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PRECIS

OBJECTs

It has been suggested that the DuBois-DuBois height-weight formula
for the estimation of body surface area, when utiliged for the cal=-
culation of basal metabolic rates, may not be applicable for the
Eskimo race, This would introduce an error in the calculation of
the results which might partially explain the high basal metabolic
rates usually observed in Eskimos. The purvose of this study was
therefore to determine whether the height-weight formula is appli-
cable to the Eskimo, as part of a series of comprehensive studies on
Eskimo metabolism.

SUMMARY AND CONCLUSIONS:

The body surface area has been determined by the DuBois linear meth-
od in 63 Eskimos of both sexes fram § different localitios in Alaska.
The average difference between the linear and the height-weight for-
mula was £1,3%; the maximum difference was 3.8%. On ap average the
height-weight formula gave results which were 0.9% higher than the
results obtained by the linear methode This is within the limit of
accuracy olaimed for the helght-weight chart, and is therefore insig-
nificant. The Eskimos have relatively larger trunks, heads and hands
than the whites, It may thus be concluded that the height~welght
formula is also applicable to the BEskimo, and that the use of this
formula does not cause any significant error in the calculation of the
basal metabolic rates of this races
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THE BODY SURFACE AREA OF ESKIMOS AS
DETERMINED BY THE LINEAR AND THE
HEIGHT-WEIGHT FORMULAS

I. Introductione.

In discussing the basal metabolic rates in Eskimos, it has been
sugzested by several workers (1,2) that the DuBois-DuBois height-
weight formula, when utilized for the calculation of body surface area,
may not be applicable for the Eskimo. This would introduce an error in
the calculation of the results, which might partly explain the high
basal met;bolic rates usually observed in the Eskimo.

Small errors in the DuBois-DuBois height-weight formula, as applied
to the Chinese and Japanese, have been reported (3). Necheles and Loo
(4) found the height-weight formula on the average 4.4% higher for the
Chinese, and concluded that it was not necessary to alter the oonstants
of the DuBois-DuBois height-weight and linear formulas for the Chinese,
Waddell, Han and Chen (5) observed in their series of 74 Chinese subjects
a maximun variation between the two methods nf 4.2%, the avarage being

't1.25%, which is about the same as is found among Buropsans and Americans.

According to DuBois (3), Stevenson mesasured the surface of 10 Chinese
using “oth the linear and height-weight formulas. The totals.obtained
by adding ths surface of different parts according to the linear formu-
la agreed closely with the results calculated according to the height-
weight formula., This, however, was due to a fortuitous compensation
between errors in different regions, and Stevenson has sﬁggested B new

set of constants for the linear formula wheﬁ epplied to the Chinese.
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Takahira and Kitagaws (6) made careful measurements of 10 adult
Japanese men and found the best results by using a conatant for the
height-weight formula of 72.46, which is 0.9% higher than the original
constant. The method they used for their measurements is described as
follows: "The hair was first cropped close to the head, and then paper
was pasted on the nude body with water and then with 1% starch paste, and
dried with a fan, When there was formed a thin fllament over the body,
it was roemoved. The surface of this was measured‘-with a number 4 Amsler's
planimeter. The planimater gives a 0.2% error which was neglected, but
the shrinking of the paper was corrsoted,"

The surface areas for the different parts of the body in Whites,
Chinese and Japanese are given in the authoritative monograph by Edith
Boyd in table 1, pages 6 and 7 (8).

The actual body surface area of Eskimos has never been measured
previously. Since surface area determined from weight in kilograms (Wt.)
and height in centimeters (Ht.) according to the DuBois-DuBois height-
welght formulas Area (Sq. Cm.) = Wt, 04425 x gt, 00725 x 71.84 (Fig. 6)
is wldely used as a standard of reference in the calculation of basal
metabolic rates in Eskimos, it is necessary to ascertain whether or

not the height-weight formula is applicable to the Eskimo racee.

II. Material.

In conjunction with a series of comprehensive studies of the metabo-
lism in Eskimos, the body surface area has been carefully measured by the
DuBois-DuBois linear method (7) in 53 Eskimos from 5 different locations
in Alaska. The present paper reports the results of these measurements ;
compared with the results obtained by the height-weight formula. All of

the subjects, with two exceptions, were believed to be full-blcoded
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"PROJECT NUMBER 22-1301-0001, PARTI

Eskimos; 42 were males and 11 wers females. Some typical subjects from
the different groups are presented in Figs. 7 and 8, The age ranged
from 16 to 53 years, but the majority were betwsen 20 and 40 years of age,
the average being 28. The study included the following groups of Eskimoss
One group of 10 Eskimos ceme from Barter Island on the north coast of
Alaskae A second group of 24 Eskimos lived at Gambell on St. Lawrence
Island in the Bering Sea. A third group of 4 s.ubjects came from Anaktuvuk
Pass in the middle of the Brooks Range, 3000 feet above sea levels The
fourth group, consisting of 8 Eskimos, were obtained from Kotzebue, and a
final group of 7 came from Selawlk on the west coast of Alaska. The abowo
mentioned locations are indlicated on the map in Fige. 1.

