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Abstract
The goal of the study was to assess criterion-related validity of 30-15IFT in physically active individuals. Eighteen 

active physical education students (7 females and 11 males, age: 22.4 ± 0.9 years, height: 175.8 ± 9.3 cm, weight: 73.4 
± 13.2 kg) volunteered to participate in the study. The participants performed the 30-15IFT and maximal incremental 
exercise test in the laboratory on two different occasions separated by at least 72 hours and not more than 7 days. The 
association between directly measured VO2max and estimated VO2max was analyzed with Pearson correlation coefficient. 
Bland-Altman plots were used for illustration of intra-individual agreement while one-way analysis of variance (ANOVA) 
was used to determine the difference between the outcome measures. Regression analysis was used for calculation of the 
standard error of the estimate. There was a large significant correlation between the measures (r = 0.77) with a standard 
error of the estimate of 3.9 ml/kg/min. The estimated VO2max (47.9 ± 4.1 ml/kg/min) was significantly lower (p<.001) 
than directly measured one (52.4 ± 6 ml/kg/min) with large (.6) effect size. The 95% LoA were in range from -12 to 
2.9 ml/kg/min with mean difference of -4.5 ± 3.8 ml/kg/min. The results suggest that 30-15IFT cannot be used as a valid 
test to assess VO2max, at least in physically active individuals. 
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Introduction
The positive influence of cardiorespiratory fitness (CRF) on parameters of human health is well documented (Garber 

et al., 2011). As CRF represents is an independent risk factor for all-cause and cardiovascular mortality its development 
became a high public health priority (ACSM, 2016). The primary physiological measure of CRF is maximal oxygen 
uptake (VO2max) which is most accurately determined in the laboratory conditions by performing a maximal incremental 
exercise test (Bentley, Newell & Bishop, 2007). However, due to the high financial costs, resource unavailability and 
time-consuming issues, numerous field test emerged as alternatives and are commonly used in practice. Among the 
most popular ones the 30-15 intermittent fitness test (30-15IFT) was recently developed mainly for the purpose of a more 
accurate training prescription of high-intensity interval training (Buchheit, 2008, 2010). However, even though it was not 
developed for that particular purpose the 30-15IFT is still often used for estimation of the VO2max. 

To be an adequate substitute for the “gold standard” measure the test needs to present great criterion-related validity 
(Impellizzeri & Marcora, 2009). The seminal study performed on young intermittent sports players indicated significant 
large correlation (r=0.68) between 30-15IFT end-test speed (vIFT) and VO2max measured on the treadmill in the laboratory 
(Buchheit, 2008) suggesting that 30-15IFT actually measures some additional capacities besides the VO2max (Buchheit, 
2010). However, a formula for calculation of VO2max based on the vIFT was developed and has been used extensively in 
practice (Buchheit, 2010). Several subsequent studies than reported similar associations between VO2max estimated from 
vIFT and VO2max measured directly with maximal incremental exercise test in elite rugby league players (r=0.76) (Scott 
et al., 2017), female basketball players (r=0.72) (Jeličić et al., 2020) and female soccer players (r=0.67) (Čović et al., 2016). 
In addition, Bland-Altman plots were used for illustration of intra-individual agreement in VO2max between 30-15IFT and 
incremental exercise test in female basketball and soccer players which indicated significant -2.81 and 5.3 ml/kg/min 
mean differences, respectively (Jeličić et al., 2020; Čović et al., 2016). 

