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INTRODUCTION

Ever since the remarkable piece
of work by A. Ozorio de Almeida ( 1921 ) in Brazil, the
interest of the workers in metabolism has been aroused
as to the influence of the racial and the climatic
factors in modifying basal metabolism. De Almeida,
who studied the basal metabolism of 10 white men and
10 negro labourere using a Tissot gasometer, discovered
that the metabolism of the whites was considerably low-
er than the generally accepted standards for the United
States and that the metabolism of the negroes, though
higher than that of the whites, was still much below
the figures obtained in the temperate zones.

These findings of de Almeida
have not been substantiated by many other workers.
Prior to de Almeida's work, Eijkmann ( 1896, 1921 ),
using a Zuntz-Geppert apparatus studied 12 Malays and
11 FEuropeans living in Batavia and found no difference
in the metabolism of the Malays, Europeans in Batavia
and Huropeans studied in Germany by Geppert, Loewy and

Magnus Ievy. Takahira (1925) studied the basal meta-



metabolism of 120 Japanese men and women and came to the
conclusion that there was no significant difference in
metabolism between the Japanese and the Europeans,

On the other hand Montoro (1921,
192é) in Havana obtained results similar to those of de
Almeida. The results obtained by Knipping (1923) and
confirmed by Fleming (192%5) show that prolonged resi-
dence in the tropics tends to lower the basal metabolism.

Though the evidence is in favour
of the inference that resicence in the tropics tends to
cause lowering of the basal metabolism, recent investig-
atiuns suggest that there is also a racial factor in-
volved. Mcleod, Crofts and Benedict (1¢25) studied 7
Chinese and 2 Japanese women who had been students in
American colleges {or at least rifteen months under the
same climatic, dietetic and other conditions as western
women. Their metabolism averaged 10.4 per cent pelow
the Harris-Benedict standards for women and 10.2 per
cent below the Aub-DuBois standards. The Authors have
found both these standards about 5 per cent too high
for American College women. But even then this leaves
the orientzl womrmen about 5 per cent below the American
standards. This is in spite of the fact that for over
a year the environmental conditions were exactly the
same in both the cases. Williams & Benedict (1928) and
Shattuck & Benedict (1931) carried out a series of stud-

ies on the Maya Indians in Yucatan in connection with the



-
comprehensive program of the Carnegic Institution of
Washington for investigating racial metabolism. They
used a field respiration apparatus., These investigations
brought out the extra-ordinary fact that the average meta
-bolism of the Mayas was somewhat above the basal meta-
bolism of the North American whites. This is the first
report in which a tropical or subtropical race has shown
metabolism higher than that of the American or the Euro-
pean standards,

Again in the third expidition to
Yucatan, Steggerda and Benedict (1932) reinvestigated the
metabolism in the Maya Indians. They confirmed the re-
sults obtained previously that the male Mayas have a high
basal metabolism and a low pulse rate. A group of 30 male
Mayas were found to have heat production on the average 8
per cent above the prediction standards for the whites,
They definitely concluded that this high metabolism was
largely due to the racial factor involved. This will be
discussed later along with the other factors which have
been supposed to influence metabolism.

Bagal metabolism observations in

India:- In India very few observations have so far been
made. Mukherjee (1926) reported the results of observatiais
on 15 male Bengalis between the ages of 22-27 years. The
measuref were carried out with the Bouglas bag and the
Haldane's gas analysis apparatus when the subject had been

without food for 16-18 hours at a room temperature averag-

ing 279C. The metabolism on the average was 9 per cent
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below the Sanborn standards. In a second paper Mukherjee
and Gupta (1931) reported a new series of healthy Bengali
men from 20-29 years whose metabolism averaged 13.3 per-
cent below the Du-Bois standards with individual varia-
tions of from -0.3 to - 31.2 per cent, Sokhey (1927),
using a Collin's chain-compensated gasometer (a modifica-
tion of Tissot's gasometer) with the Haldane's air analy-
sis apparatus (Henderson's modification), measured the
basal metabolism in 21 male medical students in Bombay
between 19-30 years of age. He found that 15 of his sub=-
jects showed a basal metabolism 10-23 per cent lower than
the Du-Bois standards. The details of the experiments
are not given.

Recently Mason (1931) has in-
vestigated the basal metabolism of 54 women (Tamils, Mala-
yalis, Telugus, Coorgs and Kanarese) in South India of
ages ranging from 17 to 31 years by means of Benedict's
portable apparatus. She obtained results 16.9 per cent
lower than the Harris-Benedict standards and 17.2 per cent
lower than the Aub-DuBois standards and concludes that thke
there is a definite racial factor.

All these investigations were
carried out at seaside places. So far as I am aware, with
the exceptions of the tests done at Lucknow which are dis=-
cussed elsewhere, basal metabolism investigations have not

been reported from the interior of India. The present

o
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investigations were undertaken with a view to study the
physical characters of young men in Hyderabad which is
situated at a higher level (nearly 1,700 ft above sea
level) and has a drier climate than those places in India
whence the basal metabolism results have so far been re-

ceived.

Technigue.

The apparatus used was the
Sanborn Motor - Grafic Metabolism Tester, manufactured by.
the Sanborn Company, Cambridggjmass. It is a spirometer
type of respiration apparatus based on the same principle
as the Benedict-Roth apparatus. It consists of an invert
-ed bell supported by a counterweight and floating on
water. The bell is filled with medicinally pure oxygen
from a small cylinder which is conveniently fixed to the
trolley carrying the apparatus. The subject breaths into
and out of the bell tﬁ%ugn a rubber mouth piece, the nose
having been closed by means of a nose clip. The rubber =
mouth piece is connected to an oxygen control valve.
When this valve is open, the subject breaths the outside
air; when it is closed, the subject is connected to the
breathing circuit of the apparatus. The expired air is
led through a vessel containing sansoline (supplied by

the Sanborn Company) which absorbs the carbon diexide and

the weter vepour and tne subject breaths in almost pure
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oxygen., The movements of the bell which correspond to
the respiratory movements of the subject are registered
on a chart applied to a revolving cylinder which moves
by means of clock work.

The apparatus indicates only the
oxygen consumption of the subject and in this respect the
results are not so accurate as those obtained by the
Douglas bag or the Tissot methods, which measure both the
oxygen consumption and the carbon dioxide production of
the body from which the actual respiratory quotient may
be calculated. On the other hand a great advantage of the
apparatus is tﬁat the results are graphic and permanent
(Beaumont & Dodds 1931). The rate of the absorption of
oxygen is indicated by the rate of decline in the level
of the writing ink-pen which is attached to the spiro-
meter., This method offers a means of checking up leaks
that may develop in the apparatus during the test; a
very rapid fall in the level of the pen being caused by
a leak. Another great advantage of this method is that
it registers the mode of breathing. It is reported by
Barle and Goodall, and Hannon and Lyman (quoted by King
1924) that only subjects in whom breathing is regular
give satisfactory results by the close%system, and other
results are readily weeded out by the record of respira-
tions upon a Kymograph. This is certainly true to some
extent. I have found that the most constant and accurate

results are obtained when the breathing is uniform and
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regular., If the breathing is irregular, the results
obtained are almost invariably too high.

