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Purpose
This pilot study aimed to determine the reliability and validity of the 30-15 Intermittent Fitness Test (30-15IFT) in male collegiate soccer players. A secondary aim was to develop a new, population-specific equation for predicting maximal oxygen uptake (VO2max) and to compare its predictive validity against a widely used general equation.
Methods
Twenty well-trained male collegiate soccer players (age 19.5 ± 1.3 years, height 177.8 ± 6.3 cm, body mass 68.0 ± 14.3 kg; training experience 10.8 ± 3.0 years) participated in this study, and goalkeepers and players with injuries were excluded. A repeated-measures design was utilized. The participants completed three testing sessions separated by 1-week intervals: one trial of a continuous treadmill running test (CT) with running speed increasing by 1 km/h every minute to assess the validity of the 30-15IFT and two trials of the 30-15IFT to evaluate reliability. The 30-15IFT involves 30-s runs across a 40-m course interspersed with 15 s of walking, with running speed increasing by 0.5 km/h every 45-s stage. Maximal intermittent running velocity (VIFT), maximum heart rate (HRmax), and maximal oxygen consumption (VO2max) were collected for both tests. Reliability was assessed using the intraclass correlation coefficient (ICC) and typical error (TE). Validity was evaluated via Pearson correlation and Bland-Altman analysis. A multiple linear regression model was developed and cross-validated, with its predictive accuracy and agreement directly compared to those of the equation.
Results
The 30-15IFT demonstrated high reliability for all key metrics (ICC = 0.81–0.92, CV = 1.43–1.69%). Despite large correlations with CT measures (r = 0.62–0.77), Bland-Altman analysis revealed significant systematic bias and wide limits of agreement. The newly developed population-specific equation (r = 0.72, SEE = 2.90 mL/kg/min) demonstrated substantially lower bias (SEE = 2.90 mL/kg/min) compared to the general equation when applied to this cohort (SEE = 4.91 mL/kg/min).
Conclusion
This pilot study demonstrates that the 30-15IFT is a reliable tool for monitoring sport-specific performance, but should not be used interchangeably with laboratory-based tests due to significant disagreement. The application of general prediction equations can lead to considerable error. Future research should therefore focus on developing and validating these prediction models in larger, more diverse populations to improve their predictive accuracy and generalizability.
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1 INTRODUCTION
Soccer is a typical intermittent team sport characterized by repeated high-intensity activities, including sprints, accelerations, decelerations, and rapid changes of direction (Carling et al., 2012). Due to the frequent occurrence of high-intensity movements during matches, players are required to repeatedly perform such efforts during critical phases, while maintaining a high level of aerobic endurance to support intensity regulation and recovery throughout the game (Harper et al., 2019). Notably, both the duration and repeatability of high-intensity running are strongly correlated with an athlete’s aerobic capacity (VO2max), with this relationship becoming particularly pronounced during the latter stages of the game—especially in the final 15 min (Gharbi et al., 2015; Grgic et al., 2019). Therefore, the accurate assessment of a player’s aerobic capacity is a cornerstone of effective physical preparation in soccer.
Incremental laboratory-based tests using treadmills or cycling ergometers are widely employed to assess cardiorespiratory fitness. However, these tests are time-consuming, require expensive equipment, and often interfere with athletes’ regular training schedules due to the need for repeated laboratory visits (Bassett and Howley, 2000). As a result, indirect assessment methods have gained increasing attention as practical alternatives (Flouris et al., 2010). To address the limitations of conventional lab-based assessments in athletic contexts, Buchheit and colleagues developed the 30-15 Intermittent Fitness Test (30-15IFT), a field-based test with greater ecological validity (Buchheit, 2009). The 30-15IFT is an intermittent, incremental shuttle run test incorporating change-of-direction movements, enabling simultaneous evaluation of aerobic and anaerobic fitness, inter-effort recovery capacity, anaerobic speed reserve, and change-of-direction ability (Jeličić et al., 2020). Recent studies have confirmed the high reliability of the 30-15IFT across various team sports, including handball, basketball, football, ice hockey, and rugby (Impellizzeri and Marcora, 2009; Jeličić et al., 2020; Grgic et al., 2021). One of the key advantages of the 30-15IFT lies in its output variable—the maximal intermittent running speed (VIFT)—which can be used to prescribe individualized high-intensity interval training (HIIT) programs. This feature effectively overcomes the limitations of traditional continuous tests, which often fail to capture the sport-specific demands of match play (Čović et al., 2016). Moreover, HIIT prescriptions based on VIFT have been shown to significantly reduce inter-individual variability in training intensity within teams (with a coefficient of variation [CV] of approximately 3%), thereby enhancing the homogeneity and standardization of group training sessions (Flouris et al., 2010). This provides a more effective strategy for implementing precise physical conditioning interventions in sports science practice.
Although the 30-15IFT offers a strong alignment with the physiological and movement demands of team sports, its capacity to predict VO2max remains significantly different from that of gold standard measurements (ES = 0.84–1.10) (Čović et al., 2016; Jeličić et al., 2020). The estimated VO2max from the 30-15IFT (VO2max-IFT) was calculated using the formula established by Buchheit (2008), which was based on a sample of 59 youth athletes (age, 16.2 ± 2.3 years). The validity of applying such a specific equation universally is questionable, as cardiorespiratory fitness is influenced by a multitude of factors, including sex, ethnicity, training status, and lifestyle (Pandey et al., 2016). This issue of generalizability is compounded by a broader sample bias in the existing literature, which has predominantly focused on professional or youth athletes (Stanković et al., 2021). Compared with youth or professional athletes, collegiate athletes exhibit distinct methodological and practical characteristics. On the one hand, they are typically in a semi-professional state, required to participate in high-level competitions while lacking systematic training, monitoring, and rehabilitation resources. On the other hand, their training load and recovery conditions are often markedly constrained by academic commitments, resulting in greater variability in athletic performance and fitness assessment outcomes (Bozzini et al., 2020). Furthermore, collegiate athletes are generally more biologically mature and no longer display the typical growth and developmental characteristics of youth academy players, a distinction that may influence their fitness adaptations and training responses (Gundersen et al., 2025). In contrast, youth athletes are largely managed within centralized academy systems, while professional athletes benefit from well-established training and medical support structures (McFadden et al., 2023). Therefore, focusing on collegiate athletes not only addresses a critical gap in the existing literature but also provides evidence-based insights for training monitoring and fitness evaluation in both collegiate and semi-professional populations.
Therefore, the primary purpose of this pilot study was to evaluate the reliability and validity of the 30-15IFT for VO2max prediction in male collegiate soccer players. A secondary aim was to develop a new, population-specific prediction equation for VO2max and to directly compare its predictive validity against the Buchheit (2008) formula. We hypothesized that while the 30-15IFT would be reliable, the new population-specific equation would demonstrate superior accuracy and agreement compared to the general formula.
2 METHODS
2.1 Participants
Twenty male well-trained collegiate soccer players (Table 1) volunteered to participate in this study. All participants are from the Central South University soccer team and have performed well in the China University Football Association (CUFA), winning multiple provincial championships. The players trained 5.5 ± 1.2 times per week (11.8 ± 2.1 h per week) and testing took place during the competitive season. Goalkeepers were excluded due to aerobic capacity differences in soccer positions (Nobari et al., 2021). All players were free from cardiovascular or respiratory disease and had no injuries at the time of testing. The study was approved by the Ethics Committee of the Wuhan Sport University according to the Helsinki Declaration guidelines. Participants were fully informed and signed a consent form that indicated they could withdraw from the study at any time.
TABLE 1 | Physical characteristics of subjects (n = 20).	Variables	Mean ± SD
	Age (years)	19.5 ± 1.3
	Height (cm)	177.8 ± 6.3
	Body mass (kg)	68.0 ± 14.3
	Training experience (years)	10.8 ± 3.0


