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1.0 Introduction

The purposé of this document is to define exercise resbonse
criteria (both physical fitness and'clinica]).for Shuttle créw selection
and to propose a structured but flexible exercise training program which
can be utilized by Shuttle crewmembérs. B

Exercise is a physio1ogfca1 stress which places severe demands
on many body systems in order to maintain homeostasis. Thus, éxercise
is a valuable stressor for evaluating several aspects of overall body
function. The application and Signjficance of éxercise response tests
is well documented (1, 11, 16, 23, 28). Tests of this type have been
found to be suitable fdr diagnosis; prognosis, and functional evaluation
(10). Two of thege three (functional and diagnostic evaluation) are
directly applicable to the space prograi.

We are priméri]y interested in how édaptation to the weightless
environment affects functional capacities both during and after space

flight.  Postflight functional changes in exercj§e response have been

observed . (19, 24, 25) even though inf]ighf capacities remained high

when vigdrous'training programs were utilized (27). Data from the
Sky]ab flights, which employed inflight exercise, permitted us to hypo-
thesize that exercise capacity would have been decreased inf]fght if
exercise had not been employed as a physiological countermeasure.
Decreased exercise capacity has been obéerved following ground-based
bed rest studies (26).

| We must address the definition of minimal physical fitness

(functional capability) standards as we consider selection criteria
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for future space flight participants. Additionally, we must tonsider

inflight exercise training as a physiologic countermeasure;
At this point in the manned space flight programs, the diagnos-

tic capabilities of exercise stréés testing become important.' Our

~present astronauts are at an age where susceptibility to cardiovascular

dysfunction is a distinct possibility (18). We currently perform
an annual stress evaluation on all active astronauts as well as partici-

pating former astronauts. In order 1o contémp]ate flying non-crew

scientists and technicians, we must develop a reliable clinical selection

processes. This clinical selection process will help ensure that both

NASA and the participating'f]ight personnel have the most complete

“clinical information possible to assure them that the rigors of space

flight can be endured and that latent pathology will not impact mission

success. For these reasons it is imperative that appropriate clinical

exercise response criteria be included in the cverall Shuttle crewmember

selection process.

At present we éan identify three specific applications of the
functional and diégnostic capabilities of éxercise stress testing:
(1) astronaut and nonastronaut crew selection, (2) annual physical
examinations of the astronaut population, and (3) evaluation of inflight
personal exercise as an effective physiologic countermeasure to aecon-
ditioning associated with weightlessness. The second §pp]ication is
currently an ongoing program and will not be discussed in this docu-
ment. The third application is directly related to personal exercise

training programs and is an integral portion of fitness selection criteria.




2.0 Functional (Physical Fitness) Exercise Response Criteria

Although the term fitness is general and includes many aspects
of a person'é being, cardiopulmonary fitness is best eva]uatéd by
determining maximum aerobic capacity. This measurement quantitatively
describes the maximum capacity of the respiratéry'and cardiovascular

systems to deliver oxygen to working muscles. A recent symposiun

(15) discusses physical fitness in relation to flyers. A]though many

of the participants attested to the value of aerobic fitness, it is
interesting that no regu]atory groups have 1nstftuted minimal standards
of aerobic fitness; Minimal standards were not even used during the
selection of U.S. astrdnauts. Therefore, one immédiately questions
whether it is adviéab]e to establish minimal fitness standards for
Shuttle créWs. THe answer is complex considering'the lack of precedent-
in establishing suéh standards. . ' |

Space flight is a unique environment which causes adaptative
changes (some known, some unknown) in physio]ogipa] systems. Conversely;
ﬁﬂort_term airplane flights do not cause bhysioiogica] adaptation:in the
present sense. In the select group of men who have participated in
u.s. Space flights, as long as 84-days, physiologic changes were minimal
and reversible. However, we must consider that these men were at "good"
fitness levels at launch and that they exercised heavily inflight.
Therefore, we believe it would be an exfreme]y risky po]icy if the