The 30-15IFT is shown to be specific to the high-intensity intermittent running often trained and performed in team 
sports (Buchheit, 2010). In addition to cardiorespiratory function the test is significantly correlated to several physiological 
factors such as the anaerobic capacity, inter-effort recovery and change-of-direction abilities (Buchheit, 2008). The degree 
to which each of these physiological factors contribute to vIFT varies significantly between individuals which is evidenced 
by an example in which similar vIFT can be reached by individuals with significantly different aerobic capacities (Buchheit, 
2008). Also, high degree of differences in contributing physiological factors to vIFT had been observed in different profiles 
of rugby players (Scott et al., 2017). Namely, the authors found that the level of VO2max contribution varied between players 
of different positions suggesting that the test could show different levels of criterion-related validity among different 
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populations. As validity of the 30-15IFT has so far been tested on elite team sports players that might show high degree 
of homogeneity in aerobic capacity it is important to investigate the validity of the test in a group of individuals with a 
different training background. Additionally, no study so far assessed standard error of the estimate (SEE) as a measure of 
validity even though it has been used previously for reporting criterion-related validity of field aerobic fitness tests (Leger 
& Boucher, 1980; Leger & Lambert, 1982; Martínez-Lagunas & Hartmann, 2014). Therefore, the goal of the study was 
to assess criterion-related validity of 30-15IFT in physically active individuals. 

Methods

Subjects 
Eighteen physical education students (7 females and 11 males, age: 22.4 ± 0.9 years, height: 175.8 ± 9.3 cm, weight: 

73.4 ± 13.2 kg) volunteered to participate in the study. All participants were physically active individuals with training 
background from different individual and team sports. Five participants were still active national level competitors in 
their respective sports while the rest of the participants practiced their sport and other physical activities few times a week 
for the purpose of conducting healthy lifestyle. The subjects were aware that they could withdraw from the study at any 
point without any consequences. The study protocol was approved by the Ethics Committee of the Faculty of Kinesiology 
University of Zagreb and conformed to the recommendations of the Declaration of Helsinki.

Experimental procedure
The participants performed the 30-15IFT and maximal incremental exercise test in the laboratory on two different 

occasions separated by at least 72 hours and not more than 7 days. Both testing sessions were performed at approximately 
the same time of the day to avoid any circadian rhythm influence on performance. Participants were familiarized with 
both tests before the study commencement, and all had recent experiences in maximal aerobic exercise testing as this was 
part of their study course practical requirement. The same warm-up consisting of 5-minute submaximal jog performed 
on the treadmill or indoor surface and 2-minute dynamic stretching was practiced on both occasions before the testing. 
The 30-15IFT was performed indoors on a handball court dimensions gym while maximal incremental exercise test was 
performed in the faculty’s sports performance laboratory. 

Fitness testing
The 30-15 intermittent fitness test: The test consists of 30-second incremental shuttle run interspersed with 15-second 

passive recovery periods. The initial speed was set on 8 km/h for the first 30-second run and increased by 0.5 km/h 
for each subsequent stage. Participants were required to run back and forth between two lines set 40 m apart at a pace 
dictated by the prerecorded audio track. This pacing strategy assisted players in adjusting their running speed so that they 
enter the 3 m zone demarcating the end-court lines or the middle line set in-between at each beep. During the 15-second 
recovery period the participants walked forward to the next line which might be at the middle or at either side of the court 
depending on where the previous run stopped. The participants were instructed to complete as many stages as possible. 
The test stopped when the participant was no longer able to maintain pace or when he or she was unable to reach the 
3-m zone around each line for 3 consecutive times. The velocity of the last stage successfully completed was recorded as 
their vIFT. Maximal oxygen uptake (VO2maxIFT) was calculated through equation defined by Buchheit (2010). The test 
has excellent test-retest reliability for vIFT (Grgić, Lazinica & Pedišić, 2020). 

Maximal incremental exercise test: For the assessment of VO2max a maximal incremental exercise test was performed 
on a motor-driven treadmill (h/p Cosmos, Nussdorf-Traunstein, Germany) in laboratory conditions. At the beginning 
of the test the participants walked for 2 minutes at 3 km/h and the speed was thereafter increased by 0.5 km/h every 30 
seconds until volitional exhaustion. The grade of the treadmill was set to 1%. Respiratory gas exchange parameters were 
continuously recorded breath-by-breath with an automated portable metabolic system (Metamax 3b, Cortex Biophysik, 
Leipzig, Germany) and averaged across 30-second time epochs. The metabolic system was calibrated according to the 
manufacturer guideline. The highest VO2 response recorded during a 30-second time epoch was defined as the VO2max 
while a plateau in VO2 response despite an increase in running speed and/or ratings of perceived exertion ≥8 in the Borg 
Category Ratio scale were used as criteria for attainment of the VO2max (Mezzani et al., 2012). 

