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PRECiS 

OBJECT : 

It  h a  been suggested t h a t  the DuBoi.8-DuBois height-weight formula 
fo r  t he  estimation of body surface area,  when u t i l i eed  f o r  t h e  cal- 
culation of basal metabolic rate6, may not be applicable for the 
Eskimo race. This m u l d  introduce an e r r o r  i n  the calculation of 
the r e s u l t s  which might p a r t i a l l y  explain t h e  h i @  basal metabolic 
r a t e s  usually observed in Bskimos. The purpose of  t h i s  study was 
therefore t o  determine whether the height-weight formula i s  appli-  
oableto the  Eskimo, as pa r t  of  a se r i e s  of comprehensive s tudies  on 
Eskimo metabolism. 

SULWRY AND CONCLUSIONS I 

The body aurfaoe area has been determined by the  DuBois l i n e a r  meth- 
od in 63 &skimoa of both 88x9s frcm 5 d i f f e ren t  l ooa l i t i o s  i n  Alaska. 
The average difference between the l i nea r  end the height-weight for- 
mula waa $le%; the maximua d i f femnoe  m s  3.88. 
height-weight formula gave r e s u l t s  d i c h  were 0.9% higher than the  
r e su l t s  obtained by the  l inear  method. 
aocuraoy olaimed for the height=wei@t chart ,  and i s  therefore insig- 
nif icant .  The Eskimos have r e l a t ive ly  larger  trunks, heads and hands 
than the whites. 
formula is a l s o  applicable t o  t h e  Eskimo, and t h a t  t h a  us8 of this 
formula does no t  cawe  any s igni f icant  e r ro r  i n  the  calculation of the 
basal metabolic rates of t h i s  race. 

0x1 an average the 

This i s  with5.n the  l i m i t  of 

I t  may thus be concluded t h a t  the height-weight 
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THE BODY SURFACE AREA OF ESKIMOS A S  
DETERMilNED BY THE LINEAR AND THE 

HEIGHT-WEIGHT FORMULAS 

I. Introduction. 

In discussing the basal metabolic rates in EsMmos, it has been 

suggested by several  workers (1,2) that the DuBois-DuBois height- 

weight formula, h e n  u t i l i zed  for t he  calculat ion of body surface !area, 

may not be applicable f o r  the Bskimo. This would introduce an error i n  

the calculat ion of t he  resu l t s ,  which might p a r t l y  explain the high 

basal metabolic rates usually observed in t he  Eskimo. 

Small errors in the %Bois-DuBois height=wei&t formula, as applied 

to the Chinese and Japanese, have been reported (3). Necheles and Loo 

(4) found the heightoweight formula on the average 4.4% higher f o r  the 

Chinese, and concluded t h a t  i t  was nut necessary t o  a l ter  the a m s t a n t s  

of the D ~ ~ B o i s - ~ o i s  hefght-weight and linear formulas for the Chinese. 

Waddell, H m  and Chen (5) observed i n  t h e i r  series of 74 Chinese subjects  

a maximuu variation between the t w o  methods ~f 4.2Sr the average being 

?1.25$, which i s  about the  same as i s  fourid ammg Suroptmns and Americana. 
I I  

4 Acoording t o  DuBois (3 )#  Stevenson measured the surface of 10 Chinese 

using ?ioGi the linear .md height-weight formulas. l?ie totals  obtained 

by adding the s u r f a w  o f  d i f f e ren t  parts according t o  the liaenr formu- 

l a  agreed closely w i t h  the  r e s u l t s  calculated acoording t o  t h e  height- 

waight formula. 

between errors in d i f f e ren t  regions, and Stevenson has suggested a new 

This, however, was  due t o  a for tu i tous  compensation 

set of constants for the l i n e a r  formula when applied to the  Chinese. 
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Talrahira and Kitagawa ( 6 )  made careful  measurements of 10 adul t  

Japanese msn and found the best r e s u l t s  by using a constant f o r  the 

height-weight formula of 72.46, which is 0.9% higher than the  or ig ina l  

constant. 

follows: 

w a s  pasted on t h e  nude body with water and then with 1% starch paste,  and 

The method they used f o r  their  measurements is described as 

"The h a i r  rras first  cropped close t o  the head, and then paper 

dr ied  w i t h  a fan. 

it was rmoved. The surface of t h i s  was measured w i t h  a nmber 4 Ansler'rr 

When t he re  was  formed a thin Pilament over the  body, 

planimeter. 

the  shrinking of t h e  paper was oorreoted," 

!be planimater gives a 0.2% e r ro r  which was neglected, but 

The surface areas f o r  t h e  d i f f e ren t  p a r t s  of t he  body i n  Whites, 

Chinese and Japanese are given in t h e  au thor i ta t ive  monograph by Edith 

Boyd i n  table  1, pages 6 and 7 (8). 

