2025 (Diciembre), Retos, 73, 702-714

ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Short-term training effects on aerobic and anaerobic fitness in varsity
soccer players

Efectos del entrenamiento a corto plazo sobre la aptitud aerdbica y anaerdbica en
jugadores de fiitbol universitario

Authors
|
Arom Treeraj !

Chawannat Choodam !

Giancarlo Condello 2

Chutimon Khemtong 1

1Mahidol University (Thailand)
2University of Parma (Italy)

Corresponding author:
Chutimon Khemtong
chutimon.khe@mahidol.ac.th

Received: 18-08-25
Accepted: 25-09-25

How to cite in APA

Treeraj, A., Choodam, C,, Condello, G., &
Khemtong, C. (2025). Short-term training effects
on aerobic and anaerobic fitness in varsity soccer
players. Retos, 73, 702-714.
https://doi.org/10.47197 /retos.v73.117428

NI

St

Abstract

Objective: This study investigates the efficacy of 4-week intermittent sprint (INT) and circuit
training (CT) on aerobic and anaerobic performance in varsity soccer players.

Methodology: Participants were randomly equally assigned to one of two training groups (INT
or CT). Both groups were required to complete the standard soccer training regimen, supple-
mented by their respective training programs for the 4-week duration. Maximal oxygen con-
sumption (VOz2max), anaerobic capacity (AC), and anaerobic power were assessed as primary
indicators of aerobic and anaerobic performance, respectively. Additionally, blood lactate con-
centrations were measured at 0 and 3 minutes following a repeated sprint test.

Results: Repeated measures ANOVA revealed significant improvements in VO2max (p = 0.004)
and AC (p = 0.009) after the 4-week training period, with no significant differences between the
two interventions. Notably, a significant increase in minimum anaerobic power (Pmin) was ob-
served (p = 0.043), despite higher lactate accumulation compared to pre-training levels, sug-
gesting an enhanced ability to maintain speed under conditions of muscular fatigue.
Conclusion: These findings indicate that both training methods are effective training programs
in enhancing aerobic and anaerobic performance in varsity soccer players. However, the un-
derlying mechanisms driving the physiological responses and adaptations to these training mo-
dalities require further investigation.

Keywords
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Resumen

Objetivo: Este estudio investiga la eficacia de cuatro semanas de entrenamiento intermitente
de sprints (INT) y entrenamiento en circuito (CT) sobre el rendimiento aerébico y anaerdbico
en jugadores de fatbol universitario.

Metodologia: Los participantes fueron asignados aleatoriamente y de manera equitativa a uno
de los dos grupos de entrenamiento (INT o CT). Ambos grupos completaron el régimen estan-
dar de entrenamiento de futbol, complementado con sus respectivos programas de entrena-
miento durante las cuatro semanas. El consumo maximo de oxigeno (VO,max), la capacidad
anaerdbica (CA) y la potencia anaerdébica se evaluaron como indicadores principales del rendi-
miento aerdbico y anaerdbico, respectivamente. Ademas, se midieron las concentraciones de
lactato en sangre a los 0 y 3 minutos tras una prueba de sprints repetidos.

Resultados: Un ANOVA de medidas repetidas reveld mejoras significativas en VO,max (p =
0.004) y en la CA (p = 0.009) después del periodo de entrenamiento de cuatro semanas, sin
diferencias significativas entre las dos intervenciones. Cabe destacar que se observé un au-
mento significativo en la potencia anaerdbica minima (Pmin) (p = 0.043), a pesar de una mayor
acumulacidon de lactato en comparacion con los niveles previos al entrenamiento, lo que sugiere
una mayor capacidad para mantener la velocidad bajo condiciones de fatiga muscular.
Conclusion: Estos hallazgos indican que ambos métodos de entrenamiento son eficaces para
mejorar el rendimiento aerébico y anaerébico en jugadores de fitbol universitario. Sin em-
bargo, los mecanismos fisioldgicos subyacentes que explican las respuestas y adaptaciones a
estas modalidades de entrenamiento requieren una investigacién mas profunda.
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Introduction
___________________________________________________________________________________________________________________________|
Soccer is an intermittent team sport characterized by high-intensity activities interspersed with periods
of lower-intensity exertion over a 90-minute match (Orendurff et al.,, 2010). During a game, players per-
form multiple explosive bursts of activity, including jumping, kicking, tackling, turning, and sprinting
(Stglen et al., 2005). These movements are closely associated with skill-related components of fitness
such as rapid changes in direction, speed, agility, and reaction time. In addition, players cover an average
distance of approximately 10 kilometers, incorporating both intermittent and continuous running, in-
terspersed with brief recovery periods (Orendurff et al., 2010; Stglen et al., 2005). This underscores the
importance of both aerobic and anaerobic energy systems in sustaining stamina and facilitating recov-
ery throughout the game (Siahkouhian et al., 2013). Furthermore, superior performance in covering
greater distances at high-speed zones (Fernandes-da-Silva et al., 2016; Rampinini et al., 2007; Rebelo et
al,, 2014), lower injury risks (Gastin et al., 2015), and maintaining high technical performance through-
out the game are all more efficiently achieved by players with enhanced anaerobic and aerobic fitness
(Joseph etal.,, 2020). Therefore, a well-structured training program targeting improvements in both aer-
obic and anaerobic fitness is essential, especially during the pre-competition phase of periodization.

