
Validity on Submaximal Load Tests Using Cycle Ergometer in Evaluation of

Maximum Oxygen Consumption Volume

Because of the limitations of maximal load tests for
VO2max, submaximal tests using cycle ergometer are used for
field study in general. This study was conducted to evaluate
validity of various submaximal tests using cycle ergometer. This
study had been conducted during May to June 2005, which
subjects were 15 males and 15 females in twenties. Experiment
was performed with restrictive conditions which regulated
ambient temperature, noise, and entrance restriction.
Submaximal load test protocols including YMCA Protocol
(YP), Astrand-Rhyming Protocol (ARP), Relative heart ratio
Protocol (RP), and Ramp test Protocol (RP) were compared
with maximal load test which used gas mask analyser using
Bruce Protocol. All submaximal load tests were highly related
with maximal load test (Spearman's correlation coefficient >

0.60) with statistical significancy. The highest correlation
coefficient with maximal test was found in RP. Three
submaximal test results except RP were significantly different
with maximal test results (Wilcoxon rank test). All submaximal
tests had high validity. The reason why RP had highest validity
might be that it represents Korean physical strength and
individual differences better than the others. RP using cycle
ergometer would make easy to study for physical capacity
evaluation and field workload estimation.
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maximal load test

ubmaximal
load tes

70 85%

treadmill bicycle
ergometer Astrand et al., 2003

VO2

Bruce Protocol, Naughton Protocol

Astrand Rhyming Protocol, YMCA Protocol

incremental test
ramp test

Astrand et al., 2003; Buono et al., 1996; Fitchett, 1985;

Macsween, 2001; Northridge et al., 1990

Protocol

20 15 30

2
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2005 6 7 2

20 2 

Metamax II , Cortex, Germany
VO2max

Bruce Protocol Monark
839E , Monark Co., Sweden

Monark
YMCA Protocol, Astrand-Rhyming Protocol,

Aerobike 75XL II , Combi Co., Japan

relative heart ratio: RHR 30%, 50%, 75% RHR
5

VO2max

RHR(%) = [(HRexercise HRrest) (HRmax HRrest)] 100

RHR: relative heart ratio
HRexercise: heart rate during exercise
HRrest: heart rate during rest
HRmax: maximum heart rate

YMCA Protocol 1

4 1 1
Astrand Rhyming Protocol

Bruce protocol

5
Miyashita 1985

75%

VO2max

VO2max 

Spearman
Wilcoxon

SAS v 8.2
0.05

20.8 1.6
170.2 7.0 61.4 10.5 kg

26 86.7%
2 6.7%

Total(N=30)

Mean

Age (yr)
Height (cm)
Weight (kg)
Smoking n (%)

Non-smoker   
Ex-smoker

Present smoker

20.8
170.2
61.4

26
2
2

1.6
7.0

10.5

(86.7)
(6.7)
(6.7)

21.2
175.1
69.3

11
2
2

0.9
4.1
8.3

(73.4)
(13.3)
(13.3)

20.4
165.0
53.6

15
0
0

2.1
5.2
5.2

(100.0)
(0.0)
(0.0)

S.D. Mean S.D. Mean S.D.

Male(N=15) Female(N=15)
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VO2max Astrand Rhyming
Protocol YMCA Protocol

2.55, 2.21, 1.99, 1.66 L/min
Bruce Protocol Astrand Rhyming Protocol, YMCA

Protocol VO2max

VO2max

Wilcoxon YMCA

Total(N=30)

Mean

Maximal load test
Bruce Protocol

Submaximal load test
YMCA Protocol
Relative heart ratio
Astrand-Rhyming Protocol
Ramp test

1.94

2.21
1.66
2.55
1.99

0.56

0.49
0.46
0.53
0.51

2.40

2.46
1.93
2.78
2.42

0.42

0.46
0.49
0.56
0.32

1.49

1.96
1.39
2.33
1.56

0.17

0.39
0.20
0.41
0.17

S.D. Mean S.D. Mean S.D.

Male(N=15) Female(N=15)

Total(N=30)

Mean

Maximal load test
Bruce Protocol

Submaximal load test
YMCA Protocol
Relative heart ratio
Astrand-Rhyming Protocol
Ramp test

31.24

36.20
27.04
41.78
32.08

4.83

6.09
5.90
6.88
4.45

34.65

35.70
27.84
39.94
35.06

3.93

6.17
6.22
5.31
4.00

37.83

36.70
26.23
43.63
29.10

2.82

6.17
5.66
7.91
2.47

S.D. Mean S.D. Mean S.D.

