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FOREP0~RD

Th-e HG/fPAHO/iBP 5eetir45 of flvrest.ligtor on Popl1aticn Bio.logy cf

Alti.tude zas hei.d in 'Ia,.Iripton, BODC,. at tre IHeadquartes cf i''AHC, ircn

i3=-17 Nowvsirrer 67o ? Ae

The mseting was opened by Dr¡kior,.itz, DPirector of l'>i I, in his openLug

adiress Dr iorw~sii directtd attention tio the mu7.2idiscip] ini y f ,t' of this

teetin and ephasi.tzed th .port.angce aof i i g t;he nictO]edge on alti tudt

adaptatico, a!ready a'-ailabili in the d i ferent orbac-hes cf scienrc·a Yiat hs

to be studied as a :sieole, as a ccrpies biolog ical and sbci-dl et, :i.ty.

nI¿ow3.Žde ažbotut the8 neckhanism of -JL-e.actior bet"r'~en man au; r.a.s eltirarrent

3s necessarJ- to l-&rst tfG opatIogenesis cf edisease so as -to irrpr-rze

preventiee and cu r~tivo tecl.niqueso

[Dr FeJfar emd ?e~eor 3aFker eephasizecd in their intoductor y re. arkls

thne contribution c al.titude rese-reh to ikno:.redge in human bioilcgy and also

to solving m.edical probleTm3 of general signrific-ncea.

The 50 participant ' ([see p, 32 of ti;is rep3rt) disru-sed t.i Yi 3 ·worki.r

papers w'ict:h had been prepared and wt'ch -xere preented by their respective

aut,ho-s (see Agenda Dp IV) during the first tiro days and on tÚ:e icrn.rcg of

the third day,

The papers were divid9d int;o 4 topics as follw2s:-

1. General Aspeects of Altit4ude 3iology

2, Pbrysiolcical Adaptat.on and AccliíLati.ztion to Altitude

3 . Huian Biolog5r of Alti-tudce PopulatZcirs

4, Heal*th As<,ts of A.titude

The Chair.tan .Lor the first two topies a.=s L:r Hurtado, for the third

Dr n-idersen and fr t.he fcut-h Dr Severir.ghaus

The Rapporteur for the firs t, Tbo tCpicvs was Dr Buskirk, for the -hid

D:r Harrison and fcr the fcurth Dr Hultgren,

A panel discussion on altituri research fiecilities -rnd a-'aiiable

population sample s was the ne::t item on the Agera., Dr Grvetl was tXw

:'/derator and he ak.ed tte particoipants to preser*J a s'-ort report jbout.



3th-::'
' Z~:.?oor;tar.-;ries and subije.t t...... > The ' .t: ......:e ,--.ehel ~r.ir

g,.rest i ntereest and a re .r..er.atioa.,, w-a.s accepted as to e-;Jt.boliah.gj a centre

for information orn altptde research in 'relat; i.n To rain rhere %h'. -: .nato"

could be accnpiied, t.p-cdat.c and mnade ila-'l to ½ s-ien" " s (see 'O 3

On the aft-'.ynocn of kLhe third dal the t.vtic .ipts re d.isded intd

three .orokI grcups (,ee pO 3'1) t ienioSY n'zs- and opecrtuuitie

PUitu'e res .ar..r Fith parti.clu]r eroplasis on torpic:.; JeChere multnat:ional

collaboeration is dezirable, .

UT.,e first :ro-kS.i- grloup deal-, with physio!cgi-ca! adap:~'tion and

ace..ati.zatl.cnt t" alI.ie anid tas imaerrated by Dr eskrk'.-,', ihe seccind

wor'kin grovup dealt .ihn -hit imn bioo:.y of a :ttutids population.s mUnd .aJ

moderated by Dr i{rr·ison ;'b tyhi.rd workinig gxou dealt .i.n he:al. h aspec¿i

of a9.titude and :.;aes mieri,,xd by Dr .,-uEtgv'-Z-:

O-re me;.Iber of ,t! Seu'e': l 'iat kras de!eg..u.sd a3s tio:.:r to eacsh :toerk i:

group (see p._ 31)

COn the las3t day e rIappcrteurŽs presented their ses:icn reports and te

re.se.rchd recrareridat-ions of the-ir 'o-;.zong gro-ups to the pient T re

of top4.cs 3 anrd 4 'and 1he research 7=f' ." of kJl, - ri grup~ 2 nld 3

were accepted after rne rp o i fiica;ins.;t h;..c." ..;.iC

anrd the. re.artazh v:8 ti.o,.a.n of worki;r"n g ,' uo 3 had bo Se .eraf ::t.

The ne-?rdra£5t report; and r'esealrcl. irecSmm~rena';ioti s '.iere s":Den-,C.i-% Su''.itte.,

to the particip, ats f or cmrn=iralt anl d ' ri7, epiTi rbety nio T .,i. .sn

1i zrn 2 ar.d the es:,rh rc;,ierda'tios of ci; eroU 3 ar ,C¥ fin....e..

on the bas5is of the c:nne-xit t-,'ar.a-.,
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i¿tlCO/.?AT!T/rp BTJ h INCG OF ¡rtEiSTIGAT-0RS ON

POPUiATION BIOLOGY OF ALTIT'UDE

Waihington, 13-17 NIovcmbe? 19i67

. REPOsT OF TH.? FLENARY $SS NIOSr

1 iysilozo¢a! ot. at.ozn ar¿ A.C.. . ir;.t zation t½, Al tl ;ude

Peopl:. horn at a high al'itL.de can be referred to as being

naturally acdli,,tlze. Acecorcling to the evidenee presesii'td th;n.

rntive hilglar.ders have a. degree of tolerance to the altitude

environmern t not fonr.d it: th-,yoe nct borr. there, eveyn though the latter

maty have resided 5 t altitude for elter-tc-d tim perí.ods, A study ao

skeletal re:-ains inidicates that ran has livwd in the Peruvian Andes

for at least 09,0O yearso

Phys~oiole~ali factors associated with 02 transp-rt from the ambient

air to the tiss.es ':ere atis.lssed, ra-rtíemlarly as they affect residents

at alItude.! It wzas pointed out tR--at the slopew of the 0, grailent from

alveolar -air to toissue is red.uced at altitude° Comrpensatoesy tmecranisms

operate to ens.u-e adequ¿>te supply of 02 to the tlssues, The relationshlp

betuween t.hese compernsatory ;e.ne rnsx are cnly p.r't1ally known;

part1iulary~- aRt the cellular tevel.

Data were presented or. pop'latiorzs naturally acellmatlzed at

alitttade tjhc then .mioved to sea level, either te;nporarily or' permrnently.

The avarilable evr.ence vl.sd.oates tato tie.se people retainr. a ebaraateristic

physioIogica-l denrtlty, rno Atte- wliere they reside thereaftero There



my be ata!¿o$os a.<.ll ioo chninOe ..mon-in sice is, iTnmely

rhrorlnic se ei slecksss; this, horweve-r is speC'ulativeo

C~'vot}.io no;vat-;tin scessz reported tin SoutC h ASrrican moiuntnn

dwellers, }sz not been -ober-ed in Indian solders cr in Sherprs

of .the 'HinuayaSo Rsres-lon of' alt i · tude ind:ccd e}ornes

after retur3. to s¢at. level were d'£ferent ir- -. re Indian solcdiers

that, in the Arádn dai.e:So 0 ri.; vcSntricrl.axr }lpeltroly ar.

central blood vc',osL t ei redu and arteriLl ~.turatlon incrersed

as eaiectd, rut. thhe t c.--e~s ktcok up %0 t-Uent. wa.!.eks to be CoT.ieta

in the Isnd.an soi-frs C st;e o .. !+ v3ril h'srpr° tro hy

.iez rü^rrrst4, Ir,*t.l. az reid2n.s t:oving to se- leve! u.iehgeas al.~.erial

s«~u.i~;lcofn retulrnid to ot-- sen. level ,n-lues :rlthfn twJo wee7z,

Ele-7v,·,~.o in p.ulu~Dn.ar? $a-t~ai&l presum;e cccuxrc urein ascnert

to altitude A-,r. prrssts -. tll-ng z' ti e tP l y

¢ 6erQ Oecer ,rse level alue3 a hi..l.1

a!titb e dei ero2 h n.st< o of oh 5s i 2s aOvens to ses

level au..as pro.~ rc7ulotpn of these pirezsn; h-o.or7', t'13

*f.-itrmal o 'taoI ict e a*t alit~t/se es ltilted, avs eif!demd by a

reduced Least4,fa ^J;? zs AnMeZ;, ns+, resve efforts, ev-es thocuZh

pro!on~c,", do not ap,_ar .pairei Deiveuy of 02 Wz to ssues dur-: .

