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DA~~~ H. Ifl~ L, ~~~~~~ A. WoL~~fl~~ K. K.
~ ANDJO HN H 1 B W~~~~~

~~~~ Intirnal Medicine Brunch, US Air Pores School of Aerospace Medicine,
Aerospace Medical Division, Brush. Air Force Base, Texas 7~ 35, and

• V~ Medical Division, PARAF Hospital, Wrusghion, Wiltshire, United Kingdom

Huu., DAvu) H., Rosa. A. Woianum, K. K. Gna.nion*ai, tio’~~’4p b.tw~ n age and &aanod (n..~~~~~iwiuig) aceul-
AJIDJOIII( H. Thuw~—’ R.lawd +0, tolerance in healthy oration taboos. In military ~~~~~~~~ The ~~ ctaof
nsan. q~Jlet of age. ~~~~~~ ~~ v~~øL: RI.iilz.t. luvileui. straining ~~~~~~~~~~ andlor 0 atze.s ineapulanm. on G

~~~~~~~~~ — ai~i(p,d to ~ Ssia.~~ the .bat of age an
—~~~ +0. tslaua.s . lack w Md~~~1 to 0 ~~ress of 

_ _ _ _  
~~~V

pedual and rapid onset, wIth 0 tolerance dotorninsd by ‘~~~~~~~~.‘~‘~~~dhad contraction of peripheral vtaaal 6s4~~ Of the ~u US Air Forceage w -~~ _ _

csn 1-~~’i with Ttoiors.u, A ~~~~~ their annual Flying Cl... II medial ~~~~~~~~~
biastlon isgo d weight gevs a uboungsi pseitirs 1IIT±~~~’ 

( any ).
wIth 0 tslerancs (rapid. d adesl-maet) than did either &itdSCtS WSfl selected by 5-yr ~~~~ .~~~~~ to obtain an
cherasturtole alone. N. iigpifi~~~4 ~~.—*.,, ~~~~~~~~~~~~~ ~~ — approximately umkrm age distr%.Uen bstw.1.. 28 and
ob_s,V,sd. We conclude that • — may e~~r some ,~,4&rtlan N yr. No .ul~set w taking t~~p..rtiineiie or other
from 0 ~~~~~~

-. there is an elW:VV~~~ that aging bade to a medication. One sn*dsct had long-standing ~~ymu~-ds~~~u n 4  in 0 tolerance. ma~~ right bundle bran ch block , but organic heart
divst:: had been excluded by lavestigotime which

agh~g acceleratlcn 0 strom Included cardiac catheterization and coronary_anglog-
V ____________________________ rspby. Table 1 gives farther details of the .J~eets~Centr~~ge tasts were conducted at the US Air Force

In gr’.ral health and lI~ .acp.etmey School of Mroapsce Medicine (USAP’SAM) Him~~
have led to an Increase in a~~.ge I ef the working Centrifuge Facility, Brooks AFB, Texas. ¶~sting took
populatloui in most w~M..u countries. Thin in turn han place in the early after noon , at least 2 h after the last
stimulated ressarch into age-related al$su~’a. in work meal. Centrifuge gondola temperature was maintained
capacity, and into the .4~ ctm of age an ~ quia,. to In the r~~~ 22-24’C. The subject sat In a sta~~~rdv.ir~~~ ~ rme of stress. For example, there in a me- airoraft *ation seat with a seat back angle of 1? from
urabbe dsuea”e.4 In aerobic ezs.du 1,p~rity with the vertical; an anti-C suit was worn. Continusna
inoreauing age (11). On the other h.ii~I O,4~~~th.A~V television and ICC monitoring accompanied sack toiL
tolerance In healthy men in niih.~~4,ed even in the A detailed protest briefng omph.ali.,d the impoit.ma
uenium (8). SurprisIngly, we know •‘~~~it nothing of me.cular ~~~~~~~~~~~~~~~~~~~ during each cs.ila4f~go run;
