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Abstract

Objectives. This study aimed to examine the effects of three high intensity interval training (HIIT) protocols

on VO, max and leg strength in recreational football athletes.

Materials and methods. Thirty-one participants were recruited and randomly assigned to one of three

HIIT protocols: HIIT20/20, HIIT40/10, or HIIT60/5. The training programs spanned 6 weeks with a frequency

of 3 sessions per week on non-consecutive days. Baseline testing for VO,max and leg strength was conducted

using an incremental exercise test with blood gas analysis and an isokinetic machine, respectively, at 1 week before
the intervention, and post-intervention testing occurred 1 week after the last training session. A two-way repeated
measures ANOVA was employed to compare changes between groups and across time points.

Results. The results demonstrated that there was a significant increase in VO,max in both the HIIT40/10 (A 10.4 %,
CI 95% = 1.67-7.42 ml/kg/min, ES = Moderate) and HIIT60/5 (A 12 %, CI 95% = 2.28-8.84, ES = Moderate) groups,
while no considerable changes were observed in leg strength across any group (p > 0.05). Additionally, a Weak

but substantial correlation between leg strength and VO,max was found at both pre-intervention (r = 0.39) and

post-intervention (r = 0.38) periods.

Conclusions. In conclusion, if the training goal was to improve VO,max through HIIT, both the HIIT40/10

and HIIT60/5 protocols were more effective than HIIT20/20.

Keywords: maximum oxygen consumption, VO,max, sprint training, leg strength, football.

Introduction

Football (or Soccer) is a high-intensity, intermittent
sport that requires athletes to sustain performance over a
90-minute game (Stolen et al., 2005). Players are constantly
engaged in activities like sprinting, jogging, and walking,
with frequent changes in direction and pace (Bradley et al,,
2015). The physical demands of football necessitate excellent
cardiovascular endurance and muscular strength, as athletes
must maintain a high level of effort throughout the match.
Previous study reported that the professional football players
covered the total distances about 9 to 14 km per match
(Sarmento et al., 2014). Without sufficient fitness, players
might experience fatigue, which can affect their ability
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to make quick decisions and execute skilled movements
effectively, especially during the latter stages of the game
(Smith et al., 2016).

The maximum oxygen consumption (VO,max) during
exercise, is widely recognized as a key indicator of cardio-
vascular fitness (Modric et al., 2020). In football, VO,max
reflects an athlete’s ability to perform sustained aerobic
work, which is crucial for maintaining high levels of activ-
ity throughout the game. The previous study demonstrated
that VO,max values were in the range of 48 to 62 ml/kg/min
for male soccer players; especially in professional players,
the values were about 57.8 to 61.7 ml/kg/min (Slimani et
al., 2019). Athletes with higher VO,max can recover more
efficiently between high-intensity bouts, allowing them to
maintain performance during crucial moments (Tomlin et
al., 2001). Improving VO,max through targeted training
can enhance an athlete’s overall endurance (Scribbans et al.,
2016).
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High-Intensity Interval Training (HIIT) has garnered
significant interest as one of the most effective methods for
improving VO,max (Atakan et al., 2021). By alternating
between short bursts of intense exercise and recovery
periods, HIIT places a greater demand on the cardiovascular
and respiratory systems than traditional endurance training
(Gibala et al., 2012). Studies have shown that various
protocols of HIIT can lead to significant improvements in
VO,max (Helgerud et al., 2007; Fernandez-Fernandez et al.,
2012; Monks et al., 2017), regardless of differences in the
specific protocol.

In addition to cardiovascular endurance, leg strength
plays a pivotal role in football performance (Stolen et al.,
2005). The ability to generate force in the legs is critical
for key actions such as sprinting, jumping, kicking, and
clearing long passes (Cometti et al., 2001). Interestingly,
HIIT has been shown to elicit multifaceted adaptations, not
only improving VO,max but also enhancing maximum leg
strength (Caparrds-Manosalva et al., 2023). This increased
leg strength contributes to better speed and power while
helping athletes sustain high levels of intensity during
physically demanding matches.

