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Human Adaptation to High Altitude:
Body Proportion Analysis using Phantom Model
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INTRODUCTION

Ladakh, the land of the Lamas, is inhabit-
ed by simple people. Bui life of these people
is not so simple. It is under constant threat
from the harsh environment of their habitat
Survival and continuance in the stressful en-
vironment has always been a daunting task.
Population density as low as 2 persons/km’ is
an evidence 1o the problem of survival in the
hazardous environment. Reproductive sast-
age, infant mortality and child morality are
high and are associated with the environmen-
tal stress. Thus, pre-natal and post-natal se-
lections are operative in this zone, High fer-
tility, as m consequence of the belief that chil-
dren are economical assets and apprehension
that not many of the offspring survive to child-
hood, reduces birth space and weakens moth-
er's health culminating in high mortality (Pra-
kash and Balik, 1990).

Physiological variations in human popula-
tions allow adaptation to a yvariety of ecosys-
tems {Collins, 1999, Also, socio-cultural fac-
tors help in encountering or minimising the
environmental stresses. Numerous stresses
that include low atmospherncf oxygen pres-
sure, cold, difficult terrain, undernutrition,
increased ulira-violet and solar radiation in-
fluence morpho-physiology of human popu-
lations, particularly when the socio-cultural
concomitants are unable 1o counter these
stresses. Genetical make-up and ecosensitiv-
ity of the populations alse play vital roles in
engountering the stresses. Survival and con-
tinuance in soch an eavironmenl necessitates
bio-cultural adaptation.

The most important siress at high altitude
is low stmospheric/ oxygen pressure. To en-
counter this physiological functions, particu-
larly cardio-respiratory functions, are im-
proved to release the required energy by sup-
plving adequate amount of oxygen to the tis-
sues { Baker, 1969 Frisancho, | 969; Malik and

Singh, 1979; de Meer, 1995; Beall et al.,
[9%98). Matural selection, operative through
Eenerations, seems o have favoured geno-
iypes having greater cardio-respiratory func-
tons among natives living at high altitude,
Mere survival and / or conducting routine
work s not a true index of success of adapta-
tion. During the phases of growth, such as in-
fancy and adolescence, the demand of ener-
gy is increased. Similarly, supply of addition-
al energy to pregnant women and laciating
mothers is necessary o minimise reprodoctive
wastage and limit infant mortality - which are
important for normal population growth, Also
the requirement of engrgy 15 increased during
hard work. How the demands of additional
energy during the aforementioned stages are
met, is a major question in the rarefied high
altitude environment. The degree to which
these demands are met denotes the level of
success in adaptation.

Keeping the above in mind, a study was
conducied on Bods of Ladakh {high altitude)
and Bods of Kullu (low altitude) in the age
range of 12 (o 18 years with an aim to study
age group wise altiludinal variation in body
proportions using phantiom model. The
present communication 15 an ouicome of the
ongoing research by our leam among the Bods
living of various altitudes,

MATERIALS AND METHODS

The Sample

A cross-sectional sample of three hun-
dred forty-five male Bods in the age range of
12 to 1B yeors was collested from two tocali-
ties. The high altitude sample was collected
from the town of Leh (Ladakh) and villages
in its vicinity, whereas the low altilude
sample was collected from the migrant Bods
mow scttled in the Kullu-Manali valley,
Data were collected from schools as well
as villoges and covered over 75 percent of
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the total population in that age rangs, with-
oul any bias. The distribution of sample by
age and altitude is given in table 1.

Age has been calculated by converting date
of birth and date of dota collection in decimals
using the decimal age calendar, as proposed

Tuble It Ago wise distribation of sample size in High
Adtitude (HA} and] Low Altitude (LA) Bods
inthe age range 12-18 yoors

A ge Group High Alvipuads Larw Altiiude
iMean Age) (Bodr of Lodakh) (B aads of Kallup
2= 4 (151
3= bt | i
4= 33 il
152 il 19
HL<1F kL] 21
[7Ta il 15
18 = 2l [} ]
Todal m 1nz

by Tanner et al. (1966}, and then subtracting
the former from the latler. Age groups were
Tormulated considering the decimal age in the
following manner. The subjects between the
age of 11,500 to 12.500 were classified as
124, similarly those between the age of
12500 1 13,500 were categorised in 13+, and
80 O,

