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ABSTRACT

The in-flight exercise test performed by cosmonauts as part of the
Russian Exercise Countermeasure Program is limited to 5 minutes due to
communication restrictions. During a recent graded exercise test on a US
Shuttle flight, the test was terminated early due to an upcoming loss of signal
(LOS) with the ground. This exercise test was a traditional test where the
subject's exercise capacity dictates the length of the test. For example, one
crewmember may take 15 minutes to complete the test, while another may
take 18 minutes. The traditional exercise test limits the flight schedulers to
large blocks of space flight time in order to provide medical and research
personnel information on the fitness capacity (maximal oxygen uptake:
VO2max) of crewmembers during flight. A graded exercise test that would
take a finite amount of time and a set preparation and recovery time would
ease this problem by allowing flight schedulers to plan exercise tests in
advance of LOS. The Graded Universal Testing System (GUTS) was designed
to meet this goal.

Fitness testing of astronauts before and after flight provides pertinent
data on many variables. The Detailed Supplemental Objective (DSO608)
protocol (6) is one of the graded exercise tests (GXT) currently used in
astronaut testing before and after flight. Test times for this protocol have
lasted from 11 to 18 minutes. Anaerobic capacity is an important variable that
is currently not being evaluated before and after flight. Recent reports (1,2,5)
from the literature have suggested that the oxygen deficit at supramaximal
exercise is a measure of anaerobic capacity. We postulated that the oxygen
deficit at maximal exercise would be an indication of anaerobic capacity. If
this postulate can be accepted, then the efficiency of acquiring data from a
graded exercise test would increase at least twofold. To examine this
hypothesis anaerobic capacity was measured using a modified treadmill test
(3,4) designed to exhaust the anaerobic systems in approximately 45 to 75
seconds. Lactate concentration in the blood was analyzed after all tests, since
lactate is the end-product of anaerobic energy production. Therefore, the peak
lactate response is an additional indication of anaerobic capacity.

A preliminary comparison of the GUTS and the DSO608 suggests that
the GUTS protocol would increase the efficiency of VO2max testing of
astronauts before and after flight. Results for anaerobic capacity have not
been tabulated.
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INTRODUCTION

The in-flight exercise test performed by cosmonauts as part of the
Russian Exercise Countermeasure Program is limited to 5 minutes due to
communication restrictions. During a recent graded exercise test on a uUs
Shuttle flight, the test was terminated early due to an upcoming loss of signal
(LOS) with the ground. This exercise test was a traditional test where the
subject's exercise capacity dictates the length of the test. For example, one
crewmember may take 15 minutes to complete the test, while another may
take 18 minutes. The traditional exercise test limits the flight schedulers to
large blocks of space flight time in order to provide medical and research
personnel information on the fitness capacity (maximal oxygen uptake:
VO2max) of crewmembers during flight. A graded exercise test that would
take a finite amount of time and a set preparation and recovery time would
ease this problem by allowing flight schedulers to plan exercise tests in
advance of LOS. The Graded Universal Testing System (GUTS) was designed
to meet this goal.

Fitness testing of astronauts before and after flight provides pertinent
data on many variables. The Detailed Supplemental Objective (DSO608)
protocol is one of the graded exercise tests (GXT) currently used in astronaut
testing before and after flight (6). Test times for this protocol have lasted from
11 to 18 minutes. Anaerobic capacity is an important variable that is currently
not being evaluated before and after flight. Recent reports (1,25 from the
literature have suggested that the oxygen deficit at supramaximal exercise isa
measure of anaerobic capacity. We postulated that the oxygen deficit at
maximal exercise would be an indication of anaerobic capacity. If this
postulate can be accepted, then the efficiency of acquiring data from a graded
exercise test would increase at least twofold. To examine this hypothesis
anaerobic capacity was measured using a modified treadmill test (3,49
designed to exhaust the anaerobic systems in approximately 45 to 75 seconds.
Lactate concentration in the blood was analyzed after all tests, since lactate is
the end-product of anaerobic energy production. Therefore, the peak lactate
response is an additional indication of anaerobic capacity.

The purpose of this study was to compare the relative abilities of the
GUTS and DSO608 GXT protocols to assess VO2max. This study was also
concerned with the feasibility of the DSO608 and GUTS protocols to obtain
values of aerobic and anaerobic capacity and thereby increase the efficiency of
acquiring data from a graded exercise test.
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METHODS

Fifteen subjects participated in the study. All subjects underwent
cardiovascular screening prior to testing utilizing the Bruce GXT protocol. A
subject profile is presented in Table 1. Two GXT's were administered to
measure maximal oxygen uptake (VO2max), and an anaerobic test was
utilized to assess anaerobic capacity. Small blood samples were drawn to
measure the lactate concentration before and after all tests. Blood lactate is an
indicator of anaerobic responses.