Training methods approach should ideally mimic the natural movements of the sport while promoting
improvements in athletic performance. Previous studies in soccer have explored various training ap-
proaches over periods of 8 to 12 weeks, including continuous training (Aguiar et al., 2008), interval
training (Dupont et al., 2004; Zarrinkalam et al., 2022), intermittent training (Aguiar et al., 2008; Ortiz
et al,, 2024), and small-sided games (Karahan, 2020). However, in practical settings, coaches and ath-
letes often face time constraints due to the demands of frequent competitions, which may limit the abil-
ity to complete a full training cycle. As a result, time-efficient training programs, such as intermittent
sprint training (INT) and circuit training (CT), have gained attention. INT involves repeated sprints with
brief rest intervals and has been shown to improve VO2max in a relatively short period (Vollaard et al.,
2017). In contrast, CT, which has been recognized for its time efficiency in previous studies (Klika &
Jordan, 2013), incorporates multiple stations featuring bodyweight resistance exercises that effectively
enhance both strength and endurance. While the benefits of these training methods are well-docu-
mented, their specific application to varsity soccer players within a limited time frame remains under-
explored.

There is currently a lack of evidence regarding the effectiveness of these training methods in team sports
during the pre-competition period. Therefore, the aim of this study was to examine the effects of short-
term intermittent sprint training and circuit training on both anaerobic and aerobic performance in var-
sity soccer athletes. We hypothesized that the INT training methods would more effectively enhance
aerobic and anaerobic performance, even with only a 4-week training period

Method
___________________________________________________________________________________________________________________________|
A parallel, randomized, counterbalanced study design was employed to compare the effectiveness of
two distinct 4-week training programs. A minimum sample size of 16 participants was computed using
an a priori power analysis conducted with G*Power (version 3.1.9.6, University of Dusseldorf, Dussel-
dorf, Germany), based on repeated measures ANOVA with a large effect size of 0.4, a statistics power (1-
) of 0.80, and a significant level of 0.05 (Faul et al., 2007). All participants were randomly and equally
assigned to one of two training groups: intermittent sprint training (INT) or circuit training (CT). A fa-
miliarization session was conducted prior to the pre-training test to ensure participants understood the
exercise interventions and testing procedures. Maximal oxygen consumption (VO;max) and anaerobic
capacity (AC) were assessed before and after the 4-week training to evaluate changes of aerobic and
anaerobic performance. Meanwhile, the secondary outcomes (i.e., power, speed, and fatigue index) were
measured. Additionally, the blood lactate and heart rate were measured during testing to assess the
recovery capacity.

Participants

During the initial phase of the study (Figure 1), 30 soccer players from a single club were assessed. Of
these, 8 participants were excluded based on the inclusion criteria. Consequently, 22 participants were
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recruited, meeting the minimum requirement for study enrollment. Twenty-two youth male soccer
players from a single club competing in the Thailand university games were screened for eligibility to
participate in this study. Inclusion criteria were as follows: (a) aged between 18-25 years; (b) a mini-
mum of three years of experience in soccer training and competition; (c) no history of musculoskeletal
injuries within the past six months; (d) non-smokers and not currently using any medications; (e) ab-
sence of known cardiovascular, pulmonary, metabolic, bone, or joint diseases; and (f) an estimated max-
imal oxygen consumption (VO;max) range of at least 49.0 ml/kg/min. Participants who satisfied the
inclusion criteria and agreed to follow all the instructions provided their written informed consent and
were recruited to participate in this study. The general characteristics of participants by intervention
groups were summarized in Table 1. Independent t-test revealed no significant different between
groups in all variables. This study was conducted according to the Declaration of Helsinki (World Med-
ical Association, 2013) and was approved by the Mahidol University Central Institutional Review Board
(No.2023/118.1508).

