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: FOREVORD

The UHO/PAHO/IEP Meeting of Investigatora on Populaticn Biology of
Aititude was held in Vashingten, D.C., ab the Headguarters of PAHG, from
3317 Novembar 1057. A

The mseting was cpered by DrL?oruitz, Director of PAHD. In
address Ur Horwits directed attention to the mulbidisciplinary noture of this
meebing and esphasized the importance of gyntheblzing the Imovlsdge on alditude
adaptaticn already available in the different branches of sclence. Man haus
te be studied as a whole, as a complex biological ang secial entity.

Enowlaedge npbout the nechanism of inderestion beluasn man and bwis enviromeent
i3 pscessary to understaand the pathogenssic of disease so as te doprove
praventive and curative techniﬂuequ‘ -

Dr Felfar end Frofesscy Baker emphasived in their introduchory renurks
the contribution cf altitude ressareh to knewledsze in human biclesy and alao

i1

to solving madical provlems of genersl significance,
Tre 5C participants {S”“ . 32 of this repori) dissussed the 30 working
papers witech had been prepared and wrich were presented by their respscetive
authors (see Agenda p. IV) during the first %o days and on the merning of
the third day.

The papers were divided into 4 toples ag follows:-

1. General hgpacts of Adtit tude Biology

i Phy81olcglcal Adaptation and Agelimatization to Alititude

3. Hugen Biology of Altitude Populatiocns

4. Health Aspects of Altitude

The Chailrman for the first o topics waes Dr Hurtade, for the third

Ir Andersen and for the fourih D Severinghaus.

ok

The Haupporteur for the first twe topics was Dr Buskirk, for the third
or Harrison and for the fourth Dr dultgren.

+

& panel discussion on aliibude research feeilities and avallable
opulation samples was the n,xt item on the fgenda, Lr Grover was tiw

+

Modzrater and he asked fthe participants fec present a sihort reperit shout

e b U,
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and svhjecl material. The repsris wers ooelved witb
a rescamendation was accepted asg fio esiteblizhing 3 centre

“a

nitiitude resesrch in relation 4o man vhers this infoerpmaltion

2 ecmpiled; vp-dated end mads avaliabls to scientliats (mee v. 30).

Cn the aftaynoen of the thizd day the parbicipants were divided into

threz working groups (mee p. %1) to identify needs and opportunitias for
future ressarch with partleulsr enpbzsis on Sopics whers multinational

eollaboration i3 desirable.

The first working group dezli with phyziolezical adaptation and
aceiimatization do aliitude and waz modervaied by I Buskirk. The second

working group dealll with humen biology of aliituds populations and wag

nederated by Dr Hervison. The third working group dealt with health sspecis

of sltitude and wes mederabod by Dv F“‘L"Ea

Cre menber of thz Searsbarist was delegatsd as adviaar ho easn werking
group {(sae p- 31)-

Crn the last dey tho Rappuhfeurs vregented theip sesslon erO“uS and tha
research recammenﬂaﬁiéns i Sheir wosking groups to the plemum. Ths reporis
of topies 3 and 4 end the yesearch recommendasions of working groups 2 and 3
were agcepbed after wminor modifications. The repord ol the [irst twoe topios
and Bhe regsareh vesommendations of werking group 3 had uﬁ ba redralftesd.

The ney draft =epord and ressarch reccumendations were sunsequantly sumnitbad
cipants for comment and spproval by mz2il. Tasz repord on hopies
o

1 2nd 2 ard the sessarch recsmmandations of woritdog grous 3 are ncow fimalised
+ i

A3 of the conmenbs obtnined.
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WO/ PATIS/ 5P MELTING OF INVESTIGATORS ON
POPULATICH BIOLCUY OF ALTITUDE

Washington, 13~17 Novamber 1907

L. RSPORT OF THE FLENARY SESSTONS

1s Fhysiologzical Adspialion apd Acclimatizaiion te Altllide
Peopla horn at & nigh aliitude caﬂ pe referrsd to as beling

naturally acdélimatized. According to the évidence prasented the
native highlanders have & degree of tolerance to the altituds
envireonment not fourd iu those net born there, even though the latter
may have resided at altitude for extended time perieds. 4 study of
skeletal remains indicates that man has lived in the Peruvian Andes
for at lecsi 9,000 years.

- Physiologizal factors asscolatad with 02 transpsiy from the ambient

1o the tissues were dissussed, partiowlarly as ther affect residents

™
e
"3

at sltitude. It was polated out thaé the zlope of the 02 gradient from
alveslar alr to tissue is reduced at alititude. Compensatory meshanlans
opsrate to ensuge adeguiate supply of 02 to the tlssues., The relationship
between thess compenzabtory mednanlswis are only parkially known,
partlgularliy at ihe cellular level.

~resented oh populations naturally acelimatlized at

Data were
zititude vhe then moved to sea level, elther tenporarlly or permanently.
The avallable avidence Indicates that tihese psaple retaln a characteristic

hysiological identity, no matter where they reside thersafter. There
= -



88 diflusion of 02 &t variots levzls of C

my b2 anslogous affliction to chronic mowniain sickness, novely
ghronic sea leval slekness; this, however, is speculabive.
Chronin mountzin alciness, reported In Scuth Awsricsn meuniain

duellers, hos not kaen observed in Taddlan soldiers or in Sherpas

I

of the Wimalayas. Regrzsslion of sltidlude induced changes

altesr roturn to sez lovel were different in the Indizon sSoldiers

than in the Andozno deellers. Rizht ventriculsr hypertrophy acd
centrel blocd velume wWore redﬁced and arterisl maturation ineryased
23 expacted, but Lthese chansess ook up i iwenty uwesks Lo e complete
in the Irdisn soldiars. Oaly versiztencs of rig
was reported In Andoan residents wgving %o sen lavel wbereas arierial
saturnvion returnsd to mormal sea leval values within fwo weels,
Ble?atidﬁ in mdronary arisrizl presasurs ocLurs LDON A8ednd
to altitude and persisis during the tioe apent 2t 2litiiude. Pulmorary
&r@erial pressure is alze elsveted over sea level voluesd 1in high

