HE-10: Aerobic Fitness Testing

Before Starting

1. Read the procedures for the experiment completely before beginning the experiment. Have a
good understanding of how to perform the experiment before making recordings.

2. It is important that the subject is healthy and has no history of respiratory or cardiovascular
problems.

3. Allow the SP-304 to warm up for 15 minutes before recording for the first time.

4. Determine if the airflow tubes between the flowhead to the spirometer amplifier are attached to
the proper inlets on each device.

* Since this test does not need to be recorded, click on the Save to Disk button in the lower
left corner of the Main window. If LabScribe is in Preview mode, there will be a red X
across the Save to Disk button.

¢ (Click on the Preview button.

Note: If the user clicks the Preview button and an error window appears the Main window indicating
the iWorx hardware cannot be found, make sure the iWorx unit is turned on and connected to the USB
port of the computer. Then, click on the OK button in the error window. Pull down the LabScribe Tools
menu, select the Find Hardware function, and follow the directions on the Find Hardware dialogue
window

* Have the subject inhale and exhale through the mask 2 or 3 times while the complete
spirometry circuit is assembled.

* Click on the AutoScale button at the upper margin of the Expired Air Flow and Lung
Volume channels.

» If the proper end of the flowhead is attached to the outlet of the mixing chamber, the
traces on the Air Flow and Lung Volume channels will go up when the subject exhales.

» If the traces on these channels go down during exhalation, remove the flowhead from the
outlet of the mixing chamber and place the other end of the flowhead on the outlet of the
mixing chamber.

*  Click on the Stop button.

5. Click on the Save to Disk button, in the lower left corner of the Main window, to change
LabScribe from Preview mode to Record mode. If LabScribe is in Record mode, there will be a
green arrow on the Save to Disk button.
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Select the Exercise Protocol

Some of the common exercise protocols used to test aerobic fitness are described over the next few
pages.

Bruce Treadmill Exercise Protocol

This protocol was developed in the 1950’s by Dr. Robert A. Bruce as a clinical test to evaluate the
cardiovascular fitness of patients with suspected coronary heart disease. Currently, it is the most
commonly used exercise stress test conducted on a treadmill.

Warning: This test is a maximal test, which requires a reasonable level of fitness. If this test is going
to be performed by a recreational athlete or persons with health problems, injuries or low fitness
levels, please have medical assistance on hand.

1 The test begins with the subject walking on a treadmill at a speed of 2.74 km/hr (1.7 mph) and a
gradient of 10% for three minutes (Table HE-10-L1). The stopwatch is started at the beginning of the
test to measure the time until the subject is exhausted.

Table HE-10-L1: Speeds and Gradients Used in Each Stage of the Bruce Protocol.

Speed Gradient Elapsed Time
Stage

km/hr  mph % Minutes
1 274 | 1.7 10 3
2 402 25 12 6
3 547 34 14 9
4 6.76 4.2 16 12
5 8.05 5.0 18 15
6 885 55 20 18
7 9.65 6.0 22 21
8 1046 6.5 24 24
9 11.26 7.0 26 27
10 12.07 7.5 28 30

2. After the first stage, the gradient is increased by 2% and the speed is increased to the speed
listed for each stage in at three minute intervals.

3. The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO2

plateau, or an RER of 1.15 or greater.

4. The stopwatch is stopped when the subject can no longer continue.
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5. Since heart rate is monitored during this test, the determination of the maximum heart rate can
be used to set the intensity of exercise in the subject’s training program.

Astrand Treadmill Protocol

This protocol is another test that is suitable for athletes involved in endurance sports.

Warning: This test is a maximal test, which requires a reasonable level of fitness. If this test is going
to be performed by a recreational athlete or persons with health problems, injuries or low fitness
levels, please have medical assistance on hand.

1.

The test begins with the subject jogging on a treadmill at a speed of 8.05 km/hr (5.0 mph) and a
gradient of 0% for three minutes (Table HE-10-1.2). The stopwatch is started at the beginning of
the test to measure the time until the subject is exhausted.

In each successive stage, the gradient is increased by 2.5% in each two minute interval while

the speed is kept the same.

The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO2

plateau, or an RER of 1.15 or greater. The stopwatch is stopped when the subject can no longer

continue.

Since heart rate is monitored during this test, the determination of the maximum heart rate can
be used to set the intensity of exercise in the subject’s training program.

