
Anthrop. Köz). 21. 63—70. 1977.

A STUDY OF HUMAN GROWTH AMONG HIGH 
ATTITUDE FEMALE BODS OF LADAKH WITH 

REMARKS ON MORPHOLOGICAL ADAPTATION

By I n d e r a  P. S i n g h  and S. L. M a l i k  

(D epartm ent of H um an Biology, U niversity  of D elhi, Delhi, India)

T he researches in  th e  A ndes h av e  show n th a t  h igh  a lt i tu d e  p o p u la tio n s  h av e  
slow er and  pro longed  g ro w th  in  s ta tu re , m oreover, th e  ado lescen t sp u rt, as 
in d ica ted  b y  b ien n ia l in c rem en t, is n o t well defined  in  e ith e r  sex (F risancho 
1966 ,1968, B aker  e t al. 1966, F risancho an d  B aker  1970, B aker  1969, 1971, 
F risancho 1975). L a te r , a fu r th e r  p ro b in g  in to  th e  g row th  an d  d ev e lopm en t 
of th ese  high a lt i tu d e  p o p u la tio n s , led  to  th e  op in ion  th a t  re ta rd e d  g row th  
seem s to  he genetic  in  n a tu re  an d  is n o t associa ted  w ith  th e  a ltitu d e  of re s i
dence (H off 1972, F risancho  e t al. 1975). Paw son  (1971), on th e  basis o f h is 
s tu d y  on E th io p ian  h ig h lan d ers , concluded  th a t  fem ales from  D eb arek  3.048 
m . a ltitu d e ) are s ig n ifican tly  ta lle r  an d  h eav ie r th a n  th e ir  genetic  co u n te rp a rts  
a t  A di Á rk a i (1.524 m .). P aw son  (1974) rep o rted  fu r th e r  th a t  th e  h igh landers 
from  N epal show clear ado lescen t s p u r t  in  s ta tu re .

T he p a tte rn  of h u m a n  g row th  am ong h ig h lan d er B ods h av e  been  exam ined  
to  f in d  o u t w h e th e r th e y  follow  th e  “ g row th  n o rm s”  o f th e  h igh landers from  
th e  A ndes, E th io p ia , N epal o r are d iffe ren t from  all o f th e m . W e shall em phasize 
here  on ly  th e  fem ale B ods o f L ad ak h  in  th e  age ran g e  o f 10 to  18 years.

M ateria l and  m ethods

T his in v es tig a tio n  is b a sed  on a cross-sectional sam ple o f 148 a p p a re n tly  
h e a lth y  B od fem ales o f L a d a k h  (3.354 m . a ltitu d e ) — a d is tr ic t in  th e  Ja m m u  
an d  K ash m ir (In d ia ), in  th e  age ran g e  o f 10 to  18 y ea rs .

B ody  m easu rem en ts, v iz . s ta tu re  an d  b o d y  w eigh t h av e  been ta k e n  follow 
ing th e  s ta n d a rd  tech n iq u es  as described  b y  W ein er  an d  Lourie (1969). 
I t  needs m en tion  th a t  b o d y  w eight has n o t been ta k e n  in  n u d e , as suggested , 
b u t  h as  been  ta k e n  w ith  m in im um  clo th ings an d  th e  re sp ec tiv e  w eigh t of th e  
g a rm en ts  has been s u b tra c te d  from  th e  observed  w eigh t. B ody  surface area 
has been  ca lcu la ted  u sing  th e  fo rm ula  given for In d ia  p o p u la tio n s b y  B a nerjee  
an d  Sen  (1954) w hich  is g iven  below :

Surface a rea  =  (w eight)0-425 X (heigh t)0-725 x  74.66

Age has been recorded  b y  follow ing th e  I .B .P . Code N o. 1 (W ein er  an d  Lourie 
1969) an d  converted  in to  decim als follow ing decim al age system  (Ta n n er  e t al. 
1966). T he m ean  va lues, a n n u a l in c rem en ts  and  su b seq u en tly  s ta n d a rd  errors 
have  been  correc ted  b y  lin ea r  in te rp o la tio n  as ad v o ca ted  b y  Ta n n er  (1959).
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R esu lts and  D iscussion

(A) H u m an  growth ( with em phasis on sexual d im orph ism )

T he m ean  values show n in  T ab le  1 in d ica te  th a t  s ta tu re  an d  b o d y  w eight 
v a ry  w ith  increase in  age from  10 to  18 y ea rs . Fem ale  Bods o f L a d a k h  a tta in  
adolescen t sp u rt betw een  12 an d  13 y ea rs  as assessed b y  m ax im u m  ann u al 
in c rem en t an d  ra te  of g row th  (Table 2) corresponding  to  th e  h ighest peak