altitude disellsra, Adoinistralion of 0, 23 well as sovanment %o Sea

2

leva) eavses provmt rodustion of those pressures; howoedr, tha

o

o

peehanisrs respenslible ars unkooy

Mazimal work canacity at eltitvde is limited, ns evidenced by &

reduced maximal 02 Intake. Less intensive efforts, evsen thouzh

Y

pralenged, do not appesr iopaired. Delivery of G, to tissuss during

r

parformanse of hord work invelves many factors. However, the limiting
faetors Temaia okscure- More Infermation ls regqulrasd on sugh questlons

o tramsport, the relatliconship

ht venirieulsr hyveertrorhy



of the elevated hewmztoerlit to puimonary and peviphsral perfusiong
alterations in stroks vsluﬂe, increased fapiilarizellion of tlssues;
and oxidative proceszes at the tissue level. Lithle is Xncwn about
work performance capebllities of wowen, children end the aged.
Information or nuiritiopal ztate, physical fitnsas, and existence of
p.gnD‘G.v is npesded in order to intervret chszrved work performance.

It whb emprasized that, In studying exercise capacelty In people

ey

gt various altitudes, ucr¢a"a 1 pethodolezy be uzed in ordpr to

achisve 2 valid compurison betwzen different populatlow groups.
The eff'ects of hypowia eon the nervous system are poorly
nderstocd. Deswuite the fact that 02 conzumplion of the brain rerains

constant when arisrial O sontent varies, It Is pessibils that changss

in artarial PO,

_.4

roduce subile changes In the responses of the

ko

central narvews system.  Trere s2re practienily no methods for delecitlng
suspested lmpairssnt sliikough enanges in light percepilon ard in dark
sdaptailon may provids imporient cluss. Psychologiosl evaluatlon

of indigenous populations amd newcomers to altitude Is possible if

4.

L]

appreprizte tests z2ra dsvealop
Alterations in ciet, espealzlily wilih elevated.carhohydrate contant,

"

have beon suzgested &5 possibly bensficial in the weelimatization process

L

end for relizf of ascuite mounisin gickness, dut conflrrmation is required.
Similarly vitanin requlrensats may be different ef altitude but

this Ime nel proven satisfzacsiory 2ither.



The quezticn of regulation of fluld hzlsnce waa ralred,

particwlarly of thoss ascending Lo of wturning from sltituds.

The rediztrloution of fluld ard electrsiitaes awong the varlous
fluid compartments seems o play an important role in acelimailization
to sltitude but the underlying mechanism iz unkoown,

Exparimental resulis ware presented which suggess that the

sensitivity of the respiralory <hemorsceptors to hypoexls Ig diminlshed
in irdligesnous populations of the Ardes snd in Sheroas ed ine. Hlwmalwyas.

is oot elear whether the diminlzhed resplratory responsgs

ot

However, i

to low O nsion is comzmon to 51! residents ai nigh zltitudss ang

P te

what the gzaning might bz of this apparent loed of ssnsitiviiy,

f1.e. does it reflact adapiation or detsrioration. SimilsTiy,

related ventilaiory drive mechanisms during rast and woek a2t altitude

The:im;dr*=n¢a of blossieoroleogy En the physlologlosl and
cilnlaal iavesilzations 3t nigh altitude was emphasized. The greup
felt that in many 1nvest1§ations the an&lronmant ras hesn incampletely
geseritad. This may parily ﬁg due to lanck of zuitsble egquirpment for
regording of, metserological parameters under axirens condlitions of
high altltuds. There wies snough recogaiticn of the faetl that ithe
effective factor aht aluitide is not only tﬁe reduced partlal pressure
ol oxygas hué *he enbtlre physical enwircnreat charachtsrized by

meteoralenicnl and blometeorsiogical paraneisrs,



.G -

e A e U S N T, A e Tt T

2. uman Bi‘n!ag;* ¢r Altituce Populaticns

Ta this sesslon 2ttzntlion #sas Jovussed on soroe of tThe curpant

rezearon whish is in rreozreéss on praoblens oF husman variaticn in native
high aliituie porulaticns, sspetially that conesined wlih gereiles,

physiolozy, developrerniel Tleribility, feptiliity, miowit and ageing.

el

£ this work is rpot only imporian

L
]
et
T
e
&
]
Q

Tt was wideldly apnreciste

to the study of alititide per se bot hias rajevance to gencral asnackbs of hoamas

adaptanil tyo Iy = numtar of ways varletions in altiludinal envivonmaris

afiord fw.:x royle eircumstancos for studwirg the interasotion botwesn

environmaniel and pauriie factors in the developrent of human

By means of studicss In Bthiepia,. vhers poputdationa at hizgh and

low sltituge ave contizucus. 1t has proved possible to contral for

genatic varielby., ang deronstirale that envirvormental veviation la

¢

altitude c2kn produce directly, even In aduld Ljdecxu, nou only

=Ygt ad physinlogical differences but also many oﬁphclogical chenges

&3 well,

Thare ars noyw considarable data avallebl

w

on the physical

1

o)
s

characteristics of Andeas podulaitlons, Som= of thess populatiens

wnleh are axposed Lo uniouz ¢onditions oF altliude sitress a?Ls‘ﬂ
exeellent opnoriunitiss for human biclosy invastigations. Marthermors,

the geneiie structure of theze populatiors elten provide favoursble

eireumstianses for analvzinzg the Ilnterenticn vetwesn various evoluticnu

[
Fy

foro=s,; such as gzoe Flow, genstlieo drifi and rutural selection.
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developmantal patterns that characﬁe;iza 513 high altitude populatlions
shotld be rewardiinz.