Figure 1. CONSORT flowchart representing the progression of participant throughout the study

Assessed for eligibility

(n=30)
g Excluded (n = 8)
E Not meeting inclusion criteria
= (n=35)
Other reasons (n = 3)
Randomized (n = 22)
Allocated to intervention Allocated to intervention
Intermittent sprint Circuit training (CT)
training (INT) (n=11)
= (n=11)
)
5 Received allocated Received allocated
=2 intervention (n = 11) intervention (n = 11)
<
Lost to follow up Lost to follow up
2 (n=0) (n=0)
=
é Discontinued intervention Discontinued intervention
2 (n=0) (n=0)
2 Analyzed (n=11) Analyzed (n=11)
'E‘ Excluded from analysis Excluded from analysis
Z (n=0) (n=0)
Table 1. Descriptive data of general characteristics of participants (mean + SD)
Parameters INT T -value
(n=11) (n=11) p
Age (year) 201 201 0.258
Weight (kg) 61.5+58 64.9+6.38 0.225
Height (m) 171.8 +4.5 175.7 £ 4.6 0.057
BMI (kg/m?) 208+ 1.4 21.0 + 1.4 0.808
SBP (mmHg) 127+ 16 127 + 14 0.916
DBP (mmHg) 64410 63+8 0.567
Pulse (bpm) 73+11 71+13 0.530

BMI: Body Mass Index; DBP: Diastolic Blood Pressure; INT: Intermittent training;
SBP: Systolic Blood Pressure; CT = Circuit training.
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Procedure
Training protocol

After recruitment process, participants were randomly and equally assigned to one of two training
groups: intermittent sprint training (INT, n = 11) or circuit training (CT, n = 11). The INT program was
designed with a work-to-rest ratio of 1:2, consisting of 6 sets of 6 repetitions of 35-meter sprints, with
a 10-second rest between repetitions and a 2-minute rest between sets. The CT program, which aimed
to target the anaerobic energy system, combined bodyweight resistance exercises performed at a fast
pace. The CT program consisted of 7 exercises: sit-ups (upright), Oblique sit-ups (left and right), super-
man, mountain climbers, split jumps, and burpees. Participants performed exercise 1 to 6 for 30 repeti-
tions each, followed by 20 repetitions of the final exercise, in the given order. All exercise were per-
formed consecutively without rest between exercises, with a 2-minute rest between sets. Participants
completed a total of 6 sets of the CT program. All participants performed both training programs three
times per week (Monday, Wednesday, and Friday) over a 4-week period before soccer tactics training.
Details of the overall experiment procedures are provided in Figure 2. During the experiment period, all
participants underwent the same soccer skills program, which was implemented during the pre-com-
petition period. The program included a 15-minute general warm-up, 20 minutes of basic skills, 60
minutes of specific soccer skills (20 minutes focused on soccer techniques and 40 minutes on soccer
tactics), and a 15-minute cool-down. The total duration of each training session was 110 minutes. Both
training sessions were supervised by the sports scientist of the soccer team to ensure the correct se-
quence of training activities, as well as the appropriate training volume and intensity. The full details of
the training program over the 4-week period are provided in Table 2.

Figure 2. A schematic illustrating an overview of the experimental procedures of the present study

Pre-training Post-training

4-week General training program
Est. VO,max (ml/kg/min) Est. VO,max (ml/kg/min)
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Table 2. Overall details of 4-week football training program.

Day/ Training session Session 1 - Morning Session 2 - Evening
Monday General weight training Soccer tactics
i
Tuesday Rest Soccer techniques

small-sided games
Wednesday General weight training Soccer tactics
Soccer techniques

Thursday Rest Small-sided games
Friday General weight training Soccer tactics

Saturday Rest Non-competitive match
Sunday Fully resting day

Testing protocol

Both anaerobic and aerobic performance were assessed pre- and post-training. Testing was conducted
on two separate days: aerobic performance was evaluated on Day 1 using the multistage fitness test
(Beep test), and anaerobic performance was assessed on Day 2 using the running-based anaerobic
sprint test (RAST). Prior to each test, participants performed the same warm-up and dynamic stretching
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routine, which included 5 minutes of slow, linear jogging followed by hip rotations (outward and in-
ward), front lunges, and leg swings. The warm-up and stretching protocols were administered by the
same sports scientist to ensure consistency and readiness of the athletes before testing.