Male(N=15) Female(N=15)

Total(N=30)

YMCA

A-R
RHR
Ramp
Bruce

0.61
0.68
0.72
0.70

0.50
0.60
0.67

0.63
0.63 0.88

A R RHR Ramp YMCA

0.45
0.79
0.60
0.16

0.59*
0.56*
0.75

0.49
0.33 0.51

A R RHR Ramp YMCA

0.59*
0.31

0.56*
0.71

0.11
0.44

0.64*
0.08

0.21 0.56*

A R RHR Ramp

Male(N=15) Female(N=15)
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Total(N=30)

Mean

Bruce - YMCA
Bruce - A-R
Bruce - RHR
Bruce - Ramp

0.27
0.61
0.29
0.04

0.09
0.08
0.07
0.05

<0.010
<0.001
<0.001

0.360

0.06
0.37
0.47
0.02

0.14
0.09
0.12
0.09

0.890
<0.01
<0.01
0.850

0.48
0.84
0.10
0.07

0.08
0.10
0.06
0.04

<0.001
<0.001

0.060
0.210

S.D. p value Mean S.D. p value Mean S.D. p value

Mal(N=15) Female(N=15)

Protocol Astrand Rhyming Protocol

Astrand
Rhyming Protocol Bruce Protocol

YMCA Protocol
YMCA Protocol Astrand

Rhyming Protocol Bruce Protocol

VO2max 2.40 L/ml
1.49 L/ml VO2max 34.65

ml/kg/min 27.83 ml/kg/min 20
13 1996

2.6 3.0 L/min
39.43 7.02 ml/kg/min 2.9 0.4 L/min 43.97 8.47

ml/kg/min Astrand Protocol
3.1 165 L/min 48.01 6.65

ml/kg/min 3.2 0.2 L/kg 49.06 7.24 ml/kg/min
2.42 0.32 L/min

35.06 4.00 ml/kg/min 20
20 1999
VO2max Astrand
Rhyming Protocol 44.4
6.2 40.8 4.1 37.3 5.0 ml/kg/min 34.65
39.94 35.06

20

5 2001
2.59 L/min 6

1997 2.56 L/min
1.93 L/min

Bruce Protocol 2.40 L/min

Eomputerized extrapolation
method XTP Astrand Rhyming Protocol, Fox Protocol,
Harvard step test 4

VO2max Astrand
Rhyming Protocol 0.68 0.49

XTP
XTP 1999

Takei Model, Japan

VO2max

VO2max
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Authors

Park J 
et al.

Lee B & 
Woo D

Jung S
& Kim 
H

Subjects

13 Male in
twenties

5 Male in twenties

6 Male in twenties

Methods

1. HRR method
1) ramp test with 30%,50%,75% HRR
2) incremental test with 50W, 75W, 
100W, 125W, 150W for 50 rpm

2. Astrand Protocol 
1) ramp test 
2) incremental test
(Cycle ergometer: SensorMedics, 
ergo-metric 800s)

submaximal test with 30%, 50%, 75% 
HRR for 5 min. 
(Cycle ergometer; Cateye ergocise 
EC-1200)

submaximal trest with 30%, 50%, 75% 
HRR
(Cycle ergometer; SensorMedics, 
Ergoline SMC Ergo-metrics 800S 
Ergometer)

Results

1. 1) 2.6 3.0 L/min   
(39.43 7.02 ml/kg/min), 

2) 2.9 0.4 L/min 
(43.97 8.47 ml/kg/min),

2. 1) 3.1 165 L/min 
(48.01 6.65 ml/kg/min)

2) 3.2 0.2 L/kg 
(49.06 7.24 ml/kg/min)

Cycle: 2591.51 ml/min 
Treadmill: 2951.35

Cycle: 2562.71 ml/min, 
Treadmil: 2874.89 ml/min

0.88
0.51

Wilcoxon

425
1997 Astrand Rhyming

Protocol
Astrand Rhyming

Protocol

0.61
0.45 0.59

425

Astrand Rhyming Protocol 
YMCA

YMCA Protocol Astrand Rhyming
Protocol

20 20
1996 0.69

2 2
0.72

5 5
1 VO2max 32.43 4.26

ml/kg/min 2 32.59 3.07 ml/kg/min
t p 0.88

VO2max

YMCA Protocol Astrand Rhyming
Protocol
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VO2max

YMCA Protocol Astrand Rhyming
Protocol
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