AMERICAN JILRNAL GF HUMAN BICLOGY 190783804 12007

Originaf Research Article

Growth Among Tibetans at High and Low Altitudes in India

VTEAL TRIPATHY aniy RANIAN GIUIPTA*
Hicdagicel Anthropology Unit, Indian Seatistico! Institute, Eolkalc 70108, Fadia

ABSTHACYT  InIndia, Tibetans have been living at different altitudes for more then 40 years.
This study describes physical growth in terms of height, weight, sitting height, skinfold thick-
nest at triceps and upper arm circumference of Tibetana born and raieed at three Tibetan
refugee settlemenis (3,521; 970; and &00 m) from the view point of the hypothesis that growth is
retarded at high altitude. Samples consist of individuals between Lhe ages of 2 and 40 years,
Tibetens at high altitude in India show a growth pattern similer to that previously observed
among Tibetans in Tibet. Tibetans at high altitede are taller and heavier compared to Andean
highlanders. The general trends show that Tibetan chiidren and adults of both sexes at low alti-
tudse in India are advanced mn terma of hejght, weight, skinfold thickness at triceps end upper
arm circumference compared to Tibetans at high altitude. Trunk length (sitting height) i3 simi-
lar at the two altitufes but relative aitting height is greater gt high altitude. Greater relative
sitting height and lesser lag length at high altitude than at low altitudes is discussed in terms
of effect of aititude, teraperature, and nutritional status, Am. J. Hum. Bicl. 19:733-800,

2007,

Growth at high altitude i3 generaliy charae-
terized by smaller body size than at lew alti-
tude. (Beall et al., 1977; Greksa et al, 1984,
1985; Hoff, 1974, Mueller et al., 1978; Stinson,
1930; Weitz and Garruto, 2004). Growth and
development of populations of low saltitude
ancestry, like the Europesns at high altitude,
show retarded growth in zize compared to Euro-
peans at low alttude, (Frizancho, 1970; Frisan-
cho and Baker, 1970 HofT, 1574; Mueller et al .,
1978; Stinson, 1982). Andean high altitude pop-
ulatione like Aymara and Quechua clearly ex-
hibit emallar body size =t high altitude com-
pared to low eltitude popuolations measured at
low altitude (Baker, 1969; Beall et al., 1977; Fri-
sancho, 1969, 1976; Frisancho and Baker, 197(;
Greksa et al., 1985: Haas, 1976,

Migration of Han, an Asian low altitude
population to high eltitude resulted in slower
growth at high altitnde ameng children and
adnlescenta {Weitz and Garruto, 2004). Com-
parison of Han migrants at high alttude in
Qinghai with the native Tibetans at high alti-
tude showed no difference in hody size for any
measurement for any age group or for either
gender. Both the groups at high altitude were
retarded compared to Han urban children at
low altitude (Weitz at al., 2004).

A few exceptioms, such as greatsr ziZe at
high alttude tor the Andean population as
reported by Frisanche et al, {1975) are attrib-

uted to lower secio-economic and nutritional
status of the low altilude sample. Migretion of
Ethicpian highlandera to low altitude resulted
in smaller s1ze compared to high altitude
[(Clegg et al, 1972). A high prevalence of
malaria reported at low altitude was posta-
latad as a likely reascn for the smaller size at
low altitude. Malik and Singh (1978) also
found that high altitude Bods, a population of
Tibetan ancestry (Kaul and Kaul, 199Z;
Smriti, 1998} were taller and showed faster
arowth than low altitude Indians. Not much
can ba inferred from this study as the two pop-
ulaticns compared were of diatinetly different
genatie background.

There are not many atudies reparted in lit-
erature comparing Tibetans, a high altituda
native Asian population believed to ke the
hest adapted at high aititude (Aldenderfar,
2003; Beall, 2000abh, 2001; Moare, 2001:
Moore et al., 2000), to people of similar ethnic-
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ity at lower altitudea, In one study, Pawson
(1876} compsred Sherpas al high eltitude
(3,4754,060 m) with Tibetans at medium alti-
tude (1,000 m} in Nepal. Since Sherpa ances-
try is iraced from Tibetans {Furer-Haimen-
derf, 1975), the two populatinna were consid-
ered to share similar genctic backgrounds.
Even though Tibetans were slightly advanced
in most growth indicators than the Sherpas,
the difference was prvbably not ps great as

that existing betwean high and low altitude

populationg in Peru. Since Sherpa’s ancestry
is traced from Tibetans, the two samples were
congidered ae belonging to similar genetic
bhackground.

Guptz and Basu {1981) compared Sherps
adulta at two altitudes (3,500-4.500 m and
1,000-1,60{) m) and showed that the high alti-
tude Sherpas exhibited gher values than
low altitude Sherpas for moat of the lenpth,
breadth, girth, and weight measurements.
Comparison of Sherpa children and adoles-
centa at two altitedes for stature snd weight
{Gupta and Basu, 1991) showed that high alti-
tude Sherpas grew slower and longer Lhan the
low altitude Bherpas. Weitz ot zl. (206)) have
compared the Tibetan populations at three &4if-
ferent alintudes, where all the three were
above 3,000 m, none being at low altilude.
They reported no differences in morphological
measurements between Tibetuns borm and
raised at 3,200 and 3,800 m.