Outcome measures and instruments
Aerobic performance testing

The Multistage Fitness Test, also known as the Beep Test (Cavar et al., 2019; Léger et al., 1988), was
selected to assess aerobic performance parameters, including estimated maximal oxygen consumption
(est. VOzmax) and maximum speed at VO,max (vVO:max) and total distance pre- and post-training.
Prior to the test, participants stood behind one of the lines, facing the opposite line 20 meters apart, and
began running when instructed by the recorded beeps. The running speed increased gradually with each
testing stage and level. If a participant failed to reach the line before the beep sounded, they were given
a warning and instructed to continue running to the line. If the participant was unable to reach the line
within 2 meters of the beep, the test was terminated. The final stage and level reached during the test
were recorded and used for statistical analysis

Anaerobic performance testing

The Running-Based Anaerobic Sprint Test (RAST) consisted of 6 repetitions of 35-meter sprints, with
10 seconds of rest between each sprint. This test was conducted pre- and post-training to assess changes
in anaerobic performance. The RAST has been validated as an effective protocol for measuring anaero-
bic power (Andrade et al., 2015) and short-distance performance (Andrade et al., 2015; Zagatto et al,,
2009). Prior to each test, participants were positioned 1 meter behind the timing sensor at the starting
line. The tester provided a verbal cue to begin the test and counted down the time for each sprint. Par-
ticipants were instructed to sprint as quickly as possible and pass through the timing sensor without
decelerating. To ensure maximal effort, strong verbal encouragement and real-time feedback on times
were provided throughout the 6 sprints. Speed and time for each repetition were recorded by a timing
gate system (TestYou, Mobile PRO Timing System, Krakow, Poland) to the nearest 0.01 seconds. Anaer-
obic performance parameters, including anaerobic capacity (AC), anaerobic power (Pmax), minimum
power (Pmin), best speed, and fatigue index, were derived from the timing gate data. Additionally, heart
rate (HR) was recorded during the test using a Polar H10 sensor (Finland), and blood lactate concentra-
tion ([La]) was measured from fingertip blood samples using a Lactate Scout (EKF Diagnostics, Bar-
leben, Germany) at 0- and 3-minutes post-test to assess recovery rates in the athletes

Data analysis

Statistical analyses were performed using IBM SPSS statistics (version 29.0, Armonk, NY: IBM Corp). All
data was expressed as mean + SD and were normal distributed as evaluated using the Shapiro-Wilk test.
The two-way repeated measures ANOVA (group x time) was performed on dependent variables to as-
certain the effect of training programs. Moreover, the two-way repeated measures ANOVA (sprint x
time) was applied to ascertain the changes of sprinting speed and heart rate over 6 trials (sprint: T1-to-
T6) between two time-point (time: PRE-POST). If the significant interactions emerged, pairwise (post-
hoc) comparison with Bonferroni adjustments was applied. Effect size for the main effects were calcu-
lated as the partial eta squared (n?,) and interpreted as a small (0.01-0.06), medium (0.06 < n32,< 0.14),
and large (> 0.14) effect. While the effect size of each comparison was calculated using Cohen’s d and
was interpreted as a trivial (< 0.19), small (0.20 - 0.59), moderate (0.60 - 1.19), large (1.20 - 1.99), very
large (2.0 - 4.0), and extremely large (> 4.0) 21. The significant difference of dependent variables was set
at p < 0.05. Lastly, Pearson correlation was used to evaluated the association among the anaerobic de-
rived-variables at last trial of test (T6). The strength of associations was quantified and interpreted ac-
cording to the following categories: < 0.1 (trivial), 0.11-0.30 (small), 0.31-0.50 (moderate), 0.51-0.70
(large), 0.71-0.90 (very large), and =0.9 (nearly perfect) (Sammoud et al., 2021).

Results
|

Aerobic performance
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A main effect of time without interaction emerged for estimated maximal oxygen consumption (est.
VO;max) (F = 14.32, p = 0.004, 2, = 0.59) and maximum speed at VO,max (vVO;max) (F = 7.86, p =
0.019, n%,=0.44), and total distance (F = 13.60, p = 0.004, n2,= 0.576). The est. VO,max was significantly
greater at POST (55.6 = 2.6 ml/min/kg) compared to PRE (53.5 £ 3.1 ml/min/kg, p = 0.001, d = 0.80).
Besides, the vVO.max significantly increased at POST (14.1 £ 0.3 m/s) compared to PRE (13.9 £ 0.4 m/s,
p = 0.005, d = 0.68). Moreover, the total distance was significantly improved at POST (2267 + 178 m)
compared to PRE (2120 + 212 m, p = 0.001,d = 0.78).

