resistance training: RST repeated sprint training; ST: sprint training; SGL: single mode

training or single mode training group.
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Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = CON H

Aloui et al (PT+STvsCON), 2022 -0.67 0.4051 17 -0.22 0.2307 17 6.4% -1.33[-2.08, -0.58] —-

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.4000 16 6.4% -1.22[-1.96,-0.48] ——

Aloui et al (PT+STvsCON), 2021b -0.74 0.1908 18 -0.11 0.2452 16 54% -2.82[-3.80,-1.84] —&— !

Brini et al (PT+RSTvsCON), 2022 -0.17 0.0693 4 -0.01 0.0917 13 4.2% -1.73[-3.04,-0.43] ——

Brini et al (PT+RSTvsCON), 2023 -0.17 0.0693 7 -0.01 0.0917 14 49% -1.80[-2.89, -0.71] ——

Derraa et al (PT+CODvsCON), 2023 -0.15 0.1664 10 0.00 01015 10 55% -1.04[-1.99, -0.09] ——

Gaamouri et al (PT+STvsCON), 2023 -0.39 0.2707 15 -0.07 0.2551 13 61% -1.18[-1.99, -0.36] ——

Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3200 14 -0.05 0.1300 14 6.4% -0.28[-1.02, 0.47] i
Hammami et al (PT+CODvsCON), 2018b -0.50 0.3606 14 0.00 0.7000 14 6.2% -0.87 [-1.65, -0.09] .
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1308 8 -0.07 0.3704 12 57% -0.35[-1.25, 0.55] ——
Torres-Torrelo et al (RT+CODvsCON), 2018  -0.07 0.1200 6 00100854 10 51% -0.76[-1.82, 0.29] —&

Total (95% CI) 131 149 62.3% -1.17 [-1.58, -0.76] -
Heterogeneity: Tau® = 0.261; Chi® = 22.87, df = 10 (P = 0.01); I = 56% :

Test for overall effect: £ = -5.64 (P < 0.01) :

subgroup = SGL H

Brini et al (PT+RSTvsPT), 2022 -0.17 0.0693 5 -0.09 0.0436 13 4.6% -1.49[-2.66, -0.32] ———

Brini et al (PT+RSTvsRST), 2022 -0.17 0.0693 4 -0.17 0.0781 13  4.8% 0.00[-1.12, 1.12] ——

Brini et al (PT+RSTvsPT), 2023 -0.17 0.0693 7 -0.08 0.0436 14 51% -1.63[-2.69, -0.57] ——

Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1308 8 -0.18 0.1136 16 5.9% 0.00 [-0.85, 0.85] ——
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.21 0.3915 12 -0.14 0.2100 10 6.0% -0.21[-1.05, 0.63] ——
Spineti et al (PT+RT+STvsRT), 2016 0.04 0.1803 12 -0.07 0.2402 10 59% 0.51[-0.35 1.36) 1 il
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.07 0.1200 6 -0.04 0.1000 12 54% -0.27[-1.25, 0.72] i

Total (95% CI) 54 88 37.7% -0.39 [-0.95, 0.18] -
Heterogeneity: Tau® = 0.331; Chi® = 14.21, df = 6 (P = 0.03); I = 58% :

Test for overall effect: Z = -1.34 (P = 0.18)

Total (95% CI) 185 237 100.0% -0.88 [-1.25, -0.51] -

Prediction interval [-2.30, 0.53]

Heterogeneity: Tau® = 0.412; Chi® = 49.51, df = 17 (P < 0.01); I = 66% UL U
Test for overall effect: Z =-4.69 (P < 0.01) 3210 1 2 3
Test for subgroup differences: Chi® = 4.89, df = 1 (P = 0.03)

Figure 3. The forest plot illustrates the effect of combined training compared to regular training (top) and single-mode training
(bottom) on athletes' repeated sprint ability best. COD: change of direction training; CON: regular training or regular training group; HIIT:
high intensity interval training; PT: plyometric training; RT: resistance training: RST repeated sprint training; ST: sprint training; SGL: single mode

training or single mode training group.

Repeated sprint ability best

Thirteen studies (Spineti et al., 2016; Hammami et al.,
2017; 2019a; 2019b; Torres-Torrelo et al., 2018; Sanchez-
Sanchez et al., 2019; Aloui et al., 2021a; 2021b; 2022;
Brini et al., 2022; 2023; Gaamouri et al., 2023b; Derraa,
2023) assessed RSA best, involving 13 CT groups, 7 SGL
groups and 11 CON groups (total n = 422). CT improved
RSA best compared to the combined sub-groups SGL and
CON (g = -0.88; 95% CI: -1.25, -0.51; p < 0.001; Figure
3). Moderate heterogeneity was observed (Tau? = 0.412;
Chi*=49.51;df = 17; p <0.001; I = 66%; PI: -2.30, 0.53).
The sensitivity analysis indicated stability in the pooled re-
sults (g = -0.88; 95% CI: -1.25, -0.51; p < 0.001; Supple-
mentary Figure 4). Egger's test showed no potential publi-
cation bias in the primary pooled effect size (p = 0.293), as
depicted in the funnel plot in Supplementary Figure 5.
When compared to SGL, no significant effect was noted
for CT on RSA best (7 datasets; g =-0.39; 95% CI: -0.95,
0.18; 12 = 58%; p = 0.18). When compared to CON, CT
significantly improved the RSA best (11 datasets; g = -
1.17; 95% CI: -1.58, -0.76; 1> = 56%,; p < 0.01).

Repeated sprint ability fatigue index

Twelve studies (Spineti et al., 2016; Hammami et al., 2017;
2019a; 2019b; Torres-Torrelo et al., 2018; Sanchez-
Sanchez et al., 2019; Aloui et al., 2021a; 2022; Brini et al.,
2022; 2023; Gaamouri et al., 2023b; Derraa, 2023) as-
sessed RSA fatigue index, involving 12 CT groups, 7 SGL
groups and 10 CON groups (total n = 388). CT did not im-
prove RSA fatigue index compared to the combined sub-
groups SGL and CON (g = 0.07; 95% CI: -0.25, 0.38; p =

0.672; Figure 4). Moderate heterogeneity was observed
(Tau? = 0.228; Chi? = 34.33; df = 16; p = 0.005; I> = 53%;
PI: -1.01, 1.14). The sensitivity analysis indicated stability
in the pooled results (g = 0.07; 95% CI: -0.25, 0.38; p =
0.672; Supplementary Figure 6). Egger's test showed no
potential publication bias in the primary pooled effect size
(p=0.115), as depicted in the funnel plot in Supplementary
Figure 7. CT did not improve the RSA fatigue index when
compared to SGL (7 datasets; g = 0.02; 95% CI: -0.63,
0.66: 12 = 68%: p = 0.96) or CON (10 datasets: g = 0.09;
95% CI: -0.25, 0.44; I> = 42%; p = 0.59).

Moderator variables effect

The effects of the moderator variables are displayed in Ta-
ble 3. Compared with SGL and CON, the CT type of PT +
ST (g = -1.46) significantly and more substantially effects
the RSA mean (p < 0.01). The effects of the CT types of
PT + RT + ST (g = -0.33) were similar to RT + ST (g = -
0.45). Adolescent athletes (< 18 years old) and adults (> 18
years old) similarly improved performance (g =-0.97 vs. -
1.06, respectively; between-group p = 0.86). No differ-
ences were observed between sports (p = 0.35) and RSA
test (p = 0.41) (see Supplementary Figures 8§ — 11).
Compared to SGL and CON, the CT type of PT + ST (g =
-1.35) had a significantly greater effect on RSA best (p <
0.01). RT + ST (g = -0.38, p = 0.18) had a greater effect
than PT + RT + ST (g =-0.04, p = 0.84), but the effect was
not significant. No significant difference in the moderating
factors of age (p = 0.56), sport (p = 0.42), and RSA test (p
=0.37) (see Supplementary Figures 12 — 15).
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Certainty of evidence
According to the GRADE assessment (Table 4) the quality
of evidence varied from low to very low.

Discussion

The main objectives of this meta-analysis were to investi-
gate the effect of CT on RSA in team-sport athletes and to
determine the optimal CT protocol for enhancing RSA in
these athletes. The results of the meta-analyses indicate
that, compared to SGL and CON, CT improved both RSA
mean and RSA best. However, the effect of CT on the RSA
fatigue index did not show a statistically significant differ-
ence. Additionally, PT + ST seems to be the most effective
protocol for enhancing RSA when compared to RT + ST
and PT + RT + ST. The effect of CT on athletes' RSA did
not dependent on athletes' age, sports type, and RSA test.

Effects of combined training on RSA

This study revealed that compared to SGL and CON, CT
enhances team-sport athletes' RSA mean and best time.
Previous evidence on CT's effect on RSA was limited. In
contrast to our findings, the meta-analysis by Thapa et al.
(2022) found non-significant RSA changes among soccer
players following CT. This discrepancy could be due to the
active control groups, which either maintained regular spe-
cific training (Faude et al., 2013; Hammami et al., 2017;
Miranda Gonzalez et al., 2021) or combined RT with a reg-
ular specific training (Spineti et al., 2016; Kobal et al.,

2017). Regular specific training alone or in combination
with other methods (Stelen et al., 2005; Silva et al., 2015;)
can influence RSA, masking the CT's benefits. Addition-
ally, the inclusion of only three studies on soccer players'
RSA, each with a small number of participants, may reduce
the statistical power, potentially leading to inconclusive re-
sults. This could explain the non-significant difference ob-
served between the CT and control groups.