There 1s also cleay evidence that studles of ageing im high
altitude populatlous ars dsserving of attancfon, pot cnly for their
ovn intrinsic interesi but also because these studles nay help to
elucidéte mare geperal problens in gerontolegy. Sueh, however, is
the dearth of demographic information for altitude that little is
known abouﬁ 1ife ezyectanéy ard longevity in most nigh oliitude
populations‘whéra noen-Jiterate sceisties are of 1ittle hﬂIﬁ‘in

deterinining the age of subjzets. These latier diffieulties not oniy

43

handicap demographlc studies but also present problems wo the

sceiologlieal o5 well zs blological variables in any ecclogical

study, 1t can be sirongly argusd that parallsl animal experizeniation

-

is ofven desirzble. Tne Ethieplen studiss on the ganetics of man

at aliitude arose Clrsctly from laboratory studiss en tempersturs
ard baromeirie pressure effects on the grewth and functional

development cof uhc mous@. Furthsr situdy of aniwals urnder comparable

elimgtie regimens net only may shed light on components of humen

adaptebllity but alss mey be of praciical esoncmic value, especially

when such a study is performed with demestlc animals.

0f some generil imperiance te &ll these perticipating in this

- sessicn were problems of sar lirg and the o f ecntrols. 'The



human blologist, In his concern with the origin, development and

causes of human variability is, by definiﬁion, inveriably desling

-with pepuletions from whiech he has to sake population samples,

The dangers of Introducing bias Into selection mrocedures were
recognized; It was {elt thet for IRP PUrDOS2E S0WE detailed review

of this probklem vas urgently requirﬁda‘ Howsver, It was alsa appreciaitsd
thet there was no ecategorical answer to this sauwpling provlem.

Ususlly the nzature of a sample is dictated by the particular

probvlen under conziderabion.

3s Health Aspects of Altitude

In this session importaﬁt ned observatiocas were presented
regarding elinteal and physiclogic sbnormalities arisinz as the
resuwlt of acute anc chrenie exposure to high altitude as well as the
effeat of nigh altituderupon'diseasa states comzonly otserved at
sey leval.

Tvio inveétig;;urs reporte§ studles of acute mountaln siskness
in healthy young ixn sublected to razpid ascent and to heavy exercise
at elevations of 13,400 £t. ard 15,100 fto Ssuploms were established
by questionnaire or elinical observation, Interﬁal;acclimatization
at an 1ntermed;ata aititude reduced the incldence and severity of
symuptozs in both shaxlies. Prior shysical cordltdoning did not reduce‘
the Severitf of zzuie mountain sickness bui in one study rhyaleal |

performancs o thz third day of sliitude exposure was_improved.



CAcetazslpnide reduced the incldense earnd ssverity of sywnboms busb

rasting erierial ozypen tenslion was not significently alieprod.

mxerelne perforimnuce was not impairsd by sceiazolamide administration.

Th ig spmarsent that the zxsct washanlism of action of the drug in
&nﬁ"!im\'ﬂﬁr" sumphonms Is unicwwas

Importint c;f‘.ﬁ.cal problems in troopa hrought rapldly $o
altities of 14,000 to 3.8,,@0 te In Todis were deseribid with
artisular raferansd Lo asute meuntain sicimess, high dlvituds
pulmonary edess (HAPE) ard high albtitude pulmonary hypevisnsion.
A markad vise in pulmonery blosd velume ocscwrpsd in the first faw
days st high aluiteds sssoviatsd with & decrsass la cardise cutput,
alevwation of pulzoniyy arber" rreassure and no changs in iaft strial

presasurs. The valus of diwretics In the prnvonilon and Trentmony

-

of seute wounialn alebns and HAPE was erxshesized. LTEEN Was

[N

Irequently L-}Lm:a o BE

(’:

not bs accomsanied by any sizaificant vizs in sviarial axygen

saturation. Cavebrovazsular ascidents say occur as part of tho picstuer

of meute mountaln sleknzar hut late cerebral anglograns may bs norral.

Cevabral edera Gith 2a clevallon of cszrebrosploel fluid oressure wes

frequanily ensmmtered, Chranie mointaln siekness wWas not ohssrved

narfensive In the trsatment of HAPE and muy

a
=

even after 2 %o 5 years of altituds exposure. Indizanous hlghisiders of

he st grep oerxnibiled o high caxdlze outret;: a2 rorsal pulmonary

vaseular resisiinos r:;-.-d o“.s.y sli L pelzeyineain, Thess data aye

wmugual sings they are at va“msce with stwiies thet have boeen oviens

o
aF
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made in the Unitcﬁ States arvd Peru. The reason for thls variation
shiculd he exomined.

The hemodyusnic featurves of 9 paiients with chrenie mountsin
stokness atudled in Porv ware preseonted. FPulmonary hyoertension,
arterial unsaturation and marked polirveyihemia uas obssrved, Fllling
pressures wasre normal. Systenie disztolice hypertension vwas commoﬁa
Pulmonary artery pressure was rapllly lowersd on d2scent o sea
leval. Hemodyrariic studles have bena made in & addlitieral patisnts
with HAPE and the Inecreassd pulmonazy vaacul%r resistance
in patent dﬁctus arteriosus at high aliitude has been cbhfirmeé by o
hemadynernie studies. To daﬁe en'y & small number of patients with
chraniec mounialin siclkess have had complete hemodynsmisz studies.
Further similar studles are needed to understond the sbnormal physiciozy
of this important high altitude dlseass.