Agency did not adopt minimal aerobic standards for participation in




Shuttle. Uhdoubted]y there are individuals who would like to fly but

who have 1ittle if any phys1o1og1ca1 reserves. Given any amount of

e

inflight deconditioning plus some unplanned physiological cost of adap-
tation, the surviVa] of these individuals cou]d be compromised during
any emergency situation or dur1ng their return to earth. Until the time
kthat we thoroughly understand phyo1o1og1r adaptat1on to space flight, we
" recommend the establishment of minimal fitness standards, but nevertheless
sufficient for the purpose intended. |
Pub]ished physical fitness scales (2, 12) show some disagreement
between rating systems. - A recent pamphlet (4) pub]ished by the American.
Heart Asgpciation.(Tabie 1) reviewé availabie literature and provides a
composite scale for both men and women. This scale takes into account
the "rormal" effeet of ege (aﬁproximateTy 10% decrease in aerobic capacity
per decade) obseryed by most investigetors (3, 21). The American Heart
Association scale also agrees with our own for.the two groups we have
“evaluated (aetronauts and volunteer executives (Tab]e 2)). Based on
tﬂese values and our overall experience with exercise testing, and the
measured'responses following exposure to weightlessness, we recommend
the fb]]owing criteria (Reference Table 1):
(1) Any persen with a measured aerobic capacity in the "low" -
category would be considered unacceptable as a Shuttle crewmember.
(2) Any person with a measured aerobic capacity in the "fair"

category- wou]d be considered acceptable only after an indepth clinical

review by the med1ca1 se]ect1on comnittee. A waiver wou]d be requ1red.




|
TABLE 1 1 |
: oo

' Cardiorespiratory Fitness Classificationt

WOMEN

Age Maximal Oxygen Uptake (m]/kg/min).

(yrs) Low Fair Average Good _ High
20-29 <24 24-30 31-37  38-48 49+
30-39 <20 20-27 28-33 34-44 45+
40-49 <17 17-23 24-30°  31-41 42+
50-59 <15 15-20 ' 21-27_ 28-37 38+
60-69 »<]3 - 13-17 18-23 - 24-34 . 35+

.’. MEN

Age Maximal Oxygen Uptake (m1/kg/min)

(yrs) Low Fair Average- Good High
20-29 <25 25-33 | 34-42 | 43-52 53+
30-39 <23 23-30  31-38  39-48 49+
40-49 <20 20-26  27-35 = 36-44 45+
50-59 <18 18-24 25-33 | 34-42 43+
60-69 |

<16 16-22 23-30 31-40 41+
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(3)A Any subject having a measured aerobic capacity of "average"

’

or above would be acceptable.

(4) Any subject having a measured aerobic capacity "good" or
above‘would not be required to engage in a prescribed infliaht exercise.
program. Subjects at a lower rating would be required to cercise

(at a level of their choice - see section 4 of this document) on all mis-

'sions longer than 14 days in duration. Although there would be no required

personal exercise on missions shorter than 14 days, a minimal exercise
evaluation program (as discussed in section 4) would be required.

3.0 Clinical Exercise Response Criteria

Many references are available regarding the clinical termination
of an exercise response test (4, 5, 6, 8, 9, 10, 14, 16, 17, 23). With
the exception of ECG changes most of the criteria are non-quantitative.

Table 3 summarizes the physiological criteria which will be cause for

_ terminating an exercise stress test. These criteria are based on avail-

able literature and our inhouse experience with exercise testing. A test

ferminated according to these criteria'would be the basis for elimination
from the crew selection. The Medical Selection Committee shall determine
whether to repeat any terminated test. As will be discussed in Appendix I,
selection tests will provide physiological stresses between 85 and 100%
of maximum. ‘

4.0 Exercise Training Requirements

Our current working hypothesis is that exercise is a physiological
countermeasure to deconditioning normally associated with exposure to the

weightless environment. Because time requirements for personal exercise



.4 & £3

-

TABLE 3

s
/
/

Clinical Exércisé.Test Term{nation Criteria-
(Stress Level to be a Minimum of 85% of Calculated Maximum Heart Rate)

P

VARIABLE

Systolic Blood Pressure

Diastolic Blood Pressure

" ECe

Subject Condition

CRITERIA

£250 mmHg = ;
Failure to increase with exercise
or a decrease

£110 mmHg

1.0 mm ST - Depression (X Lead)
3 successive PVYC's (Mult - Focal)

Second or third degree block
Supraventricular Tachycardia

Ataxia
Angina : ;
Inappropriate Dyspnea ;

- Faintness, Dizziness, or Nausea

General Pallor
Mental Disorientation
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will impact mission timelines, it is imperative that quantitative infor-

mation.be_gbtained early in the Shuttle program. This inforMation will

S
S

’E;bvide valuable guidelines to pilot astronauts as well as scientist

astronauts. Therefore, we recommend a continuing study which will
involve all members of all flight crews. In thié way we can evaluate
a mofe complete matrix of ihitia] physical fitness levels in relation
to inflight prophylactic prograhs. This necessitates a study'design
which requires considerably less crew time than the Skylab M171 exercise
response test and one which requires fewer measurements. During the
Shuttle program basic physiological mechanisms will be studied separately
in more acute and moré detailed human and animal experiments.

