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COMPARATIVE SWEAT RATES OF ESKIMOS AND 

CAUCASIANS UNDER CONTROLLED CONDITIONS 

I. DJTRODUCTIGN 

The lose of body heat by evaporative perspiration constitutes an i*. 

portant phase of thermorégulation in nan* Under arctic conditions, sweat¬ 

ing may in addition seriously affect the insulation value of clothing. 

This may be of vital importance in emergency survival in the Arctic. 

Although no data are available pertaining to the rates and distribu¬ 

tion of sweating in the Eskimo, a racial difference in sweat rates and 

sweat patterns between Eskimos and Whites has been suggested on the basis 
/0 \ 

of observations among the Thule Eskimos in northwest Greenland v , who 

cl aim that they sweat less, especially on their feet, than the Whites. 

As Ivy (?) has pointed out, there is some evidence indicating that 

people who live in the tropics (Hindus, Negritos, and certain Polynesians) 

have a greater concentration of sweat glands per area of skin which can 

sweat profusely, than people who live in the Temperate Zone. 

Kuno (?) ynarifl estimations of the total nunbers of active sweat glands 

on various tropic and subtropic races and on Japanese bom in or immigrated 

to the Torrid Zone. He found that the total mmfcer of active sweat glands 

is smallest in Ainos and Russians living in a cool zone and largest in 

Filipinos living in the tropics. He concludes that the natives of the 

tropics are provided with a larger number of active sweat glands and con¬ 

sequently they are capable of sweating more intensely. He further con¬ 

cludes that the number of active sweat glands of an individual may be 
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increased considerably on]y when he has been bom in the tropics. His 

data also suggests that sweat glands may be activated within about two 

years after birth, but never later. Training of the nervous system 

governing sweat reflexes in the natives of the tropics has, on the other 

hand, resulted in a lesser response to stimuli. 

Conceivably, a favorable adaptation to a cold environment would be 

a reduced tendency to sweating during moderate heat loads, which would 

permit greater body heat storage and reduce the effect on clothing in¬ 

sulation, As part of a broad cold acclimatization study, it was there¬ 

fore considered desirable to determine if any gross difference in sweat 

rate exists when Eskimos, generally considered to be exposed to considera¬ 

ble cold, and Caucasians, living a relatively sheltered life, are exposed 

to identical conditions of ambient temperature, humidity and workload, 

A series of experiments were designed to measure the sweat loss in 

a group of Eskimos, as compared with the same number of White control 

subjects studied simultaneously at various temperature levels, at rest 

and while exercising under controlled conditions. The choice of subjects 

was motivated by the desire to have as widely contrasting groups as pos¬ 

sible insofar as previous cold exposure was concerned. For this reason, 

a random selection of six volunteer Eskimo males from the rather primi¬ 

tive and isolated Nunandut village at Anaktuvuk Pass in the Brooks Moun¬ 

tain Range was compared with six of our laboratory personnel. All subjects 

were normal, healthy individuals. The study was conducted in our laboratory 

during the latter part of the winter to achieve maximum differences in 

previous cold exposure in the two groups. No dietary restrictions were 

imposed, except in one experiment when the subjects were examined fast¬ 

ing. 

2 
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TABLE 1 

GENERAL DESCRIPTION OF ESKIMO AND WHITE SUBJECTS 
USED IN THIS EXPERIMENT 

SUBJECT 
AGE 

(Years) 
HEIGHT 

(Inches) 
WEIGHT 

(Pounds) 
SURFACE 
AREA II 

ESKIMOS 

1* J* A# 

2, A* M. 

3« J » M. 

U* L* R. 

5. A. K. 

6* F# H. 

MEAN 

22 

2U 

26 

23 

22 

22 

66 

66 

66 

61 

69 

66 

11*0 

H*7 

139 

126 

U*0 

11*3 

1.72 

1.75 

1.71 

1.55 

1.77 

1.73 

23 66 139 1.70 

WHITES 

7« H* D«# 

8« J, H. 