Given the importance of both aerobic capacity and leg
strength in football, the present study aimed to investigate
the effects of three HIIT protocols on VO,max and leg
strength in recreational football athletes.

Materials and Methods

Study Participants

Thirty-one healthy, physically active young men were
recruited for this study. The sample size was determined
using G*Power software version 3.1.9.7, with a priori
power analysis indicating an effect size of 0.8, an alpha
level of 0.05, and a power (1-83) of 0.95. Eligibility criteria
included: 1) healthy male undergraduate students aged 18-
24,2) at least 1 years of recreational football experience, and
3) no pre-existing medical conditions (e.g., hypertension,
cardiac disease, diabetes) that could impede participation.
A certified hospital physician conducted a comprehensive
health assessment to confirm eligibility. Participants were
randomly assigned to one of three groups: HIIT20/20
(n = 10), HIIT40/10 (n = 10), or HIIT60/5 (n = 11) using
the Research Randomizer website (www.randomlists.com).

All participants provided informed consent prior to
their involvement, and the study adhered to the Declaration
of Helsinki. Moreover, approval for the study protocol was
obtained from the Institutional Review Board of Burapha
University (No. IRB1-015/2565).

Experimental Design

The study investigated the effects of high intensity
interval training (HIIT) protocols on VO,max and leg
strength in recreational football athletes. Participants were
randomly divided into three groups: HIIT20/20, HIIT40/10,
and HIIT60/5. The protocols were applied over 6 weeks using
asingle-blind design. Eligibility was restricted to recreational
footballers who played less than three times per week to
ensure they were non-professional and played primarily for
leisure. VO,max and leg strength were assessed one week
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before and one week after the training intervention, under
controlled conditions.

High Intensity Interval Training

All training groups participated in a 6-week program,
engaging in their assigned HIIT protocols three times per
week. Each session commenced at the Burapha University
football field, where participants were supervised closely
throughout session. The session began with a 5-minute
warm-up involving dynamic stretching and light jogging
to prepare the participants. The HIIT consisted of “all-
out” repeated sprints performed at maximum effort of that
current state. For the HIIT20/20 protocol, participants
completed 20 sets of “all-out” repeated sprinting over a
distance of 20 meters, with a 30-second rest interval between
bouts. For the HIIT40/10 protocol, participants performed
10 sets of “all-out” repeated sprinting over 40 meters, with
a 30-second rest interval between bouts. Last but not least,
for the HIIT60/5 protocol, participants performed 5 sets of
“all-out” repeated sprinting over 60 meters, with a 30-second
rest interval between bouts. After completing the training
session, all groups concluded with a 5-minute cool-down
period, which included light jogging and static stretching of
the total body. Throughout these 6-week training programs,
participants were instructed to refrain from engaging in any
additional training activities of all kind.

Leg Strength Assessment

The assessment of muscle strength of dominant leg
was conducted by the isokinetic machine (ISOFORCE,
Germany), recognized as the gold-standard for evaluating
muscular strength (Chamorro et al., 2017). Pre-intervention
testing occurred one week prior to the commencement of
the training program as well as all post-intervention was
on 1 week after last training session. The testing began with
a 5-minute warm-up comprising light treadmill walking and
dynamic stretching exercises targeting the knee extensor
groups. Participants were seated and securely fastened with
strap belts to ensure stable positioning of the torso and upper
thighs (about 90 degrees of hip flexion). Clear instructions
were read out loud to participants that “you have to kick
up your legs as hard and fast as possible, with maximal
effort against the ankle pad, which was programed to move
at the angular velocity of 60 degrees per second, starting
from a knee flexion of 90 degrees to full knee extension”.
Each participant performed three maximum effort attempts,
with a 120-second rest interval between attempts.