about the ~~ect of aging on acceleration ~~~~ncs; eilim& straining w seen muscle artifact
published studies have used yoenger subj .oI amlu- (1MG) on the 100 monItor and was quickly corrected

• uliely (2, 7). by reminding the ~~~set to Nl.I. 
___

V lnfrmatlosa about the o~~ct of aging on acceleration ~~ .ged .tr~hii.() 0 tolerance2 end; were
tolerance has relevance to many curr~~t and pi-med lIe4~ ed by the oomurens. .1 110% perigks~~laerospace programe. In the civilian ~mctu.~, ~r ~ =~ mpi , I... (FLU or of 10% ~~ trul light dimming (CI~~supersonic transport and th. space shutt le may expose and OLD were - dan Miews. The s~~ suI Sand ~~• the otder Individual to 0 L.oa. not previously eA~er1- j am on sad light me~.Msd centrally o~ a berimutal
encsd~, and bin ~~pu~~e C nIv* be predicted. Concur. bar at aye lovd~ two grew ligh ts mmmtsd u~y.~ ..sto4-
reatly, In the field of h~~ .pwL -- -: aviation, the cally at each end of this bar maL~-~ -ded a~ angl. of Ir
mean age of our test pilot, military aL~~ w, and ~~~~~~~~~. with the bridge of the sul*aot’s nose. The central red
naut populations I. .‘.adIly bousaicng, and the ~~ rt of light was comtinem.dy Uluainalsd the peripheuJ
aging on their acceleration taboos, Is unknown, green lights were turned on frequently and rwiA’ealy
though thought to be ~~~~~~~llV

The present study was ilc,ign,4 to ~~~~~~~~ the rile- ‘0 is1.r.s. s m~n ~ +0,, islsuase In this cepeit
62$

;~ .~ ~~. 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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by the centrifuge operator and iwomptly switched off by a computer. ~ -“1~’d ~iTh$rSuM methods ~~ s need far
the subject with a h~i4i4d lt~h. A run was halted a) all subsequent analyses.
by the en1~srt when he became aware,of PLL Or CLD,
or b) by the centrifuge q~ JL 0 th. ml~uot failed to uavz~vs
switch oft the peripheral peon lights wIthin 2. of their s~~cts of’ age alone. Mean subject data for all age

•
~,
, ~•• 

Il minatod. 
~ group. are shown In Table 1. Use .1st. groups ensured

• • The centrifuge test (PI g. 1) began with a granuw 

-

_ _ _ _

—~~ IL~~~~~~ £ ~~~~~~~~~~~ &fl £ _  • I ~ ~ C .I
~JI.VUI&d a

m~~~~ FUU ~~J~~iW IA WU~~~~I T~~~~~ ~~~~~W IA 
~~~~~~~ ~ gjy ~~~~~~~~~~~~~ 4I~~A ~~~~~ _ _  

__ 
_ _ _ _ _ _ _  • 

~~ £ 0  ~~~~~~~~~ 
ua age

• lAW A A W l  wS IA C W ~_~4 ~~~~~~~~~ TTQ £2  D~~~~~ . IL.......... .b I&~...n{~ ~~~ *.._ ~ 1~~ %D h1 ~I ~f ~~~~~~~~~~~~~~~~~~ ~ do. ~~~~~~VV %AU~7 S1J LW &WW AJIAW.

~~~~ ~~~~~~~~ was ~~~~~~~~ a 
~~~~~~~~~~~~~~~~~~~~~~ ______

_ _ _  
fl~-. ~~~~ associated with the tn- ~~~~

~~~~nvI en~~~~~~~ owed a uw~~osmnn of rapld~ 
the OthSY tOtal *7b1( .xperionce Incr~~~1 with

Df in • 2 4..l aJ +km v .iiLl age, whoros flying experience during previous
~~~~~~ Ilini ‘~~~~ ib S~. LW5~ ~~~~~ WI~~~~~~~~
_ _  

_ _  
a

terminod level (2.5 0 ~~~ the first ROB), whIcE~ Was our alysis age pvup yses
______________ are for u~v WIAI uip UI ~~~~~~~ ~.fl — uo~.