Table 1

Age-changes in stature and body weight among Bods of Ladakh and Indian girls (1CMR, 1972)
from 10 through 18 years

1. táblázat. Ladakhi bod leányok és indiai leányok term etének és testsúlyának életkori változásai
10—18 év között

Age groups 
Korcsoportok

Bods of Ladakh 
Ladakhi bod leányok

Ind ian  girls 
Indiai leányok

N S tature (mm) 
Termet

Body weight (kg) 
Testsúly

N S tatu re (mm) 
Termet

Body weight (kg) 
Testsúly

Mean S.D Mean S.D Mean S.D. Mean S.D.

9.5— 10.5 13 1275.92 41.21 23.70 6.29 3646 1284 80.2 23.6 5.74
1 0 .5 -1 1 .5 10 1342.96 57.04 27.16 5.30 3442 1336 94.9 26.4 5.53
1 1 .5 -1 2 .5 и 1407.85 72.21 29.98 11.29 3426 1392 102.4 29.8 6.63
1 2 .5 -1 3 .5 16 1487.34 62.46 36.67 13.31 3168 1439 92.3 33.3 7.26
1 3 .5 -1 4 .5 23 1489.18 57.19 38.12 13.27 2900 1475 97.2 36.8 7.23
14.5— 15.5 23 1499.72 47.14 40.74 12.98 2644 1496 83.1 36.8 7.12
15.5— 16.5 27 1503.29 47.70 43.56 11.99 2534 1510 71.1 41.1 6.80
16.5—17.5 15 1537.59 55.09 44.62 9.60 2115 1515 75.1 42.4 6.76
1 7 .5 -1 8 .5 10 1565.06 36.72 46.16 8.65 1712 1517 58.9 42.4 7.17

Table 2

Mean annual differences and rate of growth in stature and body weight among Bods and Indian
girls (ICMR, 1972)

2. táblázat A bod és az indiai leányok term etének és testsúlyának koreltérései 
és becsült növekedési rátá i

Bods of Ladakh 
Ladakhi bod leányok

Indian girls 
Indiai leányok

S tature (mm) W eight (kg) S tature (mm) W eight (kg)
Age (yr) Termet Testsúly Termet Testsúly
Életkor

(él) Rate of R ate  of Rate of Rate of
A nnual growth A nnual grow th Annual grow th A nnual growth

difference Becsült difference Becsült difference Becsült difference Becsült
Koreltérés növekedési Koreltérés növekedési Koreltérés növekedési Koreltérés növekedési

ráta ráta ráta ráta

10— 11 67.04 4.99 7.61 12.74 52.00 3.89 2.80 10.61
11— 12 64.89 4.61 6.20 9.41 56.00 4.02 3.40 11.41
1 2 - 1 3 79.49 5.34 14.94 18.24 47.00 3.27 3.50 10.51
13— 14 1.84 0.12 2.96 3.80 36.00 2.44 3.50 9.51
1 4 - 1 5 10.54 0.70 5.78 6.43 21.00 1.40 0.00 0.00
1 5 - 1 6 3.59 0.24 6.20 6.47 14.00 0.93 4.30 10.46
16— 17 34.29 2.23 2.33 2.38 5.00 0.33 1.30 3.07
17— 18 27.48 1.76 3.38 3.34 2.00 0.13 0.00 0.00
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velo c ity  (F ig . 1), w hich is a tta in e d  betw een  12 and  13 years  fo r b o th  s ta tu re  
an d  b o d y  w eigh t.

I t  m ay  how ever, be in te re s tin g  to  n o te  th a t  th e  m ale  Bods o f L ad ak h , a 
sam ple e x tra c te d  from  th e  sam e p o p u la tio n  as th a t  o f p resen t s tu d y , do n o t 
have  clear adolescen t s p u r t  in  s ta tu re  (Ma l ik  1976). S im ilarly , while m ak ing  
a d e p th  analysis  o f th e  sex u a l d im orph ism  in h u m an  g row th , especially  ad o 
lescen t s p u r t  am ong N u n o a , B a k er  (1969) rep o rted  “ L ack o f well defined  
adolescent g row th  sp u r t fo r  m ales, an d  a la te  an d  poorly  defined  sp u rt fo r 
fem ales”  w hich  delineates th a t  th e  adolescen t sp u rt am ong fem ales is m uch 
clearer th a n  in  m ales (F ig . 2; B a k er  1972). T hus, i t  rem ain s s till u n ex p la in ed  
how  th e  ado lescen t sp u r t am ong  th e  fem ales is clear h u t  n o t so in  m ales in  th e  
tw o e th n ica lly  d is tin c t h igh  a lt i tu te  p o p u la tio n s of th e  w orld, viz. N unoa

