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Abstract

Background

Superior physical fithess and performance are essential in male team sports. Among a myr-
iad of training methodologies, high-intensity interval training (HIIT) has gained popularity
owing to its unparalleled efficiency and effectiveness. Previous studies have established
that HIIT is a proven and effective approach for enhancing various physiological perfor-
mance outcomes, particularly oxygen consumption capacity, in individual sports. Despite
potential differences in training practices between male and female athletes, HIIT is recog-
nized as an anaerobic training approach for team-sport athletes. This systematic review
aimed to comprehensively and innovatively analyze the existing literature to examine the
effectiveness of HIIT on oxygen consumption performance among male team-sport
athletes.

Methods

A comprehensive literature search was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines across the
PubMed, SCOPUS, Web of Science, and SPORTDiscus databases until December 31,
2023. The inclusion criteria for this review encompassed research articles published in
peer-reviewed journals that specifically focused on the impact of HIIT on the oxygen con-
sumption performance of male players engaged in team sports. The study population exclu-
sively consisted of male participants. The collected data included study characteristics,
participant demographics, intervention details, and outcomes. Methodological quality
assessment was performed using standardized criteria. The effect sizes (ESs) were calcu-
lated, and a meta-analysis was conducted using a random-effects model.
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Results

The literature search yielded 13 eligible studies encompassing 286 athletes aged 14-26
years. The meta-analysis showed statistically significant enhancements in maximal oxygen
uptake (VO2max) in six studies (ES, 0.19-0.74; p < 0.005), Yo-Yo Intermittent Recovery
Test (YYIRT) performance in six studies (ES, 0.20-2.07; p = 0.009), repeated-sprint ability
total time (RSAyta) in five studies (ES, 0.18-1.33; p < 0.001), and the best and average
times for repeated-sprint ability (RSApest and RSAnean, respectively) in four studies (ES,
0.47-1.50; p < 0.001). However, two studies did not report any significant differences in the
outcomes of the Velocity in 30-15 Intermittent Fitness Test (VIFT) between the experimen-
tal and control groups (ES, —0.08 and -0.27; p = 0.87 and 0.443, respectively). Moreover,
one study did not report any significant differences in the maximal aerobic speed (MAS)
(ES, 0.41, p=0.403).

Conclusions

HIIT significantly improved VO2max, YYIRT, and RSA; however, it did not appear to
enhance VIFT and MAS performance, irrespective of age or competition level. These find-
ings indicate that HIIT could serve as a valuable method for improving oxygen consumption
performance (VO2max, YYIRT, and RSA) in male team-sport athletes, offering a time-effi-
cient alternative to the traditional training methods. Further research is warranted to investi-
gate its impact on performance outcomes in competitive settings and identify optimal HIIT
protocols tailored to specific team sports.

Introduction

Physical fitness is a fundamental component of competitive sports, encompassing not only
muscular strength and flexibility but also cardiorespiratory fitness, aerobic endurance, and
repeated-sprint ability (RSA) [1, 2]. These elements critically influence athletes’ performance
and stability [3, 4]. Aerobic capacity and endurance are pivotal constituents of physical fitness,
with aerobic capacity, specifically maximum oxygen uptake (VO2max), reflecting the body’s
ability to consume oxygen during exercise and serving as a crucial indicator of an athlete’s
endurance [5]. Aerobic endurance determines an athlete’s proficiency during extended peri-
ods of low- to moderate-intensity exercise, directly affecting their physical resilience and
recovery rates [6].

Another significant factor is RSA, which is particularly vital in team sports such as football,
basketball, and rugby [7]. These sports require athletes to repeatedly engage in high-intensity
sprints within short time frames while swiftly recovering between sprints [8]. A heightened
RSA enhances performance during critical moments and prolongs a team’s overall efficiency
throughout the game, thereby improving competitiveness [7]. Additionally, in team ball sports,
RSA influences the ability to compete for ball possession through numerous rapid sprints [9].

Therefore, an exceptional level of physical fitness not only enhances individual perfor-
mance, but also fortifies team dynamics, underscoring the importance of employing scientific
training methodologies [10]. Efficient and practical training methods, such as sustained long-
distance running, repetitive sprint training, and high-intensity interval training (HIIT), have
demonstrated significant potential in enhancing athletes’ performance [11]. These training
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modalities collectively improve the various aspects of physical fitness, ensuring athletes are
well-prepared to meet the demands of their respective sports and contributing to their overall
success in competition.

In team sports, the outcome of a game typically hinges on the collective physical perfor-
mance of athletes [12, 13]. Team sports often require athletes to engage in short, highly repeti-
tive, or near-maximal effort tasks, such as accelerated running, sprinting, sharp stopping and
turning, vertical jumping, and other high-intensity activities that are frequently interspersed
with brief recovery periods [14]. For example, in football, an athlete’s aerobic capacity and
endurance play a crucial role in determining their effective involvement in attacking and
defending throughout the game. Consequently, scientific training methods, including aerobic
and anaerobic training, are essential.