Area and the Population

Leh (Ladakh), from where the high altitede
sample was drawn, is situated at 34°0%° [ati-
tude and 77734 longitude. Simwated at an al-
titude ranging between 35300 and 3550 metres
above mean sea level, the town of Leh and its
surrcunding villages have a cold dry climate
that can best be categorised as cold Tundra.
The atmospheric pressure is as low as 480 mm
Hg. Lack of flora and fawna, cxcept near the
. Indus river is the characteristic hallmark of the
arca. Diry brown barren mountaing covered
with snow make the environment monolo-
nous, The chilly wind that shivers one and all
in the winter nights becomes worm enough in
sUMMmEer noons to ripe the barley, The temper-
alure ranges from -28C in the winter nights
to 32°C in summer noons, with an average
annual temperature of 3.1°C. Also there is a
wide variation in iemperature in day and ai
night. as well as in sun and shade. The aver-
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age annual rainfall (11.5 cm}) is low. Snowfall
oo the other hand, is quite commion and occurs
for several months, specially in the higher
ranges. The average annual relative humidi-
ty is also low (50 per cent).

Kullu-Manali valley is situated between
31722 1032726 latitwde and 76°5T 10 77°54"
longitude. The low altiiwde sample was col-
lecied from this area. The altitede in this val-
ley ranges from 1200 m to 2000 m above mean
sen level. The natural beauty and pleasant cli-
mate of the Kullo valley makes it a 1ourist’s
paradise. Its glamorous natural eavironment
is adorned with charming hill slopes, fascinal-
ing coniferous forests, meandering rivers,
dazzling falls and streams, gentle cool breeze,
caplivating snow-laden mountuins, charming
lust green pastures, beautiful flowered or-
chards, attractive terraced agricultural fields,
cnchanting birds and exciting fauna. Il is, in
the real sense, as the natives call, a Dev Bha-
mi (garth of Gods), There is plenty of rainfall
{average annual rainfall: 92 cm) and the av-
erage annwal relative humidity is high (64 per
cent), The lemperature is pleasant (average
annual temperature; 15.8°C) and it ranges
from -6°C in winter nights 10 34%C in summer
noons,

Bods are of Mongoloid stock who practise
Budhizsm. Budhist monasteries, called Gom-
pas, have influenced their religious life for
centuries and are the hobs of their socio-cul-
tural activities. Bods are endogamous who
follow clan exogamy. Bods are extremely so-
cinl and cheerful and even at the slightest pre-
text make it an occasion for feasting. Bods, at
both low and high altitedes, are basically ag-
rigulturists, but are simultaneously involved
in pastoralism.

Resource management by the local matives,
particularly at high altiude, has been tgugh
because of difficult terrain, primitive technol-
gy, poor irrigation, inadequate transport fa-
cilities and poor communication. Considering
the above limitations, the eco-friendly activ-
itics purswed by them for living are worth ap-
preciating. Construction of houses reflect
their prudence in saving energy and using so-
lar heat for warming. For example, the flat
roofs that are useful in warming and drying of
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grains are maintained even at the cost of ad-
ditional labour of removing ice in winter
months. Similarly, the catile quarter at the
basement helps in keeping the floor of the
house warm by utilising animal heat. In the
winter months, when the outdoor activities are
restricted, a couple of families get together
and start living in a single house to 5ave éner-
gy and costly fuel that is required for heating,
Further, in the living room (a big hall) they
have a hearth with a chimney that is used for
releasing the smoke from the top of the roof.
Such an arrangement helps in wiilising heat
energy simultaneously for cooking and warm-
ing. Protein and fat eich diet of the Bods, such
as bunter tea and Thupa, is a biological way of
producing more body heat. The design of toi-
bet i alzo well suited to the environment, The
toilets are made at the back portion of the first
floor with a hole in the Moor. The sodl is col-
lected at the basement! ground floor, Because
of cold it does not stink, The soil collected
oVer an year or 50 i5 used as manure. There are
many other activities which show wisdom of
the natives in eco-friendly development
which have been presented in our carlier pub-
lications {Malik, 1976: Malik and Singh,
1984; Malik, 1987).