The GUTS Protocol is a maximal treadmill test designed to assess
VO2max in 12 minutes by setting speed and grade for each stage of the test
based on the subject's estimated VO2max. The starting treadmill speed was
based on 70% of the subject's age, sex, weight predicted VO2max. Subsequent
increases are determined by the subject's heart rate response at the end of each
stage. The test consists of six stages increasing in difficulty every three
minutes through stage three and then every minute until the test ends at 12
minutes.

The DSO608 is the standard treadmill GXT (6) utilized to evaluate the
VO2max of astronauts before and after flight. Speed increases from 3.5 miles
per hour (mph) in stage one to 7 mph in stage four. Subsequent workload
increases are accomplished by a grade change of 3% until the subject reports
volitional fatigue.

An anaerobic test was administered in order to determine if selected
measures obtained during aerobic GXT's reflect anaerobic capacity, and
thereby eliminate the need for astronauts to perform an anaerobic test. The
instrument was a modified (3) version of a test developed by Schnabel and
Kindermann (4). Subjects were required to run at 8 mph, 20% grade until
volitional exhaustion after a one minute warm-up run at 5 mph. To
encourage subjects to push to reach true exhaustion, all subjects were placed
in a modified parachute harness that would prevent them from falling on the
treadmill.

Anaerobic capacity may be expressed as total work (kgm, kcal, or kj)
performed during the treadmill run or as average power (6). The values are
based on the product of the subject's body weight and total vertical distance
covered during the test.
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Total vertical distance (TVD) can be determined from test time utilizing one
of the equations below:

Test time from 0 to 39 seconds:
TVD(m) = -5.304 x 103 (1.7391 x 102 x time) + (9.1581 x 103 x time2)
Test time for 40+ seconds:
TVD(m) = 13.902 + (0.70079 x (40-time))
Total work can be computed from the following:
Work (kgm) = Body Weight(kg) x TVD(m)
Work (kcal) = Work(kgm) x 2.3427 x 10-3 (kgm /kcal)
Work (k]) = Work(kcal) x 4.186 (kJ/kcal)
Average Power can be computed from:
Power(watts) = (Work(kgm) x time(sec)/60) / 6.118
RESULTS/DISCUSSION

The DSO608 protocol is a GXT designed to assess VO2max by allowing
the subject to exercise until exhaustion. The end of the test is determined by
the subject and test times vary from 11 to 18 minutes. The GUTS test is
designed to elicit VO2max in 12 minutes. Estimated and measured VO2max
values were compared on both protocols to determine if a true VO2max was
achieved or if the test measured VO2peak. On both tests the final two work
rates were examined and the per cent change in work rate was compared to
the per cent change in VO2. If the change in work rate was larger than the
change in VO2 by 5% the VO2 was considered a maximum rather than a peak
value.

Preliminary comparisons of the results would indicate that the GUTS
protocol is a valid test for assessing VO2max (Figure 1). Validity is based on
acceptable correlations, no physiologically significant differences and low
standard error of estimates (SEE). The correlation for VO2max between the
protocols was r= 0.85 with a SEE of 0.40 L/min or ~10% of the DSO608 mean
value. The mean difference between the measures was 0.25 L/min or ~6%.
This difference was statistically significant (p=0.0346) but is close to being
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within measurement error (5%). The final external work rates for the two
protocols were not significantly (p=0.4467) different. The final external work
rate for the DSO608 protocol was 327 (+72) watts while the final work rate
achieved with the GUTS protocol 321 (+64) watts.

Two individuals were unable to complete the GUTS protocol due to
very high work rates (higher than that achieved on DSO608). An analysis of
the data without these individuals improved the correlation to an r of 0.89
with a mean difference of 0.07 L/min. This suggests that the basic approach of
the GUTS protocol is valid for 80-90% of the subjects tested. An
improvement in the protocol may be accomplished by utilizing other
submaximal data in the setting of the external work rates.

The relative abilities of the DSO608 and GUTS protocols to achieve true
maximal work were examined. A physiological maximum (for VO2) was
reached 80% of the time for DSO608 and 40% of the time for GUTS. Only 47%
of the people reaching max on DSO608 reached max on GUTS.
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Figure 1: Comparing VO2max between the DSO608 and GUTS protocol. The
solid line is the line of identity or a "perfect” match between the
protocols. The dotted line is the regression line of GUTS on
DSO608. The two open circles represent the two subjects who did
not complete the GUTS protocol.
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Table 1

Subject Characteristics
Age (yrs) 32.245.8
Height (cm) 164.5+27.5
Weight (kg) 73.7+15.1
Gender (M/F) 12/3
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