9. G. S. 

10. J. s. 

11. J. C. 

12. G. S. 

MEAN 

39 

21* 

28 

25 

27 

26 

68 

73 

73 

70 

68 

69 

152 

171 

177 

130 

131 

135 

1.82 

2.00 

2.01* 

1.73 

1.70 

1.71* 

28 70 150 1.81* 

*One White subject became ill shortly after the commencement of the study 
and was excluded, reducing this group to 5 in mini)er> 

3 
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il. metíiolí: 

The basic plan of the study was to measure the comparative total evapo¬ 

rative weight loss of these two groups under identical environmental con¬ 

ditions. The experimental design was planned to include three separate 

environmental conditions. 

In the first experiments all the subjects sat quietly, clad only in 

jockey shorts, for a three-hour period in a room at each of several am¬ 

bient temperatures. The subjects sat on hard chairs and talked quietly, 

read, and played cards. Both groups were exposed to a given anbient tem¬ 

perature simultaneously so as to afford a valid group comparison. The 

temperature range extended from 18° C to 38° C. 

The second set of conditions imposed upon these groups was a standard 

exercise test at a room temperature of 21® C. The subjects were clad only 

in jockey shorts and walked for li> minutes on a treadmill at 3*5 mpb at an 

upward inclination of 8.655. This test was performed in duplicate with very 

good agreement for a given subject. 

The third condition was an attempt to imitate field conditions. The 

entire group was dressed in the same kind of standard Air Force clothing 

and walked for three hours through the snow at an ambient temperature of -23° C. 

Gross evaporative sweat loss was measured by weighing the subjects 

nude at the beginning and end of each experimental period, using a Fairbanks- 

Morse platform scale, accurate to within 5 grams By metering ex¬ 

pired air volume for a 20-minute period and by measuring room humidity, an 

estimate of total expired air-water loss was possible, the difference be¬ 

tween total body-water loss and expired air-water loss being due to sweat 

evaporation. Expired air was assumed to contain 35 g 1^0/^3 (100^ satura¬ 

tion at 33°C) The experimental periods were of three hours' dura- 

4 
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ti on only and no corrections were necessary for urinary or fecal loss* All 

weight loss was expressed as Qn/té/tir» 

For the rough estimation of the regional distribution of active sweat 

glands, as a supplement to the weight loss data, the sweat print method was 

used in some instances 

Metabolic rates were determined by two Indirect calorimetric techniques 

used at random on all subjects« Either a Benedict-Roth basal metabolism 

machine was used to measure Og consumption directly for two 9-minute periods 

or the volume and oxygen content of a 20-minute expired air sample was de¬ 

termined, using a dry gas meter and a Beckman coqrgen analyzer and applying 

the formula proposed by Weir All metabolic rates were expressed as 

Calories^/Hr« Since our objectives were to conpare metabolic rates with 

evaporative heat loss, no attempt was made to compare basal oxygen consump¬ 

tion in Eskimos and Whites« This problem has been the subject of a pre¬ 

vious report (^*), 

During the treadmill experiments, expired air was measured continuously 

by a dry gas meter« An aliquot expired-air sample was diverted through a 

Beckman oxygen analyzer for expired air oxygen determinations« 

Room temperature and humidity were determined at frequent intervals by 

a sling psychrometer and the room tenperature adjusted as closely as pos¬ 

sible (Í2°C) by manual adjustment of the heaters« 

Oral tenperatures were taken on the subjects at the beginning and end 

of each experimental period to obtain a rough estimate of net heat balance. 