Bods of Kullu valley trace their origin from
the high altitude areas of Lahaul and Ladakh
and claim that they migrated to the lowlands
several centuries ago. Even today they show
their alliance with the highlander Bods, They
even maintain that there is no restriction in the
marriages between the highlander and low-
lander Bods, but in practice such marriages
are few due to practical difficulties and dis-
tance. Nonetheless these migrant Bods contin-
ue to follow the traditional customs, social
institutions, myths, legends, folklores, Lo-
tems, and $0 on.

The Phaniom

Child is not a miniature form of man. It
differs in size as well as in proportion. Differ-
ent body parts grow at different rates at dif-
ferent time during the development peried.
They induce proportional differences with the
advancement in age. The changes in size are
easier 1o record through the measurements of
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varipus body parts using simple instruments
such as anthropometer rod, callipers and
weighing machine. It is far more difficult 1o
have an agreement on the recording of the
proportional difference.

The Phantom siratagem, proposed by Ross
and Wilson (1974) and Ross and Ward (1982),
for proportional growth assessment, is essen-
tially based on the concept of a theoretical
reference human. It is concepiually a unisex,
bilaterally symmetrical model. Phantom mod-
el is a calculative device used for comparing
individuals and groups. Itis not a model meant
for formulating norms. On the contrary, it
encourages compilation of normative data
through the routine studies. Using Phantom
stratagem itis possible to analyse proportional
differences (i) of the same subject in different
measurements; (i) of the same subject meas-
ured at different occasions; (i) between sub-
jects; (iv) between a subject and a sample
mean; and (v} between sample means.

The proportionality values (or £ values), in
the Phantom model, are obtained by using the
following formula. This formula geometrical-
Iy scales the measures 10 the Phantom's stal-
ure (170.18 ¢m) and observes the difference
from the given phantom values (p) in terms of
the standard deviation distances (s).

A positive Z value indicaies that the sub-
ject is proportionally greater than the Phan-
tom. A negative Z value means that the sub-

I [ 'l,1'|"ﬂ.lﬂ/ : ]
E= — ¥ -p

E h
propariioaslily value
skze of any given measurement
subject's slaku e
Phentom valee for the comresponding v
Phantarm standand deviation vales for the p
dimension exponent . when scaled geoo-
mtrically, d=1 for all leagrhs, bresdihs,
ghrths end skinfolds ;d=2 forall areas ; and
d =3 far all valuimes and weights,

wharp,
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ject is proportionally smaller than the Phan-
tom and a & value equal to 0.00 indicates that
the subject is proportionally the same as the
Phantom. The mean valoes (p), along with the
standard deviation{s) for various body meas-
urements of the Phantom are set out in table
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2, Age group wise proportionaliny values were
calculated separately for the high altitude and
low alutude samples for studyving altinudinal
variation in proportionalicy.

It is moteworthy that the Phantom model
does not require absolute adherence to the
"standard” techniques and landmarks if com-

Tahle 2: Mean valses (p) and standard deviation (=)
of varboms hady messurements of the Phan-

st
Body Mearuremenis n 5
Bapiane, e 1TL18 6,30
Body weighd, kg &d S8 B.&4
Siming height, ¢m E9.92 4.3
Height gnaitkion, cm 14881 5.65
Hiight acromion, cm 13537 545
Height radiale. cm 10725 536
Height stylion redisle, em A2 a4 413
Height dacrylion KL, cm 63,83 338
Hedght iliospinale. ¢ 04,11 471
Hedght trochamienon, cm L ] q4.12
Hieight tibiakbe, cm 44 82 2.%0
Helght sphenion, cm B .26
Tetal upper extremily kenglh,em 7595 .64
Upper afm leagih, cm 3141 .77
PForearm length. cm 2457 1.37
Hand lengih, em 1544 RS
Biacromiel hrendch, cm I 1.92
Transversw dinmscticr of chest, cm 2792 1.74
Anmgrn-posteriar depth of chest,cm 17.50 |38
Biilvocrisial Breadih, em 28 .84 1.75
Rirrochamene hreadih, cm 5166 | B
Ricomdylar humarus, & 43 LIk
Bicomdylar femur, cm 352 (1Y
Head circumforence, ¢m 600 144
Chest circumiference, cm AT.AG 5.18