Comparing sirnilar popalations under dif-
ferent stresses s an acknowledged method of
identifying adaptation (Harrizon, 1966). But
thia has been difficult insofar as Tibetans are
concerned, bacause studies conducted hitherto
have not included Tibetans living near sea
level. Tibetans horn and raised at low altitude
de not ritnce the multitude of stresses
that exist at high altitude, hypoxia being the
most important. Thus, the study of growth
and development of Tibetans in tha absence of
hypoxia at low altitudes will provide an
ingight inta the unique and possibly adaptive
pattern of growth and development of Tibe-
tans at high altitude, This research is possible
hecause Tibetan populations have been living
in India since the Dalai Lama was given sey-
lum in 1358, At that time, some 80,300 Tibe-
tans fled Tibet. Those refugees and their de-
seemdants have been living in different parts
of India at different altitudes for more than
four decadee. In view of the above, this article
reporta and compares for the firat time the
variation in growth in terms of height, weight,
sithing height, skinfold thickness at triceps,
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and upper arm circumference among Tibetang
born and raised at high and low altitudes in
Indiz.

MAFEATALS AND METHODS

Three Tihetan setticments in India with {if.
ferent ecological settings have heen sclectad
for this stody. Settlaments at Bylakuppe (Dis-
trict; Mysore; Slale: Karnataka and Chandra-
giri (Ihetrict: Gajapati; State: Orissa) have
been sclected st low altitude. These two loca-
tons differ in their ecological and cubtural set-
tings. Chandragiv (970 m) is on the Eastery
CGhats, nearer to the coast, and away from
urban centers. [t s alse infested with malaria
In contrast, Bylakuppe (800 m) ia on the In-
dian peninsuiar plateatr, away from the sea-
coast and nearer te urhan centers. The settle-
ment at Choglamsar {lhstrict: Leh: Stete-
Jamroe and Kashmir) is at a high aluwde
(3,521 m). Details about the physical faatures
of the three settlements have been describad
clsewhere (Tripathy end Gupia, 2005). The
settlements are divided into amaller eamps
(villeges). The economy of moat of the house-
holds in the three settlements iz based on
agriculture, One crop per year is cultivated
generally, except at Bylakuppe where rome
households cuitivate twa erops per year, Apart
from farming, most househalds ars sngaged in
retail activities invelving consumer and tradi-
tional products like winter wear, shoes, car-
pets, ete. The income gencrated from informa)
business is generally much higher than farm-
ing. A few are engaged in small scale industry
ltke carpet weaving, handicraft etc and few
others are in service sector. The Hourishing
and emergent tourtsm industry at Ladakh
and to some extent at Bylakuppe provides
oceupational opportunities for many.

This study iz based nn cross sectional data
vollected between February 2003 and Septem-
her 2004, Anthropometric data on children
and adolescents were collected from Central
schools for Tibetans at Bylakuppe and Chan-
dragiri and S08.-Kinderdorf Internatioml
Tibetan Children’s Village (SOS-TCV) at Cho-
glamsar. Anthropemelric data on adults and
preschonl children were callected at the indi-
vidual's home or at community centera. Only
those children, adoleecents, and young adults
who were born and raized at the altitude stud-
jed have been included in this stndy. At fow
altitudes, individuals born at the settlements
or in the nearhy town or city at similar alti-
tude have been included in the present study.
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At high altitude, most of the individuals
ncluded in the present study were born in the
towns of Choglamsar or Leh in the T.eh Dis-
trict. Rest few were boro in the nearby
Changthang area.

Ages of the children and adelescents were
collectad from the scheol records and were
crogg-checked with the indivduals. Six
months were deducted from the reported ege
{based on Tibstan calendar) for those adults
whi did not remember their date of hirth
according v the Gregorian calendar (English
calendar). Age reported acearding to Tibetan
catendar can be 0-1 year ahead of English eal-
endar. Individuals older then 2 syears and
younger than 18 years are grouped into Z-year
age .groups. Adults 18 years ond above and
less than 40 vears of age have been grouped
into f single age group 18—40. Age group 2-4
means age greater than and egual to 2 years
and less than 4 years.

Anthropometric measurements werg takan
following Weiner and Louric (1981). The lol-
lowing anthropometric meaaurements were
laken on both the sexea: height, weight, sit-
ting height, skinfold thickness at triceps, amd
upper arm eircumisrence, Except for zitting
height, all the measurements were taken on
individuale above two years of age. Sitting
height wan taken on individual above six
years ol age. Height was measured by Har-
penden anthropemeter rod and weight with a
weighing scale. Skinfold thickness was taken
with the Harpcnden skinfold ealiper. UTpper
arm circumference was taken with a non-
stratchable measuring tape, Heipht was re-
mrded to the nearcst millimeter, weight to
nearest the 0.5 kg, upper arm cireunference
to the nearest millimeter, and skinfold thick-
ness to ihe nearest 0.1 mm. [Tpper arm cir-
cumference and skinfold thickness at triceps
were used to estimate muscle and fat mass
hased on the formula for cross sectional upper
arm muscle arca snd fat area described by
Frizanche (18810, All the measurements were
taken by single investigator (YT} Slatistical
analysis wns done with the help of M5 Excel
2000 and SPSS 10.0.

RESULTS

Tables 1 and 2 present the sample sizer,
imeans, and standard deviations for height,
weight, and smitting height respectively for
males and [emales at the three study locatons
and iwp altitudes. ANOVA was nsed te com-
pere differences in location fur each age group.
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T-teste are used to cumpare altitude differen-
cea; the high altitude group is compared to the
pooled mean of the two low altitude ssanples.

