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I am not sure what you assume or understand about science.  From an educational 
perspective, it is clear that science has enabled the development of some incredible 
products, the successful completion of truly amazing achievements, and fueled our vast 
and continually growing economies.  We have cured many 
diseases, sent men to the moon, built an international space 
station, split the atom, and developed a plethora of ways to 
fight and kill one another!  Despite all this, we are still 
addicted to oil, cannot feed all the people on our planet, and 
continue to ravage and pollute a finite home we call earth.  
Now, to tone this way down and just focus on exercise 
physiology, we have also made compelling advances in the 
equipment we use to measure physiology, and how quality 
exercise training has profound performance and health 
benefits.  Yet, despite all of this “development” to exercise 
and exercise testing, the irony is that we still do not have a 
universally agreed upon procedure for objectively identifying 
and labeling VO2max.  I guess the discipline of exercise 
physiology is no different than the broader population 
applications of science.  The big achievements are attained, but the smaller, sometimes 
more meaningful features of our existence are far more difficult to get right!  Such is the 
dilemma of science infused within the complexity and constraints of human, earth-based 
sociology. 

 
Here we go again, yet another controversial topic in exercise physiology! 
 
Let me identify all the methods currently used in research to identify VO2max, and 
provide my explanations of what is good and bad about each one. 
 
Highest 1 Min Average 
The issue that needs to be protected here is an erroneous VO2max value caused by 
high data variability.  However, given my prior comments about large time averages, 
you should be able to predict what I am about to say on this option.  Yes, some exercise 
physiologists believe that a 1 min time average should be used to detect or identify 
VO2max.  The facts are clear, this is an illogical requirement that has no consistent 
application for any other measure made in exercise physiology, basic and applied 
physiology or clinical practice.  I gave examples in the previous Topic, but once again, if 
a 1 min average for VO2 is needed for VO2max, than 1 L of blood is needed for blood 
lactate, 1 kg of muscle is needed for muscle metabolite measurement, and each of 
heart rate, cardiac output and muscle power all need to be measured from data 
collected for a full minute! 
 
Highest Processed Data Point 
If an acceptable data processing strategy has been applied, such as a short time 
interval average, a breath average, or a digital filer, then the highest recorded value 
warrants labeling as VO2max.  Surely this topic is as simple as this! 
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Highest Data Coinciding With Specific Secondary Criteria 
Throughout basic and applied exercise physiology research, select secondary criteria 
are used to verify that the selected VO2max measure is truly maximal.  Such secondary 
criteria are listed in Table 1.  Let me be very clear in the next statement.  There is no 
empirical research evidence for the validation of any of these secondary criteria.  
I know this may sound hard to believe, but when I researched my last book, I was 
amazed to find that such secondary criteria have simply been passed down from 
generation to generation within exercise physiology.  Researchers have used them 
because they seem to coincide with maximal exercise exertion, despite no evidence of 
a VO2 plateau.  Such use, once being allowed in peer reviewed research, has been 
viewed as acceptable validation of this practice, resulting in repeated use by other 
researchers, and so on.  This is far from good science, yet seems a reoccurring practice 
within the exercise sciences! 
 
Table 1. A list of secondary criteria used to provide added 
support for the attainment of a true VO2max. 

Secondary Criteria For VO2max Validated? 

VO2  150 mL/min during last minute No 

Blood lactate > 8 mmol/L No 

RER  1.1 No 

RER  1.05 No 

RER  1.15 No 

HR  10 beats/min from estimated HRmax No 

 85% predicted HRmax No 

 
A valid secondary criterion would not only detect subjects who did attain VO2max, but 
equally importantly, exclude subjects who did not.  All of the secondary criteria of Table 
1 are too easily met by too many subjects well before attaining VO2max.  This means 
that the secondary criteria have poor specificity.  As such, all secondary criteria are 
invalid and should not be used. 
 
The fact is that there is no valid means of showing that the highest VO2 data point (after 
processing) is VO2max other than the VO2 plateau which I will discuss next.  As you will 
read, the concept of a VO2 plateau at VO2max opens up a whole new can of worms! 
 
The VO2 Plateau at VO2max 
A.V. Hill first introduced the concept of a VO2 plateau at VO2max in the 1920’s.  The 
introduction was based mostly on speculation, or theory, as he did not have the data to 
prove that a VO2 plateau existed in all subjects tested.  In fact, the data was not even 
available to empirically, and objectively define what a VO2 plateau was.  Furthermore, 
the fact that Hill introduced the concepts of a VO2max and a VO2 plateau, but was not 
able to define either measurement or provide guidelines on how to quantify either 
measurement, could be argued to be the root source of the VO2max dilemma that has 
plagued the field of exercise physiology ever since.  Of course the irony is that we know 
that some subjects definitely show a VO2 plateau, as shown in Figures 1 and 2. 
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Figure 1. Two differing VO2 data sets from incremental 
exercise, with one showing and the other not showing a 

VO2 plateau response. 

 
Figure 2. Data for a test to VO2max showing a clear deviation from linearity in the 
VO2 response during the last third of the test. 