An fmportart clue to the cause of chronle mountain siclmess was
previded by the rspori of gtudies c¢omparing the resplratory responte
& hyroxia in ﬁerscaa born at high aititude and at sea level., Sublects
boern at high alticuda have 2 diminished response to hypoxia whiel
peroists for way years after they move to sea level, Similar
persistence ol a8 1iminlshed hynoxle response was observed in ses
levpl ohlildiren why are bora with conganital heart diSease wnzch.
producer hypoxia “rom birih, Late sucgical correction of the
gardiuq defect doss not alter the diminished responsa. The data,

therefore, suggest that this 1s not = genetic defeet despite the
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rrevalence of this characteristic in the highlard resident.
Another paper listed the following eliniesl azbnovimalities cccurrisg
23 the resui of agurie or chrenie siposwre to high altitvde: 1. Agute

-~

dema. 3. Subacule

']

mountain sickness. 2, High altitude sulmonary e

£

mountain sicimess. 4, Hiegh altitude pulmonsry hyusertension,
5. Chropic morntein polyeythemla. G. Cgronic mountain siekaess.
currant, resesreh on IAPE was discussed. Pertinent clinical e
wilew may provide cluss regarding eblolo: were progented end the
Impartant hemadynanic cha.ﬂatéristics of the syndrome w&ra revizuwed...
T+ was snown that an important festure was the elevation of pulmonavy
artary prezsure wlthout & rise Iin "uedge” pressure. The sarly stage

¢f BA"E app2ars te he an elevation of pulmonary evtericler resistance
arxxl a disturbance of the pulmonary circulstion which results in an
“inerzissd gradient for oxygen bebween the alveolus and arterial blood.
A posslbif nenedynamlc model of HAPE Qas suggested in whlch overperfusion
¢f pen-ohstrueted portions of the pulmﬂnﬁry vagauiar bed may lead to
an elevation of puimonary capiilary pressure and edema proaductisu
witrout elavation of pulm on,- venoug or left atrlal pressune,
Fulecnary edemz in puimenary esbollsm may oceur under simQar
clreumstances, Ih'is clear that further fleld studies of the
epﬁdem&olegy of HAPE are readed since 1t is an important health hazard
to troors and travellers to high eltitude. An EQAmul model is urgently
neeﬁ;d to permlt inflorsmative eiparimenis.

-

Experimentz’ studies of the sffect of accllmatizailon upon ths
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gbility of the heart to tolerats caymen iack‘wsrg reporied,
Acelimiized hearts retoversd more repidly from aeube oxuygen
deficizney and ghoved less necrosis of the myosardium following
inleation of isoproterencl than eontrol hearts. Eyaglobin wﬁs
increased. The meehenism of the Inereassd resisisnse to oxyman.

lack or ischamia is not elear but Increased vaseulariiy or intraceilular
encyme chanoes could e Iavelved, Tiese daiz arz relevent to the

low insidence and benign cl‘fdeél picture of ﬁyceardial infirstion

g% high alititude.

A nigh incidener of patent ductus arterfosus {F.D-A.] and of
vanhricular and atrial septal defect§ In school childyen has besn
obs%rveﬂ at high aliitwle in PFeru, The hlghzst Incidence of P.D.A.

15 sesn ot the highest alvitude, The incidence of vapfous non-cardisd
ccngen;tal'malformations in the pewksrn infent is higher at high

alt;tudan Furthaer stwilza of systexnls blecd pressiurs at high altiitwde

have Bzen wids, Thosa porm alt s=a lgvela 1ivinz for B to 1% y=ars at

high =ltlitule do rot show the uvseal viss in systolle pieusurs witﬁ advancing
aga, rathey thay grzduaily spprcach tha lnwe? levels seen in high

altliitwde popwlatlions, Systemlc hyperionsion In high 2ltitude duwellers is
raraa. Cororary disease at high slilitvxds is rars and no dasins frem
ayocardial infarciice nave baan obasrved, Eﬂdvrast alone in the frezatment
of.HﬁPE was fourd to be accomrarded by alinica] recQVer in il

consecutive patients indicating that this fastor must be considered ir

the evaluztlon of any therapy Ffor HAPE. Theze atudies provide'further
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data damensirating the striking rarity &t Lizh aliitude of two
of the most common dissanas affécting the sgé leved dweliler - hizgh

plocd prazsuca avdi coronary artery digeats. Turther studies are cleorly
neaded to undsritond tha rmchani°"ﬁ fovolvad,

Mediesl) and surgiecal ousevvat*ans i & compnny hosplital at 1 oo M

in the Peruviun Andead were sumverized. Surgienl closure of patent dustus

(’;

arteviczus 445 “veguontliy performed . Wourd healing and eallus formation
appesred Ly be ore rapid than at sez level. Luleaothramho is ard

pulmsnary erbollsSm were ravely seen. Gastric ulcer was more Trequent

then ducdenal -lcer. Dair on gastely analysos ere belny collested.

P
n
1]
W
ot
)
0]

Velvulus of thy using boval cbetrustion is Trequent and

mxy ke due Lo 1 lavge mesentory. It is susnsoled theat thils mey he
a genetle def ¢t of the gastrointestinal arsten.

A hign Incidence of pulmpnary hyoertansiov vas cbaorved L matent
duectuz arte:iosus and adrial seplal defect at a large c#hiiaé iratliuts
in b 3xico {ity. OSimilur observaiions have veeviously been made at high
aititude :a the Uulizd States ard Pevu,

A caport foom Dollvia deserined elinleal atd laboratory stodies
perform: d in pausienis with pulmonary silicesis which is froguently fourd
in sdn.rs in thet 2rea. Beeanse of the high m_uitu the characteristics
of tris d¢spgge are diffsrsnt "rou those obssryed at son level.

The chservations suemarized 1o this rossrt imdicate that a large

nrher of unique health rroblams oceor at high 2ltitude. Manv reﬂrerbn

ommon dissazas that are Townd at ses level but which hnve a differont
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inciﬁa:ce of veriable features at hizh a}tituaeo Soma &re unigue
to high =ititude. In soume arﬂaé of research different results have
beon obtelned by groupa of Investligators in differont zaris of the
world., Varistlons in mat aolcg have heen uszd in studles depigned
iuvnstig@te stmilar problems. Intermetional céwordination of effort
iz imlicated to davelop methods of detection, preveniion and
treatuent of high altitugde disexse, Situdics of the mechanisms

of modifiecatlon by high altitude of diseasze siates comouly

'-u'.'

seen at zea level ave ngadeﬂAtb provide more inforraiion about
the pathogenesis of these conditicns‘sc that prevenitive ang
curative measures can be ilntelligently armloyed.