Maximum Oxygen Consumption Assessment

The assessment of VO,max was conducted following
the modified Bruce Protocol. This protocol was utilized
in previous study for evaluating cardiorespiratory fitness
from the treadmill incremental exercise test (Ham et al.,
2017). Participants were instructed to wear a specialized
mask (Hans Rudolph, Kansas, USA) designed to cover both
the nose and mouth with very little dead spaces, enabling
the collection of respiratory gases, facilitated by a respiratory
gas analyzer (Oxycon Mobile, Germany). Participants were
instructed to maintain natural breathing patterns through
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the mask during the assessment. The protocol commenced
with participants instructed to run on the treadmill (T7-0,
Life Fitness, Illinois, USA) at starting speed of 3.6 km/h
for an initial duration of 2 minutes. Subsequently, the
speed of treadmill constantly increased at 1.2 km/h for
every 2 minutes. This modified protocol constantly kept
the grade to 0% (Table 1). This incremental exercise test
ensured a progressive increase in cardiovascular demand
with increased speed, pushing participants towards their
maximal aerobic capacity. The test was terminated when
participants reached volitional exhaustion, indicated by an
inability to maintain the required speed on the treadmill.
The heart rate was continuously measured during the test by
means of a heart rate monitor (H10, Polar, Finland).

Table 1. The modified Bruce Protocol

Speed (km/h) Time (min)
3.6 0-2
4.8 2-4
6.0 4-6
7.2 6-8
8.4 8-10
9.6 10-12
10.8 12-14
12.0 14-20
13.2 20-22
14.4 22-24
15.6 24-26

Grade (%) remained at 0 throughout the testing period

Statistical Analysis

The statistical analysis was calculated to investigate
the effects of three different HIIT protocols on leg muscle
strength, short-distance sprint performance, and maximum
oxygen uptake in football athletes. The Shapiro-Wilk test
was analyzed for the distribution of data. Descriptive
statistics were used to summarize participants’ baseline
characteristics. Baseline variables between groups was
compared by One-way ANOVA. Levene’s test was used to
assess the homogeneity of variances. Changes in VO,max
and leg strength from Pre to Post were calculated and a two-
way repeated measured ANOVA was employed to compare
the effects between groups (HIIT20/20 vs HIIT40/10 vs
HIIT60/5) and times (Pre vs. Post). Cohen’s d effect size

was calculated using the following formula: mean change/
pooled SD, with being interpreted according to the Hopkins’
recommendations: 0.00-0.19: Trivial; 0.20-0.59: Small: 0.60-
1.19: Moderate; 1.20-1.99: Large; >2.00: Very large (Hopkins
et al., 2009). Moreover, the Pearson’s correlation coeflicient
was also calculated to examine the relationships between
VO,max and leg strength at both pre and post-test, with the
interpretation of values according to the previous study: 0.00-
0.09 - Negligible; 0.10-0.39 — Weak; 0.40-0.69 — Moderate;
0.70-0.89 - Strong; 0.90-1.00 — Very strong (Schober et al.,
2018). Statistical analyses were performed using IBM SPSS
Statistics version 20, with a significance level set at a = 0.05.

Results

At the beginning of the test, the statistical analysis
indicated no significant differences in participants’ baseline
characteristics (p > 0.05) (Table 2). Furthermore, all
participants completed the training program with 100 %
adherence.

A significant time effect was observed VO,max (F, 5 =
24.441, p = 0.000, N5 = 0.466), indicating changes over
time in these variables, while no time effect was observed
for leg strength. Additionally, no significant main group or
interaction effects were detected (p > 0.05) (Table 3).
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Fig. 1. Maximum oxygen consumption values from pre- to post-
intervention with individual analyses. * indicated significantly
different from pre-intervention (p < 0.01)

Specifically, only HIIT40/10 and HIIT60/5 showed
significant increases in VO,max from baseline (A10.38 %, d =
0.68, p = 0.006; A11.98%, d = 0.83, p = 0.004, respectively)
(Figure 1). Conversely, no groups demonstrated a significant
increase in leg strength after 6-week HIIT.

