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The effect of circuit training on the anaerobic
endurance of boxing athletes
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ABSTRACT
Anaerobic endurance is a crucial component of physical condition for boxers because it is directly related to
the ability to perform repeated high-intensity attacks during a match. However, empirical evidence on the
effectiveness of training programmes for improving boxers' anaerobic endurance is still needed. This study
- o aimed to determine the change in anaerobic endurance of boxers before and after circuit training. A pre-
experimental one-group pretest—posttest design was used. The participants were 12 active boxers from a boxing
club in North Lampung Regency, selected by total sampling. Anaerobic performance was measured with the
Running-based Anaerobic Sprint Test (RAST), from which the average anaerobic power (in watts) was
analysed. Data were analysed using descriptive statistics, the Shapiro—Wilk normality test, and, because the
difference scores were not normally distributed, the Wilcoxon signed-rank test. The average anaerobic power
increased from 432.50 W at pretest to 481.67 W at posttest, a mean improvement of 49.17 W (95% CI1 47.93—
L] ° 50.40). The Wilcoxon test showed a significant pre-to-post difference (Z = -3.06; p = 0.002; r = 0.62). It can
be concluded that the circuit training programme significantly improved boxers' anaerobic endurance and is
- o therefore recommended for developing their physical condition, although the one-group design without a
control group means the results should be interpreted with caution.
Keywords. circuit training; anaerobic endurance; anaerobic power; RAST; boxing
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INTRODUCTION

Boxing is a competitive sport that demands excellent physical condition, especially anaerobic
endurance (Prayoga et al., 2023). Boxers must perform a series of explosive movements such as
punches, dodges, and footwork repeatedly at high intensity within relatively short rounds, which
makes the anaerobic energy system dominant during a match (Lopes-Silva & Franchini, 2021).
Developing effective training methods to increase anaerobic endurance is therefore crucial for
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supporting performance, enabling boxers to maintain technical and tactical intensity throughout the
bout (Niu et al., 2024).
Among the many methods developed to improve fitness components, circuit training combines
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several forms of exercise in a series at a certain intensity with relatively short rest periods (Hermosilla-

Perona et al., 2025; Loewen et al., 2023). Several studies have shown that circuit training is effective

in increasing muscle strength, cardiorespiratory capacity, and anaerobic endurance in athletes across
” ° sports such as soccer, futsal, basketball, and martial arts (Christy et al., 2022; Hu et al., 2024; Son et
al., 2025). These results, however, vary in effectiveness depending on the training design, subject
characteristics, and the performance indicators used.

Theoretically, circuit training is supported by the concept of high-intensity interval training
(HIIT) and the principle of exercise specificity. High-intensity, short-rest training can stimulate
metabolic adaptations in the anaerobic energy system, particularly increased phosphagen and
glycolytic capacity (Pereira et al., 2024; Yue et al., 2025). Furthermore, the overload and progression
principle explains that systematically applying training loads through circuit training can increase the
body's tolerance to anaerobic fatigue, improving the ability to sustain repeated explosive
performance, a key characteristic of boxing (Cid-Calfucura et al., 2023).

Despite this, studies examining the effect of circuit training specifically on the anaerobic
endurance of boxers remain limited; most previous work has focused on other sports or on martial
arts with different movement characteristics, has used less specific measurement indicators, or has
not tested boxers directly (Yulianto et al., 2022; Setyawan et al., 2024). This study addresses that gap
by implementing a structured circuit training programme contextualised to boxing, using anaerobic
endurance indicators derived from the Running-based Anaerobic Sprint Test, and by quantitatively
measuring its effect in active boxers. The urgency lies in the practical need of coaches and athletes
for an effective, efficient, and evidence-based training model to improve competition performance.

Therefore, the purpose of this study is to determine the effect of circuit training on the anaerobic
endurance of boxing athletes. The results are expected to serve as a scientific reference for coaches,
athletes, and practitioners in designing effective training programmes to improve boxing
performance.

L}
L}

METHOD

L ° This study used a quantitative, pre-experimental one-group pretest—posttest design (Gani &
Purbangkara, 2023). One group of subjects was given an initial measurement (pretest), then a
treatment in the form of circuit training, and finally a posttest. Because the design has no control
group, causal interpretation is limited and threats such as maturation, familiarisation, and testing
effects cannot be fully excluded.

The population comprised all active boxers of a boxing club in North Lampung Regency, and
because the whole population was included, total sampling yielded 12 participants aged 15-21 years,
all in good health and free of injury during the study. Participant characteristics relevant to anaerobic
capacity, namely sex, age, body mass, and competitive experience, were recorded prior to the
intervention and should be reported together with the results.

The instrument was the Running-based Anaerobic Sprint Test (RAST), which consists of six
maximal 35-metre sprints with a 10-second rest between sprints and yields maximum power, average
power, and a fatigue index (Kumar et al., 2022; Gengoglu et al., 2023). In this study, the average
anaerobic power (in watts) was used as the primary indicator of anaerobic endurance; the maximum
power and fatigue index should also be reported separately, as they carry different meanings (higher
power is better, whereas a higher fatigue index is worse). To support reliability, the test was
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standardised across pretest and posttest for surface, footwear, and familiarisation, and consistent

timing was used.

The procedure comprised preparation, pretest, treatment, and posttest. After the pretest,
participants completed a six-week circuit training programme, three times per week. Each session
used six stations, namely push-ups, squat jumps, burpees, high-intensity shadow boxing, mountain
climbers, and sit-ups, each performed for 30 seconds with a 15-second rest between stations and 2
minutes between sets, for three sets per session. After the programme, participants repeated the RAST
posttest under identical conditions.

