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INTRODTCTION

The fundamental factors which influence the basal
metabolism of individuals are ace, sex, and tody size,
Climate and dlet also may be important in causing varia-
tions in metabolisme Investigetions on the basal metabol-
ism of different roces of peovles in various parts of the
world have led to the concent that race may be a significant
factor in determining the metabolic patterns of people.

Th's claim was based upron the finding that the rarces studied
had basal metabolism expenditures anvreciably above or below
the standards establlished for Americans and Europeanss

The majority of the studies on Japanese, Chinese,
Indians, and Australlan aborigines reported basal metabol-
isms below standards for Caucasians, whlle studies on the
Eskimo and American Indlan revecaled a metabolism consistently
above standardse. However, several of the racial studies are
full of inconsistenciles and contradictions re~arding the
results obtained, or the interpretations of these results
for a particular race.

Sometimes the same investlsator has not obtained ildent-
ical resuvlts when reportins bhis observations on members of
the same race at another time. For instance, HNHelnbecker in
1928 reported the metabolism of Eskimos, who lived on a

purely meat dilet, to be 33 per cent above the Aub and DuBois






standard, and in 1931 he stated that the metabolism of four
Eskimo women, living on a mixed dlet, was simllar to Ameri-
can standards. Hicks and colleagues iIn 1931 measured meta-
holic rates of minus 13 per cent, and minus 16 per cent af
Aub and Durols standards for male and female aborizines
respectively, belonging to the Kokata tribe in South Aus-
tralia, but three years later they reported that the basal
metabolism of aborirines 1n Central Australia showed no
essential departure from the published norms.

Further different investigators arriving at the same
result in theilr studies of the same race have drawn e:xactly
opposite conclusions. Okada et al (1926) studied the heat
production of 42 male Japanese medical students and, as the
averace rate was 0.2 per cent below the Harris-Penedict
standard, concluded that the Japanese had the same basal
rate as the Americans. Taldwin and Fujisaki (1939) reported
the basal metabolism of American born Japanese students in
California was 3.4 per cent below the above standard., TFe
compared his cdata with those of Clzada et al and with the
cbservations of 1'iller and Eenedict (1937) on Fawaiian born
Javanese students. It was concluded from these studies that
a basgsal rate below four ver cent of standards was a racial
characteristic indeprendent of environmental influences,.

Similarly l"'ason and Penedlct (1931) attributed the 17

per cent below standard hasal rates found for Scut™ Indian



women to be due in part to climate and in part to race.
¥rishnan and Vareed (1232) claimed the lowered metabolism
observed in South Indian women was not due to race but to
low protein diet as well as to the greate» muscular relaxa-
tion possible in a tropical climate.

Conflicting results and contradictory interpretation of
results are apparent in studies on the Chinese as well,
llacLoed, Crofts and Renedict (1925) reported the basal meta-
bolism of seven Chilnese girls and two Japanese to be 10 per
cent below the Aub and DuRols standard. These gilrls were
studying in American colleges and, as their diet, activity
and environment was similar to American college girls, the
Investicators believed the lcwered metabolism was due to
race only. In contrest to this study, Wang and Fawks (1932)
observed that the basal metabolism of American born or reared
Chinese children was similar to that of white American chil-
dren. Fenedict and lleyer (1935) observed a basal rate of
9.2 per cent below the Harris-Eenedict standard for a group
of American born (Poston) Chinese children., ¥Fe was of the
oninion that this was possibly a raclal characteristic,

Wang (1934) compared her data on Chicago Chinese children
wlith those of the Eoston group and found the results were
alire but contradictory conclusions drawn from the two studies

were due to differences in standards used for comparison,



Sterrerda and Tenedict (1923) studied brown men and
women in Jamalica. They concluded that as the metaholism
was very close to standards, the dlfferences were nct so
rrach raclal as »rerhaps due to the tropical climate and low
protein dlet of the Jamalcans. Tn 1932 after they had noted
the 1increased metahollsm of I'aya Indians of Yucatan they
declared that this difference could be mainly attributed to
race,

A critical examination of the razial studies reveals
thus a divercence cof c¢ninions among investigatars regarding
the existence of a racial factor in metabolism. The lack of
vniformity noted in the metabolism of different races of
neople may be caused In part by various factorse Cne of them
possibly accounting for some of the diversence 1n the find-
ings, is the differences in the technignues employed for the
measurement c¢f the respiratory exchanse. The Tissot ~as-
ometer, the Douglas bas and Iialdane apreratvs, the Xroch,
the Renedict-Roth-Collins, the Jones, the Tenedict Sanborn,
the Renedict field apparatus all were usel in basal metabol-
ism determinations. 1In additlon to the inherent variability
in the apparatus, the few tests conducted give reasons for
doubting the validity of the conclusions drawn from limnited
data. Fer instance chattuck and Renedict (1931) made only
one test on most of their laya Indian subjects. It has been

well established that an indlvidual's metabolism varies from



day to day. Tlunt and Dye (1921) from their studies én
Chicaro Tniverslty women have observed that conclusions
hacsed on one or two observations of basal metabolism tests
were apt to be rather unreiiable, as the basal metabolism
of individuals, tested from day to day showed considerahrle
variation. [0st of the available studies on the dailly vari-
ations 1n basal metabolism have been made on the white race.