Anaerobic performance

The changes of anaerobic performance between training groups at PRE and POST was shown in Table
3. A main effect of time without interaction emerged for anaerobic capacity (AC) (F = 10.25, p = 0.009,
N2%,=0.51), minimum power (Pmin) (F =5.37, p = 0.043, n%, = 0.35), and blood lactate concentration at 3-
min ([La]zmin) (F =8.23, p =0.017, n%, = 0.45). AC was significantly higher at POST as well as the Puin
compared to PRE (AC: p=0.003,d =0.70; Pmin: p=0.026,d = 0.51). In addition, [La-]3-min was significantly
increased at POST compared to PRE (p = 0.046, d = 0.45). However, there was no significant difference
in anaerobic power (Pmax), best speed, fatigue index, and blood lactate concentration at 0-min ([La]o-
min). Additionally, a significant main effect of sprint was observed without interaction in the sprinting
speed of the INT group (F = 30.033, p < 0.001, n2,=0.91), as well as in heart rate for both the INT (F =
165.54, p < 0.001, n2,= 0.943) and CT (F = 138.57, p < 0.001, n2,= 0.93) groups (Figure 3). In the CT
group, both the main effects of sprint (F = 7.65, p = 0.020, n2,= 0.43) and time (F = 30.335, p < 0.001, n2,
= 0.75) without interaction were found. Overall, sprinting speed significantly improved following CT (p
=0.020,d = 0.81), while in the INT group, an upward trend was observed, but the improvement was not
statistically significant compared to the PRE condition. Consider the effect of sprint, both INT and CT
demonstrated significantly slower of speed at T3 (INT: 6.76 £ 0.27 m/s, d = 0.38; CT: 6.71 £ 0.31 m/s, d
=1.10), T4 (INT: 6.52+ 0.27 m/s,d = 2.38; CT: 6.48 £ 0.28 m/s, d = 2.03), T5 (INT: 6.33+ 0.23 m/s,d =
3.37;CT:6.34+0.32m/s,d=2.37),and T6 (INT: 6.25+0.23 m/s,d = 3.70; CT: 6.28 £ 0.34 m/s, d = 2.48)
compared to T1 (INT: 7.14 £ 0.25 m/s; CT: 7.02 £ 0.25 m/s, p < 0.001). Oppositely, heart rate was sig-
nificantly increased at T2 (INT: 157 + 8 bpm, d = 2.94; CT: 159 + 10 bpm, d = 2.47), T3 (INT: 164 + 8
bpm, d =3.63; CT: 163 + 10 bpm, d = 2.77), T4 (INT: 170 £ 7 bpm, d = 4.38; CT: 168 £ 10 bpm, d = 3.15),
T5 (INT: 172+ 8 bpm,d =4.41; CT: 171 £ 10 bpm,d =3.37),and T6 (INT: 175+ 8 bpm, d = 4.71; CT: 173
+ 9 bpm, d = 3.62) compared to T1 (INT: 127 £ 12 bpm; CT: 126 £ 16 bpm, p < 0.001).

Table 3. Changes of anaerobic performance derived parameters for INT and CT groups

Measures INT (n=11) CT (n=11) Group Time  Group x Time
PRE POST d PRE POST d p(ES) P (ES) p (ES)
£3
(Waég kg 834082 882:069 063 8.09+0.80 871+075 0.80 (0650045) %’g?) &60827)
(W;:‘;;kg) 10.46+1.45 10.65+0.76 0.16 9.86+1.03 10.49+0.88 0.66 (062172(; &121;3 ?64007(;
- *
(Waié“s‘;kg) 6.66+0.63  7.08+075 0.61 646+085  7.04+114 058 (06707133 (Ebogg) ?670211)
Beffns/zged 7144034 7194017 0.19 700+£025  7.16+020 0.71 (062183 (0612051) ?640463)
Fat‘gg,z)mdex 7274256  692+1.08 0.18 691+261  7.29+371 012 (0690907) &9060% ?660035)
(E;; ](‘;i;“ﬁ) 11124309 12.91+1.83 0.70 11.44+3.12 11.99+1.63 022 (0670417) &028653 8530397)
[LaJs-min 0771  0.017* 0.527
(mmoljly 1214215 1367%202 073 12.34+3.03 13.04+1.82 0.28 ©01)  (045) ©.04)