For height, significant difference between
the places of residenece is oheerved only for age
groups 4-6, 15-18, and 18-40 years for males
ang 2-4, 16~18, and 18-40 vears far females.
For weight sipmficant difference between the
places of residence is olaerved for age groups
4+-6, 68, 10-12, 12-14, 1418, and 16-18&
yvears for males end 24, 4-6, 6-5, and 10-12
yearz for females. Mean height and waight
values are Inwer at high altitude than at low
altitude exeept for the twe age proupa 2-4 and
8-10 among males. Few of the differences
hatwaean altitudes are zignificant. Height val-
ues show significant differcnee between alti-
tudes (or age groups 46, 12-14 16-18, and
18-40 years for males and 2-4, 4-6, 14-16,
and 1840 year for femalcs. Weight velucs
show significant difference between altitudes
for age groups 4-6, 6-8, 10~12, 12-14, and
14-16 years for males, and 2-4, 4-6, 6-5,
8-10, 1012, and 18-40 years for females.

To determine whether differences in waight
were simply a consequence of differencey in
heaight, ANCOVA was used to compare height-
eontrolled differences in weight between Tibe-
tans at high and low altitude. Figurn 1 shows
that when height 12 controlled (or cach ape
proup, many of the significant differences
observed earlier for weight were diminished,
particularly for the adult age group. Never.
thaless, differencez were atill observed for
muost of the age proupa younger than 14 years
among melea and younger than 12 years
among females. Above these age groupe the
general pattern as observed far waight is no
more obaerved.

Table 1 shows that silling heighl differs aig-
nificantly tor place of residence and for alti-
tude only for the 3- to 10-vear-ald age group
and the 16- to 18-year-old oge group among
males. Table 2 indicatas that sitting height
differs significantly for place of residence and
for altitude only for 18- to 18-year-old age
group among females. Ilowever, Figure 2
shows that relalive sitting height is greater at
high altitude than at low altitude for all age
groupe among males, and for ages younger
than 16 yeers among (emales.

Tables 3 and 4 present the semple cizes,
means, and standard deviationa for skinfold
thickness at triceps and mid upper arm cir-
curnlerence, respectively. The high eltitude
sample shows luwer valuey for skinfold thick-
necy at triceps and for upper arm circumter-
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TABLE I. Height. weight, unds#ung Regght among Tibetar males of the three plocea ufmmdenee
I.nw allilarde High altitude
B:Iahmie Chandragir Leh
Agegroupy N M i N M 5D N M 1 h L ¢
Hdgﬂ 14 994 .77 b e 6.3 a2 --N.205
] 75 1.2 5,6g & 110.3 Ti 24 021 5.16 7715 2 3470
[ ] 2] 1153 641 149 a0 E 20 36 1132 4.7 1371 1824
10 7 1236 120 9 1244 4.24 20 1245 ) 0.115 —0.478
1032 28 134.1 6.05 3 132.7 4.24 16 YR T.IT 0,625 eS8
12-14 31 143.5 T.88 9 1485 .M 23 1385 B.T9 2862 2147
14- 168 2a 1578 LI ] 17 164.2 B.21 a3 1535 10020 1.27Ta L1B5
16-18 20 1642 527 12 164.7 6.37 20 1500 6.16 11.65® §.2140
1640 o) 1648.2 n3z 42 168.1 B.oH 14 1545 HI2 I 2394
Tojert L' i ¥ 1494
Weight
— 14 145 141 & .0 2.6 1408 0,655
i 28 157 1.B% '] 146 1.96 24 181 252 4. 405 3.681*
[ 21 .5 a6 14 214 288 a5 1E.3 214 R.aRas 4,107
2-10 21 24.4 3.25 a 246 ¢35 20 o9 & i.86 u 41 o011
10-12 2B 31.0 619 10 28,1 4.67 18 24 2 %.R2 £.4aae 207"
T8~14 n J8.5 G.26 g 280 &3] 23 J34 4 3K 4-.51“:"‘ 303
1418 29 49,0 1169 L7 429 TP az 41 8 B.44 4, 846° 28"
16-15 %0 585 B8.85 119 537 13.22 20 512 U 2.471° 18481
TH—4i) o8 &7 ATD 4% A3.4a 13,043 14 LR 1414 {105 .58
Tota! 230 128 FLE
Sitting hwedght (em)
[ 19 BE.Z a64 11 G8.0 2.4l 25 4.5 2.85 0837 R )Y
B=10 21 8.0 RN = H7.4 155 16 ™2 ATy 1,365 —2.574"
10-12 A =4 358 A 718 1.59 14 118 2,44 0.618 .50
13-14 3 TR.3 386 g 1587 .54 Fr' 5.2 4.36 2487 1.5%0
1416 ol 854 1 G.48 17 a2 6.3% 33 83.0 5T 1654 —D15s
18 -8 20 801 4.06 13 e.4 3.2 17 BE.2 452 4220 2872
140 o #1.5 3.05 44 9.2 &M B 804 3.4 1.177 0845
Thial I¥7 i) 135

AR compnring the fires places of readdente (ANGVA),

b ‘Twat camparing the high snd low sltitndes; the bwa Tow nltiteds spmples poaled together.

ence among meles and females of all ages.
However, differences between places of resi-
dence or between altitudes are not statisti-
cally significant for many of the age groups,
Figures 3 and 4 ahow that upper arm fut area
und upper arm muscle area, basod on skinfold
thicknesz at triceps and mid upper arm cir-
cumfarenca, alre rRhow lower values at high
altitude than at low alatude.