In a separate series of experiments, the body temperatures of two sub¬ 

jects from each group (J.A., J.M.j H.D. and J,S.) were measured and corre¬ 

lated with evaporative heat loss and metabolic rates at room tenperatures 

from 23° C to 35° C« Each of the observation periods was of three hours' 

5 
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duration. In each experimental period, one Eskimo and one White subject sat 

on hard chairs, dressed in cotton jockey shorts. They remained quiet through¬ 

out the entire period but uere allowed to read. Metabolic rates were de¬ 

termined twice during each experimental period as described before. Skin 

and rectal temperatures were continuously recorded, using copper-corstantan 

thermocouples and a Brown recording potentiometer. The skin tenperatures 

were measured at the following locations: head, trunk, arm, thigh, calf, 

and foot, and the average skin temperature estimated by using the formula 

suggested by Hardy and DuBois 

III. RESULTS AND DISCUSSION 

1. Comparative Resting Sweat Loss yd Metabolic Rates of Eskimos and 
Whites at Temperatures Ranging from Itfo C to 380 C. 

The room temperature in this series of experiments extended from a level 

where the subjects were all in a negative heat balance with minimal sudomotor 

activity, through a range that required increasing sudomotor activity in or¬ 

der to maintain a constant body temperature, and finally to a temperature 

where maximal or near maximal sweating was still not adequate for thermo¬ 

stasis. 

The response of the two groups to this increasing external heat stress 

is summan red in Table 2 and illustrated in Figure 1. At the lower tem¬ 

peratures there is no difference in evaporative sweat loss. As ambient 

temperature rises, a divergence is noted in the skin evaporative sweat loss 

with the Eskimo group having a significantly greater sweating rate. At 

all temperatures the restjng metabolic rate for the Eskimo group exceeds 

that of the Caucasian group by over 30$ under the conditions of this ex¬ 

periment. This difference is highly significant (P 4.0.01)» 

6 
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TABLE 2 

COMPARATIVE RESTING SWEAT LOSS AKT) METABOLIC 
RATES OF ESKIMOS AND WHITES 

ROOM TEMP. HUMIDITY 
Gins H20/k3 

MEAN SWEAT LOSS 
(Gms/Hr./fc?) 

ESKIMOS WHITES 

METABOLIC RATE 
(Cal/Hr./M2) 

ESKIMOS WHITES 

17-20 

21-21» 

27-29 

35 (with¬ 
out blower) 

32 (plus 
blower) 

38 (plus 
blower) 

2 

2 

2 

6 

5 

11 

Mean 

15 

31 

hh 

75 

90 

177 

SD 

h 

9 

7 

17 

10 

12 

Mean 

17 

22 

23 

50 

hO 

U*7 

SD 

2 

5 

5 

11 

10 

12 

61 

63 

68 

71 

62 

69 

1*6 

1*9 

50 

51 

1*5 

53 

MEAN 66 1*6 

STANDARD DEVIATION 6 6 

In spite of the elevated metabolic rate of the Eskimos, all subjects 

were in a negative heat balance at the lowest room temperature as indi¬ 

cated by a decline in oral temperature of several degrees in all subjects. 

At higher room temperatures there was a rise in oral temperature in all 

subjects, indicating a positive heat balance. 

As an additional check on comparative sweat rates and in order to 

evaluate regional sweat rates, the sweat print method was used, demon¬ 

strating the relative concentration of active sweat glands. The active 

7 
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METABOLIC RATE 
CAL/MT/HR 

FIGURE 1 

The comparative metabolic rates (top) and sweat 
weight losses (bottom) of Eskimo and White sub¬ 
jects seated quietly at the room temperatures in¬ 
dicated. 

glands per square centimeter of skin were counted over different body 

regions at each of two room temperatures. Table 3 summarizes the mean 

results. These data substantiate the results obtained from gross evapora¬ 

tive weight loss. The Eskimo skin, particularly of the forehead and back, 

had a greater concentration of active glands at a room temperature of 

33° C. At a room temperature of 28° C, there was no evidence for thermal 

sweating in either group, although there was some psychomotor sweating in 

both groups (palms and soles ). 