perfosr.tce oLf 'r. work involve- ~ ny factors e Iiowever, the liriting

factors -i.tf on o>scureW lore Inf.rnutrict is required el such questlion

as d4.ri,,ousa io Oj f t va0rao4 levels of O2 trFaSpo:t, the rElatlon.zhip



- 3 -

of the ele¿,vated hle,.tccr't to ptUi rlnay ar¿, -'rcliheií per-fusion"

alteratlor~s in stroki voluw.e, increased eapillarizetion of tlssues,

and oxidative processes at the tissue level7. ittle is 'ncwn about

kork performaiace capb!-iti.es of woun, c-,iliren and thle aeedo

Infeorzt.ionl on nurritlioil½ s:tate, physical fíitness, .r.d exlsbtenee of

patholgy s nreeded ir on~der to rnterpret 'observed work perfolneeo

It WEs orn s!ze.d that, in stt'dirdJ exereise capacety aln people

at variLous a]:titt.e, cC¢r..-racble ".ethodxlcogky be used In..rL ir . .t .

achteve a valld coyr ipson betweeD different populatlo g-roupso

'lhs eff'eets of hy--,rv'ia on th-e ner-ous syaten are poorl

un.ertood. Desrpte the fact. t-hl W 2 con;suption of t.he braln retains

consrtnt whe1n aBrteri. 2 content varies, It i1J3 possible that changes

ln amrt-riLi P2, _ay pro'uc.le siitleehacnges in the responses of the

centr2al nr%-vcus syntemo 7.r.hnre zre pr ctb!aily no reth.Izd for detee.tlr:¿g

suspects6. ipa-Ionr.ent, hi.o'._; chlries in l ht percept!:on aro in a dak

adaptL' on me y ?Trovice i .ordsnt cluaso Psyholog!oal evaluatfon

of 1trPgenoa popoulateons .E ne:-comers t;o altltu.de is possible if

approprizte tests are ds-relope,;

Alter'athŽns in diet, espcia1ly 'wth . eile;ated. carohydr.ate content,

have bee.En suE.3esta. a3s po.ssb12¢ benr£ci:al In t-he 'accliatization procesi

and S'or reiet of acrute btn.t~,t n slcPess; btt conf:l'r.iatlor is requlredo

Slmila.r!y vi'.4.uLn rqulrements rmay be diffeont at alttude but

',h";s b_ not pro';renr sia.f:;asa>ctor=- either.



nre qtue.tlon of -rlglatlon of filuId baince T@,:.' rIasedc

artlcualarly ef t.'rhoDs senri;ng to o P r-'ti:rn: f£'oim altituue

The r!istributiin orf 'Uid 'd elec. l }tes am.g t.il v arlous

fluicd sonrLm-nt e to p).ly ayn Important role In I e. li r.Xiuon

to buL8^e bt Uh. ui-rlyetg met lan is unk..o;¿gl,

ff~p-.rf~:~+zta! result;s swcel' presen.etd :hlch s:.gest t.ia-t the

sel~tilv5Fty of th3 rsplratory cheor¢eeptors to hyoxia 4 s dilmnished

1In i z:gen3Ou popuL ;z4t!or, s of t he Ani.des r In in. Shsrpe. s eof +,;e-He rr.- l s,:as

ioowever, i.t is niot elear vilether the din4ls h.'ced respiraitLory resporseZ

to low 02 tlens3on is coono-. o all rcsidenIts e.t ?~hifr alti+tudso e¿.sd

whaXt tho :::r;-nl.n i6ghlt ba of thiis ppOaenf 1CSz To sí sitivity,

een, da I-Lt re ct. - pbton O* det:rDioration S! nil'srly,

reli.%t- i venla1toaj dr'ie ¡,iehant.sms d:2.rig r;st a.i P'orJk at al-tIitude

j.re nGt StlfctOri!l'y I&ndoQrtrOdo

lhe li;r;odrteo of b4.loeeteorol -'n 4he ph:y4oliio cai and.i

cllnl0al iueitst 1 i~i or~ t híigS altitude -'as eanphaslz-cd 'ne, group

felt tkta 4in ra.~ ny inveztiationm tUh enviro.:_~nt b~ be.x- i n .completely

de;-3:cr' ^ o ~Tar ~.y partl1y be due to Ick of susit.ble tqrilp nt for

reco.ll'!g Pc..ncrologia! pzeters uder exutre,,e condltio:ns of

high ·at-'!t~d~,, -nzr w nou5'" recogiltion oe the fact that the

effectlve faictor at iatizt/ i not only th rieducred ?trlal pr-ssture

of 'oacyge but the entire phy Ical envircnnint. charct.trlzed by

meteorologicalv a.nra bloateorologca ! d~r.terso



2- t .i-:.o:-r cf Al,,_.i-e Potu.ic:nS

in- this se t ?,S'ic, %.: foc u.ssed o BO f the uire.it.

~-?,a>ro: wh4-,h i:; in ey-r;'?s-; on uroib.enas of ih..n 'var*i·at n I riativ

high aiwt- v.ude -opuia'tiils espei~l y tha Concem ed-wvlti ~er.e..etzC .

ph-tolo4.%r\y e1vreiocpr:rt- ! fLebili b ty, f e't!:i.;ty, ig'wt arld a.ge.:ngo

It, ias lS5C.y .,pntreo.ated t.;h¿ l....e.h of .f_. his wclrk iS ncot orl.y i!rtrtatl

to -thne study of altnt.ude rer so but i-_s reievnc, e to gerral aspect.s of riu,;~:.

a.daptabiityi°i, In . n ;-e of '?a vailrIoton3 ir alituc,Iinilt envilCrom:L

afford f¿-svo.tab1e o-l-r;,o.tŽrne for St;ly;iig ,thle ttertracio. betwFeen

enrJiro:L=nm.zi an .. en.tic Scfactors in the develo!roent of h-unaan

phe notl.fs3 "

By !eans of nstu ie$ -;n EthiLiopia-, ;ha-e pouilaions ait hi,7h avi

10i íl-cti-de -r? Conti•luc, S=. it ii rs proved s2:sible to control for

greeti5c ':.-iLet, ?rt a. derontraterJ e thb-.t environr!ren1al variatior. i:a

altitude can a .Pprc -e ir ctl-.-t, evern I:l aduilt subJect;s not onlY

mrarked py'l.slosic l.! differences bi.t a1.o Ir.any rorphological ch-,n;eis

There are rno? coinsidarable cati a¿vailE.hbie ca the phlyaicil

chara¢te=:st!ics of A<:ndea, ~% r.oltiro Souce of thes E populia.mo~s

whichl ar3'r epzpsc. to u ? condt o.- o-f altitud e str-ess affond

excellent o .pDp;rt1.%ntie s for hi·tiua oloy lnvesigat.io~-: tur+enir,:.

the genetAic st~zr'tre of heze !osu tato?, c.ftUen. prcovie favourable

circumnst;aces Jor ~ma1¡z.in.; thSe ? ..t. n bet.tween vorious evolu-tio:;_,ry

forces as .eue e' ~', gn22Žeetc c-rft aiwé matrial selectio i-



-r~ p. 'rb.^3 ",":5 2e~ ? . ~ -e;-j~ -u -t ,' -~;~ - f.,- t:'~ r cii .5 ;. e, t- di? .

~pNe~,rt'. ""~ G<c.tO "~ .:í';..... =,~ :,---:-. is% aJ '.l.'' ;, : [:} pra~s~e,

prs,»us *. - ons at-e: *~! zi>1;of IiQ; C-t<eoR ;^>;Yr';.tI·C?:!S c»oC;e.m .s-*óAeos4.e.<L3,-' E '

dIfer:i-,ea; ~-+>fer; th'rlz: .ato;.r "'í -r he- { :r.'eak are a*v",-..[ tf .;;,

.=al -1 I·..t :J1yf:ir i;. ̂iec K.lo.-n t ret-çt'c ,*z·;·a- .- ;;: rrri ,'<.{tn'3 '^:e Soes ç<!Z]

ac;.eg 'W<^ =r ´. cl-··l-;4;4,-,' -R-5C;et.e... h -,i.ve r.zcak';:e:: ~n rt, s;,tt/.F'vr,'¢ -,

+!8-)et C·7- e->4g Í1<,.t-* .t>V1 , ;,., -;z..ti:'-~~ *ie.-,e^á s 'ziet.r;aas .T;e -, 4

i,}:-el c os, r:zN ~-ia ~-.í. ........-k

f.8n~~~~~~~~~~~~~~~-.-- ,-=.k+ .= }!x2,, t;,,, :l?¢le M:..<,*1 ;"8it_'', f; ¿-:..i;-

Sg~P , ofa the "" ....".": '· .:i~ p·?n~hs;:i cr:~-´......~ 'f c.:.....:" ,- '

c<~pulatior;s ¢~ .... d'--- is ....... ' .... ;'~~~---s--Í r

).atSy;-tl;r 5w« i ''s ^-,5.,t»; 1ECf!:: '0"->! Mj4S; r.~O Sr0 !^Zit ln rc;-l ',eism*« toe

hZlna lees rio. l" tr f * a: ?., rc R~-aka ~er;;i :.',;l '. Li' ,.o., ,: r.:-

.0 i e v e . o 1 e rt a s pi p i, t, t p r t

,C>*"fsiGZ,´ {»;=I h"ij_ ~,L*iti;- t . -S *rt hzz- ancu,>r;-;-.1e ,-.