Table HE-10-L2: Speeds and Gradients Used in Each Stage of the Astrand Treadmill Protocol.

Speed Gradient Elapsed Time
Stage

km/hr  mph % Minutes
1 8.05 5.0 0 3
2 8.05 5.0 2.5 5
3 8.05 5.0 5.0 7
4 805 5.0 7.5 9
5 8.05 5.0 10.0 11
6 8.05 5.0 12.5 13
7 8.05 5.0 15.0 15
8 8.05 50 17.5 17
9 805 5.0 20.0 19
10 8.05 5.0 225 21
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Modified Bruce Treadmill Exercise Protocol

The Modified Bruce Protocol is used when testing the cardiovascular fitness of elderly or sedentary
patients. The modified test starts at a lower workload than the standard test. The fist two stages of the
Modified Bruce Protocol are performed at 1.7 mph and 0% grade and 1.7 mph and 5% grade. The third
stage of the modified protocol corresponds to the first stage of the standard Bruce Protocol.

Warning: This test is a maximal test, which requires a reasonable level of fitness. If this test is going
to be performed by recreational athletes or persons with health problems, injuries or low fitness
levels, please have medical assistance on hand.

1. The test begins with the subject walking on a treadmill at a speed of 2.74 km/hr (1.7 mph) and a
gradient of 0% for three minutes (Table HE-10-L3). The stopwatch is started at the beginning of
the test to measure time until the subject is exhausted.

Table HE-10-L3: Speeds, Gradients, and Times used in each stage of the Modified Bruce and
Cornell Treadmill Protocols.

Exercise Intensity Elapsed Time
Speed Gradient A Modified Bruce =Cornell
Stage km/hr mph % mins

P1 274 | 1.7 0

P2 274 1.7 5

1 274 1.7 10

1.5 338 2.1 11

2 4.02 25 12 12

I I : v}
—_ :.
o o e’} (@) AN \] 2

2.5 482 3.0 13 1

3 547 34 14 15 14

3.5 6.11 3.8 15 1

!
:

4 6.76 42 16 18 18

4.5 740 4.6 17

!
-

5 805 5.0 18 21

2. In the second stage of the protocol, the gradient is increased to 5% while the speed is
maintained at 2.74 km/hr (1.7 mph) for three minutes.
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3. In the third stage of the protocol, the gradient is increased to 10% while the speed is maintained
at 2.74 km/hr (1.7 mph) for three minutes.

4. After the third stage, the gradient is increased by 2% and the speed is increased to the speed
listed for each stage in at three minute intervals.

5. The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO,

plateau, or an RER of 1.15 or greater. The stopwatch is stopped when the subject can no longer
continue.

6. Since heart rate is also monitored during this test, the determination of the maximum heart rate
can be used to set the intensity of exercise in the subject’s training program.

Cornell Protocol

The Cornell Protocol has workloads that are gently graded from stage to stage making this test suitable
for subjects that might experience heart failure.This protocol contains stages that are whole and half
increments of the Bruce Protocol. The stages in the Cornell Protocol are completed in two minute
increments, not three minute increments. For a comparison of the Cornell Protocol to the Modified
Bruce Protocol, go to Table HE-10-L3.

Warning: This test is a maximal test, which requires a reasonable level of fitness. If this test is going
to be performed by recreational athletes or persons with health problems, injuries or low fitness
levels, please have medical assistance on hand.

1. The test begins with the subject walking on a treadmill at a speed of 2.74 km/hr (1.7 mph) and a
gradient of 0% for two minutes. The stopwatch is started when the test is started to measure the
total amount of time that passes until the subject is exhausted.

2. In the next increment of the protocol, the gradient is increased to 5% while the speed is
maintained at 2.74 km/hr (1.7 mph) for two minutes.

3. In the successive increments of the protocol, the gradient is increased by 10% while the speed is
maintained at 2.74 km/hr (1.7 mph) for two minutes.

4. After the third increment, the gradient is increased by 2% per increment and the speed is
increased to the speed listed for each increment (Table HE-10-L.3).

5. The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO,

plateau, or an RER of 1.15 or greater. The stopwatch is stopped when the subject can no longer
continue.

6. Since heart rate is also monitored during this test, the determination of the maximum heart rate
can be used to set the intensity of exercise in the subject’s training program.