8 
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I 

TABLE 3 

SWEAT PRINTS FROM ESKIMOS AND WHITES 
AT TWO DIFFERENT AMBIENT TEMPERATURES 

LOCATION AFBIENT TEMP: 33° C AMBIENT TEMP: 28° C 

Eskimos Whites Eskimos Whites 

Forehead 

Chest 

Back 

Abdomen 

Thigh 

Leg 

Foot, dorsal 

Foot, plantar 

Upper arm 

Forearm 

Palm of hand 

7 

1 

2 

0 

0 

1 

1 

U 

1 

1 

6 

3 

1 

1 

1 

2 

1 

2 

3 

0 

1 

h 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

h 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

3 

Results are graded O-lO according to the mean con¬ 
centration of sweat points per unit area of skin. 

2. Comparative Sweat Loss and Metabolic Rates of Eskimos and Whites 
during Treadmill Walk at a Constant Room femperaiture (210 C). " 

Sweat rates during indoor treadmill exercise were obtained in dupli¬ 

cate on all subjects. Sweat losses and metabolic rates for the entire test 

period are summarized in Table lu A wide variation in sweat rate is ob¬ 

served within each group and the group differences are not significant. 
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TABUS It 

COMPARATIVE SWEAT LOSS AND METABOLIC RATES OF ESKIMOS AND WHITES 
DURING TREADMILL WALK AT A CONSTANT ROOM TEMPERATURE (21° C) 

SUBJECT SWEAT LOSS 
Gras/Mr 

GROSS 
METABOLIC RATE 

(Cal/M2) 

CORRECTED 
METABOLIC RATE» 

(Cal/tf) 

Eskimos 

1 

2 

3 

h 

5 

6 

39 

75 

65 

56 

38 

6U 

121 

126 

116 

110 

116 

119 

111 

116 

106 

101 

107 

109 

MEAN 56 118 

SD: 5 

108 

Whites 

8 

9 

10 

11 

12 

92 

U2 

1*6 

52 

31 

101* 

102 

101 

85 

98 

91* 

92 

92 

76 

89 

MEAN 53 99 

SD: 9 

89 

* The corrected metabolic rate refers to heat which is not used to perform 
useful work and which must be dissipated by the subjects. 

10 



PROJECT NUMBER 8-7951, REPORT NUMBER 7 

The metabolic rate for the Eskimo group is significantly greater than 

that for the Caucasian group, however. The figures for gross metabolic 

rate include that expended in performing work which is 16-18 calories in 

each group. This still leaves a rather large amount of heat to be dissi¬ 

pated, with the Eskimo group having to dissipate 2l£ more in order to 

TM'tni.a'tn a constant body temperature. Oral temperature rose by a few 

tenths of a degree in both groups. 

It is apparent that the exercise period was too short to adequately 

demonstrate the difference in sweating rates, which would be inevitable 

in these groups. The lag period of sweating activity is well documented 

and should have been allowed for in this experiment. 

3, Comparative Sweat Loss of Eskimos and White Subjects during a Three 
Hour Outdoor Walk. Simulating Field Conditions, at an Ancient Air 
Temperature of -¿3d 

The nude weight losses are sumarized in Table 5, Here, again, there 

was a great difference in sweat response between the Eskimo subjects and 

the Whites. This suggests that there was an increased sudomotor drive in 

the Eskimos in a situation where body heat production was high by virtue 

of exercise and body heat loss reduced due to clothing insulation. 

comparative Sweat Loss in Eskimo and White Subjects Correlated with 
Metabolic Rates and Body Temperatures at Different Room Ternperatures. 

The body temperatures of two Eskimos and two Whites were measured at 

several skin sites and rectally during three-hour observation periods. 

Weighting of the skin temperatures permitted the calculation of average 

skin temperature, Tg Mean body temperature, -0j was calculated for 

each half-hour period according to the formula (2) -d- ■ 0.6 Tr ♦ 0.U Tg. 