Fig. 1. Velocity curves of sta tu re  and body weight among Bods of L adakh and Indian  girls 
1. ábra. Ladakhi bod, valam in t indiai leányok term etének és testsú lyának  koreltérés-görbéi
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Fig. 2. Adolescent growth rates in N unoa (4000 m altitude) children compared to  U. S.
ch ild ren  (cf. B a k e r  1972)

2. ábra. 4000 m magasságban élő nunoai gyerm ekek serdülési növekedési rá tá ja  Amerikai 
Egyesült Államokbeli gyermekekéhez hasonlítva

an d  B ods. I f  th is  depression in  ado lescen t sp u r t is associa ted  to  th e  a ltitu d e  
h y p o x ia  as suggested  earlier, how  do we exp la in  th e  clearer ado lesven t sp u rt 
am ong fem ales? A re th e re  an y  en zy m atic  fac to rs  invo lved? Is  i t  due to  th e  
genetic  ‘su p e rio rity ’ of fem ales (X X  chrom osom e)? O r are th e re  som e o th e r 
fac to rs  w hich  enhance th e  ado lescen t sp u r t  in  fem ales? W hile on th e  o th e r 
h a n d , i f  we say  th a t  depression in  ad o lescen t sp u rt, as s ta te d  above, is n o t as 
a consequence of oxygen d efic ien t e n v iro n m en t of h igh a ltitu d e , th e n  how  do 
we exp lain  th e  depression in  ado lescen t s p u r t  in  s ta tu re  am ongst m ales from  
th e  tw o h ig h lan d er groups, i.e. N unoas of A ndes and  Bods o f L ad ak h . F u tu re  
research  w orks m ay  p ro b ab ly  p rov ide  an  ad eq u a te  ex p lan a tio n  to  th e  diffe
re n tia l effects o f a ltitu d e  h y p o x ia  on th e  h u m an  g row th  am ong th e  tw o sexes.

(B) M orphological adaptation

I t  w ould have  been ideal to  com pare genetica lly  sim ilar p o p u la tio n s to  
exam ine th e  a ltitu d in a l differences in  p a tte rn s  of g row th , b u t  th e  lim ita tio n  
o f th e  p re se n t s tu d y  do n o t p e rm it th is , in s te a d  th e y  have  been  com pared  w ith  
th e  In d ia n  pooled d a ta  (ICM R, 1972). I t  is exp lic it from  g ro w th  ra te  in d ex
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(G R I =  x F — SLjlxp) t h a t  B od fem ales grow  fa s te r  th a n  In d ia n  girls b o th  in  
s ta tu re  (G R I =  18.47 a n d  15.36, respective ly ) a n d  w eig h t (G R I =  48.66 and  
44.34, respective ly ) w hich  is d iffe ren t from  earlier o b se rv a tio n s on P eru v ian  
h igh lan d ers  w here slow er g row th  in  s ta tu re  has b een  reco rd ed  (F risancho 
1968, 1969). F u rth e rm o re , Bods are  ta lle r  an d  h e a v ie r  th a n  th e  In d ia n  girls 
a t  th e  age of 18 years  w hich  is in  su p p o rt o f earlie r f in d in g s  from  th e  h ighlands 
o f E th io p ia  an d  N epal (P aw son 1971, 1974). The g re a te r  b o d y  size am ong B od 
h igh lan d ers  rem inds one of a p ioneer s tu d y  of B ergm ann  (1847) w hich p u r 
p o rts  th a t  in  th e  single species of w arm -blooded  an im als  th e  p o p u la tio n  in 
colder c lim ate  a tta in s  g re a te r  b o d y  size th a n  in  th e  w a rm er c lim ate . L a te r  on, 
R oberts (1953) con firm ed  th e  above find ings a n d  re p o rte d  th a t  th e  bo d y  
w eigh t decreases w ith  increase  in  m ean  an n u a l te m p e ra tu re  of its  b io tope.