Naughton Protocol
The Naughton Protocol is a low intensity exercise protocol that has incremental increases in workload
that are more gradual than the Bruce Protocol. Because of these gradual increases, the cardiovascular
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response of a subject to the workload has a greater linearity than other protocols. The protocol is
frequently used on subjects that are debilitated by heart failure.

1.

The test begins with the subject walking on a treadmill at a speed of 1.93 km/hr (1.2 mph) and a
gradient of 0% for two minutes (Table HE-10-1.4). The stopwatch is started when the test is
started to measure the total amount of time that passes until the subject is exhausted.

In the second stage, the speed is increased to 2.41 km/hr (1.5 mph) while the gradient is
maintained at 0%.

In each of the next three stages, the speed is maintained at 2.41 km/hr (1.5 mph) while the
gradient is increased by 3% every two minutes.

In the sixth stage, the speed is increased to 3.21 km/hr (2.0 mph) while the gradient is increased
to 12%.

The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO,

plateau, or an RER of 1.15 or greater. The stopwatch is stopped when the subject can no longer
continue.

Since heart rate is monitored during this test, the determination of the maximum heart rate can
be used to set the intensity of exercise in the subject’s training program.

Table HE-10-L4: Speeds, Gradients, and Times used in each stage of the Naughton Protocol.

Stage | Speed Gradient Elapsed Time
km/hr | mph % Minutes
1 193 | 1.2 0 2
2 241 1.5 0 4
3 241 1.5 3 6
4 241 1.5 6 8
5 241 1.5 9 10
6 321 20 12 12

Balke Treadmill Protocol

The Balke Treadmill Protocol is another assessment of aerobic fitness that is recommended for cardiac
patients since the increase in workload is moderate. The protocol is considered safe for patients with
severe left ventricular dysfunction.

1.
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2. Depending on the gender of the subject, the gradient is increased every one minute, two, or
three minutes.

3. The test proceeds until the subject reaches volitional exhaustion, maximum heart rate, a VO,

plateau, or an RER of 1.15 or greater. The stopwatch is stopped when the subject can no longer
continue.

4. Since heart rate is monitored during this test, the determination of the maximum heart rate can
be used to set the intensity of exercise in the subject’s training program.

5. There are several variations of the Balke Treadmill Protocol. Here are some examples of these
variations that have been used.

* For active and sedentary men, the treadmill speed is set at 5.28 km/hr (3.3 mph) with a
gradient of 0%. After 1 minute, the gradient is raised to 2%. At each successive one
minute interval, the gradient is increased by 1%.

* For active and sedentary women, the treadmill speed is set at 4.81 km/hr (3.0 mph) with
a gradient of 0%. After three minutes, the gradient is increased by 2.5% at each three
minute interval.

* For all subjects, the treadmill speed is set at a constant speed of 3.00 km/hr (1.88 mph)
as the gradient is increased by 2.5% at each two minute interval.

Conduct the VOZmax Test

1. While preparations are completed, have the subject become accustomed to wearing the non-
rebreathing valve with the mask or optional mouthpiece. The subject must be able to breathe
normally before any recordings can be made.

2. Remind the subject and all the persons assisting in the test about the specifications of the
exercise protocol being used in the test.

3. Wet the cloth electrode patches on the inside of the PHRM-100 belt with water. Position the belt
around the chest of the subject with the electrodes making contact with the skin that is over the
heart. Snap the heart rate transmitter to the electrode belt so that the label is right side up. The
subject may wear a shirt since it will not interfere with the operation of the PHRM-100.

4. Once the subject and recording equipment is all prepared, have the subject remove the mask
from his or her face and hold the non-rebreathing valve and mask in a position so that the
subject’s breath is not moving through the valve.

Note: The LabScribe software will automatically zero the Lung Volume STPD channel. No air can be
moving through the non-rebreathing valve during the first ten seconds of the recording.

5. Type <Subject’s Name> Stage 1 in the Mark box that is to the right of the Mark button.

6. Click on the Record button. After waiting three seconds for the Lung Volume STPD channel to
zero, the subject should put the mask in his or her mouth and adjust the position of the mask and
flow head to create a seal. The assembly should be firmly, but comfortably, attached to head of
the subject.

7. Press the Enter key on the keyboard to mark the recording as the subject begins breathing
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through the mask and the flowhead. Start the stopwatch to keep track of the time in each stage
of the exercise protocol.