Another advantage of the
apparatus is the convenience in calculation; the oxy-
gen consumption per minute is directly read off from
the chart, thus eliminating the personal factor in the
measurements of the gases.

The apparatus can be used
with the motor blower or without it. In the latter
case rubber valves' are substituted for the motor blower.
The motor blower was used, however, only in a few cases,
It was found that, with the motor blower in use, the
respirations did not remain normal but were much accele=-
rated, while some subjects actually had a feeling of
opression as if the air was being pumped into their
lungs. (Chart 1.) TFor this reason the motor blower was
dispensed with and the tests were performed with the
valves in position.

During most of the experi-
ments, a weight of about 1 1b was placed on the oxygen
bell and kept there for two minutes in order to test for
outward leaks. This was done as g further precaution,
though really it was not necessary as the instrument was
tested for leaks before starting the experiment. In
order to be sure that the sansoline was working satis-
factorily, the gas left over in the bell after an experi
-ment was frequently tested for the presence of carbon

dioxide.
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After a basal metabolism test
was made, the chart was slid off the cylinder and cut
along one of the vertical lines at the beginning of a
good portion of the test, Using a celluloid ruler, a
straight line was drawn along the tops of the chart re-
cords across the entire breadth of the sheet. This line
represented a fair average - a few peaks above and a few
peaks below so that the sum total of the distances above
the straight line would equal the sum total of those be-
lowe The slope line, thus obtained, represented the ave
-rage rate of consumption of oxygen during the test.
The oxygen consumption per minute was read off directly
from the chart. This reading included correction for
water vapour (2 per cent) and for temperature of 219%
(7 per cent). Corrections for other temperatures and
for the barometeic pressures were made by the use of the
tables given in the instruction booklet supplied with the
apparatus.

A thermometer was supplied with
the instrument attached in such a way as to show the tem-
perature of the gas inside the bell. This was hardly ever
found to be different from the room temperature. The baro
-metric readings were taken by means of Fortin's barometer
The wet - and dry - bulb thermometer readings were also
recorded.

The ma jority of the subjects selee
-ted were medical students and it was easy to have coope-

ration from them. Wost of the vegetarians, however, were
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non-students, These volunteered willingly enough for
the first day's tests but were not willing for another
day's tests. In almost all the cases the subjects slept
in the precincts of the Physiology Department (where all
the tests were mede ) having taken their meals between

6 and 7 p.m. The basal metzbolism tests were performed
the next morning between 8 & 10 A.M. This was the best
method to ensure that the subjects did not have anything
to eat in the interval and had sufficient rest.

Before the test was made in the
morningg, the subject was made to lie quiet on the meta-
bolism cot for at least three-quarter of an hour. In the
meanwhile his temperature was taken and the pulse and res-
-piration counted. The thermometer was kept in the mouth
for at least two minutes and often longer, and care was
taken to gee that the 8ubjecf closed his mouth properly.
The pulse and respiration counts were taken for one |
complete minute each. The pulse count was taken repea-
tedly at short intervals till the pulse rate became con-
stant.

In order not to arouse any undue
curiosity on the part of the subject and thereby raise his
metabolism, the whole technique of the experiment was ex-
plained to him before-hand., So that after he was made to
lie on the metabolism cot, he was asked to remain at per-
fect mental rest and to relax his body as completely as

he could.
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The rubber mouth piece which was
already sterilised by boiling was attached to the Meta-
bolism Tester and applied to the subject's mouth. The
bell was then filled with oxygen, the nose clip applied
and the test started.

Bach test lasted for ten to
twelve minutes. The last eight minutes only were taken
into account; the first two to four minutes being dis-
carded as often the breathing was irregular in the be-
ginning due to a little excitement, If the breathing
showed great irregularity (which it did in a few cases)
the test was discarded andfhother taken., During each
test the pulse rate was taken at least once., Usually two
and sometimes three, consecutive tests were taken on a

subject on the same day.

Selection and Study of the Subjects.

el R

The selection of the subject was
made after a careful physical examination. The previous
history was thoroughly gone into. Any abnormality found,
such as incfeased tendon jerks or undue nervousness, dis-
qualified a person for the test. One person was disquali-

-fied because of congenital nystagmus. The urine was
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tested as a routine for the presence of albumin, sugar
or any abnormal deposits. In short care was taken to
ensure that the subject selected was in good health.

es- The ages ranged from 19
to 32 years. Only 3 of the subjects were 19 years of
age and only 2 were over 30 years. The majority were 20
years of age or a little over, the average for all the
32 subjects working out as 22 years. (Table I.)

Weight :- The weights were taken
on empty stomach just after the metabolism tests were
done. The subjects were usually thin; the body weight
88 a whole being rather lower compared to the western
standards. In Table II, the actual weights obtained are
compared with those published by the Association of Life
Insurance Directors and Actuarial Society of America
(1912) and adapted by Joslin (1923). The actuval weights
are converted into pounds (1 kilo = 2.2 1bs.) in order to
compare with the standard weights which are given in
pounds. It is seen that with the exception of subjects
numbers 20,??6, 30, 31, 32, all the subjects are below the
standards given for Westerners. According to the stand-
ards for the Westerners, the average weight corresponding
to the heights and ages of the 32 of my subjectslworks out
as 134,3 1lbs, whereas the actual average obtained is 119.3
lbs i.e. 15 1bs (6.8 kilos) less than what it should have

been according to the western standards. This does not




Table AE

Page 11 (a
subject N a m e, Age. Body-weight Helght Sitting Pelidisi
Num ber. Ira (without height

