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ABSTRACT  Data were collected on 140 adult males and 140 adult females, in the age range
of 18 1o & years, from the endogamous group of Rajpuy, living in Jodhpur {Rajasthan). The
study aims at investigating differences in physical fitness and physiological responscs 1o work
perflormed in a stressful hot dry desert environment. Males were physically more fit as com-
pared o [emales. In both the sexes, there was a rise in body temperature, pulse rate and blood
pressure with exercise. The sex differences in the increase in body temperature and pulse rate
were stalistically non-significant. However, the rise in blood pressure with exercise was sig-
nificantly higher in males than in females. Femnales possessed more heat activated sweat glands,
per square centimeter, than males, Most of the subjects (of both sexes) showed similar sweating
pattern begmning from the forehead followed by limbs, chest and trunk respectively.

The people living in ecological zones with high
temperature [ace the siress of heat in carrying
out their daily routine activity. In conditions, such
as deserts, where the supply of water is limited
it causes further inconvenience and requires a
series of modificaticns in body functional capac-
ities. During work when heat is produced, the
heat dissipation is a serious problem (Wynd-
ham, 1973; Wells, 1980).

Males and females have different physiolog-
ical response to heat stress due o several Tac-
tors, including lower cardio-respiratory Niness
{Avellini et al., 1980; Horstman and Chrisiensen
1982), higher body [at content (Bailey, 1982;
Stini, 1982; Susanne, 1980; Johnston, 1980),
lower body weight (Hauspie et al., 19807, lower
skin surlace area to mass ratio in females than
males (Fein et al., 1975), In addition, the fluc-
tuating hormonal levels of estrogen and proges-
lerone accompanying the menstrual cycle may
also influence the wlerance of females 10 heat
stress (Kawahata, 1960; Blitel and Henave,
1975). Several studics havd demonstrated that

females thermoregulate less efficiently than
males, when exposed to heat stress (Nadel et al.,
1978; Shapiro et al., 1980). Under the same heat siress,
females start sweating at higher temperature,
swedl less, store more heat, thus have higher
core temperature and heart rates (Shephard,
1978; Shapiro et al., 19800, Therefore, the present
study aims at examining the sex dilferences in
physical fitness and physiological responses to
performing work in a hot desert environment,

MATERIAL AND METHODS

The fieldwork was undertaken in June and Tuly,
1987 in Jodhpur district of Rajasthan State
(India). Engulfed in Thar desert, Jodhpur is char-
acterized by harsh environmental conditions,
such as, air temperature higher than that of the body
core, high aridity, large diurnal variations, sparse
vegetation, low food availability (both caloric and
protein), limited water resources.

Data were collected on 140 adult male {(mean
age 29.1 years) and 140 adult female (mean age
34.4 years) Rajputs living in Salawas and Nand-
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wan villages, in the age range of 18 1o 60 years.

Harvard step test was used for evaluating
physical work performance (Weiner and Lourie,
1969}, The following measurements were taken
belore and afler exercise (step test).

(i) Body Temperature: Skin temperature at six
different sites of body, {.e. forehead, arm,
hand, trunk, thigh and calf were aken with
the help of fever meter tape and recorded
in centigrade. Oral temperature was taken
using a clinical thermometer.

(1) Pulse Counts: Pulse counts at rest and
between 60 and 90 seconds after exercise
were taken using palpation method({(Weiner
and Lourie, 1969),

(1) Blpod Pressure: Pre-and post-exercise arter-
il blood pressure were measured indirectly
following International Biological Pro-
gramme recommendations (Weiner and
Lourie, 1969} and recorded in mmHg.

(V) Activated Sweat Gland Couni: After exer-
cise, pattern of onset of sweating and the
number of sweat glands activated, per
square centimeter, were determined at chest,
scapular, forearm, deltoid, thigh and calf
regions. For the enameration of active sweat
glands the plastic impression technique
introduced by Thompson and Sutarman (1953)
was used.

