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BACKGROUND 

Endurance capabilities are reflected in one’s ability to take in and utilise oxygen. Oxygen is a crucial 

factor in the operation of the electron transport system, where the production of large quantities of 

adenosine triphosphate (ATP) occurs as a result of oxidative metabolism. The ability to sustain moderate 

to high-intensity exercise for appreciable lengths of time is based on the rate at which ATP can be 

produced by oxidative means. Consequently, this rate will be reflected by the rate at which oxygen is 

consumed (taken in and utilised): oxygen consumption rate or VO2. One means of describing the 

cardiorespiratory endurance fitness level of an individual is by determining maximal oxygen 

consumption rate (VO2max). 
 

As one performs heavier power outputs on a cycle ergometer, both oxygen consumption rate and heart 

rate (HR) increase. Oxygen consumption rate increases because the demands of the work require 

increased production of energy and increased HR to transport oxygen and fuels to the active muscle 

tissues and remove their metabolic waste products more rapidly. The relationship of power output to 

oxygen consumption rate remains fairly constant between individuals, as well as for the same individual 

at various times. Therefore, when we know the power output, the corresponding oxygen consumption 

rate can be predicted with reasonable accuracy (± about 10%). However, the proportion to which HR 

increases in comparison to either power output or oxygen consumption rate will vary between 

individuals or for a certain individual based on level of fitness (endurance capability). 

The ability to predict VO2 max is based on the fact that the heart pumps more efficiently and oxygen is 

more readily utilised for metabolism in individuals with higher maximal oxygen consumption 

capabilities. We can refer to this as increased cardiovascular efficiency, since the heart doesn’t have to 

work as hard (HR is lower) to meet the metabolic demands of a task. Therefore, if two individuals are 

performing at the same power output (requiring the same rate of oxygen consumption), the individual 

with the higher VO2 max will tend to have a lower HR. The basis of the Astrand–Rhyming Test (named 

for the distinguished scientists who developed the test, the husband-and-wife team P. O. Astrand and I. 

Rhyming) is to make use of this relationship.2 
 

In essence, we would expect that if two individuals were to work such that similar HRs result (say 150 

bpm), the individual with a higher VO2 max will actually be performing more physical work (again, this 

reflects cardiovascular efficiency). Therefore, the basic procedure of the test is to have an individual 

work at moderate intensity (HR = 120–170 bpm) and record both the HR and the power output. Using 

these two pieces of data, we can estimate VO2 max (± 10 to 15% error) from previously determined 

relationships available in tables 8.1 and 8.2. This laboratory experience will help you become familiar 

with the procedures and supportive principles of this basic mode of fitness testing. In addition, you 

should be able to interpret the results of such testing in terms of fitness levels. 



KNOW THESE TERMS & ABBREVIATIONS 
 

• kgm · min−1 = kilogram meters per minute 

• HR = heart rate 

• O2 = oxygen consumption rate; an indirect measure of aerobic ATP production 

• O2 max = maximal oxygen consumption rate 

 

 
PROCEDURES 

1. Set the seat height on the Wattbike to hip height.  Raise or lower your saddle height using the lever on the 
rear of the saddle stem. Photo 1.0 

2. Put on a heart rate (HR) monitor, turn on AtomX or if using the Atom login to the Wattbike App. Select ‘Just 
Ride’, connect the Ipad to the Atom, connect the heart rate monitor to the Ipad/screen set the Wattbike into 
Ergo mode- In Ergo mode the Wattbike will hold the desired target wattage regardless of cadence. Photo 2 

3. The test is a single stage test lasting 6 minutes with the goal of obtaining HR values between 125 and 
170bpm 

4. Select the desired work rate [very little resistance] for a 3-5 minute warm up.  

5. The suggested work rate for the 6-minute test is based on sex and an individual’s fitness status as 

follows: 

Men, unconditioned:  300 or 600kgm.min-1 [50 or 100W] 

Men, conditioned:  600 or 900kgm.min-1 [100 or 150W] 

Women, unconditioned: 300 or 450kgm.min-1 [50 or 75W] 

Women, conditioned:  450 or 600kgm.min-1[75 or 100W] 

6. After the warmup start the 6-minute test. 

7. Measure and record the 30-second HR for the last 30 seconds of minutes 2 through 6. Record 

data on worksheet 8.1. 

8. At the end of the third minute, adjust the power output (up or down) if it is not likely that the 

subject will be in the target HR zone (120–170 bpm) at the end of the 6-minute test. 

9. If the subject has not reached a steady state HR by the end of the 6 minutes, extend the test 

until the difference between consecutive minutes is less than 10 bpm. The last two HR values 

should be averaged for use in calculations. 

10. Allow the subject to cool down  
11. Convert the raw data (power and HR) into a VO2max prediction using the calculation methods described below, 

or using the online calculator which can be found at https://www.health-calc.com/fitness-tests/aastrand-test 
 

 
 

https://www.health-calc.com/fitness-tests/aastrand-test


 
 

PHOTO 1.0 Wattbike Atom/AtomX 

 

 
 

 

PHOTO 2.0 Select ‘Just Ride’, connect the Wattbike, heart rate monitor, select Ergo mode and select desired Wattage. 
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