It was 2ls0 clesy Trom tha discussions al this mesting that
systematfe investigation of several critical healin prohlems Should
be carried oul in several high eitliude aress of the world vsing
a similar methodelogy. Situdies 1n India for example suggest that
many'of ihe madieal prcnle_e mucountn"ed there are qulite diffezrent
from those obzerved in Peru. Tha assumption that obserrations
made in one high altitude area of the worid are appllicable To
all high altiiude reglons is equally invalid, This is an important

opportunity for Intsraaticnal co-overaticn and collaboration-
4

-

to



B. RESEARCH RECOMMEIDATIONS OF WOAKIID GRCUIPS

o~

1. Physiclogzical Raapfation and Reelirstization o Altitude

g'.-

Introduction

Several siudi:s b»ve inﬂicaued that there are 5muqrt&nt differences
insa vériety of aiructural and funeticnal chavacteristics owong people
%ho esn be identified as: 1) highliandsrs for many generations,

2) loulanders nzelimatized o altitude, 3) new arrivals aib al titude,
1) nighlander: acelimatizod -to sea‘level, ard 5j lowlanders.

It 1s not clezr whal these differsnoe

31}
i
=

esNl.  We do not know,

Tor exzmplie, whether these differences relfleet slimple adaptations

‘to a new awvlrenment, or ave the reswlt ol selective adapiive

LrOoessssiy o evan, lp nore instanues,; are detrimoentnl to t’f*e individuale.
Jor the vere thon 25 mdllicon reople wno ned live at hipgh alilivde,

ard for thosé e wlll wove thers,the most inportant ares of altitude

onye-.ology 1s ithet waleh hes o do uith ﬁatura

}_l
e
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)
]
K=
%
=N

aevcdmatization., Stixdy of these preoessses shouid direct particular

)

nosexes, of il

i

atrtention to the fuunitlonzl adapiatlisn of pocple of bo

i

wes arnd of hthose 1iving wmder differaat workiang conditions.
Of lesser importapce o huran populations 25 a whole 15 the
study of the asule adaptative zechandsms whieh are of conegra to the

mach smaller zroups of people moving betiw=en high and low altituds arcd

for whom residence abt higr altisuds is usvally brief,



a, Fhysinlegy of Eveecizz and Vork Uscaeity at Altitude

Thare are, at present, & number of hwsn popuistions atb
various levels ol altitude who for many gensrailons have lived amd

worked while exposed to low levels of ambisnt O, content, although they

2
have net necsssarlily beesn axposed to gontinued tlssue hypoxiaq
Tha physical perfommnes ocapasity of these populations in not
aﬁequately established,

Studies vere suggestad on3

1) The basic work capacily of highiunders

2) The razizum oxygen consumpiicn of sltitude popllaiions

3) The metadolie response to work in various bighlander pomulations

B) The offect of pge and gsx on work cupmeity in altitudas
populations

5) The rolationship bebtywzen heart rate and oxygen consucpiicon
in indigencus highlanders.

be Altitule Limits for Acslimatizatien

There is & nsed Lo spenify aliitude bolarmnce limits for humans
and othar animal speeles. Th2 tomporal cuintenance of normsl funetional
intezriiy of organ sysiems, beonavioural setivity, and physical and
mental performancs showld be evaluateds | -

¢. Environngntal Factors

Studies aré needed to determinag the sizallicanse of znvivoomertal
faetors other than hypoxis in altitude soclimstization such s the climatic
cohditions gnd the sucic-ctonomic environment. |
d. Respirsiion

An jimportant ad#ptation of thz veslidsnt tc aliiltude, which 1s

different from the lowlandsr, is his puleonary ventiletery raspense to
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The native highlsrdar 1s relativalr less sensitlvse to low levels 05-02

different concentrations of both 0. or 602 in the air he breathes.

in alveolsr 2ir then is the lewlander., It is not olear whether this
dacresss in the watlve highlarder in sensitivity t¢ brasthing low
concerttraticnz of 02

Analysia of the Important adapidve regpiratory prneesﬁ should

is an advantagz or 2 disadvantage &t altltude.

inslude study of: oge and sex diffesenees, nﬁﬂug&ﬂgical feotors,
acid-bnue f&ctoﬁa,qchemcrecephor,sensitivity and thresholds, &% wall .-
85 tissue masponses to hyposin, In addition it would be of laoporiance
to study regulation of rentilailen during the parformancs of physleal
work at aliituds and during slesp. Sleep and sasocloted perdedie
hypoventilation &3 well as pericrrance of haxd exeralss, inerease
hypoxie exposurs.

e, Clrsulatory Meohanisms of Altitude Azelimatization

Alihovgh eireulatory responses ip man abl altitudes havs reselved
more study than other physislogles) respooses we do not lmow the
eriteris upon wnich we eould advise healthy peogle whether they should
or should not iive at high altitude, or at what staze of morpholegical
ar fureticnsl alpérations they should move to low altitwde. The
folloumilng arcas of investigstion ere of imporianes fto ansusr this
problem,

4) Epldemiclory = Mush needs {o be Xnown about ths prevalence

gnd ipsiderce of cardiovascular disease &t aitisude. Erological

factors-othgr than sltltude should ¥e i{dentiflied which affact normal

[



-~ 18 -

sardize Puacticn i nignlanders. Iu 2dditiczn, we do net lnow bhe

eireulztory response to shysical work at different ages.