RESULTS AND DISCUSSION

Adult Rajput males and females differed sig-
nificanty from each other in the Rapid Fitness
Index (RFT). Males were physically more fit than
their female counterparts (Table 1), Males,having
lower body fat and higher haemoglobin concen-
tration than females,are able 1o generate more
aerobic energy (Astrand and Rodahl, 1977;
Katch and McArdle, 1977;De Vries, 1980), that
culminates in their higher Rapid fitness index.
Higher mean age of Rajput females seem to be
an additional factor responsible for their lower
RFI value, as is well established that the phys-
ical fitness decreases with age during adulthood,
with the usual course of changes in maximum
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oxygen intake, body fat, muscle strength, vital
capcity and heart rate (Astrand, 1973; Bailey et
al., 1974; Roskman, 1973; Shephard, 1977). At
izast some population specilic socio-cultural
factors must have contributed 1o the sexual dif-
ferences in Rapid fitness index. For example, the
norra:l physical activity level between an aver-
age male and female Rajput differed; the former
usually performing harder physical labour in
economic pursuits. Socio-cultural constraints
such as precluding women o do exercise and
shyness must have been responsible for further
enhancing the gap between: lwo sexes in phys-
ical activity. Until recently, it was not socially
acceplable for the Rajput women to undertake
vigorous physical exercise, at least in the rural
areas of Rajasthan.

The pre-and post-exercise temperature
recorded at the forehead, arm, hand, wrunk, thigh,
calf and oral temperature showed significant
increaase in lemperature with exercise in both
the sexes (Table 2). In normal healthy individ-
uals core body temperature is maintained within
a narrow limit by the factors that gain and dis-
sipate body heat. The elfectiveness of the heat
dissipating processes depend largely on the grad-
ient of heat between the body core and the exter-
nal environment and the air movement. In a hot
dry climate, environmental temperature is higher
than that of body core lemperature. As such heat
can be gained but not lost by either convection
or conduction. Under such conditions heat is
likely to be absorbed from the environment by
solar radiation and from the objects which are
warmer than the body. Further, during exercise,
muscles become active and produce tremendous
amount of body heat. Vigorous exercise can
increase the metabolic rate from 20 10 25 times,
above the basal level, which can theoretically
increase the core temperature by about 1°C
every 5 minutes of exercise (McArdle et al.,
1981). Thus, during exercise in a hot dry cli-
mate, both, the internally generated metabolic
heat and the heat absorbed from the hotter exter-
nal environment have o be dissipated. To pro-
tect the body from overheating the warm blood
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Table 1: Sex differences in Rapid Fitness Index among Rajputs of Jodhpur

Males - Females Vaolue of
Measurement Mean D, SE. Mean 5D, SE. "
RFI 11232 15.67 132 93.14 23.19 1.96 4.16“

** Significam at 1% probability level.

Tahle 2: Impact of exercise on Body temperature, Blood pressure, Pules count among Rajputs of Jodhpur

Males Females

Pre- Post- Exercise Pre- Post E:,erm'.rf
Measuremant Exercise  Exercise fmpad‘ Exercise  Exercise  [mpact
BODY TEMPERATURE
Forehead 99.62 10066 1485, 9964 10056 1022,
Arm 98.95 99.60 361, 9899 9952 B.83
Hand 98.87 99,45 961, 98,93 99,32 6.50%
Trunk 99.27 100,10 11.85, 99.13 99.86  14.60
Thigh 98.96 99.85 253, 98.92 99.36 11.00*
Calf 99.34 99.53 218, 98.79 9963 21107
Oral 99,64 100,57 14.87 99,62 10057 1023
BLOOD PRESSURE
Systolic 12414 13417 615, 12014 12996 617,
Diastolic 68.19 7531 624 65.16 73.06 5.14,
PULSE COUNT 63.57 85.35 11,04 6.4 8390 1104

1. Valoes of t
* Significant a1 5% probability level.

is diverted to the body shell by peripheral vasod-
ilation for dissipation, Flushed or réddened face,
while performing exercise in hot dry climate, is
a direct consequence of such a process. This,
nonetheless, causes a minor rise in the skin and
the oral temperature, as observed in the present
study. The increased skin and oral temperatures,
in turn, assist in heat dissipation through the radi-
ative heat transfer from the skin surface espe-
cially from the forehead, hands and forearm. This
occurs before evaporative heat loss occurs at the
maximal level and permits maintenance of body
core temperature, In this way it minimizes the
energy expenditure required for cooling the body
and can be interpreted as an adaptive response
in performing physical work in a hot climate,
This also suggests that the Rajputs are well
adapted to work in hot desert climate.