Por the purpose of comparison, the surface area was measured in 7

Whites of similar age by the same investigators using identiocal technique.

III. Method.

A great variety of methods are available for the measuring of surface

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

.graphic method, integrator method or the electrical method, are com=
pl;catqd- and time consuminge For the purpose of this study, the muol;
simpler DuBois linesr formula (7), which requires only aboub

15 minutes i"or each subjsct, was chosen. This method, which determines
the average length and circumference of each part of the' body, is prob-
ably the most acourate of the simplified methods of determining the
surface area. Furthermore, we had the privilege of receiving personal
gﬁidance and instruction from Dr. E. F. DuBois, himself, for the meas-

uremente of our first subjects during his visit to our laboratory in

February 1951.
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PROJECT NUNBER 22-1301-0001, PART !
The method involves division of the swrfacs of the body into seve:

rogionss head, arms, hand@, trunk, thighs, legs, and feet, and the
sstimation of the area of each by messuring characteristic lengths end
circunferences (Fige 2), multiplying and correcting by means of factor
(PFige 3). Tho constants for arms, thighs, etc., when multiplied by the
measurements of one side, give the surface of both sides. The total o
the seven parts when added represent the total surface area. A sample
of the DuBois' fomm used for the recording of the measurements, is rep:
duced in Fig. 4.

In all cases the subjects wers measured lying on a flat table,
stretched out with their legs cloge together (Fig. 5)s Tho erms and 1
on the right side were always measured. Both the height standing and -
length lying were carefully recorded for comparison, but for the f{inal
calculations only the height was used, since the height-welght formula
is based upon the body height measured standing.

In some cases repeated measurements were made of the same subjeot
as a check on the technique, and the results showed very close apgreeme
Furthermore, in a few cases measursments were made of the same Eskimo
subject both in the winter and in the summer. The variatims were fou
to be insignifiocant.

IV, Results.

From Table 1 it is observed that the averages difference between ¢
linear and the height-weizht formula was £1.3% for Eskimos as against
¥1.5% for Whites reported by DuBois (7). The maximum difference was 3
in the Eskimos as against 5,0% in the Whites reported by DuBois (7).

12 cases out of 53, the height-weight formula and the linear formula g

identical results. On an average the height-weight for mula gave resul
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FIGURE 2

Measurements used in linear formula
(taken from DuBois and DuBois (7)).

which were 0.9% higher than the results obtailned by the linear method
in the Eskimos. This is within the limit of acouracy claimed for the
height-weight chart (7) end is therefore insignificant. In the 7 Whites
measured by the sawe technique by the same investigators, the height-
weight formula gave results which were on the average 1.,97% hirgher than
the linear formula (Table 2). The maximum difference in these Whites
was 3.6% and in one case the two methods gave identical results.

In Eskimo women (11 subjeots), the average difference between the

height-weight formula and the linsar formula was +1.1%. If ths length
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FIGURE 3

. »
Measurenents and constants for the linear formula.

HEAD:s AB 0.308.

A - Around vertex and point of chine
B - Coronal circumference around occiput and forehead, just above eyebrows.

ARMS: F(G + H 4$ 1) 0,611 .

Tip of acromial process to lower border of radius, measuwred with ¢ore-
arm extended.

- Circunference at level of uwpper border of axilla.

- Largest cirounference of forearm (just below elbow).

- Smallest ciroumference of forearm (just above head of ulna).

- a gy

HANDSs JK 2.22.

J = Lower posterior border of radius to tip of second finzer.
K = Cirounference of open hand at the metacarpophalangeal Jjoints.

TRUNK (Inoluding neck and external genitals in the male, breasts in female )s
T L(M 4 N) 0.703.

L - Suprasternal notch to upper border of pubes.

M - Circumference of abdomen at level of umbilicus.

N - Circumference of thorax at level of nipples in the male and just above
breasts in the female.

THIGHS: W(P + Q) 0.552.

W - Upper border of pubes to lower border patella (measured with legs
straight and feet pointed anteroposteriorly).

P =~ Circumference of thigh just below the level of perineum.

@ - Circumference of hips and buttocks at the level of the great trochanter

LEGS: - RS 1.40.

R - From sole of foot to lower border of patella.
8 ~ Cirocumference at level of lower border of patella.

FEET: T(U + V) 1.04
T = Length of foot including great toe.

U =« Circumference of foot at base of little toe.
V - Smallest circumference of ankle (just above mallecli).

*#Taken from DuBois and DuBois (7).
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FIGURE .

LINEAR SURFACE AREA FORMULA
SUNBCT No’.l...‘. GROW'..........'..C.....