From the calculations of *©> it was possible to approximate the net heat 

balance of a subject throughout an entire observation period. The net 

11 
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TABLE $ 

COMPARATIVE SWEAT LOSS OF ESKIMOS AND WHITE SUBJECTS 
DURING THREE HOUR OUTDOOR WAIK. AM3IENT AIR TEMPERATURE -23° C. 

SUBJECT 
WEIGHT OF 
CLOTHING 
(kilos) 

NUDE 
WEIGHT LOSS 
(Gms/toyHr.) 

Eskiaos 

1 

2 

3 

k 

5 

6 

7.3 

7.U 

7.0 

7.0 

•6.7 

7.1* 

91 

189 

119 

183 

89 

11*5 

MEAN 7.1 136 

Whites 

8 

9 

10 

11 

12 

8.5 

8.)4 

7.9 

7.7 

6.5 

81 

31 

77 

69 

59 

MEAN 7.8 63 

12 
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gain or loss of body heat vas estimated in Calories by assuming a mean 

specific heat for the body tissues of 0*83 

In all casesj the subjects achieved thermal equilibrium within the 

three-hour time limit as indicated by the attainment of a constant body tem¬ 

perature; however! there was either a heat debt or heat storage during 

the early phases of each period. The average heat debt at the coolest 

room temperature vas U-6 Calories/M2/Hr. for all subjects and the average 

heat storage at the hottest room temperature was 5-7 Calories/to2/Hr. for 

all subjects. Data on the thermal state of the subjects as a whole is 

presented in Table 6. From inspection of the data it is apparent that 

under these conditions the Eskimos neither store more heat nor lose more 

heat from body tissues than do the Whites. However! at the cooler room 

temperatures, the Eskimo subjects maintain a warmer Tg than do the Whites. 

This, in all probability! is due to their elevated metabolic rates, which 

also an sunaarised in Table 6. 

The average rate of total body heat loss is the net rate of body heat 

produced and body heat lost or stored. Thus, for a subject who has an 

average metabolic rate of 60 Calories/K^/Hr. and an average rate of heat 

storage of 5 CaloriesA^/Hr., the average rate of total heat loss is 55 

CaloriesA2/Hr« Figure 2 presents the data graphically for the four sub¬ 

jects, Total body heat loss was greater in the Eskimos, which is a re¬ 

flection of the fact that they had a higher metabolic rate and the same 

heat storage as the Whites. 

The total body heat loss has been divided into non-evaporative and 

evaporative heat less for purposes of this study. The latter, in turn, 

was fractionated into respiratory water loss and skin evaporative water 

13 
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-IO 
T(TM. MM MM MM 

Ul/M/M 

«MTE en 

FIGURE 2 

The comparative metabolic rates, net body heat bal¬ 
ance and total body heat loss of Eskimo and White 
subjects seated quietly at the room temperatures in¬ 
dicated. 

lose. The data on these three avenues of heat loss are summarized graph¬ 

ically in Figure 3* Respiratory heat loss was consistently higher in 

the Eskimos because of their higher respiratory minute volume (Eskimo 

mean: 5*1 Calories^/Hr., SD 1.3; White mean: 3«bj SD 0.1*), Non- 

evaporative heat loss was not significantly different between the Eskimo 

and White groups. Skin evaporative heat loss was consistently greater in 

the Eskimo group at all room temperatures, particularly in the inter¬ 

mediary temperature zone. This confirms the more numerous data reported 

on in the first phase of this study. 

15 
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NVA! LOSS 
CAL/H*/NR 

10 

IS Ü. 
24 2« 

In iñ irt Añ 
28 SO S2 54 58 

NON CVMORAIIVt 
MCA! LOSS 

SANI I AARON At INI 
NIAI LOSS 
CAL/«•/HR 

NMiTE CTD 

FIGURE 3 

The conpArative respiratory heat loss, non-e vapor at ire 
heat loss and skin eraporative heat loss of Eskiao and 
White subjects seated quietly at the root temperatures 
indicated* 

