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PREFACE

Information relating to the basal metabolism of young
women between the ages of seventecen and twentyv-four years,
inclusive, has been rather limited in the past. However,
at present, the subject has received a new impetus and
studies are being conducted in many regions of the United
States,

There is a great deal of discussion, among the con-
tributors to the literature, as to the influence of such
factors as age, climate, and eltitude on the basal metab-
olism, It is the purpose of this study of the basal metab-
olism of Oklahoma college women to determine values of the
heat production of these young women, The number of cases
included in this study is not sufficient to permit dogmatie
conclusions on the basel metabolism of Oklahoma college
women, but the results will indicate whether there is a
tendency for the basal metabolism of young women of Okla-
homa to vary from the published data on heat production
obtained with subjects of similar status,

Basal metabolism is an important phase of the subject
of energy metabolism which was the beginning of the sub-
jeet of nutrition. A review of the early development of
the subject of energy metabolism seems pertinent to this
paper on basal metabolism,
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HISTORICAL REVIEW*

The world's knowledge of the subject of energy
metabolism before the seventeenth century consisted of the
realization that, although the weight of the obvious exere-
ments of the body was less than that of the food and liquids
ingested, the weight of an adult men did not continue to
increase., In 1614 Sanctorius followed the changes in his
own weight, before and after meals, by means of a chair
suspended from a steelyard, After many observations he con-
cluded that processes other than the simple ingestion of
sensible supplies and the elimination of body wastes
occurred in the body. He advised those persons who were
giving consultations on health to consider the waste that
was made daily by the insensible perspiration of the body.
During this same century, in 1668, Mayow added to the in-
formation on the subject of energy metabolism by stating
that a substance which supported the combustion of the food-
stuffs was furnished to the body by the atmosvhere.

The modern era of the science of energy metabolism
began in the latter part of the eighteenth century with the
observations of lavoisier, who substantiated Mayow's state-
ment and gave the name of oxygen to the atmospheric sub-
stance which supported combustion., He declared that heat
was produced by the oxidation in the body, and that

*The information in this historical review was obtained
from Du Bois (21) and Iusk (29).



oxidation was the basis of life processes, However,
Lavoisier believed that & body fluid carried hydrogen and
carbon to the lungs and that these two substances united
with the oxygen of the air to form water and carbon dioxide.
The elimination from the body of the heat produced by this
process was regulated, Lavoisier stated, by perspiration.
Lavoisier made observations of the respiration of men, and,
although there is no record of the apparatus used, the con-
clusions that he made from this study still stand. He con-
cluded that food, work and temperature determined the quan-
tities of oxygen absorbed and carbon dioxide excreted by
the body.

Magnus, in 1837, corrected the false belief that oxi-’
dation occurred only in the lungs. He found that the blood
held large quantities of oxygen and carbon dioxide, This
finding was to him an indication that oxidation must occur
in the blood stream, ILudwig, in his later years, also
believed that oxidation took place in the blood.

The results of the studies of Liebig, a German chemist
and a pupil of Lavoisier, were published in 1842, Liebig is
called the father of modern methods of organic analysis.
From his discoveries, particularly from those on carbon com-
pounds, the chemical compositions of foods, which he classed
as proteins, carbohydrates and fats, and of urine, tissues
and feces have become known, Liebig first thought that
protein decomposition occurred during muscular activity and

that the combustion of carbohydrates and fats was caused by
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oxygen, He later suggested that the nitrogen in the urine
might be a measure of protein decomposition., The plausi-
bility of the latter suggestion was established by Bidder
and Schmidt in 1852, In a series of experiments in which
they fed meat to dogs and cats, Bidder and Schmidt observed
that the nitrogen in the feces and urine was practiecally
equal to the nitrogen content of the food intake. They
concluded:

Almost all the nitrogen of protein and collagen is
split from its combination and carries with it enough
carbon, hydrogen, and oxygen to form urea; the re-
maining part, containing five-sixths of the total heat
value of the protein, undergoes oxidation to carbon
dioxid and water which are eliminated in the respiretion,
the calorifacient function having been fulfilled.

The work of Bidder and Schmidt was not recognized
until Voit established the fact that an animal could be
brought into nitrogen equilibrium. Voit conducted an ex-
periment in which a dog was fed a quantity of meat which
contained a known amount of nitrogen. The nitrogen in the
urine and feces was determined, Such a small quantity of
the ingested nitrogen was not accounted for in the urine
and feces that Voit suggested that the total nitrogen of
protein was excreted in the urine and feces. He continued
the verification of his statement by conducting an exper-
iment on the nitrogen excretion of the hair and epidermis
of a dog. Voit found that the quantity of nitrogen that
was excreted daily through these two chennels was negli-
givle, ILater, in 1906, F, G, Benedict found that the cu-

taneous nitrogen excretion of man was very slight and

varied with his activity; a slightly greater excretion of
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nitrogen in a man was produced during a period of hard work

than was noted during a rest period, Benedict's observa-
tions aided in establishing Voit's suggestion concerning
nitrogen excretion, Bachl, experimenting on a rabbit with
2 tracheal cannula, showed that after six hours of breathing
through Nessler's reagent there was no trace of ammonia in
the expired air., This observation indicated that the
ammonia group produced during protein metabolism was not ex-
ereted through the lungs. If nitrogen was not lost in
appreciable quantities in respiration or perspiration, its
chief outlets were through the urine and feces as had been
suggested by Voit. 8Since the analysis of meaet protein had
shown that approximately 16 per cent of its content was
nitrogen, or that for every gram of nitrogen found in the
excreta 6,25 grams of protein were destroyed by the body,
information was available for the calculation of heat pro-
duction from protein metabolism,

Voit and Pettenkofer were stimulated to study further
the subject of energy metabolism, Pettenkofer, in 1866,
constructed a respiration chamber, the expense of which was
defrayed by King Maximilian II of Bavaria., The chamber con-
sisted of a small, well-ventilated room in which a subject
could live, It was possible to make analyses of air as it
entered and escaped from the chamber, The quantities of
carbon dioxide and water derived from a subject in the
chamber could thus be determined. The water was removed by
passing the air over calcined pumice stone soeked in sul-

phuric acid. The air was bubbled through baryta water to



remove carbon dioxide, The volumes of the air as it entered
and as it escaped from the apparatus were measured with gas
neters., The apparatus was checked by the use of a burning
cendle and by evaporating a known weight of water within

the chamber, The carbon dioxide and water produced were
measurable within one per cent of error.

Experiments conducted in the respiration chamber on a
starving man showed thet the quantity of oxvgen utilized in
heat production in the body depended upon the class of food-
stuffs burned by the organism, The foodstuff also deter-
mined the relationship between the amount of oxygen used and
the amount of carbon dioxide excreted. The relationship
between the carbon dioxide produced and the oxygen consumed

was expressed as a respiratory quotient:

e bon Dioxide -
W Respiratory Quotient

In the case of carbohydrates the respiratory quotient was
1.0 because carbohydrates contained in their molecules ex-
actly enough oxygen to combine with their hydrogen to form
water and, therefore, in burning they required outside
oxygen only for their carbon., The respiratory quotients of
protein and fat, found by Voit and Pettenkofer, were 0,781
and 0,71, respectively. Neither protein nor fat contained
as much oxygen in their molecules as did carbohydretes;
hence, it was necessary that more oxygen be supplied for
oxidation of these two foodstuffs.