In spite of lower sweat output in females (Bar
et al., 1968; Drinkwater, 1976) the increase in
body temperature (both pre-and post-exercise) at

six siles were, statistically non-significant at 5%
probability level (Table 3). Females seem to be
as efficient as males in temperature regulation,
because of larger surface area to mass ratio
which is a favourable dimensional characteris-
tic for heat dissipation (McArdle et al., 1951).
Consequently, under identical conditions of heat
exposure, women tend to cool at a faster rate than
men through a smaller body mass across a rela-
tively large surface area.

In both the sexes, there is a lesser rise in tem-
perature in limbs than the forehead or the oral
temperature. The higher surface area to mass
ratio of the limbs and their lower level of meta-
bolic activity makes them potentially better in
heat loss transaction. This in turn, accounts for
a lesser increase in temperature of the limbs,
Conversely, due to lesser exposed evaporative
surface area of forchead and face, the rate of hea
dissipation from there is slow as compared 10
limbs, thus accounting for greater increase in
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Table 3: Sex ditference in pre-and post-exercize Body temperatures, Blood pressuce, Pulse count and Heat activated

sweal glands among Rajputs of Jodhpur

Fre-Exercise

Post-Exercise

Males Females  SexDiff’ Males Females  Sex Duff”
BODY TEMPERATURE
Forchead 9962 99,64 (.25 100,66 100,56 a1y
Arm 9E.95 9899 0,80, 99,60 99.52 (LN
Hland 9887 9893 210" 9945 99.32 1.42
Trunk 9927 99,13 2.a0* 100,10 9986 jqt
‘Ihigh 9886 9892 1.50 90 85 99,36 1.25
Calf 94933 9879 1.45 95.53 99.63 LAY
Oral 9564 9962 025 1HLET 100,57 (138
BLOOD PRESSURE
Systolic 124.14 120,14 2.33° 13407 129496 279
Diastolic GE.19 G316 263" 7531 7306 215%
PULSE COUNT 6857 6844 12 H5.35 100 1.05
HEAT ACTIVATEID
SWEAT GLANDS
Chest Region - an.48 A3 1477
Scapular Region 4381 52.30 k"
Fowearm Region - - 50 f4. 74 2.57*
[elioid Kegion - 45,47 52.58 2357
‘Ihigh Region 3331 44.01 an®
Call Region 559 4567 160"

1. Values of 1
¥ Significant at 5% prohability.
lemperature of these regions,

Clothes impose a significant barrier 10 heat
dissipation, because they seal off about 50% of
the body surface from the benelit of evaporative
cooling (Fox 1966; Mathews, 19697, In deserts,
light weight, light coloured, loose garments are
usually desirable as they favour ventilation and
evaporalion [rom the skin, Although, a light col-
oured external garment may reflect radiation,
reducing heat gain (Hanna, 1983, people of Raj-
asthan prefer 1o wear deep coloured clothes such
as red, black, and blue. The use of coloured
clothes cannot be explained in 1erms of adapia-
tion, 25 they would increase body heat partly due
1o heat absorption, but more importantly by
decreasing heat dissipation, A possible explan-
tion for this may be that in the arid monochro-
matic desert, human beings try 10 overcome
dullness by wearing bright colour clothes.