Statistical analysis
All data are presented as mean ± standard deviation. Normality assumptions were verified using the Kolmogorov–

Smirnov test. The association between directly measured VO2max and VO2max estimated by using 30-15IFT was analyzed 
with Pearson correlation coefficient. The magnitude of correlation was considered trivial (r < .1), small (.1 < r < .3), 
moderate (.3 < r < .5), large (.5 < r < .7), very large (.7 < r < .9), and almost perfect (r > .9) (Hopkins, Marshall, Batterham, 
& Hanin, 2009). Bland-Altman plots were used for illustration of intra-individual agreement and determining the 95% 
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limits of agreement (LoA) between estimated and directly measured VO2max (Atkinson & Nevill, 1998). One-way analysis 
of variance (ANOVA) was used to determine the difference between outcome measures of the two variables and partial 
eta squared (ŋ2) effect size (ES) was used to describe the magnitude of the difference according to criteria recommended 
by Hopkins et al. (2009). The partial ŋ2 was considered trivial (< .1), small (.1 - .3), moderate (.3 - .5), large (.5 - .7), very 
large (.7 - .9) and extremely large (> .9). Regression analysis was used for calculation of the standard error of estimate for 
the purpose of investigating the accuracy of the proposed equation to estimate real VO2max values. Statistical significance 
was accepted at p<.05. Statistical analyses were performed with Statistica (v 13.2; Dell Inc, Tulsa, OK).

Results
The estimated VO2max (47.9 ± 4.1 ml/kg/min) was significantly lower (p<.001) than directly measured one (52.4 ± 6 

ml/kg/min) with large (.6) effect size (Figure 1). The 95% LoA (-12 to 2.9 ml/kg/min) and mean difference of -4.5 ± 3.8 
ml/kg/min presented in Bland Altman plot indicate considerable intra-individual discrepancy between the two measures 
(Figure 2). There was a large significant correlation found between the measures (r = 0.77) (Figure 3) with a standard 
error of the estimate amounting 3.9 ml/kg/min.

Figure 1. Estimated VO2max calculated through equation from the results of the 30-15 intermittent 

fitness test and directly measured VO2max through maximal incremental exercise test. * Significantly 

different from measured VO2max (p<.001, ES=0.6). 

Figure 2. Bland-Altman plot of measured VO2max through maximal incremental exercise test in the 

laboratory and calculated through equation from the results of the 30-15 intermittent fitness test
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Figure 1. Estimated VO2max calculated through equation from the results of the 30-15 intermittent 

fitness test and directly measured VO2max through maximal incremental exercise test. * Significantly 

different from measured VO2max (p<.001, ES=0.6). 

Figure 2. Bland-Altman plot of measured VO2max through maximal incremental exercise test in the 

laboratory and calculated through equation from the results of the 30-15 intermittent fitness test
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Figure 1. Estimated VO2max calculated through equation from the results of the 30-15 intermittent fitness test and directly measured 
VO2max through maximal incremental exercise test. * Significantly different from measured VO2max (p<.001, ES=0.6). 

Figure 2. Bland-Altman plot of measured VO2max through maximal incremental exercise test in the laboratory and calculated through 
equation from the results of the 30-15 intermittent fitness test
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Figure 3. The asssociation between estimated VO2max derived from 30-15IFT and directly measured VO2max through maximal incremental 
exercise test

Discussion
The main findings of the study were that (1) VO2max calculated from the results of the 30-15IFT significantly 

underestimates directly measured VO2max values and, (2) despite large significant correlation between the estimated and 
directly measured VO2max the 30-15IFT cannot be considered a valid test for estimation of VO2max in physically active 
individuals. This is mostly due to the large intra-individual discrepancy between the measures as indicated by the wide 
range of LoA as well as a large SEE.