Pettenkofer observed that during the starvation period

fat and protein were burned, and that more fat than protein



was oxldized if the subjects were physieally active Ity

however, carbohydrates werc consumed by the subjeet, the

d
hody ozxidlzed the carbolydrates rather than the body fats
o furnizsh the necled epergy. Thiz pheuonena also occurred
1P Tets end carbohydrates were fed sinmulbaneously.

Some of the incorreet cconelusions which had appsared

L 5 .

in the literature on energy metabolism were correcied by

e

Volt and Peittenkofer®s series of experiments irn the resw
niration calorimeter, The beliefl of scicentists that physi-
cal exereise increcsed the proteln metaholism of the body

was not verified hy these observaticns. The above workers

and that the energy netaholism of the body was not propor-

tional to the oxygen supply. They also observed thai the

absorption of oxyvgen did not irnltiate mebtabolism,

but that

s

the rate of enercy nehabolism determnined the amount of oX-
yeen to be ubilized in heat production. Logsen, 2 pupil of
Voit, and Pflueger concluded that the volume of earbon

dicuide Tormed was independent of the wventilation of the

lungs except as Torced breathing increased muscular ectivity

of the body btissues and, consequently, increased the anmount
of carbon diloxide formed., IFrom experiments on wmen and rabe-
bits, whese workers shoved that the ratio of cerbon dloxide
the blood repulates the rate of respiration,

ol

Ianlace and Iavolsier in 1780 were tle Tirst to reslize
that body heat was derived Trom oxidstion and to conduct
experinents to verify their bellef., A known gquantity

carhon was durned in an ice-chamber and bhe amount of ice

stated that physical work did not increase protein mebaholism



which was melted was noted. &£ guinea pig was also nlaced

53

in an ice~chamber and the quantity of ice moeltsd by the heat

of hie body was regorded for a ten~hour pericd. Convuba-
tions from the data showed btast the aninal vielded 381,88

3

salorics of heat to the i

@

[}

g-chamber, The anslysis of the

cesplratory goses in the ice chamber showed that 25.408 cal~

ved by the burning of earbon in

aries could have haen der

the body. Lavoisier reslized that the difference bebucen
the two determinaticns of the healt preduced, one direct and

8 woprk., The

Sl

the obher indirvect, wes caused by errors Iin h
resplrabory geses were colleched at varicous tenvperatures

and no corrvections were made for the differences., 4n srror

in the caloulations was glgo due to the addition of waler

- “ . £y .

vapor to the melied ice, Iavoisler concluded that oxidation
in the body was the sole source of hody heah,

In 1883, Depretz and Dulong, working seperately, cal-
culated the amount of heat which should have been produced
in the body by the oxidation of the carbon that was exhaled
as carbon dioxide. This predicted valus of heelt produchbion
was compared with the smount of heat given off by the animal
measured directly by means of a calorimeter. Because of the
technics used in the determinations of heat, Depretz found
that the amount of heat calculated by the indirect method of
calorimetry was frow 74 to 90 per cent of the amount deterw-
mineé by the direct method. ¥ach of the workers concluded
that although oxidaetion was the chief source of body heatb,
1t was nobt sufficient to explsin the tobal production of

heat. Depretz stated that the Tood eaten, the motion of



the blood, and friction yielded the heat for which he was
unable to account,

In later years, the recognition of certain natural
laws, such as the law of the conservation of energy and the
mechanical equivalent of heat, called attention to the
errors in the work of Depretz and Dulong, Joule, in 1842,
established the mechanical equivalent of heat, The law of
the conservation of energy weas leld down by Mayer in 1845
end again in 15847 by Helmholtz., It is of interest to note
that the leading German scientific Journal of that period
re jected these laws.

Upon the suggestion of Voit, Schurmann, in 1878 and
1879, conducted experiments to find in what way carbohydrates
and fats were interchangeable in nutrition, The experiments,
which were incomplete at the time of Schurmann'®s death, were
continued by Rubner. The 1lsodynamic law resulted from the
series of observations, This law stated that the foodstuffs,
i. e., proteins, fats and carbohydrates, under given condi-
tions may replace each other in accordance with their heat-
producing value. Rubner gave the following quantities of
foodstulfs as isodynamic:

100 grams fat,

232 grams starch,
234 grams cane-sugar,
243 grams dried meat,

Rubner also reported that the oxidation of starch
and fat produced the same quantities of heat in the body
as were produced in the calorimeter. Whether burned in



e bodr or in the ezicrimeter, the end products of fats

and stereh were found to he the same. The fuel value of

in the hody differed Trom the heat value
oebbained by tho celorimeter becaﬁse the end-products were
not the same.  In the body, the products of thes oxidation
T proteln were exereted in the urine, feces and exhaled
gir. In determining the heat velue of protein to the hody,

tent heat lost in the urips and feces were dedueted

Rubner cmphasized the need of considerine the heat value

of sl1ll excrotions and not just that of urea in the deter-
minastion of the fuel veaelue of'pratein to the bodyv. Rubner
applied his findings on energy netabolisnm to the date of the

fastine man of Pebtenkofer and Voit and to other human

He concluded that the energy metabolism of the

1,
e
o
2
)
[}
ot
w
.

resting individual expressed in calories was provoriional

to the surfeace area ¢f the body.

Rubner colceulated the calorifie values of one pram

4

porticns ¢f each of the"foéﬁstuffs, i. &+, carbohydrates,
fats and proteins. His values are still used extensively
in ecaleouleting the sverare fuel velue of a mixed diet. The
standard velues are:

1 gram of proteiniieesssasscscesssaated Calories,

1 gram OF T8bsceesssaaneasrsresssaesTed Calories.

aram 0F carbohyarate..cesaseseereed.) Calories,

~ ©
Aan oapparatus which made 1t posslible o measure accu-

rately by dirset and indirect cnlorimetry the heat produc-
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aubner's observatlons of animals placed in the eslorimeter
verified his Tormer calculations and also the method which

was ovriginated by Pettenkoler snd Voit to determine total

A ecaleopimeter sinilar to the one construeted by Rubner
was devised by Atwaber and Rosa in 1897, The cost of the
calorimeter was borne by the Unlited 3States Government. The

calorimeter was sufficlently large 4o permit the study of

the heat production of wman while he effected various bodily
notione. Experiments conducted in the apparatus confirmed
the work done by Rubner on animalse,

The first closed respiretion system in which oxXygen
was meesurcd directly, was constructed by Regpault snd Feiset

» 4

in 1850, Using small animals for experimenbation, they
placed the sthjoet in a glass case conxc%ning = knovm amount
of oxygen., This apparatus was improved by Rubner, in 1894,
as has been mentioned,