*Bold number denotes the main effect of time emerged (p < 0.05).
INT: Intermittent sprint training; ES: main effect size calculated as the partial eta squared (n?%,); d: Cohen’s d effect size; [La-]o-min: Blood lactate
concentration at 0-min; [La]3-min: Blood lactate concentration at 3-min; CT: Circuit training.
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Figure 3. Changes in anaerobic performance throughout 6 trials of sprinting test in INT and CT groups. (a) changes of heart rate in INT group
(HR-INT); (b) changes of heart rate in CT group (HR-CT); (c) changes of speed in INT group (Speed-INT); (d) changes of speed in CT group
(Speed-CT).

180 . “ rom e T 180
170
160

150

Heart rate - CT (bpm)

130

PRE et POST PRE em@msPOST

650
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PRE et POST PRE wmmPOST

The number indicated the percentage changes between PRE and POST.
* denotes significant different from T1 (p < 0.05); 2 denotes significant different from T2 (p < 0.05); ¥ denotes significant different from T3 (p
< 0.05); cdenotes significant different from T4 (p < 0.05); 4 denotes significant different from T5 (p < 0.05).

Analysis of associations

A potential explanation for the improvement in anaerobic performance observed in INT and CT groups
during the sixth sprint of the repeated shuttle running test (RAST) was explored by examining the asso-
ciations among heart rate, blood lactate, anaerobic power, sprinting speed, and sprint time (Table 4).
For INT group, there was a positive large correlation between anaerobic power (r = 0.673, p = 0.023)
and speed (r = 0.659, p = 0.027) with blood lactate. Moreover, the sprinting time also showed large
negative correlation with blood lactate (r = -0.647, p = 0.031). While CT group showed large positive
correlation between anaerobic power (r=0.692, p = 0.018) and speed (r = 0.702, p = 0.016) with heart
rate. Additionally, Pearson correlation revealed a negative large correlation between anaerobic power
(r=-0.603, p = 0.049) and sprinting time (r = -0.706, p = 0.015) with blood lactate.

Table 4. Correlation coefficient between parameters derived from last trial (6t sprint) of anaerobic performance testing of INT and CT groups

INT Anaerobic power Speed Sprinting time
Heart rate -0.001 -0.006 0.006
(p=0.999) (p =0.986) (p =0.986)
Blood lactate 0.673* 0.659* -0.647*
(p =0.023) (p =0.027) (p=0.031)
CT Anaerobic power Speed Sprinting time
Heart rate 0.692* 0.702* -0.706*
(p=0.018) (p=0.016) (p=0.015)
-0.603* -0.592 0.584
Blood lactate (p = 0.049) (p =0.055) (p =0.059)

INT: Intermittent sprint training; CT: Circuit training
* Bold text denotes significant correlation (p < 0.05)

Discussion

. ______________________________________________________________________|
The present study investigated the effectiveness of two distinct training programs, intermittent sprint
training and specific circuit training, over a 4-week period on anaerobic and aerobic performance in
varsity soccer players. The results demonstrate that both training programs yield similar beneficial ef-
fects on anaerobic performance, including improvements in anaerobic power, anaerobic capacity, and

minimum power, as assessed by the repeated sprint test. Furthermore, aerobic performance, measured
N
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by maximal oxygen consumption and maximal velocity at VO,max, also showed significant improve-
ments despite the short duration of the 4-week training period. This study highlights that both training
programs are effective in enhancing both anaerobic and aerobic fitness, which are crucial for soccer
performance.

