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MEETING OF INVESTIGATORS ON POPULATION BIOLOGY OF ALTITUDE*

A Summary

During the past two years, three separate international

conferences have been convened to discuss man at high altitude.

This may seem excessive in light of the apparently highly

specialized nature oS the subject. However, the rationale

for so many conferences is in major part explained by the

very important findings which have been emanating from the

study of high altitude man. One might select findings such

as the almost total absence of ischemic heart disease or the

aifferences in prenatal development, but indeed it now appears

that at higher elevations men are biologically unique from

conception through death. As this conference showed, we

cannot assume that human populations at high altitude will

respond like low altitude men in any aspect of their structural

or functional development.

This uniqueness, of course, offers an unparalleled

opportunity for scientists of any discipline to gain insight

into our favorite subject -- ourselves. With such a sharp

comparison we can hope not only to understand processes

better but to intervene in them in order to cure some of

the health risks from unich men suffer.

Tne goals of this particular conference were to review

our knowledge about high altitude populations in the most

interais-ciplinary manner possible and from this review to

develop a list of the most promising ana pressing research

needs. The results of this conference were to serve,

*Jointly sponsored by vvorld Health Orgarnizationl, U.:.
National uomnittee for Interriational Biological P'rogramme
and Pan American Health Organization. Summary prepared for the
Seventh Meeting of the PAHO/ACMR by Dr. Paul T. Baker, The Pennsylvania
State University, University Park, Pennsylvania, U.S.A.
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tnerefore, as a guide and justification for high altitude

research programs in the International biological Programme,

the World Health Organization and I hope also for the

Pan American Health Organizationo

The final list of over 50 participants from 12 countries

fulfilled the goal of being botn geographically diffuse and

heterogeneous in scientific aisc'ipline. For convenience

the research reports were organized into four topics.

These were:

(1) General Aspects of Altitude biology

(2) Physiological Aaaptation and Acelimatization to Altitude

(3) Human Biology of Altituoe Populations

(4) Health Aspects of Altitude.

Again for convenience ratner than with any intellectual con-

fidence in this taxonomy, I will Iollow this topical sequence

in reviewing tne conierence results.

General Aspects of Altitude riology. Funaamental to

any study of the bioloy of' human populations are the

demo6raphic ana environmental parameters. Yet, as was pointed

out ini zhe conference, we cannot specify either very well at

hirii altitude. It is esti-ated that between 20 ana 25 million

people live above 300u meters, but tfis is a very rou-h

estimate ana we have no idea oi the extent of migration in

and out of the areas. ilore importantly we ..o not have good

studies on fertility ana mortality althou3,,i some recent worK

strongly su~,gests that altitude imay aecrease fertility while

increasing both pre anu neo-nazal mortality. Demog-raphic

research at high altitude will certainly involve us in the

social sciences. ut the present time, no firm conclusions

about the effect of altitude per se on deiogjraphic structures

can be made because adequqte research desi-.ns have not been



applied taking into consideration socio-economic factors.

We usually assume that the biologically significant

factor in the high altitude environment is the reduction
in barometric pressure, but as was repeatedly pointed out

in the conference, the high altitude areas of the world are

also lower in temperature and in vapor pressure, while

higher in radiation of all wave lengths than most lowland

areas. Any research design applied to human populations in

these areas must take these facts into account.

Physiological Adaptation and Acclimatization to
Altitude. It was highly apparent to the conference participants

that a careful definition of the population under study must

be made in order to study the processes of adaptation and

acclimatization. This is essential since it now appears

that the length of stay at altitude, the age of exposure
and the genetic characteristics of tne individual all affect
not only his responses to hypoxia but also his responses

when entering or reentering "normapoxia". Indeed it was
argued bthat at least for the Peruvian high altitude native,

a move to sea level produces a series of life long stresses

on the inaividual not encountered by low level populations.

In assessing the information available on the various

population subgroups, it appears that the most complete

physiological information concerns the acclimatization

process which occurs during a short terra exposure of lowland

populations to hypoxia. Here the changes in the oxygen
transport chain have been carefully explored. However, the

neurophysiological problems and changes in the central nervous

system are poorly understood in part because adequate

methods are not available. Information on capillary ana

tissue changes are also in need of elaboration. Pinally
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it should be pointed out that information on the physiological

coasequence to this population of returning to sea level is

incomplete.