Data were analysed with descriptive statistics (mean, standard deviation, minimum, and
maximum). The Shapiro—Wilk test was used to assess the normality of the pre—post difference scores;
because the differences were not normally distributed, the Wilcoxon signed-rank test was used to
compare pretest and posttest, and the cffect size was computed as r = Z/N. The mean difference and
its 95% confidence interval were also reported. The significance level was set at a = 0.05.

RESULTS

Table 1. Individual anaerobic power (RAST average power, watts) of the boxing athletes

No Athlete Pretest (W) Posttest (W) Difference (A)
1 Al 410 455 45
2 A2 430 480 50
3 A3 450 500 50
4 A4 405 450 45
5 AS 440 490 50
6 A6 465 515 50
7 A7 425 475 50
8 A8 455 505 50
9 A9 395 445 50
10 Al0 435 485 50
11 All 420 470 50
12 Al2 460 510 50

Average 432.50 481.67 49.17

All 12 athletes showed an increase in anaerobic power after the six-week circuit training
programme. Pretest values ranged from 395 to 465 W and posttest values from 445 to 515 W, with
individual improvements of 45-50 W. No athlete declined. Because the improvements cluster onto
two integer values at the recorded precision, they should be read together with the measurement-
precision note in the Method and the limitation below.

Table 2. Descriptive statistics of anaerobic power (watts)

Stage N Minimum Maximum Mean SD
Pretest 12 395.00 465.00 432.50 22.51
Posttest 12 445.00 515.00 481.67 23.58

The mean anaerobic power increased from 432.50 W (SD = 22.51) at pretest to 481.67 W (SD
= 23.58) at posttest, indicating a higher average anaerobic power after treatment.

Table 3. Shapiro—Wilk normality test of the pre—post difference
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Variable N Statistic p Dist.
Difference (posttest — pretest) 12 0.639 <0.001 Not
normal

The difference scores were not normally distributed (p < 0.001), so the normality assumption
- m for a parametric paired t-test was not met, and the non-parametric Wilcoxon signed-rank test was
used to compare pretest and posttest.

Table 4. Wilcoxon signed-rank test of pretest vs posttest anaerobic power

Comparison N Mean A (W) Y4 p r/95% Clof A
Pretest vs Posttest 12 49.17 -3.06 0.002 0.62 /47.93-50.40
- G The Wilcoxon signed-rank test showed a statistically significant difference between pretest and

posttest anaerobic power (Z = -3.06; p = 0.002), with a large effect size (r = 0.62). The mean
improvement was 49.17 W (95% CI 47.93-50.40). Unlike a comparison against a fixed reference
value, this test directly compares the pre- and post-training scores and therefore supports the
conclusion that circuit training increased the athletes' anaerobic power. A parametric paired t-test,
reported here only as a robustness check, was consistent with this result.

DISCUSSION

The results show that circuit training improved the athletes' ability to produce and sustain
anaerobic power, consistent with the theory of high-intensity training, in which short work durations
and limited rest can increase the capacity of the phosphagen and glycolytic energy systems (Yue et
al., 2025). In boxing, this adaptation is particularly relevant because athletes perform repeated
explosive movements with limited recovery during competition (Lopes-Silva & Franchini, 2021).

The findings align with previous research on combat sports and games reporting that circuit and

& o interval training effectively increase athletes' power and anaerobic capacity (Christy et al., 2022;
Yulianto et al., 2022; Tortu et al., 2024). This study adds to that literature by showing that a circuit
design integrating boxing-specific elements, such as high-intensity shadow boxing, can provide a
more specific stimulus to the physiological demands of boxers, extending the application of circuit
training to the boxing context (Niu et al., 2024).

The increase in anaerobic power indicates neuromuscular and metabolic adaptations arising from
the principles of overload and specificity (Cid-Calfucura et al., 2023). The circuit applied here
repeatedly activated major muscle groups at high intensity, plausibly improving the efficiency of
anaerobic energy production and tolerance to lactate accumulation, which distinguishes this
programme from conventional training without sport-specific modifications (Santos & Franchini,
2021; Santos-Junior & Franchini, 2021).

Practically, the study offers a circuit training model that boxing coaches can adopt as an
alternative physical-conditioning programme. It is relatively easy to implement, requires no complex
equipment, and targets a fitness component crucial to performance, contributing to coaching science
and training practice in high-performance sport (Beattie & Ruddock, 2025; Finlay, 2025).

This study has several limitations. The relatively small sample and the absence of a control group
limit generalisability and mean that improvements cannot be fully separated from maturation,
familiarisation, or testing effects. The individual gains clustered onto only two integer values (45 and
50 W), which is unusually uniform for physiological data and suggests limited measurement
resolution; future work should report the full RAST outputs (maximum power, average power, and
fatigue index) to their measured precision, ideally with electronic timing. The study also examined
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anaerobic endurance alone, without linking it to technical performance or match outcomes. Future
research should therefore use a controlled design with a larger sample, electronic timing, and
technical—tactical performance variables.
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CONCLUSION

Circuit training tailored to the characteristics and physiological demands of boxing significantly
improved the anaerobic endurance of boxing athletes, as shown by the increase in RAST average
anaerobic power and confirmed by a direct pretest—posttest comparison. Theoretically, the findings
reinforce the principles of high-intensity training and training specificity for developing the anaerobic
energy system. Methodologically, the study shows that a one-group pretest—posttest design with the
RAST can evaluate changes in anaerobic capacity, although it cannot establish causality on its own.
Practically, the results can guide coaches in designing effective, efficient, and applicable physical-
training programmes. Future research should involve a control group, a larger sample, and an
examination of the relationship between increased anaerobic endurance and both technical
performance and boxing match results.
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