Anaerobic fitness is defined as the ability to perform high-intensity activities without sufficient oxygen
availability (American College of Sports Medicine, 2013). Our results revealed that athletes exhibited
enhanced ability to maintain velocity and power during the repeated sprint test after 4 weeks of training
with both additional programs. The intermittent sprint training (INT) program was designed to reflect
the demands of soccer matches, where players perform high-speed sprints interspersed with brief rest
periods. This training method closely resembles short sprint interval training (sSIT), which consists of
repeated sprints followed by short recovery periods, a method that has been shown to offer benefits in
previous meta-analyses (Boullosa et al., 2022; Vollaard et al., 2017). Our findings align with those of a
previous study (Benitez-Flores et al., 2018), which compared the effects of short sprints (5 seconds) and
long sprints (20 seconds) performed with 16 and 4 repetitions, respectively. The study demonstrated
that only short sprints (5 seconds) improved anaerobic capacity and minimum power, likely due to en-
hanced phosphocreatine (PCr) availability and ATP resynthesis (Gaitanos et al., 1993), critical factors
for sustaining power output and facilitating recovery (Bogdanis et al., 1996; Forbes et al., 2008). Fur-
thermore, the circuit training program, which utilized bodyweight exercises, also improved anaerobic
performance, consistent with previous studies (Myers et al,, 2015; Sonchan, 2017). Myers and col-
leagues (2015) compared the effects of circuit training and combined training, finding that minimum
power increased only in the circuit training group, while anaerobic capacity improved in both groups
(Myers et al., 2015). Additionally, Sonchan (2017) confirmed that circuit training led to improvements
in anaerobic capacity compared to a control group after 8 weeks of training (Sonchan, 2017). In the
current study, the circuit training program was designed to mimic the various explosive movements in
soccer, incorporating fast-paced exercises without rest intervals. This approach, similar to intermittent
sprint training, effectively stimulated the development of anaerobic performance (Mathur, 2022).

Additionally, physiological changes during exercise, as indicated by heart rate and blood lactate levels,
are considered internal markers of high-intensity exercise (Karahan, 2020). Our results demonstrated
that blood lactate concentration increased at the 3-minute post-rest interval following anaerobic testing,
while no significant changes were observed immediately post-test (0 minutes). Notably, running speed
and minimum power improved without changes in the fatigue index, despite elevated blood lactate lev-
els and heart rate. During intense exercise, the rate of anaerobic glycolysis increases to provide energy
for excitation-contraction coupling mechanisms (Bangsbo, 2014). This anaerobic energy production re-
sults in lactate production, the release of hydrogen ions, and subsequent acidosis (Nasuka et al., 2018),
which are directly associated with muscle fatigue (McKenna et al., 2008), leading to impaired athletic
performance. Oppositely, our study found that athletes demonstrated improved repeated sprint perfor-
mance during the accumulation of blood lactate. This finding is consistent with previous research, which
showed that training methods such as high-intensity exercise (HIE) (Sahlin, 2014) and speed endurance
training (SET) (Hostrup & Bangsbo, 2017) can enhance cellular energy production and reduce acidosis
by improving the muscle’s buffering capacity. Furthermore, a study by laia and colleagues (laia et al,,
2008) investigated the effects of 4 weeks of low-volume, high-intensity sprint training. They observed
that glycogen and phosphocreatine utilization during a second bout of intense exercise were reduced,
despite higher blood lactate accumulation and longer time to exhaustion. Our findings support these
results, demonstrating that short-term sprint training promotes muscle oxidative adaptation and me-
chanical efficiency, enhancing metabolic stability and delaying impairments in excitation-contraction
coupling during intense exercise. Additionally, previous research has shown that sprint training can in-
duce neural adaptations, improving muscle activation sequencing, enhancing fast-twitch motor unit re-
cruitment, and increasing muscle power and anaerobic capacity (Ross et al,, 2001). To evaluate the ef-
fectiveness of different training programs in practical settings, anaerobic performance is often assessed
by an individual’s ability to maintain speed and power, particularly during the final sprint of RAST,
where minimum anaerobic power is typically observed. Accordingly, examining the relationships be-
tween derived physiological variables and performance outcomes can provide valuable insights into the
efficacy of each training program. Our analysis revealed a strong correlation between heart rate and
measures of anaerobic power, speed, and sprinting time in the CT group, a pattern not observed in the
INT group. Interestingly, blood lactate concentration showed a positive correlation with anaerobic
NI

B 709 »
LA



2025 (Diciembre), Retos, 73, 702-714 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

power in the INT group, whereas a strong negative correlation was observed in the CT group. These
findings align with previous work indicating that buffering of H* ions is particularly important during
sprint-type exercise, where rapid accumulation of H* results from the high rate of non-mitochondrial
ATP resynthesis required to sustain power output (Bishop et al., 2004; Edge et al., 2006). Our study also
observed a trend of lower lactate accumulation at post-training (0-min) in the CT compared to INT
(10.3% vs. 22.4%). This may be explained by the structured combination of resistance and endurance
elements in the CT program, which likely enhanced muscle strength and elevated the anaerobic thresh-
old. In contrast, the INT program appeared to influence neuromuscular adaptations more strongly, po-
tentially improving motor unit activation timing and increasing the recruitment and firing rate of fast-
twitch fibers [Ross 2001], ultimately contributing to greater improvements in minimum power output
(Gaitanos et al., 1993). Therefore, both intermittent sprint training (INT) and circuit training (CT) effec-
tively improve anaerobic performance by enhancing intramuscular buffering capacity and facilitating
neural adaptations, leading to improved speed and power maintenance, as observed in this study.