HIIT, a method combining aerobic and anaerobic training, has garnered widespread atten-
tion for its ability to significantly improve athletes’ fitness levels [15]. Through systematic
training, athletes can significantly enhance their fitness levels and contribute to better team
performance in competitions [16]. HIIT is characterized by alternating periods of vigorous
exercise and brief recovery intervals, involving short bursts of high-intensity exercise followed
by relaxation or lower-intensity exercise [17]. It encompasses a variety of activities that can be
customized based on intensity and duration, rather than being limited to a specific program
[18]. The HIIT method offers significant advantages compared to traditional training methods
[19-22]. This form of training can be accomplished within a relatively concise timeframe
using minimal or no equipment [21]. Moreover, it facilitates faster physiological adaptation of
the body than traditional endurance training methods [23]. This reduced timeframe and sig-
nificant fitness improvements have contributed to HIIT’s popularity [24].

Studies indicate the efficacy of HIIT in enhancing youth fitness and its widespread adoption
in daily fitness routines and team-sport training [25, 26]. Nine systematic reviews and meta-
analyses investigating the impact of HIIT on fitness outcomes in both adults and teenagers
consistently concluded that HIIT is safe and effective [25, 27-34]. HIIT could serve as a more
viable option for non-professional sports teams facing time and facility constraints, ensuring
the effectiveness of their training regimen [25].

A previous systematic review of women’s team sports revealed that HIIT significantly
improved both VO2max and RSA [16]. However, male and female athletes differ significantly,
making it difficult to generalize the results of studies across sexes [35]. Additionally, previous
systematic reviews on the use of HIIT in team sports have primarily focused on male football-
ers [32, 36], basketball players [37, 38], and handball players [39]. However, the oxygen con-
sumption performances of different male team-sport athletes have not yet been compared.
This systematic review aimed to provide a comprehensive overview of the impact of HIIT on
oxygen consumption performance among male athletes participating in various team sports
across different disciplines.

Materials and methods
Protocol and registration

This review was conducted in accordance with the guidelines outlined by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses [40], encompassing data selection,
collection, and analysis. This research project was duly recorded on the International Platform
for Registered Systematic Reviews and Meta-Analyses Protocols (http://inplasy.com/;reg.no.:
INPLASY202310028;D0I:10.37766/inplasy2023.1.0028).
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Eligibility criteria
The selection criteria for the studies in this review were determined based on the Population,
Intervention, Comparison, Outcomes, and Study (PICOS) framework.

o Population: This study included male team-sport athletes in good health, regardless of age
and competition level, with no specific restrictions.

« Interventions: Exercise interventions should have lasted 4-9 weeks. The intervention pro-
gram consisted of alternating periods of interval running and repetitive sprint training,
incorporating interspersed active or passive recovery periods. The exercises primarily
involved sprinting without assistive devices. To minimize confounding effects, this study
excluded a hybrid training modality that combined HIIT with plyometric or functional
modalities. The HIIT and control groups were subjected to identical training regimens and
durations.

o Comparison: The control group should have undergone small-sided games (SSGs) or rou-
tine technical and tactical training, excluding HIIT.

Outcomes: The study outcomes should have encompassed the impact of at least one HIIT on
participants’ aerobic capacity or RSA. Aerobic capacity was assessed by measuring VO2max,
the Yo-Yo Intermittent Recovery Test (YYIRT), and Velocity in 30-15 Intermittent Fitness
Test (VIFT), while repetitive sprinting capacity was evaluated using a short shuttle run. To
meet the inclusion criteria, the studies should have reported pre- and post-test values for
treatment effects or relevant test metrics. Studies focusing solely on sport-specific technical
skills were excluded.

o Study design: This review included only randomized controlled trials that satisfied the pre-
determined inclusion criteria.

Search strategy and selection process

A comprehensive search was conducted using four well-known scientific databases: PubMed,
SCOPUS, Web of Science, and SPORT Discus. The search included studies published until
December 31, 2023. In each of the four databases, the searches were performed by title, using a
pre-defined combination of keywords: (“high-intensity interval training” OR “high-intensity
intermittent training” OR “HIIT”) AND (“male team athletes” OR “handball” OR “basketball”
OR “soccer” OR “football”) AND (“physical performance” OR “maximal oxygen uptake” OR
“VO2max” OR “aerobic capacity” OR “repeated sprint ability”). Simultaneously, the literature
search involved incorporating citations, including additional studies from the reference list,
and a retrospective analysis of the bibliographies included in previous review articles. All rele-
vant topics were manually searched to identify all possible articles for inclusion. In addition,
screening was conducted using Google Scholar (Alphabet Inc., Mountain View, CA, USA) to
identify noteworthy recent studies.

The study selection process comprised four steps (Fig 1). After conducting a comprehensive
literature search, relevant studies were integrated into the reference management software to
eliminate duplicate entries. Initially, an experienced librarian from Universiti Putra Malaysia
provided guidance and assistance in formulating a systematic search strategy. The initial
screening phase was conducted by two separate reviewers (YY and FQ), who evaluated the
titles and abstracts of the studies. The exclusion of irrelevant materials was performed accord-
ing to pre-established criteria. To ensure a thorough examination, this systematic review and
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synthesis(meta-analysis)
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Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0310955.9001

meta-analysis exclusively considered articles written in English for potential inclusion. Studies
with incomplete text were excluded. If there were differences in opinion among the reviewers,
a third reviewer (KGS) was consulted to reach an agreement. After eliminating irrelevant con-
tent from the database based on the pre-established exclusion and inclusion criteria, the
remaining titles and abstracts were assessed.