The h igher bo d y  w e ig h t/b o d y  surface area ra tio  am o n g  B od fem ales (Table 3)

Table 3

Body w eight/body surface area among Bods and Indian  girls 
in the age range of 10 to 18 years

3. táblázat. A bod és az indiai leányok testsúly/testfelület hányadosának életkori változásai
10—18 év között

Age (yr) 
Életkor (év)

Body weight/surface area* 
Testsúly /Testfelület*

Bods of Ladakh 
Ladakhi bod leányok

Indian girls 
Indiai leányok

10 24.61 24.42
и 25.74 25.30
12 26.21 25.58
13 28.27 27.41
14 28.90 28.50
15 29.85 28.21
16 30.98 29.86
17 30.90 30.55
18 31.11 30.30

* Surface area calculated by the  form ula of Banerjee and Sen (1954).
A  testfelületet B a n e r je e  és Se m  (1954) képlete szerint számították.

seem s to  be of th e rm o ly tic  u ti l i ty  in  ad a p tin g  to  th e  cold  c lim ate  o f th e  area. 
I t  is well know n th a t  th e  p ro d u c tio n  of bo d y  h e a t is p ro p o rtio n a l to  its  m ass 
an d  loss of h e a t b y  ra d ia tio n , to  its  b o d y  surface a n d  o rgan ism  w ith  bigger 
b o d y  size an d  h igher ra tio  be tw een  b o d y  w e ig h t/b o d y  surface can n o t only 
p roduce  m ore h e a t b u t  also  m ay  resis t b e t te r  th a n  th e  o rgan ism  w ith  sm aller 
size (Schreider  1951; N ewman 1953, 1955; Scholander  1955; Garn 1961; 
W alter  1971). T herefo re, i t  seems th a t  bigger size a n d  h ig h er w eigh t/su rface  
area  ra tio  co n tr ib u te  in  a d a p tin g  to  th e  stress of cold c lim ate .

Sum m ary  and  conclusion

T he find ings in  h u m an  g row th  an d  developm ent a t  h igh  a ltitu d e  are  som e
w h a t con troversia l. F em ale  P e ru v ian  Q uechua are  show n n o t to  have  clear 
ado lescen t sp u r t  w ith  slow er ra te  of g row th  in  s ta tu re , -whereas, fem ales from
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th e  h igh lands of E th io p ia  an d  N epal show  clear ado lescen t s p u r t  a n d  are  ta lle r 
a n d  heav ier th a n  th e ir  genetic  c o u n te rp a r ts  a t  low a ltitu d e . T h e  following 
conclusions ap p ea r ju s tif ie d  from  th is  su rv ey  co n d u c ted  on fem ale  Bods of 
L a d a k h  — a h igh a ltitu d e  p o p u la tio n :

1. Fem ale Bods a t  h igh  a ltitu d e  show  clear adolescen t s p u r t  in  s ta tu re ; th e  
m ales of th e  sam e p o p u la tio n  do n o t show  clear ado lescen t sp u r t  (Malik  1976). 
T h is find ing  is sim ilar to  th e  case o f th e  fem ale P e ru v ia n  h ig h lan d ers  who have 
co m p ara tiv e ly  clearer ado lescen t s p u r t  th a n  th e  m ales (B aker  1969).

2. Fem ale B ods of L a d a k h  grow  fa s te r  an d  are  ta lle r  an d  h eav ie r  a t  th e  age 
o f  eigh teen  y ea rs  th a n  th e  In d ia n  girls a re  a t  th e  sam e age.

3. H igher b o d y  size a n d  w eigh t/su rface  a rea  ra tio  am ong  fem ale  Bods th a n  
am ong In d ia n  girls in  th e  p lains m a y  be s ig n ifican t as a d a p tiv i ty  to  th e  cold 
c lim ate  of L ad ak h .

*
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NAGY MAGASSÁGBAN ÉLŐ LA D A K H I BOD LEÁ N YO K  N Ö V EK ED ÉSE, 
KÜLÖNÖS T E K IN T E T T E L  A M ORFOLÓGIAI ADAPTÁCIÓRA

ír ta : S i n g h , I n d e r a  P. és M a l i k , S. L.

(Összefoglalás)

Szerzők keresztm etszeti növekedésvizsgálatot végeztek Ladakhban, 148 egészséges, a bőd 
etnikai csoporthoz tartozó , 10—18 éves leányon.

A nagy magasságban (3354 m) élő bőd leányok term etbeli növekedése hatá rozo tt serdülési 
növekedési lökést m u ta t; a fiúknál ez nem észlelhető (M a l i k  1976). Ez az eredm ény hasonló 
a perui A ndokban élő leányoknál ta lá lt jelenséghez; ők szintén viszonylag határozottabb  ser
dülési növekedési lökést m u ta tnak , m int a f i ú k  ( B a k e r  1969).

A ladakhi bőd leányok gyorsabban nőnek, m agasabbak és súlyosabbak 18 éves korukban, 
m int az indiai leányok hasonló életkorban.

A síkságon élő indiai leányokhoz hasonlítva a bőd leányokat, azok nagyobb term ete és 
testsúly/testfelület hányadosa a ladakhi hideg éghajlathoz történő adaptáció jele lehet.
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