Atwater, Hopa and Benediet in 1915, svplying the prine-
ciples represented in the first respiration apvaratus, con-
strueted a respiration calorimeter to determine the hoat pro-
duction of man, The apparatus incliuded two functional parts
one {or measurings the gaseous exchange, the other for mea-
suring the heat production of the subject. The detormina~
tion of ithe source of the heat produced by the subject was
based on the theory of respiratory quotients. Analyses of
the nitrogen content of the urine and feces deteryrined the

apount of protein oxidetion, and from this information the

“earbon dioxide derived from protein could be calculated
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FEVIFW OF THE LITERATURE

A this review of the liter atur@ onr the bhasal
metabelism of young women, only the publications which
include iy the data information on women who were fronm
seventeen to twenty-five years of age, inclusive, are
considered, =

A study of the basal metabolism of college women
was made by Blunt and Dye (8) in 16: To &etermina the

'Y

influenece o? the menstrusl cycle on h@au rroduction, these
workers conducted a series of tests on sevenbteen women
whose ages ranged from twenty-one to forty-four years,
inclusive., A4 second series of btests was carried on by
Blunt, Tilt and MeIlsugblin (9) in 1926 on girls ranging in
age fron elght to elghteen years, inclusive., From ten to
eighteen subjects were observed in each age group from
nine through thirteen years, and in each of the other five
age groups only two or three subjects were ineluded,
Four hours before the test, the subject was given a light
breakfast from which msat, eggs and coffee were excluded,
and she was permitted to attend school during the morning.
The basal metabolism test was made at 11:00 o'elock in the
morning, after the subject had rested one-half hour.
According to Blunt (10), who had previously observed with
her co-worker, Bauer, the influence of a light breakfast
on the energy metabolisnm of children, the above treatment
of the subjects did not affect the basal metabolie rates.

Three Torms of the Benediet portable respiretion apnaratus
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~:a

were used, a Sanborn, 2 Collins and during the last vesr a
Roth., Tests were made wilth each subject on two conseceutive

days, and, if the two tests agreed within five per cent,

,4

the two was called the basal metabolism,
If the two tests did not agree, a new series was conductzd
at a later date,

tustalfson and Benedict (22), in 1928, made a study of
the influence of seasonal variation on the basal metabolism
of ¢ollcge women, The ages of the subjects were Trom
eighteen yvears to twenby-two vears, inclusive., The sub-
jects were described by the authors as unvsuslly heslthy
young women who engaged in athletic sports and general
outdoor sctivities, Each subjesct slept in the laboratory
the night before the test, and, before rising the following

norning, was glven a basal metabolism test. A Benedict

portable form of respiretion apparatus wes used to record
bwo l0-minute iods. The mean of the values of the

whole group was 1.8 per cent below the Harris-Benediet

:diction standards, The percentege deviation of the

G}

DIC

~,
b

actual from the pr

iicted heat produetion ranged from -21,1
to+12.3.
From 1930 to 1935, Tilt (%6) collected date on the

T

basal metabolic rates of fifty-two college women hebween
the ages of seventeen and twenty-five vears, inclusive.
Host of the subjects were native Floridans and had records
of normal health. The determinations of the bhasal metzb-

olism were made in the laboratory bhetween seven and seven-

thirty in the morning., The subJects had not eaten Tor
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from twelve to thiriteen hours and had rested at 1éast one-
half hour before the tests were made. Two successive
periods of from elcght to ten minutes each were used to -
nmeasure the heat wnroduction. The Sanborn-Benediet avnpa-
ratus, which was used, was tested for lesks by placing a
twenty-gram welght on the spirometer during the last four
or five minutes of each period, Any pericd which showed

a change in slope,'indicating a lesk, was discarded,

Teats were nade with thirty-one of the subjects on two
consecutive days apd with the other twenty-one subjects on
from three Ho eight days, which were gscattered over a
period of several months., Only observations whileh agreed
yrithin ten centineters on the kymogranh were reported.

The mean of the tests whieh agreed was taken as the value
for the basal metabolic rate. The average heat production
of the subjects was 1236 calories per itwenty-four hours,
This value was lower than that {1396 calories per itwenty-
four hours) of the group reported by CGustafson and Bene-
diet (228), The values reported by Tilt were 9.9 per cent
lower than the Herris-Benedict standards and 10.6 per cent
lower bthan the Aub-Du Bois standards, Tilt offéred'this
study as evidence that the basal mebtabolism of southern
young women hed a tendency to be lower than that of northern
women of the same age. The range of variation of the
vslues obtained in this study was from -18.5 per cent to a
+1.8 per cent from the Harris-Benedict standard, and from
-21.5 per cent to +28,7 per cent from the Aub-Du Bois

- atandard. The sverage value of the basal metabolic rates
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of eight of the subjects who were physieal seducation
majors agreed closely with the average of the group.

-

There d4id not seem %o he an inerease in heat »roduction

9

>

,t
1
-
e

suggested previously

{

3

with increased actlivity as had hee
by Gustafson and Benedicht (28)

In 1930 McXay (30), using ccllege ¢

girls and members

Y,

of Girl Scovbt Troops as suvbjects, sought 1o find the 4if-
ference in basal metabolic rates of nommal, overweleht and
underwelght girls, ALl subjects who were within a range
of ten per cent above or below the Baldwinnwbod heighte
weilght-asge standards were considered normal, Ninety~one
girls were observed. Of this number, sixty-three were
eclasgified as normal, twenty-elisht as overwelght, and nine
as underweight., The subjects ceme to the laborstory with-
out br@akfast and rested for from t i}ty to forty minutes,
The Benedlct~Roth respiration apparatus which was used was
tested for leaks by placing a weight on the‘spirameter and
ohserving the slant of the excursions of the pen. Two 10-
ninute observations were made and if these agreed within
five per cent, the lowest value was taken as the basal mete-
abolic rate for that day. The tesis were made a second
and sometimes a third time on different days, and the lowest
values observed were averaged with the lowest value of the
first day. Consequently, the final values reported repre=-
sented the mean of the lowest values cbtained on each day.
MeKay's results indicated that‘there was only a small dif-
ference in the average number of calories produced per

twenty-four hours by the members of the various age groups.
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A pronounced relationship seemed to exist between each of
the factors, height, weight, and surface area and basal
metabolism, The total ealorie produection, 1262 calories,
of the underweight subjects was lower than the total heat
production of the overweight sub jects, 1474 calorles, and
of the normal weight subjects, 1346 calories, However,
the calories per kilogram of body weight produced by the
underweight subjects were greater, and those of the over-
weight subjects were less then the calories per kilogram
of body weight produced by the subjects of normal weight.
An increase in helght, according to McKay, increased total
heat production regularly and decreased heat production
per kilogram of body weight., Heat production per square
meter of body surface also decreased, but only slightly,
as the height of the subjects increased, On the basis of
surface area, heat production decreased with an increase
in age, The mean values for the basal metabolism of the
fourteen and eighteen-year-old groups were 37,7 and 34.8
calories per square meter of body surface per hour, respec-
tively. McKay, by means of a study with five women, also
showed that there were noticeable fluctuations in basal
metabolism from day to day. The greatest variation of any
individual test from the average of all of the tests was
337 calories or 28,8 per cent and the smallest variation
was 171 calories or 13 per cent, However, the intra-
variations were not as great as the inter-variations, The
deviations from the means for each subject.was 2, 2, 5,