$' · l;·,~r +i 't_·: Jcic',1;\ *ow'. .Nj .iíi:'alor'6to"s p -c _..t-.'1 ;;~al;^ ,;S s-,,< ·i: h: t i.+ts. ? S

iU.3na; si~. .tEveret * fc.v^;t:';á·i, s 'Fií;.e ,,St<--o", z*ite.l^óe; -Cii a«-=v .Ssv9~. xlW@<< -rl

e^·i>t;r-vt~,lr >.>~r:¿u7l.,.^-,. -tJ '?.«-',l eC'r ,;t-ço-; ~;rr swirt'; r S~,1

'.'J es .. 4s boRÇ-i ^M;:-,z!~r1. .- f-rtt. *,,-r...Li= ,,1, !*ii r124 n'-5,t l^ut,, .r »'.'+ -wSI ,;rari-.9.*: *r

are ·ssW;,^.v>n.: · -r 'io e·-=rzSr-5e r1i^'lc, tr-;e. Ai_:,._Y i;t.A'.,95,a;.S '9;ots, Ar.^-,,3~ I..i<,ii>;-»r:o*!

I-rpl;l."tIc.-;s fe,-rtti~.cit iJ- ~ls . _t ,i;2n, ,5- bF ^!.»;;.; >^>í«3 . . >i L'^>3 e-ina:a<,Z;!,wZl-~

hlg7;t i >çels osv ru-» tAe31 ~.;c_<t.t-rata F-t-til>{.,«~· +XsEe .?lrn'OU;laat pi--betLrea iatvi,

thfsretia.;,l ;,.'.a? <<rsei~c it cSr;rn,ít '-> ott~·rtcIr -:t·r; >^. .R:r'-o.ex :~;;,'- .f .W.<c

* Ca~~s~.uses of" tKlis =n im5etyi.y e.rX a1X3o t;P a*35-; *iotqr.Sv+Ye gh;r-r_9»r s>1
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developmenrtal patterns that characterize all hih-h altitude popllati±tons

should be re.irardi4go

There is a!lso ceear evidence that stvdies of agein; in hi.gh

altitude popu.ations are deserving; of attentior, not only for their

otm intrinslc inte-rest but also because these studles rnay heip to

elucfldate more ger??ral problen s irn ge-rontolozO. Su.ch, hotever, is

the dearth of de7ographic -n foor*.: tion fcr altitude that little is

known about life e: pect¿anery art lsngevity y in mrost hil a-.litude

.populations w-he'-e non--literate 3ocieties are of little help ini

determlining the agc of s..bcoos. These latt er difficulties not o0nI~y

handicap d-vmograp«f.Pc s-tudies bu"t, aiso present problems .o~ te-

physiologist and geLre-tícist.

Since the h~i:..n population biologist is faced withl corniplicat;ed

socioLogical as we.1 as biological variables in any ecological

study, .it can be stror.,iy argued tht para3lel animral exper.tma.i?;;Zion

is often desirabJ.e. Tne Eth.Iop!an studies on the gernetics of nan

at altitude arose cdirectly from laboratosy studies on temperat.urt.e

arUl barometric pre'sure effects en the grCw;ti and fulictioral

develcppment of the moulseo _t+',nher 5stvy of amrals under compaa-ble

clia:tlc regirmes not only rray shne light on co:,pornents of hu.m.n

adapotability but also nmay be, of ra=ctical econoric value, espec. ally

when such a st.i, is perfori.ed rit C-dcres'ic a.nirls.

Of so!me generY.l importance to all thcse particiipatjinz in 'this

sessicn eie -rDobleir sf sepr!iir an.r the choice of ccntrolas. 'ihe



-8-

'numari blologlst, In his cor.cern with tha origin, development znd

causes of human varlability is, by definition, invari.boly dealing

with popul!etion-s l'room wbhhil he has to ,.-ake populatlon sainpleso

The darEers o'f introcducirig blas into seiectio v-rocedutres were

recognized. I at t has elt tat- for IBPs purposes sore detalled revilew

of this problem vas lurgently requ-ired H'owever it wa.S aiso appreciated

tia.t -,lere wcas no categorieal answer to thls sazmpling problem.

Usually the nature of a sample is dictat-ed by the particular

proble¿m user cor.liderai-.ion

30 HealthAsects oC Altp.itude

In thil5s session important newc obser-vattlons tere presented

regzrd:ing cliniceal ard p-lyslologic abr4rmaIlt¡¿ies arising as the

resullt o. a.cute an. chronlo exposure to high altitude as well as the

effect of hl ai h l tr.!w upon disease states ec.%ionly obser-ved at

sea level°

Twio lnvestic.tors repo.rted studiezs of acute morrtai.4n sickn-ess

in healthy youD.g Ex:ni suJected to rapid ascent -ard to heavy exercise

at elevmtions of 1--,;OO ft 0 erUd 1r.L00 fto Sg,1ptoms were establish'ed

by questior, arire or clinical obtservation, interval.acclmatlization

at an tntemrwediat4. altit:ie reduced the inrcidence and severity of

sym;nptoms ln both siudt es Prior phnsical conditíoni.g dld not reduce

the severity of Imttc. roeoi,-tain siem_.ess but in onle study physical

per'for-ane o,- th th iírd day Sltitie eipo2ure was imoroved,
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Aeetazoarl.n.le reduced the incririence ard szoverft of sy:,ois buEt

Eereil;.e pevrf..manee wiras -o% !m$.im -ed bty aa3zla~de adm~Ist rationo

¡t. e.ni.:.a,~ thrt trhe ezac, .Sc sm 3f a ,tion o f ' .dn í

Iniori'D.t cllnideui problems in troops br.Jint lt r.p1dl' to

alti~u4:es of 154C.0 tLo i8,000 f-t. Ir /a w¢TPe de~orlgbd ,-l

Ffrtlz^»na7<tz ,$>.18*1;~ (Zi,.;) and iligil E'-tlt-í~de puirwnw_-j T-o^0

A m¥rkd rlie i-n pI.r>oc.riy blood -. o!u olctT: rdi in tfa .irs.¿ tf

&aya at high Atit~; t.=asoiatd ath a dc-raO in cn ¢ardiao <t;i',

-ftleai-o ofn L:2m.ry Chasxery, ila3RsE uIn r- ebr;e in left trfae!

pressure° -ile v-!t_ of d ; urt ,ies in he .reFion ad. +* tr-~4F r

of aete u aa-cut .,%es m i o nd4. YUPE _was .ii-arsg3ze-n ~o sfdfn ...

ur "a ue.nt stui k to 11. *t -ct.i e ! the tuia a tmn6 t o f Rhtav ¿r;E mu-

110t beT a:»o^gMd bS lny sfgr-.lcssrt bAys .an-y ji sreri} -Olyt7yen.

s,~v'ioriz.a C-......: .... u l..... a.d?-iaernc a~y occur as part os t1hnu oict'ure

of rete rbu~.tain ic5neEsa but Lt Ce (rbrÁ-l angt1ogr, rei.'> ,oyj h~ )ral,

Cevrebr~l ¢dea:a-~i-~t._. !elevie,zion of. _;[.'o.- C' }alz,4 Q' fluid,~ -.... rn5

is'fg:qu.;aniy e.no,'.cerved;o C.L-~.,,xc rnBlntai. siek'ess wi;ar not o bata; x

eveno oter 2 %0 5 yers of altj ~uda .e-auz�e~ Idig.nous h!i..teraCrs of uf

~he S--A &rea e-bl .;-d a ,k : erai^au outrfc. a rol pullrenarí

~-sc'lra r3iis';:Z.Z z S;rd ors.y sl3Znt polycyt;h.e~o These data ,re

unusua.L Si};. they aro a t mar- i-ieto with s',, ¡ea 1Int hsva be;e _«tS ,.";



o10 -

mtde in the Jnitd.¿d States ntd Peru° The mrason fo:, this variation

should be examinedo

TWb herody-,lnnic ftuts of 9 pat ients with ehrconic ountin

stokness studied in Peru were presented. PFul lmnary h.yxcrtensior..

arterial unsa.tura.ton awnd Pra.keL OiaCyteheia Flas olrere. FIXrngE

pressures were ncrmalo Systermic ciasto!.ic hypertensionv was couOne.I

Pulinar-y artery pressture was rapi.Uly lowered on descent to sea

level. HeodyirmXic studies hnave betin mrade .it 2 addltoral putients

widt NRAPE and the. inreased pulmoza2i-,r vascular resistance

in patent, ductus arterZosus at hiE altitude ,:s been co~nfrme. d by

h r:m-W.yn~i studaseo To date on-y e srill nimber of patients with

chro;nic m¡ountUin sickness habve had comnplete heilyrmI s -tud/eso

Furt.er smlar studies are needed to u-ldersti¿d the abnortal physolo&r,

of tYs IrporIant .hih alt ,ituxe dlsease,

Ar. importa.t clue to the cause of chroltc mtour.tain sickhess emas

provided by the rpor cf studies co-.rparing the resp£lrator-y rmesporize

tO hyx;ia in perzsoa bor-n at high altitude and at lea lev-elo Subjects

bcrn mt high altS ;ude haive a dimlnished rasp:,ense to 1hypo-xia whtehiC

persiste for mwsy years after they mo.>ve to sea lerelo Sin.llar

persistence o; a Utiminshed hSypoxlc response wrs observed In sea

level ohi]~ren wh) are torn wlth conrtarltal heart disease thich

proiucees hyp(o-If :.ro~r3 birth,, Late surgical correction of t.he

cardi-. defect do,-is not lt.er the di-i,$tishiad response, The dalta,

theefiore , suggest 5ttis Is not a. gen.etiec defect despite the
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prevalence of this craract.rlstic ir. the hlghlar. r~esldent.