Our knowleage of the physiology of high altitude natives

is primarily derived from Andean populations, but even here

the samples have o.ten been poorly defined in terms of

genetic history and exposure to altitude. The other high

altitude population with long generational sequences are

the natives from India and Nepal. we also novw have some

data on groups from the U.S. anda thiopia who are either

first or second 6eneration natives to altitude. Unfortunately,

the two latter 6roups are irom rather low elevations of

5000-5500 meters.

From the evidence available at tuiis time, it appears

that these populations as adults arein many ways physiologically

different from the lowlanu mLan who is exposed to altitude

even after the lowlancers have been there for a year more.

To briefly review the dilferences as tney are known along O

the oxygen transmission chain, we may list the following:

(1) The PIeruvian anirAsian higa altitude native may have a

greater mnaximal O2consumption than sea leve± man. This has

been questioned by some since sea level athletes can match

the performance oil natives tested. Only more careful sampling

can resolve this question.

(2) Hyperpnea caused ty hypoxia was reported to be absent

in hifzI altitude nativas wLen PC0 2 is held constant. This

seems to be characteristic oÍ all people spending the early

period of life in hypoxic conaitions. It appears irreversible

tut more detaiis on the topic are obviously neeaed since

it has a variety of importan nhealth implications.

e
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(3) At all work levels, Peruvian high altitude natives appear

to have a greater oxygen extractive efficiency. This may

be related to structural differences in the lungs, particularly

a larger resiuiaal lung volume and to shiíts reported in the

oxygen cissociation curve.

(4) High altitude residents have pulmonary hy-pertension when

compared to people at low elevations. However, there exists

good evide-ce to suggest that the degree of hypertension may

be lower in the Andean native than in the one generation

resident.

(5) In the same nature, polycythemia characterizes all

populations at high altitude but it is distinctly possible

that the long term native in the normal state has a lower

de¿ree of polycythemia.

(6) At the capillary ana tissue level, our knowledge is

sparse but intriguing. It is well established that after a

time at altitude, the capillaries and small blood vessels

expand, but from recent work on rats, guinea pigs and human

muscle biopsies, it appears That the number of capillaries

per mm2 of muscle may be greater in individuals born and

raised at high altitudes. Whether this is entirely a

developmental phenomenon or also partly genetic reinains to

be answered. At the tissue level, there may also be differences

between indiviauals raised at altitude and those not. This

has been suggested by studies on rats and cows but has not

been investigated on men.

In this physiological resume, I have not dealt with many

structural and functional differences which will be covered

in the human biology and health aspects of altitude. 1 have

also omitted in general a comparison of the South american

high altitude native with the Asian because of the scarcity
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of comparable data. However, 1 hope this has been enough

to inaicate the paucity of data on the subject, its importance

and the stress placed in the conference on proper population

description.

Human Biology of Altitude Populations. In the human

biologists' search for the sources and significance of

human variation, high altitude studies are of particular

interest because of the obvious stresses placed on populations

by the lowered oxygen tension and other environmental

extremes of hi¿h mounitains. The metLiods of the human

biologist lead him to concentrate on carefully sampled

population units in an attempt to uncover both genetic and

developmental aifferences.

In contrast To the situation encountered with physiological

data, human Liolo¿ical data are more complete on resident

populations than on imwiigrant groups. However, it is

clear that the data presently available are quite inadequate

for all groups. In the andean region, observers have persisted *
since early Conquest days in reporting that imliigrant

European and Negro populations suffered in both fertility

and viability compared to the hi6h altitude natives. T'his

seems to be partially coni'irmed 'by the sparcity of iminigrant

populations above 3400 meters in tne ancean range, but

scientifically acceptable eviaence on tuis subject is very

incoiplete. As reported at the conference some work has

begun on fecundisy related factors in a group of males

exposed to altitude and fertility in a small group of im-

migrant couples. The data support the hypotresis of reduced

fertility but is based on too smaall a sample anr too snort

a stuay time to be conclusive. 1,or a wide variety ol re-aais,

research on this sub1iect is a pressing need. In the Antean

-6-
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regions, suitable populations exist in both Peru and Dolivia.

When such studies are undertaken, they should also include

analyses of genetic characteristics, growth, mortality,

disease, etc., since we have very little data on how alt'itude

aflects these processes in immigrants. The small population

in the Jnited Sjtates at high altitude is also highly suitable

¡or such studies ann it is indeed from this group that we

first learned that neonatal mortality is g4enerally increased

at high altitudes. The only recent im.mi;grant population

currently being intensively investigated is in Ethiopia

where studies are unaer way with british iE- endorsernent.