Data extraction

After completing the literature search, data from eligible studies were extracted using Micro-
soft Word spreadsheets (Microsoft Corp., Redmond, WA, USA) based on the PICOS index
criteria (Table 1). This included information such as (1) author and publication year; (2) coun-
try; (3) athlete type and age; (4) sample size and group; (5) sports level and experience; (6)
duration and session; (7) experimental comparison; and (8) research outcomes. The primary
author was responsible for data extraction and entry. The process was subsequently evaluated
by another author assisted by the corresponding author.

Study quality assessment

Two independent evaluators (YY and FQ) used the PEDro scale to evaluate the potential bias
of studies that met the predetermined inclusion criteria. The results were cross-checked by a
third evaluator (MB), leading to a unanimous consensus. The PEDro scale, which can be
accessed online at https://pedro.org.au/wp-content/uploads/PEDro.scale.pdf, is an extremely
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Table 1. Qualitative analysis of the included studies.

Authors Country Participants Interventions Comparison Outcomes
Age (years)/ Number/ |Level/ EG CG
sports groups Experience
(years)
Arslan et al., 2022 | Turkey EG:146£05 |N=32 Regional/ Total weeks: 6 HIIT | 2 x (6—9 min of 15"-15" VO2max | VO2max
[41] CG:144+0.5 EG=16 >3 Session (t/w): 3 intermittent runs) at 90-95% | T* T
Basketball CG=16 Duration (min): VIFT; YYIRT1 YYIRT1 |
10-18 15 s/2 min recovery ™ VIFT 1
SSG | 2 (2 x 2.30—4 min 2 vs. 2 VIETT | RSAcow 1
games) at > 85% HR 0 2 R*SAtotal
min recovery 1
Arslan et al,, 2020 | Turkey EG:141+£06 |N=20 Academy / Total weeks: 5 HIIT | 2 x (6-10 min 15"-15" VO2max | VO2max
[42] CG:144+05 EG=10 EG:33+0.3 Session (t/w): 2 continuous runs) at 90-95% | T* T
Soccer CG=10 CG:34+0.3 Duration (min): VIFT; YYIRT1 | YYIRT17
12-20 15 s/2 min relax ™ RSA ot T
$SG | 2x (2x 230" 430" 2-a- | RSAwu
side games; 2 min relax T
Boraczynski et al., | Poland EG:25.6 £398 |N=25 National/ Total weeks: 6 SIT | Phase 1: (2'wk—1): 1 set, VO2max | VO2max
2023 [43] CG:243+5.16 | EG=13 EG: 15.4 £ 1.46 | Session (t/w): 2-3 10 x 45 s, 1 min active — T
Soccer CG=12 CG: 17.3 +2.38 | Duration (min): recovery
20 Phase 2: (3-wk—-1): 2 sets,
10 x 30 s, 30 s active recovery
SSG | Phase 1: (2'wk—1): 5 x 3 min,
3 min active recovery
Phase 2: (3:wk—1): 4 x 4 min,
3 min active recovery
Delextrat et al., United EG:14.4£ 0.5 N=17 National/ Total weeks: 6 HIIT | 2 x (8—13 min intermittent | VIFT T VIFT |
2018 [44] Kingdom CG:14.1+£0.6 EG=9 52+36 Session(t/w): 2 running at 95% of VIFT); 15
Basketball CG=38 Duration(min): s rest
NR SSG | 2x (2-3 x 3-5min 2 vs. 2
games) all out; 2 min
recovery
Eniseler et al., Turkey 169+ 1.1 N=19 National/ Total weeks: 6 RST |3 x (6 x 40 m) sprint YYIRT1 T | YYIRT1
2017 [45] Soccer EG=9 EG: 4.44 £ 0.88 | Session (t/w): 2 running RSApest | | RSApest |
CG=10 CG: 5.6+ 1.17 | Duration (min): 20 s / 4 min passive recovery | RSApean | RSAmean
60-90 SSG | 4 x 3 min workout; 4 min - l
passive recovery between
sets, at
90-95% HR 1.«
Gantois et al., Brazil 212423 N=17 College/ Total weeks: 6 RST |2-3x(6x30m)at90-95% | VO2max | VO2max
2019 [46] Basketball EG=9 >3 Session (t/w): 2 HR0xs 1-3 min/20 s rest T |
CG=8 Duration (min): | oG | physical-technical exercises | RoAwtal I | RSAwur |
NR RSAbest T RSAbest T
RSAmean RSAmean
T !
Hermassi et al., Tunisia EG:17.1+£0.3 N=30 National/ Total weeks: 7 SIT | 1-4x (5-10 x 10-20 s) at YYIRT1 T | YYIRT1 |
2018 [47] CG:17.3+£0.5 EG=15 >8 Session (t/w): 2 110-130% of MAS; 10-20 s RSAiota T | RSAtotal
Handball CG=15 Duration (min): rest RSApe T | —
NR CG | 5x 90 min skill drills, RS Apest T
offensive and defensive
tactics
Kavaliauskas et al., | United EG:22+8 N=14 National/ Total weeks: 6 UST | Uphill sprint training all-out | YYIRT1 T | YYIRT1
2017 [48] Kingdom CG:23+7 EG=7 >5 Session (t/w): 2 CG | Maintain their current —
Soccer CG=7 Duration (min): training
NR
(Continued)
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Table 1. (Continued)