The ac tua l  body surfaoe area of Eskimos has never been measured 

previously. 

and height  in crentimeters (Ht.) aooording t o  t h e  DuBois-DuBois height- 

weight foxmula: 

is widely wed as a standard of reference i n t h e  calculat ion of basal 

Since surface area determined frm weight i n  kilograms (Wt.) 

Area (Sq. em.) - W t .  00425 x H t .  00725 x 71.84 (Fig. 6)  

metabolic rates in Eskimos, it is neoessary t o  ascer ta in  whether 0s. 

not the height-weight formula i s  appl icable  t o  the  Esldmo race. 

11. Material. 

In ooqjunction w i t h  a series of cauprehensive s t u d i e s  of t h e  metabo- 

lism i n  Eskimos, the  body surface area has  been careful ly  measured by the 

DuBois-DuBois l i n e a r  method (7)  in 53 Eskimos from 5 d i f fe ren t  locat ions 

i n  Alaska. 

compared w i t h  the r e s u l t s  obtained by t h e  height-weight formula. 

The preses t  p q e r  repor t s  the r e s u l t s  of these rnoasurements 

A l l  of 

the subJeots, with two exceptions, were believed t o  be full-blcaded 
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PROJECT NUMBER 22-1301-001, PARTS 

F&kiplos; 42 were males and 11 were females. Some typ ica l  subjects fran 

the d i f fe ren t  groups a re  presented in  Nga. 7 and 80 The age ranged 

fran 1 6  t o  53 years, but the majority were between 20 and 40 years of age, 

the average being 28. The study included the  following groups of Eskimosr 

One group of 10 EskAmos oarae from Barter Island on t h e  north coast of 

Alaska. 

Island i n  the Bering Sea. 

Pas8 in the middle of the  Brooks Range, 3000 fee t  above sea level. 

fourth group, wns i s t ing  of 8 Eskimos, were obtained from Kotzebue, and a 

b aeoond group of 24 &skimoa l ived a t  Gambell on St.  Lawrence 

A t h i r d  group of 4 subjects came fran Anaktuvulr 

The 

Mnal group of 7 oame from Selaovik on t h e  west ooast of Alaska. 

mentioned l O O a t i O I I 8  a r e  indioated on the lnap in Fig. 1. 

The above 

For t h e  purpose of oomparison, the surface area m s  measured i n  7 

Whites of  similar age by the  ame invest igators  uuing identfoal teohnique. 

111. Method. - 
Ai great variety of methods a re  available for  the measuring of aurface 

area. Most of these, such as the covering method, geometrio austhod, photo- 

i 

graphio Piethod, integrator  method or the e leo t r loa l  method, a re  QOW 

plioatqdand time oonsdng.  

shpler DuBois l inear  formula (7), which requires only abm% 

For t h e  purpose of t h i s  study, the muoh 

15 minutes for eaoh subject, was ohosen. This method, which determines 

the average length and oirounference of each pa r t  of the' Mdy, i s  prob- 

ably the moat acourate of the simplified methods of determining the 

surfaoe area. Furthennore, w had the privilege of reoeiviw personal 

guidanoe and inst ruct ion from Dr. E. F. DuBoia, himself, for t he  meas- 

urements of our first subjeate during h i s  visit t o  our laboratory in 

February 1951. 

6 
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The method involves divis ion of t h e  stxrfacb o f  the body i n t o  sevei 

regionas 

estimation of the area of each by measuring charac te r i s t ic  lengbhs and 

circumferonoes (Mg. 2), multiplying and correcting by means of  fao tor ,  

(Fig. 3). Tho a m s t a n t s  f o r  arms, thighs, eto., mhen multiplied by t h t  

measurements of one side, give the surfaoe of both sidt38. The t o t a l  0: 

head, arms, hand$,trunk, thighs, lees, and fee t ,  and the 

t he  seven p a r t s  when added represent the t o t a l  surfaoe area. A sample 

of t h e  DuBois' form used for the  recording of the measurements, is rep: 

duoed i n  Fig. 4. 

In all cases the aubjeats werg measured lying on a f l a t  table, 

&retched out w i t h  t he i r  legs d o s e  together (Fig. 6). ! b o  arms and 14 

on the right side were almycr meas,ured. 

length lying were oarefully rerrorded f o r  omparison,. but f o r  t he  f i n a l  

oalculationrr only the height was used, since t h e  hei@t-weight fonnula 

f a  based upon the body height measured standing. 