DISCUSSION

In this study, height and weight valoes tend
;6 be higher at low altitudes than at high alti-
tude for maet of the age groups for both males
and females, though the dillferences ure not
significant, for all the age groups. The differ-
ence in height and weight between the two
altitndea may be a reanlt of hypowia at high
ajtitude or it may be due to the difference in
nutriticnal status bevween the lwo altitudes.

Arrericntt dnwbetred o oo Rindogy

The two low altitode sampics show similar
values for height. {me of the low altitude san-
pies is from Chandragir which ig a malaria
endemic area, I is gurprizing that no differ-
enee is fuund belween a low altitude area with
melaria and one withoat malaris. It may be
hocause malaria s not accompanied by poor
socio-economic conditions, It may be also
beeause of the availability of medical facilities
in the zetilegment and awareness about the
digease among the individuals in the settle-
ment.

Figure 5 compares dala oo height from the
present study with data from previous studies
on Tibatans (Weitz et al., 2000; Pawson, 1976,
a population of Tibetan arigin (Sherpe: Paw-
son, 1978), Andenn populstivns ((Juechua:
Frigancho et al, 1475, Aymera: Stinson,
198G), and s eample of European arigin
{Grekea et al, 1985) at high altitude.
Weighted meana for 2-year nge groups werd
taken for comparison. Ages 18 and above were
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TABLE 5. Height, weight, ongd aitting height among Tiietan fomales af the three places of reaidence
Low altituds High altitude
Bylakuppe Chandragiri Lahy
Age groups N M sD N M N M 8D | ¥
Height
2y 14 94.4 4.74 18 908 402 4.0991" o 2a0m
P 2 1043 G (A 1)1 :3 2.5 4 1068 783 2722 2 195"
B8 11 1188 4.55 15 1136 443 22 1116 6AT 2.368 2017
a-10 32 1241 A1y 16 1244 550 19 1228 445 0085 0450
10-12 27 1378 G40 18 1863 B.55 21 1334 946 1,207 1372
12-14 o 1480 B.48 31 A0 .74 25 1444 54 1.82 1.922
14~16 L] 154.6 .26 21 1515 b.50 14 151.2 4.0 -1 | 2 104"
18=14 10 1585 B8 ¥ || 155.0 4.6 24 1531 487 B Bdg" L.161"
1840 0 168.0 B.ad B 155.7 BB 41 154.1 .10 41300 1.953
Total 77 o 204
Waight
B 14+ 14.8 14H 16 189 151 & Gag* 3.008"
46 20 17.B 181 T 186 112 24 151 22&% 1187 4. 786"
E=£ 11 0.4 1.%7 16 0.7 2.46 22 1%.7 241 o 40" 4 545"
B=10 31 24,3 5,24 18 25.0 440 19 2.2 312 3.085 3.42%"
10-12 ey a3.7 780 13 B0.7 b.BE 21 x84 535 3828 240"
19-14 24 42 6 10.42 b4 | 0.5 7.57 25 88 A2 1204 1.356
li=16 18 48.2 5.23 21 479 8.3z 14 45,1 .93 L4358 1463
1614 10 509 8.52 20 26 A5l g4 L1 408 0.658 (L%
18-44 20 a0.2 13,53 56 5BA 1073 41 53.2 354 A.018 2.080"
Total 175 169 308
Bitking height
&8 & 83.0 4.13 10 84,1 .73 18 6383  1lB 0.26 0235
810 3% 678 3.27 14 az2 %76 17 3.7 336 0,517 -0.926
12 27 725 7.18 12 722 4 K 21 T3E 478 0.286 —D. 704
12-14 23 TEA £.19 21 18.1 4. 48 1 176 4.27 Q.66 L1563
14-14 19 2.2 5.01 21 a1 496 14 L3 188 0.26% 0473
1814 10 A4.4 2,15 19 854 320 18 fi8 470 4056 2701
184 14 HE.] 1.9d i B84 6 3.6 A -k ) 377 1.006 1254
Theat 134 &7 IZE

¥ comparing tha three places of reaid ence (ANGVA)

b Teat, compering the high and low altitudes; the twn low sltitede samples ponled together,

pooled together and are presented in the age
group 18-40 vears in the praph. Data for
@inghai Tibstens in Tibet from Weitz et al
{2000) are presented as weighted averagee for
individuals living at. 5,200 and 3,800 m.

The cortpatison of height shows similar pat-
terns for both the sexas. All the samples at
high altitude lie below the 5th percentile of
U'S NCHS reference valnes (Frisancho, 18300,
sxcept for European sample which lies be-
tween 5th and the 50th percentiles. The Euro-
pean sample (Greksa at al., 1985) i3 of upper
soein-economic status and their retarded
grawth compared to the NCHS references
indicates the offect of hypoxia on them. The
Andean high altitude samples, Quachua (Fri-
sancho ot al, 1975) and Aymare (Stineocn,
1980), show similar patterns and are shorter
than the Tibetans at high altitude of the pres-
ent study.