Mid upper arm circomferonee. &m 2689 433
Faresrm circumference, om 2512 1.4l
Abdomisal circemierence, cm TR B35
Lower Leg cercumference, cm 35.2% 230
Head lemgth. cm 19,15 KR
Head baeadik, cm 15,08 054
Eyzygomatic breadih, cm 1366 057
Bigumial Breadik, cm 10,59 (.58
Marphological facial heaghl. cm L1594 06w
Body Fat. kg 1213 124
Lean body mass, kg 5245 G.ld
Drunsily, gmdce 1 1156 ALK
Skinfold arbiceps, mm B.0 200
Skinfold at kricepsy, mm 154 447
Skinfald ar junta nkpple, mm 1.8 3.27
Skinfold at snprailiac, mm 15.4 447
Skinfold ar gubdcopala. mm 1.2 507
Ekinfold at call, mm 16.0 407
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parisons are made between the populations/
subjects measured using the same procedure
and landmarks. Therefore, once the anthropo-
metrie wechnigue is common far all the sab-
jects, intra and inter population comparisons
wiould not be influcnced by the exaciness of
landmarks and techniques used in the devel-
opment of Phantom model. This 15 a distinci
advantage in examining group differeaces |
conducting longiuedinal growth studies and
analysing secular trends.

Body Measuremenis

Thirty six anthropomeiric measurements,
listed in table X, were taken following the
standard technigues (Martin and Saller, 1957,
Tanper et al., 1969}, Total upper extremity
length was obtained by subtracting Height
dactylion I11 from Height acromion, Upper
arm length by subtracting Height radiale from
Height acromion; Forearm length by subtract-
ing Height stylion radiale from Height radi-
ale, and Hand length by subtracting Height
dactylion Il from Height stylion radiale.
Body density was calculated indirectly from
o series of skinfolds using the eguation for-
warded by Durnin and Rahaman {1967). Body
far was calewlated incorporating the formu-
ba given by Sird (1961 ), Lean body mass was
determined by subtracting body fat from body
weight. Descriptive statistics were caleulated
using SPS5 program on a PC.

RESULTS AND DISCUSSTOMN

Age group wise body proportions, repre-
sented by £ values, of high altitude and low
altitude Bods are presented in figures [ oo 42
The resulis have been analysed in this paper
(i} for examining age group wise altitudinal
differences in body propomions) and (ii) for
stwdying age changes in body proportions in
high and low altitede Bods in the age range of
i to 18 years, by comparing them with the
adult phantom values.

Proportionate body Fat, body density, body
weight, and skinfolds are generally lower in
highland Bods than their coeval lowlanders
wheras the highlanders have higher lean body
mass {Figs. | 1o 10). Proportionate body
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Ajge groop wise distribation of £ values in Bady weight (Fig. 1), Bady Map (Fig. 2), Lean ody mags

{Fig. 3, Body density (Fig. 41, Skinfold at biceps (Fig. 8) and Skinfeld ot triceps (Fig. &) nmeng High
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Figs. 7 to 1@,
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Age group wise distribution of & values in Skinfold st justa aipple (Fig. 7), Skinfold at subscapu-

lar region (Fig. 8), Skinfold st suprailisc (Fig, 9), Skinfold ot calf (Fig. 10}, Sitting beight virtes (Fig.
11} and Height gnathion (Flg. 13} nmeng High Althude (HA) and Low Altitude (LA} Bods,
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16
E gtd |
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AGE GROU

[
|
Z VALUES .

weight, body fat, lean body mass and all the
skinfolds are lower in all the age groups in
both high and low altitude populations as
compared 1o the phantom values, but the body
density iz higher in all the age groups in both
high and low altitude groups. Froportionate
body fa1 and lean bedy mass increase margin-
ally with age, whereas body density decrens-
8 with age.