Table 2. Baselines of participants’ characteristics and performance

HIIT20/20 (n=10)

HIIT40/10 (n=10)

HIIT60/5 (n=11)

eribic mean + SD mean + SD mean = SD ¥ P
Age (years) 20.30 £ 0.82 20.20 £ 1.14 20.55 £ 1.04 0.33 0.72
Height (cm) 176.70 £ 5.74 176.40 = 1.14 172.36 £ 7.97 1.53 0.23
Body mass (kg) 64.90 £ 9.09 68.80 + 8.78 69.45 + 12.23 0.59 0.56
Leg strength (Nm/kg) 2.84 +0.60 2.85+0.45 2.79 £ 0.65 0.09 0.97
VO,max (ml/kg/min) 49.72 £ 6.53 43.82+7.41 46.42 +4.40 2.29 0.12

Data were presented as mean * standard deviation. Abbreviation: VO,max
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Table 3. Change from Pre to Post

Effect p

HIIT60/5 (n = 11)

10)

HIIT40/10 (n

HIIT20/20 (n = 10)

Measurement

Post Pre Post Pre Post
(mean + S.D.) (mean + S.D.) (mean + S.D.) (mean + S.D.)

Pre
(mean + S.D.) (mean + S.D.)

Interaction

Group Time

(95% CI)

(95% CI)

(95% CI)

0.380

0.000

0.226

5.56
(2.28; 8.84)

4.55
+ + * + + *
43.82 £7.41 48.37 £5.95 (1.67;7.42) 46.42 £4.40 51.98 +8.42

2.63
(-1.18; 6.44)

52.36 £ 7.08

VO,max (ml/kg/min) 49.72 + 6.53

0.309

0.797

0.09 -0.13 -0.00
+ + + +
(0522 2854045 2723069 7 2794065 279% 056 n0"o 0902
Data were presented as mean + standard deviation. Abbreviation: VO,max

2.93 £0.60

2.84 +0.60

Leg strength (Nm/kg)

Effect size; 95% CI = 95 % Confidence Interval. * p < 0.01 compared to Pre.

Maximal oxygen uptake; ES =

Moreover, the Pearson’s correlation coefficient indicated Weak but significant
correlations between VO,max and leg strength at both pre-intervention (r = 0.39)
and post-intervention (r = 0.38) (Figure 2).
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Fig. 2. Correlations between maximum oxygen consumption (VO,max) and leg
strength at pre-intervention (Black triangle) and post-intervention (Light grey circle)

Discussion

This study was the first to demonstrate that not all HIIT protocols are equally
effective in increasing VO,max. We found that the HIIT20/20 protocol was less
effective than HIIT40/10 or HIIT60/5 in producing significant improvements in
aerobic fitness. However, none of the HIIT protocols in this study led to a significant
increase in leg strength after six weeks of training.

The main findings of our study are consistent with previous research demonstrat-
ing that short-term HIIT can increase VO,max to a certain extent. For example, Milioni
etal. (2024) reported that just four weeks of 10 bouts of 1-minute sprints at 90 % of max-
imum velocity significantly increased VO,max by approximately 2.1 ml/kg/min from
baseline. Similarly, Raleigh et al. (2018) found that eight 20-second bouts of maximum
cycling increased VO,max by up to 4.7 ml/kg/min after just four weeks of training. Like-
wise, Kim et al. (2011) demonstrated that ten 30-second maximum sprint bouts resulted
in a significant VO,max increase of 3.92 ml/kg/min after eight weeks of training.

Theoretically, the increase in maximum oxygen consumption can theoretically
be attributed to improvements in two key areas: 1) central adaptations, which involve
an enlargement of left ventricular volume, enhanced contractility, and increased
blood volume, all contributing to a greater stroke volume (Hellsten & Nyberg, 2015);
and 2) peripheral adaptations, which enhance the muscles’ ability to extract oxygen
and generate ATP aerobically (Daussin et al., 2007). It is likely that high-intensity
interval training can improve both mechanisms within a relatively short time frame.