Another paper liste- the follot-ir. cl.l.cwl abnorllitie s ccurring

as the resc; of acute or ehron.ec exposaue to hig'h altuituie, l. Aute

mountain slcknes5.. 2, Highi altitude pul1mory. edeSt.a 3 Su beur;

mountain 4sicessc 40 Hign altitude puionary hy3ertensiono

5. Chroric mointain polycytheml.a 6Cr Cionc3i n moltalr s.lnesst.

C=Gurnt rese:reh cn IL4PE i¥as disccussed, Pertinen.t cli¡rJ.eal feaFtures

w;_.ch .may provide clu$;s retgsIili-il erioloOy were presert~l anc the

193-rtant 1.emodmsnante cl.aaeterst.- les of. the Sr' - rev"1ed .,..

It was snown that an import¿an.t featire w:s the elevation of pulronary.

¿-r.cry preuswu- w].ithout a rise Irn -'Iwdge" pressur3e The early stage

cf HA'>VE cppeirS- tc be an elevation of pumi.oriary artericlar resista~nce

a:-i a distub-rtce of the pulrolirry cireulaticon which results in an

1itnt:rised ~sirIent, for oxygen bet;een ..ihe alveolus and arterlal blood.

A posslble. hemodyarmLc Pmdel of HP'SE waP s st, ,es-ted in which over Per** n

of nc-obs-tructed rortlols of the puluorn;!ry vascular 'bed may lead to

as eleation of plmoary, eap/lllary prF:ss'e l ad ederi!a príductionr

wit4,rout elevation of pulmon:ry vencDus or ieft atr!al pnzssureo

FC,x.onary ederra in pulí.rotn.rry emróbolism ,ay occur under similar

circnustances ItI is elear that f'uLher fi'eld st,.42ies of the

epldetr.ology of tdHAPE are needed since it. Is an iaporitnt health hazard

to troops &nd travel].ers to hi-gh altI tudeo An animral model is urgently

rineeied to perwlt :.nforriative ep.erirmnurts

ESxperltmntal studies of the ef£ect of .cclLmztlz.tlon upon th.n
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*abIlt;y ,; the heart to toleratn ox;ygen :lack atsml reported-

Acliz;~'Iz1d hearts recovered ror rupidly fr¢, ~eutú e oxygen

defio;;.ca y rdl szhtowfe. ).ess r.erosis of the r,;;'od.ium fot!orng

inJeot.ion of isoproterenol than cortrol heartsv f1,?oglobbin vras

inrezreedo The meehntirm of the lncreasei reIsastan-ce to o:-gen.

lack or lsehernia s not cleai hut inucreacsd vacu.'larity o. n-ta1¢:lliutar

ern.ime ehanes could be inolvrdo 'ts:.e data are r-elev-nt; to he

lo-w Ú.nideaioe . n,1 benign cl1;.eal pict:;re of iLyoeardial Si'.t..on

at hig'& =l-1 iteo

A high incidence of .patent ductus arteriosus (FoD.Ao) 3 ard of

*ventricilTr ansi atr'al septal defects in lschoo children 'hs been

observed at. high altCitue in Peruo The hlgnest¿ innidence of PoD.Ao

il seen at the .iiFst altI1tudi o The incidence of vatrt-ls rnuoaxdla

eooengl. t- ~slfor!.or 2in thI ne''bo~ infrant is hlgher at hiani

altltit >eo Further stul'IeI of systemi. blocd p-e'sur at hlgh altlttude

hael b o3e.n:d hose o.03 n at sea level, lvin, for 5 to 15 years at

hfgh altItule do rotv zhos the uzsul rie iSn raytolle pre;sure with adwm.¢lr.

aga, rather they¡ -duily ;pr¢Cchl t!ah !T ez leve-els see:r In hi;gh

altittude populattlonio Sytemic h r1terio.nn n Igh altitude d;ellers las

rare° Coroary dls~Sae at hi- E a!ttL is ís rar and no deaths frmO

iayocnddial r-af&rctíin have baen obeervedo B.ej rfst alsone in tshe treatment

of FIAPE as rourd to be :.-ccoarded by rcli.leo! ecovery in i1

eonzcutive palent. dsindicating that thi hl a, t e must be conaidered in

the evaltatlon of amy therapy for F4PEo Tnhene studies provide further
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deat¿ oj;sQ;·Ss!tl-.-.tz.ç t'-e str*lLngI re:rlty etf,, ' .! _tude of twio

of the ra.st con;,rn dlseaos affecting; th' e ea leva. d;iler -- hh

'blocid pre.a3ssure a.ud Cl>y a-'-ter-S -4cie i,.rc'bnh-r stud'¡es a-- el=e:rl ~

needed to vue::j,;-.!d the 7,i;..c'..."n in-el. vedl.,

Pledic.l r. d au'r;.ica_ obseCrations i.a e, coimry ho;;p.tal at 2L2Cv` iti

in tlhe PrlT-;ixn hAdes welee sLum, rized S ur.gci. Cl.Osurl of' istent ductus

art.e'ica'i""u$ .tS u reqi-etzy perfeornrew Wonrdd henaing anrd caillus forutr.ion

appezarted 4, be ,:iore ra.pi:d tixn at seal evel Phhleibothr;.>:bos:is and

pulimona¿r: erv o.', .st4¡ rarely zee-.. Gtir;c ulcor raz Ihore fr Freuefit;

thn dc'lerlJ. -l -ie; D?.ia on gast-.ic a .ayses ere ein:;g coellected..

Volvulu's of t;:. int.esi;'-:ne eaus.!g e orl ubsi;-mr~..i b 1s :_relleleut ad

Jy be cluco Z .O large -n ...... tcry It is ~,.-ected thsbt -tiiis nr,.y oe

a genetle def, ' of' the gastro nteStln-. 1 r»tr-e:i

A higi in ild.nce of pul:r-.rar? .rt.-. ...'-' .ias ob:,..ved A.l ;-ate

ductuls a-rte:'.osus ri a.Tl.a3. seetai defe.t at a la-rge cl:.%lat. as',-+u+.*

in INxico City, Sio;ilLra observatioirjs ;ha.;e prrevohulyr bn n!ade at hi.h

altitude :.. thie Uliitd States arnd Peu,,.

A 'erort Ofrom iBolivia escrelod clinical 3a.r_ lao.bo-atory studie

perfor: d in pa':;ients witth pla;isa ry silicosis íwhich is fr-qcuent.ly foxzi

Ixn íri:rs in tlsat areca, Becalse of the high .,ttlt.e the eharacterfsties

of 't!-s dseas ere dlfeerL :'.rlm cose os-d at, seos I.evele

Tne observations s ar .._Ized iL this rzot 1T.a:-;-h th-t a larepo

nu'.ber of tun1que he:lth oblers occur- at hih altitulde. Miany resresent

onmeorn dXlse.ass that are forde at sea u.e,,e~X but hi_':h R.hve a cllfíferernt
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inoid-wlce of variable featur'es at high .ltiZie Somi. .re uniq ue

to hIgn a.u !i;ude; , In sor:e ;reas of resed.'Ch different results havO

beon ob'.te. iied by- grou'oR of .nTzestil,jtors ri .a'ezFt ,r-ts- of the

worl.d O -rlal'iooLs in mrethodology havre been us.. i stIu ties desSign.ed to

inivestlg.tne s!ir!.ar prleoiems, Interríat-Ion. l eo-.odii.ation of effor.t

Is irí.':_ca.ted to develop mrethods of detee":ion. pr.vention anrd

treat.elnt. of hiygh alt.tuLde di.sease° .:.is of the rnCan .s..

of : mcdifiea-tion by high altit,.-te of diseasse states ccor:,nly

seen at seaa leve;l are !)c1ed~d to prov-i d rore Inforerration about

th pa.t.aen. .is of these conditions so ;ia. prevsenti ve ar/

cui;zive neasures can be -i.telligently em, loyed.