 

My explanation of the historical 
development of VO2max testing 
revealed that the field of 
exercise physiology embraced 
the concept of a VO2 plateau.  
However, since the late 1980’s 
there has been growing 
discontent with this concept.  
After-all, numerous exercise 
physiologists had been 
reporting that they were not 
able to detect a VO2 plateau in 
the majority of subjects tested.  
Reports of the incidence of a 
VO2 plateau varied from 0% to 
100%, depending on the study, 
and of course the definition of a 
VO2 plateau. 
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Figure 3. Data for the last 30 s of an incremental protocol 
showing the application of a < 50 mL/min slope criterion 
for the VO2 plateau. 

I will comment on the definition of VO2 plateau very soon.  However, before I do that it is 
important to mention that numerous exercise physiologists have argued that if the VO2 
plateau at VO2max is not detectable in all subjects, or at least in the majority of 
subjects, then maybe there is really no such thing.  Some physiologists have even 
argued that maybe there is really no true VO2max, with factors yet unable to be 
explained governing why a subject ends a test at volitional fatigue.  This interpretation 
views the highest VO2 value to be just that, with the label VO2peak being widely used 
for this purpose.  Such a value is not maximal, because depending on the protocol, the 
exercise mode, the presence of increased blood oxygen content, etc., the value can be 
increased or decreased.  There is good merit to some of these arguments, and Dr. Tim 
Noakes from South Africa can be complemented on his ability to challenge exercise 
physiologists on this issue.  See the Topic “What Limits Maximal VO2? 
 
Now, back to the definition of 
a VO2 plateau.  The most 
widely accepted definition of 
the VO2 plateau is a VO2 
change < 150 mL/min (< 2.1 
mL/kg/min) during the last 
minute of an incremental 
exercise test.  Once again, 
this definition comes from 
research published in the 
1950’s involving discontinuous 
exercise tests.  More recently, 
additional definitions have 
been proposed based on 
breath-by-breath indirect 
calorimetry data, with a 
common adoption being that 
of a change in VO2 < 50 
mL/min during the final 30 s of 
an incremental protocol.  This 
latter criterion is presented in Figure 3 as the slope of linear regression applied to the 
final 30 s of data when the x-axis data is time expressed in minutes.  However, this 
criterion is by no means widely accepted or used. 
 
The problem with this topic of defining a VO2 plateau is that there are too many 
deficiencies of past research of VO2max.  Let me clarify this point.  So far I have 
explained how a majority of past research used excessively long protocol durations, 
which we now know invalidates VO2max measurement in trained subjects.  Most prior 
research, especially prior to 2000, used 1 min time averages to quantify the VO2 
response and VO2max, which we now know is excessive over-processing of data that 
lowers the VO2max.  We also know that a 1 min average decreases the temporal 
resolution of the VO2 data, which by definition means it is more difficult if not impossible 
to assess the VO2 plateau unless it can be sustained for more than 2 min.  By default, 



Identifying VO2max 

 

5 

 

this means that any VO2 plateau response lasting less than 2 min, no matter how clearly 
identified by breath by-breath data, would be ignored.  Given all of these deficiencies in 
VO2 measurement, it is no wonder that we are still unsure about how to define and 
measure VO2max, as well as the VO2 plateau. 
 
Recommendations 
Given the lack of any clear guidelines by past research, or current practice using 
validated approaches, I have to make some recommendations based on my views of 
the entire issue and my personal experiences with innovative breath-by-breath data 
collection and post acquisition data processing. 
 

1. The fact that many subjects can be shown to have a VO2 plateau at VO2max 
indicates that the concepts of the VO2 plateau and a VO2max are not fictitious. 

2. The 30 s or 1-min data average should never be used to assess VO2max or the 
VO2 plateau. 

3. Data processing techniques that average data for < 15 s, or 11 breaths, should 
be used to assess the VO2 plateau and VO2max. 

4. Until added research is done to provide a more valid criterion, researchers 
should adopt the criterion of a VO2 change < 50 mL/min over the last 30 s to 
define a VO2 plateau. 

5. VO2max is the highest processed data point of an incremental exercise test that 
fits the required protocol criterion when a VO2 plateau is present. 

6. The highest VO2 data point of a test that does not have a VO2 plateau, or that is 
from a protocol longer than 12 min when testing highly trained subjects should be 
termed VO2peak.  The condition of “highly trained” is subjective, but there is 
nothing else to go on because fitness is a continuous variable, and one does not 
become fit by raising VO2max 1 mL/kg/min above a pre-determined cut-off!  The 
following has been used by other exercise physiologists; as a transition from 
moderate to highly trained: males with VO2max>50 mL/kg/min; females with 
VO2max > 45 mL/kg/min.  However, my argument is that if you stick to the 
required shorter protocol durations (~8 min) when testing trained subjects, then 
the issue of fitness is irrelevant. 

 

Glossary Words 
 
secondary criteria are the additional measures of human physiology that might occur 
when a VO2max is truly attained, and have been based on meeting specific criteria for 
heart rate, ventilation, RPE, and blood lactate. 
 
VO2 plateau is the leveling in the VO2-time response near the end of an incremental 
exercise test. 
 
VO2peak is the term used for the highest VO2 data value from incremental exercise 
when there was no evidence of a VO2 plateau. 

 
 


