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The historical significance of the measure of VO2max was for how the test and measure 
can assess the capacities of each of the systems that contribute to the measure; 
cardiovascular, pulmonary, neural and skeletal muscle.  These determinants are real, 
and a wealth of research documents how training, or detraining, can alter the 
morphology and function of the components of each system, which in turn coincides 
with changes in VO2max.  In addition, individual differences in the genetically 
determined capacities of these systems can also induce differences in the measure of 
VO2max.  Added to these influences are also health status and possible damage to 
each of the contributory systems such as coronary or peripheral vascular disease, 
chronic obstructive lung disease, asthma, musculoskeletal wasting, and numerous 
neural disorders.  Thus, measures of a person’s maximal exercise capacity, or this 
prediction from submaximal tests in individuals who would be at increased risk during 
intense exercise, is influential in quantifying a person’s capacity to exercise, which is 
also known in clinical applications of exercise physiology as “exercise tolerance”.  As 
you will learn, there is tremendous variability between individuals in the measure of 
VO2max, and a well-educated exercise physiologist can decipher the causes of these 
differences and prescribe appropriate individualized exercise interventions. 

 
Regardless of how the measure is interpreted, VO2max is useful for identifying 
individual differences in all the determinants that combine to cause the measure.  As 
many of these determinants have both clinical/health and exercise performance 
implications, VO2max has routinely been measured for across the health and exercise 
performance spectrum.  To this end, there is remarkable variability between subjects for 
the VO2max measure, and I wanted to share this variability with you. 
 
Now, before going any further, there is a difference in the units for VO2, as explained in 
earlier Topics.  Raw units for VO2 are either mL/min or L/min, with L/min the more 
widely reported.  Raw units are used when body weight does not contribute to the 
exercise intensity, such as for cycling, swimming, rowing, etc. 
 
Relative units for VO2 involve different strategies for accounting for body mass.  When 
total body mass is accounted for, the unit is mL/kg/min.  This unit has been the most 
widely used in exercise physiology for exercise modes such as running, walking, in-line 
skating, skiing, etc.  The relative expression of the resting VO2 is 3.5 mL/kg/min for all 
individuals, and the relative expression is used as body mass is the most (but not only) 
influential determinant of basal metabolic rate.  In clinical exercise physiology, the 
resting VO2 value of 3.5 mL/kg/min is also referred to as 1 metabolic equivalent 
(MET). 
 
Another relative unit is mL/kg LBM/min (LBM = lean body mass), and is used to 
compare VO2max data between males and females, or between any subjects of 
different muscle mass.  The rationale for this expression is that females have a lower 
LBM than males, and it is LBM that causes the increased VO2 from exercise.  Finally, 
the most accurate expression of VO2 is one that is not routinely used in exercise 
physiology, but more common in pediatrics.  This expression follows the true 
relationship between VO2 and body mass, where the difference between the absolute 
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Figure 1. Comparison of VO2 to an alometrically 
scaled body mass vs. total body mass adjusted 

expression. 

 
Figure 2. Range of VO2max values 
recorded for different athletes and 

individuals with different disease states. 

and scaled body mass expression of data is presented in Figure 1.  The alometrically 
scaled relationship between VO2 and body mass is expressed in Equation 1.  The large 
change in values computed from the scaled expression of relative VO2 (max values can 
be > 200 mL/kg^0.75/min) have probably prevented the adoption of the alometrically 
scaled unit.  Nevertheless, this scaled expression is the most scientifically correct! 
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Range in VO2max 
Let’s start with the highest relative 
VO2max values ever measured in 
a laboratory.  The athletes who 
have recorded the highest values 
are cross country skiers, with 
VO2max values as high as 85 
mL/kg/min (Figure 2).  While 
VO2max values have typically 
been highest in cross country 
skiers, then runners, then cyclists, 
an investigation of the 
determinants to endurance 
performance in Lance Armstrong 
(6 time winner of the Tour DeFrance multi-stage 
cycle race) conducted by Eddie Coyle from the 
University of Texas-Austin produced a value of 
81.2 mL/kg/min. 
 