The grewth of Tibetans at 3,200; 3,800, and
4,300 m fram Qinghzi area of the Tibetan pla-

tean, deseribed hy Weitz et al. (2000), does not
gonform to the hypathesis of sipwer grewth at
higher alitudes. The interpretmtion offered
was that of genetic differences between the
samples and poorer nutrition and health care
of the sample at the lower altitude of 3,200 m.
The average heights of the high altitude sam-
ple in oonr study do not differ much from those
of Tibetans at 4,200 and 3,800 m reporied by
Weitz et al. (2004). But, mean height at low
altitude in the present study is greater for
raogt ages and for hoth sexes than the heights
reported for Tibetans at 3,200 and 3,800 m in
Qinghai. The important difference betwesn
the two etudies is that cur study presents data
from & much greater altitude range than was
reported by Weitz et al. (2000). Samples
described by Weitz et =l (20000 at high ait-
tudes were similar to the Tibetan sample at
Lhasa ¢fi end Ohsawa, 1983} in terms of
height, and taller than Tibetans of Upper
Chumik in Nepal (Beall, 1984) Bods of

American Journal of Human Biclogy
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Ladskh in India (Malik, 1987; Malik and Pan-
dey, UI??S; Mall.kbu and Singh, 19'?]8, 1984}, Bher-
pas umbu region in Nepal, and Qinghai
Tibetans in Tibet (Kuang, 1980, cited hy nwﬁ:;tz
£t al., 2000). Pawson (1974, 1976) did not find
gignificant differences in height betwesn tha
sample of Tihetans growing up at medium
pltitnde and Sherpaz growing up at high alti-
tude. Binca anthropometric measurements
indicated that Tibetans at medium sltitude
were nutritionally better off than the high
phiitede Sherpas, Pawson {1978) concluded
that the growth of Himalayan populations
wae more likely to be a consequence of genet-
ica than of difference in diet or altitude.
Figure & shows that population differences
in weight parallel those for haight. Europeans
are the heaviest and the Pawson's (1976} sam-

Artericon Jeurnal of Humaon Bialogy

pie of Sherpas and Tibetens are the lightess.
While the heighte of moat of the high aktitude
samples are equal to or below the NCHS 5th
percentilea, the waights of some of the high
altitede populations are ahove the NCHS Gth
percentiles. In comparison to males, the
weiphts of many of the female somples are
shove the NUHS Bth percentile. Upper arm
muscle area is greater amwng males ihan
among females, while upper arm fat area is
greater among fernales than among malkes
Thus, the reason the female samples are
ebove the MCHS 5th percentile for weight
may be due to greater fat mass.

Sitting height shows similar values at both
high and low altitudes, but consialent differ-
ences between the twao alttudes are chserved
for relative sitting height (Fig. 2). Siace chest
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TARLE 3. Skinfold thickness e triceps among Tibetnny ot the three places of residence
Laow allitnde High aititude
Bylakuppe Chandragiri Leh
Age groups N M e N M S0 N M 8D - i
Mule
.4 14 10,2 .81 4 1 1.28 &.0838 724
45 26 B3 168 2 3.3 1.47 P’ T 1.06 1.09 1.488
2 | -3 144 12 8.6 1.87 35 6.7 1.44 q 402" 3674
E-10 21 .9 2.12 8 92 246 19 .6 1.8%5 1.93 1.074
10-12 28 8BS 288 9 7.9 2.26 1o 8.7 0.95 2.298 2.061"
12=14 31 g1 243 ] 82 203 23 T3 1.26 1387 1673
14-18 26 B2 4,32 17 &4 28 13 o 1.36 540 a.262"
16-14 20 7.8 2.3% 13 2.5 481 1% a2 125 2674 2230
1820 25 a5 53.19 41 9.2 4.20 12 4 508 0.048 0,103
Tidad 224 a5 J.15 125 il T3¢} i v.I .56
Female
a4 14 10.3 2.20 13 6.1 1.8 il Yo 1.527
44 20 8.5 1.83 1 9.4 LER 8 4.4 143 A.181 2.644"
44 11 3.5 1.38 16 8.2 1.28 A Tl 1.50 TLOs" 4.500*
210 42 29 1.76 14 0.4 156 19 8.5 2.30 4, 428* 1L.&54
10-12 27 10.6 a3l 13 8.7 192 21 8.0 1.&7 2367 1.912
12-14 23 12.4 436 21 1.8 P 23 1.3 5.82 0.5 L1
1416 i% 14.3 4.58 21 14.2 3.64 14 12.7 3.56 0733 1.221
16-18 10 14.2 2,18 20 14.B 5684 4 138 4,24 0,286 OGETT
18-40 15 ig1l 1.92 bd 17T.H 7.0 An 156 535 201 1.B78
Totel 7L LY 4.909 186 5.5 BE7 18y ILI .57

*F compuring bhe three places uf reaidenoe (ANTAR )

Y-Test comparing the high and low sltitudes; the twe low altitude snmples pooked together,

langth correlstes well with sitting height
{atinson and Frisancho, 1978), higher relative
sitting height of Tibetans at high altitude indi-
cates that chestthorax length, relative to
haight, 15 greater at high altitude than at low
altitude. Low altitude Tibetane are taller, yet
have gimilar sitting heights, compared to high
altitude Tibetans. This means that leg length,
caleulated as sitting height subtracted from
height, is greater at low altitude {Fig. 7).
Though not all differences are significant, the
veneral trend shows higher values for leg
langth at low altitude. Higher relative sitting
height interpreted aas higher relative chest
length may indicate an adaptation at high
altitude. A review of variation in body size
gnd shape among South American Indians
{Stinson, 1990) showed that relative sitting
height correlated strongly with temperature;
thua groups living in colder areas have shorter
lage. This is in conformity with the Allen's
tule of shorter appendages in eold climate.
The higher reletive sitting height and conse-
quently lower leg lengths obeerved among
Tibetans thus may be explained either by alti-
tude or by the cold climate of the place.