These studies are disclosing a numiber of aifferences 1roni

more permanerit high altitude grouws but because of the mejor

genetic and environmental differences betveen ijtliopia and

other high altitude areas, it seems unsafe to generalize t¡lese

findings until comparative data are available on other immiErant

groups.

A beginnin, has been inade toward defining the geLnetic

characteristics of high altitude men and it appears that

the Andean native is unique. It was suggested by one

investiator that long term populations in the andes have

partially lost genetic resistance to infectious disease.

However, it was agreed that a major problem at this time is

to discover whether the physiological and morpholo-i-cal

uniqueness of high altitude populations has a genetic base.

i\o studies of this nature exist except as based on population

comparisons.

The biolo,ical fertility oí' the high altitude native is

probably somewhat impaired in spite of relatively high

reproduction rates. Thisis suggested by the facts tihat:

(1) rubertj is reported to be two to four years later in
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high altitude populations than in comparable groups at O

low altitudes. This has been reported for three Andean

groups and one from the Tien Snan mountains in Russia.

These findings should mean a shorter time of pregnancy risk

I'or tihese women if menopause is not delayed a.nd indeed the

available data do suggest a late first pregnancy considering

the mating structure. (2) A high placenta to newborn weight

hlas beeil reported in natives at altitude and tris may produce

increased pre anu neonatal mortality, a sugestion which

remains only partially confiriied.

After birth, tne high altitude native clearLy I ollows

a dilierent Éattern oi cevelopment. It is reported that

physical growth is siower, chests grow larger, and the types

of both congenral defects and infectious aiseases encountered

are aif'ierent i'rom lowland groups. In all cases, it is

probably not saf'e to iaentify tne speciific environmental

or genetic iactors involved, but at this stage of' investi-

gation, hypoxia appears to be a primary factor in most of

tte differences. It was even reported tnat hypoxia may slow

psycIlomotor aevelopment ifn trie indean Incian. h,%ile this

was disputed, psychologists at the conferenzce were optimlistic

that miettilos for testing potenvial cdi'ferences in psycholo-iical

characteristics can be uevised. Reports on the sensory motor

ei'fects of short terma hypoxia clearly indicate the need for

1no0.e studies of tnis nature. II one paper it vwas suggested

tnhat the effects oí hypoxia ailc Gein-g v:ere similar on

psychtophr.ysiolo.-ical measures. 'uis was one or many suggestions

Inhic;i induceu tne conferees tc recom:hlmenu srongly the study

oi ageing at altitude.

In sunimary uLiscussions, tlie humcn Lioioists at Uhe

meeting abreeu rthat aiuhoutln know;.lecaie vas at this moment

e
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quite sparse, the available data indicate that in general

altitude probably had as dramatic effect on human populations
renarnS

as originally suspected, and therefore,,a very promising

direction for research concerned with human adaptive mechanisms.

Health Aspects of Altitude. The medical problems

encountered at high altitude are in many aspects unique.

Thus there are diseases which are altitude specific and

the environmental effects appear to structure disease

manifestations so that diseases common in lowland areas

are often rare while tne rarer problems at sea level are

sometimes common at altitude. There also exist some unique

therapy problems particularly in surgery and in the use of

drugs.

Despite a high degree of indiviaual and exposure

variation almost all indivicuals display some symptoms of

altitude sickness when rapidly introduced to altitudes of

4000 meters or above° These symptoms incluae headache,

lassitude, difficulty witn sleep and numaerous minor complaints.

A variety of studies indicated that the degree of physical

iitness and the use of some drugs may modify the development

of symptoms and certainly slows or prevents some of the

physiological changes common to indiviauals rapidly ascenuing

to high elevations. However, the most effective method of

preventing symptoms is a transitional exposure of one to

three uays at an intermediate altitu¿e of 2500-5500 meters

before proceeding to higher elevations.

In a small percentage o1 cases, the temporary symptoms
develop into a more serious situation of progressive

pulmonary edema or acute mountain sickness. among high
altitude natives who are returniing irom low aiLituaes this

rebponse is most common in young adolescents and ior all
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individuals it is a more likely response if extreme exercise

is undertaken within a short time after reaching altitude.