In bath the sexcs post-exercise mean values
of systolic and diastolic blood pressure, pulse raie
were signilicantly greater as compared o pre-
exercise mean values (Table 23 The observed
increase in the mean values of blood pressare and

pulse count in both the sexes during exercise,
indicate cardiovascular stress, The increased sur-
face blood flow in response 1o increased body
heat content induces an increase in cardiovis-
cular activity, by specifically increasing heart rale
and blood pressure (Gislof and Wenger, 1984,
Though, the sex dilference in pulse count was
statistically not significant in the present study,
but in blood pressure the increase among malis
was more than females, probably due 1o their
smoking habits, opium addiction and harder
physical labour. Among males, the use of intox-
icants such as alcohol, tobacco, and opium was
quite common and ofien has social sanction.
Opium, for example, is used in the ritwals, atthe
time of marrigges and important festivals,
The region with the highest number of heat
activated sweat glands in both males and females
was the forcarm (Table 3). The upper limbs had
distinetly more heat activated sweat glands, per
squarc centimeter, than the lower limbs, with the
chest region having [ewer activated glands than
the trunk region, The sencralized pattern for the
heat activated sweat glands in hoth males and
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{emales was the same, with forcarm region
having the highest number of heat activated sweat
glands followed by deltoid, scapular, chest, call
and thigh region respectively (Table 3). A pos-
sible explanation for this fading is that the sweat
loss per unit surface from lorearm region gives
the maximum cooling benelit 10 an individual,
as blood circulation in the skin at this region of
the body is much more than any other sile, A
small amount of sweat wheh is completely evap-
orated matches in cooling efficiency with that of
the larger amounts secreted at other sites, An
indication of this process was also given by dif-
ferent regions ol the body, {.e. forearm, delioid,
scapular, chest, call and thigh regions, which,
however, differ widely from each other in the
activation of sweat glands in two sexes because
of the differences in sweat gland density at var-
ious sites in the body (Table 4).

Females possessed more heat activaled sweat
glands per unit than males at all sites (Table 3).
Despite this, females sweat less profuscly than
males (Leithead and Lind, 1964; Wells, 1980) but

show similar heat tolerance as males (Bar et al.,
1968; Drinkwater, 1976). This finding suggest
that females rely more on the circulatory mech-
anism for h=at dissipation whereas males make
greater use of evaporative cooling through sweal-
ing. The production of less sweal 10 maintain
thermal balance provides significant protection
from dehydration during work at higher ambi-
ent temperature among {emales, showing lesser
ecosensitivity and greater adaptive capacity of
females than males (Wolanski and Malik, 1984).

The pauern of sweating in majority of the sub-
jects was of the following kind. Sweating first
occured at forehead followed by limbs, chest and
trunk respectively, The limbs serve as betler
organs in heat dissipation, because of their larger
surface area to mass ratio and lower level of
metabolic heat production, Other possible pattern
types along with their frequency in both the sexes
are summarized in Table 5. The observed pat-
tern of sweating provides a much more efficient
vector for heat loss in a hot dry environment at
no further elevation in energy expenditure and

Tahle 4: Comparison of heat activated sweat glands per sguare centimeter in various body segment (Values of (-test)

Sites ChR. ik FR. DR TR CR

ChR. —— 069 4.60° 069 201 148

SR 1.48 - 4.43" 0.60 28 228"

F.R. 6.3 552 —— 379 6.50° - 607

DR, 1.7 0.72 42 ““H\\_‘?f 20 Females
TR. 125" 525" 9.9 52" 0.5

CR 2.0 327 8.6 38

Female values above the diagonal ling and male values below the diagonal lina
ChR = Chest regicn; SR = Scapular region; FR = Forearm region; DR = Delwoid region; TR = Thigh region; CH = Call region;

Tahble 5: Percentage distribution of various possible sweating pattern types among Rajputs of Rajsthan

Pattern Types Males Females
1. Forchead cemcmmemcmeemeeeeeeees Limbs . e ChestfTrunk. 8071 B5.12
2. Lambs ----Forehead  ---- -Chest/Trunk  14.28 14.87
3. Chegt = sessssscssssssssssss Forehead — s=ereercsserssssssssses Limbs 500 661

can thus reduce the perspiration required o
maintain thermal equilibrium.

In conclusion, males are physically more fit
as compared to females. Though the sex diller-
ence in increase in body temperature and pulse
rate is not evident but it is much more marked
in case of increase in blood pressure, and heat

activated sweat glands per square centimeler.
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