Authors

Kumari et al.,
2023 [49]

Lacono et al.,
2015 [50]

Los Arcos et al.,
2015 [51]

Salazar-Martinez
etal., 2023 [52]

Wells et al., 2014
[53]

Country

India

Israel

Israel

Colombia

United
Kingdom

Participants

Age (years)/
sports

EG:214+26
CG:219+24
Basketball

25.6+6.5
Handball

EG:15.8£0.5
CG:15.1+0.7
Soccer

EG:19.5+4.25
CG:

19.00 + 2.00
Soccer

21.3+2.1
Soccer

Interventions Comparison Outcomes
Number/ Level/ EG CG
groups Experience
(years)
N=40 National/ Total weeks: 5 HIIT | Session A: 4 X 4 min VO2max | VO2max
EG=20 NR Session (t/w): 2 intervals; 3 min rest T —
CG=20 Duration (min): Session B: 2 sets 15 x 30 s, 15
NR s/3 min rest
CG: | Regular fitness training
N=18 National/ Total weeks: 8 HIIT | 15 s sprint running at 90% of | YYIRT1 T | YYIRT1 |
EG=9 >5 Session (t/w): 2 YYIRT]1 final speed
CG=9 Duration (min): 15 s passive recovery
NR SSG | 5 bouts 2’ 25" continuous
handball small-sided games
1 min passive recovery
N=15 National/ Total weeks: 6 IT 3 bouts x 4 min runningat | MAS | MAS —
EG=38 8.5 Session (t/w): 2 90-95% HR 10
CG=7 Duration (min): 3 min relax (50-60% HR,.,)
NR SSG | 3 x4 min of (3 vs.3)or (4vs.
4) or (4 + Goalie) vs. (4
+ Goalie); 3 min rest
N=23 National/ Total weeks: 9 HIIT | Interval running (IT): 15"/ RSAiota T | RSAtotal
EG=12 EG: 12.58+1.93 | Session (t/w): 2 15",20"/20", 10"/20", and RSApest T | 1%
CG=12 CG: 9.82 + 1.54 | Duration (min): 30"/ RSAcan | RSApest T
20-40 30", at > 90% HR s - RSA mean
SSG | 2 vs. 2 to 6 vs. 6 formats, at T
85% of the maximal aerobic
speed
N=16 National/ Total weeks: 6 SIT | 60s,35s,and 10 s repeat VO2max | VO2max
EG=38 full-time Session (t/w): 3 intermittent running T —
CG=8 professionals Duration (min): at > 95% of HR,ax YYIRT2 T | YYIRT2
for at least NR CG | Normal training -
2 years

In this study, we conducted a controlled HIIT intervention on male team-sport athletes. T, strong positive effect; |, strong negative effect; <, no strong effect; NR, not

reported; VO2max, maximal oxygen uptake; YYIRT1 or 2, Yo-Yo Intermittent Recovery test level 1 or 2; RSA, repeated-sprint ability; VIFT, Velocity in 30-15

Intermittent Fitness Test; RSA o1, total sprint time; RSApeq, best sprint time; RSA an, average sprint time; * strong difference between groups; MAS, maximal aerobic

speed; HIIT, high-intensity interval training; SSG, small-side game; RST, repeated sprint training; SIT, short interval training; IT, interval training; UST, uphill sprint

training; HR .., maximal heart rate; EG, experimental group; CG, control group; t/w, times/week.

https://doi.org/10.1371/journal.pone.0310955.t001

reliable tool primarily designed for assessing the quality of randomized controlled trials avail-
able on PEDro. This scale comprises 11 components aimed at conducting a comprehensive
evaluation of methodological rigor in randomized controlled trials [54]. The PEDro scale com-
prises 11 questions, with each criterion receiving one point if met. No points are awarded for
criteria that are not fulfilled. The first item on the scale does not contribute to the overall score;
hence, a score of 10 signifies exceptional study quality, while scores ranging from 0-3, 4-5,
6-8, and 9-10 indicate poor, fair, good, and excellent quality, respectively [55, 56]. Further-
more, the inter-rater reliability of the PEDro score for clinical trials assessing physiotherapy-
related interventions has been reported to range from “fair” to “excellent” (intra-class correla-
tion coefficient [ICC] = 0.53 to 0.91) in previous investigations [54, 57, 58]. Thus, this
approach has been used in previous systematic reviews to evaluate the quality of research [59-
61]. Overall, 13 articles were analyzed, with three receiving a fair evaluation and the remaining
10 earning a good quality rating. These assessments indicate that the selected articles
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demonstrated exceptional quality, validating the rigorous scientific approach undertaken dur-
ing the selection process (Table 2).

Statistical analysis

A comprehensive meta-analysis software package (version 3) was used for data analysis [63].
The effect sizes (ESs) were calculated using the mean and standard deviation of the perfor-
mance measures obtained before and after the intervention. To maintain consistency, we stan-
dardized the data using post-intervention measurements from a comparable performance
measure [64]. During the data analysis process, if there were missing data, we assumed an ES
of 0.7 and conducted the relevant meta-analysis based on this assumption, which is supported
by a previous study [65]. Adopting this approach ensures the completeness and consistency of
the analysis, while providing a conservative estimate. An analysis of post-test data, the median
and quartiles, and a similar baseline for the pre-test data was conducted in one of the included
studies [52]. The classification of ESs was as follows: insignificant (< 0.2), minor (0.20-0.6),
moderate (0.6-1.2), significant (1.2-2.0), highly significant (2.0-4.0), and exceptionally signifi-
cant (> 4.0) [66].