Several studies suggested that it is directly related to the

pulmonary hypertension common at altitude but there was also

the suggestion that a rise in fibrinogen may be the precipitating

lactor. The theories of treatment include diuretic drugs and

oxygen administration, but the majority of cases show spontaneous

remission with bed rest.

High altitude Andean natives also suffer the problems of

the lowlander if they go to low altitude for an extended

period of time and then return. In addition, some develop

chronic mountain sickness or Monge's disease which resembles

in its hemotological, pulmonary and cardio-vascular syndrome

a condition similar to that seen in extremely obese individuals

at low altitude. As might be expected the major diseases among

natives are bronchio-pulmonary and prognosis is generally

poorer than at sea level. However, surgical intervention is

usually successful provided that there is careful attention

to the greater tendency for bleeding ana the fact that sedatives

ana anesthetic procedures must be adjusted to the normal hypoxic

conditions of altitude. Occupational diseases such as silicosis

appear to have an earlier onset and there may be some differences

in nutritional responses particularly in glucose disappearance

rates.

At this time perhaps the most interesting finding is in

the area of cardio-vascular disease. Congenital cardiopathologies

particularly patent ductus arteriosus show a well documented

rise with altitude such that the incidence of the patent

ductus arteriosus is probably ten times as great at 4000

meters as at sea level. On the other hand, cardiovascular

disease in the adult is extremely rare. Reports from the

e
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Cerro de iasco region indicated a total absence of arterio-

sclerotic obstructions in the vessels and no cases of aneurisms.

They also report phlebothrombosis and myocardial infarction

to be extremely rare. A number of studies have now reported

that systemic blood pressure is low in high altitude natives

and almost never reaches hypertensive levels in older individuals.

There is even one study which suggests that systemic blood

pressures graOually fall in inaiviuuals who migrate from low

to high altitudes. As previously cited, some animal studies

suggest that the lack of old age cardio-vascular disease at

altitude may be directly associated with chronic hypoxia.

In summarjy aiscussions it was emphasized that only some

of the finaings on Andean natives were common to all high

altitude peoples and since high altitude health presented so

many unique problems, a coordination of research using common

mettlods is highly desirable.

In this brief summary of such an extensive conference I

have only touched on those points oL information which were

striking to me as a participant. Doubtless other participants

would have selected other aspects of the deliberations to stress.

This will te corrected since publication of the papers presented

and other results of the conference is in process.

Research needs on Man at High Altitude. Aside from a
review of knowiedge on the topic, a second major conference

goal was to develop a prospectus for the most promising research

in the topic. To accomplish this goal, the conferees were

dividea into three groups, each of which developed a document

describing the research needs in their area. These aocuments

were then reviewed and amenued by tne entire group of conferees

before final approval. This is rather an extensive document

but I feel it would be highly presumptuous of me to try to

select from it. The complete prospectus is, therefore,

-11-



appendec to this report. ás can Le seen, the quantitjy of

research recommenued is quite extensive ana beyona tne ability

of any single organization to support. Fortunately for the

tuture of high altitude research no such requirement exists

since the subject matter crosses the boundaries of basic anu

applied research, the boundaries of countries and encompasses

a multiplicity of scientific disciplines.

For the purpose of IBF endorsement a research program

aust be concerned with populations, must be international in

character and must relate to a pressing problem in human

adaptability. A great percentage of the research proposed

for high altitude fulfills these criteria and indeed many of

the ongoing research programs are part of the present

International Bioiogical i-rogramme. I ar sorry to say that

such enaorsement aoes not always mean financial support.

Anotner cortion of support will be aerived fro-ii countries

wvhere altituae constitutes a significant health protlem

anu the ,orld health Organization has recently also begun

research support in this topic. all this might be consicered O

an aaequate level of support i± the research proposed was

likely to produce results significant only to that small

percentage of humanity whicl resices or will visit high altituaes.

However, I believe this conierence maae it clear tn:at a thorough

knowledge oi vihat happens ana has happened to men at high

altitude may be of vast importance in heaLtfh related proLlems

of world wide signiIicance.