P

B} fLurdias Husels Melebolism -~ The basie imability of sardiae
musele to work undsy annerebice conditions mulkes it vtﬂ,nera‘_.}le o
hypexis induesd Dy high work leads at altitvds, Pefore eptimal and
meximal levels for work sb aliitude ecouvld ba vecermended furthe;'l
stuwiles afe neCEESSTY U coronary bl ood flew ard ezrdiac rmuscla

metatolism duriry work aad rest at sltitud

'
1
’.'.
{ete
o
t3

b
5
w
™~
&
I
vy

.n
A
rq

0
f‘.‘_\
i

B
0
K
for
r_f
}..f
o
F
b
ot
")
S
b

£)  Mievscireul

enagtorotic vaseulzsprity in gardize or skeletsnl cusele 1z an anatomloal
featwre of the sezlimstization prosess reaeds further stvdy. The
neEsible role of ohangss in the misrociroulation in the developwment

- M. ES - ]| . - - —
2EG25ES has now besan datarmined.

[

of ehvocoie myvnizin s

D} Pulmoonry Hypertensicn - Lovgitidinal ohsarve

in hignlardzra who devalop pulmwnuary hypsriendisn and right heart

b

hyoarboopny. Cobhbrel measuremeats are needed that cover both sBeXss ang

z wide =gz rurgs. Spaoelzl study Lo needed of ths fielors which lead to

amtion lg n2eded on the expacied

f
!

i
—
3
H
]
a
o
hw
)
73
f
I'é::
C—
A
1
2
o
3
[}
:—s
£
:

cnanges in cardlze Iycamics 2t aliitde. Tooluded under this heedling ses
shssrvalions oo cariiae cutput, cawdlan work, peripheral reaisisnce
heart rate, siroke volunmg, Dlocd preszur: a3 w21l 38 the 1ole of shangss

in blosd voluns, hermzieerdt levels svd pulmcnzry eireclatien, wiiltiguing

of Dlond flow through vital crgans undar variosus oeordiiions at altituds

r’ﬂ
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iIs alse zn ieportant area to Te siudled.

f. Celiular and Tissus Hechenism of 4ltitides Acclimmtization

Thae hicchemizal mechanisres mderlzing ﬁigh altitude
aq?limatizatioq:are inadequetely understocd. Respiratory end
vascular ada;ﬁgtians o 2ltitvde ovhich perelil an adsguste dellivery
of 02 and removel of meinbollies at the c2llulsr Jevel ﬁﬁring rest
may not bs adequete For sustaived hard work by heslithy men, or for
that matier, sedeptary life in the elderly spd infirm. There is
e need to determine the adaptive processcs ah inge celiunlar level
fn the highlarder es well us 1k nswcomers to sltitude.

We need to kmow what role 1s played in these cellular respounses
by changes in the azount of wroglOLin, the nusber of mwitschordria
_and the capacity of the eytochrom and elestron transpafting systémﬂ
Hore'lnforuatian 18 needed on pozzible aéaptive inereasas in enzymoes foyeuring
both aerobic aad anmercble meiabolisn. Ve nged to know the degree to
which rate-limiting ﬂ&uréhumoraiwendocrine mediators affact these
‘eelluiar funeticas., Ard fically ve need to know whether genetie
factors are oreratlive In the adapiation at the eallulsr and .
subcellular lsvel-

&. Other Aress of Altitude Fnysiology Regulring Further Study

It became aprarent that the knewledge availabie 1s 1ngdeqpate
concerning rutriloral requlveisents of these with netural or acquired
geclimatizetion or In those ecutely eiposed to alﬁitudeq Further
nutritionral ard metabolie stwdies arg weeessary to esisblish dptimal

nutriticnzl zilowance for high altitude residents and for those uwho
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wilsh to reside at altitude.

The ;‘actars regulating redistribution of fluld snd electrolytes
‘ameng tne various Siuld conpariments ueed further zlaboratlon.

In the long-time resident at sltitude we nzed Lo kiow wore
about the p-ossih;e role of adaptive tissue and vascular vesponses in
the agelng process. It ié alSa- possible that high a;}.ti_tmie residence
hes an effect on man’s Immunologlcsl resporses and on the types and
frequency.cf infections tha‘l“-l hs harboursS.

The sequentlal changes which oceur during the perled of
aduptition of the newcomér tr; hig_h. altituie ara pmi-ljr rund‘ergtc;ocic |
Acourate time tablss are not available that show rate of edjustmeat
for each organ system Ineluding \fhe respiratory, caniicvascuiar,
digestive, erdoerine, reml and reuwrcmuseulzr Sysiens.

The tlme course of tha deﬁacclimtize.tic'm process vhould also
be studied particularly In those who are excosed intemmittently to
altitude, |
7 The working ércup suzgested that & hardbook of physicloglesl
values ne developed whilch uses starﬁardizad terminclogzy. A
sollection of data on normsl and abneiwal biologiczl values for

different zltitudes is urgsntly needed.
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“animals whleh cowld be applied to human pooulation studies,
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2. Husan Bioclosy st High Altitudes

The woreiny syoup censi&erf-.d the prehlens posed by the
biclogy of -hunml popul-atians living at high altitudes. They
concluded that as well as cizafac'ﬁerizing such pepﬁl.»:t.tions and thelr
adaptations to thsir particuliar envirenments. such studles eould also,
and equally laportuntly, be of relevance to many fundamental
problens of hwran blclogy in general,

I% 3ecns appropriate to present the yrecommandations for these two

approaches sepér(ately, although in practice the meihcds used and

. observations made will be closely sluilar.

a. The Characterization of High Altitude Populstions

. It was agreed io vecommend that using compositive methods of

-

approach and shepdandised procedures, joforasticn should be cbialinsd in

the following crtegordies:

A} Fertility srd the Compenants of Fertilitv 1) By demcgraghle methods;

11} Using wetheds in the repreduciive physiclogy of man and of

B} Growth, Development acd Ageing 1) Age changes and varfability in

charasteristica thought to be of zdaplive waiue at high altituds;

11) Age changes and varinbflity in characteristics relatzd to the
somatiz fltness of irdividuzls; 111) Sueh studies should not be -
divorced from the naoyehelogical and intellectual changes which ocour

during develorx\:.e:nt -

'C) Nutrition In all carses the mrtritieral ssscszmant of ths populatlons

studied should be mode in as detailed o warmer as possible, commensuratse

with the resourcses ayailable. Such sssessoents sheuld fnclude
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1) The nutritionsl status of ipdividusls; 11) Detalled

putriticnal surveys, where possible 111} Biochemlcal studles
. relnted To nuiritica.