I statistics were used to evaluate the variability among the included studies. Values less
than 50% indicate a minimal degree of heterogeneity, values ranging from 50% to 75% suggest
moderate levels, and values exceeding 75% indicate substantial heterogeneity [67]. The statisti-
cal significance of the heterogeneity was evaluated using the chi-square test, with a p-
value < 0.05 indicating significance. In the absence of statistical heterogeneity (p > 0.05 in the
chi-square statistics), a fixed-effect model and 95% confidence intervals (CIs) were employed
for conducting a meta-analysis [68]. However, when statistical heterogeneity was detected, a
more conservative approach was adopted, utilizing a random-effects model and calculating the
corresponding 95% Cls [68].

Table 2. Assessment of bias in individual studies.

Study No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No.7 | No.8 | No.9 | No.10 | No.11 | Score* Quality
rating levels
Arslan et al., 2022 [41] 0 1 0 1 0 0 0 1 1 1 1 6 Good
Arslan et al., 2020 [42] 0 1 0 1 0 0 0 1 1 1 1 6 Good
Boraczynski et al., 2023 [43] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Delextrat et al., 2018 [44] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Eniseler et al., 2017 [45] 0 1 0 0 0 0 0 1 1 1 1 5 Fair
Gantois et al., 2019 [46] 1 1 0 1 0 0 0 1 0 1 1 5 Fair
Hermassi et al., 2018 [47] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Kavaliauskas et al., 2017 [48] 0 1 0 1 0 0 0 1 1 1 1 6 Good
Kumari et al., 2023 [49] 1 1 0 0 0 0 0 1 1 1 1 5 Fair
Lacono et al., 2015 [50] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Los Arcos et al., 2015) [51] 1 1 0 1 1 1 0 1 1 1 1 8 Good
Salazar-Martinez et al., 2023 [52] 1 1 1 1 0 1 0 1 1 1 1 8 Good
Wells et al., 2014 [53] 0 1 0 1 0 0 0 1 1 1 1 6 Good

Note 1: No. 1) Inclusion criteria and source; No. 2, random allocation; No. 3, allocation concealment; No. 4, baseline comparability; No. 5, blind subjects; No. 6, blind
therapists; No. 7, blind assessors; No. 7, adequate follow-up; No. 9, intention-to-treat analysis; No. 10, between-group comparison; No. 11, point estimates and
variability [62].

Note 2: For a detailed explanation of each item on the PEDro scale, please refer to the corresponding article [54].

* The maximum achievable score was 10 out of 10 possible points.

https://doi.org/10.1371/journal.pone.0310955.t1002
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Furthermore, we conducted an Egger’s test to examine the presence of publication bias.
Sensitivity analyses were performed by systematically excluding individual studies to identify
the potential sources of heterogeneity. The robustness of the findings was assessed by exclud-
ing specific studies [69].

Results
Selection of studies

The data depicted in Fig 1 reveal that 140 scholarly articles were initially gathered from the
four databases and a further 9560 articles using Google Scholar. After manually eliminating
duplicate entries and irrelevant records, we retained 623 articles based on title and abstract
evaluations for further screening. Consequently, we identified 390 potential candidates from
these papers, which warranted a comprehensive analysis through full-text assessment. Never-
theless, following scrutiny of the complete texts against our inclusion criteria, only 13 publica-
tions fulfilled all requirements and were included in our meta-analysis.

Population characteristics

The demographic profiles of the 13 studies are as follows:

« Types of athletes: Three categories of male team-sport athletes relevant to this study were
obtained from the 13 selected studies: four studies investigated basketball players [41, 44, 46,
49], seven investigated soccer players [42, 43, 45, 48, 51-53], and two investigated handball
players [47, 50].

o Sample size: 13 studies included 286 players. The players’ ages varied from 14 to 26, with
median and mean ages of 18.2 and 18.8, respectively.

 Competitive level: Ten studies focused on athletes at the national level [43-45, 47-53], two
focused on players at the regional or academic level [41, 42], and one on athletes at the col-
lege level [46].

o Sports experience: Of the 13 articles analyzed, only one did not investigate sports experience
[49]. The athletes had different levels of campaign experience ranging from 2 to 18 years.
The median and mean durations were 5.1, and 7 years, respectively.

Intervention characteristics
The 13 studies exhibited the following attributes in terms of intervention characteristics:
o Training duration and session: The intervention period ranged from 5 to 9 weeks.

Furthermore, intervention sessions ranged from 10 to 18, with the shortest and longest
durations being 10 and 18 sessions, respectively.