Moreover, faster linear sprint speed can positively
impact team-sport athletes' RSA (Lockie et al., 2020).
Studies have shown that there is a small to large correlation
between short-distance sprint performance (0-5 m, 0 - 10
m, 0 - 20 m) and RSA performance (r = 0.44 - 0.86) (Inge-
brigtsen et al., 2014; Lockie et al., 2019). This suggests that
sprint performance may contribute to RSA. The available
evidence suggests that CT (i.e., RT + PT) can improve fe-
male team-sport athletes' short sprint performance (Hughes
et al., 2023). Specifically, substantial improvements were
observed in acceleration (i.e., 0 - 10 m) and short sprint
distances (0 - 20 m). The findings of Nicholson et al.
(2021) also raise the level of evidence for CT. They found
that CT programs (e.g., ST and strength/jumping-related
exercises), were effective in improving single sprinting
performance (effect size medium to large), especially 0-
10m and 0 - 20m. Therefore, the greater improvement in
RSA observed in this study following CT may be partly
attributed to the influence of CT on linear sprint perfor-
mance. However, given the complexity of CT, it may also
be influenced by other factors.

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = CON |

Aloui et al (PT+STvsCON), 2022 -0.04 0.5186 17 0.00 0.2452 17 74% -0.10[-0.77, 0.58] —_——

Aloui et al (PT+CODvsCON), 2021a -0.30 1.3748 18 0.00 0.8544 16 7.4% -0.25[-0.93, 0.42) —i—

Brini et al (PT+RSTvsCON), 2022 1.31 0.7721 4 007 11568 13 4.3% 1.08[-0.12, 2.27] s
Brini et al (PT+RSTvsCON), 2023 1.31 0.7539 7 0.02 1.1558 14 53% 1.18[0.19, 2.17] —
Derraa et al (PT+CODvsCON), 2023 -0.62 15156 10 -0.51 27079 10 6.0% -0.05[-0.92, 0.83] ——
Gaamouri et al (PT+STvsCON), 2023 -1.73 25316 15 -0.13 22370 13 6.8% -0.65[-1.41, 0.12] —‘—’-

Hammami et al (PT+RT+STvsCON), 2019a -0.06 1.3652 14 -0.02 16950 14 6.9% -0.03[-0.77, 0.72) ——
Hammami et al (FT+CODvsCON), 2019b 0.20 25515 14 -1.90 3.0447 14 6.7% 0.73[-0.04, 1.49] /o
Hammami et al (PT+RT+STvsCON), 2017 0.30 1.0567 8 1.21 41488 12 59% -0.26[-1.16, 0.64] ——
Torres-Torrelo et al (RT+CODvsCON), 2018 0.11 2.5187 6 0.21 54250 10 5.2% -0.02[-1.03, 0.99] ——

Total (95% CI) 113 133 62.0% 0.09 [-0.25, 0.44] -
Heterogeneity: Tau® = 0.129; Chi® = 15,57, df = 9 (P = 0.08); I* = 42% :

Test for overall effect: Z = 0.54 (P = 0.59) :

subgroup = SGL :

Brini et al (PT+RSTvsPT), 2022 1.31 0.7721 5 057 06040 13 4.7% 1.08[-0.02, 2.19] ——
Brini et al (PT+RSTvsRST), 2022 1.31 0.7721 4 12107375 13 46% 0.13[-0.99, 1.25] —'—

Brini et al (PT+RSTvsPT), 2023 1.31 0.7539 7 046 06100 14 53% 1.24[0.24, 2.24] p—
Hammami et al (PT+RT+STvsRT), 2017 0.30 1.0567 8 0.09 1.2505 16 6.2% 0.17 [-0.68, 1.02] ——
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.96 1.4290 12 0.60 1.8377 10 5.9% -0.92[-1.81,-0.03] ——

Spineti et al (PT+RT+STvsRT), 2016 -2.00 2.2517 12 0.10 2.3302 10 5.9% -0.88[-1.77, 0.00] —+—
Torres-Torrelo et al (RT+CODvsRT), 2018 0.11 2.5187 6 1.58 3.0795 12 53% -0.48[-1.48, 0.52] ——

Total (95% CI) 54 88 38.0% 0.02[-0.63, 0.66) -
Heterogeneity: Tau® = 0.510; Chi’ = 18.58, df = 6 (P < 0.01); I* = 68% :

Test for overall effect: Z = 0.05 (P = 0.96) :

Total (95% CI) 167 221 100.0% 0.07 [-0.25, 0.38] :

Prediction interval [-1.01, 1.14]

Heterogeneity: Tau® = 0.228; Chi® = 34.33, df = 16 (P < 0.01); I = 53% ' ' ! !
Test for overall effect: Z =042 (P = 0.67) 2 1 0 1 2
Test for subgroup differences: Chi” = 0.04, df = 1 (P = 0.84)

Figure 4. The forest plot demonstrates the effect of combined training versus regular training (top) and single-mode training
(bottom) on athletes' repeated sprint ability fatigue index. COD: change of direction training; CON: regular training or regular training
group; HIIT: high intensity interval training; PT: plyometric training; RT: resistance training: RST repeated sprint training; ST: sprint training; SGL:

single mode training or single mode training group.
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Table 3. Moderator variables.

95% confidence interval p-value
Moderator K©N) Hedges' g Lower - Within Between
- Upper limit
limit groups groups

< 18 years 8 -0.97 -1.55 -0.39 <0.01

Age > 18 years 5 -1.06 -1.81 -0.30 <0.01 0-86
Soccer 6 -1.05 -1.68 -0.42 <0.01

Sports Basketball 2 -1.87 -3.39 -0.35 0.02 0.35
Handball 3 -0.52 -1.57 0.53 0.33
RSA Mean PT + ST 8 -1.46 -2.17 -0.76 <0.01

CT PT+RT+ ST 3 -0.33 -0.74 0.09 0.12 0.02
RT + ST 2 -0.45 -1.00 0.09 0.10
One COD sprint 8 -0.98 -1.51 -0.45 <0.01

RSA test Multiple COD sprint 3 -1.45 -2.75 -0.15 0.03 0.41
Linear sprint 2 -0.60 -1.17 -0.04 0.04
< 18 years 8 -0.99 -1.48 -0.50 <0.01

Age > 18 years 5 -0.78 -1.34 -0.19 <0.01 0.56
Soccer 6 -0.88 -1.64 -0.13 0.02

Sports Basketball 2 -1.32 -1.99 -0.65 <0.01 0.42
Handball 3 -0.76 -1.28 -0.23 <0.01
RSA Best PT +ST 8 -1.35 -1.73 -0.97 <0.01

CT PT+RT+ ST 3 -0.04 -0.46 0.37 0.84 <0.01
RT + ST 2 -0.38 -0.92 0.17 0.18
One COD sprint 8 -0.75 -1.35 -0.16 0.01

RSA test Multiple COD sprint 3 -1.21 -1.76 -0.67 <0.01 0.37
Linear sprint 2 -0.70 -1.27 -0.12 0.02

CT: combined training; PT: plyometric training; RT: resistance training; RSA: repeated sprint ability; ST: sprint training; Bold values: p < 0.05, denoting

statistical significance.

Table 4. GRADE* analyses.

Certainty assessment

No of participants

Mean effect GRADE*

CUtCOE (studies) R]i:;:l;)f Inconsistency Indirectness Imprecision Other 95% CI)
CT vs. SGL+CON
RSA mean a3 ‘:lz(ijs) Serious Serious Not Serious Not Serious None (1. 4;0{3?0. 54) :LE)(\)VO
RSA best a3 ‘LzéTs) Serious Serious Not Serious Not Serious None (1.2 ;Ot(??o 51) 1%%0
RSﬁlfith)i‘gue a Z;SCSTS) Serious Serious Not Serious  Serious None (0.2 g .2)70.38) VeJr)CI)IC?gW
CT vs. SGL
RSA mean a 11(4C2Ts) Serious  Not Serious Serious  Not Serious None (-0.8;]{:%.1 0) :L%(\)’VO
RSA best a lllégTs) Serious Serious Serious Serious  None (-0.9_503)90.18) Vell'yol?gw
RSﬁlgth;gue a ll{gTs) Serious Serious Serious Serious  None 0. 62? '3)20' 66) Ve‘r‘y%%C\DV
CT vs. CON
RSA mean ai i!sCoTs) Serious Serious Serious  Not serious None (-2.0;1t.3?0.70) Ve:r)cf)l?(?w
RSA best a1 ings) Serious Serious Serious  Not serious None 1. 52;1{;?0.7 6) Vejryol?(())W
RSzi&nfl:::t)i‘gue a Oi:gTs) Serious Serious Serious Very serious None (0.2 g '3090. 44) V;}?Sgw

* Certainty of evidence according to Grading of Recommendations, Assessment, Development and Evaluations (GRADE): High: We are very confident
in the estimated effect. Moderate: Our confidence in the estimated effect is moderate. Low: We have limited confidence in the estimated effect. Very
low: We have very little confidence in the estimated effect.  Mean effect calculated as the difference between the CT intervention group and SGL/CON
group in how much their RSA changed from baseline to follow-up. RCTs: randomized controlled trial.