* clothes)
kgm. CIl o CIl .
L A, Ahmed 24 Dl 174.7 90 .6 89
2 A.lManan 20 58.5 171.2 87.3 96
3. S.A.Khan 23 5J.8 1707 88.9 90
4. L.A.Khan 23 56,2 170.7 88.9 93
5. S.A.Husain 23 47,2 167.9 88.1 88
6 M.Y.Zubalri 22 55.8 17145 90.2 91
7 M.Imamuddin 21 45.4 166.8 87.6 88
8. T.N.Reddi 20 55.8 174 89.4 92
9. S.M.ALL 22 585.5 162 GO s
10 . S.A.Husain 27 59 166.4 84.6 99
1L, A.lMohiuddin 19 55 17855 89,7 91
12, R«.R.5ak8ena 22 48.5 168.6 85.8 92
13, H.A.Ansari 21 46.5 168.3 86.9 91
14, M.Sharfuddinl9 45.2 166 87.6 86
18, M.Musigquddin2Q 45,4 168.6 87.9 87
16. Jagmohan 20 52 166 .6 85.8 94
1% Bhushnam 21 49 160 .2 86.4 91
18. I.Rahman 20 56 .5 178.6 91.4 90
19, Q.S.A.Rashid22 A 1707 90 .9 89
20 K.S.Manvikar22 71.3 1 S dy B 93.9 95
21, R.Karan 22 53 177 oo oo
22, Q.ALL 20 55:5 174 90 91
23 M.R.Beg 20 65 174.5 94.2 98
24, I.Ahmed 21 57 164 86 .6 96
25, R.N.Abhyankars2 54 165.1 87,9 94
26 P.Shankarya 22 57.2 162.2 85,8 99
2 le X.Ramiah 20 46 .5 164.5 8644 90
28, S.Ramiah 19 41.5 168 86,4 86
29, R.B.Phatkay 20 56 « 2 172 90 .5 91
30. I.G.Gadray 28 60.2 159.5 85.3 99
31, Ranade 31 68.2 162.5 B7.6 100
32 . V.G.Gadray 2$ 68.2 167 89.1 99
Average 22 54.2 169.3 88.5 98k
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necessarily indicate a state of undernutrition. The
smaller weight of my subjects is certainly due in part
to the lower stem height (sitting height). Mason (1931)
has also found that the averaege weight of her women sub=-
jects in Madras was slightly less (about 3.6 kilos) when
compared to the American standards. This, I would add,
was in spite of the fact that the Indian women have a
greater tendency to accumilate the adipose tissue,

With the exceptions of the sub-
jects Nos., 14 and 28 who were very thin and had a low
pelidisi (Table I) and therefore might have been under=-
nourished, the rest of the subjects were not under
nourished. They were certainly getting a good diet and
were apparently quite active and healthy. It would there-
fore seem that the smaller weight in the case of the
young Indians is a racial character partly depending on
the fact that the stem height is low.

Sitting height:~ The sitting
height was actually measured in every case with all the
precautions emphasised by Dreyer (1921). As mentioned by
Pirquet (1922), the sitting height thus measured equals,
in Westerners at least, one half of the total height plus
5 cm, Table II shows the actual sitting heights obtained
in the case of my subjects as compared with the sitting
heights calculated according to the formula, h/2 plus 5 cm, .
where h stands for the total height. It is seen that the
actual sitting height in most of the cases is less than

the calculated sitting height. The average sitting height
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works out as 1.2 em less than the calculated average.
From this it is seen that the average young Indian has
2 stem height about 1.2 om less, and therefore corres-
pondingly longer legs, than the average Westerner. Hven
greater difference in sitting heights was found my Mason
(1931) in the case of her women subjects. She foundthat
with the Tamils one half of the average total height was
77 cm and the actually measured sitting height was, on
the average, only a little over 1 cm greater than this.
Much the same picture was shown by her other groups.

Pelidisi. The usual clinical
classification of well nourished, moderately well nou-
rished, poorly nourished etc, is not precise and there-
fore not satisfactory as an indication of the state of
nutrition of an individual. As the basal metabolism is
affected by the nutritional state of the individual,
it is essential for the study of the normal subject to
have a precise knowledge of his state of nutrition. The
Nutrition Iaboratory of the Carnegie Institution of
Washington has found the pelidisi of Pirquet of great ad-
~-vantage over the ordinary, rather gross, clinicalvindi-
cations (Shattuck & Benedict 1931).

Pelidisi is the relationship bet-
ween the weight of the individual and his sitting height.
This method of fixing the state of nutrition of an indivi-
dual was first originated by the late Professor Clemens

Pirquet (1922) of Vienna and is known as the Pirquet index.
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It is expressed by the formula

3
V10 X weight in gm
sitting height in cm

and the result is multiplied by 100.

In the original preparation
of the material, Pirquet assumed that for small child-
ren a pelidisi of 100 represented the ideal. It has
since been found that for adults a value somewhat less
than this probably nearer 97 or 98 represents the nor-
mal state of nutrition. It has been found that with
Westerners a pilidisi around 90 represents a distinct-
lylow state of nutrition and that a pelidisi over 100
represents a fat person.

Table I. shows the pelidisi in
the case of my subjects as it has been calculated from
the sitting height actually obtained. The majority of
the results are over 90, the minimum being 86 in the
subjects Nos. 14 & 28, the maximum being 100 in the sub
-ject No. 31. The average for 30, out of the 32 sub-
jects, works out as 92 * 4.

It is therefore clear that
the pelidisi as obtained in these subjects is less
than that which is accepted as representing the normal
state of nutrition in the Testerner. Does this denote
that these subjects were under-nourished? I do not
think so. BExceptions might be made in the case of sub-
jects Nos. 14 & 28 who were unusually thin. The rest

were certainly in good health aﬁd were getting good
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foods It would probably be more correct to infer from
the results that a pelidisi of about 92 indicates the
normal state of nutrition in young Indians. That the
pelidisi showing the normal state of nutrition may dif-
fer in different races is suggested by the measurements
in the Chinese. Stevenson ( 1928 ), after examining
over three thousands -ef—the Chinese, came to the con-
clusion that the Chinese approaches the pelidisi of 90
as the basic standard. Benedict and Meyer ( 1933 )
found that the average pelidisi of their 18 American
born Chinese girls ( 12 - 22 years of age ) was 92.

Blood pressure: The blood

pressure was taken after the basal metabolism tests
were over and before the subject had partaken of any
food. The instrument employed was of Riva Rocci type
fitted with mercury monometer the zero point of which
was carefully adjusted. The elastic cuff was about 12
cm broad. This is assumed to give an error of from
plus 7 to plus 9 per cent compared with the pressures
obtained directly from the artery (Norris, Bazett &
McMillan 1928). The auscultatory method was employed.
The subject was made to sit on a stool with the left
hand, which was used for examination, resting relaxed on
a table in front, palm upwards. In this posture the
brachial artery was level with the heart. Readings were
taken during release of pressure. Reading of the systo

-lic pressure was taken at the point at which the first
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clear thump was heard below the cuff (first phase) the
stethoscope being snugly applied to the artery. The dia
-stoliepressure was read at the so called fourth phase i.e
at the point where the second clear thump becomes sudden-
ly muffled. Several consecutive readings were taken to
ensure correctness of results, the pressure between the
readings being allowed to fall to zero and sufficient
time permitted to elapse for the venous pressure to fall
to normal level., The psychical element of interference
in the case of these subjects was negligible and did not
interfere in obtaining correct results.

