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Abstract

Purpose. The aim of the present study was to develop a non-exercise regression model for predicting maximal oxygen uptake
(VO2max) using age, body mass, and resting heart rate as predictor variables. Methods. The VO2max of 1502 active football
players aged 16–35 years was measured using the Astrand Bike Test. The obtained data were analyzed by calculating basic
statistical parameters and performing correlation and regression analysis. Results. The results of regression analysis indicated
that all three independent variables could significantly (p = 0.000) predict the VO2max of the studied athletes. Measured
VO2max showed significant correlation (0.688) with predicted VO2max. Student’s paired samples t test indicated no significant
differences between measured VO2max and predicted VO2max (p = 0.782). Conclusions. The results suggest that the nonexercise variables of age, body mass, and resting heart rate, may significantly predict the endurance abilities of athletes (VO2max).
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Introduction
Aerobic endurance is the ability of the body’s cardio-respiratory system to continue prolonged physical
activity and withstand fatigue. Aerobic endurance can be
estimated by measuring the volume of oxygen (VO2max)
an athlete consumes while exercising at maximum capa
city, as this variable depends on the ability of the lungs
and heart to take and transport adequate amounts of
oxygen to working muscle. This ability also quantifies
the ability of muscle to extract and efficiently use oxygen.
A number of factors have been found to affect VO2max,
including: age, sex, the type and mode of exercise practiced, body composition, and heredity [1, 2].
Hill et al. were first to introduce the concept of VO2max
as the maximum amount of oxygen consumed in one
minute and tried to explain its physiological mechanisms [3]. Over the years, a number of maximal or submaximal tests have been introduced to accurately measure VO2max [1, 4–10], although many of these exercise
tests (executed on a treadmill or cycle ergometer) require
expensive equipment, involve complicated testing procedures, and are difficult to administer or perform.
Hence, for these reasons researchers have attempted to find a more accessible way to predict VO2max by
using more easy-to-measure variables [11–14]. Of considerable interest is the development of non-exercise
prediction equations, such as in the case of Akalan et al.
[11] using multiple regression analysis to predict VO2max.
Sanada et al. [12] found in young Japanese adults that
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the use of non-exercise variables such as thigh muscle
mass and cardiac dimensions to be a valid method to
predict VO2max. Stahn et al. [13] demonstrated the validity of using bioelectrical impedance for the nonexercise prediction of VO2max, although Moon et al.
[14] concluded that the use of bioelectrical impedance
may not be appropriate in predicting VO2max in healthy
men and women.
Oxygen consumption has also been estimated using
heart rate, where lower resting heart rate values among
well-trained athletes is generally treated as an indicator of higher aerobic performance, thereby signifying
higher oxygen consumption rates, higher efficiency in
sport, and the ability to perform more physical activity
before reaching exhaustion. Southard and Pugh [15]
stressed the importance of monitoring hydration status
whenever heart rate data are used in an assessment of
aerobic fitness. Additionally, even though a decline in
VO2max has been found with age in an endurancetrained population, Fitzgerald et al. [16] did not establish
a significant relationship between a decline in aerobic
performances and a decline of maximal heart rate.
Given the importance of predicting VO2max and
the fact that there still does not exist a 100% accurate
method in estimating VO2max estimation, the purpose of this study was to continue this line of research
and seek to develop an accurate multiple regression
equation to predict VO2max in athletes based on easy
to measure non-exercise variables.
Material and methods
Research was conducted as part of larger project called
“Testing and applying a new functional test” conducted
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at the Center for Sport Medicine and Recreation and
the Corpore Sano Center for Sport, Fitness, and Nutrition in Prishtina, Kosovo during 2008–2011. The testing procedures were conducted in accordance with the
ethical standards outlined by the Ethics Committee of
the University Clinical Center in Pristina, Kosovo.
Morpho-functional measurements were performed
on 1502 randomly chosen active football players aged
16–35 years from Kosovo. The athletes were informed
about the study’s purpose and protocol and provided
their written consent for participation. All participants
were submitted a medical examination and had body
mass measured.
VO2max (aerobic endurance) was measured by the
Astrand Submaximal Bike Test [17]. All general guidelines were followed and the cycle ergometer was adjusted to each athlete [17]. Altogether, the following
variables of each participant were measured:
– AG – age (years),
–	BM – body mass (kg),
– HR0’ – resting heart rate (bpm),
– VO2maxAST – estimated absolute maximal oxygen
uptake estimated using the Astrand Bike Test (L/min),
– VO2maxPred – predicted absolute maximal oxygen uptake (L/min).
The obtained data were reported in terms of basic
statistical parameters, with statistical analysis consisting of correlation and regression analysis. Regression
analysis is one of the most commonly used statistical
tools to explore the relationships between variables
and predict the changes of a dependent variable within a system composed of independent variables. In the
present study, age (AG), body mass (BM) and resting
heart rate (HR0’) were treated as the non-exercise independent variables, whereas VO2max calculated from
the Astrand Bike Test (VO2maxAST) was treated as the
dependent variable. Estimated maximal oxygen uptake
(VO2maxAST) and predicted maximal oxygen uptake
(VO2maxPred) were assessed using Students paired samples t test. All statistical procedures were conducted
using SPSS ver. 15 (IBM, USA).
Results
Descriptive parameters (minimum, maximum, mean,
and standard deviation) for the measured variables
are shown in Table 1. The low values of standard deviation indicate normal and concentrated dispersion of
the measured variables’ values.
Based on the correlation analysis presented in Table 2, it can be seen that estimated VO2maxAST showed
poor positive correlation with body mass. Additionally,
this variable showed poor correlation, albeit negative,
with resting heart rate. No significant correlation was
shown with age.
The acquired regression model (Tab. 3), as a whole,
was statistically significant (p = 0.000), while the sys-

Table 1. Descriptive statistics of the measured variables
n
AG
BM
HR0’
VO2maxAST
VO2maxPred

1502
1502
1502
1502
1502

Min.