Indeed, according to Bishop et al. (2011), RSA per-
formance relies mainly on (1) single sprint performance
(i.e., RSA best), that involves underlying factors such as
stride length and frequency, and (2) the ability to recover
between sprints (metabolic capacity). CT methods focused
on enhancing single sprint performance (e.g., strength

training) and metabolic capacity (e.g., repeated sprint train-
ing) might prove effective to enhance RSA. Strength and
power training can improve single sprint performance by
several mechanisms. RT can increase the mean work done
in a repeated sprint rest ("12%), and the performance in the
first sprint (8-9%) (Edge et al., 2006). Furthermore, RT
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with high metabolic demand (i.e., blood lactate concentra-
tion > 10 mmol/L) improved RSA. The improvements in
strength and H" regulation capacity may enhance RSA
(Hill-Haas et al., 2007).

Similarly, PT enhanced RSA in young female hand-
ball players (Gaamouri et al., 2023a), probably after neu-
romuscular adaptations allowing greater force production
during the concentric phase of movement following rapid
eccentric muscle actions, thereby enhancing sprint perfor-
mance (Davies et al., 2015). Furthermore, ST, particularly
after repeated sprints, can enhance athletes' intermittent
sprint performance, RSA, and maximal oxygen uptake
(Thurlow et al., 2023). Aerobic fitness improvements may
help adenosine triphosphate to phosphocreatine resynthe-
sis, and buffer metabolic by-products during between-
sprints rest periods (Haseler et al., 1999; McGawley and
Bishop, 2015). Therefore, the integration of these training
methods may be considered in future CT programs, ulti-
mately enhancing RSA performance.

Given that the above studies explain the effects of
individually applying these trainings, such as RT, PT, or
repeated sprint training, on enhancing RSA, we discuss the
potential reasons for CT's enhancement of RSA as follows:
Isolated PL or RT programs can induce mechanical and
physiological adaptations leading to improvements in the
best (first) sprint in a RSA test, with CT (e.g., PL+RT) po-
tentially enhancing such adaptations/improvements (Sale,
2002; Robbins, 2005). According to the principle of train-
ing specificity, physiological and biomechanical adapta-
tions to an intervention program are contingent on the spe-
cific characteristics of the training (Reilly et al., 2009). For
example, PT utilizes SSC muscle actions and may enhance
eccentric muscular activation, potentially aiding to specific
movements (e.g., sprint, short shuttle runs, and changes of
direction) in RSA test (Slimani et al., 2016). Therefore, CT
might provide more central nervous system stimulation,
thereby promoting better neural adaptations, such as better
intermuscular coordination and synchronization of muscle
fiber recruitment (Hoffman et al., 2004; Tricoli et al.,
2005), increased peak force, peak power, and muscle-ten-
don stiffness (Haugen et al., 2019), and enhanced running
stride and frequency (Lockie et al., 2012). Overall, these
factors may increase the rate of force development and the
efficiency of the SSC, which in turn will benefit RSA.

Therefore, the CT program is an effective training
approach for team-sport athletes, offering various options
for coaches and athletes to develop RSA. However, further
research is needed to determine the optimal combination of
exercises to enhance repeated sprint performance.

Moderator variables

Regarding athletes' age, post-CT intervention improve-
ments in RSA were similar between adolescent athletes (<
18 years) and adults (> 18 years), with no significant dif-
ferences. Study suggested that physical growth with age
seems to significantly enhance athletic performance (Arm-
strong et al., 2001), suggesting that training may bring
greater benefits to adult athletes' RSA. However, our study
revealed similar improvements in RSA performance be-
tween adolescents and adults, implying that CT may be
suitable for both.

Regarding athletes' sports, we observed no signifi-
cant difference in CT effects among different team-sport
athletes (e.g., soccer, basketball, handball). However, the
95% CI ranges for these analyses were large, possibly due
to (1) small sample sizes, resulting in less precise statistical
analyses, and (2) differences between participants in terms
of physical fitness, training background, and competition
demands that may have affected the consistency of the CT
effects. Future studies are encouraged to apply CT to larger
samples of team-sport athletes.

Regarding the type of CT, our findings indicate that,
in contrast to RT + ST or PT + RT + ST, the PT + ST mark-
edly enhanced team-sport athletes' RSA mean (g = -1.46
[large effect size]) and RSA best (g = -1.35 [large effect
size]). To ascertain the reasons behind the superior im-
provements achieved by the PT + ST, we investigated the
effect of each training component combination on RSA.
First, a previous meta-analysis on PT in soccer players
showed significant improvements in both RSA best and
RSA mean (Ramirez-Campillo et al., 2021). These im-
provements were attributed to increased muscle activation
capacity (Markovic and Mikulic, 2010;), greater muscle
cross-sectional area and strength (Malisoux et al., 2006;
Grgic et al., 2021), and enhanced efficiency of the SSC
(Taube et al., 2012; Radnor et al., 2018). These adaptations
potentially enhance single sprint capacity, thereby improv-
ing RSA.

Further analysis of the included studies revealed
that the specific exercises within ST, including linear
sprints, change-of-direction sprints, repeated sprint train-
ing, and high-intensity interval training, all target and im-
prove the neuromuscular and metabolic limiting factors of
RSA (as mentioned in the Introduction section). Taylor et
al.'s (2015) systematic review supported the efficacy of re-
peated sprint training in beneficially impacting repeated
sprint ability, aligning with Bishop et al. (2011) assertion
that repeated sprint training is the most suitable method for
RSA enhancement. Moreover, research has demonstrated
that repeated sprint training can elevate maximal oxygen
uptake (VO2 max), with a reported 5.0-6.1% increase fol-
lowing 5 - 12 weeks of intervention (Ferrari Bravo et al.,
2008). Consequently, as aerobic capacity improves, so
does the recovery ability between sprints (Gharbi et al.,
2015). The significant improvement in RSA observed with
CT (PT + ST) might attributed to the acute responses in the
early training phase (as mentioned in the introduction sec-
tion). It is widely recognized that conditioning activity be-
fore the PAPE must be as biomechanically similar as pos-
sible to the subsequent exercises designed to enhance func-
tion (Blazevich and Babault, 2019). This is often related to
exercise goals or directions with similar movement pat-
terns (e.g., vertical vs. horizontal oriented) (Loturco et al.,
2018). Therefore, exercises emphasizing strength applica-
tion in similar directions (e.g., horizontal or vertical jump-
ing) are expected to result in acute or chronic improve-
ments in activities where hip extensors play a key role (e.g.,
sprinting) (Loturco et al., 2018). However, the reason for
the non-significant improvement in RSA with the combi-
nation of RT + ST and PT + RT + ST is unclear. It may be
due to their synergistic effects and interference with the
metabolic, determinants of RSA (Coffey et al., 2009).
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Another possible reason is the limited number of studies
available, with only three on PT + RT + ST and two on RT
+ ST examining the effects of RSA. Future research should
focus on conducting more studies in this area. Overall, the
CT type of PT +ST bolsters single sprint performance and
augments inter-sprint recovery with more training specific-
ity, elucidating its superior efficacy over other CT types.

Regarding the RSA testing, we observed that differ-
ent testing modes did not significantly affect the effective-
ness of CT. Direct comparisons between linear and COD
RSA testing have indicated that while sprint speeds de-
crease with the introduction of COD, the overall physio-
logical load may increase due to higher levels of lactate ac-
cumulation, potentially influencing RSA test performance
to some extent (Buchheit et al., 2010a; Alemdaroglu et al.,
2018). We reviewed Kyles et al.'s (2023) recommendations
from their systematic review on RSA testing protocols. For
linear sprint testing, they suggested incorporating a 30-me-
ter sprint into RSA testing for team-sport athletes. This rec-
ommendation was based on research indicating that sprints
involving team-sport athletes typically cover distances <
30 m (Stelen et al., 2005; Rampinini et al., 2007; An-
drzejewski et al., 2015). For COD sprint testing, Kyles et
al. (2023) noted that most protocols employed a single
COD involving a 180° directional change. COD is a very
neuromuscular demanding task, elite soccer players change
direction frequently in matches, emphasizing the im-
portance of COD in RSA testing (Sweeting et al., 2017;
Dos'Santos et al., 2020; 2021). Among the studies we in-
cluded, 2 utilized linear RSA testing with a 20-meter sprint
distance, 8 utilized a single COD test, and 3 employed mul-
tiple COD sprints, aligning with the requirements of short-
distance and multiple sprinting in team sports. Given the
substantial variability in protocol designs due to the lack of
a gold standard protocol for assessing RSA, both linear and
COD RSA tests may be effective considering the diverse
demands of different sporting contexts. This analysis sup-
ports the findings of our study: both linear and COD sprints
can be utilized to examine the effects of CT training on
RSA.

Limitations and future research
While this meta-analysis presents interesting findings, it's
important to acknowledge its potential limitations. First,
the search was limited to the English languages, peer-re-
viewed publications, and randomized controlled trials, po-
tentially introducing selection and publication bias; though
this approach guaranteed the quality of the included litera-
ture. Second, it is important to note that most of the sam-
ples were derived from national league team-sport athletes;
thus, caution should be applied in generalizing the conclu-
sions and applying them to athletes at other levels. Third,
owing to the small number of studies fulfilling the inclu-
sion criteria, subgroup analyses involving moderators such
as sex, training duration, and frequency were not per-
formed, preventing a more detailed exploration of diverse
CT schemes. Fourth, of the 13 studies included in this anal-
ysis, only one focused on female team-sport athletes.
Future research should concentrate on female ath-
letes and investigate potential gender differences in the ef-
fects of CT on RSA or other physical performance

measures. Lastly, the included studies on CT interventions
varied greatly, and the limited number of studies, as well
as the limited number of studies involving athletes from
different sports, might have contributed to the heterogene-
ity in the meta-analysis. The limited study pool and the in-
clusion of athletes from various sports potentially contrib-
uted to heterogeneity in the meta-analysis. Future studies
should consider employing network meta-analysis meth-
ods and expanding the population and performance indica-
tors included, to explore the effect of CT in comparison to
various other training methods on athletes' physical perfor-
mance.