NME’OOOQ.....O..".....‘.'...l.....l.....l.sEx'...'0...O...mTE‘v'....O...'.....

AGEtsoesves s e HEIGHT S evoseiNsenesscme
LENGTHS eoeeeitieecesosom,

WEIGHT lb........SURFACE AREA HT’“T’.;...0.0.00
kg,.-ooooQSURFACE AREA LINEARI..:-.....‘

HEAD. A. Vertex -~ Chin I XY
B. Cirocumference esesosssee
CONSTANT s 0.3)
ARMS, F. Aorom -~ Rad, sseceesece
Gs Axilla sesevesves
He Lugest Foaream ssev0eseee s08c0svc0e
I, Smallest forearm XYEXIIIYY)
CONSTANT s 0.81
HANDS, J, Rad, -~ 2d. finger (YT YYYYYY
K. Circumference sseccevsve
CONSTANT: 2.22
TRUNK. L. Supat.N. = Pubes XX YYRY Y
M, Umbil, essessens s R
N. Nipples ooooooooo'o} ceeteasee
CONSTANT 0.70
THIGHES W, Pubes - Patella ssenoss e
P. Thigh 000000000 . R
Q. Hipl oooooooooo} eoeo0teee
CONSTANT; 0.58
LEGS. R. Sole - Patella esecescses
S. Circumference Pat. ssssscosne
CONSTANTs 1.40
FEET. T. Dongth *0ecosssne
U. Base little toe XX XXX IXX)
Ve Ankle coooctooco} ...i.aa...
CONSTANTs °
TOTALs:
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b, In the fielde

FIGURE 5

a
Showing the measurement of body surface areas
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was used instead of height, the difference uLetween the two forxﬁulas we.g
+1.6%. In the 42 Eskimo men, the averaze difference between the heipht-
weight and the linear formulas was +0.8%, and the difference between the
"length-weight formula®™ and the linsar formula was +1.8%.

Tables 3 and 4 present the surface area of the different parts of
the body in Eskimos and Whites for comparison. In Table 5 these find-
ings are expressed in peroent of the total‘ sﬁrfaoa areas From this table
it appears that in the Eskimo a comparatively larger part of the total
body surface area is represented by the trunk, head, and hands than in
the Whites, while the rest of the body comstitutes a smaller portion of
the total surface area in the Eskimo as compareé with the Whites. These

differences are small, howsver, and appsar to have no practical significan

Ve Conclusion.

On the basis of the reported data, it may be cancluded that in the
Eskimo, the difference in the body surface area as estimated by the height
woight formula and by the linear formula, is within the limit of accuracy
claimed for the height-weight chart. The height-weight formula is there~
Ai‘ore applicable also to the Eskimo, snd it is evident that the use of this
formula does not cause any significant error in the calculation of the

basal metabolic rates of Eskimos.
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TABLE 5. SURFACE AREA OF DIFFERENT PARTS OF THE BODY
IN PERCENT OF THE TOTAL SURFACE AREA

' ESKIMOS WHITES
PART OF Average of 53 Average of 11 Average of 42 Average of 7
Males and Females Females Males . Males
BODY '
Q , Average agoes Average age: Average ages Average age:
'\ 28 years 30 years 28 years 28 years
Head 7e1 7.1 Tel 644
N Arms 13.6 13.0 13.8 14,8
: Hands 5.4 4,7 566 5.2
Trunk ' 36,0 373 35.8 34,1
Thighs 19.0 19.9 18.8 19.7
Lega 12.4 12.1 1245 12.9
Foet 6e5 6.0 6.6 6.9

necessary approval to bring Eskimo subjects to the laboratory for the purpose
of this study. We are also indebted to the pilots and crews vho assisted

us in the transportation of persomnel and laboratory equipment to

and from the various remote Eskimo settlements. In particular, we wish

to mention Captain J. Hammer for his outstanding services, and Capte F.
Altman who made several flights to Anaktuvuk Pass for the completion of

this projeot.

; We are greatly indebted to the members of the Department of Physiol-

ogy who have aided this project in one way or another, in particular Mrs.

J, Rodshl who assisted in the measurement of the Eskim& women, S/Sgt. A.

W. White who assisted in the measurement of the men, and S/Szt. R. A.
Blakely for his assistance in the computations. Above all, we are indebted
to the 53 kiskimo subjects for their patlence and co-operation which has

been essential for the completion of this studye.
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Finally, we wish to extend our sincere thanks to Dr. E. F. DuBois

for his kKind interest and valuable criticlism and advice throughout this

project, and for his personal supervision dgrin_g the initial measurements.
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FIGURE 6
Chart for determining surface area of man in square meters from weisht in
kilograms (#t.) and height in centimeters (Ht.) according to the formulas

Area (8g.. om.) = Wt.. 0edi25 ¥ Ht,. 0725 X  71.84 (taken from DuBois
and DuBois (7))«
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