Lower leg length relative to stature among
h_JEh altitude Tibetans also may be an indica-
tan of poor nutritional status. Since skinfald

thickness and wupper arm circumference can
be used as indicators of nuintignal status
(WHO, 1995, lower waluas of both measured
at high seltitude provides additional support
for the hypothesie that the diet of high alti-
tude Tibetans is poorer than the diet of low
altitude Tibetans. Finally, the high eltitude
Leh sample shows a higher percentage of chil-
dren whose height-for-age and weight-foc-age
Z-gcores are more than 2 standard deviations
helow the NCHS means comparcd te the low
altitude samples. These differences might be
due tn the direct result of diftarencas in nutri-
tional intake at high altitude ur g result of dif-
fergncas in metaholism under the influence of
bypoxia.,

Other indicators of nutntional status, such
as welght-far-height and BMI-for-age, show
very little difference between altitudes. Even
though 13.3% of the males and 11.9% of the
fernales at high altitude are in the CIHC
“underweight” category i(ie., BMI-for-age
<ath percentile, CIIC, 2005) compared to 5. 7%
of the males and 2.1% of the femelos at low
altitude, the majority of children and adcles-
vents (»32%1 at both altitudes are within the
CDC “normal” category (1e,, BMI-for-age be-
twean the HBth and BSth percentiles, CDC,
2005) (Tripathy and Gupta, unpublished com-

American Jorrral of Hurten Biology
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TABLE 4. Mid apper arm circumference ammong Tibetane ol the three places of rasidence

Larw altitude High sltftte
Bylakupgpa Chandeagiri Leh
Age groupe N M gD 'y M 3D N M 8D i "
Mals
4 14 16.1 1.28 4 14.8 0.4 A.839 1.827
-5 2a 16.1 1.a07 E 16.6 127 22 4.6 1.13 (LR S48
6-8 4 | 16.5 1.31 16 17.1 1.14 &6 149 121 27147 T.235
B-10 a1 173 131 L) 176 132 20 156 1419 1957 15810
=12 28 10.2 136 L] 1849 . 16 18.9 106 a.0ast 4 G
12-14 n 204 198 ! .t | 109 2 186 1.38 4,06 3. 165~
1416 a9 229 Az 17 0.8 a.05 s e 242 T.294" 2.A3g*
16-1H 2n 241 2OR 13 =6 371 18 228 290 004 1.313
18=-40) 28 arz 2T 41 Ha 309 12 248 241 2241 15847
Yoot irt ) 20 {38 125 2.8 .54 IR3 In1? J68
Frmale
24 14 181} 093 1z 4.0 gs J0.403* 6514t
] 20 15.8 L2l ) 16.2 1.57 23 142 082 o o' T.has*
-8 10 185 Q.75 1B 16,7 118 22 i4.8 0.5 20350 G417
B-10 52 178 113 16 178 141 1% 16,1 131 H.224* 4.088"
I-12 a7 195 *07 13 10.0 1.8¢ 21 184 273 1.245% 1.447
1214 23 21.1 217 m 0.6 200 22 19.7 243 2442 2 085*
14=16 19 228 1.84 at iR ol 14 209 2.049 4233 2648
1618 10 251 1564 20 23,5 247 2d 2% b 185 1.6 1,554
18=-4() 18 270 252 51 28,6 A7TT af .1 2.60 482" A
Thlal 172 g I35 154 217 4.21 188 15.2 4.2z
*P comparing the three of residence [ANOVA)

*s-Phat comparing the high and low altitudes; the twa low eitiude aemples pooled topeiber
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munication). The height-adjusted weight data
alse show similar values ai both the altitudes.
The low altitude shows higher proportion of
individuals in the CDC eategories “risk of
overweight” and “overweight" (i.e., BMI-for-
age mreater than 85th perventile; CDC, 2008}
compared to high altitude.

Higher leve] of phyaical activity at high alti-
tude may be one of the reasons that the pro-

American Journal gf Human Biotogy

porticn of cverweight Tibetans is low at high
altitude than at low altitude. Upper arm mus-
¢le area shows lower values at high altitude
than at low altibade which i not as expected i
high altitude sampie were physically more
active. At high altitudes, people depend cn
walking for traveling the distznces within the
settlernents, Physical aetivity is higher at
high altitade in terms of walking and also
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becange of the andulating terrain found ai the
high altitude as is not the case at low alti-
tudea. Thiz may be a reason why higher physi-
cal activity is not reflectad in the upper arm
muscle areg. Nonetheless, difference in weight
and muscle mass between the two altitudes
may due ta altitude difference in nutrition.

A high percentage of adultz at both alb-
tudea can be classified as overweight or abese,
based on BMI {Tripathy and Gupta, 2006). A
community which shows very high percentage
of adulis within the categories of overweight
anf obese is not expected to be deflzent at
leaat in terms of quantity, if not guality, of

American Jowrnal of Human Bisdogy
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food and nutrition. We observed that the basic
food patterns in terms of stanle food of Tike-
tans at different asttlements are largely simi-
lar. The differences which do exist are due to
the differences in availlability of vegetables
and freits in winter monthe. High alituds
lacks in variability and availability of vegeta-

Amerivun Journal of Human Biology

bles and fruite, especially in wintsr monthe.
The proportion of animal protein is thus more
in ket at high altitude than st low aibtudes.