There ié another factor which must be considered. Exercise is
a major physiological gtress, it Cause; adaptative changes ii waily body
systems. There éfe éxtensive pTans to stﬁdy all aspects of man's physio-
logy during weightlessness, and exercise becomes a major independent

variable which must be accounted for in designing these experiments.

Our. study will provide a quantitative assessment of this factor. Infor- -

mation from these studies would be épp]icabig to the broad scope of
humah scientific studies anticipafed during the Shuttle era.

There are two basic types of exercise'(enduran;e or aerobic and
muscle strength) and their corresponding physiological couhterparts
(cardiopulmonary fitness and muscle tone/mass) which are influenced by
space flight. Sjnce we have not_contro]]ed or varied these parameters

in any systeﬁatic way, we presently have no basis for generalization.

The present recommendation is designed to obtain this information as
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rabid]y as possible, while still providing éafe guidelines,> and without

impacting the operational aspects of the Shuttle missions. In this

—

e

context, basic study design was chsidered. The end point from this
evaluation (if our working hypothesis is true) will be the information
required to construct a graph such as shown in'Figgre 2. It is essential
that this graph be constructed not only fbr inflight responses but also
for postflight responses. In other words,iﬁt is important to understand
the effect of exercise not only on conditioning during weightlessness

but also its role in the 1-g readaptative processes. The abscissa is time
spent in weightlessness while the ofdinaté is a measure of changes in

either cardiopuimonary fitness or muscle strength. These twc dependent

_ variables should change in response to exercise intensity, the independent

variable.  Thus, an individual should bé able to select an inflight
éxercise protocol which would either maintain or improve his status in
relation to launch values. It is possip]e that the initial fitness levels
at launch (we will use fitness in this context to.cover both endurance
and muscle factors) will determine the shape ofrihe curves. In this
case, a series of graphs would be required. Hopefully, this can be
avoided by 1ooking at dejta changeé in fitness and exercise intensities,
both corrected for body weight. Age factors will also be evaluated.

Prior to f]ight, each\;rewman will select one of five inflight
exercise intensity regimens (no work, 1ight work, maintenance work,
heavy worg, or exhaustive work). The actual work levels for each of
these are being finalized. Table 4 is preliminary and may requiré

ammendment. The maintenance work level will hopefully be that level
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Exercise” Category

None

.Light

Maintenance
Heavy

Exhausting

TABLE 4

Pre]iminéry Requirements For

Shuttle Inflight Exercise

Watt-Min/Day/kg Body Wt

0
30-50
. 51-70
71-80
e
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. which just maintains. preflight condition. Obviously this scale will

—

change as we gain more information. Skylab has provided numberS?which

are utiiized as a starting pofnt. Initia]iy,vwe will recommehdja no

work protbco] (on missions.longer than 14 days) only for thoseiindie }
viduals whose initia] fitness level is c]assified as "gdodf (Tab]e 1). i

As more éxperience accumu}ates these criterias will be adjuétédAaccordingly.
Quantitative numbers are not yet available for musé]e strength training.

The evaluation methods for exercise training are discussed in'Appendix 3
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APPENDIX 1
Test Methods for Clinical and
Functional Exercise Screening
' Unfortunately, there is no. standardized, dynamic exerﬁise test
method utilized by all investigators. There are presently single step,
graded, continuous, discontinuous, submaximal, maximal, workload control,

and heart rate control protocols just to Tist a few of the major varia-

_ tions. The "step", the bicycle ergometer, and the treadmill have all

been utilized as the stress device.

» The crew selection test as well as the astronaut annual physicq]
test will be a graded bicycle ergometer test using tafgef heaft rates
as the stress indicators; There will be two versigggibf this test,
submaxima& and max&ma]. For the submaximal portion, four 4-minute steps
will be uii]ﬁzed_to increase heart raté from rest to 85% of maximum
(age corrected). A 4;minute rest period wf]] preéede and a 4-minute
recovery period will follow exercisé.