« Training frequency: The training frequency was twice per week in 10 studies, three times per
week in two studies, and 2-3 weeks with 15 training sessions in one study.

o Intervention type: All 13 studies compared pre- and post-test outcomes between experimen-
tal and control groups. Among these, eight conducted comparative analyses between HIIT
and SSGs [41-45, 50-52], while the remaining studies compared HIIT with other types of
exercise routines [46-49, 53].
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o Intervention intensity: Nine articles reported training intensity encompassing specific param-
eters of content, number of repetitions, and sets per session [41, 42, 44, 46, 47, 50-53]. One
study reported all-out training intensity without explicit parameters [48], whereas three stud-
ies did not provide any information regarding training intensity [43, 45, 49]. Among the nine
articles, three demonstrated VIFT with an intensity range of 90-95% [41, 42, 44]. Four studies
reported 90-95% maximal heart rate (HR ) [46, 51-53]. Additionally, one study reported a
90-130% maximal aerobic speed (MAS) [47], and another utilized an individualized approach
by applying 90% of the YYIRT]1 final speed [50]. As most control group studies employed
general routine training protocols, detailed specifications for training intensity indices were
not provided. Only three studies incorporated training intensity indices, with two employing
HR,,,.x indices of 85-95% [41, 45], whereas another study reported 85% MAS [52].

Outcomes and meta-analysis

The results of this study were categorized according to the impact of HII'T on specific measures
of physical fitness. The classification of physical fitness was examined across two primary
domains: one encompassing measures of aerobic capacity, such as VO2max and YYIRT, and
the other pertaining to RSA. Owing to limited data, as only two studies reported VIFT and one
reported MAS, no meta-analysis was conducted; however, these findings will be discussed in
detail later.
Effect of HIIT on VO2max. VO2max was evaluated in six studies [41-43, 46, 49, 53]
comprising a total of six distinct sets, including both experimental and control groups

(n =150). To evaluate the influence of the HIIT intervention on aerobic capacity, specifically
VO2max, a random-effects model was employed to compare the experimental and control
groups. The results indicated a small ES of HIIT on VO2max (ES = 0.48; 95% [Cls] = 0.16—
0.79; p = 0.003; I” = 0.0%; Egger’s test p = 0.83; Fig 2). Each study contributed weight values
ranging from 11.28% to 25.94% in the analysis.
Effect of HIIT on YYIRT. YYIRT was evaluated in six studies [41, 42, 45, 48, 50, 53]
involving six experimental and control groups (n = 119). To evaluate the influence of the HIIT
intervention on aerobic capacity measured by the YYIRT, a random-effects model was

Study name Statistics for each study Hedges's g and 95% ClI
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Arslan et al., 2022 [41] 0.603 0.353 0.124 -0.089 1.294 1.708 0.088
Arslan et al., 2020 [42] 0.562 0.437 0.191 -0.295 1.420 1.286 0.199
Boraczynski et al., 2023 [43] 0.213 0.388 0.151 -0.548 0974 0.548 0.584
Gantois et al., 2019 [46] 0.736 0478 0.229 -0.202 1.673 1.538 0.124
Kumari et al., 2023 [49] 0.516 0.315 0.099 -0.102 1.133 1.635 0.102
Wells et al., 2014 [53] 0.190 0474 0.225 -0.739 1.119 0401 0.689
0476  0.161 0026 0.161 0790 2.961 0.003 E 3
-4.00 -2.00 0.00 2.00 4.00
Favours Control Favours HIIT
Fig 2. Effect sizes of HIIT on VO2max in athletes with 95% confidence intervals (ClIs).
https://doi.org/10.1371/journal.pone.0310955.9002
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employed to compare the experimental and control groups. The findings revealed a moderate
ES for HIIT in YYIRT (ES = 0.61, 95% Cls = 0.15-1.06; p = 0.009; I* = 35.4%). Egger’s test
showed a p-value of 0.28 (Fig 3). The weight values assigned to each study varied between
11.34% and 22.48%, and each study made a unique contribution to the analysis.

Effect of HIIT on RSA. In the present study, RSA a1, RSA ean, and RSApeq were used to
assess repetitive sprinting ability. RSA . was evaluated by measuring the total time taken for
six consecutive round-trip sprints of 20 m. A combined meta-analysis was conducted because
of the similarity in ESs between RSA can and RSApeg.

RSA a1 was evaluated in five studies [41, 42, 46, 47, 52], encompassing five experimental
and control groups (n = 132). To evaluate the impact of the HIIT intervention on anaerobic
performance in relation to RSA ., a random-effects model was employed to compare the
experimental and control groups. The study outcomes demonstrated a moderate ES of HIIT
on RSA a1 (ES = 0.84; 95% CIs = 0.39-1.29; p < 0.001; I* = 34.3%; Egger’s test p = 0.32; Fig 4).
Each study contributed weight values ranging from 14.73% to 28.67% in the analysis.

RSA ean and RSA were evaluated in four studies [45-47, 52], encompassing seven experi-
mental and control groups (n = 102). To evaluate the effects of the HIIT intervention on anaero-
bic capacity, specifically RSA can and RSAy,, a random-effects model was employed to
compare the experimental and control groups. The results showed a moderate ES for HIIT on
RSA ean and RSAy. (ES = 0.89; 95% Cls = 0.58-1.19; p < 0.001; I = 0.0%; Egger’s test p = 0.90;
Fig 5). Each study contributed weight values ranging from 11.61% to 17.47% in the analysis.