2.2 Design
This study employed a repeated-measures design. A week before the main experimental protocol, participants had one habituation session to familiarize themselves with the experimenter, laboratory, materials, and exercise test to minimize the learning effect and ensure exercise test reliability. All three test sessions were conducted at the same time of day (between 4:00 p.m. and 5:00 p.m.), with a 7-day interval between each session. The first session was conducted in a laboratory setting using a motorized treadmill to determine maximal oxygen uptake (VO2max) and maximal heart rate (HRmax) as reference measures. The second and third sessions were conducted on an outdoor grass field where the participants normally trained, using the 30-15 Intermittent Fitness Test (30-15IFT) as the test protocol. On each testing day, participants wore their standard soccer match apparel and completed a standardized warm-up before the 30-15IFT, which included 5–10 min of moderate-intensity jogging followed by 5 min of static and dynamic stretching. To minimize the impact of fatigue, all participants were instructed to refrain from engaging in any vigorous physical activity for at least 48 h before each test session. Throughout the study period, participants maintained their regular training routines. All tests were performed under similar environmental conditions, with ambient temperatures ranging from 20 °C to 25 °C, to ensure consistency across sessions. The simplified experimental protocol is shown in Figure 1.
[image: Testing schedule flowchart with three main phases: Week 1 for familiarization, Test 1 for continuous treadmill running, and Tests 2 and 3 for the Field-30-15 IFT. Each test follows a standardized warm-up and occurs at 16:00-17:00. Testing conditions include a temperature of 20-25 °C and no vigorous activity 48 hours prior. Participants wear soccer uniforms and maintain a regular training routine throughout.]FIGURE 1 | Simplified experimental protocol.2.3 Continuous incremental running test on treadmill
All participants performed a continuous treadmill test (CT) in a controlled laboratory environment (ambient temperature ∼25 °C). The test was conducted on a motorized treadmill (Cosmed, Rome, Italy) with the incline set at 1°. Prior to testing, participants completed a standardized dynamic warm-up targeting the lower limbs, including leg swings, walking lunges, lateral lunges, ankle hops, and single-leg hops. The test protocol began at a speed of 5 km/h, with speed increasing by 1 km/h every minute until volitional exhaustion. Respiratory gas exchange data were collected in real time using a portable metabolic analyzer (K4b2, Cosmed, Rome), with recorded parameters including oxygen uptake (VO2), carbon dioxide production (VCO2), tidal volume (VT), minute ventilation (VE), respiratory exchange ratio (RER), and partial pressures of oxygen and carbon dioxide (PO2 and PCO2). All values were averaged over 5-s intervals. Maximal oxygen uptake in CT (VO2max-CT) was defined as the highest average VO2 observed over any four consecutive 20-s intervals during the test. Heart rate was continuously monitored at a frequency of 1 Hz using a Polar heart rate monitor (Polar, Finland), and the heart rate corresponding to VO2max-CT was recorded as the maximal heart rate (HRmax-CT). The final treadmill speed achieved at the point of VO2max-CT was recorded as the maximal treadmill velocity (VCT). Before each test, the gas analysis system was calibrated according to the manufacturer’s instructions to ensure measurement accuracy.
2.4 The 30-15 Intermittent Fitness Test
The 30-15 Intermittent Fitness Test (30-15IFT) was administered according to the protocol described by Buchheit (2008). The course design for the 30-15IFT is shown in Figure 2. The test consists of alternating 30-s shuttle runs and 15-s passive recovery periods. Participants followed a pre-recorded audio cue (APP: 30-15IFT) and started running from marker line A at 8 km/h, increasing the speed by 0.5 km/h per level. They ran back and forth between two lines 40 m apart at a certain speed during the 30 s of exercise, followed by a 15-s recovery period to walk back to within the nearest 3-m zone and the nearest marker line (A/B/C), after which the next level of testing began. Participants were encouraged to complete as many stages as possible. The test was terminated when any of the following criteria were met: (1) voluntary cessation by the participant, or (2) failure to reach the 3-m buffer zone before the audio signal on three consecutive occasions. The final completed stage speed was recorded as the participant’s maximal intermittent running speed (VIFT). Maximal oxygen uptake in 30-15IFT (VO2max-IFT, in ml·min-1·kg-1) was estimated using Buchheit’s predictive equation (2008): VO2max-IFT = 28.3–(2.15 × gender)–(0.741 × age)–(0.0357 × body mass) + (0.0586 × age × VIFT) + (1.03 × VIFT) where gender was coded as 1 for males and 2 for females. Participants’ heart rates in 30-15IFT (HRmax-IFT) were measured throughout the 30-15IFT using the Polar Team Pro System (Polar Team Pro System, Polar Electro, Kempele, Finland).