_ _  

Least-squares regressions of ROR tolerance on age
.1 ~~. .. ~1. A 1 .1 _ _  ~~ jad GOB tolerance on • ~~~~e completed (Figs.

vw swe u~ • ~ ~~~~~~~ run wan EAWI~~~I ~~~~~ ~~~ i— 
___________

~~~~~ ~~~~~~~~ ~~~~~~~~~~ ~~~~~ n... ~~~~~~ ~~~~~~ ~~,. ~~~~~~~ was a -~~~~ vs
~~~~~~~ $ Z~~~Lb ~~~~~~~~~~~ UIIlI ~~. i~a J )  w’,’~..’., ___________ _____________

£1 (“fED 1L .k. J 2 ek~ ~~ 4 .... .l ~~~~~~~~~~~~ age
~IVS ~~~~~~~ W “

~~~~~ GOR~ ‘ —~~~~~ sub I.IIfl~l and the —-
as abe subject ~s gradlIal-omust 0 Miaranol All cenfri- inciu~a~~~~~ regrossion ~~~t~~~~~~~~~~~~~~~_co~~iuiie~~ iaaiflagS runs were usparated by Intervals ~ s or roars. 

_ _ _ _ _ _

• . .  GOR for each 
_ _ _  _ _ _

subject along with age, height, weight, exercise habits, doe~~~—~ In G tolerance.and recent and total flying experience were entered into W note in p~~~1ig that the GOB toool an o”~ ti-
rally stopped at 60. As thown~n Pig. &three e~ $erI.

FIR T GRADUAL ONSET RUN re~~~d this 6-0 level l4~its i~fl or CLD theA. S
6 ~~l artificIally Low. We fuel, h~~~osr, that ~~ s~~ct of

‘ I u derstating their GOB tolerance on the everill tigris-
4 ,  • sion analysis Is of no practical importance.

— Other variables. Correlation oo~~ld~~te were coon-
~
_

~~~0 puted for 0 tolerance vernus each .1 the ,,ueral varla-
2 .  - bios shown in Table 2. There wore only four statistic ally

gI4RM~~~ ( correlation coeMclenta, sad all four ~~ e
2 1 i n~~stively weak. For ROB tolerance, the on ly n~g”l~~ nt

0 15 30 45 60 75 • 
• .ci’TelitlOn was with age. On the other h ii4~ GOB

I RAPID ONSET RUNS toIerosewas~ g~~~~~ lyeonolated notomly wiShage,
but .1. , with weight and with total flying onqiarisecs.

6 •  mis latter correlation Is net ...rpdsiug since total
~~~~ mpeeloss is ltaeif h~~~ co~~~~~ with ~~ (r

4•~~~~~~~ 
-0.$~~P<O.O01 ) .n the~~~~~hand, weIght da go

~ fl 
~ +G • were not correlated. 1~~ee ohu. ,Jla,.i are .1,, uled

• 1 by the datahtTable l.W.asedude tbat age iseqial te
2 cc bettor th any other single vernal. ~~ ~~on predicting nlamd C toleraucs.

_ _ _ _ _ _ _ _ _ _ _  
W.also taeted to ss.whe bor ceanl~~~~~~ ef verie-

0 15 30 45 blesm htbst$er 1 uidict 0 toleranos. W.issd a etup
C. SECOND GRADUAL ONSET RUN 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
— TAIlS 1. Mesa data ~ r ~4iu~i in ouch ,4.gruup

-
I _______________________

H 4 .
a~ ~~ * am

2 ,,,,” ii 10 11 10 I 10 3
4 • 00’ Ht, an 103 161 ill 161 u S  176

so is a soI ~ Tstai~~tsg asp.- 1,007 1,173 3.071 4.164 1,115 MN
0 15 30 45 60 75

TIME (SEC) I~~~Iao IyIng 143 100 43 4 11 S
PIG 1. CenU’ift ~~ ~~~~~~ 

esput~~~e1, Ia
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H

~ HULl., ~~L1HU15, OUW~~IAW, ~ND ~~~~~~~~~~

N ~~~~~~~~~~ ~~~~~
~ Stady q rskxed su~Mcta W. stndl~$ the 0 teleru~as

.1 N’~’Id uu~ bs.su.e it ~ip...*oi1e ths lviii.• ~~~~~ r~~~ uii~. to 0 ~~~~s. ~~~~~~ .‘-~~~~1~ d j~~~~i-• I N N 
~ logical conditions. The eamplex LIteIIIeII .IN of

• l a g e l y c c n flsd v lesw IsLá..aI~ne4whe~14a • 
•• 