8. Click the AutoScale buttons on all channels and make sure all channels are being recorded
properly (Figure HE-10-L.1).

* The trace on the CoO, Concentration (%) channel increases as the mixing chamber fills

with exhaled air. It gradually increases as the fitness test proceeds.

* The trace on the 0, Concentration (%) channel decreases as the mixing chamber fills

with exhaled air. It gradually decreases as the fitness test proceeds.
* The trace on the Heart Rate Monitor channel registers a spike for each heart beat.

* The trace on the Air Flow channel records an individual peak for each breath exhaled by
the subject.

* The trace on the Lung Volume STPD channel increases steadily as the cumulative
volume of air exhaled by the subject is recorded.

* The trace on the Heart Rate channel should appear as a histogram that traces the heart
rate between beats.
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Figure HE-10-L1: The CO, Concentration (%), O, Concentration (%), Air Flow, and Lung Volume

STPD channels shown on the Main window.
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9. Follow the exercise protocol selected and change the speed and/or elevation of the treadmill at
the times listed in the protocol. Enter the name of each stage in the Mark box and press the
Enter key to mark the recording at the beginning of each stage of the protocol.

10. Continue to record as the subject exercises. Observe the changes in the O2 and CO2
concentrations, the air flow per breath and the total volume of air exhaled from the lungs as the
protocol continues.

11. Click the Stop button to halt the exercise protocol when the subject reaches volitional
exhaustion, or his or her maximum heart rate.

12. Select Save As in the File menu, type a name for the file. Choose a destination on the computer
in which to save the file, like your lab group folder). Designate the file type as *.iwxdata. Click
on the Save button to save the data file.

Calculate and Plot Metabolic Parameters

Values for VOz, VCOZ, RER, TV, and other parameters (Table HE-10-L5) from the segments of the test
can be calculated automatically by using the Metabolic Calculations window.

1. To use the Metabolic Calculations window, pull down the Advanced menu and select Metabolic.
Select Mixing Chamber: Offline Calculations from the submenu to open the Metabolic
Calculations Dialog window.

2. On the left side of the Metabolic Calculations window:

e Pull down the CO2, O2, Volume, Heart Rate, and Energy Channel menus to select the
channels on which the CO2 and O2 concentrations, lung volumes, heart rates, and

workload were recorded.

*  When analyzed, the data file will be divided into time segments. The average of each
parameter in each segment will be reported in the data table on the Metabolic
Calculations window. Enter the time (in secs) in the Average box to select the time
length of each segment.

* Inthe O2 and CO2 Concentrations in Inhaled Air boxes, enter the concentrations of

oxygen and carbon dioxide in the inhaled air, which is room air in most tests.

3. Click on the Calculate button on the left side of the Metabolic Calculations Dialog window to
calculate the average value of each parameter listed in the table for each time segment of the
recorded data, and to plot the selected parameters against each other in the plot panel (Figure
HE-10-L.2).

4. In the lower left corner of the plot panel, click on the arrow to open the pull-down menu listing
the types of plots (Table HE-10-L.6) that can be made with the metabolic parameters calculated
by this analytical tool. Select the plot to be displayed in the plot panel when the calculations are
performed
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Table HE-10-L5: List of Parameters Calculated on the Breath By Breath Offline Metabolic

Window
Term Parameter Description Units
Abs.VO, Absolute VO, Volume of oxygen (02) consumed per min.  Liters/minute
Abs.VC02 Absolute VC02 Volume of carbon dioxi'de (CO2) produced Liters/minute
per min.
Rel.VO, Relative VO, Volume of O2 consumc?d per kg body weight mi/kg/minute
per minute
Rel.VCO, Relative VCO, Volume of CQ2 produc'ed per kg body ml/kg/minute
weight per minute
Respiratory Ratio of VCO,/VO
RER Exchange Ratio g None
: 5.46 (Absolute VO,) + 1.75 (Absolute
REE Resting Epergy 2 keal/day
Expenditure VCO,)
. Volume of air displaced during a normal .
v Tidal Volume breath cycle - inhalation and exhalation Liters/breath
. Number of breaths per minute: .
RR Respiratory Rate (60 sec/min) divided by the breath period Breaths / minute
Metabolic y :
METS : 1 MET = 3.5ml Oz/kg/mm or lkcal/kg/hr MET
Equivalent of Task
0. Min 02 Minimum - Minimum concentration of O2 recorded
) . . . . Percentage
exhalation during test period
CO, Max. CcO2 Max1mum - Maximum conc'entratlon of CO2 recorded Percentage
exhalation during test period
VI Inspired Tidal Volume of air ‘dlsplac‘ed during normal Liters/breath
Volume inhalation
VE Expired Tidal Volume of air dlsplaCfad during normal Liters/breath
Volume exhalation
P Power Workload during the stages of the test Watts
Number of beats in a minute: .
AR Heart Rate (60 sec/min) divided by the beat period Beats per Minute
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Table HE-10-L6: Plots Available on the Offline Metabolic Window.