Let’s deconstruct Lance’s data just a little.  The 
maximal heart associated with the VO2max 
measure was 200 beats/min.  Now, the most 
clear research-based estimation of another of the 
components of the Fick equation is the arterio-

venous oxygen difference (a-vO2), which 
never gets much larger than 150 mL/L. If we 
assume that this is slightly larger in Lance at 165 
mL/L (which would make estimates of maximal 
cardiac output and stroke volume prone to 
underestimation!), it still coincides with a maximal 
cardiac output of 36.7 L/min, and a maximal 
stroke volume of 183.5 mL/beat.  How did I 
compute all this?  Well, you should know that I 
used the Fick equation, so work it out for 
yourself (see Section on Cardiovascular 
Physiology)! 
 
It appears that Lance has an amazingly high 
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stroke volume, and suggests that Lance is gifted with a very large heart for his body 
size.  Perhaps this has been one of the many components of his secrets to success.  
However, since this study, we now know of the repeated violations of performance 
enhancing drug abuse by Lance, which would also explain a higher than typical oxygen 
delivery system and resulting a-vO2Δ.  Clearly, the physiological measures and related 
numbers do not lie! 
 
The lower end of the VO2max spectrum depends on how diseased the comparison 
population is you want to use.  Individuals with severely compromised heart function, 
either from prior infarctions or heart failure, can have VO2 values at their maximal 
exercise tolerance < 10 mL/kg/min, or just over twice their basal metabolic oxygen 
demands (~ 2 METS). I didn’t use the term VO2max for this data, as these diseased 
individuals really cannot exercise to the point of near peak cardiopulmonary capacities 
due to deleterious symptoms of heart dysfunction. 
 
The middle range of VO2max values apply to healthy sedentary and moderately trained 
individuals.  There are population norms for VO2max data (Table 1), but I do not like to 
use these as they are referenced to the population that is sampled, which for the U.S. 
and most other “Western” countries is a predominantly sedentary society.  Another 
problem with these norms is that they do not account for exercise mode differences and 
training mode specificity.  Furthermore, population norms follow societal age-related 
decrements in VO2max.  This last issue is important, for research has been done to 
show the more likely aging decrement in VO2max is not 15%/decade (sedentary 
population) but really 6%/decade through the 7th decade of life (70 years old).  This 
lower value has been obtained from “Masters” athletes who have sustained training well 
into their 6th decade of life. Presumably, the higher rate of decline in VO2max is 
influenced by the detraining of a progressively less active life style while aging.  The 
reality of an increasingly sedentary lifestyle while aging in the U.S. population is not a 
platform from which to develop and apply population norms. 
 
Table 1. Population norms for VO2max. 

 Maximal Oxygen Consumption (mL/kg/min) 
Age (yrs) Poor Fair Good Excellent Superior 
Females 

20-29 31 32-34 35-37 38-41 42+ 

30-39 29 30-32 33-35 36-39 40+ 

40-49 27 28-30 31-32 33-36 37+ 

50-59 24 25-27 28-29 30-32 33+ 

60+ 23 24-25 26-27 28-31 32+ 
Males 

20-29 37 38-41 42-44 45-48 49+ 

30-39 35 36-39 40-42 43-47 48+ 

40-49 33 34-37 38-40 41-44 45+ 

50-59 30 31-34 35-37 38-41 42+ 

60+ 26 27-30 31-34 35-38 39+ 
      Adapted from The Cooper Institute For Aerobics Research, Dallas, TX, 1997. 
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Another problem with population norms is that they have no relevance at all to athletes.  
For example, The Cooper norms of Table 1 top out at 49+ and 42+ mL/kg/min for males 
and females, respectively, which for a highly trained runner may be only 60 to 70% of 
their actual VO2max!  The athlete knows he or she is superior to the general population.  
What they need to find out is how they compare with other athletes of their sport/event.   
 