Both the  height standing and 

In  sane cases repeated measurements were made of the same aubjeot 

a8 a uheok on t he  technique, and tb r e s u l t s  ahovmd very close ageme 

Furthermore, in a f e w  ceses measurements were made of the  same Eskimo 

subjeot both ia the winter and in the ~ummf3r. The variaticms were forr 

IVo ReSultao 

Fran Table 1 it i s  observed that the average difference between t 

linear and the hefght-might formula was ?1.3$ for dskimos as against  

11.5% for Whits8 reported by DuBois (7). 

fa the E8kim08 as against  5.M in t h e  Whites reported by &Bois (7). 

12 cmes out of 53, the hgight-weight formula aad the linear formula Q 

! h e  maximum difference was 3 

8 
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FISURE 2 

2Jsasurement s used i n  lingar f ornula 
( t a b n  from DuBois and DuBois (7)). 

uhioh were 0.9% higher than the results  obtained by the l inear  method 

in the Eskhor. This is within the lid% of aoouraoy aleimed for the 

height-weight ohart ( 7 )  and i s  therefore insignifloant. 

measured by tne SCMB technique by the same investigators, the height- 

In the 7 Whites 

weight formula gave results which were on the average 1*9$ highsr than 

the linear formula (Table 2).  

was 3.6% and in one oase the two methods gave identioal  result^. 

The maximum differanoe i n  these Whites 

In Eskimo women (11 subjeots), the average differenoe be-en the 

If the length height-weight formula and the l inear formula m s  +l.l$. 
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FIGURE 3' 
Pl 

&asure:nents and constants 'for the l inear  f o m l a ,  

HUD, AB 0.308. - 
A - Around vertex and point of ohia. 
B - Coronal oirounfemnoe around ocoiput and forehead, jus t  abow eyebrows, 

F(G + H + 1) 0.611 

F - Tip of acromial process t o  lower border of radius, measured witheore-  

G - Circunferenoe at level of upper border of axilla. 
H - Largest oiroumferenoe of forearm ( j u s t  below elbow). 
I - Smallest droumferenoe of furearm ( j u s t  above head of ulna). 

arm extended. 

J - Lower poster ior  border of radius to t i p  of second fineor. 
K - Ciroumferenoe o f  open hand a t  the metacarpophalangeaL jo in ts .  

- TRUNK (Inoluding neok and external geni ta l8  kr the .-le, breast6 in female)& 
L(M + 0.703. 

L - Suprssternal notoh t o  upper border of pubes. 
Y - CirotrPferenos of sbdomen at level of mbilious. 
I - Ciroumferenoe of thorax at  l eve l  of nipplea in the male and just above 

breas t s  in t he  female. 

THIGHSt W(P + Q) 0.662. - 
'II - Upper border of pubes to laver border pa te l l a  (measured with l egs  

P - Ciroumferenoe of thigh j u s t  below the level of perineum. 
rtraight and feet pointed anteroposteriorly), 

- Circumferenoe of hips aad buttooke at the l eve l  of t he  great troohanter 

LEGS, BS 1.40. - 
R - From so le  of foot  t o  10- bprder of pats l la .  
8 - Ciroumf'erence at  l eve l  of lower border of patella.  

- =ET# T(U + V) 1.04 

T 
U - Ciroumferenoe o f  foot  at base of l i t t l e  toe. 
V - Smallest oimuuference of aalle ( ju s t  above malleoli). 

bngth  of foot inclui lng great t o e .  

10 
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HEAD. AB Vertex 0 C h i n  1 B, CiroupnPerenoe 
CONSTANT : 

UWS, F. dorm = Bad. 
G. Axilla 
E. krgert  Fcrerm 
I. Smallest forearm 

CONSTJUT t 

.......... .......... 
0.31 

.......... 
O s  61 

HANIB. J. Rad. - 2d finger 
KO Cireumferenoe 

CONS TANT : 

.. 0. 

TRWK. Lo Suprt.N. - Pubes 
Ye -bile 
N e  Nipple6 

CONSTANT 
THI0ES.N. Pubes - Patella 

P o  Thigh 
Q. Hipa 

CONSTANT: 
LEGS. B. Sole - Patella 

S. Cirounierenoe Pat. 
CONSTANTa 

.......... .......... .......... , j  .......... 
O s 7 0  

.......... .......... ). .......... 
0.66 

.......... 
1.40 

T 

FBET. To Length 
U. Base l i t t l e  toe  
V. ankle 

1 
1 CONSTAXT: 

.......... 
rn 0.. .......... 1 .......... 

1.04 

TOTAL:: 

..... 
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was used instead of height, the difference Letween the  two formulas was 

+1.6$. In the 42 Eskimo men, the  average difference between the height- 

w e i g h t  and t h e  l i nea r  formulas was +0.8$, and the  difference betweon the  

"length-eight formula" and the  l inear  formula m a  tl.8%. 