The blood pressure estimates
show that the readings are invariably lower than what has
been taken as normal for Westerners. The average systolic

|
pressure obtained was 100.4 mm of mercury, the maximum

N

being 125 mm in subject No. 4 and the minimum being 75 mm
in subject No. 22 (Table III). The normal systolic pres-
sure in Westerners as studied by Melvin and Murrey (1914)
was 112 mm for young men between the ages of 20-29 years.
Fisher (quoted by Norris et al 1928) found that, in 64,
574 cases studied by him, the average auscultatory systo-
lic pressure was 123.2 mm ranging from 116 mm at 16 years
to 136 mm at 65 years. More important are the results
obtained by Alvarez (1920, 1923) who, unlike Fisher, did
not base his results on insurance statistics but studied

students in a State controlled University. He found that

45 per cent of the male students had pressure exceeding

)
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130 mm which he considered to be abnormal. According to
Alvarezy the normal upper limit of the systolic blood
pressure for healthy young men is 130 mm.,

The lower limit of the normal
systolic blood pressure, according to Norris, Bazett and
Mc¥illon (1928), 1s usually 110 mm, and when this pres-
sure goes below 105 few can be on their feet regularly.
It is evident that these figures cannot be applied to

Indians.,

Diastolic preesure: The average
5

diastelic pressure of 71.8 in my subjects (Table IIl) is uin
A

keeping with the estimate of Woley (1910) who felt that it
should be 75 per cent of the systolic pressure. Fisher,in
the cases above referred to, found that the diastolic pres-
sure had averaged 80 mm.

Pulse pressure: Fisher, basing

his results on the insurance statistics above referred to,
found that the average pulse pressure for all ages was 43.2
mm. This figure tallies closely with that of Symond (1923)
who found the average pulse pressure for all builds and all
ages to be 44.1 mm, Norris, Bazett and lclMillan (1928)
place the limits of normal pulse pressure between 30 & 50 mm
and regard a pulse pressure persistantly as low as 20 or as
high as 60 mm as pathological.

The average pulse pressure in my

+7-2-

subjects is 28.6 mm which is lower than what Narris et al
L
regard as minimum in the normal range. The minimum pulse

pressure obtained is 19 mm in the case of subjects Nos.24

and 28, the meximum is
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the maximum is 35.7 mm in the subjects Nos. 3 and 6.
These pulse pressures, though very low compared to the
Western standards, are, however, quite in proportion to
the systolic and the diastolic pressures obtained in the
subjects.

Previous observers in the tropi
-cal and sub-tropical countries have &also noted lower
blood pressure in the inhabitants. McCay (1907) inves-
tigated the blood pressure in a large number of the Een-
gali students. The readings for the systolic blood pres-
sure were taken at the dis-appearance of the pulse at the
wrist. The pressure varied between 83 mm and 118 mm the
average being slightly over 100 mm (sitting position, arm
level with heart). The observations on the Philippinos
by Musgrave and Sisson (1910) also indicate a lower systo
-lic level. Cadbury (1922) studied the Chinese students
and found their systolic blood pressure from 20-30 mm
and diastolic pressure from 10-20 mm lower than the nor-
mal one f@nds in the inhabitants of North America and
Europe.

Recent investigations in

India give further evidence of low blood pressure in the
Indians. Mukherjee and Gupta (1931) recorded the blood
pressure of 12 Bengali students and found the average
systolic to be 108, average diastolic 78 and the pulse
pressure 30 mm. The Indian Medical Record (1931) gives
the average systolic pressure of healthy Punjabees, bet-

ween the ages of 21 and 25, as 114 mm and the diastolic

pressure as 74, Stock and Karns (1524) examined 14
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Indien students resident in London along with 103 Brit-
tish male students. They found a systolic average of
118,.,7 and a diastolic of 80.3, while the corresponding
figures for the British group were 130.3 and 84.8 res-
pectively. More recently Subba Reddy (1933) has investi
-gated the blood pressure in 112 male students of Vizaga
-patam Medical College between the ages of 18 and 27
years. His results show that 41,07 per cent of his sub-
jects have the systolic pressure between 111 and 120 mm,
and 23.21 per cent between 121 and 130 mm. The average
systolic pressure was 116.8, the average diastolic 76.9,
and the average pulse pressure 39.9 mm, These results
are higher than those obtained by Cadbury in the Chinese
students and higher than the results obtained in the case
of my subjects. The high results obtained on Vizagapatam
students may partly be due to the fact that the investi-
gations were made in the afternoon presumably after the
mid-day meal when the blood pressure may be expected to
be somewhat higher. Even then the results obtained at
Vizagapatam are lower than those given for Westerners by

Fisher and Alverez.

It is possible that the warmer
climate of the tropical and sub-tropical countries low-
ers the blood pressure by causing the dilatation of the
skin capillaries. That environmental conditions are an
important factor in determining blood pressure is brought
out by the studies of Tung (1928) on the Chinese. Blood

pressure was examined in the case of 30 Chinese during
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their stay in America and also after their return to Pek-
ing. The average systolic pressure in America was found
to be 113 mm. and in China 102 . The averazge diastolic
pressure in America was 72, and it was 64 in Peking.

Tung also reports that there is a distinct tendency for
the bloecd pressure of Westerners resident in China to app-
roach that of the Chinese. It therefore seems, as Tung
suggests, that environmental and not racial differences
are the main determining factors of blood pressure.

Mouth temperature: This ranged

from 97.5% to 99.0° F, the average working out as 98.3° F
(Table I1III). The mouth temperature was taken before the
basal metabolism test was started, the subject lying on
the metabolism cot. The thermometer was kept in the
mouth for at least two minutes.

Pulse rate: Column 9 of Table

III gives the pulse rate taken just before starting the
basal metabolism tests. This is compared with the rate
of the pulse taken while the tests were in progress. It
is seen that the latter is slightly lower than the for-

ner.

The pulse rate, taken before

starting the metabolism tests, ranged from 53 in the
case of subjects Nos. 9 & 16 to 86 in the case of sub-

ject No. 3. The average for 30 subjects works out as

65,
The data on the basal pulse rate

are numerous in the case of western subjects. Korosy



e aE
(1910) counted the pulse rate of 255 soldiers, between
the ages of 20 and 24 years, early in the morning be-
fore they had arisen from the beds and partaken of any
food. He found the average rate of 64,2 with the maxi-
mum of 108 and the minimum of 42. Sutliff and Holt
(1925) established for 146 adult men an average pulse
rate of 62. Harris and Benedict (1919 quoted by Boas
and Goldschmidt 1932) found the average basal pulse
rate in the case of 121 adult males as 61,26 £6.73.
Boas and Goldschmidt (1932) found in 51 males of the
average age of 28.1 years. the basal pulse rate of
61.4 ¥8.22. They state that the basal pulse rate is
lower and less variable than the pﬁlse rate measured
under less standardised conditions, because many extra-
cardiac factors that affect the heart rate are elimi=-
nated in the post absorptive resting state.