and 4 per cent when the basal metabolism was expressed as
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calories per hour per square meter of body surface.
Conklin and MeClemdon (16), in 1950, published
results of a study which was underteken to determine the
correlation between basal metabolism and the menstrual
cycle. A Benedict-Roth apparatus was used and "all the
necessary precautions were observed in making the deter-
minations."” The ten subjects of the study were normal
college women who did not suffer with menstrual pain.
Tests were made almost daily during the complete menstrual
cycle., In order to eliminate any influence of diet and
muscular activity, one subject served as a control., Each
day the subject ate a weighed diet and did an almost ine-
variable amount of routine work, However, this diet,
which contained 1200 calories, was insufficient to main-
tain her weight and resulted in a loss of nine pounds by
the subject during the experimental period of two months,
The decrease in the metabolic rate and the decrease in the
duration of menstruation which were observed during the
experimental period were, according to these authors, an
indication that a deficient diet influenced metabolic and
menstrual processes, The mean metabolic rate for the
entire menstrual cyele, which was calculated from the
records of all of the subjects, was 32,37 calories per
square meter of body surface per hour, The heat production
for the various perlods of the ecycle were: premenstrual,
35.50 ealories per square meter per hour; menstrual,
32,37 calories per square meter per hourj; postmenstrual,

32,22 calories per square meter pér hourj; and intermenstrueal,
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32,86 calories per square meter per hour,

Remington and Culp (33), 1931, offered more extensive
date on the basal heat production of young women than did
the studies previously mentioned, Nurses and mediecal stu-
dents, many of whom were of college age, served as subjects,
The nurses had been examined upon admission to the hospital
for training, and their minor physical defects had been
remedied., Of the ninety women included in this series of
tests, fifty-two were classed as underweight and thirty-
eight as overweight, The tests were made with a Benedict-
Roth apparatus. Five alcohol checks of the apparatus re-
sulted in an average of 99,72 per cent of the theoretical
amount of heat evolved, The authors stated that they ad-
hered closely to the standard procedure for the prepara-
tion and handling of thelr subjects, One determination on
each of three successive days was made on each subject.
The data were divided into groups according to the ages of
the subjects, that is, eighteen years, nineteen to twenty-
four years, ineclusive, twenty-five to twenty-nine years,
inclusive, and thirty to thirty-four years, inclusive,
The mean of all of the tests in each age group was compared
with the mean of the lowest values obtained on each sub-
jeet in each age group and to the Aub-Du Bois standard.
The two means, for the total values and for the lowest
values, of the eighteen year old group were 36,9 and 35.0
calories per square meter per hour, respectively. There
was less variation in the results reported on the sub-

jects between the ages of nineteen to twenty-four years,
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inclusive, than in those reported for the subjects of the
eighteen-year-old group. The means of the tests for this
group were 34,4 and 33.0 calories per square meter of body
surface per hour for all values and for the lowest values,
respectively. The deviation from the Aub-Du Bois standard
for the group of ninety subjeets, if all tests were included,
was =-6.6 per cent, If only the lowest values were con-
sidered, the deviation was -10.4 per cent.

Coons (17), in 1931, studied the basal metabolism of
101 college women ranging in age from seventeen to thirty-
six years, inclusive., The weights of all of the subjects
fell within plus or minus ten per cent of the "Wood Stan-
dards", and their physical examinations did not show any
abnormality likely to affect basal metabolism, The sub=-
Jjects were tested before breakfast and after a rest period
of from one-half to three-fourths of an hour, Fram two to
four 6-minute tests were made during each observation
period by means of a Benedict-Roth kymographic apparatus,
Computations were based on the two lowest concordant values
obtained. The author concluded that the averages Tor the
age groups were lower than the averages obtained in other
studies of college women, The average deviations for all
of the age groups were -13,2 per cent from the Aub-Du Bois
standard and -10.,1 per cent from the Dreyer and the Harris-
Benedict standard, It was interesting to note that, by
tabulating the data so that students of nutrition were com-
pared with other students of the seme ares (from twenty to

twenty-nine years) and with the same variation in weight,
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the students of nutrition showed slightly, but consistently,
higher averages than the members of the other group., The
average Tor all of the tests on students of nutrition was
33,2 calories per square meter of body surface per hour and
the average for the other subjects was 32,4 calories per
square meter per hour,

Because of the low values for the basal metabolism
of college women obtained in the above work, Coons (18)
made a study of the basal metabolism with girls of abnormal
weights, Tests were made on thirty-elght overweight and
eighty underweight college women in an attempt to establish
the relationship between basal metabolism and undernutri-
tion, Coons concluded that there was a tendency for the
average heat production, expressed as calories per hour
per square meter, to be above normal in the overweight sub-
ject and below normal in the underweight subject.

In 1932 Coons and Schiefelbusch (19) continued the
study of the basal metabolism and dietary habits of college
women, Eighteen women, mostly upperclassmen, served as
subjects., Thelr food, which consisted of the usual self
chosen diet, was analysed for nitrogen, calcium, phosphorus
and caloric content. The determinations of basal metab-
olism preceded the studies of the dietary habits, The
mean basal heat production observed in this group of sub-
jeots was 1193 calories per twenty-four hours, a value
which was 12 per cent below the Du Bois predietion stand-
ard. The average total caloric intake, 1990 calories,
was in excess by 67 per ecent of the actual basal metabolism
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and by 50 per cent of the basal heat production predicted
by the Harris-Benedict standard. Coons stated that from
2000 to 2500 calories daily, or at least 1000 ealories in
excess of the basal metabolism, was a desirable intake for
the average college woman, This statement was based upon
a dietary study of three women conducted at the same time
as that during which the above data were collected,

In 1932 Hetler, Killinger and Plant (25) reported a
study of the relationship between the protein intake and
the basal metabolism of college women, The tests were
made by means of a Benedict-Roth apparatus, with eighty-
five college women who had been subjected to the usual
preliminary treatment., The mean deviation of the basal
metabolism of this group from the Harris-Benedict pre-
diction standards was -7,1 per ecent, and the mean total
heat production for the group was 1260 calories per twenty-
four hours. The average protein intake of the subjects
was 0,94 grams per kilogram of body weight, This value
was slightly less than Sherman's standard of one gram per
kilogram of body weight. The authors concluded that it
was impossible to assign any definite relationship between
levels of protein intake and basal metabolism,

Starks (33), 1933, published a table of prediction
values of the basal metabolism of young women between the
ages of seventeen and twenty-one years, lnclusive, Data
were collected on ninety-seven college women who had a
grading of A in their medical and physical examinations.