The Z values of sitting height vertex, height
gnathion, height acromion, height sty lion,
height dactylion IT1, height iliospinale, height
trochanterion, and height spherion are lower
in bath high and low altitude Bod boys as com-
pared to ndult phantom valwes, whereas height
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12 [ — [
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£ WALLES

radiale and height tibiale do not show any
particular trend (Figs. 11 1o 20). There is no
specific altitudinal difference in these traits.

Proportionate height iliospinale and height
irochanterion are lower in high altitude group
than the low altitude group in the initial age
groups from 12 (o 15 years, but thereafer they
are higher in the former than in the laver (Figs.
17 o 20). Height tibiale and height spherion
i5 generally lower in the highlanders as com-
pared to the coeval lowlanders. Mo marked
altinudinal differences are evident in propor-
tionate sitting height, height gnathion and
height acromion. Z values of height radiale
and height stylion radiale are generally high-
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Figs. 11 to 11, Age gromp wise distrilutbos of £ valwes in Skinfold at juxta nipple (Fig. T}, Skinfobd at subscapular
region (Fig. 8), Skinfeld st suproiline (Fig, 93, Skinfold ot calf (Fig. 10k, Sitting height vertes (Fig.
i 1) and Height gnathion (Fig, 12} among High Althude (HA) and Low Altitude {LA) Bods,
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Figs. 13 to 16, Age group wise distributien of ¥ values In Heighl acrumdon (Fig, 13}, Height radials (Fig. 14), Helght
atyBion (Fig, 153, Helghi dactylio I Fig. 16), Height loapinale (Fig. 17) sod Helght trechanterion
(Fig. 18] among High Altitwde (HA}and Low Altitade (LA) Bods.
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Figs. 17 to 1K, Age group wise distribution of £ valuesin Hebght acromdon (Fig. 133, Heighi radinbe (Fig. 14), Hekghi
styllen (Fig. 15}, Height doctylion I {Fig. 16], Height ilospinale (Fig. 17} and Heighi trachanterisn
(Flg. 18} amodng Figh Altiude (HA) and Low A liftode (LAY Bads,
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Figs, 1% ia 30, Age growp wise distribotion of £ veloes in Height tibisle {Fig. 19}, Height spherion (Flg. 200, Taisl

upper extremity lengih (Fig, 2}, Upper arm lengih (Fig. 21), Foresrm length (Fig. 23} and Hand
lemoth (Fig. 24) nmong High Altitude (HA) and Low A Hitsde (LAY Bada,

HEGHT TIEIALE Fig. 18 |
L R— .
é 16 -
& = plLA
LR =t m HAa
sl
| ey
12 A:" |
08 04 O 04 OB 12 18
Z YALUES

er in the highlanders than their coeval Tow-
landers, In height dactylion I, except in the
initial age group of 12 and 13 years, the same
trend as that of height radiale and height
atylion is evident,

Total upper extremity length (with the ex-
ception ar 12 years) and upper arm |¢|1!;l:|"| have
lower £ values in highlander Bods than in the
lowlander Bods (Figs. 21 and 223, The trend
is a mized one in forcarm length and hand
length (Figs, 23 and 24). Mo particular age
trend, either in highlanders or lowlanders is

e AL e

HEGHT SvERmon P9 20

—
| —
—

2 8 12 08 04 0

gLA
mHA

AGE GROU

Z VALLES |

visible in these traits, bul proportionately
these measurements are lower in both the
groups ps compared to adult phantom values,

Proportionate antero-posterior depth of
chestis higher in both the groups in all the age
groups than the adult phantom value (Fig, 27).
This is 2 remarkable finding in view of the
hypothesis that chest expansion, specially in
the sagittal direction has been associated with
bigger size of lungs and perhaps with higher
lung funclions. Important enough is that these
genetic adapiation even continues in the mi-
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Flgs. 21 to 24. Age growp wise distribution of £ values in Helght tblale (Fig. 19); Helght spherion (Fig. 20}, Total

upper extremity bength (Fig. 215 Upperarm length (Fig, 225 Foreasm bength (Fig. 23) and Kund
lemgih (Fig. 24) among High Altitude (HA) and Low Altitede (LA} Bads.,