For these reasons I believe tne PEn american health

Organization should maintain a higX level cf interest in the

area. It vill not, I tnink, Le disputed tri¿t thiere are more

scientiszs vxio are skilled ana interesteci in hi,.L altituce marn

Lo be found in the Americas than in the rest oI t£Le xvorla a,:

without in any wvay depreciatins the great importallce of tiie

comparative worK unaerway and planned in ti.e reat ol tne worla,

e
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I believe that much of the sophisticated and exte.nsive research

called for must be done in the Americas. Finally I woulu like

to note that with tne increasing geographic mobility of men

and with the changes occuring in some of the populations

neecGe for study, there is some urgency about the research

needs on high altitude populations.



Rebearch rrospectus ireparea L'y Conference J;irtici'ats

1. i-hysiological adaptation and ácclimatization to áltitude

Introduction

Several studies have indi.ated that there are important

differences in a variety of structural and functional

characteristics amon,- people who can be identified as:

1) highlanders ior many generations, 2) lowlanders

acclimatized to altitude, 3) new arrivals at altitude,

4) highlanders acclimatized to sea leveí., and 5) lowlanders.

It is not clear what these differences iean. '/e do not

.K"now, for example, vwhetner these cifferences reflect simple

adaptations to a new environment, or are the result of

selective adaptive processes, or even, in soine instances

are aetrimental to the inciviaual.

Por t'ne more than 25 million people who now live at

hign altitude, and for those who will move there, the most

important area of a±lttude physiology is that v.Lhich has to

do vuith natural and acquired accliimatization. Study of

these processes should cirect particular attention to Lhe

functional adaptation oi people of both. sexe-, of all all abes

a:iu of triose livin,. unaer ,ifierent woriin.; cont.iticLs.

Of lesser iupiorta.ce to human populations as as a vole
is thie s-tuay oI une acute adalptive ;aeclianis:s which are of

concern to -che much smaller ,roups ol people moving between
hioh and loiw altitude anc Tor '.oiio-: resiaence at high altitucie

is usually briel.

-14-RES 7/4
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a. h-hysiology of Lxercise and Work Capacity at tltitude

There are, at present, a number oi human populations at

various levels of altitude wno for many generations have

lived ana worked while exposed to low levels of aimbient 02

content, although they have not necessarily been exposed to

continued tissue hypoxia. The physical perlormance capacity

of these populations is not adequately established.

Stuaies were suggested on:

1) The basic work capacity of hi¿hlanuers

2) The maximum oxygen consumption of altitude populations

5) The metabolic response to work in various

higillanuer populations

4) The effect of age and sex on work capacity in

altituae populations

5) The relationsnip betv;een heart rate and oxygen

consumption in inaigenous highlanuers.

b. Altitude Limits for acclimaatization

There is a need to specify altitude tolerance limits for

numans and other animal species. The temporal maintenance of

normal functional integrity of organ systems, Lehavioural

activity, and pnysical and mental performance should be

evaluated.

c. 2nvironmental Factors

Stuaies are needed to determnine the sijniiicance of

enviromnental factors ot-her than nypoxia in altitude

acclimnatization such as tihe clinatic conuitions ana the

socio-econoiic environment.

a. Respiration

An important adaptation of tne resident to altitude, which

is uiiferent iroiim the lovlanuer, is his pulmnonary ventilatory

response to uiiferent concentrations of both 02 and CO 2
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in the air he breatnes. The native highlander is re.latively

less sensitive to low levels of 02 in alveolar air than is the

lowlanuer. It is not clear whether this decrease in the

native highlander in sensitivity to breathing lov concentrations

of 02 is an advantage or a disadvantage at altitude.

Analysis of tile important adaptive respiratory process

should include studj of: age and sex differences, neurological

f'accors, acid-base f'actors, chemoreceptor sensitivity and

thresnolcs, as well as tissue responses to hypoxia. In

adaition it woulú be oI importance to stuay iegulation of

ventilation during the per'orinance of physical work at

altitude and curine, sleep. le- and associated periodic

lhyoventilation as well as perf'ormrle of' nara exercise,

increase hypoxic exposure.

e. Circulatorj i,Iechanisms of Altitude Acclimatization

Although circulatory responses in man at altitude

have received more study than other physiological responses

we do not know the criteria upon which we coula advise

healthy people whether they should or should not live at

high altitude, or at what stage oa morphological or

functional alterations they shoula move to low altituce.

The following areas of investigation are of' importance to

answer this problem.