Large significant correlation (r=0.77) between estimated and directly measured VO2max was obtained in the study 
which was in accordance with the results from previous studies done in rugby (r=0.76) (Scott et al., 2017), basketball 
(r=0.72) (Jeličić et al., 2020) and soccer (r=0.67) (Čović et al., 2016) players. A bit larger correlation coefficient found 
in this study might be explained by a greater heterogeneity of the subject sample as it is well known that correlation 
is influenced by subject’s interindividual variation (Atkinson & Nevill, 1998). Anyway, the authors of these previous 
studies concluded that the 30-15IFT was valid test for estimation of VO2max even though the correlation coefficients are 
not high enough to support convergent validity (Impellizzeri & Marcora, 2009). Namely, statistically significant Pearson 
correlation coefficient of >0.8 is necessary to support sufficient convergent validity of the test (Atkinson & Nevill, 1998) 
and neither study, including this one, reported such high correlations. 

On the other hand, the concept of using correlation coefficient as a measure of agreement in order to test convergent 
validity of a test has been heavily criticized and described as flawed a long time ago (Nevill, 1996). To compare the 
agreement between two variables a Bland-Altman plot with calculation of 95% limits of agreement was proposed as a 
better solution (Nevill & Atkinson, 1997). Namely, in addition to the suboptimal correlation coefficient, a large mean bias 
of -4.5 ml/kg/min and large within-subject variability between two measures was clearly depicted in the Bland-Altman 
plot with 95% limits of agreement ranging from -12 to 2.9 ml/kg/min. This low agreement is clearly exemplified with 
the notion that two subjects with identical estimated VO2max of 48.9 ml/kg/min had largely different directly measured 
VO2max of 46 and 57 ml/kg/min. Similarly, five subjects with directly measured VO2max of 46 ml/kg/min presented 
estimated VO2max values in the range between 40.5 and 48.9 ml/kg/min. These rather big mean bias and wide limits of 
agreement of ±7.5 ml/kg/min appear too excessive to warrant acceptable convergent validity of the 30-15IFT even when 
applied in the population of physically active individuals. As predetermined cut-off values that would serve to demarcate 
acceptable level of mean bias and LoA do not exist, professional judgement should be exercised to decide whether the 
limits are practically acceptable (Nevill & Atkinson, 1997). Namely, the 20m shuttle run test was deemed unacceptable 
for estimating VO2max as LoAs of ±6.3 and ±7.2 ml/kg/min between measured and estimated VO2max were obtained in 
active young men (Cooper, Baker, Tong, Roberts & Hanford, 2005) and military personnel (Aandstad, Holme, Berntsen 
& Anderssen, 2011), respectively. On the other hand, mean bias of 2.81 ml/kg/min and LoA of approximately ±6 ml/kg/
min (available only through visual inspection of Bland-Altman plot) were deemed to be acceptable for the authors of the 
study to confirm criterion-related validity of the 30-15IFT in female basketball players (Jeličić et al., 2020). Despite their 
conclusions (Jeličić et al., 2020), we believe that the wide LoA found in this study do not support such claims and that 
the 30-15IFT should not be considered as valid instrument for estimating VO2max, at least in physically active individuals. 
Moreover, when deciding about the practical acceptability of the agreement level it is important to apprise how it influences 
sensitivity of the test as well, especially if the intention of the practitioner is to use the test to evaluate improvement in 
VO2max after a training intervention. Namely, as the average increase in VO2max following several weeks of high-intensity 
interval training is shown to be around 5.5 ml/kg/min (Milanović, Sporiš & Weston, 2015) or in range between 2.6 and 

Figure 3. The asssociation between estimated VO2max derived from 30-15IFT and directly measured 

VO2max through maximal incremental exercise test
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7.3 ml/kg/min (Bok, 2019) in health adults, this clearly indicates that the 30-15IFT will not be able to detect such changes 
even if we assume that the reliability of the test is absolute. 