TOTAL UPPER EXTREMITY  (Fig 21 | LIPPER AR LENGTH Fig. 22
LENGTH - .
18 —— M AT — i
ﬁ
1E! ] 15.—2.
g % :
o 14 | EIL-"- &) —:' |:|Lﬂ.
§ ' mHA g” ey gHA
£ Ep———' .
12 e o e
06 04 02 0 02 04 ; ._.._d:' —
2 08 04 0 04 OB
Z VALUES Z VALUES
rorearm LeveTH  Fig 23 | | P Fig 24
= e sr———— 18 i
E‘ e
a3 § L ]

G | glA & | o LA
§ 14— | mHA -Bied ree— g ho
—_—tr _ e =
o mrea e = | 12 e e —
0 02 04 06 0B 1 12 2 48 42 08 04 0

Z VALUES Z VALUES

grant Bods (low altitude) despite their migra-
tion several centuries ago. Also, it is nolewor-
thy that the highlanders have higher propor-
tionate antero-posterior depth of chest than
the lewlanders, except at 18 years. Like most
of the measurements, biacromial breadih,
transverse diameter of chest, bicristale
breadih, bitrochanteric breadih (Figs.
25,26,28,29) have values lower than that of
the Phantom. These measurements also do not
show much marked altitudinal difference or
age trend. Bicondylar humerus and bicondy-
lar femur have higher Z values in both high-
lander and lowlander Bods in all the age
groups than the phantom values (Fig. 30 and

31}. Also, bicondylar humeres is higher in all
age groups in highlander Bods than in the low-
lander Bods, but a reverse irend is noticeable
in bicondylar femur. There is no specific age
trend in bicondylar humerus in both high and
low altitude groups, but there is & general de-
cline in proportionate bicondylar femur with
age in both the groups.

Except head circumference, all the cireum-
ferences have negative & values indicating
that both highlander and lowlander Bods have
lower proportionate values in all the age
groups than the adult phanom values (Figs.
32 to 37}, Proportionate chest circumference
and abdominal circumference are higher in



92

S L. MaLIK

Fige. 25 to 3@, Ape growp wise distribation of & values in Biscromiol breadih (Fig. 255, Transverse diameler of
chest (Fig. 26}, Antero-posterlor depth of chest (Fig. 27), Bieristals bresdib (Fig. 28), Birochanterkc
Iireadth (Fig. 29} and Bicondylar hamerus (Fig. 30) ansomg High Alcitude (HA) sivd Low Aliiede
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high altiiude group than in the low altilude
group in all age groups, Also head circomler-
ence shiows a similar rend exceptin 12 and |3
years age group. Proportionate upper arm cir-
cumference and lorearm circumference do not
show any particular trend in altitudinal differ-
ence. BExceptal 13 year age group, the propor-
tionate lower leg circumference is lower in
highlander Bods than in the lowlander Bods.
There is no specific age trend in these circum-
ferential measurements, except that the pro-
portional abdominal circomference decreas-
s with age in both high and low altitude
Eroups,

Head length, head breadih, bizygomatic
breadth, bigonial breadth and morphological
facial height show a decrease in & values with
age in both high and low altinude groups (Figs.
38 1o 42). These measurcments are generally
higher in the high altitvde group in the inial
age groops, Le, 12 and 13 years, thereafier
they are lower as compared to the low altitude
Eroups.

Altitudinal variations in body proportion
can best b undersiood in a wider perspective
of human adaptation 12 high altitude, Also the
presenl communication 15 a part of an ongo=
ing project at high altitude and discussing the
finding of this siudy along with the resulis of
our earlier communications is likely o pro-
vide better insight. How the human body en-
counters the stresses of the high altitude, par-
ticularly the one coused by the low oxygen/
atmosphernic pressure™ Are the changes in
baxdy Function sufficient to meet the additional
requirements during growth, pregnancy and
hard work or are they only sufficient enough
for a routine work and! or survival? What are
the problems, particularly in growth and de-
velopment if sufficient energy 15 not availa-
ble at the appropriate time? These are some of
the important issues.