[image: Diagram of a 40-meter track divided into sections A, B, and C. Section A and C each have a 3-meter zone shaded in pink, signifying rest areas. Section B is a central 20-meter running zone with a figure indicating running. Arrows indicate the direction of travel.]FIGURE 2 | The course design for the 30-15 Intermittent Fitness Test.2.5 Statistical analyses
Data were presented as either mean ± SD or mean with 95% confidence intervals (95% CI) where specified. Normality of data was assessed by the Shapiro-Wilk statistic, and homogeneity of variance was verified with the Levene test. Reliability of the 30-15IFT was examined using the intraclass correlation coefficient (ICC), typical error of measurement (TE) expressed as a coefficient of variation (CV), and smallest worthwhile change (SWC) (Atkinson and Nevill, 1998). To assess the magnitude of the ICC, the threshold values were 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0 for low, moderate, high, very high, nearly perfect, and perfect, respectively (Koo and Li, 2016). The SWC was calculated as 0.2 × between-subjects SD. In line with previous research, if the TE was higher than the SWC, the evaluation of the test was marginal; if the TE was similar to the SWC, the evaluation was “OK”; and if the TE was less than the SWC, an evaluation of “good” was given to the test.
The validity between maximal oxygen uptake (VO2max), maximum heart rate (HRmax), and the End-running velocity of 30-15IFT and CT was assessed using Pearson correlation (r), and Spearman correlation was used when the data did not conform to a normal distribution. Correlation values denoted association between variables and tests as small (r = 0.1–0.3), moderate (r = 0.3–0.5), large (r = 0.5–0.7), very large (r = 0.7–0.9), and almost perfect (r = 0.9–1.0) (Hopkins et al., 2009; Jeličić et al., 2020). The practical significance of differences between consecutive trials and the magnitude of differences between 30-15IFT and CT were also expressed as standardized mean differences (Cohen’s effect size; ES). ESs were classified as trivial (<0.19), small (0.20–0.59), moderate (0.60–1.19), large (1.20–1.99), and very large (2.0–4.0) (Hopkins et al., 2009). Furthermore, a multiple linear regression model was used to establish the link between VO2max-CT and all the variables in Buchheit’s equation. We excluded the Age * VIFT interaction term, as it is primarily relevant for developing adolescents and was not a significant predictor within the narrow age range of our collegiate sample. To compare the validity of two equations, Pearson’s r was used to assess the correlation strength, and the standard error of estimate (SEE) and Bland-Altman analysis were used to analyze the prediction errors. All the statistical analyses were performed using R, version 4.4.2 (R Core Team, Vienna, Austria; https://www.R-project.org). The statistical significance level was set at p < 0.05.
3 RESULTS
3.1 Reliability
The test-retest reliability statistics obtained during the 30-15IFT are shown in Table 2. There were no significant differences in the estimated VO2max-IFT (p = 0.12, ES = 0.36), HRmax-IFT (p = 0.37, ES = 0.21), and VIFT (p = 0.13, ES = 0.35) between the test-retest trials. The reliability ratings for VO2max-IFT (ICC = 0.91, CV = 1.43%), HRmax-IFT (ICC = 0.81, CV = 1.46%), and VIFT (ICC = 0.92, CV = 1.69%) were high and very high between the two trials. The TE results (VO2max-IFT = 0.77; HRmax-IFT = 2.76; VIFT = 0.35) were higher than SWC (VO2max-IFT = 0.56 mL/kg/min; HRmax-IFT = 1.28 bpm; VIFT = 0.27 km/h), and their usefulness was evaluated as marginal.
TABLE 2 | The test-retest reliability statistics for estimated maximal oxygen uptake (VO2max), end-running velocity (VIFT), and maximal heart rate (HRmax) during the 30-15 Intermittent Fitness Test in collegiate soccer players.	Variables	VIFT	VO2max	HRmax
	30-15IFT-1st trial	20.58 ± 1.36	53.85 ± 2.82	188.2 ± 6.39
	30-15IFT-2nd trial	20.75 ± 1.07	54.25 ± 2.21	189.0 ± 6.39
	T-Test (p)	0.13	0.12	0.37
	Effect size	0.35	0.36	0.21
	CV%	1.69	1.43	1.46
	TE	0.35	0.77	2.76
	SWC	0.27	0.56	1.28
	ICC (95%CI)	0.92 (0.81, 0.97)	0.91 (0.7, 0.96)	0.81 (0.58, 0.92)
	Effect size rating	Small	Small	Small
	Usefulness rating	Marginal	Marginal	Marginal
	Reliability rating	Nearly perfect	Nearly perfect	Very high