Conclusion

Combined training, especially incorporating plyometric
and sprint training, significantly enhances repeated sprint
ability in team-sport athletes compared to single-mode and
routine training. These findings support the use of multi-
faceted training programs to improve critical performance
metrics in team sports. Physical fitness professionals and
coaches could consider this as an appropriate strategy be-
cause it allows for the simultaneous combination of multi-
ple training methods to produce a small to moderate train-
ing effect on RSA performance in terms of addressing the
limiting factors of the neuromuscular and metabolic capac-
ity of RSA. However, due to the low certainty of evidence,
further research is warranted to confirm these results and
refine training methodologies.
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734 Effects of combined training on RSA

Key points

e Combined strength (CT) improved repeated sprint
ability (RSA) performance compared to single-mode
training (SGL) and active controls maintaining rou-
tine training (CON).

o This study recommends that coaches prioritize the in-
corporation of combined training strategies into ath-
letes' training regimens to optimize RSA develop-
ment, especially emphasizing PT (e.g., horizontal or
vertical, unilateral, or bilateral, or drop jumps) +ST
(e.g., linear sprints, change of direction sprints, re-
peated sprints, high-intensity interval sprints) combi-
nations.

o The favoring effects of CT were noted across different
ages and sports. The RSA tests involving linear and
non-linear sprints seem equally sensitive to examine
the effects of CT.

Supplementary Materials
1. Search syntax.

PubMed/MEDLINE

("team sports"[All Fields] OR "invasion sports"[All Fields] OR ("athlete s"[All Fields] OR "ath-
letes"[MeSH Terms] OR "athletes"[All Fields] OR "athlete"[ All Fields] OR "athletically"[All
Fields] OR "athlets"[All Fields] OR "sports"[MeSH Terms] OR "sports"[All Fields] OR "ath-
letic"[All Fields] OR "athletics"[All Fields]) OR ("player"[All Fields] OR "player s"[All Fields] OR
"players"[All Fields])) AND (("training"[All Fields] OR "intervention"[All Fields]) AND ("com-
bined training"[All Fields] OR "combination"[All Fields] OR "complex training"[All Fields] OR
"contrast training"[All Fields] OR "Strength training"[ All Fields] OR "resistance training"[ All
Fields] OR "plyometric"[All Fields] OR "jump training"[All Fields] OR "change of direction"[All
Fields] OR "sprints training"[ All Fields] OR (("repeatabilities"[All Fields] OR "repeatability"[ All
Fields] OR "repeatable"[All Fields] OR "repeated"[All Fields] OR "repeatibility"[All Fields]) AND
("sprint"[All Fields] OR "sprinted"[ All Fields] OR "sprinting"[All Fields] OR "sprints"[All Fields])
AND ("education"[MeSH Subheading] OR "education"[All Fields] OR "training"[All Fields] OR
"education"[MeSH Terms] OR "train"[All Fields] OR "train s"[All Fields] OR "trained"[All Fields]
OR "training s"[All Fields] OR "trainings"[All Fields] OR "trains"[All Fields])) OR (("sprint"[All
Fields] OR "sprinted"[All Fields] OR "sprinting"[All Fields] OR "sprints"[All Fields]) AND ("in-
terval"[All Fields] OR "intervals"[All Fields]) AND ("education"[MeSH Subheading] OR "educa-
tion"[All Fields] OR "training"[All Fields] OR "education"[MeSH Terms] OR "train"[All Fields]
OR "train s"[All Fields] OR "trained"[All Fields] OR "training s"[All Fields] OR "trainings"[All
Fields] OR "trains"[All Fields])) OR "agility training"[All Fields] OR "high intensity interval train-
ing"[All Fields] OR "small side game"[All Fields])) AND ("Repeated Sprint Ability"[All Fields]
OR "Repeated Sprint Ability"[All Fields] OR "repeated sprint test"[All Fields] OR "repeated sprint
ability test"[All Fields] OR "repeated sprint performance"[All Fields])

Web of Science (Core Collection)
(TS=(("team sports" OR "invasion sports" OR athletes OR players))) AND (TS=(("training" OR
"intervention") AND ("combined training" OR "combination" OR "complex training" OR "contrast
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training" OR "Strength training" OR "resistance training" OR "plyometric" OR "jump training" OR
"change of direction" OR "sprints training" OR "repeated sprints training" OR "sprints interval
training" OR "agility training" OR "high intensity interval training" OR "small side game"))) AND
(TS=(("Repeated Sprint Ability" OR "repeated sprint ability" OR "repeated sprint test" OR "re-
peated sprint ability test" OR "repeated sprint performance"))) NOT (SILOID==("PPRN"))

Scopus

( (TITLE-ABS-KEY ( "team sports" ) OR TITLE-ABS-KEY ( "invasion sports" ) OR TITLE-
ABS-KEY ( athletes ) OR TITLE-ABS-KEY ( players ) ) ) AND ( ( TITLE-ABS-KEY ( "training"
) OR TITLE-ABS-KEY ( "intervention" ) AND TITLE-ABS-KEY ( "combined training" ) OR
TITLE-ABS-KEY ( "combination" ) OR TITLE-ABS-KEY ( "complex training" ) OR TITLE-
ABS-KEY ( "contrast training" ) OR TITLE-ABS-KEY ( "Strength training" ) OR TITLE-ABS-
KEY ( "resistance training" ) OR TITLE-ABS-KEY ( "plyometric" ) OR TITLE-ABS-KEY ( "jump
training" ) OR TITLE-ABS-KEY ( "change of direction" ) OR TITLE-ABS-KEY ( "sprints train-
ing" ) OR TITLE-ABS-KEY ( "repeated sprints training" ) OR TITLE-ABS-KEY ( "sprints interval
training" ) OR TITLE-ABS-KEY ( "agility training" ) OR TITLE-ABS-KEY ( "high intensity inter-
val training" ) OR TITLE-ABS-KEY ( "small side game" ) ) ) AND ( ( TITLE-ABS-KEY ( "Re-
peated Sprint Ability" ) OR TITLE-ABS-KEY ( "repeated sprint ability" ) OR TITLE-ABS-KEY (
"repeated sprint test" ) OR TITLE-ABS-KEY ( "repeated sprint ability test" ) OR TITLE-ABS-
KEY ( "repeated sprint performance" ) ) )

Cochrane library

#1 (("team sports" OR "invasion sports" OR athletes OR players)) (Word variations have been
searched) 16373

#2 ("training" OR "intervention") AND ("combined training" OR "combination" OR "complex
training" OR "contrast training" OR "Strength training" OR "resistance training" OR "plyometric"
OR "jump training" OR "change of direction" OR "sprints training" OR "repeated sprints training"
OR "sprints interval training" OR "agility training" OR "high intensity interval training" OR "small
side game") 58675

#3 ("Repeated Sprint Ability" OR "repeated sprint ability"” OR "repeated sprint test" OR "re-
peated sprint ability test" OR "repeated sprint performance") 278

#4 #1 AND #2 AND #3 105

SPORTDiscus

S1 ("team sports" OR "invasion sports" OR athletes OR players)

S2 ("training" OR "intervention") AND ("combined training" OR "combination" OR "complex
training" OR "contrast training" OR "Strength training" OR "resistance training" OR "plyometric"
OR "jump training" OR "change of direction" OR "sprints training" OR "repeated sprints training"
OR "sprints interval training" OR "agility training" OR "high intensity interval training" OR "small
side game")

S3 ("Repeated Sprint Ability" OR "repeated sprint ability" OR "repeated sprint test" OR "repeated
sprint ability test" OR "repeated sprint performance")

S4 ST AND S2 AND S3
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Supplementary Figure 1. Risk of bias assessment.
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference

IV, Random, 95% CI

Study P-value Tau2 Tau 12
Omitting Aloui et al (PT+STvsCON), 2022 <0.01 0.744 0.8623 76%
Omitting Aloui et al (PT+CODvsCON), 2021a <0.01 0.759 0.8710 77%
Omitting Aloui et al (PT+STvsCON), 2021b <0.01 0.504 0.7100 70%
Omitting Brini et al (PT+RSTvsPT), 2022 <0.01 0.740 0.8600 77%
Omitting Brini et al (PT+RSTvsRST), 2022 <0.01 0.700 0.8367 76%
Omitting Brini et al (PT+RSTvsCON), 2022 <0.01 0.579 0.7610 73%
Omitting Brini et al (PT+RSTvsPT), 2023 <0.01 0.750 0.8661 77%
Omitting Brini et al (PT+RSTvsCON), 2023 <0.01 0.488 0.6982 70%
Omitting Derraa et al (PT+CODvsCON), 2023 <0.01 0.751 0.8666 77%
‘Omitting Gaamouri et al (PT+STvsCON), 2023 <0.01 0.712 0.8439 T6%
Omitting Hammami et al (PT+RT+STvsCON), 2019a <0.01 0.746 0.8635 76%
Omitting Hammami et al (PT+CODvsCON), 2019b <0.01 0.639 0.7995 74%
Omitting Hammami et al (PT+RT+STvsCON), 2017 <0.01 0.732 0.8555 77%
Omitting Hammami et al (PT+RT+STvsRT), 2017 <0.01 0.754 0.8683 77%
Omitting Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 < 0.01 0.751 0.8668 77%
Omitting Spineti et al (PT+RT+STvsRT), 2016 <0.01 0.725 0.8512 76%