There were twenty-five subjects in each of the seventeen,
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eighteen and twenty-year-old groups and twenty-two subjeets
who were nineteen years old, The two determinations of the
basal metabolism of thirty-five of the subjects were made
at intervals of three weeks, An interval of from seven to
fifty-five days separated the two determinatioﬂs of each of
the other subjects, Only the first test of each individual,
if it was satisfactory, was used in establishing the pre=-
diction standards. The Benedict portable apparatus, which
was used for the determinations, was checked for leaks by
placing a weight on the spirometer chamber midway through
the period., The subject was tested before breakfast, and
after at least a thirty-minute rest period, The average
heat production of the group was 1296 calories per twenty-
four hours or 34,01 calories per square meter per hour,
The mean deviation from the Aub-Du Bois standards was -11,9
per cent and from the Harris-Benedict prediection table
-7.6 per cent., The average calories per square meter per
hour for the seventeen to eighteen~year-old group was 34.4
which was a slightly higher value than the 33,54 calories
per square meter per hour obtained for the nineteen to
twenty-year-old group.

Talbot, Wilson and Worcester (34), 1935, published
a prediction table of basal metabolic rates, in which the
heat production was expressed as the total calories for
height and the total calories for welght. Aeccording to
Talbot, fewer errors in diagnosis occurred and a more
accurate clinical picture was obtained, if the metabolic

rates of children were compared to this type of standard
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rather than to one in which the heat production was ex-
pressed as calories per hour per square meter of body
surface. Two groups of girls were used as subjects, The
younger group was the same as that used by Benedict and
Talbot (6) in an earlier experiment, The members of this
group were from the less fortunate part of the population
but were within -9 and 20 per cent of the Baldwin-Wood
helght-weight-age standards, The members of the older
group, composed of eighty-seven girls between ten and
twenty years of age, inclusive, were enrolled in a private
school which was patronized by the economicallv fortunate
members of the population, As in the younger group only
data were collected on those subjacts who fell within the
range of -9 and +20 per cent of the Baldwin-Wood heighte
weight-age standards., The data were treated statistically,
and the results were published as a prediction table,
Talbot recommended this table for use in clinical diagnosis
of cases of abnormal physical development,

In 1936 Boothby, Dunn and Berksom (15) published a
prediction table which was derived from data collected
froam studies on 639 men and 828 women subjects. The in-
dividuals included in the study comprised two main groups,
The members of the first group were from six to seventeen
years old, inclusive, and were mostly Rochester, Mimmesota
school children who had been rated as normal by the school
physician, The second group included subjects who had
been selected from the clientele of the basal metabolism

laboratory of the Mayo Clinic. The caleculations for the



basal energy production were based on the first deter-
mination made with the individual, unless for some reason
it was deemed unsatisfactory, The test was made on the
sub ject before breakfast by the open circuit method., The
prediction table included the mean calories per square meter
and the standard deviation of each age group for men and
women, The authors suggested that, since the subjects
represented a cross-section of the population, the predic-
tion table was appropriate for use in studing the influence
of factors such as race and climate upon basal metabolism,
In 1936 McKittrick (30) published data including the
basal metabolic rates of one hundred young women enrolled
in the university of Wyoming, ';ﬂ_:e subjeets were rated as
normal by the college physician., Only students who had
lived in Wyoming at least six months previous to the test
period served as subjects, The purpose of the tests was
to determine if the high altitude of 7,148 feet above sea
level influenced the heat production of the residents,
The subjects were tested before breakfast, and after a
thirty to forty-five minute rest period. Three 6-minute
tests were usually made by means of a Benedict-Roth
kymographic apparatus, If the first two tests were very
regular and checked exactly, the third test was omitted,
The mean of the energy production values obtained deviated
-3+18 per cent and -2,54 per cent from the Boothby and
Sandiford modification of the Aub-Du Bols standards and
from the Harris-Benedict standards, respectively. Because

the deviations from the standards were much smaller than
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those obtained by Coons (14) and Tilt (35) at lower alti-
tudes, McKittrick concluded that high altitude increased
heat production,

The results of the studies mentioned in the preceding
review of the literature are summarized in Teble 1, When-
ever it was possible, the data reported were compared with
the Boothby and Sandiford modification of the Aub-Du Bois
standards,
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TABLE 1

Compilation of the iata Reported in the
Heview of Literature
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TABLE 1 CONTINUED

Compilation of the Lata Reported in the
Review of Literature
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TABLE 1 CONTINUED

Compilation of the Data Reportec in the
iieview of Literature
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FXPERIMENTAL PROCEDURE

Sub jeets:

The twenty-five wamen who served as subjects for this
study ranged in age from seventeen years to twenty-three
years, inclusive, Of the twenty-five subjeets, nineteen
were native Oklahamans, four had been residents of Okla-
homa for at least & perlod of eight years, and two resided
in adjoining states, All were regilstered as freshmen in
the Oklahoma A, and M. College and appeared to be in good
health, Twenty-three of the subjects lived in Murray Hall,
a college dormitory which houses the majority of freshmen

women, and two subjeets lived in private homes,

Apparatus:
A Benedict-Roth kymographic apparatus was used to

determine the basal metabolism of the subjects, The appa-
ratus furnished an indirect method of obtaining the heat
production by measuring the amount of oxygen consumed by
the subject over a given period of time, The subject

was attached to the apparatus by means of a rubber mouth-
piece, Breathing through the nasal passages was prevented
by the use of a nose clamp, The inhaled and exhaled air
were directed by flutter valves, Wilson's soda lime was
used as the carbon dioxide absorbent, The rise and fall
of the spirometer, occurring with each respiration, was
recorded on a kymograph by means of a pen. The fall of
the spirometer, as the oxygen was used by the subject,
was measured in millimeters on the kymograph, For each
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millimeter of height the spirometer bell had a volume of
20,73 cuble centimeters, Therefore, for each millimeter
fall of the spirometer during the six minute test period
the subject used 20,73 cubic centimeters of oxygen. During
a period of one hour the subject would have used ten times
this amount, 207.3 cubic centimeters or 0.,2073 liters of
oxygen, The volume of oxygen which was used was changed
to standard temperature and pressure conditions by correct-
ing the observed volume for the temperature of the spirom-
eter, the barometric pressure and the tension of water
vapor, Assuming the non-protein respiratory quotient to
be 0,82, each liter of dry oxygen at standard temperature
and pressure had a heat value of 4,825 calories (21).
Therefore, each corrected millimeter of fall of the bell
in a six minute period represented one calorie per hour,
The Benedict-Roth apparatus was checked for accuracy
by means of a Jones alechol check apparatus (27). The
Jones epparatus burned a measured amount of absolute ethyl
aleohol in a closed chamber to which the metabolism appareae
tus was connected. It was the purpose of the test to
determine whether the amount of oxygen removed from the
spirometer chamber of the metabolism apparatus was the
chemical equivalent of the amount of alcohol burned, The
concentration of the alechol, determined by measuring the
specific gravity, was 100 per cent, The pipette which
was used in messuring the alcohol was calibrated with
water, The percentage error observed on eight determina-