It vas ;aro clac, fron -the daisclssions at this r.etin.g tat,

systematic investigatioin of several criti¢ca healtr. ro:lems should

be ca'rried out rn severnal aih altittude areas of ths -or.-ld usiLn

a simlar methrooiogyo Studies In TIndia for exa¡mple suggest that

many of thse m.di .ca problems encountered there are qclt:e different.

fronm those observmed In Perru. Thn assuiption t;ha.t obsez-rations

made in one high altitude atea. of tbPr w.orld ae a2pp!icable to

all high .lttucie regiorn; is elusally Inv3.lid,: This is .nn irn..istasnt

opportunity for :[Lzterrivtlerbl coo?.ert icn anr eollabornation
J
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B, RSE43ECH FI.'O"DIíATIOC: S OF" O,.'iI.;_ G GRUP!.S

_"-~ .. . _ . _. ,,

Int-co.duetioxn

Several s';;cUd5 -s, hav e imicat+ed that ithere ae i r;nrOtnt differences

In a varLety of suotural ard funi tionl aa erists eople

wiho ceun be ide.lTfíei an- 1) iir : r-dIS for ,.<w generatorions,

~) oi;~laoder; ~ ti:.lir~.tizsd 'to ~l. tiude. 3) new arrivals at-; altitutde,;

4) hiÚ1iadl rer3 ac . dcltiotiz~--to 3sea level, ar.d 5j lo;wlandierSo

It is not clear tna -' Vieze dif..erences- r,í-in, ,!e do not }n.ow,

for etamphJ-, %whe-t;er thcse ditf'erences re£leca, simple adp.tattions

to a ne'n i lv.tro.?imn9t, or are the result of sel!ctive adaptive

rocesss, c-.- evean, 7n sore ins.tnce.ss are dtorimr~_t.'.l to tFe i.,dividutl.

ior the %ecre t3nzn 25 miliorn iople whto r,;? lle at hi. ltnItt~v'

and f,.r those -.ho ill move 4.ere.ote wst in oI':tant area of altit;de

pQ..o1oO I.s t~,-+ '-S.t i-:< s toe. do .ith ztu1ri a cnd 1 aeouir-d

:~cimsti-ZaLtC£o n Stf.y Cl.~ t.se FproeesEes sho~ild direct .rcL-cular

alrltci~ o ^Xto t-he f tiv-korL-. enptsat.:. o- -torl" of bothi sexe~, of a-i1

-'&es cnd of t.hlnose livin;g .etmr differ~nt vork-nl cor.tions,

Of lesoer ii-r.n2o t;o human populations i s A- awhole is the

astudy osf the aeute ,u].c:ptative 2czfi? s ' lieh arie of conei-n to the

nlch snller g-ro-u3 of reop!le movií btween ligh ar-3 low . l9titude and

f'or wnhoi riesidence :a higi ~ !ti"~.e is lusuall yr brief



a o P l of m; Wo c.i At Altitudze

There are, at pres.nit, a RuTbt of htrxmn popu!sation. nt

variíous leveis of altittde oho for -.ny gen;e.atr.orn have lited ah.n

worklsd while exposed to loc levels of aimbient 02 content', a].tho)ghn they

hkve net necessarily teen exposed to cont.in ued t isslue hy.oxiao

The physea.l perforitnce capacity of -these popul3atlons ¡i not

adquately establishecd

Studies v!ere su-SEestúd on

1) The basi"e york capacity of hig-ilaxde<rs

2) ThEe ~xlm~i.r oygen consmption of al1.ttue populpation

3) The mete.belio resporse to work irn various h !ghi.ar~er popl¿lattonm

4) Tho Qffect of eige ald sr, cn woprk crpYeoIty in a.lt.tude
popuslatior

5) The betwean heart rate ard o.zgun consumption
- n indlgenou~ higrnáamdersc

bo Altltuide Zm/%8s for dce4.+ ~ ,t,

'There ias f need to apeolfy ali"titU.e tolera1 neo 1;mits for hLtzns

and othar ani.rai eeIeso The tinmporal :linterance of rormrl funotio:Uil

integrity of o rgan systems, benaviuou ectIvity, .dl physica1 ard

mental perfornrnce should be evaluated°

c o Enviromnenta FacQtors

Studies are ,ineded to deterrine the sificarce of enIvironer&tal

factors other tIhrn Ihypoxia in altitude a~Zli~mtizarior such as the clistatic

conditions tu-d +th sociecor.oic envlroiren.zi

d. RespiratI.on

An important ,daupta.tIon of the re1sitset o atltitude, which is

different from tfh lowlar.der, is h'fs pul;~rry -rntinatory respronse to

- ), 6



different Coneentrat1on of botfh 02 or CO2 In the air he breatihes:

The Mnt2ve hb1i.arAer is reltively lesz seni;stive to lo¢t levels Of 02

in alveolclr air thi Is ta she l.T eror It is not cleao r whetlher this

desrease i¿n the rAtive hAghla -er i zerzsitvitlvty to breazhlng low

conrcentr~-tiossc of 0 2 is an adjvantage or a disadv~ntage a; altitudeo

A~alysi; oof thi imortrant adaptive reBpiratory proeess should

ineltde stixy of8 rge ast sec? diffe2ncesN Pouroi.ogcal factors,

aeoid=Pse f.Actora, coh;.orec ptor a-senrstlvity .d t.hre ho;Ld . 'az well

&a tzssue resporzes to hypo;ia, Iin addtion it woul d ba of impo-rtnce

to study regulí-uatlon of ventilation during the parformmrmnéei of phzyscal

work at ti"4lde arnd durir e sleep, Sleep a~r> mssocitved peri1die

hyw~entiliatlon as well as prfo'r2? e of 1-¿.rd exercise, inere:se

hyt-poe exposu o

,e CLriotl.oy' Meci2r:a n!s:s of Atit¿t'de Accliattzatoc

Ati;hogh eirculzto,;y res; onses irn n at alttude avene recelved

mora study tIUz other physiologíiel response s we do not Irow the

crIteria upon v'h1ih we couid a h'se healthy people wiitethr thay should

or sku!d r=t liv. at h.g,g alt-it-,id, or at3 wtat 3sTg of rorpholog!cal

or funetieora1! alttratlons they Ehould. mve to low altit'/deo The

followldg ar;as off investigt ion 2re of 1iportareCa to aznu;;er tVhs

probiem o

.A) E .dero!oZ - Much needs to be kc.io abouti the prevalence

and 4ancidere of co£riscu1ar dise"se mt altIUldeo Eeological

factors other t.lh~n altitude s.ould be Identifi.rd which affect nor.-mal

- 17
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.-iaic- £unctic~ . nE.iandero :Ln aizL~.io^n, :iwe do inot 1.ow the

circu¿l.tory resnE>rtea to physzic3al work at difsferenrt ages

B) C -a:-i_ is'.[t.2 .'-=''- '- .... ~-s b*s CSic i--nabiit oy .o i =2rdiae

tTrnsalCe ^to to:' >undIer ansicrocA>ie eor.jtiors ít'.z.e- vul3Ierabls to

hypora! Ir- duc-d by hiTh' ork lcads at aliti.da., Befcer optimal wva

m~xirr~t levels for -.~ozrk t ,alt¿itu~e could, ben fecer~n2erz/d; fur;ther

s-cutJdes are ureess r on coro3'3arS" bloc, flowC- anrd cardiac r:.us- e

etabrolsais m l during wotrk and rest- at altitu íle

C) .NiCrioi~eu3.atcnž - ¥uetne-r !ucre~_~ad cApiliar!ty..~u6 .. ...

asrr.azo.tri vaeui) aYi'ty- -i ca.r.diac jor' skeletal ~uscle l an xtomical

fitar; e of tchc ,l!-s,7tlton pro>ess nceds 'urther s-t:dy. ~Tre

pDs3.bJ.1e rolo of cr-agee i-n h'- n.ríceirItlon ir. the dceelopent

of cho.o·le l5.J ' NntaSu sic7k-n.e Cass ls nt been B,-' " e ......z

D) 'Puls-'o· n Hw.<eneSion c«r.ltitSr i obs.ar9'ations are ne3ede:S

in u/_h!a.flra wh'o develop put.½cr ry h;£perte.us Lo- l a-d/ rlitit healt

h,-yeqftropy3., Cortrrcl ca re:sents ~re nleeded thrat cover bot'. seciS a.r

a wide iage rSa- , Sp-cS.al stuy iLz needed of trhe 'i-ct<rs thicAh leexd to

hIth.g ltut. e p uiu:-mry edem2-o

E) Cir cu'lztior, Dyu-)a1;ics - ;'ore ioser .tion !s neede o-n thi expaeot-

c~,arses ¡I car',-ac d}mx%'mics at-,! %tit.e. t Iclud~< uordar tis he-.di.d ¿rlr

*bservatior3s o. uria . out¿uft, cjr oalrla. wors ?:iDha re3Iscee

heart rtet, str:O- voiuna, !c}d prs.s ;..a aaW.1i -as the role' of c¢?,nge.s

in bl.-,1d 1 c!.?:: her.ztccrit l evels ca.rt pu3.írc-'zr? cir:ulation. PErtitil:n.