Omitting Torres-Torrelo et al (RT+CODvsRT), 2018 <0.01 0.732 0.8556 77%
Omitting Torres-Torrelo et al (RT+CODvsCON), 2018 <0.01 0.738 0.8591 77%

Total (95% CI) <0.01 0.695 0.8335 76%

-0.97 [-1.45, -0.49]
-0.98 [-1.46, -0.50]
-0.85 [-1.26, -0.44]
-1.00 [-1.47, -0.52]
-1.05 [-1.51, -0.58]
-0.88 [-1.31, -0.45]
-1.01 [-1.49, -0.53]
-0.85[-1.25, -0.44]
-1.00 [-1.48, -0.52]
-0.95 [-1.42, -0.48]
-1.04 [-1.52, -0.56]
-1.07 [-1.52, -0.62]
-1.04 [-1.51, -0.56]
-1.02 [-1.50, -0.54]
-1.03 [-1.50, -0.55]
-1.04 [-1.52, -0.57]
-1.03 [-1.51, -0.56]
-1,02 [-1.49, -0.55]

-0.99 [-1.44, -0.54]
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Supplementary Figure 2. Sensitivity analysis of RSA mean.
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Supplementary Figure 3. Funnel plot of RSA mean.
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Std. Mean Difference

Std. Mean Difference

Omitting Brini et al (PT+RSTvsPT), 2023

Omitting Brini et al (PT+RSTvsCON), 2023

Omitting Derraa et al (PT+CODvsCON), 2023
Omitting Gaamouri et al (PT+STvsCON), 2023
Omitting Hammami et al (FT+RT+STvsCON), 2019a
Omitting Hammami et al (PT+CODvsCON), 2019b
Omitting Hammami et al (PT+RT+STvsCON), 2017
Omitting Hammami et al (PT+RT+STvsRT), 2017
Omitting Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019
Omitting Spineti et al (FT+RT+STvsRT), 2016
Omitting Torres-Torrelo et al (RT+CODvsRT), 2018
Omitting Torres-Torrelo et al (RT+CODvsCON), 2018

Total (95% CI)

<0.01
=001
<0.01
<0.01
<0.01
<0.01
<001
<0.01
<0.01
<0.01
<0.01
<001

<0.01

0.415 0.6446 66%
0.403 0.6345 66%
0.447 0.6687 68%
0.449 0.6699 67%
0.431 0.6567 66%
0.461 0.6791 68%
0.436 0.6600 67%
0.400 0.6328 65%
0.424 0.6514 66%
0.317 0.5627 59%
0.429 0.6552 67%
0.444 0.6666 68%

0.412 0.6420 66%

Study P-value Tauz Tau 12 IV, Random, 95% CI IV, Random, 95% CI
Omitting Aloui et al (PT+STvsCON), 2022 < 0.01 0.440 06630 66% -0.86 [-1.25, -0.47]
Omitting Aloui et al (PT+CODvsCON), 2021a <0.01 0.450 0.6709 67% -0.86 [-1.26, -0.47]
Omitting Aloui et al (PT+STvsCON), 2021b <0.01 0.229 04783 52% -0.77 [-1.09, -0.45]
Omitting Brini et al (PT+RSTvsPT), 2022 <0.01 0.425 0.6521 67% -0.86[-1.24,-0.47]
Omitting Brini et al (PT+RSTvsRST), 2022 <0.01 0.413 0.6424 66% -0.93 [-1.31, -0.55]
Omitting Brini et al (PT+RSTvsCON), 2022 <0.01 0.414 0.6433 66% -0.85[-1.23,-047]

-0.85 [1.23, -0.46]
-0.84 [-1.21, -0.46]
-0.88 [-1.27, -0.49]
-0.87 [1.26, 0.47]
-0.93 [-1.31, -0.54]
-0.89 [-1.28, -0.49]
-0.92 -1.31,-0.53]
-0.94 [1.32, -0.56)
-0.93 [-1.31, -0.54]
-0.97 [-1.32, -0.62)
-0.92[-1.31, -0.54]
-0.89 [-1.28, -0.50]

-0.88 [-1.25, -0.51)

Supplementary Figure 4. Sensitivity analysis of RSA best.
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Supplementary Figure 5. Funnel plot of RSA best.
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Study

P-value Tau2 Tau I2

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference

Omitting Aloui et al (PT+STvsCON), 2022

Omitting Aloui et al (PT+CODvsCON), 2021a
Omitting Brini et al (PT+RSTvsPT), 2022

Omitting Brini et al (PT+RSTvsRST), 2022

Omitting Brini et al (PT+RSTvsCON), 2022

Omitting Brini et al (PT+RSTvsPT), 2023

Omitting Brini et al (PT+RSTvsCON), 2023

Omitting Derraa et al (PT+CODvsCON), 2023
Omitting Gaamouri et al (PT+STvsCON), 2023
Omitting Harmami et al (PT+RT+STvsCON), 2019a
Omitting Hammami et al (PT+CODvsCON), 2019b
Omitting Harmami et al (PT+RT+STvsCON), 2017
Omitting Hammami et al (PT+RT+S5TvsRT), 2017
Omitting Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019
Omitting Spineti et al (PT+RT+STvsRT), 2016
Omitting Torres-Torrelo et al (RT+CODvsRT), 2018
Omitting Torres-Torrelo et al (RT+CODvsCON), 2018

Total (95% CI)

0.63 0.266 0.5157 56%
0.58 0.258 0.5076 55%
0.92 0.203 0.4509 51%
0.69 0.250 0.5000 56%
0.90 0.209 0.4577 52%
0.99 0.175 0.4186 47%
1.00 0.181 0.4255 48%
0.65 0.256 0.5063 56%
0.47 0.218 0.4671 52%
0.65 0.263 0.5127 56%
0.91 0.215 0.4635 51%
0.59 0.250 0.5003 56%
0.71 0.256 0.5061 56%
0.43 0.195 0.4417 50%
0.44 0.200 0.4469 50%
0.55 0.239 0.483%4 55%
0.66 0.253 0.5025 56%

0.67 0.228 0.4776 53%

0.08 [-0.26, 0.43]
0.10 [-0.24, 0.43]
0.02 [-0.30, 0.33]
0.07 [0.26, 0.40]
0.02 [-0.29, 0.34]
-0.00 [-0.30, 0.30]
0.00 [-0.30, 0.31]
0.08 [-0.26, 0.41]
0.12[-0.20, 0.44]
0.08 [-0.26, 0.42]
0.02 [-0.30, 0.34]
0.09 [-0.24, 0.42]
0.06 [-0.27, 0.40]
0.13[-0.19, 0.44]
0.12[-0.19, 0.44]
0.10[-0.23, 0.43]
0.08 [-0.26, 0.41]

0.07 [-0.25, 0.38]

IV, Random, 95% CI

—_—

Supplementary Figure 6. Sensitivity analysis of RSA fatigue index.
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Supplementary Figure 7. Funnel plot of RSA fatigue index.



740 Effects of combined training on RSA

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup =< 18

Aloui et al (PT+STvsCON), 2022 -0.69 0.4204 17 -0.21 0.2352 17  6.3% -1.38[-2.13, -0.62]

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.3859 16 6.3% -1.24[-1.98,-0.50]

Aloui et al (PT+5TvsCON), 2021b -0.75 0.1808 18 -0.12 02400 16 55% -2.92[-3.92,-1.92]

Derraa et al (PT+CODvsCON), 2023 -0.17 0.1758 10 -0.01 0.1552 10 5.7% -0.92[-1.86, 0.01]

Gaamouri et al (PT+STvsCON), 2023 -0.50 0.3081 15 -0.05 0.2200 13 59% -1.61[-2.48, -0.74]

Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3300 14 -0.04 0.1500 14 6.3% -0.30[-1.05, 0.44)

Hammami et al (PT+CODvsCON), 2019b -0.20 0.5000 14 -0.40 0.8000 14  6.3% 0.29 [-0.45, 1.04]

Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1758 8 -0.09 03951 12 58% -0.26([-1.16, 0.64]

Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1758 8 -0.08 01539 16 59% -0.60[-1.47, 0.27)

Total (95% CI) 122 128 54.1% -0.97 [-1.55, -0.39]

Heterogeneity: Tau® = 0.609; Chi’ = 35.26, df =8 (P < 0.01); ¥ = 77%
Test for overall effect: Z =-3.27 (P < 0.01)

subgroup =218

Brini et al (PT+RSTvsPT), 2022 -0.66 0.2961 5 -0.34 0.3407 13 53% -0.92[-2.01, 0.16]
Brini et al (PT+RSTvsRST), 2022 -0.66 0.2961 4 -0.70 0.3%40 13 52% 0.10[-1.02, 1.22]
Brini et al (PT+RSTvsCON), 2022 -0.66 0.2961 4 -003 00854 13 3.3% -3.91[-5.78, -2.04]
Brini et al (PT+RSTvsPT), 2023 -0.64 0.2921 7 -0.37 0.3477 14 57% -0.78[-1.73, 0.16]
Brini et al (PT+RSTvsCON), 2023 -0.64 0.2921 7 0.25 0.0985 14  3.4% -4.66[-6.47, -2.85]
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.28 0.3915 12 -0.11 0.2100 10 6.0% -0.51[-1.36, 0.35]
Spineti et al (PT+RT+STvsRT), 2016 -0.10 0.1114 12 -0.07 0.2352 10 6.0% -0.16[-1.00, 0.68]
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.05 0.1100 6 -0.01 0.1200 12 56% -0.33[-1.31, 0.66]
Torres-Torrelo et al (RT+CODvsCON), 2018  -0.05 0.1100 6 00101100 10 54% -0.52[-1.55, 0.52]

Total (95% Cl) 63 109 45.9% -1.06 [-1.81, -0.30] <>
Heterogeneity: Tau® = 0.973; Chi® = 34.32, df =8 (P < 0.01); ¥ = 77% :
Test for overall effect: Z=-2.75 (P < 0.01)

Total (95% CI) 185 237 100.0% -0.99 [1.44, -0.54] -

Prediction interval [-2.82, 0.84] ———
Heterogeneity: Tau® = 0.695; Chi® = 70.20, df = 17 (P < 0.01); I = 76% L bt
Test for overall effect: Z =-4.30 (P < 0.01) 6 4 -2 0 2 4 &

Test for subgroup differences: Chi’ = 0.03, df = 1 (P = 0.86)

Supplementary Figure 8. Subgroup analysis of RSA mean (chronological age).