At room temperatures of 28°C to 32° C, the Eskimos ' skin evaporative 

heat loes averaged 8*5 Calo ries/K^/Hr. more than the Whites'* Their total 

heat loss at this temperature range was 9*3 Calories/fa2/Hr. more than the 

Whites', so that the sweating mechanism accounted for ?l£ of the difference* 

As was stated earlier, the elevated metabolism of the Eskimos required 

that they increase total body heat loss in order to maintain thermal 

equilibrium, and an enhanced sweating activity was the major mechanism 

employed* 

The skin evaporative sweat losses of the Eskimo and White groups 

have been plotted as a function of rectal, and average skin temperatures 

16 
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Flots of the skin evaporative weight loss of Eskiaoe 
and Whites as a function of rectal temnerature (bat- 
ton) and average «Un tenperature (top)« Correlation 
coefficient (r1) for rectal temperature sweat loss re¬ 
lationship is 0.16: r' for skin temperature-sweat loss 
relationship is 0«69* 

in Figure U« The sweat rate data were correlated with the temperature 

data using a rank correlation coefficient (r* ) There was no correla¬ 

tion between the sweat rates and rectal temperatures (r1 ■ 0,16). The 

correlation of sweat rates and skin temperatures for the confcined Eskimo- 

White group was high (r1 - 0,89)« The Eskimo sweat rate-average skin 

temperature correlation was Ü.96; the correlation for the Whites was 

0.88. 
In order to determine if any difference existed between the fre¬ 

quency distribution of the Eskimo and White sweat rate-skin temperature 



PROJECT NUMBER 8-7951, REPORT NUMBER 7 

(11) 
relationship, this vas tested by the application of Olds' t-test 

and Lord's t-test (-^), Both tests indicated that there was no signifi¬ 

cant difference betveen the two groups« 

The increased sveat activity in the Eskimo group may be accounted 

for by their relatively warmer skin (see Table 6) stimulating their 

thermosensory receptors to a greater extent« There is no reason to 

postulate that the Eskimo has a different thermosensory threshold than 

the White« 

V 17. SUMAR! AMD CONCLUSION 

N. 
Comparative sweat rates and metabolic rates were measured in Eskimos 

and WM*** under three separate conditions«thermo»trie 

studies were performed on two individuals from each group in order to per¬ 

mit correlations with body heat balance, body temperatures, etc. The evi¬ 

dence indicated a greater heat production in the Eskimo group at rest and 

during standard comparative exercises« Under conditions favoring body 

heat debt, no difference in insensible water loss occurred betveen the 

two groups« ^In the "comfort zone" and under conditions favoring body heat 

storage, the Eskimos responded by sweat activity which was greater than 

the Whites' and which was in proportion to their increased heat production« 

Body heat debt and heat storage under the above conditions were the sane 

for both groups, which indicated that the thermoregulatory "set" of the 

Eskimo was the same as for the White« 

The average «iHn temperature of the Eskimo did tend to be elevated 

above the Whites' at all environmental temperatures below 35 ^0« This, 

undoubtedly, was due to the increased heat production of the Eskimo group 

and the resultant increased heat flux to the skin« 

18 
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A high correlation existed between the average skin temperature and 

seeat rates of both the Eskimo and White groups, and the frequency- 

distribution of the data was the same for both^fá Pfá!s^indieates~tliát a* 
thermosensoxy receptors in the skin of the Eskimo were stimulated rela¬ 

tively more under these conditions because of their warmer skin. The in¬ 

creased thermosensory activity from skin receptors would account for the 

increased sweat activity of this roup. 

The fundamental difference in the groupe from the standpoint of ther¬ 

mal regulation appears to center upon the increased metabolism of the Eskimo* 

In the absence of any demonstrable difference in heat storage, an elevated 

skin temperature and consequent increased sweat activity are logical mecha¬ 

nisms to permit an increased dissipation of heat in the Eskimo group. There 

is no evidence to indicate that the Eskimo differs from the White in any 

way as far as this heat loss mechanism is concerned. 
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