Discussion

This study assessed the critical effect of HIIT on selected physical fitness parameters, including
VO2max, YYIRT, RSA, VIFT, and MAS, in male team-sport athletes. It provides a theoretical
framework for enhancing physical performance among male team-sport athletes and offers a
comprehensive understanding of the HIIT content and methodologies. This study stands out
from previous research because it specifically focuses on HIIT interventions in male team-
sport athletes. The findings demonstrated significant improvements in VO2max, YYIRT, and
RSA after HIIT; however, no statistically significant effects were observed for VIFT in the two
relevant studies (ES = 0.20; p = 0.477). Moreover, the MAS effect was not significantly different
between the HIIT and control groups (ES = 0.41; p = 0.403).

Study name Statistics for each study Hedges's g and 95%CI
Hedges's Standard Lower Upper
g Variance  limit limit Z-Value p-Value
Arslan et al., 2022 [41] 0.608 0.353 0.125 -0.084 1.300 1.723  0.085
Arslan et al., 2020 [42] 0.614 0.439 0.193 -0.247 1474 1.397  0.162
Eniseler et al., 2017 [45] 0.219 0.440 0.194 -0.644 1.082 0498 0.619
Kavaliauskas et al., 2017 [48] 0.385 0.506 0.256 -0.606 1.376 0.762  0.446
Lacono et al., 2015 [50] 0.197 0.450 0.203 -0.685 1.080 0.439  0.661
Wells et al., 2014 [53] 2.066 0.597 0.357 0.895 3.237 3459  0.001
0.605 0.231 0.053 0.153 1.057 2.625 0.009 ‘
-4.00 -2.00 0.00 2.00 4.00
Favours Control Favours HIIT
Fig 3. Effect sizes of HIIT on YYIRT in athletes with 95% confidence intervals (ClIs).
https://doi.org/10.1371/journal.pone.0310955.g003
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Study name Statistics for each study Hedges's g and 95%ClI
Hedges's Standard Lower Upper

g error Variance limit limit Z-Value p-Value
Arslan et al., 2022 [41] 0.181 0.345 0.119 -0496 0.858 0.525 0.600
Arslan et al., 2020 [42] 0.776 0.446 0.198 -0.098 1.649 1.741 0.082
Gantois et al., 2019 [46] 0.813 0.482 0232 -0132 1.757 1.686  0.092
Hermassi et al., 2018 [47] 1.274 0.392 0.153  0.507 2.041 3.254  0.001
Salazar-Martinez et al., 2023 [52]  1.333 0.448 0.200 0455 2210 2976 0.003

0.841 0.230 0.053 0.390 1.293 3.654 0.000 ‘

-4.00 -2.00 0.00 2.00 4.00
Favours Control Favours HIIT

Fig 4. Effect sizes of HIIT on RSA,,, in athletes with 95% confidence intervals (CIs).
https://doi.org/10.1371/journal.pone.0310955.9004

Effect of HIIT on VO2max

The combined results of the six studies demonstrated a positive effect of HIIT on VO2max
[41-43, 46, 49, 53]. However, the ES was small (0.48), indicating that the difference between
the experimental and control groups was small, although statistically significant (p = 0.003).
The results obtained align closely with those documented in previous research [16, 70, 71].
Regarding the type of sports program, six studies evaluated VO2max. Three studies evalu-
ated soccer players [42, 43, 53], one of which reported no improvement [43], whereas the
other two reported improvement [42, 53], with one showing significant improvement [42].
Furthermore, three studies evaluated basketball players [41, 46, 49] and reported improved
results, one of which was significant [41]. Additionally, the findings indicated that HIIT had a
minimal impact on soccer athletes compared with its effect on the control group (ES = 0.33).
In contrast, HIIT had a moderate effect (ES = 0.61) on basketball players. In conclusion, the
results showed that using HIIT training methods in the experimental group led to an increase

Study name Statistics for each study Hedges's g and 95%ClI
Hedges's Standard Lower Upper

g error  Variance limit limit Z-Value p-Value
Eniseler et al., 2017 RSAbest [45] 0.759 0.456 0.208 -0.134 1.653 1.666 0.096 -+
Eniseler et al., 2017 RSAmean [45] 0.466 0.445 0.198 -0.406 1.339 1.047  0.295 ——.—
Gantois et al., 2019 RSAbest [46] 0.842 0.372 0.138 0114 1570 2266 0.023 —E—
Gantois et al., 2019 RSAmean [46] 0.860 0.372 0.139 0.130 1.589 2309 0.021 +
Hermassi et al., 2018 RSAbest [47] 1.504 0.405 0.164 0711 2298 3.715 0.000 —.——
Salazar-Martinez et al., 2023 RSAbest [52]  0.477 0.408 0.167 -0.323 1.278 1.169  0.243 ——.—
Salazar-Martinez et al., 2023 RSAmean [52] 1.285 0.445 0.198 0413 2157 2.890 0.004 +-

0.889 0.155 0.024 0584 1.193 5722 0.000 ‘

-4.00 -2.00 0.00 2.00 4.00
Favours Control Favours HIIT

Fig 5. Effect sizes of HIIT on RSA .., and RSA, in athletes with 95% confidence intervals (CIs).
https://doi.org/10.1371/journal.pone.0310955.g005
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in VO2max compared with using a routine training program in the control group. This indi-
cates that HIIT is more advantageous than traditional training.