SUMMARY

The similarity of height of our present sam-
ple at high altitude with Tibetans at Qinghal



GROWTH AMONG TIBETANS

{Weitz at al., 2008) and at Lhaaa (Ji and
Ohsawa, 1993} may indicate that in terms of
growth the Titetans at T.eh are reaponding to
tha stress of hypoxia in the same way as their
counterparts in Tibet. In terms of height, Tibe-
tans at low altitude differ significantly from
Tibetans at high altitude only for few age
groups. The general trend sugpests that Tibe-
tans migrated to low altitudes show slightly
higher values of heighl, weight, skinfoid thick-
ness at triceps and upper arm circumference.
The slight difference observed for height is
largely due to higher leg length which may be
explainad by the difference in food and oniri-
tien. Altitude muy or may not be mediating
through nutritional statns,

ACKNOWLEDGMENTS

We are thankful to the anonymousz reviewers
of thiz manuscript for their valushle com-
ments. We wish to thank the Settlement offi-
cers, Welfare officers, and their staff at Chan-
dragiri, Bylakuppe, ard Choglamsar for their
suppurl and copperation in conducting the
fieldwork. We alaa thank the Principals, teach-
ers, and staff of the schoole for the help pro-
vided in date collection. Thanks are algo due to
camp laadsrs in the Settlernents and several
field assistants, especiaily Mr. Niyma Dorjee at
Bylakuppe and Mrs. Teewang Dolkar at (Tho-
glamsar, Ladakh. Assistance and cooperation
aof Mr. KC Satapathy (Junior Lecturer) Govern-
ment Wormen's Callege, Phulbani, Oriasa, with
whom jnint collaborative fieldwork ot Chan-
dragiri, Orssa was conducted is alss acknowl-
cdged. We are grataful to the Tibetan individu-
als wha volunteered to be the subject and form
the basiz of thia research, Lastly, we must
thank the people of the Tibetan settloments
and the naighboring communities for the hoa-
pitality and cooperation they provided in the
eourse of the fleldwaork.

LITERATURE CITED

Aldenderfer MS. 2003, Meving up in the world. Am Sei
B1:542-H49.

Baker PT. 1369, Human adaptation W high altirde. Sc-
fuce 14: 11421154

Beall CM. 1984, Aping and growth at high altitudes in the
Himalayas. In; Lukas J, edilor. The puopy of Soutk Asia.
New York: Plenum. g 365305,

Beall CM. 2000a, Tibatan and Andean patteras of adapla-
Linn & high-allilude hypoxia. Hum Bial T2:2001-228,

Cenll M 20000, Tibetan and Andean contrasts in adapta-
tinn to high-altitude hypasia. Adv Bap Med Biol 1475
BU-T4.

Beall M, 2001, Adaptulions to altitude: o current amseas-
ment. A Rev Antbopol 300425468

799

Beall CM, Baker FT, Baker T3, Hags JID. 1977. The effacts
of high altitude on adolescant growth in scuthern Paru-
viun Amerindiange Hum Biol 49:108-124,

CDC. 2006. BM1—bady maea index: Abaat BMI for childran
and {vens. Centera for Diseass Control and Prevention
(CDED, Deportrment of Health 2nd Hutman Services
http twww.cde, govinsed php/dnpasbmifchild rans_BM I/
abwat_childrens BM1. bt (aecemmed G Jenoary 2005

Clege BEJ, Pawson [G, Ashten EB, Flyon BM. 1872 The
grawth of children a1 differsnt altitudes in Ethicpis.
Philos Trans R Scc Lond B £64:405-437.

Frizancho AR, 1969, Human growth and pulmonury Fane-
tivt, of 2 high altitude Puruvian Quechus populalion.
Hutn Biol 413655378,

Prigsanche AR 1970 Devedoprmental reapomses kg high alti-
tude hyposia, Am J Phys Anthrepol 32-401—407.

Frisancho AR, 1678, Growth and morphology at high alti-
tuds, In: Baker PT, Littla MA editors, Man io the Andeos.
Struwlchurg, FA: Dowden, Hochinsm and Reoas. p 180~
207,

Frinancha AR. J981. New normg of upper lisb fat and muas-
cha areas for pesepsment of nutritionat status. Am J Obin
Mulr J4:2640-2545,

Frieancho AR. 1990 Asnthropometsic stendarda for the
eRgecATaRnt of growth and nutritional statue Ann Arvbar,
Mi: Michigan University Prees,

Frisgncho AR, Eaker PT. 1970, Altitude and growth: A
sludy of the patterns of physical growth of & high altituds
Feruvidn Quechue population. Am 4 Phys Anthropal
T2 270=200,

Frisanchoe AR, Borkan GA, Klaymen ¥, 1875. Pattern of
growth of lpwlard and highland Peravpn Quechus of
sitnilar pemeatic comrgeaition, Hum Biol 47:233-249,

Forer-Haimendorf CV, 1375, IBmaleyan treders. Life in
highland Nepal. Great Hritain: John Murray.

{rehoa LP, Haas JD, Leatherman TL, Thomas BB, Spielvg-
gel H. 1884, Work parformance of high-altituds Avmara
males. Ann Hom Fiaol 11:237-233.