Available Plots
Y-Axis V./VO
Parameter 1 Vo, VCO, 'V, v, HR V, V, HR VO, ¢ ) RER
. vV/VC
Y-Axis  yco, vCo, VO veo, e
Parameter 2 HR O2
Y-Axis
Parameter 3 RER
X-Axis ~ VO, VO, VCO, VO, V
Parameter Time ) H ) ) o  Watts  Watts | Watts = Watts | Watts
Interpret the Data

1. Compare the VO, value from the last minute of the last exercise segment completed by the
subject to the values for the subject’s age group in Table HE-10-L.7 or Table HE-10-L8.

2. Determine the fitness level of the subject based on the subject’s VO, level.

3. What is the subject’s RER in the last minute of the last exercise segment completed?

4. In which minute of which segment does the slope of VE/VO2 change significantly? This
dramatic increase in slope indicates the anaerobic threshold.

5. If the work performed is also being recorded, at which workload is the ratio of VO2/HR the
greatest?

Human Exercise — AerobicFitness-GA300 — Labs HE-10-11

Copyright iWorx Systems Inc. Note: Only for evaluation by prospective customers.



MeEbol ic Calculations

The first few cydes are used to determine the time offzet between the Volume, 02 and CO2 channels
Itis eritical that the first few breaths be stable.
s
Volume Channel : i
Heart rate Channel : :
— a7
- v 3
Average 60 — sec. v 10
= vt
Weight 72 ~ Kg v 12
= v 13
02 Conc. in Inhaled Air 21 = % v 14 NS’I
= ¥ 15 2o
CO2 Conc. in Inhaled Air  0.04 = % v 16
v 17
Done Updating Graph. ¥ 18
v 19
- v 20
¥ 21
v 22
a=s
- i E] 0 Time(sec) h 1294.5
*| Sel | Time | AbsvO2 |AbsvCO2 |Relv02 |Relvco2| RER |  REE | METS | 02Min [CO2Max| TV | RR | VI | VE |Watts | HR |
1 [res |34.377 368.983 338.870 5.125 4,707 0.918 2607.697 1.464 15.177 |5.481 0.059 27.140 |0.303 0.227 0.000 90.473
2 |Yes 99,222 | 415.850 387.907 5776 5.388 0.933 2949,378 1.650 14910 |5.814 0.178 23.432 |0.424 0.328 0.000 90.346
3 |Ves 153.427 |426.19%6 386,612 5.919 5.370 0.907 3003.602 1691 14534 |5.892 0.382 24908 |0.368 0.295 0.000 90.549
4 |Yes 213.993 |341.265 353.383 4.740 4.908 1.036 2481.726 1.354 15.535 |5.663 0.254 27.728 |0.320 0.240 0.000 91.445
5 |Yes 273.356 |553.956 516.871 7.694 7.179 0.933 3929.121 2.198 15.699 |5.087 0.319 35.880 |0.352 0.288 0.000 107.644
6 |fes 334.200 |614.703 600.655 8.538 8.342 0.977 4407428 2,438 15.899 |5.074 0.319 74040 |0.387 0.316 0.000 117.502
7 |Yes 395.574 |586.900 582.259 8.151 8.087 0.992 4223.430 2.329 15770 |5.311 0.258 125.431 |0.349 0.293 0.000 116.026
8 |Yes 455,594 |606.434 639,666 8.423 8.884 1.055 4430.547 2,406 16.010 |5.313 0.322 40.074 |0.394 0.334 0.000 118.308
9 |Yes 514.178 |651.146 687.231 9.044 9.545 1.055 4757.913 2.584 16.139 |5.194 0.019 39,702 |0.400 0.338 0.000 127.160
10|Yes 574.615 |729.106 746.998 10.126 |10.375 1.025 5288.163 2.893 15.681 |5.627 0.503 37.330 |0.444 0.375 0.000 132.266