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = Soccer :

Aloui et al (PT+STvsCON), 2022 -0.69 0.4204 17 -0.21 0.2352 17 74% -1.38[-2.13,-0.62] e

Aloui et al (PT+CODvsCON), 2021a -0.60 04000 18 -0.10 0.3859 16 7.5% -1.24[-1.98,-0.50]

Aloui et al (PT+STvsCON), 2021b -0.75 0.1808 18 -0.12 0.2400 16 6.7% -2.92[-3.92,-1.92] -

Derraa et al (PT+CODvsCON), 2023 -0.17 0.1758 10 -0.01 0.1552 10 6.9% -0.92[-1.86, 0.01] =
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1758 8 -0.09 0.3951 12 7.0% -0.26[-1.16, 0.64] ‘i
Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1758 8 -0.08 0.1539 16 7.1% -0.60[-1.47, 0.27]

Spineti et al (PT+RT+STvsRT), 2016 -0.10 0.1114 12 -0.07 0.2352 10 7.2% -0.16[-1.00, 0.68] :

Total (95% CI) 91 97 49.8% -1.05[-1.68, -0.42] <«

Heterogeneity: Tau® = 0.529; Chi® = 22.74, df = 6 (P < 0.01); I° = 74%
Test for overall effect: Z = -3.28 (P < 0.01)

subgroup = Basketball

Brini et al (PT+RSTvsPT), 2022 066 02961 5 -0.34 0.3407 13 6.4% -0.92[-2.01, 0.16] -
Brini et al (PT+RSTvsRST), 2022 -066 02961 4 -0.70 0.3940 13 6.3% 0.10[-1.02, 1.22] -
Brini et al (PT+RSTvsCON), 2022 066 02961 4 -0.03 0.0854 13 42% -391[-578,-204) —=— !
Brini et al (PT+RSTvsPT), 2023 -0.64 02921 7 -0.37 0.3477 14 69% -0.78[-1.73, 0.16] e
Brini et al (PT+RSTvsCON), 2023 064 02921 7 02500985 14 4.4% -4.66[-647,-2.85] —®—

Total (95% CI) 27 67 28.2% -1.87 [-3.39, -0.35]

Heterogeneity: Tau® = 2.504; Chi® = 28.29, df = 4 (P < 0.01); I = 86%
Test for overall effect: Z = -2.41 (P = 0.02)

subgroup = Handball

Gaamouri et al (PT+STvsCON), 2023 -0.50 0.3081 15 -0.05 0.2200 13 7.1% -1.61[-2.48,-0.74] =
Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3300 14 -0.04 0.1500 14 7.5% -0.30[-1.05, 0.44]
Hammami et al (PT+CODvsCON), 2018b  -0.20 0.5000 14 -0.40 0.8000 14 7.5% 0.29[-0.45, 1.04] :
Total (95% CI) 43 41 22.0% -0.52[-1.57, 0.53]

Heterogeneity: Tau® = 0.704; Chi’ = 10.78, df = 2 (P < 0.01); I = 81%
Test for overall effect: Z = -0.97 (P = 0.33)

Total (95% CI) 161 205 100.0% -1.12 [-1.65, -0.58] <>

Prediction interval [-3.19, 0.96] ——
Heterogeneity: Tau® = 0.847: Chi® = 67.90, df = 14 (P <0.01); 12 =79% I T T T T 1
Test for overall effect: Z=-4.10 (P <0.01) 6 4 2 0 2 4 6

Test for subgroup differences: Chi’ = 2,08, df = 2 (P = 0.35)

Supplementary Figure 9. Subgroup analysis of RSA mean (type of sports).
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Study or Interventi Comparat Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = plyometric+sprint training

Aloui et al (PT+STvsCON), 2022 -0.69 04204 17 -0.21 0.2352 17 6.3% -1.38[-2.13,-062] =

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.3859 16 6.3% -1.24[-1.98, -0.50] =

Aloui et al (PT+STvsCON), 2021b -0.75 0.1808 18 -0.12 0.2400 16 55% -292[-3.92 -1.92] -

Brini et al (PT+RSTvsPT), 2022 -0.66 0.2961 5 -0.34 0.3407 13 53% -0.92[-2.01, 0.16] e

Brini et al (PT+RSTvsRST), 2022 -0.66 0.2961 4 -0.70 03940 13 52% 0.10[-1.02, 1.22] ——

Brini et al (PT+RSTvsCON), 2022 -0.66 0.2961 4 -0.03 0.0854 13 3.3% -3.91[-5.78,-2.04] ——

Brini et al (PT+RSTvsPT), 2023 -0.64 0.2921 7 -0.37 03477 14 57% -0.78[-1.73, 0.16] -

Brini et al (PT+RSTvsCON), 2023 -0.64 0.2921 7 0.25 0.0985 14 34% -4.66[-647,-2.85] —%— :

Derraa et al (PT+CODvsCON), 2023 -0.17 0.1758 10 -0.01 0.1552 10 5.7% -0.92[-1.86, 0.01] -
Gaamouri et al (PT+STvsCON), 2023 -0.50 0.3081 15 -0.05 0.2200 13 5.9% -1.61[-2.48, -0.74] =

Hammami et al (PT+CODvsCON), 2019b -0.20 0.5000 14 -0.40 0.8000 14 6.3% 0.29[-045, 1.04) E 3

Total (95% CI) 119 153 58.9% -1.46[-2.17, -0.76] -
Heterogeneity: Tau® = 1.116; Chi® = 56.46, df = 10 (P < 0.01); I = 82%

Test for overall effect: Z = -4.07 (P < 0.01)

subgroup = ply tric+resist +sprint

Hammami et al (PT+RT+STvsCON), 2019a —0.15 0.3300 14 -0.04 01500 14 6.3% -0.30[-1.05, 0.44]
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1758 8 -0.09 0.3951 12 58% -0.26[-1.16, 0.64]

Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1758 8 -0.08 0.1539 16 59% -0.60[-1.47, 0.27]
Spineti et al (PT+RT+STvsRT), 2016 -0.10 0.1114 12 -0.07 0.2352 10 6.0% -0.16 [-1.00, 0.68] :
Total (95% CI) 42 52 24.1% -0.33 [-0.74, 0.09] .

Heterogeneity: Tau® = 0; Chi* = 0.55, df =3 (P = 0.91); P = 0%
Test for overall effect: Z = -1.54 (P = 0.12)

subgroup = resist +sprint training :
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.28 0.3915 12 -0.11 0.2100 10 6.0% -0.51[-1.36, 0.35]

Torres-Torrelo et al (RT+CODvsRT), 2018 -0.05 0.1100 6 -0.01 0.1200 12 56% -0.33[-1.31, 0.66) :

Torres-Torrelo et al (RT+CODvsCON), 2018 -0.05 0.1100 6 0.01 0.1100 10 54% -0.52[-1.55, 0.52] ]

Total (95% CI) 24 32 17.0% -0.45[-1.00, 0.09] b g

Heterogeneity: Tau® = 0; Chi® = 0.09, df = 2 (P = 0.95); I* = 0% :

Test for overall effect: Z = -1.62 (P = 0.10)

Total (95% CI) 185 237 100.0% -0.99 [-1.44, -0.54]

Prediction interval [-2.82, 0.84] ——
Heterogeneity: Tau® = 0.695; Chi® = 70.20, df = 17 (P < 0.01); I* = 76% e P
Test for overall effect: Z = -4.30 (P < 0.01) £ 4 -2 0 2 4 &6

Test for subgroup differences: Chi® = 7.65, df = 2 (P = 0.02)

Supplementary Figure 10. Subgroup analysis of RSA mean (combined training type).