It is seen that the pulse rate
in the case of my subjects corresponds closely with the
results obtained in the Westerners.

Mason (Mason & Benedict 1931)
also found that the average pulse rate in the case of
the South Indian women corresponded closely with the
average pulse rate in 90 American women studied by
Harris and Benedict (1919).

That the pulse rate may differ
with certain races is suggested by the observations of
Steggarda and Benedict (1932) on the Mayas. They

found in 30 male Mayas an average pulse rate of 52,

with the minimum rate of 34 - figures considerably



lower than the average established in other peoples.

Respiration rate: The respira

-tion rate was counted before comrencing the metabolism
tests, the subject lying on the metabolism cot. Pre-
cautions were taken not to attract the subjecté atten-
tion toc his respirations. The respirations were count-
ed for fully one minute. The lowest rate was in the
subject No. 6, being 11, 13, 16 and 16 on the four dif-
ferent dates. The highest rate was 23 in the subject
No. 32. The average for all the subjects works out as
18.7 per minute. There seems to be little difference
between the respiration rates as obtained in these sub-
jects and those described for Westerners. M'Kendrick
(1889) mentions that in health there are usually 15
respirations per minute in the adult. Guetelet (quoted
by M'Kendrick 1889) gives a table indicating the maxi-
mum respiration rate between the ages of 20-25 years,
as 24 per minute, the minimum 14 per minute and the
average 18 per minute. According to Burton - Opitz
(1921), the average rate of respiration between these
ages is 18.7, exactly the same as has been obtained in
the case of my subjects. Halliburton and McDowall
(1930) give the rate of respiration in a healthy adult
person as ranging from 14-18 per minute., Thus it would
seem that, considering the warmer climate and the lower
barometric pressure (about 720 mm Hg.) the respiration

rate in these subjects is not any higher than what has

been recorded for Westerners.
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Table III gives also the res=-
piration rates during the periods in which the metabo-
lism tests were carried out i.e.the periods in which
the subjects were connected with the metabolism appa-
ratus., It is seen that in such a state the respiration
rate is almost invariably lower, the average working out
as 16.,4. This accords with the experience of the Nutri-
tion Iaboratory of the Carnegie Institution of Washing-
ton that, not invariably but in general, there is a
tendency for the respiration rate to become somewhat
slower when any breathing appliance is attached (Shat-
tuck and Benedict 1931; lMason and Benedict 1931).

The respiration rates so ob-
tained are not far from those found in the case of the
Mayas by Shattuck and Benedict (1931) under similar
conditions and which were not considered by them as far
from the normal.

Surface area: The neces-

sity to obtain the surface area of the body has arisen

in order to find the basal metabolism. A commonly accept
-ed standard of the basal metabolism is the amount of
heat produced per square metre of the body surface per
hour. The surface area, however, was not actually mea-
sured but was obtained by the help of the excellent

chart prepared by DuBois (1916, DuBois 1927) and based

on his height - weight formula.
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In the case of the Chinese
adults, it has been shown by Waddell, Han and Ch'en (1928
that the DuBois height-weight formula for the estima-
tion of surface area is applicable with as much accu-
racy as in the case of the American subjects. Whether
it can be applied with as much accuracy in the case of
the Indians with smaller stem height is problematic.

Oxygen consumption: This

was measured with all possible care, All possible atten-
tion was given to guard against leakage. The mouth piece
gave no trouble, but the nose clip required perticular
and, in some cases, constant att:ntion. It had to be app-
lied tight enough to prevent any leakage through the nose
and at the same time not so tight as to be uncomfortable
to the subject. The leak.tester was frequently used both
before starting the chart to run to see if the nose clip
was properly applied or not, and also during the time when
the chart was running and the respiration recorded. Occas
-sionally it was found that the nose clip seemed to have
had been applied properly before starting a test, the
leak-tester indicating no leakages; however, when the actu
-al test was going on slight leakage was discovered during
some period of the test. Such tests were obviously incor-
rect and were discarded. The leak-tester consisted of a
brightly polished white metal piece. This was cooled by
keeping it in cold water and, before use, was wiped clean
with a piece of white muslin. Duriné the monsoon season

it was found that the use of ice cold water to cool the

leakstester was not proper. This made the leak-tester
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too cold, so that when it was removed from the ice cold
water and wiped clzan for use, it was found that a thin
film of moisture from the atmosphere, which was nearly
saturated, was deposited on the surface and made the
leak-tester unsuitable for work. Wat:r a few degrees
colder than the tap water was best for the purpose.

Usually two tests were made
on a subject on any perticular day. The oxygen consump
-tion per minute was read off from the chart. This is
shown in detail in column 6 of Table IV, It is seen
that the results obtaiﬁed of the two consecutive tests
are usually within 5 per cent of each other Column 7 of
the same Table gives thée average of two or more fests
done on the same day. Occassionally a test had to be
discarded when a leak was discovered or when the breath
-ing was very irregular. Often tests on a subject were
made on two or more different days. This was deemed
specially necessary when high readings were obtained, to
make sure that the high results were not due to any
error in technique.

The average exygen consump=

tion for all the 32 subjects works out as 200.4 c.c. per
minute.

Heat production per hour:

Column 8 of Table IV gives the total heat production of
the body per hour from which the heat production per
square metre of the body surface was calculated. This
is given in column 9. The heat production was computed

from the oxygen consumption. It was assumed that the
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average respiratory quotient was 0.82 in which case it
has been calculated that each litre of oxygen gives rise
to the production of 4.825 calories. For the purpose of
expressing the amount of oxygen in terms of calories per
hour, use was made of the excellent table contained in
the Sanborn Company's hand-book (1933). The average heat
production per square metre of the body surface per hour
for all the 32 subjects works out as 36.16 calories.

Basal Metabolism: The basal

metabolism is expressed here as the per centage devia=-
tion from two commonly accepted standards viz Aub-DuBois
and Harris-Benedict. Comparison with the so called San=-
born Normals has also been made.

The Aub-DuBois standards
(1917) are based on 8 cases tested by DuBois and his col-
leagues, and on reports of 46 tests made by other investi
-gators, 21 of these being tests reported by Benedict
(sanborn 1933). The Aub-DuBois standards are based on
surface area, the result being expressed as the number
of calories produced per square metre of the body sur-
face. According to this standard a normal male between
the ages of 18-20 years produces 41.0 calories per hour
per square metre of the body surface, and one between the
ages of 20-40 years produces 39.5 calories.

The Harris - Benedict stand-
ards (1919) are based on about 300 tests on adults and

nearly 100 tests on infants. Harris and Benedict have
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come to the conclusion that the best formula for the pre-
diction of the basal metabolism for men is the following:

h = + 66,4730 + 13,7516y + 5.003%8 - 6.7550 a

where
h = heat production per 24 hours.
w = weight in kgm.
8 2 height in cm.
a = age in years.