A) Epidemiology - 1.uch needs to be known about the

prevalence and incidence of carciovascular aisease at

altitude. Ecological lactors other thran altituce should

be identified which afiect normal cardiac function in

hihtilanders. In addition we ao not Knovw the circulatory

response to physical work at cif'ferent ages.

k) Cardiac ¡viuscle Metabolism - The basic inatility

oi cardiac muscle to work under anaerotic conditions makes
iv vulnerable to hypoxia induceid tEy higti ork loaos at

altitude° before optimal and minximual levels ior v.ork at



altitude coulad e recommenued further studies are necessary

on coronary blood flow and cardiac muscle rietabolism uuring

work and rest at altitude.

C) Ivicrocirculation - WVhether increased capillarity
and anaszomuotic vascularity in cardiac or sKeletal muscle

is an anatomical f'eature of the acclimatatization process

needs furtrier study. The possible role of changes in the

microcirculation in the aevelopment of chronic mountain sick-
ness has not been determined.

D) Pulmonary nypertension - Longituaiinal observations
are needed in highlanders who aevelop pulmonary hypertension

and right heart hlypertrophy. oontrol measuremlents are

neeaed that cover both sexes and a wiae age range. Special
study is needed of the factors which lead to hi"h altitude

pulmonary edema.

E) Circulation Dynamics - More inf'ormation is needed
on the expectea changes in cardiac aynamics at altituae.

Included under this iíeading are observations on cardiac

output, cardiac work, peripheral resistance heart rate,

stroke volume, blood pressure as well as the role of changes

in 'blood volume, hematocrit; levels and pulmrionary circulation.
Partitioning of blood f'low throu,.h vital organs unc'er various
conditions at altituce is also an iirportant area to be

studied.

f. ilellular and Tissue Milechanismn of Altitude Acclimaatization

The biocnemical mechanisms unuerlying hish altitude

acclimatization are inauequately understoou. Respiratory

anc vascular auaptations to altitude vvwhicr permit an adequate

delivery of 02 ana removal of metabolites at the cellular

level auring rest may not te acequate for sustainea .arc vork

by Lealthy men, or tor trat matter, seaentary lil'e in the

elaerly anu infirm. There is a need to aeter'iine the
adaptive processes at tne cellular level inl the nighlandcer

-1 - 'd /4
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as well as in newcoiers to altituae.

We need to know wnat role is played in tnese cellular

responses by changes in the amount ol myolobin, the number

of mitochondria and the capacity of the cytochrorn and

electron bransporting system. More iniormation is needed

on possible adaptive increases in ensymes favouring both

aerobic and anaerobic metabolism. Ve need to know the
degree to v.hich rate-limiting neurohumoral-endocrine mediators

affect these cellular functions. And finally we need to

know whether genetic factors are operative in the adaptation

at the cellular and subcellular level.

g. Other Areas of Altitude i-nysiolo,y Requiring Further Study

It becamne apparent that tne knowledge avail.acle is

inadequate concerning nutritional requirements of those

vith natural or acquired acclimatization or in those acutely

exposed to altitude. Further nutritional and metabolic

studies are necessary to establisn optimal nutritional

allov~ance for high altitude resiaents anid for those who

wish to reside at altitude.

The factors regulatin0 reuistribution o0 fluia anci

electrolytes aí,on¿ the various fluia compartmients need

Iurther elaboration.

In the long-time resi(uent at alti.i e vwe nreec to krnolv

.aore about the possible role of adaptive tissue and vascular

responses in the ageing process. It is also possible that

high altitude residence has an effect on man's iminunological

responses and on the types and frequency of infections tlat

he hartours.

The sequential c haiies which occurI' during thie period
of adaptation of the newcomer to high altitude are poorly

understood. Accurate time tables are not availatble that

show rate of adjust,!íent for each organ system inrcludin-, the

respiratory, carciovascular, aieestive, endocrine, renal

-18-
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and neuromuscular systems.

The time course of the de-acclimitization process should

also be studied particularly in those who are exposed

intermittently to altitude.

The working Oroup suggested that a handbook of physiological

values be developed which uses standardized terminology.

A collection of data on normal and abnormal tiological

values for different altitudes isurgently needed.

2. Human biology at High Altitudes

The working group considered the problems posed by the

biology of human populations living at hi,h altitudes. They

concluded that as well as characterizing such populations

and their adaptations to their particular environments, such

studies could also, and equally importantly, be of relevance

to inany fundamental problems of human biology in general.

