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speed at the end of the test since the running economy 
might be different between fast walking and running.

Multiple linear regression analysis using the enter 
method yielded the following prediction equation (B):

VO2max (ml·kg-1·min-1) = 58.443 - (0.215 · age) 
- (0.632 · BMI) - (68.639 · grade) + (1.579 · time) (R 
=.64, SEE = 6.11). The model was statistically significant 
(p<.05) explaining 40.7% (R2=.407) of the variance of 
measured VO2max. According to standardized β-weights 
(Table 3), age explained the largest amount of variance 
of VO2max. 

Stepwise regression analysis generated the following 
equation (C):  VO2max (ml·kg-1·min-1) = 33.971 - (0.291 
· age) + (1.481 · time) (R=.61, SEE=6.18). Both age and 
exercise time, as predictor variables for VO2max, were 
statistically significant (p<.05) explaining the 36.8% 
(R2=.368) of the variance of VO2max. The unstandard-
ized coefficients, t statistics, and beta coefficients for 
each independent variable are shown in Table III. There 
were no collinearities in both models of regression analy-
sis since the values of the variance inflation factor (VIF) 
and the tolerance (1/VIF) for all the predictors in both 
methods were <4 and >0.2, respectively.

The differences between the values of VO2max, as 
they were calculated from the metabolic equations, are 
demonstrated in Table 4. Specifically, the calculated value 
of VO2max based on equation A was significantly higher 
compared to the actually measured VO2max by 14.6% 
(p<.05). Thus, the equation A was poorly, but nevertheless 

Resting Maximal 
Exercise 

HR (beats·min-1) 69.7 ± 7.0 183.5 ± 12.7
VO2 (ml·kg-1·min-1) 6.0 ± 2.2 46.1 ± 7.6
VE (l·min-1) 13.6 ± 4.0 120.3 ± 21.4
RER 0.85 ± 0.1 1.21 ± 0.14
METSa 1.7 ± 0.62 13.1 ± 2.2
METSb - 17.6 ± 1.2
Time (min) - 14.1 ± 1.3

Enter Stepwise
β t-value b-weight p β t-value b-weight p

Constant 58.44 2.32 - .024 33.97 3.10 - .003
Age -0.215 -2.63 -0.36 .011 -0.291 -4.12 -0.48 .000
BMI -0.632 -1.79 -0.24 .080 - - - -
Grade -68.639 0.69 -0.07 .687 - - - -
Exercise time 1.579 0.13 0.26 .132 1.481 2.08 0.24 .043

VO2max mean ± SD
(ml·kg-1·min-1)

df 
(%)

p

Measured VO2max 46.09±7.63 - -

A 52.83±2.81* 14.6 .000

B 46.08±4.87 0.02 .994

C 46.08±4.63 0.02 .995

mean ± SD
Age (years) 28.3 ± 5.6
Training experience (years) 15.0 ± 10.1
Height (cm) 181.0 ± 0.1
Weight (kg) 81.1 ± 10.5
Body Mass Index (kg·m-2) 24.7 ± 2.9

Table 1: Physical and anthropometric data of athletes (mean 
± SD).

Table 2: Cardiorespiratory data at rest and maximal exer-
cise test (mean ± SD).

METSa: Actually measured values of METS as calculated 
from the ergospirometry, METSb: Indirect estimation of 
METS as calculated from the CH-2000 stress test unit on 
Bruce protocol according to the equation METs = [(0.1 · 
speed m·min-1) + (1.8 · speed m·min-1 · fraction grade) + 3.5 
ml·kg-1·min-1] / 3.52, SD: standard deviation.

Table 3: Multiple regressions analyses results for predicting VO2max (ml·kg-1·min-1).

Table 4: Differences between measured and predicted val-
ues of VO2max (mean ± SD).

*p<.05 vs measured VO2max, A=ACSM’s running equa-
tion2, B= Regression equation (enter method), C= Regres-
sion equation (stepwise method), SD: standard deviation.

significantly correlated with the measured VO2max, while 
enter and stepwise regression equations were moderately 
correlated with the measured VO2max. Particularly, the 
correlation coefficients between the actually measured 
and the equation-based predicted values of VO2max were 
0.27 (p=0.043) for equation A and 0.64 (p<0.001) and 0.61 
(p<0.001) for equations B and C, respectively.

Discussion
The main finding of the study was that the ACSM’s 

running equation overestimates the VO2max values when 
assessed in athletic population. On the contrary, the re-
gression-based equations were significantly correlated 
with the actually measured VO2max.

Measurement of VO2max has ubiquitous outcomes in 
many fields of exercise science14,15. Thus, an increase of 
VO2max is the most important demonstration for a training 

SD: standard deviation.