Three studies conducted a comparative analysis between HIIT and conventional continu-
ous training, demonstrating that HIIT exhibited greater practicality compared to continuous
training. Additionally, three other studies examined and compared the effects of HIIT and
SSG, indicating that both interventions yielded almost identical results without significant dif-
ferences. Overall, sustained HIIT interventions were associated with an increased VO2max.
The heterogeneity among the six included studies was zero, demonstrating consistency in the
intervention effects of HIIT on VO2max, as revealed by the meta-analysis.

Effect of HIIT on YYIRT

Five studies evaluated YYIRT1 [41, 42, 45, 48, 50] and one assessed YYIRT2 [53]. A notable
enhancement was observed in YYIRT scores among all individuals (ES = 0.61; p = 0.009).
Regarding the types of sports programs examined, one study focused on basketball players
[41], four on soccer players [42, 45, 48, 53], and one on handball players [50]. These exercises
represent the demanding nature of the cardiovascular endurance required in team sports,
highlighting the significance of HIIT in enhancing cardiovascular endurance in athletes. The
meta-analysis revealed low heterogeneity (I* = 35.5%), which was eliminated upon excluding a
single study [53] that measured YYIRT?2, whereas all other studies measured YYIRT1, resulting
in inconsistent results. Nevertheless, the overall heterogeneity was minimal. In conclusion, the
findings from these six studies consistently indicated the positive effects of HIIT in support of
the experimental group compared to the control group.

Effect of HIIT on RSA

RSA was assessed in six studies that demonstrated significant enhancements in composite indi-
cators [41, 42, 45-47, 52]. Five studies assessed RSA ¢, and reported a moderate ES (ES = 0.84)
[41, 42, 46, 47, 52]. Sensitivity analyses revealed a small degree of heterogeneity (I* = 34.8%;
p < 0.001), indicating consistency in the findings. Four studies analyzed RSAp.s and RSA eans
demonstrating a moderate ES (ES = 0.89) and strong consistency in the results (I = 0.0%,
p < 0.001) [45-47, 52]. In summary, the implementation of HIIT demonstrated a notable
enhancement in RSA among male athletes participating in team sports with a moderate effect.
With respect to the type of sports program, RSA was evaluated in six studies: one focused
on basketball programs, one examined handball programs, and three investigated soccer pro-
grams. The use of HIIT is more prevalent among football players than among handball and
basketball players for enhancing repetitive sprinting capacity. Generally, the interventional
effect of HIIT in the experimental groups exceeded that in the control groups, indicating a pos-
itive effect of HIIT on RSA. The observed heterogeneity was minimal, suggesting a certain
degree of consistency in the results.

Effect of HIIT on VIFT

Two studies assessed the VIFT, which revealed a small ES (ES = 0.2). The investigations yielded
no significant differences between the two groups (p = 0.443 and 0.870, respectively). How-
ever, caution should be exercised when generalizing these findings because of the limited num-
ber of studies.
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Limitations

This study comprehensively summarized and analyzed the effects of HIIT on VO2max,
YYIRT, RSA, MAS, and VIFT in male team-sport athletes across various athletic profiles. Nev-
ertheless, it is crucial to recognize the inherent constraints of this study, which include the
following.

» Uneven age distribution: The variation in age across the studies (14-18 vs. 19-26 years)
introduces a potential confounding factor. Physiological responses to HIIT can differ signifi-
cantly between adolescents and young adults, making it difficult to draw definitive conclu-
sions about their impact on specific age groups.

Variation in athletic proficiency: Including athletes at national, regional, academic, and col-
lege levels creates a heterogeneous population. This varijability in training experience and
skill level can influence the results and limit the generalizability of the findings to specific
athlete populations.

« Sample size concerns: Sample size selection is influenced by various factors, such as research
objectives, population characteristics, potential risks associated with selecting an inadequate
sample, and minimal sampling error [72]. Hence, the quality, credibility, and accuracy of the
findings would be greatly affected if the sample sizes were deemed unsuitable, insufficient,
or overly abundant [73]. The lack of clarity regarding sample size determination raises ques-
tions about the statistical power of the studies. Additionally, the relatively small sample sizes
(average of 22.5 participants) increased the risk of sampling error and limited the ability to
detect significant effects.

Diverse control group interventions: The use of different control group interventions (SSG,
routine training, and skill drills) introduced variability in group comparisons. This makes it
challenging to isolate the specific effects of HIIT and compare results across studies.

Variation in training duration: The varying durations of interventions (5-6 weeks vs. 7-9
weeks) added complexity to the analysis and interpretation of findings. The duration of
HIIT programs can significantly influence their effect on physical performance, making it
difficult to assess the effectiveness of specific protocols.

Conclusions

This study comprehensively analyzed the effects of HIIT on male team sports athletes across
diverse age groups, athletic levels, and disciplines. Our findings support the use of HIIT to
improve several aspects of physical fitness, particularly VO2max, YYIRT, and RSA. This sug-
gests that HIIT can enhance oxygen consumption performance, which is crucial in many male
team sports. The experimental groups consistently outperformed the control groups in terms
of VO2max, YYIRT, and RSA, demonstrating the efficacy of HIIT interventions. The lack of
positive effects on the VIFT and MAS highlights the necessity for further research to explore
how HIIT influences these specific aspects of physical fitness. The acknowledgment of the vari-
ability in results due to factors such as sports discipline, athlete profile, and intervention dura-
tion emphasizes the need for individualized HIIT program design.
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