Due to these aforementioned deficiencies, I have developed VO2max standards, 
adjusted by age, gender, exercise mode, and training specificity influences (Tables 2 
and 3).  Unlike population norms, which are developed from a sample of the population 
at question, my VO2max standards express where individuals could be at different ages, 
based on what could be their capacity for VO2max based on a 0.6% decrement/year.  
My scale is from 1 to 100, and as such, such scores can be expressed as a percent.  I 
have avoided categorizing VO2max, as this is a negative research and scientific trait.  
As I say to my graduate students, “You should never, ever, ever, categorize a 
continuous variable!”  For example, is changing VO2max from 37 to 38 mL/kg/min for 
a 28 year old male really enough to change interpretation from “poor” to “fair”? Does an 
increase of 1 ml/kg/min really make such a difference?  I don’t think so! 
 
To derive my VO2max reference charts, I adjusted highest known VO2max data for 
males and females (85 and 75 mL/kg./min, respectively) down to 70 and 60 mL/kg/min, 
respectively, and made these the highest (100) scores at age 25.  This removed some 
of the genetic bias to higher VO2max scores, making this top score more attainable for a 
larger proportion of the population as well as improving the health benefit interpretation 
of the chart.  I then applied the 0.6% decrement/year in VO2max based on research of 
U.S. Masters athletes training into their 6th decade of life.  To ascertain the range of 
decrement, I adopted 1 MET (3.5 mL/kg/min) as the 1st score (1%) for males and 
females at age 70. 
 
Figures 4 and 5 reveal that the relative measure of VO2max is a continuum for any 
individual, and separate scores can be derived for males and female based on a 
combination of emphasis to endurance performance and health-related benefit.  
Naturally, more people score lower when using this chart, as only those genetically 
gifted individuals who are currently training could score 100% for VO2max for their age 
and gender.  Depending on their genetic disposition, some could score higher!  Finally, 
to give an example, I am 47 years of age (as of 2007) with a VO2max of 47 mL/kg/min 
from a treadmill run test.  I score superior on the Cooper norms (Figure 3).  As there is 
no need for data adjustment for test mode or training, my score from Figure 4 
approximates 75% (= B grade).  I clearly have room to improve for the health benefits 
and endurance performance potential of a higher VO2max, as my goal is really 60.8 
mL/kg/min. 
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Table 2. Target values for VO2max for males aged 25 to 70 years. 