The SBanborn Values are inter-
mediate between the Benedict and the DuBois standards
never varying more than 5 per cent from either tablef

In order to compare the re-
sults obtained in the case of umy subjects with the Harris
-Benedict standards, I have made use of the tables pub-
lished by the Carnegie Institution of Washington and ab-
ridged and rearranged by F.B. Sanborn (1933).

The results are shown in
fable IV. Here each day's result is given separately.

In Table II is given the average result for each subject
of the different days that the tests were taken. From
this it is seen that only five of the 32 subjects give
positive results. All the rest give negative results,
The lowest results obtained are in the subjects Nos. 1, /,
13 & 24, The average for all the 32 subjects works out
as 6.8 per cent lower than the Harris-Benedict standards
and 8.7 per cent lower than the Aub-DuBois standards.

The Aub-DuBois standards are, therefore, only 1.9 per
cent higher than the Harris-Benedict standards as far as

their application to these subjects 1s concerned.,
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It has been brought forward by recent investigations that,
for ages of 20 years and thereabout, the Aub-DuBois Values
are néarly the same as those of Harris-Benedict. The re-
sults obtained in my subjects tend to support this state-
ment.

In the case of subjects Nos., 19,20,
21 & 26, tests were made on two consecutive days. It is
seen that, except in the case of subject No. 19, the se-
cond day results are lower than the first day results.
This I do not beleive to be due to a greater mental or mus-
cular repose obtained on the second day, as these subjects
were apparantly quite at sase on the first day also. The
lower results obtained on the second day are probably due
to a feeling of fatigue as a result of experiment on two
successive days. In the subjects Nos. 1, 2, 3, 6, 11, &
16, tests were made on two or more widely different days.
It is seen that the results of the second or subsequent
tests are not necessarily lower than the first tests and
also that the difference in the results is sometimes con-
siderable. This is certainly not due to any error in
technique but rather to the fact that the metabolism in an
individual changes from day to day (DuBois 1927). This
might be due to the psychical state of the subject as has
been recently brought out by Benedict (1935). His own
metabolism was measured on eighteen consecutive days in
May 1932 and on thirtythree consecutive days in May and
June 1933. The results were extraordinarily uniform from
day to day. Only on five out of these fifty-one days
there were marked variations which were attributed by the

author to have been caused by emotional disturbances.
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Comparison with the basal

metabclism results obtained in India by other investi

=Tators: 1t has already been stated that Mukherjee
(1926) found, in 15 Bengalis, the basai metabolism 9
per cent lower than the Sanborn Normals. And again
Mukherjee and Gupta (1931), studying 18 normal Ben-
gali young men, obtained results 13.3 per cent below
Aub-DuBois standards. Sokhey (1927) in Bombay chtain
-ed results 10-23 per cent below the Aub-DuBois stang
-ards, but as the details are not given, it is not
possible to compare the present results with those
obtzined by Sokhey. Mason's (1931) results are the
lowest of all, her 54 women subjects giving an ave-
rage value of 16.9 per cent below Harris-Benedict
standards and 17.2 per cent below those of Aub-DuBois.
Banerji (1931) studied 145 prisoners of the district
jail, ILucknow, znd found the average basal metabolism
to be 6.9 per cent below the "European standards”,
Banerji finds that during the monsoon season, when the
atmosphere is very humid, the basal metabolism values
are lower than those obtained during the drier seasons
He, however, does not mention which standards he had
actually compared his results with. In any case it
would be doubtful if the results obtained on priso-
ners in an Indian prison can be compared with the re-

sults obtained usually on’ students.
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It is thus seen that the re-
sults obtained in my subjects are higher than those ob
-tzined in Bombay, Madras and Calcutta. They are about
5 per cent higher than the results obtained by Muklierjee
and Gupta at Calcutta and about 9 per cent higher than
the results obtained by Mason in the South Indian women.
It may here be pointed out however that, so far,
enough work has not been done in India to establish the
sex difference in metabolism. It is quite possible, as
DuBois (1927) suggests, that the sex difference is great
-er in the Oriental. This view is supported by the
studies of Takahira who found the basal metabolism of
the Japanese women 9.3 per cent less than that of the
Japanese men: whereas the sex difference for the
Americans has been worked out as about 7 per cent
(Gephart and DuBois 1916, Harris and Benedict 1919).
Krishnan and Vareed (1932) studied 76 medical students
in Madras of whom 15 were women. Their ages varied from
18-25 years. They found that the average basal metabo~
lism of their male subjects was 12 per cent and of their
female subjects 16 per cent below the DuBois standards.
This gives a sex difference of 11 per cent.

It is thus seen that the results
obtained by me at Hyderabad are higher than those ob=-
tained elsewhere in India with the exception of Lucknow.

Nevertﬁiess, these results are lower than the standards

accepted for Westerners. The cause of this low metaboli-

sm in the Indians has been attributed to various factors

viz, climatic, dietetic, occupational and racial.
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Climatic factor: Is climate a

factor in determining the basal metabolism? This has
already been discussed to some extent, but the evidence
on this point is conflicting. There is evidence, how-
every to believe that & prolonged residence in a warm
climmte tends to lower the basal metabolism. Earle
(1928) reported the results of the studies made by him
and his colleagues on 166 Chinese and also on 41 West=
erners in Hong Kong and Peking. The basal metabolism
of the Chinese subjects was found to be 8 per cent below
the DuBois standards and that of Westerners in Hongkong
and Peking 7 per cent below the DuBois standards. On the
other hand 5 Orientals examined by Earle in London were
found to have basal metabolism 6.5 - 8.5 per cent below
DuBois, Harris Benedict and Dreyer standards. These re-
sults therefore "appear to afford evidence of a climatdc
factor as the controlling influence in basal metabolism".
In a recent publication
Mason (1934) reports that the average decrease in metabo-
lism in a group of nine European woumen moving to the tro-
pics was 5.1 per cent and that three Indian women measured
in two climstes showed an increase in metabolism of 4.8
per cent in cold climates.

The influence of warm moist

climate in lowering metabolism is suggested by Banerji (1931 ).
"

If this is accepted, then it would 2180 explain why the

basal metabolism results are higher in Hyderabad than at

the damp seaside places like Bombay, Calcutta and Madras.
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Table V gives the basal metabolism results with refe-
rence to the humidity of the air. It is seen that the
average basal metabolism for those days in which the
difference between the wet and the dry bulb readings was
406 or more works out as 4.4 per cent below the Harris-
Benedict standards; whereas the average for those days
in which this difference wias less than 4°C is 7.1 per cent
below the Harris-Benedict standards. These experiments,
however, are not of much value being few in number and
not undertaken specially to show the effect of humidity
on the basal metabolism. They, neverthless, point to
the possibility of humidity being a factor in modifying
the basal metabolism. Further work is needed to eluch-
date this point.