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

subgroup = One COD Sprint

Aloui et al (PT+STvsCON), 2022 -0.69 0.4204 17 -0.21 0.2352 17 6.3% -1.38[-2.13,-0.62)

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.3859 16 6.3% -1.24[-1.98, -0.50]

Aloui et al (PT+STvsCON), 2021b -0.75 0.1808 18 -0.12 0.2400 16 55% -2.92[-3.92,-1.92)

Gaamouri et al (PT+STvsCON), 2023 -0.50 0.3081 15 -0.05 0.2200 13 59% -1.61[-2.48,-0.74)

Hammami et al (PT+RT+STvsCON), 2019a  -0.12 0.3300 14 -0.04 0.1500 14 6.3% -0.30 [-1.05, 0.44]

Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1758 8 -0.09 0.3951 12 58% -0.26[-1.16, 0.64)

Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1758 8 -0.08 0.1539 16 59% -0.60[-1.47, 0.27]

Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.28 0.3915 12 -0.11 0.2100 10  6.0% -0.51[-1.36, 0.35)

Spineti et al (PT+RT+STvsRT), 2016 -0.10 0.1114 12 -0.07 0.2352 10 6.0% -0.16[-1.00, 0.68]

Total (95% CI) 122 124 54.1% -0.98 [-1.51, -0.45]

Heterogeneity: Tau® = 0.477; Chi* = 28.12, df = 8 (P < 0.01); IF = 73%

Tesl for overall effect: Z = -3.61 (P < 0.01)

subgroup = Multiple COD Sprint :
Brini et al (PT+RSTvsPT), 2022 -0.66 0.2961 5 -0.34 0.3407 13 53% -0.92[-2.01, 0.16) —
Brini et al (PT+RSTvsRST), 2022 -0.66 0.2961 4 -0.70 0.3940 13 52% 0.10[-1.02, 1.22) ——
Brini et al (PT+RSTvsCON), 2022 -0.66 0.2961 4 -0.03 0.0854 13 3.3% -3.91[-5.78,-2.04) ——
Brini et al (PT+RSTvsPT), 2023 -0.64 0.2921 7 -0.37 0.3477 14  57% -0.78[-1.73, 0.16] —
Brini et al (PT+RSTvsCON), 2023 -0.64 0.2921 7 0.25 0.0985 14 34% -466[-647, -285 —8&— :
Hammami et al (PT+CODvsCON), 2019b -0.20 0.5000 14 -0.40 0.8000 14 6.3% 0.29 [-0.45, 1.04] 2
Total (95% Cl) 41 81 29.2% -1.45[-2.75, -0.15] >
Heterogeneity: Tau® = 2.200; Chi’ = 38.68, df = 5 (P < 0.01); I* = 87%

Tesl for overall effect: Z =-2.19 (P = 0.03)

subgroup = Linear Sprint

Derraa et al (PT+CODvsCON]), 2023 -0.17 0.1758 10 -0.01 0.1552 10 57% -0.92[-1.86, 0.01] —.~
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.05 0.1100 6 -0.01 0.1200 12 56% -0.33[-1.31, 0.66) _-::
Torres-Torrelo et al (RT+CODvsCON), 2018 -0.05 0.1100 6 00101100 10 54% -052[-1.55 0.52]

Total (95% Cl) 22 32 16.7% -0.60 [-1.17, -0.04] S
Heterogeneity: Tau® = 0; Chi® = 0.79, df = 2 (P = 0.68); I = 0%

Test for overall effect: Z =-2.09 (P = 0.04)

Total (95% CI) 185 237 100.0%  -0.99 [-1.44, -0.54] *
Prediction interval [-2.82, 0.84] —
Heterogeneity: Tau® = 0.695; Chi® = 70.20, df = 17 (P < 0.01); I = 76% 1 -1
Test for overall effect: Z = -4.30 (P < 0.01) 6 4 -2 0 2 4 6

Test for subgroup differences: Chif=1.77,d=2 (P=041)

Supplementary Figure 11. Subgroup analysis of RSA mean (type of RSA test).
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Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup =< 18

Aloui et al (PT+STvsCON), 2022 -0.67 0.4051 17 -0.22 0.2307 17 6.4% -1.33[-2.08,-0.58]

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.4000 16 6.4% -1.22[-1.96,-0.48)

Aloui et al (PT+STvsCON), 2021b -0.74 0.1908 18 -0.11 0.2452 16 5.4% -2.82[-3.80,-1.84)

Derraa et al (PT+CODvsCON), 2023 -0.15 0.1664 10 0.00 0.1015 10 5.5% -1.04[-1.99, -0.09]

Gaamouri et al (PT+STvsCON), 2023 -0.39 0.2707 15 -0.07 0.2551 13 6.1% -1.18[-1.99, -0.36]

Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3200 14 -0.05 0.1300 14 6.4% -0.28[-1.02, 0.47]

Hammami et al (PT+CODvsCON), 2019b -0.50 0.3606 14 0.00 0.7000 14 6.2% -0.87 [-1.65, -0.09]

Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1308 8 -0.07 0.3704 12 57% -0.35[-1.25, 0.55]

Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1308 8 -0.18 01136 16 59% 0.00[-0.85, 0.85]

Total (95% CI) 122 128 54.1% -0.99 [-1.48, -0.50]

Heterogeneity: Tau® = 0.387; Chi’ = 25.5, df = 8 (P < 0.01); I* = 69%

Test for overall effect: Z =-3.95 (P < 0.01)

subgroup =2 18

Brini et al (PT+RSTvsPT), 2022 -0.17 0.0693 5 -0.09 0.0436 13 4.6% -1.49[-2.66,-0.32)

Brini et al (PT+RSTvsRST), 2022 -0.17 0.0693 4 -0.17 0.0781 13 48% 0.00[-1.12, 1.12]

Brini et al (PT+RSTvsCON), 2022 -0.17 0.0693 4 -0.01 0.0917 13 4.2% -1.73[-3.04,-0.43]

Brini et al (PT+RSTvsPT), 2023 -0.17 0.0693 7 -0.08 0.0436 14 51% -1.63[-2.69, -0.57]

Brini et al (PT+RSTvsCON}), 2023 -0.17 0.0693 7 -0.01 0.0917 14 49% -1.80[-2.89,-0.71]

Sanchez-Sanchez et al (RT+HIITysHIIT), 2019 -0.21 0.3915 12 -0.14 0.2100 10 6.0% -0.21[-1.05, 0.63]

Spineti et al (PT+RT+STvsRT), 2016 0.04 0.1803 12 -0.07 0.2402 10 5.9% 0.51[-0.35, 1.36]

Torres-Torrelo et al (RT+CODvsRT), 2018 -0.07 0.1200 6 -0.04 0.1000 12 54% -0.27[-1.25 0.72]

Torres-Torrelo et al (RT+CODvsCON), 2018 -0.07 0.1200 6 00100854 10 51% -0.76[-1.82, 0.29]

Total (95% CI) 63 109 459% -0.76 [-1.34, -0.19]

Heterogeneity: Tau® = 0.490; Chi’ = 22,17, df = 8 (P < 0.01); I = 64%

Test for overall effect: Z =-2.60 (P < 0.01)

Total (95% CI) 185 237 100.0% -0.88 [-1.25, -0.51]

Prediction interval [-2.30, 0.53]

Heterogeneity: Tau® = 0.412; Chi® = 49.51, df = 17 (P < 0.01); I = 66% U B LI
Test for overall effect: Z = -4.69 (P < 0.01) 3 -2 10 1 2 3

Test for subgroup differences: Chi® = 0.35, df = 1 (P = 0.56)

Supplementary Figure 12. Subgroup analysis of RSA best (chronological age).

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = Soccer

Aloui et al (PT+STvsCON), 2022 -0.67 0.4051 17 -0.22 0.2307 17 7.5% -1.33[-2.08,-0.58) —=—

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.4000 16 7.6% -1.22[-1.96,-0.48] ——

Aloui et al (PT+STvsCON), 2021b -0.74 0.1908 18 -0.11 0.2452 16 6.5% -2.82(-3.80,-1.84 —F%—

Derraa et al (PT+CODvsCON), 2023 -0.15 0.1664 10 0.00 01015 10 66% -1.04[-1.99,-0.09] ——

Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1308 8 -0.07 0.3704 12 68% -0.35[-1.25, 0.55] —i
Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1308 8 -0.18 0.1136 16 7.1% 0.00[-0.85, 0.85]

Spineti et al (PT+RT+STvsRT), 2016 0.04 0.1803 12 -0.07 0.2402 10 7.0% 0.51[-0.35, 1.36] s
Total (95% CI) 91 97 49.1% -0.88 [-1.64, -0.13] -
Heterogeneity: Tau® = 0.846; Chi’ = 32.9, df = 6 (P < 0.01); I = 82% i
Test for overall effect: Z = -2.30 (P = 0.02)

subgroup = Basketball

Brini et al (PT+RSTvsPT), 2022 -0.17 0.0693 5 -0.09 0.0436 13 56% -1.49[-2.66,-0.32)
Brini et al (PT+RSTvsRST), 2022 -0.17 0.0693 4 -0.17 0.0781 13 58% 0.00[-1.12, 1.12]
Brini et al (PT+RSTvsCON), 2022 -0.17 0.0693 4 -0.01 0.0917 13 5.1% -1.73[-3.04,-0.43]
Brini et al (PT+RSTvsPT), 2023 -0.17 0.0693 7 -0.08 0.0436 14 6.1% -1.63[-2.69,-0.57)
Brini et al (PT+RSTvsCON), 2023 -0.17 0.0693 7

Total (95% Cl) 27 67 28.7% -1.32[-1.99, -0.65]

Heterogeneity: Tau® = 0.244; Chi® = 6.87, df =4 (P = 0.14); I = 42%
Test for overall effect: Z =-3.87 (P < 0.01)

subgroup = Handball
Gaamouri et al (PT+STvsCON), 2023 -0.39 0.2707 15 -0.07 0.2551 13 7.2% -1.18[-1.99, -0.36)
Hammanmi et al (PT+RT+STvsCON), 2019a -0.12 0.3200 14 -0.05 0.1300 14 7.6% -0.28 [-1.02, 0.47)
Hammanmi et al (PFT+CODvsCON), 2019b  -0.50 0.3606 14 0.00 0.7000 14 7.4% -0.87 [-1.65, -0.09)]
Total (95% Cl) 43 41 222% -0.76 [-1.28, -0.23]
Heterogeneity: Tau® = 0.055; Chi’ = 2.7, df = 2 (P = 0.26); I = 26%