To support this, previous studies have demonstrated that HIIT can induce
various peripheral adaptations, such as increases in mitochondrial numbers (Torma
etal.,, 2019) and oxidative enzymes (Gillen et al., 2014) after a short period of training.
Additionally, HIIT has been shown to stimulate the expression of vascular growth
factors, like vascular endothelial growth factor (VEGF), which promotes new blood
vessel formation (MacInnis & Gibala, 2016). From a physiological standpoint, it is
likely that the HIIT40/10 and HIIT60/5 protocols in our study resulted in greater
adaptations in these mechanisms. Consequently, the capacity to extract oxygen
from the blood and generate ATP aerobically increased significantly in these groups,
as evidenced by the significant improvement in VO,max (Raleigh et al., 2018).
In contrast, the adaptations in the HIIT20/20 protocol may have been suboptimal.

One possible explanation for the results is that the distance covered in each bout
of the HIIT20/20 protocol was too short, as participants only sprinted about 20 me-
ters, which took approximately 3 to 3.5 seconds. This short-duration effort may not
have been sufficiently taxing to induce the internal stress required, as compared to the
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40-meter or 60-meter sprints. The molecular response to in-
terval stress and ATP deficit, such as activation of the AMP-
activated protein kinase (AMPK) signaling pathway, might
not have been adequately triggered by the shorter sprints
(Winder et al., 2006). This signaling pathway is known to en-
hance several aspects of aerobic capacity, including improved
fat oxidation, increased mitochondrial biogenesis, stimulat-
ed capillarization, and fiber type transformation (Spaulding
& Yan, 2022), all of which are well-established contributors
to improved aerobic performance. Therefore, practitioners
of HIIT should consider bout duration or distance as critical
training factors. However, our study did not examine cellular
or molecular responses in detail. Future research should ex-
plore our hypothesis regarding these adaptations.

Moreover, we found that the leg strength of our
participants did not significantly change after six weeks of
HIIT, regardless of the protocol used. It is likely that the
participants were not untrained or weak subjects who
could benefit from low external load activities, as they only
sprinted using their body weight. Therefore, to adhere to the
principles of training necessary for inducing physiological
adaptations in muscle strength, external moderate to heavy
load modalities should be employed (ACSM, 2009).

For instance, high-intensity interval training (HIIT)
can be performed on loaded stationary bikes or with weight
vests. Additionally, to align with the principle of specificity
(Kasper, 2019) for football athletes aiming to increase
lower-body strength, it is essential to incorporate resistance
training exercises such as the leg press or back squat (Wirth
et al., 2016) as the primary modalities for enhancing leg
strength. In this study, a Weak but significant correlation
was found between leg strength and VO,max at both pre-
(r=0.39, p=0.03) and post-intervention (r = 0.38, p = 0.03),
indicating that improvements in leg strength might
positively benefit VO,max in football athletes. This finding
further underscores the necessity of leg strength training in
enhancing overall athletic performance.

Conclusions

In summary, our study clearly showed that not all
HIIT protocols are created equal for improving VO,max.
We recommend the HIIT40/10 and HIIT60/5 protocols, as
they demonstrated superior results compared to HIIT 20/20.
Furthermore, training with HIIT alone, regardless of the
protocol used, is unlikely to produce significant increases in
leg strength within a short time frame.
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OuiHKa BBy 3aCcTOCyBaHHA TPbOX NPOTOKOJIIB
BNCOKOIHTEHCVMBHOIO iHTEepBa/JIbHOIO TPeHYBaHHA

Ha NOKa3HMKN MaKCMMaNbHOro CMNOXXKNBAHHA KUCHIO
Ta CUAN HIir y CNOPTCMEHIB 3 peKpeauinHoro ¢yréony

Bipar Conuan'43“PE, Capani Conuan'“P, Paranio Jlonrpak'5F

'Bypaca yHiBepcurer

ABTOpPCHKMIT BKTAJ;: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormcy; E — 36ip komTis

Pedepar. Crarts: 7 c., 3 Tabn., 2 puc., 31 mxeperno.