In those instances where fhe attending physician is satisfied
with the subject's status, an additional portion will be added to'the
test. At the end of the standard 16-minute work period, work rate will

be increased gradually to maximal or near maximal stress levels. The

maximum point will be denoted as the point where 002 no longer increases

. with workload or where voluntary fatigue occurs. For some subjects

(particularly those in excellent condition) this protocol may cause fatigue
before a true aerobic maximum is reached. Under these circumstances an

alternate test may be prescribed. This test is one in which the work




level is continuously 1ncreased (wlo watts/m1n) until the ~ubject is
unable to proceed. The advantage of these is “that the wornload is
applied faster and muscle fatigue per se is minimized re]ative to
cardiovascular fitness. If the NASA Medical Se]éction Committee o
des1res, it would be possible to substitute a maximal treadmill test.
The fo]]ow1ng physiological measurements will be made dur1ng the

5e]ect1on and annual physical tests: ECG/VCG, heart rate, b]ood pressure,

non-invasive cardiac output, vibrocardiogram, and carotid pulse.



APPENDIX 11 |

Test Methods for Exercise Training Evaluation

e
-
s - "
e

= ——The variable selected for measuring changes in endurance or cardio-

pulmonary fitness is oxygen puﬁsg:(oxygen consumption/hearf rate).
Although an argument could be made for Tooking at maximum aerobic capa-
city, we<be1ieve.that for the purposés of this study oxygen pu]ée is a
muﬁh more realistic measuré. The‘bradycardja of training is‘ﬁeﬁl esta-
blished as is the tachycardia of deconditioning (20). This approach

h‘? requires a known physiological stress (i.e. oxygen consumption) level.
Skylab demonstrated there is 1itt1e.if.gny change in mechanical efficiency
inflight. Therefore, if the workload is known, the oxygen ;onsumptionv |

(determined from ﬁref]ighf tests) can be estimated inflight with sufficient

accuracy (less than 5 percent error). This means that a bicycle ergometef

must be used as the exercise stress device, since we do not know that

-

informétion when using'a trgadmil]; Although oxygen consumption could

: be measured in conjunction with treadmill exercise, this adds undersirable
; v% o * —— '—// . E ;
. hardware requirements. : '

T

The monitorihﬁ_pfotoco for endurance changes will be a single,

| low-level (such that i; é]icits heart rates be]o& training stimulus but

‘ & above normal psychogenic levels) workload on a calibrated bicycle ergo-

! | meter for five minutes during which time heart rate is measured. A
five-minute rest and five-minute recovery would préceed and follow the

exercise stress (15 minutes total). This would be repeated every third

day inflight for all crewmembers. Preflight, each subject would perform




, fMini-Gym" device with the capabi]ity to register continuous force will

- the graded exercise screen1ng test described eariler. This would serve

to deflne each 1nd1v1dua1 S mechan1ca1 efficiency as we]] as his oxygen

pulse curve through a range of heart rates. The low level monitor pro-

tocol would be perforned at least three times preflight to establish base-

line vaiues. Postf11ght the low level monitor protoco] would be repeated

.en RfO and R+1. S1gn1f1cant deviations from preflight wou]d be fo110ded

every third day until a return to normal or a sat1sfactory explanation

'Was obtained. Additional physiological measurements (gas exehange, ECG/VCG,

cardiac output) will be made during the pre— and postflight tests.
"Muscle mass, strength, and fohe are much more difficult to quan-
tifate than endurance fitness. Anthropometric measurements will be
employed.for mdscie mass determinations and a}simplified procedure will
be utilized for muscle strength. Isokinetie exercise ﬁi]] be employed

both in testing sfrength as well as for muscle training. A modified

be provided An accurate governor w111 regu]ate speed and we will obtain

g

'measurements of the forces generated during a maximum effort "Big Four"*,

This procedure emp]oyes a w1de range of muscle groups and should give an

~indication of the status of different muscle groups as well as an inte-

, grated measure of muscle strength.

These tests would be done at the same time as the endurance
mon1tor1ng tests pre- and postf11ght Inflight, they would be done

only every other test period (i.e. every six days).

*An exercise mode in which a deep knee bend is continued into a military
press.
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