+
—
+
H
-0.01 0.0917 14  6.0% -1.80[-2.89,-0.71] ——
-
——
——
i
-
Test for overall effect: Z = -2.84 (P < 0.01)
-«

Total (95% CI) 161 205 100.0% -0.98 [-1.41, -0.56]

Prediction interval [-2.55, 0.58] ——
Heterogeneity: Tau® = 0.477; Chi® = 45.48, df = 14 (P < 0.01); I = 69% =k v
Test for overall effect: Z = -4.53 (P <0.01) 3 249041 2 3

Test for subgroup differences: Chi=1.74,df = 2 (P = 0.42)

Supplementary Figure 13. Subgroup analysis of RSA best (type of sport).
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Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = plyometric+sprint training

Aloui et al (PT+STvsCON), 2022 -0.67 0.4051 17 -0.22 0.2307 17 64% -1.33[-2.08,-0.58]

Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 04000 16 ©6.4% -1.22[-1.96,-0.48]

Aloui et al (PT+STvsCON), 2021b -0.74 01908 18 -0.11 0.2452 16 54% -2.82[-3.80, -1.84]

Brini et al (PT+RSTvsPT), 2022 -0.17 0.0693 5 -0.09 00436 13 46% -149[-2.66,-0.32)

Brini et al (PT+RSTvsRST), 2022 -0.17 0.0693 4 -0.17 00781 13 48% 0.00[-1.12, 1.12]

Brini et al (PT+RSTvsCON), 2022 -0.17 0.0693 4 -0.01 0.0917 13 4.2% -1.73[-3.04,-0.43]

Brini et al (PT+RSTvsPT), 2023 -0.17 0.0693 7 -0.08 0.0436 14 51% -1.63[-2.69, -0.57)

Brini et al (PT+RSTvsCON), 2023 -0.17 0.0693 7 -0.01 0.0917 14 49% -1.80[-2.89,-0.71]

Derraa et al (PT+CODvsCON), 2023 -0.15 0.1664 10 0.00 0.1015 10 5.5% -1.04[-1.99,-0.09]

Gaamouri et al (PT+STvsCON), 2023 -0.39 0.2707 15 -0.07 0.2551 13 6.1% -1.18[-1.99, -0.36]

Hammanmi et al (PT+CODvsCON), 2019b -0.50 0.3606 14 0.00 0.7000 14 6.2% -0.87 [-1.65, -0.09]

Total (95% CI) 119 153 59.6% -1.35[-1.73, -0.97]
Heterogeneity: Tau® = 0.174; Chi® = 17.65, df = 10 (P = 0.06); I* = 43%
Test for overall effect: Z = -6.98 (P < 0.01)

" "

subgroup = ply tric+r sprint training

Hammami et al (PT+RT+STvsCON), 2019a -0.12 0.3200 14 -0.05 0.1300 14 64% -0.28[-1.02, 0.47]
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1308 8 -0.07 0.3704 12 57% -0.35[-1.25, 0.55]
Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1308 8 -0.18 0.1136 16 5.9% 0.00[-0.85, 0.85)
Spineti et al (PT+RT+STvsRT), 2016 0.04 0.1803 12 -0.07 0.2402 10 59% 0.51[-0.35, 1.36]
Total (95% Cl) 42 52 24.0% -0.04 [-0.46, 0.37]
Heterogeneity: Tau® = 0; Chi’ = 2.42, df = 3 (P = 0.49); I = 0%

Test for overall effect: Z = -0.20 (P = 0.84)

subgroup = resi sprint training :
Sanchez-Sanchez et al (RT+HIITvsHIIT), 2019 -0.21 0.3915 12 -0.14 0.2100 10 6.0% -0.21[-1.05, 0.63] I
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.07 0.1200 6 -0.04 01000 12 54% -0.27[-1.25, 0.72] ¥

Torres-Torrelo et al (RT+CODvsCON), 2018  -0.07 0.1200 6 0.01 0.0854 10 5.1% -0.76[-1.82, 0.29] —aT

Total (95% CI) 24 32 16.4% -0.38 [-0.92, 0.17] -
Heterogeneity: Tau® = 0; Chi® = 0.71, df = 2 (P = 0.70); I* = 0% :

Test for overall effect: Z=-1.34 (P = 0.18)

Total (95% CI) 185 237 100.0% -0.88 [-1.25, -0.51] ->

Prediction interval [-2.30, 0.53] —
Heterogeneity: Tau® = 0.412; Chi® = 49.51, df = 17 (P < 0.01); I* = 66% T T 1
Test for overall effect: Z = -4.69 (P < 0.01) 32101 2 3

Test for subgroup differences: Chi* = 22,27, df = 2 (P < 0.01)

Supplementary Figure 14. Subgroup analysis of RSA best (combined training type).

Study or Intervention Comparator Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

subgroup = One COD Sprint

Aloui et al (PT+STvsCON), 2022 -0.67 04051 17 -0.22 02307 17 6.4% -1.33[-2.08,-0.58]
Aloui et al (PT+CODvsCON), 2021a -0.60 0.4000 18 -0.10 0.4000 16 6.4% -1.22[-1.96,-0.48]
Aloui et al (PT+STvsCON), 2021b -0.74 01908 18 -0.11 0.2452 16 5.4% -2.82[-3.80, -1.84]
Gaamouri et al (PT+STvsCON), 2023 -0.39 02707 15 -0.07 0.2551 13 6.1% -1.18[-1.99, -0.36]
Hammami et al (PT+RT+STvsCON), 2019a  -0.12 0.3200 14 -0.05 0.1300 14 6.4% -0.28 [-1.02, 0.47]
Hammami et al (PT+RT+STvsCON), 2017 -0.18 0.1308 8 -0.07 0.3704 12 57% -0.35[-1.25, 0.55]
Hammami et al (PT+RT+STvsRT), 2017 -0.18 0.1308 8 -0.18 0.1136 16 5.9% 0.0 [-0.85, 0.85]
Sanchez-Sanchez et al (RT+HIITysHIIT), 2019 -0.21 0.3915 12 -0.14 0.2100 10 6.0% -0.21[-1.05, 0.63]
Spineti et al (PT+RT+STvsRT), 2016 0.04 0.1803 12 -0.07 0.2402 10 59% 0.51[-0.35 1.36]
Total (95% CI) 122 124 542% -0.75[-1.35, 0.16]

Heterogeneity: Tau® = 0.644; Chi® = 37.21, df =8 (P < 0.01); I = 79%
Test for overall effect: Z =-2.49 (P = 0.01)

subgroup = Multiple COD Sprint

Brini et al (PT+RSTvsPT), 2022 -0.17 0.0693 5 -0.09 0.0436 13 4.6% -1.49[-2.66,-0.32]
Brini et al (PT+RSTvsRST), 2022 -0.17 0.0693 4 -0.17 0.0781 13 4.8% 0.00[-1.12, 1.12]
Brini et al (PT+RSTvsCON), 2022 -0.17 0.0693 4 -0.01 00917 13 4.2% -1.73[-3.04,-0.43]
Brini et al (PT+RSTvsPT), 2023 -0.17 0.0693 7 -0.08 0.0436 14 5.1% -1.63[-2.69,-0.57)
Brini et al (PT+RSTvsCON), 2023 -0.17 0.0693 7 -0.01 0.0917 14 4.9% -1.80[-2.89,-0.71]
Hammami et al (PT+CODvsCON), 2019b -0.50 0.3606 14 0.00 0.7000 14 6.2% -0.87[-1.65, -0.09]
Total (95% CI) a1 81 29.9% -1.21[-1.76, -0.67]

Heterogeneity: Tau® = 0.161; Chi’ = 7.75, df = 5 (P = 0.17); I° = 36%
Test for overall effect: 2 = -4.39 (P < 0.01)

subgroup = Linear Sprint

Derraa et al (PT+CODvsCON), 2023 -0.15 0.1664 1
Torres-Torrelo et al (RT+CODvsRT), 2018 -0.07 0.1200
Torres-Torrelo et al (RT+CODvsCON), 2018 -0.07 0.1200
Total (95% CI)

Heterogeneity: Tau® = 0; Chi® = 1.25, df = 2 (P = 0.53); I = 0%
Test for overall effect: Z = -2.38 (P = 0.02)

(=]

0.00 01015 10 5.5% -1.04[-1.99,-0.09] ——

-0.04 0.1000 12 54% -0.27[-1.25, 0.72] ———

0.01 0.0854 10 5.1% -0.76[-1.82, 0.29]
32 15.9% -0.70[-1.27, -0.12]

BGEGE

Prediction interval [-2.30, 0.53]
Heterogeneity: Tau’ = 0.412; Chi® = 49,51, df = 17 (P < 0.01); I = 66%

Test for overall effect: Z = -4.69 (P < 0.01) 32101 2 3
Test for subgroup differences: Chi* =2.00,df =2 (P = 0.37)

—
-

Total (95% CI) 185 237 100.0% -0.88 [-1.25, -0.51] -
| I

Supplementary Figure 15. Subgroup analysis of RSA best (type of RSA test).