Higher forced vital capacity, forced expir-
atory volume 15t second, maximal voluntary
ventilation are higher in highlander Bod boys
as compared to ethically similar lowlander
Bod bovs (Malik and Singh. 1979 ; Malik,
1984). In conformity with the findings on the
Bod boys, the highlander Bod girls also show
higher lung functions (Malik and Pandey,

5.l MALIK

1993}, Vital capacity is also higher in high-
lander from Andes (Hurtado, 1932; Choidi,
1963; Monge and Monge, 1966; Frisancho,
196%9; Baker, 1971; Boyce et al., 1974; Gres-
ka et al., 1994), Mepal (Bangham and Veale,
1976), Bhutan (Cotes and Ward, [966), Tibet
(Droma et al., 19913, Poland {Pyzuk and Wio-
lonski, 1972) and the USSR {Mikhlasch-
evikaya et al,, 1976}, Higher lung functions
have been associated with the pivatal high
altitude siress, viz., low atmospheric/ oxygen
pressure.

Some of the salient characteristics related
i growth and develepment, cssociated with
high altitlude environment are slow and pro-
longed growth (Frisancho, 1968; Baker, 1969;
Frisancho and Baker, 1970 Maolik and Singh,
1978; Malik, 1979, Mikhlaschevskaya, 1979;
Mikhlaschevskavaet al,, 1979; Stinson, 1980;
Leonard, 1995; Dittmar, 1997), a non-clear
adolescent spurt in stature in male adolescents
(Frisancho, | 968: Frisancho and Baker, 1970;
Mulik and Singh, 1978; Malik and Singh,
1984). This non-clear adolescent spurt when
analysed critically, seems to be a part of the
slow growth during this period. Itis likely that
though the enhanced physiological functions
are able 1o encounter the stress of low oxygen
pressure for conducting daily routine work,
but are unable 1o meel the extra energy de-
mand required for the achievement of adoles-
cent spurt. Not many studies have been con-
ducted on female highland adolescents. One
of such studies conducted by us on female
Bods of Ladakh delineates that females have
clear adolescent spurt, unlike male Bods of
Ladakh {Singh and Malik, 1977). Several ar-
guments have been forwarded 1o explain this,
Firstly, that females are superior than males
becavse of XX chromosome and secondly that
they are less ecosensitive than males. These
hypotheses need further investigation. Inter-
estingly, however, maturation, os assessed
from age at menarche is delayed in the high-
lander populations {(Malcolm, [1970;
Mikhlaschevskayaetal., 1972; Pawson, 1976;
Beall, 1983; Malik and Hauspie, 1984; Gres-
ka, 1990). Chest dimensions, viz., chest cir-
cumference, antero-posterior depth of chest,
transverse depth of chest, are higher in high-
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lander Bods as compared to lowlander Bods
i Malik, 1984, 1987). Maost of the other high
altitude populations also show higher chest
circumierence, if not absolutely then relative
to stature {Huortado, 19325 Monge, 1948; Fri-
sancho, 196%9; Harrison et al., 1969; Fnsancho
and Baker, 1970, Holf, 1972; Frisanchoetal.,
1975, Pawson, 1976; Malik and Singh, 1978;
Mueller et al., 1978A; Malik, 1979, | 984,
L9ET; Mueller et al., 1980; Stinson, | 980,
I985; Droma ¢t al., 1991). There are two dis-
tinet schools of thought as far as the impact of
hagh altitude on body size is concerned. The
first group observes that the highlanders are
generally bigger in size during adolescence or
as adulis (Harrizon et al, 1969, Clegg et al.,
1972; Malik, 1976; Pawson, 1976; , Stinson
and Frisancho, 1978; Gupta and Basuo, 1981;
Malik and Singh, 1984; Dastider and Gupta,
[ 985 Gupla et al., 1989}, The other group
finds thar they are smaller in size (Frisancho,
1969 Prisancho et al,, 1975; Beall et al.,
1977; Mueller et al., 19788 Mueller e al,,
1980; de Meer et al,, 1993).