of b loo' flo;- !-4rv sa 02&s ue, ví7ar io uC0wis ¢£Lilor.n5 at altlt'ude
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la alsso 7n itportant area to be st'dlIedo

fo Cellula." r. T!su5 -.-e c~m Atit ude_- L tA.ccl -ti'.atiou

The blocemlal cirhisms erlerie 'l;h altlViud¢

acellmr.atizato-i are iaLdequa.tlv untl erstocd, fRespiraartoy erd

vascular adaptat1or, -to cltítude v lihich pereit an aidequate delvery

of 02 a~d reJaol o:? metaboli te at th-- clluiar level durinD rest

may not be ndequate for suatsaned rd rd ork b-y, hfealthy men, or for

that matter, s~enituay lIfe In the elde-r-y arn in-firmo There is

a need to dete:mmiui the adaptive proceeses at the cellular level

In the hlghlar-or ea well as I _aewcrcmrs to aeltituie,u

We nceed to Imo: wh3.t role is pla-ed in threse celliuar responses

by chnages in kt1e am.ount of C~eg-l.O'i', -th~ rntu;er of -altoschoriAria

and the capacity oEr0 the yctochro:n ard electron tSranspoctin+l; systemn

More !nforiuntior. s reeaded on possible adaptive increases in enzy',s faycurIng

both aerobic a-d anerob' c mrtabolisra, V'e riee.d to kbiow the degree to

which rate.-iimrntng neurin:~uoral-e-ndocr-ine rdíators aff'oct these

cellu)Lar functlcs ^ Ara f irally ;¡e need to 'ci-know heth.er genetic

factors are opera'tive in the adaptation at the 'eellulsr arad.

subcellular level .

go Other Areas of Altitude e!)hsio1ogy ReGu/r.. i Further Ct-;dy

It becamse aprarent tbht the knoweiledge avalable 1is inadequate

concernin r-r-I:.. .a rquireents of those -ith natural or acquired

aecllira"tzat.ion or in those acutely exposed to -!t+itude., F-'ther

nutritIo'Eal arL re·tabolice studies are . eceusary ,to establish opt.1al

nutrltional alowance for high altitude resldents arw4 for thowe Wi'ho
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wish to reside at altittde,

The factors regulating redistribhutiou of fluid rad eleetrolytes

armng; the varcio-uz 3.utd cp.t-mrnts -ieed £urther alaboration,

IR t'he lorgt-,irie resident at altitude ;e need to kLnow worre

about the- possible role of adapti.ve tisiue and vascular responses in

the agein.g process° It is also possible thit hh a;ltitutde residenee

has an effect on mrn"s imiunologilc-l resporizes and on the types and.

frequency.of Infiections thalt- h xarbours.

The sequential changes w:}hch ocetur durin the period of

adaptation of the naewomer to high altitud&e are poorly uirderstoodi

Accurat'e time ta7bles ere not avaulable that show rate of adJustrent

for each orgn systeim .nncdiu'íng the respiratory, carticvqascular,

digestive, end. oafrine, renal and nruromltuscul_' sys tem3c

The time course of the de-acclirmtIzation process .hould also

be studied particularly in those wbo are exposed !ntermittc:ntly to

altitude 0

The workilng group suggested that a .ar.idbook of physiologecal

values be developed which uses starierdized terue_.ologyo A

3ollection of daita on normial and ahnoral biological valt;es for

different altitudes 1s urgen-tly needied.



|* - 2. Bio! i c l o at glttu_

*Thne workr.ng goup onsidecrc th e p-blers posed b7 the

biology of h'rxuin pop 1atloI.s living at fhigh altitt3es They

concliled tha.t as well as ciscctherizing such populetions and their

adaptations to their particular environments. suci studies could also>

and eqiaLlvy Importantly, be of relevance to r.ny fum=anmental

prob'olem of humn blclogy in gererali

It seems appropriate to present the reconerndatloin for trhese two

- pproachei separately, although in practice the methics usd arxi

observations made w¡11 be elosely rsitil1aro

ao The G rracteri.ztion of .liiAltitude PopoLationns

It s agree-d to recorrmnd -that trsí compos.itive mnetods of

approach .and stariardJlsead procedures, inforbrticn should be obtaAin.d in

the reollowing categor-less

A) Fertl1it-y ~rld the Comnents of Fer-tlity i) ,By degorarap;hie ret-o;

ii) Using methods ir- the reprcductive physiology of man and of

&airlIs which could Le applied to hian ppula.,tion stldie So

B) Growth, Developnnt ad Ageir i) Age charniCes a.i variability in

charaeteristAic tbh ou~ht to be of .daptive value at hiUh litutidea;

ti) Age charZes ari variSbility in characteristics relatad to the

-os tic fitnezs of Ilrdividuals; iii) Such sturUies should not be

devorced froma ti4' payehologiczal an.d ir.tellectual chages w-hich occur

during develoMw.ent,

C) Nutriti.on Ir al ..cses the nutrIticr:i measses ect of the populatlons

studied should be ai.e in as detailed a marker as pos.sble, coamensurite.

with the resoureeCs a-vaiab!.e, Such asessments should inclUde
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1) The nutrltior,! sEtatus of individuals; ii) Detailed

nu-,trit. nCal sa-uri-~ey s wFe.re possible 1iI) B!och ea!cal st-l-lz

related to nutiritiocn°

D>) SCct-l Pob!err s Relatioi to ½'ork uCa.-l-.L rcIih physiologiea!

andi :oC-1oyicn' RtCth,c.h 4.houid te tULed.

E) Eo1Jdemoie~ i) In all cesas the pattzrn of z isease dsIr!bztfIso

iL popula-tions s$uldi be :stLudiedo, Wiere add-Ltioral deJE~r¡ethic

ifortution is Iavilbl e it is htigiy importznt tlht ro¡- vigorous

epi.demiologlcal studiles should bae ru-¿de; i1) I-t is of gruet iport-rnce

t.ht dewraplic ,, thods shoiuld be de'veloped hIceh aouLld ermble the

relatio-htppss 'r; až d.S se ,rd erb.d:lty to be ascsrtainedo

F) Geneticis urther ¡nfortion is requireci cn. ) The

distribution ofL Ioly-orphic sinste.s in hiegh 41tiuhVie populasiuns;

11) The hleredit:ibOlity of .u&ntitatlveIl varyfrt trits, particul¿arly

those pr etsed to be adaptive iar nature; ili.) conSepj.tal defeots,

eszp.cilly thlose p.restud to .hve a genrtitc compo.nernt

G) GCener-l Ir. el these studUes the foilosir4 ar- essentifi!

i) There is as precise as posslble ar. aralysis of a1l biological

ar.d physical aspeots of the environernt; il) ,Adequwte pr.c&autions

rust be taken to ensure st-at-isticaal representation ard cont.rol

Sltuatlor-so Thi3 will often r aan tS st'-tdy of low1and1 populatiors.

iI) fTle deopgraplto backzcreund of the popula-tiQos under st5dy must

be asceztained in as great a detail as postsible,

b, Altitide St.uIdies in Canem! H=.=n Eiolot,í

It was u -an.icusly Agreed that the ecological situations of

hIgh altitude pc;ulatloIs oftei afford unIque opoi.tunities for the

t'*udy of ' d3 .ntzl human blologfo In part.lcuila -the follo-4ing
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po~,s- .-- eas ,be IdeCally investigz-ed~

.) De';let:<mm-.-33. wleXtt}1áftt.r -taRieK_ 11% t , The t. Iieion cr t t·;.rtzd

re3poznses.

3i) mt i Gc-netiR. St.uctur'a of H-.uan Pco'lut'iorœ -t.ot11y ..v sean1

:i. oa rolips, ¡htre it 'm-y b, pisuimed tl-_t factoxrs m.uch, as geno tic

d'llv · ay b or-J,'iVr,, PIobime.t irwovi &gene flcw aCd tale effects of

sertltve mimr£.s tí<on i.- aiso Le en,;o.l~ss-d

C) NEturl ,l ee'tion Of the vYwr;ty of t.ays by 'li[ck the probhlte.

o.f tie detea-tioiL o L tz'y.uiral sele-t-:ion ry be 'ac..h it ' t'l....ht

that rti1c o bute.: ihoenl h d be; j tlc azpJ.t- b ... .. o.. that

Comn-~r.-tiv f erti ity .s~ m!or+·alt r of difefrent phent2r:..es ai.L,

w'hiere Sucssb-.el grnot-pes Svch nves'lations could ibre m-d: ;os't

a3pr-at'i~el -3in L;xtih stable rL,~ ,_itlt;iude -3plrs iou anrd inr those

4a*!? ka17zvj recerntCl cianged their act.+tU-le7

D) *ree, ..es- deals with :fua.,a.."nt.i proivnes of hturan bíoiogy

arid is in co:1,ct uit-;h the objectives of c-ateg rísig;í the biology

of IhgM . alti iopl~tion, ast diaCuu,£s:ed in (a')o . Ho-wver, !:t d,.l-r.n'i

1l 3e--3cali2 mul-i-ld scpi.lm~ry ippro.Ceh in selectc-.d zreoas -,r k [cle'i

t.he wirA,~u' e~,trr.e... . xst.ic hizeed Ir: (a') are n .eas-red on the msaíw

s~folJ.cts o



°,J. '- 'Z .e ...; ''.art.j.. .... ;.. .....:

'i-,nee r eviC'.rne, .that "he ir¿?- of :'oC;h1iInc i:e3ri d".'1,:3

a^" I-fhk 'it .....~ pomkl94shi'-On- iS low-e.-r ' í-"-- . sea level° E;'.. eiept-l

aJ.tittd:r 1e.r.t'-';-i a;:..r.ls. A cn en-1 l£ lidet:[olo'2¢. stc',c/

of tih inei-e of :e oi' I.. ...... heart *.l. :o-= pO'.n 'Ls

, . ,.1._. ..eo ui e :mrirmntal o.a-~n-l C~2.felL

I[c:i"7 ~s. ab le . -dn.I f:: I.r;U .'" .. ':u whoc' a.veri ""*e'i

o deveoi;w,-- h evte,+ oetr inbIe c3z·ui.iaL .?s . . . . 'i re"o"Sl' -lOta2,

.SXSrf.Yf raie; eX l ~ -.e;1i'i 'VO :-,G sthr.be ep -':I'aelit -o asuF t

< ~~~~~~-31i~ ~ ~2t'p "o Et S"-

It .s1 j-C:7Xvomi>.n tJ I bD b!a ablir.Lia.s w1.2 ave l1 ¿':ely

~izj-t»48-{ { sS>ár tf tS\rn ~_rii~ic* >7>;-CE 5«*yE ~ , _i 3-F>I-O e:3re3 t.o viaje-.rt,

- ; .si; . Z?'3.q.,iri:K,, :'r ' -e d2re'd., Othet-,r sc erirIg te-ta¡

$-'.o-u2d 7~ -,:alatee os ;c. ,a 1.e--el ' .. je;s e 't;iC 11 .--lt"' be ex-~l;e
-;?~~~~~~~~~~~~cU D ~ ~" i, :, _.» ...... 5
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By ,ma'v of q.ustr.oriŽis z.x' 1ntertQle ̂  4e ot ;Sor:1ce Do fctfr .

suici. h -re ;.sc4-nt, le rah of' s y a% s g lvel .;. slotiw ascernt iJupn the

orx*çr.e o U,4.E: t.. S as , éí, F z:el. -..... of p.o,;,jic' i. dc-u>

usi-i a doli.;.e bD..l, te -htiiqu¢+ . tIl1 . .-rrie/. otl pafet~hbiy l:t troopi

In selectfedA ptlnts dtiat.':.,e the aeo'testge lh-~ h~m~eiyn..l.e e'.feict of

salct~ ac.ig2 wi ie nvelst% l bel..d, ~ enL.:i.oniprfusiorn

,:rartctr-is'b'es- will b< e .;......... sEquernti ly trlte Pacu-te S3t,< arn

dlrts :>-_·oveá on -> t. : ... ..

P.l.t.i:aa..ryV ?.ai~,s h·ave 7:hnoSsm tb.,~t '~hke !in .;doenca of cot:a:ri·k.t l

a2bwnirílit:t-s of .ir, li:>lrt aie oher sit;ructíes is ihrce:iel a.' h'~Lh

elti~;tde, ,.tl.a+:net OiÇ<~s iz a oart^c abrl.^>lty :.r' duli t1n ¿Z':-:e:.ili.».

hjc.r-la at at- ceSitcal s':;e of fet',al develope t is no; 7rxot _ Sir:ee

mate'mral ..b«,t.7r;i oxia c b,ç ore;ernted or n,~rti, zed, 3iuazS a% ;zig altlr... e

are £r~z= ...,: a- empioi-r, a e %ii-z,.idnl .,hil y sbjctive '; .a;. o. =-',~,'Lf ,i

in a prospe ti-ve s%;u!y of . -w<bolrn rinfantos e.~-ls schchol , nhldc.ien -t slecrt*-:

lpvi-l eof oltitt/e ,rn c.if'eren% courntries 'th°, ciau3a t 2i-s ct,'LorM c- b,.£

ev.-.i~ateo C ountries to TQ i, l'iter are .og erA-re te'li prop3o-.uite 3't i.3...

are avallm.lee .e ..L...tz... Tonh cf oxgjen 'o neborr~ should ba carr.edl

out ~%t hlih altit-ude -rith sulitabl ceintreis to deter-:lce i- 1lte ., e'-

on. *'rie fIh~ :iden4ae io. 2DA .-nr~ n.e ,; -,ar3Fiov _.tso ar sSa'bto

e,. Preorat of -; .vok o~ Ii-h ....ok..' c -Hieac

Despite :he "'c4v" 2 5 li ,e ki tItíttzia of
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over 0GC0 -eterr 3 , ixcrnaion resga rding specria l =d 2al problemz

at :<2J alttutte ss as-i lbs'el The follo'wir-n; l s -:;d ..e

preerte.d by a selecte' grcup of op.s.ctar.o zspeciaists wh-o are

e~i<rlen! 2in 5 h rItitd medicirene 1) gh alt itude diseases such

.as acute ard ch' roni mwutin sickrs-, ar; higrh altitude pul.;1onBry

d-a~ma 2 ) Mcd1f3ca.tion by high aslttitda of doseaset sr which ar-e

comion at sea vlvel such as pwu._onia, coronary diseae arnd shocko

3) Act'lIon of diugs a nd e3thetles -t.at ao reodtfie~ by.higrh h .

,vtit de s uh~1; pa'. atui suc-Iiithei tCo 3 4) OC¡Upa3, t~oGcC dleqses

at h;gh aitit, c The book should he er~t¿ed by - sirle edltor.

It shc-uild be smll, come.zesed ema h~i.hly sele'tive tith a biblic.Papph.yc

It 5XuI d b dsgn.d for frequent re7vis1on° The -epIhr.isa shotulod bTe

on e LP-lc-U j--:c r ... tharn vsiologyo

~ r~·i~~tt-I .om f t,± Elft: t: enof ?'u _ a' Cdat~ Do ltsa upon
;>H - " $; Or t i7L : -A tLt,.4

Pulor.ry fusr.tonia% a h reyxzic ztudie s2hould be ¢.irrlcrd out

*ns b'r.~Zltit,_ole residnt with 2sif.cC3s1 dt= o$. arn follC'iirg

pr=uowo-ctoyo e :worng. cre itY of sue2h t.4nts shouldc tbe

elszI-=d by aproprte =etIs. Techrtques of e,'ly det-eition of

trIUntri. puiory dziease at -4Eg . a1ltitude ahould b3 evaltuated Paod

applied to workers.,

g. Pctors Afectir_ Billerr ,oleltbLa ~is in MatIre H/~!·a rd.ez~

Cnolesterol oar.es ~. :o.r. CSorlye r at hJ.gSh aRititd with

prbab!y a difforent s= In.eidentco trxibu 'Puat.1iy obserntsed at sea level°

Sin:e fthi ies an Iraporearnt eauae cf i.l.ness the ausu$tlve factora should



Vbe stu? sd. -'t''> z' ' ohou1ad 4irclue arn imvj z>,t±gln cf dieta£t;

h SDbi t R ¿·- !-Ars -.4- -. i ut Iants W'tS, ¡r;v;^, cth.Tlel1t--,has

:c.gmp~,r~,t to cbr.,jt .,-.- t s :i n-; lr T-he same .;& wirth scrma2

hb Dr- u* j n t A 1ct ' ^ l-;.l tas

Dru?. acti-on ? -: uiy si?.fic.t.ti y modified -in th z iy,--pxc

h igh-. altitude ew vir-r :. - Toxicity _-,y be, en'?.n:rced or dolriiluhe r-1

thne therpeuti e ,aff. . %-r bee ltered° Stcdies mhoi3di .'d&e Ir,rd

'kinow* r f orrat±ion eolicted regardingT tLh e ef!ect o.f setlectef. dlrus at

variou.s altltitdes a ~;',ie wc"!di Drugs sucth as nalxoties, ame-.theti¢c.

,z-alge~sicz, opia.te~S P rems'or cni .... ' c< c dg#os5.Ue o sh.ou.La be

i, Vi.al S°,ctatist.c -, i ,Eit!n o to 'l!it'de

VIyal sta.st'ts of aXv re ar.rang. for counrles arco folr to

m-ny categcriet such aa ge eop!grx .%! toc.tiLon but tafor-ation regsir-tlr

the Ilinidence of d1seases or death~ Ss not araangect accoort] to

altitude. S3uch intf. ion 1s necessary In- order to determine the

effect of 'al1titud uron the incients of disease and sortr~lity s'rd

efforts shouid be m;k-d to collect thi3 info-. atiion from contrie e

contributing vital siatisSIes t· IV.C.I.

,· -, n' PsitIar.dl .,t .ntele+ctum- Correlates o' Al1tiz¡ze Hkoxia iin
Chi.drCen

It is I¡rperant -to ..4t ine if the d.eve;loment Iftla funetIor. cf

the centr,--1 'rwr¥fc; s'yste.: L , adveetf.,o-,e ,fe.-. b. ,-h chronle hpsaoxia

It ' '' '" ' ,. ,.'

J
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of hi;h altit-de. Sultable pjsVTiolog1a test-s shouild be develop-.V

to quickly eterinte the e d ogee ct' chronlc phjxa 1in chnldreao

Testa of en;tzal .nervous systemi ftiatiors tnhat coul.d be e.ffe:ted

by chronic hypoi sho-uld be dsstgl.. i that wouald be suitable

for field studleso A piannf/Tg confere-nc¢e sho-'d be arTaned_ wth

the appropriate sppcialifs to d.evel. p an effectIve protocol.