Dietetie factor: Ividence has

accumilated that protein rich diet is a potent factor

in raising the basal metabolism. This was brought for-
ward by Krogh and Lindhard (1920). FHeinbecker (1928)
found the metabolism of Eskimos, who are heavy protein
consurers, to average 33 per cent above the normal stand-
ards. Benedict and Roth (1915), however, examined 11
male and 11 female vegetarians and found that the metabo
-lism did not differ significantly from that of the non-
vegetarians. By vegetarians were meant persons who did

not eat meat of any kind more than two or three times a

year. These results were confirmed by Harris and Bene-

dict (1919).
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Table V.

Page 32 (a).

subject Date. Dry-bulb Wet-bulb _Deviatlon Irom
Num ber. tempera- btempera- e
waxre Lare per day. average.
°¢ °c
2 8th April 1934 31.5 24,5 - 4,5 - 4,5
11 8th April 1934  32.V 24,5 + 3.5 ¥ 3.5
19 24th lMarch 1934 28.5 20 .0 - 1.0 ) - %0
19 25th March 1934 28.5 22 .0 -~ 140 1
20 24th March 1934 29.5 21.0 - 1050 = dr
20 25th March 1934 28.5 2240 - 11.0 :
27 9th October 1944 29.U 25.U + U.6 t 0.6
28 9th October 19354 29.V 25.U - 1140 & 410
31 27th October 1954 25.0 19.5 - 6.5 = Gub
32 27th October 1934 26.5 54,0 - 6.0 - 540
AvVverag e. - 4.4
l 8t}h Septezﬂbdrlgés M e e - 9.0 { ._14 5
1 14th October 1933 2&.V 25.5 -20.0 s
2 8th ueptemberxeéé i 25 - 940 - 9.0
3 8th teptemberl9ods ... oo + 7.9) )
3 18th October 1933 27.0 26.5 - 1.0) + 2.7
3 22nd August 1934 25.0 22.5 + 2.0) ;
4 27th Septembengads .., e - 5.0 - 5.0
5 'd.O"' PR PR - 100 - 1.0
6 -(10‘ YT s 0 o + lulug
6 8th October 1944 28.5 26.5 = 4.0 + 2.7
6 18th October 1934 27.0 26.5 + %)
7 28th LCeptemberl193d ... s - 17.4 -17.4
8 -(10- .o PR - 10-0 -l\) J
9 9th Septemberl9s33 26.5 25.9 - 94U - 9.0
1u 17tlh August 1956 " e e P - l4t\) -14 U
11 8th October 19335 28.5 26.5 ¥ Bl e B
11 19th October 1933 26.5 25.0 - 8.0 ).
12 9th October 1933 29.U 26 .0 100 5 = E.D
12 21st October 1933 24.5 28,9 = 8.5
13 12th October 1933 27.5 24.5 - 1640 -16.0
14 -{10" 28.‘) 24.5 ks 80\) + dc\)
15 14th October 1933 28.V 25.5 # 140 - 1.V
16 15th October 1936 28.0 25.5 s e
16 it Detober—1943—26+H ot —39 ) + 2.
16 31st July 1934 26.9 24.0 + 8.0 )
16 1st August 1934 25.0 24.J + 2.9 )
17 218t October 1940 25.0 22,5 = 11.V -11.V
18 18th October 1946 27.0 2540 4 Bl - Sree)
29 31st July 1934 25.5 24.5 & 9.0 ) e 5.5
21 15t August 1934 5.0 24.V g ) -
23 28th Rugubt 1964 £27.0 24,0 - 14.U -14.U
a& —d_o-— 7 & 24.3 - lr? e, "l'?.u
35 14th Augllst 19054 M) e 0w et 1\‘J.u - ‘*IU.U
26 22nd August 1932 gg.g 32.3 - Q'S g SR
August 19 . . o . :
38 iﬁ%% 03 ober 1944 28.V 25.0 - 20 -12.4
50 "dO"" ";80\) 25.U % 9'2 = B'd
gk

Averasege.
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Out of my 32 subjects, 8 are ve=-
getarians., Out of these eight, Nos. 20 and 25 abstain
totally from meat but take eggs occassionally. The rest
of the eight, from No. 27 to 32 inclusive, abstain total
-ly both from meat as well as eggs. These subjects be-
long to castes which have been vegetarians for generat-
ions. The average basal metabolism for all these 8 sub-
jects works out as 8,08 per cent below the Harris-Ben-
edict standards and 10.06 per cent below the Aub-Du-
Bois standards. Vegetarian habbits as such, therefore,
seem to have a somewhat depressing effeclt on basal
metabolism,

Occupational factor: It is

possible that the low metabolism rates obtained in India
may, in part, be due to a less active life of the Indian
subjects. Most of the tests made in India are on col-
lege students and it cannot be said with certainty that
the college students in India lead a less active life
than students in colder climates. It is only surmised
that the warmer climate of India would lead to a less
active life. That athletic training raises the rate of
the basal metabolism has been observed by many workers
(Benedict and Smith 1915, Gephart and DuBois 1916,
Lauter 1926 etc.). Against this, Tilt (1930) found the
basal metabolism of 10 athletic women in Florida to be
no higher than that of the whole mixed group. And
Krishnan and Vareed (19s2) found that in the case of 6
of their subjectis, "who were daily indulging in fairly
severe exercise", the bzsal metabolism was distinctly

lower than that of the mixed group.
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Racial factor: 1In 1925, Mac-

Leod, Crofts and Benedict emphasised for the first time
the existance of a racial factor. They examined 7
Chinese and 2 Japanese women students in America and
found their basal metabolism to be 10.4 per cent below
the Harris-benedict standards. As these standards have
been considered to be 5 per cent too high for American
college woren, this leaves the Oriental women students
only 5 per cent below their American colleages. This
difference was considered to be due to the existance of
a racial factor. Subsequently the Nutrition Laboratory
of the Carnegie Institution of Washington has embarked
on a comprehensive program for the study of the basal
metabolism of various races., F¥rom the results obtained,
Benedict and his co-workers of the Nutrition Iaboratory
have come to a definite conclusion that a racial factor
exists. There are however difficulties in the un-
gualified acceptance of this conclusion.