Tables 3 and 4 present t he  surface area of the di f fe ren t  p a r t s  of 

In Table 5 these find- the body in Eskimos and Whites for  eompari8on. 

irgs are erpreared i n  peroent of the  t o t a l  eurfaoe area. 

it appears that in the  Eskimo a comparatively la rger  p a r t  of the tatal  

body surfam area is rep,resented by t h e  trunk, head, and hands than i n  

the Whites, while t he  r e s t  of the body constitutes a smaller portion of 

the t o t a l  surfaoe area i n  the Eskimo as  compared with the Whites. 

From t h i s  table 

These 

differenoes are small, however, and appear t o  ham no prac t ica l  aignifioaa 

V. C oncl us ion. 

On the basis of the reported data, it may be oanoluded that i n  the 

Eskimo, tho difference i n  the body surfaoa area a8 estimated by the height 

wei@t  formula and by t h e  linear formula, is within the l imi t  of accuracy 

olaimed fw the height-oreight chart. The height-weight formula is there- 

fore applicable also t o  the Eskimo, aad it is evident that tho use of t h i s  

fonnula does nut oause any s i q i f i c a n t  e r ro r  in t h e  oalculation of the  

basal notabolio r a t e s  of Eskimos, 

V I  Aoknowle dgment . 
The authors a r e  greatly indebted t o  Lt .  Col. A. Karstens, the Camnard, 

Officer of the Arc2;ic Aeromedioal Laboratory, for his  nevar f a i l i n g  intore 

and support. 'No are also indebtod to Brigadier General D. H. Baker, Camma: 

ing Officer of' Ladd Air Force Base, and Col. 4. W, Cruikshenk, Camraending 

Officer of the Research. m d  D8volopmen.t Group, k d d  Air Force Bfise, fir tb 
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Average of 11 
Females 

TABZE 5. SURFACE AREA OF DIFFISRENT PARTS OF THE BODY 
I N  PISRCENT OF THE TOTAL SURFACE AREA 

Average of 42 
Male s 

PART OF 

BODY 

Head 
-Arm 
Hands 
Trunk 
Thighs 

Feet 
JJWJ 

7 e 1  
13.8 
5.6 

35 .8 
18 08 
12.5 

I 6. 6 
I 

ESKI NOS 

Average of 53 
Males and Females 

Average age:  
28 years  I Average ager 

30 years I Average ager 
28 years 

I I 

I I 
7.1 

13. 6 
5.4 

36.0 
19.0 
12.4 

6.5 

7.1 
13.0 
4.7 

37.3 
19.9 
12.1 

6.0 

'NIiI.TES 

Average of 7 
,&les 

Average ager 
28 years 

6.4 
14.8 
5.2 

34.1 
19 07 
12.9 

6.9 

necessary approval t o  br ing  Eskimo subjects t o  t h e  laboratory . for  t h e  purpose 

of this study. 

us i n  the t ransportat ion of personnel and laboratory equipment to 

and from t h e  various remote Eskimo settlements. In par t icu lar ,  v e  wish 

t o  mention Captain J. Hammer f o r  h i s  outstanding services, and Capt. F. 

Altman d o  made several  f l i g h t s  t o  Anaktuvuk Ysss fo r  the  completion of 

t h i s  projeot.  

'Ne a re  a l s o  indebted t o  t h e  p i l o t s  and crews who a s s i s t e d  

l e  are g rea t ly  indebted t o  the members of the Department of Fhysiol- 

ogy who have aided t h i s  p ro jec t  i n  one way o r  another, i n  pa r t i cu la r  Mrs. 

J. Rodahl who ass i s ted  i n  the measurement of the  Eskimo wanen, S/Sgt. A. 

W. 'Ahite who a s s i s t ed  i n  t h e  masuramsnt of the men, and S/Sgt. R .  A. 

Blakely f o r  h i s  ass is tance i n  the computations. 

t o  t h e  53 Eskimo subjects  for  t h e i r  patience and co-operation which  has 

been essential f o r  t h e  complotion o f  t h i s  study. 

Above a l l ,  we a re  indebted 
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Finally, we wish to extend our sincere thanks to Dr.  E. F, DuBois 

for h i s  kind interest and valuable critiaism and advioe throu#out t h i e  

projeot, and for his personal supervision during the initial measurements. 
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Chart for determining surface area of me~l in square rneters from weisht i n  
kilograms (Nt ,) and heicht in  centimters ( H t  .> according t o  t h e  f o m l a r  
Area (sq.. om..) zz fft, X Ht, 0.725 x 71-81 (taken from ~ o i s  
and DuBois (711, 
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,ooded ESIU 

Subjeot No, 6. Half-breed from Barter Island'. 
FINRE 8 

Showing typicsl  Eskimo body t,ype, ooqared with half-breed. 
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