~~~~~~~~~~~~~ O fureN..r~siv y v l v s y~~~ tw i~p $ist.O
i*uti~lto~ devices, is ~ ne aioi6Sd. ~~u,s ~~~~~s to be

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
N relat1~~~Ip ~~wssn re~e’~d aUd ~~~~i.,1.ig C

1 N* N  ~~ * N N *  N N N S N  
_ _ _ _* 
_ _

• • wastodeterminethe I~~ot&4ien th.GWsrano.àf
• N N A~~~~~~~~~~~on. Agob1N PaNI7been4ne1siAWSdin

7 acceleration reusordi many ~~~eIttse stidl.. (2, 3, 7)
~~vebeenearr1s d~it ipbere nesrf ~4mfDtar ~ aviators

I ~ beiey.ungmsn.Csthrenet aL ( peredd tOks’
*6 IS 33 40 43 50 33 once ~~~~~~~~~~ naval aviators with that .1ce~~~AOL YPS and ..neluudsd that age had ne e~~ct on 0 tOlUáos, a

Pie. s..1- ~Tl*~~~
_

~~I0 _— d1.I.th.Afl. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8 s p ~~~~4 Asees*on .ce u~~ W(a -$$).,*SV,P c  .3. (2) sad ~oee sad MartIn (7) ~ pe teg ~ ~~y wideOoII1T • 315+ S.00U eol Gtolersnses,whlcbaay lnpsrt bavob sndn.
to variations in SzperlmØt& technique and ln~~s is.

I 
N S ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ eni~l~~ed

N by their subjects. Such factors ~~~~~Ilnis~ eirt~~ly
S S efface tha ma~~~~~ -ie1atedtnesdap~~~~tmn~~gour

N eets, In whomall condltionuswereascarofWlystand-
N S N U ardised s~ was piesible.

5.0 . * * 5 0 toirro.race and body meeawvmeats. Nelthr Coch-
K •. N rsn ot aL (2)~~~b~~aad Maz$1n~7) osuid 4i(.,4any

43 * N

~ : 
dleadvantageu Gstnees, arncetheirretinelaad

tO . N N N N 
N 

~~rsb~j  c~~uiM.on moat depend on a
d U N blood t h n  that In a aborter Individual. fl~~ter (6)
I N found that tlseblsckout threshold was related$aitting

9.3 height and to heart-brain distance.
The height of our subjects w untilated to theIr 0

s3~~ . tslerance, but their weight had an e~~~ that was
cømparable to that o( sge. None of our suI4eâts was
~~rs than mildly oboe.. Our results, th~efore, .-g~~~-

~~~~ 

that C tolerance is positively related to heaviness of
~~~ ~~~

• • build. It Is of lnters.t that body-building ez~ dss im.
~~.. ~~. ~~~~~~~~~~~~~~~~~ ~~~~~L ~~~~~~~ ~ 

.eve. rsuiotancs to C forces (steam ing tolerance) (4);
- 

~~~~~~~~~ ...,. _.M — 