It seems appropriate to present the recommenciations

for these two approaches separately, although in practice

the methods used and observations made will be closely

similar.

a. The Characterization of High Altitude Populations

It was agreed to reconmenúu that using compositive methods

of approach and standardised procedures, information could

be obtained in the following categories:

á) Fertility ana the Components of £ertility i) By

demographic methods; ii) Using methods in the reproductive

physiology of man and of animals vhich could be applied to

human population studies.

B) Growth, Development and Ageing i) Age changes and

variatility in characteristiís thou¿nt to be of adat.p~e

value at high altitude; ii) Age changes and variability

in characteristics related to the somatic fitness of
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individuals; iii) Such stuüies sLiould not be divorced
from the psychological and intellectual changes which

occur during development.

C) Nutrition In all cases the nutritional assessment of the
populations studied should be made in as detailed a manner
as possible, commensurate with the resources available.

Such assessments should include i) The nutritional status
of individuals; ii) Detailed nutritional surveys, where

possible; iii) Biochemical studies related to nutrition.

D) Special Problems Relating to Work Capacity Both
physiological and psychological methods should be used.

E) Epidemiology i) In all cases the pattern of disease
distribution in populations should be studied. Where
additional demographic information is aailable it is
highly important that more vigorous epidemiological studies
should be made; ii) It is of great importance that demographic

methods should be developed which would enaLle the relationships
between age, disease and morbidity to be ascertained.

F) Genetics Further inforrmation is required on: i) The
distribution oi polymorphic systemas in hiigh altiitue populations;

ii) The hereditability of qualtitatively varying traits,

particularly those presumed to 'be adaptive in nature;
iii) Congenital deiects, especially those presumed to have a
genetic component.

G) General In all these studies the following are essential:
i) There is as precise as possible an analysis of all biological

and physical aspects of the environment; ii) Adequqte precautions

must te taken to ensure statistical representation and control
situations. This will often mean the study of lowland

populations. iii) The demograhic background of the
popuiations under study must be ascertained in as great a
detail as possible.
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b. Altitude Atudies in General Human Liology

It was unanimously agreed that the ecological situations

of high altitude populations often afford unique opportunities

for the study of fundamental human biology. In particular

the following problem areas can be ideally investigation.

A) Developmental ]Flexibility The determination of the

magnitude and biological significance of normal environmentally

induced responses.

n) The Genetic Structure of Human Populations - Especially

as seen in isolated groups, where it may be presumed that

factors such as genetic drift may be operative. Problems

involving gene flow and the effects of selective migration

may also be encompassed.

u) Natural Selection Of the variety of ways by which the

problem of the detection of natural selectionmay be approached,

it was thought that particular attention should be devoted

to the analysis of the comparative fertility and mortality

of different phenotypes and, where possible, genotypes.

Such investigations could be made most appropriately in

both stable high altitude populations and in those which

have recently changed their altitude.

D) General This deals with fundamental problems of human

biology and is in conflict with the objectives of

categorising the biology of high altitude population, as

discussed in (a). However, it demands a large-scale

multi-disciplinary approach in selected areas, in which

the various characteristics itemized in (a) are measured

on the same subjects.
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3. Health Aspects of Altitude

a. Ischemic Heart Disease at High Altitude

There is evidence that the incidence of isclemic

heart disease in high altitude populations is lower than at

sea level. Experimental studies incdicated increased

resistance to myocardial necrosis in altitude acclimatized

animals. A controlled epidemiological study of the incidence

of ischemic heart disease in high altitude populations will

be carried out using suitable sea level controls and standardized

techniques of investigation. Risk factors for ischemic

leart disease will be evaluated and correlated with necropsy

aata. Ádaptive mechanisms of the heart to high altitude

pertinent to acute caraiac necrosis will be examined in

experimental animals. Carelul investigative tecnniques of

population analysis will be employed ana, depending on

initial results, preventive trials may be initiated.

b. Development of 1Prognostic Tests ior Altitude Sickness

It is important to be able to identify indiviauals who

are likely to develop acute or chronic mountain sickness O

or high altitude pulmonary edema. Simple laboratory

methods for determining the sensitivity of the carotid

body and respiratory responses to various stimuli

including hypoxia should be devised. Other screening, tests

should be avaluated on sea level _uLjects who will later be

exposed to hih altitude.

c. Epidemiology, Therapy and Prevention of High ,ltitude

Pulmonary Eídema

Ey mieans of questionrnaires anú interviews t~ie importance

of Iactors sucL. as re-ascent, length of stay at sea level and

slov; ascent uÉion the occurrence of hiArE will be assessed.