An important series of in-
vestigations has been carried out on the liayas of
Yucatan. On three different expeditions it was found
that the basal metabolism in the Mayas was definitely
higher than in the case of the North American whites,
And, what is more, there was a definite suggestion
that a laya of purer extraction tended to have a higher
metabolism than one less pure. This, however, has not
been definitely settled. Recently Pi-Sufier (1933) has

obtained similar results on another aboriginal tribe,

the Mapuche Indians of southern Chile. In 31 of his
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male subjects he found an average basal metabolism 9.8
per cent higher than the Harris-Benedict standards. The
Nutrition Laboratory workers have contrasted the high
basal metabolism of the Maya males with the very low
basal metebolism of the South Indian females and con-
clude that such a wide difference cannot but be due to
a racial factor.

There is, however, reason to be-
leive that in the case of both the Mayas and the NMa-
puches there are other factors which would tend to raise
the basal metabolism. Both the lMayas and the Mapuches
are aboriginal tribes. The living conditions amongst
them are very poor. "The laya sleeps inadequately pro-
tected by his meagre clothing and his hammock against
the cold nights". The same may be said of the Mapuches
of southern Chile where the temperature goes down in
September (when the above-mentioned observations were
made) to the freezing point. It is quite possible that
in the case of these aboriginal tribes the higher basal
metabolism is a result of a compensatory mechanism to
offset the effect of exposure to cold nights.

Recently Benedict and Meyer
(1933) have examined 18 American-born Chinese girls
(12 - 22 years of age) living in the United States.

They find that these girls have a basal metabolism
averaging 9.2 per cent lower than that of the American
Girl Scouts of the same ages and 6.1 per cent lower

than the Aub-DuBois standards for American girls., Now
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if it is conceded, as has been suggested, that the Aub-
DuBois standards are 5 per cent too high even for Amer-
ican women then these Chinese girls have metabolism
averaging practically the same as Aub-DuBois predict-
ions. On the other hand the metabolism of the Girl
Scouts was taken while they were asleep. It is there-
fore doubtful whether it is quite fair to apply the
Girl Scouts standards (with 10 per cent correction for
sleep) in the case of the Chinese. Besides this, the
authors admit that these American-born Chinese girls
were not free from Chinese dietetic habits. Under the
circumstances it cannot be said that these tests de-
finitely establish the existance of a racial factor.
In the words of the authors themselves, "until further
measurements are mede upon other girls (both Chinese
and Cavucasions) in this age range, however, the drawing
of any final conclusion must be held in abeyance",

If we now review the numerous
observations that have been made on different races in
different countries we can have some idea of how far
the racial factor operates. The following are some of

the main observations.,

Observation Deviation from normal
stendards
Harris- Aub-
Eenedict DuBois

1., Bijkmann's observations

on the Malays in Batavia esas -0 per
cent.

o9, Takahira's observations
on the Japanese men s - 5.5 j

3, Harle's observations on
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the Chinese oo, - 8.0 per
cent.

4, Vason's observations on

the Madrasee women -16,.,9 =: 18 s
5. lukherjee and Gupta's

observations on the

Bengali young men coeve = 15,5 s
6. Observetions on the

Hyderabadi young men - 6.8 - 8.7 4

These figures may be compared
with the following figures obtained on the HEuropeans
in the East.

1. Montoro's observations on
the white Cubans in Havana

(quoted by DuBois 1927) -15.8 - 15.5 per
cent,

2., de Almeida's observations

on white men in Brazil -13.6 = G
3. Mason's (1934) observations

on the Zuropean women in

ladras - 7.9 o el 5] [
4, BEarle's report on European

men at Hongkong and Peking seeses = 70 4

The comparison of the two sets
of figures shows how closely they resemble each other.
Had the racial factor been an important factor in de-
termining the basal .metabolism, it would seem strange
that the basal metabolism figures of races so widely
different as the Caucasions of Burope and America and
the Mongolians of China and Japan should tally so
closely. It would be more reasonable to think that
though a racial factor may exist it is probably not
so important as the climatic and the environmental

factor in determining basal metabolism.
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Cause of the low basal metabol~

ism in the Indians: Very few observations have so far

been made in India and these go to show thé existance of
a lower basal metabolism in the Indians. Probably all
the causes discussed above operate in bringing about
this low level. Mukherjee and Gupta (1931) have attri-
buted it to the climatic and the nutritional causes.
MecCarrison (1927) studied the dietary habits of the dif-
ferent Indian provinces and found that the Bengali, the
Hanaree and the Madrasee diet islof low biological wvalue
and is poor in the contents of suitable proteins, vit-
amins and miniral elements. The lowest figures have
been obtained in the Madrasee women. But if a 5 per
cent correction is made to these figures on the ground
that the Aub-DuBois and the Nutrition Laboratory pre-
dictions are 5 per cent too high for woﬁen, then the
average works out as 11 - 13 per cent which is about the
same as for the Madrasee men.

Mason and Benedict (1931) attri
-bute the low metabolism of the Madrasee women to the
existance, at least in part., of a definite racial factor.
Other possible factors which they suggest are; a low
protein diet, trorical conditioms of climate, and a
state of relaxation dwring repose as complete as that

which is found during sleep among Westerners

In a later publication Izson
anéd Denedict {1v34) give the resultg of treir inves-

tigations of the basal metabolism in 7 lladrasee women
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while awake and during sleep, 2nd have compared this re-
sult with that found in 2 western women living in ladras
under the same conditions, They found that in the Mad-
rasee women the oxygen consumption during sleep decreased
on an average 9.8 per cent. The two western women gave
similar results. The authors conclude that the state of
relaxation is not the causal factor in the low basal
metabolism of the Madrasee women. This conclusion seems
to be justified, however, only if it can be proved that
the amount of muscular relaxation during sleep is the

same in both the Oriental and the Occidental.

Summary and Conclusions.

Basal metabolism tests and the
physical character studies have been carried out in 32
young men at Hyderabad (Deccan). The ages varied from
19 - 31 years, the average being 22 years.

No difference was found in the
pulse and the respiration rates as compared with the
western standards.

These subjects were found to
have somewhat ( 1.2 ém. .) shorter stem height and
corrospondingly longer legs compared to the measure-

ments obtained on the Westerners.

A pelidisi of abvout 92
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indicates the normal state of nutrition in young Indians,
the average pelidisi for 30 out of the 32 subjects be-
ing 92%4, -

The blood pressure was found
to be considerably lower compared to the western stand-
ards. The average systolic blood pressure in 30 out of
the 32 subjects was 100.4 % 11 mm., the average diastol-
ic pressure 71.8 ¥ 5mm., and the average pulse pressure
28.6 ¥ 7.2,

The basal metabolism was found
to be 6.8 per cent below the Harris-Benedict and 8.7 per
cent below the Aub-DuBois standards. The factors which
may tend to bring about this low level of metabolism are
discusseda

The possibility of the humid
climete being a factor in lowering metabolism is sug-
gested.

Wight of the subjects who
were vegetarians showed the basal metabollsm on an
average about two per cent lower than that obtained for
the whole mixed group.

For height and age, the weight

in this group of subjects was less than the American

standards.
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