Highlander Bods are more mesomorphic
and ectomaorphic than the ¢oeval ethnically
similar lowlanders (Malik et al., 1986). Sim-
ilarly high altitude adolescent Bod girls also
show higher mesomaorphy than the lowlanders
( Pandey and Malik, 1990}, Such a p‘hy:s.iqul: (15
of high adaptive value for working in the dif-
ficult terrain in the rareficd atmosphere,

CONCLUSION

From the foregoing resulls and discussion
it iz evident that the highlander Bods have
higher proportionate lean body mass, In view
of the fact that the highlanders have higher
mesomorphy and muscle area, it seems that
the highlanders have strong musculature that
allows them 1o work hard under the harsh
conditions, The highlander Bods also have
lower proportiopate body Fat, body weight and
skinfolds, Also'evident from our earlier stud-
ies is that they have lower sum of skinfolds
and lower endomorphy. It seems that far dep-
osition is low despite fat rich diet and the ad-
vantage of ot layer in the cold climate. The
reason may be that working hard in the diffi-

EL MALIK

calt terrain does not allow fat deposition o
that extent, Higher bicondylar humerus also
points oul that they have sirong bony structure
useful for doing hard work in the harsh envi-
ronment, One of the most important features
of the highlander Bods is that they have high-
er proportionate chest circumfercnce and an-
tero-posterior depth of chest. On the basis of
the observation that the highlanders have
greater lung functions and have strong rela-
tionship with the chest dimensions, it has been
hypothesised that this is a siruciural modifi-
cation related to the function. From the study
it iz evident that though there may be slow and
prolonged growth in some variables like stat-
ure, but on the other hand, chest dimensions
have greater values, if not absolutely, then in
propartionality. It is important here 1o recall
that the propartionate anlero-posterior depth
of chest is higher in Bods even as comparcd
to the Phantom value. Thus, different body
measurements respond differently to the
siresses of high altitude. It may be concluded
from our studies, including this one, on Bods
that the native highlanders are well acclima-
tised to the high altitude stresses. They are
able to survive and 1o do routine work, bt
these siresses continue (o cause higher repro-
ductive wastage, infant mortality, inhibit
growth lo some extent in S0me mersuremenis
like stoture and weight, advance growth in
some measurements, like chest circumfer-
ence, antero-posterior diameter of chest and
bicondylar humerus, and delay maturation,
Most of the high aluiisde populations deline-
ate a similar trend, The varying environmen-
tal impact on different high altitude popula-
tions may be because of differences in genet-
ical make up, ecosensitivity, socio-cultural
factors, and degree, kind and amount of stress.
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ABSTRACT  Altitude variation in body proponion
was studied on the bl of dats collected on 345 Bod
boys mnging in age from 12 10 18 years, High altiude
(35 14 ma)i samphe (r=233) was collected from the 1ewn ol
Leh [Ladakh, Jammue and Kashmir, India) and villages
in iis wicinily, wheress low altitude {1 200m-2000m)
sample (n=113) was callected from the Kulle valley
{Himachal Pradesh, India). Higher proponioase lcan
body mass. bicondylar humerus, and |ocwer proporiion:-
ate fat and skinfolds endicaie that the body proportion of
i highbander Bods is suived 1o wnderiake hard work
under ihe rarelied simosphere and difficwle terrain. BEves
the rich fal dics and the sdvantage of faiky baver in 1B cold
¢limase has not allowed an imorease (o for depositions
Highlmnder Bads have higher proporibonal chest dimen-
shons than the lowlasiders, I view of curearléer observa-
tion 1lkag Bighlasder Bods kave hilhqﬂung Fnctinms aid
they have sirong relaticnshdp with the chest dimensions,
ir seeina jusnfied that the enlarged ches may be o sirucs
iwral modificatsai o the fanction. His alseavident feem
s resulbis thin difforesi body messuremems nespond dif-
Fenenily 1o the stiess of high altitude. Some measureiments
deplet rerardation, while gibers show sdvancement in

ik, Ak, the envirommeesial rEspOnES 8 T e | P
in all hagh altitude populations. The differences accrug
beeause ol variwtbon in penetical make-up, ceriensinyi-
ty, socio-cultural (s, snd degree, kind and amaus|
ol srress
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