11|Yes ©535.941 |819.658 856.858 11.384 |11.901 1.045 5974.833 3.253 16.235 |5.127 0.380 61037 |0.486 0.431 0.000 121.186
12|Yes 554,899 |837.685 893.920 11635 |12.416 1.067 5138.121 3.324 16,171 |5.148 0.451 48.823 |0.469 0.424 0.000 122,785
13|¥es 754.765 |1024.688 |1106.201 |14.232 |15.364 1.080 7530.650 4.066 16.364 |5.089 0.478 43.598 |0.539 0.506 0.000 139.280
14|Yes 816.654 |1124.801 1265500 |15.622 |17.576 L1125 8356.037 4.463 16.537 |5.054 0.571 48.173 |0.642 0.623 0.000 144,507
15|¥es 874.726 |1153.114 |1230.109 |16.015 |[17.085 1.067 8448.694 4.576 16,248 |5.126 0.633 47.995 |0.637 0.615 0.000 142,264
16|fes 935.134 |1218.527 |1337.644 |16.924 |[18.581 1.098 8994.384 4.835 16,287 |5.156 0.792 91.233 |0.597 0.578 0.000 146.028
17|Yes 994.326 |1503.228 1625416 |20.878 |22.575 1031 11052.102 5.965 16.312 |5.170 0.680 65.182 |0.736 0.740 0.000 152.161
18|Yes 1057.168 2146.975 | 2413.423 |29.819 |33.520 114 15945.975 8.520 16,174 |5.475 1.657 38,910 |1.104 1.144 0.000 157.516
19|¥es 1113.734/3118.015 |35597.355 |43.306 |49.963 1,154 23319.732 12,373 (16,418 |5.339 2,795 49.631 |1.657 1,708 0.000 151.432
20|Yes 1176.357|5162.573 |5605.934 |71.702 |77.860 1.086 37998.032 20.486 |16.368 |5.074 2.361 44.840 |2.430 2.486 0.000 168.377
21|Yes 1236.086 5878.470 6341732 |B1l.545 |38.080 1.079 43194.477 23.327 |16.286 |5.137 3.261 92,272 2841 2.940 0.000 177.532
23 |fes 1294.536/6119.375 | 7121.969 |B4.991 |98.916 1.164 45875.236 24.283 16,221 |5.543 3.3%6 68.832 2.942 2,770 0.000 170,943
[ Coov | [ Ewort | [ Agoritws |

Figure HE-10-16: The metabolic parameters, and plots of VO,, VCO,, and RER vs. Time, displayed in

the Metabolic Calculations window used offline to analyze data collected during an aerobic fitness
test. Notice that the VO, and VCO, values increase quickly as the subject performs more strenuous

segments of the test.
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Table HE-10-L7: Maximal Oxygen Uptake Norms for Men - VO, max in ml/kg/min

Age (Years)

Fitness Level 18-25 26-35 36-45 46-55 56-65 >65

Excellent >60 >56 >51 >45 >41 >37

Good 52-60  49-56  43-51 39-45 36-41 33-37

Above Average | 47-51 43-48 | 39-42  35-38 32-35 29-32

Average 42-46 40-42 35-38  32-35 30-31 26-28

Below Average  37-41 35-39 31-34  29-31 26-29 22-25

Poor 30-36  30-34  26-30 25-28 22-25 20-21

Very Poor <30 <30 <26 <25 <22 <20

Table HE-10-L8: Maximal Oxygen Uptake Norms for Women - VO, max in ml/kg/min

Age (Years)

Fitness Level 18-25  26-35 36-45 46-55 56-65 >65

Excellent >56 >52 >45 >40 >37 >32

Good 47-56 @ 45-52. 38-45  34-40  32-37 28-32

Above Average @ 42-46 39-44 34-37  31-33 28-31 25-27

Average 38-41 35-38  31-33  28-30 25-27  22-24

Below Average | 33-37 31-34  27-30 25-27 22-24  19-22

Poor 28-32° 26-30 22-26 | 20-24 | 18-21 | 17-18
Very Poor <28 <26 <22 <20 <18 <17
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