Aerobic performance is a crucial requirement for soccer players, with maximal oxygen uptake (VO,max)
serving as the primary indicator of cardiorespiratory endurance and aerobic fitness (Carey &
Richardson, 2003). The present study demonstrated a significant improvement in VO,max after 4 weeks
of intermittent sprint training (INT) and circuit training (CT), with no differences observed between the
two training groups. This finding is consistent with previous studies on short-sprint interval training
(sSIT) (Ijichi et al.,, 2015; Parra et al., 2000) and circuit training (Myers et al., 2015; Sonchan, 2017). A
recent meta-analysis on sSIT !4 reported that improvements in aerobic performance ranged from 7.4%
to 13.9%, depending on the number and duration of sprints, even when the training duration was fixed
at 4 weeks (Bayati et al., 2011; Harris et al,, 2014; Ijichi et al., 2015; Zelt et al.,, 2014). Few studies have
investigated the effects of sprint training with a sprint duration similar to that used in the present study
(<10 seconds). For example, Hellsten-Westing et al. (1993) reported that 6 weeks of sprint training,
involving 10-second sprints for 15 repetitions with 50 seconds of rest, resulted in a 2.4% improvement
in VO2max (Hellsten-Westing et al., 1993). In contrast, Hazell et al. (2010) demonstrated that 2 weeks
of sprint training, consisting of 6 repetitions interspersed with 120 seconds and 240 seconds of rest, led
to VOmax improvements of 3.9% and 8.5%, respectively (Hazell et al., 2010). However, another study
by Skleryk et al. (2013) found a 1.7% decrease in VO;max after 2 weeks of sprint training with 8-12
repetitions and 80 seconds of rest between sprints (Skleryk et al., 2013). In terms of circuit training,
previous studies have shown that it can improve VO;max after 5 weeks 28 and 8 weeks (Sonchan, 2017).
The similarity between these studies and the current study lies in the design of the circuit training pro-
gram, which involved minimal to no rest between exercises. Thus, the rest duration appears to be a key
factor in VO,max improvements. An inappropriate rest-to-work ratio may hinder improvements in car-
diorespiratory fitness. Furthermore, improvements in anaerobic performance may also contribute to
enhanced aerobic performance, as they support phosphocreatine (PCr) regeneration and stimulate mi-
tochondrial biogenesis (Little et al., 2010; Scalzo et al., 2014), reducing fatigue and increasing the ability
to sustain prolonged exercise (Benitez-Flores etal., 2018; [slam etal., 2017). Therefore, an appropriately
designed anaerobic training program can enhance both anaerobic and aerobic fitness in athletes.

This study possesses several strengths that support the validity of the findings. First, a substantial sam-
ple size of 22 varsity soccer players who were fully familiarized with both field tests was employed.
Second, a parallel, randomized, counterbalanced design was implemented to enhance the reliability of
the results. Third, the quality and consistency of both the training and testing protocols were rigorously
controlled by a sports scientist. However, the current study also has limitations that should be consid-
ered when designing future research. These include 1) the limited measurement of blood lactate con-
centration at only two time points post-testing, which may not be sufficient to adequately track recovery
changes; 2) the absence of subjective measures (e.g., perceived exertion using the Rating of Perceived
Exertion [RPE]) during training to assess training intensity; and 3) the lack of a control group perform-
ing only the standard training protocols in the team's schedule. Therefore, future research should aim
to include a control group and assess training effects over multiple time points, incorporating both ob-
jective and subjective measures to better evaluate the internal and external training load associated
with each training program for varsity soccer players.
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Conclusions

Our findings highlight the beneficial effects of two practical training programs (intermittent sprint train-
ing and circuit training) on enhancing both aerobic and anaerobic performance in varsity soccer players
over a 4-week period. This study is the first to compare the effectiveness of these training programs
within such a short timeframe. However, the underlying mechanisms driving these improvements re-
main limited and warrant further investigation. Considering the favorable safety profile and demon-
strated performance enhancements, coaches and sport scientists are encouraged to incorporate these
training programs to improve critical performance attributes in soccer players, particularly in time-con-
strained training environments.
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