3.2 Validity
Figures 3–5 shows the results of the 30-15IFT validity analyses for each indicator. The correlation analyses demonstrated criterion validity (Table 3), as evidenced by a large correlation between the 30-15IFT and CT for VO2max (r = 0.62, p = 0.003) and a very large correlation between HRmax and end-running velocity (r = 0.71–0.77, p < 0.001). However, all variables in 30-15IFT had moderate to very large differences compared to CT (ES = −0.96–2.44). This indicates that despite the strong correlations, a systematic bias exists, with the 30-15IFT consistently overestimating physiological capacity and underestimating maximal heart rate relative to the gold-standard test.
[image: Three scatter plots with overlaid density plots depict correlations in different contexts. Plot (a) shows a strong positive relationship between VIFT and VCT with R = 0.77, p < 0.001. Plot (b) displays a positive correlation between VO2max-IFT and VO2max-CT with R = 0.62, p = 0.003. Plot (c) illustrates the relationship between HRmax-IFT and HRmax-CT with R = 0.71, p < 0.001. Each graph includes a regression line and shaded confidence intervals.]FIGURE 3 | Pearson correlation between continuous running treadmill test (CT) and the 30-15IFT for: (a) End-Running Velocity; (b) VO2max, and (c) HRmax.[image: Violin plots comparing physiological metrics. Panel a) shows end running velocity for VCT (red) and VIFT (blue). Panel b) displays VO2max for VO2max-CT (red) and VO2max-IFT (blue). Panel c) depicts HRmax for HRmax-CT (red) and HRmax-IFT (blue). Each plot includes individual data points, box plots, and density distributions.]FIGURE 4 | Differences between continuous running treadmill test (CT) and the 30-15IFT for: (a) End-Running Velocity; (b) VO2max, and (c) HRmax.[image: Three Bland-Altman plots labeled a, b, and c, each comparing a mean value against the difference between two measurements. Each plot includes scattered data points, central bias lines, and limits of agreement lines. Plot a shows a bias of 2, with limits from -1.36 to 3.61. Plot b shows a bias of 4.08, with limits from -1.41 to 9.56. Plot c shows a bias of -3.9, with limits from -11.89 to 4.09. Each plot indicates the 1.96 standard deviation above and below the bias.]FIGURE 5 | Bland-Altman plots with 95% limits of agreement between the continuous running treadmill test (CT) and the 30-15IFT for: (a) End-Running Velocity; (b) VO2max, and (c) HRmax; dashed lines represent 95% limits of agreement, and the shaded area represents the 95% confidence interval for the difference in means.TABLE 3 | Pearson correlation coefficients for end-running velocity, maximal heart rate (HRmax), and maximal oxygen uptake (VO2max) during the continuous treadmill running test (CT) and average 30-15 Intermittent Fitness Test (30-15IFT) value.	Variables	CT	30-15IFT	ES	r	Correlation strength
	End-running velocity (km/h)	18.65 ± 1.23	20.68 ± 1.18***	2.44	0.77	Very large
	VO2max (mL/kg/min)	49.97 ± 3.85	54.05 ± 2.47***	1.46	0.62¬	Large
	HRmax (bpm)	192.6 ± 4.15	188.6 ± 5.79***	−0.96	0.71	Very large