tions made from January 6 to January ll, were 41,38,
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~1,48, 40,38, -0,50, +1.68, -0.07, +0.41, and -1,11, with

g mean of 40,08,

Technic:
Each of the twenty-five subjects reported to the
laboratory on two days for the determination of basal
ﬁetabolism. Eighteen of the subjects reported on two
consecutive days but in seven cases this was impossible,
However, four days was the greatest length of time which
expired between any two series of tests on one subject.
To insure accurate determinations of basal metabolism,
instructions were given each subject on the day previous
to the first test., The eating of food was not permitted
after the usual six o%'clock dimmer, and the subject came
to the laboratory the following morning before breakfast
and after at least eight hours of sleep. The short walk
to the laboratory was executed in a leisurely fashion and
was followed by a thirty-minute rest peried., During the
last ten minutes of the rest period, the subject's tenm-
perature and pulse were recorded and the metabolism appa-
ratus was prepared for use., Simple, short explanations of
the procedure were offered as the nose and mouth pieces
were adjusted to the subject. Three 8-minute test periods
were recorded on each morning, The first two minutes of
each test were discarded and the values of heat production
were based upon the last six minutes of each test., The
subject®s welght and height and the beginning of the last

menstrual period were recorded,.



RESULTS AWD DISCUSSICH

The twenty-Tive subjects observed Tor this study
comprised four age groups, i. ., threc subdjects wers
seventeen years old, ten were sighteen years old, coight
were nineteen vears old and four were from btwenty to
twenty-three years old. %The age, pulse, temmerature,
height, weight and surface area in sguare nebers of each
of the subjects are recorded in Table 2, The body sur-
face ecxpressed in square meters was obtained from the
nomogran prepared by Hoothby snd Sandiford (21) from the
pu Bols helght-welsht formula, Values for the basal
metabolism for the six observation periods of each gsube
Ject are recorded in Table 5. These values are reported

as calorices ner hovr per square meter of body surface,

3

The means of the oix tests for cach subject ave presented
in Table 4, The basal metabolism Tor each of the Tour
aze groups are listed in Table B,

Table § hos included in it the stendard devistion
from the mean and the cosfificicent of variation of each
aoe group. The formula whieh was used in obtaining the

ey

standerd deviation fron the mean is &z Tollowst

o
-

Standard Deviation = \\//Z x>
. N

2xlequals the sum of‘ﬂﬁasquares of the mean values of
each individusl, X equals the number of subjects, and
m’ equals the square of the mean for that age group.

The standard deviebtion was used as o measure of the
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TABLE 2

Age, Pulse, Body Temperature, Height, Weight and Body Surface Area
of the Individual Subjects, College Women

Subject s Age : Pulsc s Body Temp, : Height : Weight s Surface Area

3 H s e LI . TN . 3 e metars

Av 3. 3 3T 3 62 2 98,2 : 161.0 : 45,59 @ 1.45
Lelos 3 3¥ 3 TR 3 98,5 t 165.1 : T5.48_; 1.79
e NOg- ¢ 2T 3 T 3 98.0 g 165.5 3 95.22 3 1.60
s 5 £ 38 3 8§ 3 88.4 : 158.0 ¢ 50,92 : 1.50
Bo B, 3 18 3 66 ¢ 98,0 3 181,53 55.98 3 1,55
Ba ¥ 2. 18 2 I8 3 88.6 3 165,0 = 56.12 3 1.5
BB 3 A8 3 38 _3 98.2 : 165.5 : 52,68 : 1.56
Be P 2. 48 23 18 3 97.7 : 165.5 ¢ 58.51 1.65
Ve Eo : }_.8 H 56 : 9!;4 t 166.5 & 62.60 3 1,69
Me de 3 18 3 U6 3 88,F 3 187.5 3 50,20 3 1.56
Ho Lq H }:‘B H 65' 2 Qg.g 3 lﬁa.:: H ?0-99 e 1!?9
BoWe & 18 : 66 1 98,4 s 170,56 3  50.88 3 1.64
de . 3 318 3 65 _3 98,5 g 175.0 ¢ 100,00 ¢ 2415
Go Py 3 19 3 88 3 88.0 3 %%%,4 3 57.65 1.53
K. N, s 190 2+ 6F 3 98,8 v As8.8 9 $5,07 3 1,52
L. B, s 10 + 61 3+ 97,6 3 159.0 3+ 60.52 3 1.61
e F, i 13 2 T4 H 98.1 H 1&0&5 1 60 .45 1082
e S. 3 19 3 B 3 93,2 3 165,00 3 46,55 3 1.46€
P8 2. 38 3 FF 3 5.1 " 3RS Gt ¢ 1,68
St 4 30 3 By Y 1 1 70,70 3 1,61
Ly Le 14 18 _6_1 H 9?.8 B 1_16.0 H 35;_ £ 1 1.88
Ce Be 8 20 3 75 3 g8.1 3 1/0,5 ¢ 61,12 3 1.69
Me Do 3§ 20 3 &8 3 9049 g 17i.5 3 57,04 3 1.66€
Sk P 8. 2. I8 _3 97.2 3 164.4 3 62,08 3 %,%4
A. Ho 3 25 3 58 s 2 i 174,50 3 62.82 ¢ 74
Average 3 s 68 s 98.1 s 166,56 3 60,51 1.
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TABLE 4

The Basal Metabolism of Freshmen Women Caleulated from Speeifie
Six-minute Observation Periods

L. HO. 3 17 : 62.7 H 55.0 H 54-5 H 55.8 : 54.0
LeMa, : 173 57,2 s 55,8 3 86,1 _: 54,4 ¢ 55,0
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#"Checks" include all six-winute observations that agreed within five
per cent,
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dispersion of the besel metsbolic rates of the subjects
included in the age group, i. e., the basal metabolism of
68.3 per cent of all normal individuals should fall with-
ir plus end minus one stendard deviation, 95.5 per cent
within plus end minus two stenderd deviations and 99.7 per
cent within plus ard minus three standard deviations.
Normal variation is usually considered that represented

by plus and minus two standard deviations. The coef-
ficlent of variation was used in a manner similer to that
of the standerd deviation. The formula for the coeffi-

cient of variation is as follows:

Coefficient of Veriastion = Standa;g___]geviation X 100
an

The means of the basal metabolism of the subjects of
the seventeen, eighteen and nineteen-year-old groups ob-
tained in this study show little variation from one age
group to the next. The varlation between the seventeen
and eighteen-year=-old groups was 0.2 of a calorie when the
basal metabolism was expressed as calories per hour per
square meter of body surface and between the eighteen and
nineteen-year-old zroups the difference was 0.4 of a
calorie. In order that the significance of the differ=-
ences between the seventeen and eighteen and the eighteen
and nineteen-yaar-old'groupa might be determined, the
following formula was used:

Standard Error of the Difference Between Two Means =

NCEE
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TABLE &

The Results of Statistical Analysis of 150 Basal ietabolism Tests on
25 Oklahoma College Vemen

Subjeects : No. Hean : Standard : Coefiicient
3 s Cal, per hr. : Deviation 2 of Variation
Age Group @ Subj. _: _per 24, m. 3 From the Bean o g
17 : - SOk : 1.57 : 4,44
LI T R 85.2 2 2.03% $ 5,77
1% 3 8 H 54.8 H 1.18 : 3,89
P ) z 4 2 88 ut 3 2,9§ . 8.688
Average s 25 1 _54,8 3 1.62 3 4.66
TABLE €

Comparison of the Values of the Basal Metsbolism of Righteen and
liineteen-Year<0ld Women, Obtained by Various Observers, Witll the
Yalvues Obtained in This Study

Observer : No, ¢§ Calories : Dsv, : No, @ Calories : Dev.
: Subj. 3 per hour : from the : Cubj. : per bour : frow the
s g per 83. m.: mean of ¢ s per sg, m.: mean of
- st aof 18 yr., ¢ this : t of 19 yr, 1 this
s : old ags 1 study H : old age 3 study
; —:‘%
Blunb, Guna: : t - 2 H
Tilt and 3 : s ] 2 :
Molaughlin s 2. 3 88,7 N . - - 8 = 1 o
Gustalson : 1 3 s $ H
and g H : : % t
El_ﬂ‘nﬁdﬂ,i-.gt 3 5 2 3“! _g - "‘1>_¢? H b 3 26.6 3 + 5-2
MeXay 3 28 3 96,8 3 =11 8 -- - ? -
hemingion 3 : : : :
and Caip 3 8 $6.0 : JRE s 20 : 34,8 t 0.0
Coons 3 2% B vEsd 3 6.8 3 15 3 _62.5 s 6.6
Zoothby, 3 H - : ¢ s
Berkson s 3 : H $ t
and H 9 3 B8 ¢ 16,1 32 B0 3 55,7 $ +2.5
dttrick @ 7 { g 20 3 __80.8 54
Average : 2 55,4 3 1 Ob.l Dad
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3} equals the standard deviation of the first group
squared, _¥2 equals the standard deviation of the second
group squared, and Nj and Np equal the number of cases in

the first and second groups, respectively. The standard
error of the difference between the means for the seven-
teen and eighteen-year-old groups was 1,11 calories per
hour per square meter of body surface, To be significant
the difference between the means of the age groups would
have to be three times the standard error or 3,33 calories
per hour per square meter of body surface, The actual
difference between the seventeen and eighteen-year-old
groups was only 0,2 calories per hour per square meter of
body surface and, therefore, was not significant, The
standard error of the difference between the eighteen and
nineteen~-year-old groups was 0,242 calories per hour per
square meter of body surface. The actual difference which
was 0,4 calories per square meter per hour was not signif-
icant, because it was less then three times the standard
error of the difference, In the seventeen, eighteen and
nineteen-year-old groups of this study, the difference in
age was not an influencing factor in the basal metabolism,
However, it should be kept in mind that the number of sub-
jects in each age group was small,

The mean values for the basal metabolism obtained
for the eighteen and nineteen-year-old groups are compared
in Table 6 to the values reported by the observers quoted
in the review of literature, A comparison of the values of
the seventeen and of the twenty to twenty-three-year-old
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groups with these data was omitted because of the few
subjects observed in each of these two age groups. The
percentage of deviation of the basal metabolic rates cited
in the review of literature from the values observed in
this study depended a great deal on which one of the six-
minute test veriods was used to represent the basal metab-
olism of the subjects. Blunt, Tilt and McLaughlin (9) and
Boothby, Dunn and Berkson (15) used the mean of the first
six-minute periods of their subjects, The value of the
eighteen-year-o0ld group of the first study deviated +4.3
per cent and the latter +6.1 per cent from the mean, cal=-
culated from all of the six-minute tests, obtained in

this study. The value reported by McKay (30) was the mean
of the lowest basal metabolic rates of the subjects of
this age group. Coons (17) used the two lowest concordant
values of each subject in calculating the mean of the
various age groups. The mean value of the eighteen-year-
old group obtained by McKay deviated -1,1 per cent and
that of Coons -6.8 per cent from the mean value of heat
production obtained in this study. In the reports made by
Gustafson and Benedict (22), McKittrick (31) and Remington
and Culp (33), the mean of all six-minute test periods of
each subject was considered the basal metabolism, The
values reported for the eighteen-year-old groups deviated
~-1l.,7 per cent, +2.2 per cent and +2.6 per cent, respectiv-
ely, from the author's value, The average of the devi-
ations of the seven eighteen-year-old groups from the
value observed in this study was 4+ 0.8 per eent which was
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within the standard deviation of 2,03, The basal metab-
olism of the nineteen-yvear-old groups reported deviated
from the mean of this age group obtained by the author in
the same manner as did the eighteen-year-old groups, The
variations in the values obtained in these studies empha-
sizes the logic of employing in the laboratory a technie
which is similar to the one used in determining the values
in the standard table which is selected for comparison,

In the above comparative study, it was noted that
Coons (17) obtained the lowest values of the basal metabe-
olism of the eighteen and nineteen-year-old groups re-
ported, The study made by Coons was of especial interest
to the writer because it was also condueted on the campus
of Oklahoma A, and M, College, That it should vary the
greatest from the writer's values needs some explanation,
In Table 4 the means of the heat production values for the
twenty-rive subjects studied have been caleulated from the
two lowest values of each subject, Coons used the two
lowest concordant values in determining basal metabolism
of her subjects, The average basal metabolic rate of the
101 subjects observed by Coons was 32,6 calories per hour
per square meter of body surface which gave a deviation
of «2.6 per cent from the author's value of 33,5 calories
per hour per square meter of body surface, if the value is
determined from the two lowest tests of each subject.

This comparison indicates that the wvariation in the results
of the two studies is due principally to the difference in
the selection of data for the caleulation of the values of
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the heat production.