Field trials oi prophylactic drugs using a double blind

tectmniue will be c¿rried out preferably in troops. In

selected patients _uring the acute stage the hemouynamic

e
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effect o± selected drugs will Le investigateu. Ventilation-

perfusion cilaracteristics will be examined sequentiaily in

tne acute stage and during recovery.

d. Congenital ivialiormations of the i~ewborn at iigh altituoe

Preliminary studies have shown that the inciuence of

congenital abnormalities of the heart and other structures

is increased at high altitude. Ihether this is a genetic

abnormality or due to maternal hypoxia at a critical staGe

of fetal development is not known. Since maternal hypoxia

can be prevented or minimized, studies at high altitude

are indicated. By employing a standard, highly objective

method of examipation in a prospective study of newborn

infants and school children at selected levels of altitude

in different countries the causative factors can be

evaluated. Countries to be included are those where the

appropriate facilities are available. The administration

of oxygen to newborns should -be carried out at high altituae

v.ith suitable controls to determine its late effect on the

incidence of PDlA anu the cardiovascular system.

e. Preparation of a book on High Altitude Medicine

Despite the fact that over 25 million people live

at altitudes of over 3,000 meters no information regarding

special medical problems at high altitude is available.

The f'ollowing subjects should be presented by a selected

group of physicians specialists who are experienced in high

altitude medicine. 1) High altitude diseases such as acute

and chronic mountain sickness and high altituae pulmonary

edema. 2) Modification by high altitude of diseases which

are cominmon at sea level such as pneumonia, coronary disease

and shock. 5) Action of drugs and anaesthetics that are

moaifiied by highi altitude such as opiates and anaesthietics.

4) Occupational diseases at high altitudes. The book
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should be organized by a single euitor. It shoull be snall

condensed and hig;hly selective with a bibliograplhy. It

should be designed for frequent revision. The gephasis

should be on clinical medicine rather than physiology.

f. i5valuation of the Effect of Pulmonary and Cardiac Disease

upon uardio-respiratory Function at High Altitude

Pulmonary function and hemodynamic studies should be

carried out in high altitude residents with silicosis,

stanniosis and following pneumonectomy. The working capacity

of sucn patients should be evaluated by appropriate methods.

Techniques of early detection of industrial pulmonary disease

at high altitude should be evaluated and applied to workers.

g. Factors affecting Biliary Cholelithiasis in Native Highlanders

Cholesterol stones are commonly observed at high

altitude with probably a different sex incidence than

usually observed at sea level. Since this is an important

cause of illness the causative factors should be studies.

The study should include an investigation of dietary habits

and serum lipids of patients with proven cholelithiasis

compared to control subjects living in the same area vith o

normal cholecystograms.

h. Drug Action at Different .ltitudes

Drug action is probably significantly modified in the

hypoxic high altitude environment. Toxicity may be enhanced

or diminished and the therapeutic effect may be altere,.

Studies should be made and known iniormation collected

regarcing the effect of selected drugs at various altitudes

in the world. Drugs such as narcoties, anesthetics, analgesics,

opiates, pressor arugs and cardiac glycosides should be

investisated.

i. Vital Statistics in Relation to Alti-tuae

Vital statistics of vhiO are arranged for coua-iries

according to many categories such as geograp,hical location

e
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but iniormation regarding the inciuence of diseases or deaths

is-s not arranged according to altitude. Such inf'ormation is

necessary in order to determine the effect ol' altituae upon

tre incidence of disease and mortality ana efforts should

be miade to collect this inIormation froia countries

contributing vital statistics to VwhO.

j. Functional ano Intellectual uorrelates of altitucie

H ypoxia in Chilaren.

It is important to deterInine if the Uevelopment and

function of the central nervous system is adversely affected

by the chronic hypoxia of high altitude. Suitable physiolo-ic

tests shoulc be developed to quickly determine the tegree oi

chronic hypo.aia in cnlildIen. Tests of central nervous system

functions that could be affected by crironic hypoxia should

be desi.,nea that vould Le suitable for ifield studies. A

planning conierence shoula be arranged with the appropriate

specialists to develop an effective protocol. Field studies

should then be made in Peru and other high altitude areas

on a trial Oasis. If preliminary results justify continued

stuuy on a broader scale this shoula be carried out.
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