ES, effect size; bpm, beats per minute; * indicates statistically significant difference between CT and 30-15IFT (**p < 0.01, ***p < 0.001); ¬indicates spearman correlation coefficient.
Bland-Altman plots (Figure 6) present the limits of agreement between the 30-15IFT and the CT. The 30-15IFT overestimated end-running velocity by 2.0 km/h (95% LoA: 0.39–3.61 km/h) and VO2max by 4.08 mL/kg/min (95% LoA: −1.41–9.56 mL/kg/min) compared to the CT. Conversely, HRmax was underestimated by an average of −3.9 bpm (95% LoA: −11.89 to 4.09 bpm).
[image: Scatter plots comparing Buchheit (2008) and a new model for VO2max predictions. Panel (a) shows VO2max-IFT versus VO2max-CT with regression lines: Buchheit (blue) R=0.62, SEE=4.91; New model (red) R=0.72, SEE=2.9. Panel (b) is a Bland-Altman plot showing differences against the mean, with bias lines and 95% limits of agreement for both models.]FIGURE 6 | Comparative analysis of the predictive accuracy and agreement for the new population-specific model and the general Buchheit (2008) equation. (a) Predicted versus criterion VO2max. (b) Bland-Altman plots with 95% limits of agreement between the continuous running treadmill test (CT).3.3 Multiple linear regression
For the 20 subjects, the VO2max-CT was significantly correlated with all variables and can be summarized by the following regression: VO2max-CT (mL/kg/min) = −8.85 + 2.35 * VIFT + −0.13 * BM + 1 * Age (r = 0.72, p = 0.007, SEE = 2.90 mL/kg/min) (Figure 6a). The Bland-Altman plot (Figure 6b) shows that the new model exhibits little bias in VO2max (95% LoA: −5.21 to 5.21 mL/kg/min) compared to the CT.
4 DISCUSSION
This pilot study aims to verify the reliability and validity of the 30-15 Intermittent Fitness Test (30-15IFT) in college soccer players and to explore whether the prediction of aerobic capacity requires different prediction formulas for various groups. The preliminary findings revealed that the 30-15IFT demonstrates high test-retest reliability (ICC = 0.81–0.92, CV% = 1.43–1.69%) for VIFT, VO2max, and HRmax. Although the 30-15IFT showed a large to very large correlation with the gold-standard continuous treadmill test (CT), its validity is limited because of the bias (ES = 0.96–2.44). Our results also showed that the usefulness of the 30-15IFT was marginal for all outcome measures. Furthermore, the novel, population-specific equation we developed for collegiate athletes yields a marked reduction in bias and enhanced predictive accuracy. These pilot findings critically highlight the inherent constraints of universal prediction models when applied to specific populations.
Reliability is a critical indicator for evaluating measurement error and is typically categorized into absolute reliability (i.e., the degree of variability in repeated measures for the same individual) and relative reliability (i.e., the consistency of an individual’s rank ordering within a group across repeated assessments) (de Vet et al., 2006; Impellizzeri and Marcora, 2009). Relative reliability is commonly assessed using the intraclass correlation coefficient (ICC), whereas absolute reliability is reflected by the coefficient of variation (CV) and typical error (TE). These metrics are of high practical value in both cross-sectional and longitudinal studies (de Vet et al., 2006). The present results showed high absolute reliability and relative reliability for VIFT, and higher than the standard (ICC>0.69 and CV<5%) set by Buchheit et al. (2011). No significant differences were observed between the two test trials—indicating stable test outcomes with no evidence of a learning effect (Paravlic et al., 2022). Our study showed similar reliability compared to previous studies targeting various athlete populations, including female basketball players (VO2max-IFT: ICC = 0.96, CV = 4.83%; VIFT: ICC = 0.85, CV = 5.99%) (Jeličić et al., 2020), futsal players (VIFT: ICC = 0.92–0.96, CV = 1.4–1.5%; HRmax-IFT: ICC = 0.90–0.91, CV = 1.3–1.5%) (Valladares-Rodríguez et al., 2017), youth rugby players (VIFT: ICC = 0.89; HRmax: ICC = 0.96) (Scott et al., 2015), and female soccer players (VO2max-IFT: ICC = 0.94, CV = 1.6%; HRmax-IFT: ICC = 0.96) (Jeličić et al., 2020). The high reliability of the 30-15IFT observed in our study makes it comparable to other established field tests for soccer players, such as the widely used Yo-Yo Test, which has demonstrated similar reliability in previous studies (ICC: 0.78–0.98, CV: 3.7%–19.0%) (Grgic et al., 2019). In addition, Buchheit reported a strong correlation between performance on the 30-15IFT and the Yo-Yo Intermittent Recovery Level 1 (IR1) test (r = 0.75; 90% CI = 0.57–0.86), indicating a degree of convergence between the two assessments. Although these tests may target slightly different physiological capacities, both exhibit similar sensitivity to training-induced changes (Stanković et al., 2021). Taken together, the 30-15IFT can be regarded as a reliable and reproducible field-based tool for assessing aerobic fitness in collegiate male soccer players.
Although the continuous incremental treadmill test (CT) is widely regarded as the “gold standard” for evaluating aerobic endurance (Poole and Jones, 2017), its practical application is often constrained by environmental conditions, cost, time requirements, and technical complexity. In contrast, the present study established good criterion validity for the 30-15IFT. The primary outcome measures demonstrated large to very large correlations (r = 0.62–0.77) with their respective counterparts from the continuous treadmill test, supporting the practical utility of the 30-15IFT for assessing aerobic fitness in collegiate male soccer players. Previous researches also support this opinion. Previous studies have shown similar results. Čović et al. reported moderate-to-strong linear correlations between the 30-15IFT and CT in both VO2max (r = 0.67) and HRmax (r = 0.77) in elite female soccer players (Čović et al., 2016). Similar correlations (r = 0.69–0.74) were reported by Jeličić et al. between outcome measures taken during the 30-15IFT and CT in female basketball players (Jeličić et al., 2020). Notably, while the strong correlations suggest the 30-15IFT is a valid measurement, the question of whether it truly reflects an athlete’s capacity requires careful consideration. Our findings revealed a notable result: despite the strong relationship, the mean differences between the tests were practically significant, evidenced by moderate to very large effect sizes (ES = 0.96–2.44). Moreover, the Bland-Altman plots showed wide limits of agreement and a visible bias line. It indicated that the outcome measures of the 30-15IFT have large random error, limiting the utility of the 30-15IFT as a direct proxy for true aerobic capacity. Previous studies have also reported this significant difference in various populations (female basketball players: ES (d) = 0.84–3.23; female soccer players: ES (d) = 0.98–1.60; Infantry members: ES (η2) = 0.158–0.623) (Čović et al., 2016; Jeličić et al., 2020; Paravlic et al., 