Likewise, closer agreement is found with the Boothby,
punn and Berkson (15) standards, if these are compared
with the writer's values obtained with selected data from
the present study, i. e., only first acceptable tests are
considered in both studies, The mean of all of the values
reported in Table 3 for the first test periods of each day
was 35,5 calories per hour per square meter of body surface,
The rate of basal metabolism obtained by Boothby, Dunn and
Berkson fTor the same age groups was 36,4 calories per hour
per square meter, The latter figure deviates +2.5 per cent
from the writer's figure based on the above selection of
data, However, the variation is +4.6 if the Boothby, Dunn
and Berkson standards are compared with values based on all
of the six-minute periods, end is +8.,0 per cent if come
pared with the values based on the two lowest concordant
periods of the present study. These comparisons illustrate
the point previously mentioned, that in the drawing of
conclusions concerning the relative basal metabolie rates
of any two studies, the selection of data and the technics
employed should he carefully analysed,

At the present, the most widely used clinical stend=
ards of basal metebolism for young women are the following
three: first, the Boothby and Sandiford (14) modification
of the Aub and Du Bois (1) standards which are based on
heet preoduction per unit of surface area; second, the
Herris end Benedict (25) prediction tables which are based
on & statistical study of data available at the time they
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were established; third, Dreyer's (20) prediction table
which was based on studies of normzl subjects reported by
Megnus and Levy, Benedlct and Du Bois., The value and aceou-
racy of these three standards heve been questioned and
analyzed In recent years in an attempt to erect normal
prediction standards and deviations which will be of elin-
ical use, :

The original sub and Du Bois standards were presented
in 1917, In the Aub and Du Bois table, the basal metabolism
rates for ages from sixteen to sixty-nine years, inclusive,
are predicted. These values were determined from studies
made on normal subjects and are referred to surface area
of the body. The formula used to caleulate surface area

was the Du Bols and Du Bois formula (21):

A= (w62 %% (86.0-729 (71,e4)
In this formula, a4 equals area in square centimeters. The
Aub and Lu Bois standards were modified in 1929 by Boothby
and Sendiford (14). On the basis of larger numbers of
normal controls, values for the basal metabolism for
years from five to nineteen, inclusive, and for five yearly
intervals between twenty and seventy-nine years, inclusive,
were given.

In 1919, Harris and Benedict (23), made a statistical
study of all aveilable data for the basal metabolism of
normal women. Multiple prediction equations were used to
calculate the tobtal heat production per twenty-four hours,

and tables including each yearly age group were formulated.



The equations were:

For men, H = 66,4730 - 13,7516W - 5,00338 - 6,7550A

For women, H « 655,0955 - 9,5634W - 1,84968 - 4,6756A,

In the formulas, H equals total heat production per twenty-
four hours, W equals welght in kilograms, S equals stature
in centimeters, and A equals age in years, The Harris and
Benedict standards averaged 3 to 4 per cent lower then the
Aub and Du Bois standards, Benedict (4) reconmended that
the Harris and Benedict standards for women be lowered 5
per cent,

The third standerd for the prediction of bhasal
metabolism was formulated by Dreyer (20) who devised the
following formulas for predicting the normal heat production:

For women, D = \/ W

0.11274 061333

(For men, 0,1127A is replaced by 0,1015A in
the formula,)

In the formula D equals total calories per 24 hours, W

equals body welight in grams, and A equals the age in years,

Dreyer used the theoretical weight computed from the sitting

height and chest ecircumference rather than sctual weight.

These standards are more successful than the other two

types for predicting the basal metabolism of individuals

of unusuel configuration, esccording to Hawk and Bergeim (~84).
From critical studies made by Boothby and Sandiford

(11) and by Krogh (24) the concensus of opinion seems to

be that the Harris and Benedict predictions are the most



reliable for average normal subjects; that the Du Bois
standards give results in average normal cases which are
about four per cent high; that in all cases, including
those of exceptional bulld and age, the Du Boils standards
show less deviation than any of the others.,

The controversies, concerning which of the above
three standards is more nearly accurate, have led to a
great many studies of basal metabolism in recent years.
Data which have been collected in the past four years, but
as yet have not been publlished, would lead to the conelusion
that the standards just mentioned are high for the women
of the age groups considered in this paper. The data, pre-
sented in Table 7, indicate that the basal metabolism of
Oklahoma college women does not vary greatly from the basal
metabolism of young women of other regions, The mean of the
basal metabolic rates of 106 eighteen-year-old college
women, who served as subjects in Minnesota, Ohio; Towa and
Kansa, was 34,5 calories per square meter per hour, If
this value is compared with the value obtained with ten Okla-
homa college women of the same age, the deviation is -2,0
per cent, Basal metabolic rates were also determined with
131 college women who were nineteen years of age. The
mean of all of the test periods for the group was 34.1 cal-
ories per square meter per hour which deviates by ;2.0
per cent from the mean of the heat vproduction values
determined with eight Oklahoma college wamen of the same
age. In the same four states, the mean of the basal meta-

bolic rates of 384 college women, whose ages ranged from
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TABLE 7
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ssvenbeen to dtweniy-three years, inclusive, was 34.5
calories per souare meter per hour. If compared to the
value of heat production, 54.S‘calarges~per sguare nReter
per hour, obtained from 150 determinaticns na de with
swenty-rive Oklashome coliege women of the same age range,
the deviation ls -0.9 per cent. 4s stated above, the
values of basal mebtabolism obbained in this study do nob
vary greatly from the basal metabolism of young women of
other regions. If the present tendency continues towar
the accumulation of date, which are based on the observa=~
tions of many subjects of esch age group, the results
will be, in all probebility, more reliable standards for

5

the caleulation of basal metabolic ratos.
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2y AND COWCIUSIONS

The results of 130 basal metabolism tests on twenbty-
Tive Oltlshoma college vonen are presentved in bhis
paper. The tests were made by mouns ¢f a Henedict-
Roth respiration apparatus which was ciecked by the

Jones alcohiol check apparatus. The womsen were en-

1 3 P B I B .y £, % PR, & L. & o T s
rolied os freshmen in the Okizhewms A. snd L. Colleme

and appeored to be in good health. The sublects

s
fde

were divided into four age groups e ., SEVENLOSH,

eirhteen, nineteen, and from bwenty to twenby-throc

The velues icr the heat production of Hhs Vd,il 15
groups were! seventeen-~year-old group, 35.95 celories
per squave mebter per hour; eighicen~year-old grcup,
35,2 oalovies per sguare noeter per hours nineteen-
rear=01G group, 34,8 calories per sguare reter per
hour; and twenty Lo twenty-thres-vsear-cld grouo,
5.8 celories per sgquare meﬁer'per hour. Tae mear

of the values Tor heabt production for the twenty

five subjects was 54.8 ealories per gausre meter ver
hour, The standard deviation from the mean of the

whole group was 1.62 when tho basal metabolism wes

IR

= “ - 5 o o . " Gy r, vy ol g e
expressed a3 calories per sguzre nmeber per hour.

r
H

Similarly, the coeffielent of varistion was 4.66 per

centb.
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The aifference in age betweenr the seventeen and
eighteen and the eighteen and nineteen~year-old zroups
of this study diad notlinfluence the hasal metabolism,
However, it should be kent in mind that the number of
subjechs Iin each age group was small,
Comparisons of the basal metabolism of the studies
cited in the roview of the literature ave nade with
the velues ohtained in this stuéy.' The conclusion
wes drgwn that the differences in the basal metebolice
rates revealed by this commarison were due principally
to She selection of data from whiech the values of hasal
metabolism were determined. The suggosiion wes nade
thet in the drawings of conclusions, concerning the
relative bagal metabolic rates of any two studlies and
perticularly in cliniecal diagnosis, the selectlon of
data and the Hechpics emploved should be carefully

congidaered,
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