Merta gocmigykeHH:A. MeTa JOC/TiPKeHHA 110/1ATa/1a y BUBYE€HH] BIUTMBY 3aCTOCYBaHHA TPbOX IIPOTOKOJIiB BCOKOIHTEHCMBHOTO
intepBambHOro TpenysanH: (BIIT) Ha mokasHuku VO,max Ta CU/IM HIT y CHOPTCMEHIB 3 pekpealiltHoro ¢pyroony.

Marepianu ta Metoau. o y4acTi B oC/ipKeHHI 6y710 3amydeHo 31 yqacHMKA, IKMX PO3IOAUINIIN 32 METOLOM paHAoMisaii
3 METOIO0 BUKOHAHH:A (isMYHMX BIIPaB OJHOTO 3 TPhOX mpoTokoris BIIT: BIIT20/20, BIIT40/10 a6o BIIT60/5. TpenyBsanbHi mpo-
rpaMu TPUBA/M 6 TYDKHIB 3 4aCTOTOI0 3 3aHATTA Ha TIOK/EHb y pisHi fHi. IToyaTtkoBe BuMipioBaHHA oKasHuKiB VO,max Ta cumm
HIT IPOBOAM/IOCH 3a OIIOMOTrOK IHKPEMEHTHOTO TeCTy Ha BU3HAYEHHs PiBH:A (Pi3sMYHOI MiATOTOBICHOCTI 3 BUKOPUCTAHHAM aHa-
N3y JI/I OLiHKM PiBHA KVMCHIO Ta BYITIEKJIC/IOTO Ia3y B KPOBi Ta i30KiHETMYHOTO anapaTy, BiJlIOBiHO, Ha eTalli 3a 1 TVDKIeHb 10
IIPOBEJEeHHS iHTepPBeHIlii, a IOCTIHTePBEHIIiliHe TeCTYBaHHA — 4epes | TYDK[EHb IiC/I OCTAHHbOI TPEHYBa/IbHOI Cecii. 3 METO0
HOPIiBHANBPHOTO aHai3y 3MiH MiX TPyIaMy Ta JaCOBMMM TOYKaMU Oy/I0 3aCTOCOBAHO NBOQAKTOPHMII AUCHEPCiiHMI aHami3 i3
nosropHuMY BuMipamu (ANOVA).

Pesynprarn. 3a pesynbraTaMu JOCTIIKeHHA BCTAHOBJIEHO 3HAUHe MifBMIeHHA piBHA VO,max y rpymax BIIT40/10 (A 10,4 %,
mosipunit inTepsan, CI 95% = 1,67-7,42 mn/kr/xs, posmip edekry, ES = ITomipunii) Ta BIIT60/5 (A12 %, CI 95% = 2,28-8,84,
ES = IToMmipHwMit), TOA AK iCTOTHYUX 3MiH y IOKa3HMKaX CVMJIM HIT Y )KOJHIII 3 TpyH He criocTepiranocs (p > 0,05). Kpim toro, 6y1o
BUABJIEHO CJTAOKMIL, aje CYTTEBUI KOPENALITHNIL 3B’A30K MK ITIOKasHMKaMu ¢y Hir Ta VO, max sk Ha NepefiHTepBEeHIITHOMY
(r=0,39), Tax i Ha IOCTiHTepBeHIiITHOMY Hepiofax focaimkenHs (r = 0,38).

BucHoBku. OTXe, SIKIO METOI TPeHyBaHHs Oy/l10 HMOKpalljeHHs IMokasHuKiB VO,max 3a gomomoroio mporpamu BIIT,
3acTocyBaHHA 000x mporokoinis BIIT40/10 i BIIT60/5 noxasano 6inbiny edexTusHicTb, Hixx BIIT20/20.

Kiro4oBi croBa: MakcuMasbHe CIIOKMBAHHS KUCHIO, VO,max, CIIpUHTepChbKe TPEeHYBaHHS, CUIa Hir, GyTOOL.
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