Score Male Age (yrs) 
 25 30 35 40 45 50 55 60 65 70 

100 70.0 67.9 65.8 63.7 61.6 59.5 57.4 55.3 53.2 51.1 

95 67.5 65.4 63.3 61.2 59.1 57.0 54.9 52.8 50.7 48.6 

90 64.9 62.8 60.7 58.6 56.5 54.4 52.3 50.2 48.1 46.0 

85 62.4 60.3 58.2 56.1 54.0 51.9 49.8 47.7 45.6 43.5 

80 59.9 57.8 55.7 53.6 51.5 49.4 47.3 45.2 43.1 41.0 

75 57.3 55.2 53.1 51.0 48.9 46.8 44.7 42.6 40.5 38.4 

70 54.8 52.7 50.6 48.5 46.4 44.3 42.2 40.1 38.0 35.9 

65 52.3 50.2 48.1 46.0 43.9 41.8 39.7 37.6 35.5 33.4 

60 49.8 47.7 45.6 43.5 41.4 39.3 37.2 35.1 33.0 30.9 

55 47.2 45.1 43.0 40.9 38.8 36.7 34.6 32.5 30.4 28.3 

50 44.7 42.6 40.5 38.4 36.3 34.2 32.1 30.0 27.9 25.8 

45 42.2 40.1 38.0 35.9 33.8 31.7 29.6 27.5 25.4 23.3 

40 39.6 37.5 35.4 33.3 31.2 29.1 27.0 24.9 22.8 20.7 

35 37.1 35.0 32.9 30.8 28.7 26.6 24.5 22.4 20.3 18.2 

30 34.6 32.5 30.4 28.3 26.2 24.1 22.0 19.9 17.8 15.7 

25 32.0 29.9 27.8 25.7 23.6 21.5 19.4 17.3 15.2 13.1 

20 29.5 27.4 25.3 23.2 21.1 19.0 16.9 14.8 12.7 10.6 

15 27.0 24.9 22.8 20.7 18.6 16.5 14.4 12.3 10.2 8.1 

10 24.5 22.4 20.3 18.2 16.1 14.0 11.9 9.8 7.7 5.6 

5 21.9 19.8 17.7 15.6 13.5 11.4 9.3 7.2 5.1 3.0 

1 19.9 17.8 15.7 13.6 11.5 9.4 7.3 5.2 3.1 1.0 

If tested on a cycle ergometer, but not training as per the next item, correct VO2max 
by 1.1 (VO2max x 1.1) before using the table. 
If tested on a cycle ergometer, but training 4 or more days/week for more than 30 
min/session on a cycle ergometer, correct by 1.05  (VO2max x 1.05) before using the 
table. 
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Table 2. Target values for VO2max for females aged 25 to 70 years. 

Score Female Age (yrs) 
 25 30 35 40 45 50 55 60 65 70 

100 60.0 58.2 56.4 54.6 52.8 51.0 49.2 47.4 45.6 43.8 

95 57.8 56.0 54.2 52.4 50.6 48.8 47.0 45.2 43.4 41.6 

90 55.7 53.9 52.1 50.3 48.5 46.7 44.9 43.1 41.3 39.5 

85 53.5 51.7 49.9 48.1 46.3 44.5 42.7 40.9 39.1 37.3 

80 51.4 49.6 47.8 46.0 44.2 42.4 40.6 38.8 37.0 35.2 

75 49.2 47.4 45.6 43.8 42.0 40.2 38.4 36.6 34.8 33.0 

70 47.0 45.2 43.4 41.6 39.8 38.0 36.2 34.4 32.6 30.8 

65 44.9 43.1 41.3 39.5 37.7 35.9 34.1 32.3 30.5 28.7 

60 42.7 40.9 39.1 37.3 35.5 33.7 31.9 30.1 28.3 26.5 

55 40.5 38.7 36.9 35.1 33.3 31.5 29.7 27.9 26.1 24.3 

50 38.4 36.6 34.8 33.0 31.2 29.4 27.6 25.8 24.0 22.2 

45 36.2 34.4 32.6 30.8 29.0 27.2 25.4 23.6 21.8 20.0 

40 34.1 32.3 30.5 28.7 26.9 25.1 23.3 21.5 19.7 17.9 

35 31.9 30.1 28.3 26.5 24.7 22.9 21.1 19.3 17.5 15.7 

30 29.7 27.9 26.1 24.3 22.5 20.7 18.9 17.1 15.3 13.5 

25 27.6 25.8 24.0 22.2 20.4 18.6 16.8 15.0 13.2 11.4 

20 25.4 23.6 21.8 20.0 18.2 16.4 14.6 12.8 11.0 9.2 

15 23.3 21.5 19.7 17.9 16.1 14.3 12.5 10.7 8.9 7.1 

10 21.1 19.3 17.5 15.7 13.9 12.1 10.3 8.5 6.7 4.9 

5 18.9 17.1 15.3 13.5 11.7 9.9 8.1 6.3 4.5 2.7 

1 17.2 15.4 13.6 11.8 10.0 8.2 6.4 4.6 2.8 1.0 

If tested on a cycle ergometer, but not training as per the next item, correct VO2max 
by 1.1 (VO2max x 1.1) before using the table. 
If tested on a cycle ergometer, but training 4 or more days/week for more than 30 
min/session on a cycle ergometer, correct by 1.05  (VO2max x 1.05) before using the 
table. 
 

 

Glossary Words 
 
metabolic equivalent (MET) refers to the resting VO2 of 3.5 mL/kg/min. 
 
alometrically scaled pertains to data scaled to a non-linear feature of a known 
determinant. 
 
Tour de France is the long multi-staged and multi-day road race held in France each 
year. 
 
arterio-venous oxygen difference (a-vO2Δ) is the blood oxygen content differences 
between mixed central arterial vs. venous blood. 
 
cardiac output is the volume of blood pumped by the heart each minute (L/min). 
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stroke volume is the volume of blood pumped by the heart each beat (mL/beat). 
 
Fick equation is the equation for computing VO2 from cardiac output and the a-vO2Δ 
(VO2 = Qmax x (a-vO2Δmax)) 
 
sedentary refers to a lifestyle that is predominantly inactive. 
 

 
 