Feild studies should then be 2. de in i;:ru axnv other h:i.h altItude

areas on a trial bsis ) Zf prel'minazr. results justify coritinu-d

st u!Y on a broader saJ.Jr this should bc. carried o'uto
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C GE N R4L RE ':Tr)'Sir lTONS

iLo This u.,etln drcnmstrated that co-ope-t!'on btdween .{C0 ard

:tBP-iUt.an ,Adaptabin litty Sec-tion is possible ar fuit-ful. It is

lhoped th^at suich- co-oper-ation 'i11 contir.ue arD. increase in w:orkirz

;ogether on such projects as reoos,:-riei by this rn:eetingo

-, It v;as reconmSuded t6.' t the aroecedirngs of this meeting

3htou:ld be published in fuil.
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Do lRECM-,D3 ~ -_fOi F;OR A CENTE FPOR IFC:ATIO_ CN

Ar.ITI1JDE REE.IRCH Iil PAATCiCN IH MN

In oenie' to f.cilitate s-e..t. .aJ Serch plarnin;

in pro7blerms ,f mr-:l's adapT~.bllity in relation to fatitude, it iE

agreed that. a centre shouild be e3tablishe-d

.Thi. ecntre shoulld fultAl th-e ,ollo3o:ingr funetions.

1 o- Cmopile a list co existir r-search facilitiesi

'2 Comple a list of "cholar3 ac;Tive un alt4tu.e reear c.

lneludiri tlheir spel.allzation arnd current activities

,3 SKeep reco.:d oc active res.arch projectse In the pertAient

subjects

4, Provide infotr..tion on request

5, Prov.de such services as are !eqzdtrd for improvird cc ¡tm:lñcatoio

arong scienitlsts in al't-ec researeoh

Sucha a centre slhould be e-et up by an Interti;ional org;anizatio n

such as the 'FEIO rAnd/'or IBPn
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VY)RK.INGW Gi{0UPS

Working C:_oup I.o f;-amto o.,,z-a Aaatan a.- Aet].i.?.~t.~t.on -o ' "tle

K, Lange Anders:.- Dr
Adam Anthony, Dr

DonÉlc E.adagr ( r. f~.:-F Gio' t!he Secretiar-ait)Dr
C]z.rk iiío Bi.'ttei. Dr

l.sw'ort0.ht FB E ksk;.il'k (,tEGí--rator¡ D;
G, Z]~iweta CastlLo `Drc
FrznkR Cono -i .a.o - Dr
C. B Fvst'u: r P apor-ieur) Dr
Robert F? Grever Dr

Ab1-ri:o Furtado (Chairt3w.v)
F-?cederiek F. Kao
Is.nEs .Koe.l.las

S, Leh-ri
Rl Lefr.nqol.s
Ro1old fo s-.a'"aria
E: Picon-Ee-ateg-u!
J, Clifforda Stlc}:n
Tuilo 'Velasquez

Workingr Group tI!.o L,::,ain . ..l..of X--1t _t.

Pa2ul T, B3.ker (Ma::,er of the Seere't$alat)Dr
R`alph W, B3r,.uer Dr
IHeritman B!.ietrea-. Dr
E, Carles-Trch:'.rŽ. Dr
EdIwrd j. Cle:, Dr
R0 Cruz-Coke Mr
0. F~ De.3ong Dr
Go i: fA, arri;on i1cdgrator) Dr

Dale B, 'r-arri s
JoseCph K, gc'ag
G, Lenoert .
M-i. A, Litt;le

R, B. -.azess
Sanuel Roll
Luis A., Sobrevilla
Jehan A. Vallalrd

Wor1dnS Gro-p IIT Erit AhŽse of .A.tit..e

JoTse EsIpino ! !-a

, Fej f ar (í-'-, 2 .e of the S3ecretaiajt)
Jcanes Eo Ha?~ri
K, Helritge:'.
H N, 'Ji ultgrn (i'.,dora-tor)
-Emilio A. Z;.?ticr..ena

Dr Du.rte reratloza
Dr 0. Poupa-
Dr H. Sa!guero-Silva
Dr J, , 3evir-ng-bus (C=lair.ran
Majcr General I Sinth

Dr
Dr

Dr

Dr

Dr
Dr
Dr

Dr13T

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

Dr
Dr
Dr
Dr
Dr
Dr
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PARTI CP.ANTS

Dr Ka, .L-xi, g-rSer
School o-f Phli- inzl irleapy
- lo, D%115,ay
(Chairmn of he SessIo -
on Biolor£ial A.%miOts3)

Dr Dor.nld - Ba-rron:
Department of PhysloLcg Y
Yale UniverFizty School of Medicine
Nerw raven
Cornecticus-t4 USA

Dr Clark Mi, Blt.teis
Departmtnt of Pihic:=,1gy &ud Bpioph_.Ses
The Univestty of Tednessee c-.tic,l t-,its

Tennessee, USA

Dr Ralph W. EBruer
Wri&ltsville arine Blo-'»",tdical Ltboratory

Wlmzirgton
North Carolin, tUSA

Dr Elsworth R.o B'skrk
Laboratory for Iu.r Perforuance Research
The Pennsylv7eJnia State Uníversity
UniversIty Pa.rk
Pennmsylv2nif, a 3A.
(Rappoteur of th.e Sessi ons on
Ph1s4lo 1.,ical A.., ect)sj

Dr Elisabeth Carles Trochain
Centre d' Htertypoiogie
Centre NP.tIonal ce la Reeherche

Seientifique
Toulouse, France

Dr Edward Jo-n C4egg
Departm--,.~ of P.un Biology arn Anatcimy

The UnIvesityr of Sheffield
Sneffiel, En .Zl uid

* Unable to a tternd
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Dr Co Fra-nk Corsolazi.o
Bioene~retios DIviion
UcSo Ar¡y r .iedal Re.3earch ard1 utrition lbotrO.y
,itZciLons Army -Ho.pital

Denve?
Colorado, USA

Dr "R Cuz-3oke
Deparcais¿en"lo de G-l-etioa
Hosptal J1 J Agu-lrre
uLtiverlidlad de ;,h.l.e
Sartia;o, Chlile

Dr Cordon F.o D]e J,¡nig
Department of Soriology 21rnd fnthiropology
The Penr:.-.v.ra State Unlveisity
University ?Park
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Dr JorgE wsp£rloeVeia
Departmnent of Pedis.tric Caxdlo10gy
Natioral TInYitute of Cardiolo~g
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Dr CuttLn3 B, Pavo'Tr
Department of' edLical E2ducaSion
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Callfornaia., U3A
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Fnlyiologica1 eAspet s )

Dr PRobert F, f.rover

High Altitiude -:.esearch Labor-atoe'y
University of Mdoliodo :ldi-al Cernter
Denver, Coio- :o, USA
(rloderator of -,he Puiel Discussioa)

Dr Jamtes E.o a;ans. n
U.So ArSry Research Irnstit.ute of Enviro.nental

a.tiok, f'ssacruseŽtts, XUSA

Dr Dale B F~i-Its
Departme-nt cYf :clulogy
ThM3 Pernsb,.i Stiate University
University 'Park, Ulmy lvanzVia, tSA
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Dr Geof'.- ·` ,'S Harrison
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UniLvCersity r c: Oxfozr'd
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La Oroya, Peru
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,D-;.r.t . + of Medicine
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Palo Alto, Califon:da, U~q.:%
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'r Albe*rto. Hurtado
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Gi-rma, Perm.
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.r Frederick FR Kao
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.:aboratory for Humrn Pez orn-ree Re:ec.rce
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i'icLarel R.ee i{csp.tIal n a Míedical Certer
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I z1lno, I"a1 $

Dr z.--llo A, 11SrtieDrera
:!Lstiuto da EBiclE'o A'r~idr.
l.fniversldad dle S,-n ;vrcos
3.i., Peru
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Dr Ro*ss A, Moei'r!.rd.
Harvard¿ Scho ( ;-i o ,ofbli e Heat.h
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Dr a~nte Pea' lozr
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Ji[a.! Peru

IDr i.ilio Pic¢nE-Rlcagut
:nstituto de Bd oiia. Ar!ira
,Uriverid&ad1 de S2 5t-nrcos
I1ra, Peru

»r Ctrak9ar Pouip~
(Cehchoslovac Acaiemy of Scieaces
:(tsitute of P~Uvsico!og
>rague, Czechoslov~k!s.

Ir "-2alterar ;.rnii'*Je
. ohn~ Hopkiris .rivweity

't _ltaim , SMaryl1a-, ISA

Dr SId Robi;nson*
DIpartrent of Phsiiolcgy
mi >i sEa University

f;lomirton, Indr.iat~., USA

Dr H, Sigue roIS1iva
1 t tora! Inst--itute o OCeeu. tlef1 Hea-lthi

. sPz, Bo301!v.la

Dr Johs. W. Yer^ÉlB^;s
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Uníversity of Caif.o.i"a rdic:1 Center
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(CP. trga Q 'c le S¿ S:iou on -? 1th sSCnt3s)

tlajor Gererai ILrder SinFrh
¡lediScal Corps
!n;eIwt y D of Dien.ce
lewg D)elhi, /~rla

N

. V ~,,le to attPná·
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