) Scecisl Problesa Relating to Work Capoeity Foth physioclogleal

-

and puryenolowical metheds shouwld ke used.
=t -

E} ZEpidemicicgy 1) In all c¢zses the pattern of disgase distribuition

in populaiions shouwld be stoedled. ?here addi?ional damocgravhio
information Is available itlis hWignly importznt that more vigorous
epldeniologleal stulles should ke madej 11} Tt 1s of great importance
that demographic mathodé shuﬁld ba i&vélopeﬁ which would éﬁéblé khé
relationships between age, dlseasze and worbidity to he-ascsrtainedg_
F) genetles Purther {nformeiion 18 required om: 1) The
distribution of polymorphic systess In high altitude populsalivus;

11) The hereditabliity of guantitatively varying traits, particularly
thoge preaumsd to be edaptive In ﬁature; 111) Zeongenital defec;sg
espacially thoge presumed to have a genetlic compenent.

G) Genarzl In &2;1 these studies the following are esssntisl:

i) There is as precise as possible.an apalysis of &ll bilologlcal

ard phyaical aspaots of the eavironwent; i1) AdeQunteﬁprecautions
must be taken to ensure statistical representetion ard conirol
sttuatiors. This will often mean the study of lowland populations.
i11) The demographic kackground of the porulations under study wusy
be asecertalned in as great a detzil a3 possible.

_b. Altitidle Studizs in Ceneral jurea Biolngy

It was unaniscously agrsed thst the ECological.situ&tions of
nigh zltitwde posulations oitem alfford unigue opportunities for the

study of fundamentsl human bilology. In pariiculae the following
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pro¥ .z nreas can be ldeally Invesiddgnted.

A4) Davelenmonts) Plexfbility The determination of the rmgnitude
and hiolspiesl significance of normml envircumentally frkuced
TESEoINISS .

»

B} The Qometie Structura of Humar Pevuletions « Zape .,s.-ll*r as seen

in isoiated zroups, whare it may be prusuted that feeltors sush g3 genutic:
arift ey be cperative. Problems invoiving gene {low and ihe effecis of
gatective mizration m47 alse be en‘camﬁms%d,

©) Eatursl Scleschbion Of ths varieiy of ways ey wilek the problem

P the deiesvion of ::;a.‘tufal séleetim sy be m—»vo_mhfd P it '-”,L.' 'b:«:—ou-g,gm
that paortieulsr altiennion bh..ﬂ._ﬂ be devoted to the analyzis ol tha
comparative Pertiiity and mortaliiy of different phencirypes and,
whore possible,. gonotypes. Such investigations cowld be made most
apprepriately In 2oth stable high aitituds populaticus a_n:l in thosa
whlich kave recentig changed their altitude, |
D} @sverszl This desls ':ii”.hh furdanentel proplems of humnn blolozy
and is inrcmﬁ’lict with the objectivas of eantegorising the bielozy
of higr =itis u;i‘. ropiation, as discussed 1o {a}. However, i% doamnds
& lerge-zcals multi-diselnlinary spproszch in seléctsri arzas, in wshich
the w.ricés chwraeteris _.ic:s itemized ir (2) are me«sr‘ﬁi cn the Ts:.r:ﬂ

sub jects.

SR e



3. Beaith aspreba of hitliude

There 4s evidunce that “he iraidonne of lsehznle heart dissass
iﬁi;ig}“\ albrtude povdationy is lowsr than st zes level. Eiperinental
stuiies irdicnied inereasvi resisizocs o mecardlal peoercsis in

gltitvds seeliratized arn mnls. .A controlled epideniological study

of the iveddonce of iscemle heardt disssse inm high zliitude pomdations
will Te earixed oul vsilng sullteble zsa level coatrols snd standardized
techoigies of fnveni mation. Rigk féc:ters for ischente ‘hsar-t:
diigenie wil. b ev‘an.h..‘u‘f spd correlsted with necro nEy data.

fdantive veshmrdass. ¢f the heart o hizh sltltude partinsnt Lo aculs
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B. Dovelapr 0t of Proganstie Teesiz for Aliituce Sicknoss

It i= Juportant to oo able o ideniify ifrvdividuals whoe ave Lilaly
to devale; seuta or chronis mountaln siclmess op Rifh sliitude
puliBoraly aiers. Sipgle labovelery methoeds for ..ftmm_nirw “ha

srnaliti- 37 of the osrotid bedy and respiratery resnonses te varigay
ding Livoxia sheuld be derised, (ther sereoning tesia

aea lovel subjerts whe wlll later be exncssd

sioufd 32 svalizist on ¥



e, Opiceaioicgys T “"3:‘; sred Prevention of Figh Altitude Pulmooary Sdema

By mesus of guestionnaiies amd interviews the Irportance of facisrs
such as va-iscant, lengih of slay at s42 lsvel asnd slﬁw.uscent upan the
pozurvanca of HAPL will be assesszad. Rleld triales of prophylacile drups
using & Goukie blind teﬂhuz v will bLe ¢arried oui prefevn Dlj I tronga
in selected patients during the soute ?t-:tga 'Lh-:." i*.emw‘.y: ante erizoel of

salectad drues will he lavestizeied. Ventilavion-parfugion
= & -

"

charactevriatles will be =xsoinsd seQusntially In the soule sta w ardd

.