2022). On the one hand, previous studies have reported a typical difference of 2–5 km/h between the two tests and have been confirmed in multiple empirical studies (Buchheit et al., 2010; Jeličić et al., 2020). The higher VIFT values may be attributed to the protocol of the 30-15IFT, as its intermittent structure and constant 180° changes of direction place significant demands on both anaerobic capacity and the ability to efficiently change direction (Darrall-Jones et al., 2015; Scott et al., 2015). In this study, VO2max was estimated using Buchheit’s modified formula incorporating VIFT, age, and body mass. Results showed that the higher VIFT values contributed to greater VO2max estimates. Furthermore, Jeličić et al. reported that a familiar training environment may better enable athletes to reach higher speeds compared to laboratory-based continuous treadmill running, leading to an overestimation of VO2max (Jeličić et al., 2020). In contrast, the lower HRmax-IFT observed during the 30-15IFT may be linked to the testing environment. The unfamiliar and restrictive nature of laboratory treadmill testing can induce psychological stress and elevate heart rate, whereas the familiar field setting of the 30-15IFT may elicit a more ecologically valid physiological state (Buchheit, 2008; Paulsen et al., 2023). On the other hand, the observed differences between the two tests may lie in the limitations of applying a single, universal prediction equation to a demographically distinct population. The original Buchheit (2008) formula was developed on a different cohort, which may not accurately capture the specific characteristics of our sample. To investigate this, we tried to develop a population-specific model and directly compared its predictive performance against the Buchheit (2008) equation. The direct comparison of the models revealed that our equation exhibited a substantially lower systematic bias (Bias ≈0 vs. 4.08 mL/kg/min) and a smaller standard error of the estimate (SEE = 2.90 vs. 4.91 mL/kg/min). While this improved accuracy may be partly due to the model being calibrated for our specific and homogenous cohort of male collegiate soccer players, the observed reduction in prediction error highlights a key takeaway. It suggests that applying a general prediction equation to a specific population can lead to significant inaccuracies. Therefore, our findings strongly advocate for the development and use of population-specific models to enhance the precision of field-based physiological assessments.
In addition, the study evaluated the usefulness of the 30-15IFT by comparing TE versus SWC. This comparison can help coaches conclude the significance of changes in performance due to training interventions or other factors. The results indicated that the usefulness of VO2max-IFT, HRmax-IFT, and VIFT was marginal with TE > SWC. However, for VIFT, TE at 0.35 km/h compared to SWC at 0.27 km/h resulted in a performance change of less than one phase of the exercise (±0.5 km/h). This suggests that an individual’s performance change of less than one phase (±0.5 km/h) can be considered ‘real and meaningful’. These findings suggest that while the 30-15IFT should not be used as a direct substitute for laboratory-based assessment of maximal aerobic capacity, its high reliability and the usefulness in VIFT make it an excellent and practical tool for monitoring meaningful longitudinal changes in sport-specific performance and assisting coaches in making informed decisions.
5 LIMITATIONS
While our study provides valuable insights into the reliability and validity of the 30-15IFT, several limitations should be acknowledged. First, the reliability was derived from only two trials. Although this is acceptable for calculating the ICC, more robust estimates of practically important values like typical error (TE) and the coefficient of variation (CV) are typically achieved with three or more trials (Hopkins, 2000). Second, our validity analysis, particularly the Bland-Altman plots, revealed wide LoA, suggesting that large random measurement error may limit the interchangeability of the tests for individual assessment. Future studies should consider using larger samples to better quantify this variability. The most significant limitation of this study is the small sample size (n = 20), which restricts the statistical power and generalizability of our findings.
As a pilot study, this work highlights several critical directions for future research. First, the proposed prediction equation requires external validation in a larger, more diverse cohort of collegiate athletes to establish its robustness and generalizability. Second, subsequent research should investigate whether similar predictive biases exist in other distinct populations, such as female collegiate athletes or those from different sports. Finally, future models could incorporate additional variables (e.g., anaerobic speed reserve or change-of-direction metrics) to determine if they further enhance the precision of VO2max prediction.
6 CONCLUSION
Final conclusions must be formulated carefully due to the small sample size. The 30-15 Intermittent Fitness Test is a reliable tool for assessing sport-specific fitness in male collegiate soccer players. Changes in VIFT of less than one phase of the exercise (±0.5 km/h) are likely to represent a meaningful change in performance. However, due to significant systematic bias and large random error, it cannot be used interchangeably with continuous treadmill testing for assessing maximal aerobic capacity. Furthermore, this study demonstrates that general prediction equations for VO2max can introduce considerable error when applied to specific populations. Future research should therefore focus on developing and validating these prediction models in larger, more diverse populations to improve their predictive accuracy and generalizability.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving humans were approved by The studies involving humans were approved by Wuhan Institute of Physical Education Ethics Committee (approval number: 2023070). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
RC: Conceptualization, Data curation, Formal Analysis, Methodology, Project administration, Writing – original draft. WL: Data curation, Investigation, Visualization, Writing – original draft. LS: Data curation, Resources, Supervision, Writing – original draft. JP: Investigation, Software, Visualization, Writing – original draft. NW: Funding acquisition, Supervision, Writing – review and editing. XL: Funding acquisition, Resources, Supervision, Validation, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
ACKNOWLEDGMENTS
The authors would like to acknowledge all the players for their collaboration in this study.
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
REFERENCES
	Atkinson G., Nevill A. (1998). Statistical methods for assessing measurement error (reliability) in variables relevant to sports medicine. Sports Med. Auckl. N. Z. 26, 217–238. doi:10.2165/00007256-199826040-00002