~~~~ass (.- ~~ - ~~~ we found na such i i~ f4~i~~~~p with relsxed 0 tolerance
• 5.01, f i ~. + ...ix, - eu. In the pIswIt study.
• Inflacrsc, q’ ,±~:J ~bi*r.. Our analysis has car-

v~~ua 3. Va,~±!~ wwd#ed In ,vJuWe. tately net established a on*olthe role for age or weight
to G &greaoi In dsturasiahsg 0 telersaA, and both variables are

- likely to be related to o~~.r immaanrr sd ~~tore of• 
~~~ greaser physiological relevance. One mach foster .1

~~~~~~ ‘~~~~ ‘~~~ l~~ — .b~Lo~4 tapIJil6fiCI Is a~4Mul bleed preasure (B?) (12)
which rise, during adult lIfo (3) and Ia also su ited to

: .. . ~~~~welg1~~(1~~~~~~~~~ ur subje~~~~~~~~~~refty

~~~~ 
- 

•••
~ asurosteesive (NP < 14W90 1~rr) and thengh their

~ —~ ~~ 
- cumuel ~ ito& and diastolic NP’s wore ~~,er-

— ant~iid to C tolsuàss, the actual NP durhif
seal be iiMistiaa~~ 1~~~IseSS by s.re then the .mntn1t~~ runs could have risen macsin sldu~ tháin

(P < S.II,~OO~ ~~~~~ - ii + t ~~ +0030 t~~~ seuu uid, weuld have been required to
wuL~ l. - a. ether variable ~~~db~ sd t~~~ Other .go-r~1sd fur tots pi1i’~-l, a~~ctisa 0
1p~~ dy over and abev. ~~ d weight as rtg1~~~ .1 bleed us-uk (1~ p 6.6) or

— • 
_ _
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limitation of ~~p)w.g1vu1tk 4weet (3, p. 303) wield be be applI rabl, to healthy men without flying .sp.rlence.
even harder to meesure. • This coofontion is supported by Cochran it al (2). who

• • • ; O nseroiqpiicability of re.uks. N,cmsa the unidect. found that IN mainly groiuid-bsssd per.annsl had 0
all .zperiunoed militiry alr~es~ mumbo,., the tolerances IndisthiguishaM. from those of Instructor

applicability of our findings to itber fit men of crepe- pilots.
rable age may be ques~~~ d- In this regard, same of
our negative findings may be ~

— :t..at. Whereas t,t.l ‘r~ ~~~~~~~~~ ** .~ to Dr. MaluslieC. Lsume.~flying upidauce oor~~lsted pve~~ dy with 0 telsusia. toe. Cblet, Clinical P-~--~~ Dl,Isl..~, ~~ his ~~~~us4
• 

• (but only to 0011 toi~~~~e), ~~~ flying noerisace to *5. INS Lied. Is~~gie, ~~ ber hs~ In ~~~~~d$ papas-
ye. nagauvely correlated, though net ànthcantly. ‘~~~I~~____ .. 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ b~ ~~~~~~~~~~~~~• However, although flying eapedence was siruigly oar- ~ t~~ ciin~~i ~~~~~ —~~ c.~~ ~~~~~~~~ fl4~j~~~ ,
related with age, It appeared to have a. e~~ct on 0 Othesl ~~~~~~~~ M.1J~~a Auruqsce ~~~‘Dt.Ld..,, A*OC.
tolersa~ In our stspwise multiple sugr~~~a analysis. UI Air Picas, Brush. APL 1~ma 71111.
If flying .xpsrlsmce can be Ignored as a ‘1~IT1 In the ~~~~~~~P,1as~ 1q!1~~ to ft. A. W.Itteis. U8APBAMflI0i~
relaxed subject’s 0 $lersnc., th. 

~~~~~~~~~ 
of OW! Iruek~~~ Jsuarme., fçn 4.. lUau 7s.I .

• 
• subjects may have little relevince and our nmilto may ~ d 12 April 197 to Saul tea PS 54.y IV~$.
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?ifty-tbrs. healthy USM’ airarsasasa ,- 26 55 years of age, voluntear d for a
centrifuge stu.*y to deteraine the effect o-f age on their relax ed +G~ tolerance.
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