d. Ceogenital tuifermstions of dhe ¥swiorn ab High AlfTitude

il st S =

Proliminary studios nave zhown thet the iocidence of gougenilal

abnormalitiss of the hesart ard other sitructures is Increszzed at high

Caltitude. Uhether this Is 2 geoeiic abnormelily or dua tn zalevoal

hirpozis at » evitical stage of feval develormeat 13 no% Known. Sings

aternal hypetia cen b2 preventsd or mindmized, stwdles at nigh altizn

2

are {ndicatad. '2}- employing a shardecd, highly obiszsetive wethod 2f szaninsti

in a prespective study of newborn infants and school chlldren at sslested

Tevels of altity

l‘D

in £ilfsrent eoururins the causativ: (ackors cao b

eveluated., Uountriss to e included are thiss vheres bhe shoropriate foelilitizs

are availzble., 7The administration ¢f oxggedn o nawborn sheould bz eczrrjed

e.. Prepavation aof 3 Bood on Hish Aitltwmis ‘;‘:?s:ziicig«;;

Desplis tne facel that over 23 milldion veople live el altitudes of
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over 3,000 meters nw Infermuion regarding speeisl cedical prohlenms
at hizh altituda 13 a?'ilﬁﬁhleo The followiﬁg subjegehs shouwld e

prazeniad py a selecied zroup of physieclans zpeeizlisis whe 2re

[Fa]

exparienced In hish 2ltitude medicine 1) High altitude diseazes such
28 acute ard chronde wountain aickness and niﬁ altituds pulx;nonar:f
sdama, &) Mcdification by nhigh sltitude of diszusss wh_ich arse

eommon ut gea laval such as preumoris, coreonary discase snd zhock.

3) Acilon of diugs apd anaestheties that are moditied Ly high .. - .
gitituvde aush &5 vplates and smessthetids. 4%) Oooupationunl dizaqnes
&bt high altitudas. Tbe ook _should be orgonized by 2 single edifor-

Tt should be small, condensed end highly selectivs with a bibliczraphy.

It should be daslgnad for fregquent vevision. The ¢whasls showid he

on ¢l 21&111 pdicine rather than physioclogy.
f. Evalumation of the Effest of Pulmenery and Cardise Diseass upen

Cardio~r2apiratory Funstlon as Migh ALbtltuds

Pulmorary 'funetima ard hemxlynamic stulies shaulﬁ be car>lzsd out
In higs sltitude rasidents with ailicezis, stanniosls und follouwing
prosumanactomy. The wolrking capaeity of sush pebtlisnts should be
evaluatsd by approoriste msihods: Technigues of early detection of
irdustrial pulimcoary diszase at high altitude sheuld be evaluatad and
eppiiad to workers. .

E. Imotors £f7ectivg Bilizry Tholelithiasis In MNzilva Hig nlanders

Crelestoerel stomms are somne: .l; chsarved at high altitude wlth
probably a4 different sax in*ldeme than vSually observsd a% sea level,

Sines this is an imper.ant c3UZS ef hlmm the causatlive factors should



known {nformstisn eollected ragarding the effe

.- ”

= phudy should incluwle an invesitigatian of dtetary
hebiir i merum Tocdn ~F pehionts with proves cholelithiasis

cgmprred to ennt L ubiso U8 tieirg Io the same Aarss with oormal

he. Drig evlop &° & fT7r-ert Aititudes

Druc acticn 13 70ty signifleantly medified in the hypoxic
righ aliitude envivam en. - Toxleolty exy be enhonced ov dimlalshed -l

tne Therapeutisz effaslt wer be 2ltersd. Studisze should be made and

2]
o
o
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2

various sltitndas ia The world. Drugs such #s narvoiies, anestheilcg,

analgesics, opiates, pressor douge and cardlac glycosides shoull be

vl

investigated,

1. Vicsl Statistics In isleticn to Alvizude

Vital statdstios of @) are arrangsd Tor counivies sagordirg to
many categeries such as gecgraphicel loestleon put infarz%ticn regarding
the lnﬁidence of dilsezases o dzaths {5 not arranged according to
gltitide. Jueh inforrmation s necéaséry in ordar to deternine fhe

a@ffect of altituds upen the lacidasncs of dizease and mortality ard

«

efforts shouid be made to collect thiiz information Trow countries

contributing vital statistlies to WEC.

Jd- Funetlorsl and Tntellectuzl Correlates off Altitsde Hypoxia in
Children '

e
”~
Fee)
il

It is fupertant to dotermine 1f th valasment and function of

Iy

24 by the chranle hypakia

Ty

{
[
1,
i~
Iy
&

the egotrol rervous syshen 13 advarsel;



of high altitude. Sultable phyciclogie tests should be developad

T to guickly determine the degree of chronle hypoxia ia childraa.

~

Testz of s=airal nervous system fractions that cowld he affectad

by chronle hypoxix should be dssigrad that would be suitable

" far field studies. A piaunihg caé‘fs‘r nge ghowld be arranged with

the sppropiriate spsciali‘até to develop an eflective protozol.
Fisld studies should then be made in Yoru and other high altitude
areas on a trial besis. If preliminarr resulis jhstify eottinued

- - 3

stuly on a breades z2aln this should b carried out.

¥
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Lo This mesting domonstrated that co-operation beiveen WHD arnd
IBP~-Human Adaptability Zection 18 possible sed fruitful. It is

lwped that such co-operaticn will continuve and increase in workirng

wogether on such projecis gs recommanded by this meeling.

2. It was recommended thet the proceedings of this mseting

should be published in full.
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D. RECOIENDATION FOR A CENIRE FOR INFORMATION CH
. : ALMITUDE RESEAHCH T REIATION TO MAH

In omder to fogilitate commmfaniion aid research plarming
in problems »f man’s adaptapility io relation to altitude, it iz
sgreed thal a centre should be establishad.

Thiz esntre should fuifil the followirng functiocas:

1. Complie a list of existing rezsarch fscilities

2. Complle a list of secholars aeiive in eltitude researceh

. -

Inciuding their spécializatién and current aciiéifﬂeé
3. Keep racord of active research projects in the pertinent
sudjects
%, Provide infovmation on resuasi
5. Pfovide sush ssrviges as ere veguired for inprovitg communicoution
arong scientists In aliitude researech.
Such & centre should.be set up by an Internetional organization

suen as the VRO and/or IRP.

-
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