	Bassett D. R., Howley E. T. (2000). Limiting factors for maximum oxygen uptake and determinants of endurance performance. Med. Sci. Sports Exerc. 32, 70–84. doi:10.1097/00005768-200001000-00012

	Bozzini B. N., McFadden B. A., Walker A. J., Arent S. M. (2020). Varying demands and quality of play between In-conference and out-of-conference games in division I collegiate women’s soccer. J. Strength Cond. Res. 34, 3364–3368. doi:10.1519/JSC.0000000000003841

	Buchheit M. (2008). The 30-15 intermittent fitness test: accuracy for individualizing interval training of young intermittent sport players. J. Strength Cond. Res. 22, 365–374. doi:10.1519/JSC.0b013e3181635b2e

	Buchheit M. (2009). The 30-15 intermittent fitness test: 10 year review. Myorobie J. 1. Available online at: http://www.cardioc.eu/wp-content/uploads/2016/12/buchheit-30-15ift-10-yrs-review-2000-2010.pdf.

	Buchheit M., Bishop D. J., Haydar B., Nakamura F., Ahmaidi S. (2010). Physiological responses to shuttle repeated-sprint running. Int. J. Sports Med. 31, 402–409. doi:10.1055/s-0030-1249620

	Buchheit M., Lefebvre B., Laursen P. B., Ahmaidi S. (2011). Reliability, usefulness, and validity of the 30–15 intermittent ice test in young elite ice hockey players. J. Strength Cond. Res. 25, 1457–1464. doi:10.1519/JSC.0b013e3181d686b7

	Carling C., Gall F. L., and G. D. (2012). Analysis of repeated high-intensity running performance in professional soccer. J. Sports Sci. 30, 325–336. doi:10.1080/02640414.2011.652655

	Čović N., Jelešković E., Alić H., Rađo I., Kafedžić E. Sporiš G., et al. (2016). Reliability, validity and usefulness of 30–15 intermittent fitness test in female soccer players. Front. Physiol. 7, 510. doi:10.3389/fphys.2016.00510

	Darrall-Jones J., Roe G., Carney S., Clayton R., Phibbs P. Read D., et al. (2015). The effect of body mass on the 30-15 intermittent fitness test in rugby union players. Int. J. Sports Physiol. Perform. 11, 400–403. doi:10.1123/ijspp.2015-0231

	de Vet H. C. W., Terwee C. B., Knol D. L., Bouter L. M. (2006). When to use agreement versus reliability measures. J. Clin. Epidemiol. 59, 1033–1039. doi:10.1016/j.jclinepi.2005.10.015

	Flouris A. D., Metsios G. S., Famisis K., Geladas N., Koutedakis Y. (2010). Prediction of V ˙ O 2 max from a new field test based on portable indirect calorimetry. J. Sci. Med. Sport 13, 70–73. doi:10.1016/j.jsams.2009.04.002

	Gharbi Z., Dardouri W., Haj-Sassi R., Chamari K., Souissi N. (2015). Aerobic and anaerobic determinants of repeated sprint ability in team sports athletes. Biol. Sport 32, 207–212. doi:10.5604/20831862.1150302

	Grgic J., Oppici L., Mikulic P., Bangsbo J., Krustrup P., Pedisic Z. (2019). Test–retest reliability of the Yo-Yo test: a systematic review. Sports Med. 49, 1547–1557. doi:10.1007/s40279-019-01143-4

	Grgic J., Lazinica B., Pedisic Z. (2021). Test–retest reliability of the 30–15 intermittent fitness test: a systematic review. J. Sport Health Sci. 10, 413–418. doi:10.1016/j.jshs.2020.04.010

	Gundersen H. G., Halvard R., Brekke C., Hafstad A., Vestbøstad M. Algerøy E., et al. (2025). The role of growth and maturation in the physical development of youth male soccer players. Int. J. Sports Med . doi:10.1055/a-2675-1198

	Harper D. J., Carling C., Kiely J. (2019). High-intensity acceleration and deceleration demands in elite team sports competitive match play: a systematic review and meta-analysis of observational studies. Sports Med. 49, 1923–1947. doi:10.1007/s40279-019-01170-1

	Hopkins W. G. (2000). Measures of reliability in sports medicine and science. Sports Med. 30, 1–15. doi:10.2165/00007256-200030010-00001

	Hopkins W., Marshall S., Batterham A., Hanin Y. (2009). Progressive statistics for studies in sports medicine and exercise science. Med. Sci. Sports Exerc. 41, 3–13. doi:10.1249/MSS.0b013e31818cb278

	Impellizzeri F., Marcora S. (2009). Test validation in sport physiology: lessons learned from clinimetrics. Int. J. Sports Physiol. Perform. 4, 269–277. doi:10.1123/ijspp.4.2.269

	Jeličić M., Ivančev V., Čular D., Čović N., Stojanović E. Scanlan A. T., et al. (2020). The 30-15 intermittent fitness test: a reliable, valid, and useful tool to assess aerobic capacity in female basketball players. Res. Q. Exerc. Sport 91, 83–91. doi:10.1080/02701367.2019.1648743

	Koo T., Li M. (2016). A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr. Med. 15, 155–163. doi:10.1016/j.jcm.2016.02.012

	McFadden B. A., Bozzini B. N., Cintineo H. P., Hills S. P., Walker A. J. Chandler A. J., et al. (2023). Power, endurance, and body composition changes over a collegiate career in national collegiate athletic association division I women soccer athletes. J. Strength Cond. Res. 37, 1428–1433. doi:10.1519/JSC.0000000000004413

	Nobari H., Oliveira R., Clemente F. M., Pérez-Gómez J., Pardos-Mainer E., Ardigò L. P. (2021). Somatotype, accumulated workload, and fitness parameters in elite youth players: associations with playing position. Children 8, 375. doi:10.3390/children8050375

	Pandey A., Park B. D., Ayers C., Das S. R., Lakoski S. Matulevicius S., et al. (2016). Determinants of racial/ethnic differences in cardiorespiratory fitness (from the dallas heart study). Am. J. Cardiol. 118, 499–503. doi:10.1016/j.amjcard.2016.05.043