The estimated VO2max was significantly lower by 4.5 ml/kg/min or 8.6% than directly measured VO2max and the 
ES of this difference was large. Interestingly, previous studies reported contrastive results as VO2max was significantly 
underestimated by 2.81 ml/kg/min in basketball players (Jeličić et al., 2020) and overestimated by 5.3 ml/kg/min in soccer 
players (Čović et al., 2016) when calculated from vIFT. The reason for the contrasting results in the estimation direction is 
not clear as identical incremental exercise test protocols were used in both studies and the subject samples were all females 
of similar fitness levels; however, they could be related to the possibly greater specificity of the 30-15IFT to soccer in 
comparison to basketball training activities. Namely, soccer players could have been more accustomed to the test activity 
and this could have enabled them to outperform their incremental exercise test performance. This presumption could 
explain why in this study the real VO2max was significantly underestimated with calculations from vIFT as the sample 
of participants were physically active individuals with their exercise background originating from a variety of different 
sports. Additionally, the seminal study in which the formula for estimation of VO2max was introduced for the first time was 
done on young intermittent sport players who are probably more accustomed to the intermittent and shuttle nature of the 
test rendering them more economic in VO2 utilization during performance of the test (Buchheit, 2008). This would make 
the formula more fitting for the well trained young intermittent sport players than for just physically active individuals. 
Notwithstanding the conflicting results presented in the cited studies (Čović et al., 2016; Jeličić et al., 2020), it is therefore 
reasonable to assume that the vIFT estimated VO2max would underestimate the real VO2max values when physically active 
individuals are subjected to testing. Most importantly and congruently to previous studies, the difference between two 
measures obtained in this study was statistically significant, indicating again low convergent validity of the test.

Finally, low convergent validity of the test was further confirmed by the SEE of 3.9 ml/kg/min, although like for the 
LoA, there are no predetermined cut-off values reported in the literature that can be used to define the validity of a test. 
Instead, common sense and professional judgement should be engaged to define the acceptable level of SEE for a certain 
measure. Previous studies were not very consistent in reporting validity based on SEE. For example, 20-m shuttle run 
test was reported to be valid with SEE of 4.7 (Léger, Mercier, Gadoury & Lambert, 1988) and 5.4 ml/kg/min (Léger & 
Lambert, 1982), while Yo-Yo intermittent recovery test level 1 was defined as not valid for estimation of VO2max with 
SEE of 4 ml/kg/min (Martínez-Lagunas & Hartmann, 2014). Unfortunately, there are no reported SEE for 30-15IFT in 
previously published studies so no comparison can be made at this point. Notwithstanding the confounding interpretations 
of SEE found for other aerobic filed tests and reported in the literature, we believe that this SEE is not acceptable to 
warrant convergent validity of the test and, therefore, 30-15IFT is not recommended for assessment of the VO2max. This 
can be further justified with the notion that other aerobic field tests, such as University of Montreal track test or Vam 
Eval test, have lower SEE (2.81 ml/kg/min) (Léger & Boucher, 1980) and are better solution when assessment of VO2max 
is the primary goal of testing. 

Conclusion
The 30-15IFT is primarily developed for the purpose of training prescription of short format high-intensity interval 

training (Buchheit, 2008). Because of that, in addition to the cardiorespiratory function, several other fitness components, 
such as anaerobic capacity, inter-effort recovery and change-of-direction ability, are also reflected in the test (Buchheit, 
2010). Because of this highly complex fitness structure of the test, which was due to its necessity to be highly specific to 
the high-intensity interval training sessions often performed in team sports, the test is unable to accurately capture only 
one fitness component, in this case the VO2max. Therefore, contrary to the conclusions of the previously published studies 
(Čović et al., 2016; Jeličić et al., 2020; Scott et al., 2017), these results suggest that 30-15IFT cannot be used as a valid 
test to assess VO2max, at least in physically active individuals. 
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