Max.

Mean

SD

16.00 35.00
47.00 108.20
46.00 98.00
2.60
5.20
2.52
4.14

21.28
72.62
69.32
3.54
3.54

4.15
8.52
9.86
0.31
0.16

AG – age (years)
BM – body mass (kg)
HR0’ – resting heart rate (bpm)
VO2maxAST – estimated absolute maximal oxygen uptake
estimated using the Astrand Bike Test (L/min)
VO2maxPred – predicted absolute maximal oxygen uptake
(L/min)
Table 2. Correlation analysis of the analyzed variables
AG
AG
BW
HR0’
VO2maxAST

BM

HR0’

VO2maxAST

1.00
0.32** 1.00
–0.17** –0.06*
1.00
–0.00
0.36** –0.34**

1.00

* correlation significant at the 0.05 level (two-tailed)
** correlation significant at the 0.01 level (two-tailed)
Table 3. Summary of the acquired regression model
Model

R

R2

1

0.51

0.26

Adjusted Std. error of
R2
estimate
0.26

0.27

d

p

1.58 0.000

Table 4. Coefficients of the three non-exercise variables

(Constant)
AG
BM
HR0’

B

SE

3.542
–0.014
0.015
–0.011

0.084
0.002
0.001
0.001

t
–0.19
0.40
–0.35

42.26
–7.91
17.03
–15.40

p
0.000
0.000
0.000
0.000

AG – age (years), BM – body mass (kg),
HR0’ – resting heart rate (bpm)

tem of independent variables was able to explain 26%
of total variability of VO2maxAST. The Durbin-Watson test was applied and indicated that the predictor
errors (residuals) were uncorrelated (d = 1.58) [18]. As
autocorrelation correction was not needed, regression
analysis was continued.
It was found that all three independent non-exercise variables can significantly predict the aerobic endurance of athletes (VO2maxAST) as a dependent variable (Tab. 4).
Using the value of the regression’s constant ( ) as well
as the B coefficients of each independent variable, signifying the significant correlations with the dependent
57
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variable [19], the following regression equation was
derived:
VO2maxPred = 3.542 + (–0.014 × AG) +
(0.015 × BM) + (–0.011 × HR0’)
In order to clarify the calculated method for predicting VO2max, an example is provided based on one
of the study participants. Athlete #650, 20 years of
age (AG), weighing 72.5 kg (BM), with a resting heart rate
52/min (HR0’), and who attained a value of 3.7 L/min
(VO2maxAST) during the Astrand Bike Test, was calculated to have a predicted VO2max value of:
VO2maxPred = 3.542 + (–0.014 × 20) +
(0.015 × 72.5) + (–0.011 × 52) = 3.78 L/min
Table 5 presents the descriptive parameters of
VO2maxAST (estimated aerobic endurance based on
maximal oxygen uptake during the Astrand Bike Test)
and VO2maxPred (predicted aerobic endurance based
on maximal oxygen uptake), which were found to be
very similar.
Maximal oxygen uptake measured by the Astrand
Bike Test (VO2maxAST) was significantly correlated
(0.688) with the predicted value of maximal oxygen
uptake (VO2maxPred) (Tab. 6).
The differences between measured maximal oxygen
uptake (VO2maxAST) and predicted maximal oxygen
uptake (VO2maxPred) were assessed using Student’s
paired samples t test (Tab. 7). This comparative test indicated no significant differences between measured and
predicted VO2max (p = 0.782). Based on the statistical
analyses, a high degree of similarity exists between
measured VO2maxAST and predicted VO2maxPred.
Table 5. Paired samples statistics
Mean
Pair 1

VO2maxAST
VO2maxPred

n

SD

Std. Error
of mean

3.542 1502 0.314
3.544 1502 0.218

0.0081
0.0056

Table 6. Paired sample correlations

Pair 1: VO2maxAST
& VO2maxPred

n

Correlation

p

1502

0.688

0.000

Table 7. Paired samples t test

Pair 1: VO2maxAST
& VO2maxPred
58

t

p
(two-tailed)

–0.277

0.782

Discussion and Conclusions
Aerobic endurance (VO2max) is an important component and indicator of athletic performance. Given
that direct or indirect VO2max measurement requires
expensive equipment, a great deal of time, and a sufficiently motivated test participant, many researchers
have attempted to find a simpler way of predicting
VO2max based on prediction equations derived in different ways [11–14].
The results from this investigation suggest that using the newly formulated regression equation, based on
the non-exercise variables of age, body mass, and resting heart rate, may significantly predict an athlete’s
aerobic endurance (VO2maxPred). Therefore, it is suggested that in situations where it is not possible to
measure VO2max using exercise variables (maximal
or submaximal tests), coaches and trainers may utilize
the abovementioned non-exercise variables to predict
the approximate VO2max values of athletes.
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