	Paravlic A. H., Simunic B., Pisot R., Rauter S., Stuhec S., Vodicar J. (2022). The reliability, validity and usefulness of the 30–15 intermittent fitness test for cardiorespiratory fitness assessment in military personnel. Sci. Rep. 12, 16087. doi:10.1038/s41598-022-20315-3

	Paulsen K. M., McDermott B. P., Myers A. J., Gray M., Lo W.-J., and M. S. G. (2023). Reliability and validity of the 30–15 intermittent field test with and without a soccer ball. Res. Q. Exerc. Sport 94, 1001–1010. doi:10.1080/02701367.2022.2098230

	Poole D. C., Jones A. M. (2017). Measurement of the maximum oxygen uptake V̇o2max: V̇o2peak is no longer acceptable. J. Appl. Physiol. 122, 997–1002. doi:10.1152/japplphysiol.01063.2016

	Scott T. J., Delaney J. A., Duthie G. M., Sanctuary C. E., Ballard D. A. Hickmans J. A., et al. (2015). Reliability and usefulness of the 30-15 intermittent fitness test in rugby league. J. Strength Cond. Res. 29, 1985–1990. doi:10.1519/JSC.0000000000000846

	Stanković M., Gušić M., Nikolić S., Barišić V., Krakan I. Sporiš G., et al. (2021). 30–15 intermittent fitness test: a systematic review of studies, examining the VO2max estimation and training programming. Appl. Sci. 11, 11792. doi:10.3390/app112411792

	Valladares-Rodríguez S., Rey E., Mecías-Calvo M., Barcala-Furelos R., Bores-Cerezal A. J. (2017). Reliability and usefulness of the 30-15 intermittent fitness test in Male and female professional futsal players. J. Hum. Kinet. 60, 191–198. doi:10.1515/hukin-2017-0102


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Cheng, Lin, Song, Pan, Wang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-16-1668250-g005.jpg
e 196 SD = 3.61 e
°
°
3 7.5
(€] o) )
[} [} °
b4 @
g ° ° Bias =2 E =0
) i { I 5
= ° =
= |
i °
1 ) °

-1.96 SD = 0.39

Mean

+1.96 SD = 9.56

O Bias = 4.08

47.5

50.0 52.5

Mean

55.0 57.5

Difference

—rmim it g = SL06SDS3.09
o
0 N o
(9] [©)
o
(¢]
b Bias =-3.9
_____ O === — - == =
510 () ()
[oNe)
[ )

(&)

[ ]

-10 °
[} -1.96 SD = -11.89

185

190
Mean

195 200





OPS/images/fphys-16-1668250-g006.jpg
a)

VO2max-IFT

60

55

50

Buchheit (2008):

R=0.62,SEE =4.91

New Model:

45

R=0.72,SEE =

299

48 51
VO2max-CT

Model =% Buchheit (2008) @ New Model

54

b)

L LIS D =256,
A
A
- A
A
Aa
+1.96 SD =521
gl=rmrmimmm e e LIS SD S S 2L
S S S e Bias =48
° A
g ° o
g ® oo 4 A A A
& ° A
a . A °
A
0 e e e e e =
e A
L]
E i h et e o S e e B o e B o e g
L]
L]
.
L4 °
-5
- - -
44 48 52 56
Mean

Model =% Buchheit (2008) =#= New Model





OPS/images/fphys-16-1668250-g003.jpg
VIFT

22

20

18

16

R=0.77, p <0.001

17

18

VCT

19

20

21

b)

VO2max-IFT

57

W
&

2]
-

R=0.62,p=0.003

45

48 51
VO2max-CT

54

HRmax-IFT

205

200

195

190

185

185

R=0.71,p £0.001
(€]

190

195
HRmax-CT

200





OPS/images/fphys-16-1668250-g004.jpg
c)

) 259

200

v
o
]

> =3
N ®
- -
Xeunyg
\
w =3 w
el w: -
XewgOA

< w;
s =
o —
AID0[3A Suruuna puy

15.0

170

HRmax-IFT

HRmax-CT

VO2max-IFT

VO2max-CT






OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Re-examining the reliability and validity of 30-15IFT for VO2max prediction in male collegiate soccer players: a pilot study		Purpose

		Methods

		Results

		Conclusion

		1 INTRODUCTION

		2 METHODS		2.1 Participants

		2.2 Design

		2.3 Continuous incremental running test on treadmill

		2.4 The 30-15 Intermittent Fitness Test

		2.5 Statistical analyses





		3 RESULTS		3.1 Reliability

		3.2 Validity

		3.3 Multiple linear regression





		4 DISCUSSION

		5 LIMITATIONS

		6 CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
@ frontiers | Frontiers in Physiology






OPS/images/fphys-16-1668250-g001.jpg
Standardized testing

£ °C O
‘;3 S0oeee No vigorous physical activity within 48h k

Week 1 c Test 1 Test 2 Test 3
Familiarization ontinuous Field-30-15,¢ Field-30-15,¢

treadmill test

19 aespt: Standardized Standardized Standardized
experimenters warm-up warm-up warm-up
environment l l l
equipment CT 30-15, 30-15
procedures (16:00-17:00) (16:00-17:00) (16:00-17:00)

' All tests conducted in standardized attire (soccer uniform)

@ Maintain regular training routine throughout study





OPS/images/fphys-16-1668250-g002.jpg
20m
____-__________________*________-___-__________

20m










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