Grekesa LF, Bpielvagel H, Ceceres E. 1985, Effect of alttade
arr the physical growth of upper-class children of Eure-
pean ancestry. Ann Hum Bigl L2:295-232,

Gupta H, Basy A, 1931 Variations in body dimeneioms in
ralacion te plttude ameng the Sherpas of the castern
Himelayes. Ann Hum Biol B;145=152,

Gopta B, Bam A 1991 Altitwde and growlh among the
Eherpas of the eaztern Himalayas, Am J Hurn Biol 3:1-9.

Haas 1976 Prenatal and infant growth and developmont.
In: Baker PT, Little M4, aditors. Man in the Andes.
Stroudsburg, PA: Towdey, Huchinsun and Ross p 161-
17%.

Harrigon GA, £966. Humean adaptability with reference to
the [PE proposals for high altitede ressarch. [n: Baker
PT, Weinar JM, editors. The liology of human adaptabil-
iy, Oxford: Clzrendun Prema. p 509514,

Hetf €. 1874, Altiludinal varistions in the physical
growth and developienl of Peruvian Quechiza, Home
24:37.89,

Ji CY, Ohsewa 5. 19898, Growth changes of Chinsse, Mongo-
liaz, Uygur, Kiopn and Tihetan ethnic groups in the
past forty years. Am J Hom Biol 6:311-229.

Kaul 8, Kaui HN. 1992, Ladakh through the ageg, towards
A e igdentily. Mew Delhiz Induz Publishing Company,
Blalik (.. 1987, Physical growth and alticude: cormpaniaon
of high-and low-land Bads of western Himalavas, Indiun

Anlhrope] 17:9-48.

Malik S1. Pondey AK 1993 Kespiratory adapiation to
high sltitude in adolescent Bod girls of the wastern
Hiunslayas. Ann Hum Bial 20:575-81,

Malk 30, Singh 1B 1878. Growth trenda amang male Bods
of Ladakh—s 4igh altitude popelation. Am J Phys
Anthrepol 48:171=175,

Amerivan Jdournel of Fluman Biolmey



8G0

Malik 5%, Singh IF. 1684. Boctogy and buvasn physiology in
Ladekh. In' Lukoss JR, editor. The prople of Bouth Asia.
New York: Flsnnm. p 421-438,

Moare L3 2001. Human genetic ndaptation io high alt-
fode. High Alt Mod Biol Bﬂﬁ?—ﬂ?ﬂ

Mocre L3, Armeza F, Villana M, Yargaa B. 2000. Compars-
tive anpects of high-aliiude adaptation in homar popa-
Ietions. Adv Exp Meod Riol 475:46-562.

Muoaller WH, Schll VN, Bchull WLI, Soto P, Esthhammer F.
1974, A meltinational Andasn ganeda nnd twealth pro-
gram: growth and development in an hypoxic envirom-
ment. Ann Hom Bic] 5323352,

Paweon [G. 1674, The growth and development of high alti-
tude children with spacial emphasis en populstion to
Tibetan crigm in Nepal. PhDD. dssertation, Uolvexaity
Park, Proviylvania Btate Universily, Penneylvenia,

Pawson [ 1976 []mwthand developmant in Ingh altitode
mldaions: a review of Bdnogian, Peruviao, and Napn-
Lec: studion. Proe B S Lond B 184:83-02,

Brariti &, 1988, Mouths of people, tha voice of God: Buddhist
end Mystims in a frootéer comnmmmity of Ladakh. New
Dwlhi: Saujunyo Backs.

Bkinson 8 [980. The physical geowth of high sltitude Bobiv-
ian Aymarn children. Am.J Phys Anthropol 52:377-3545,
Stimscn 8. 1953, The effect of high altitnde oo the growth of
¢hidran of high socicaconsmis statys i Bolvig. &m J

Phys Anthropal 58:61-71.

American Journal of Hemon Biology

V. TRIPATHY AND R, GUFTA

Stinson 8. 1830, Variavion in body slze ond shape among
Sotch American Indians, Am .S Huom Biel 2:37-51.

Stinspe 8, Frieanche AR. 1978, Body propartions of high-
land wnd lowland Peruvian Quechun childien, Hum Biol
=N-57—64.

Tripathy ¥V, Gupla R. 24056, Birth weight among Tibetane =1
different altifudes in India: are Tibetans hetter protacted
fram IUGRY Am J Humn Rial 17:443-450.

Tripathy V, Gupia R 2008. Nutritional stetus and

temsion Tibetan sdults in India {sparial Lﬂme.l
d Hum Egal 14:T7-H2,

Weiner J3, Lourie JA, editors. 1981 Fractical huran biol-
ogy. Landon: Academic Preas.

Waitz CA, Garruto RM. 2004 Growth of Han migrants at
I:n%l-l aititude in cenleal Arin. Am J Hom Bisl 15.405—
a1l

Witz CA, Garroto EM, Chin OT, Liu J0, 2004, Morphologi-
el growlh and Lhorax dimensicms among Tibetan oom-
pered 0 Haz children, sdoiescents and young adults
::rnn and rzised at h.u:h aldrude, Ann Hom Biol S1-282-

Weitz CA, Garruto RM, Chin CT, Liw JC, Liu KL, Ha X.
2000 Growth of Qinghai Tibetans living at three diffor-
ent high altitudes. A J Phys Anthoropol 111:69- 88

WHO, 1995, Physical status: the use and interpretation of

anthropomatry. Report of a WHO expert commities,
Cemeva: World Health Organization,



	1 copy.pdf
	2.pdf
	3 copy.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf
	11.pdf
	12.pdf