In addition, the results of mrecst studies have been ex-
pressed as deviations from the standards. All of these
standaris have been based on well nourished people in rocod
health who took a mixed diet and lived in temperate climates.
Tt is therefore questionable whether such standards are at
all aprlicable to races native to the tropics and the arctic
re~rions, where climrate and dietary rabits are different,
Turthermere the bodily conficuration of many races varies
and this in turn may cavse variations in the swface area.
Tn the DuRols standard the basal metabolism was related to
surface ares, unless the surface area of a race in question
has been shown to hear the same relatlionship to welsht and
heizht, as has been demonstretedl for Caucasians, the renmlts
of any such comparison are questionable,

Tt 1s clear that the problem of the possible influence
of race on metabolism is complexe. Thre present investication
was nndertaken to study the dey to day variability »f four

young women, belonging to four different races, in as 'deal






conditions as possible. They were all students of Iiichi~an
“tate Cclleze under similar climatic and environmental con-
ditions. <Studles were made during a period of three months,

to investisate the range of the basal metabolism,



REVIZW OF LIT:ZRATIRE
T7he Influence of Pace on Fasal *etahnlism

mhe ewvidence from the nurerous investisations as to
whether race is a factor in determining the metabolism is
full of conflict and contradictions.

Eijiman (1296) 1is considered to have made the initial
study in this field, thouch the sveclal obiect of his Inves-
tigation wss to determine the chemical heat resulation 1n
the tronics. e reported values for the oxyren consumption
of I'alay and BEuropean men 1n Patavia, that acreed well with
previously published values for men in Germanye. His averarge

figures are ziven below--

Furopeans In HUronN€escececcecessecd0 coce of OXy~en per
minute

12 Europeans Iin East Indies....245.7 c.c. Of o0OxyzZen

eEW )

per minvte

11l "alays in East Tndi€Seeessse25led cece ©f cxyzen

per minute
e concluded that the metabolic rates of h’s Wuropean and
1'alay subjects were similar,

Almeida's (1924) investipations were not in asreement
with those of Eijlman. e found that ZTuropean men in EBrazil
had basal metabolic rates averaging 16 per cent below Ameri-
can standards and the necroes had rates elght per cent

hi~her than did the whites in LCrazil,



lleta®olism studies on individuals 1n many parts of the
world followed these investizations of Eljltnan and Almeida
in rapid succession. The investigatlons of Renedict and his

co-wor'zers, working 1in co-operation with the Nvtrition Labora-
tory of the Zarne~ie Tnstitution of Vnshington, ~ave particu-
lar Imnetus to consilderation of the role played by race it-
self, Raclal studles are not reviewed below ir their chronc-
l1n~ical order tut are grouped accordiag to nationality and,

to some ertent, by race. The basal retabolism determinations
repcrted were made by the closed circuit tyre of arparatrs

or by analysis of resnired cases by "aldane apparatus except

as stated.

Australian abori~ines. ‘Jardlaw and Tersley (1927)

- e e e = -

determined the hasal ~etaholic rete of eight Australian
Aboriines hetween 35 and G5 vears of ave, wh~n were living
urder civilized conditions. Thre subjechts weore cecrable of
conplete relavation and sonmetines it was difficult to leep
them awake., The averane metabeclism of eight full tlooded
male ahori~ines was foand tc ke 30 rer cent below Aub and
TuFols standards. The investigators thougsght that aside from
a specific racial factor, three facters might be responsible
for the low valves observed, namely lectharzic heh*t of life,
hot c¢lirate, and poor rhysical devclcyment,

Tlicks, latters and itchell (1231), »sing a “enedict

nortable arparatus loaned by the Carnesie Institute of
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I'cston, stualed the metabolism of 40 aborisinals of the Toiate
tribte. The rezulkts e ressed as deviations from Aub and

Dufois were as follow:--

25 woasen rinus 16 ner cent

17 men m'nvs 13 rer ~-=nt

hese abceriines Fhad a dAifferent bodily confizuration than
Cauceslens.,

“iardlaw end Towrence (1932) condveteld further studiles
on nirne 111 tlooded male aborisines, enca~ed in re~ular
phvsical work. Tne subjectes were retween 19 and 69 years
olds They were Intelligzent and not phelrmetic ~r Jethargcic
as the previons rroun. Trey did not relax as comoletely as
the first gronp and mere renetitlions were found necessary
before consecutive measurerents agreeing within five rer
cent of the mean were obtailned. The group avera-~e was 91
ver cent of the Aub and DuSols standarcs. The avera:e rasal
metabolism of two subjects nnt emcloyed was 67 per cent of
the standard, e fizure close to that obtalred on other un-
emnloyed subjects in thelr first study.

The investizators reported that the data presented in
this and in the previors communlicatlion secemed to indicate
that Australian abori~ines under sultable conditions of
clirate, nutrition and avoidance c¢f physical exertion were

capable of leadirg a more lethargic existence than seemed



possible to the averaze white European. *"nder such condl-
tions their basal metabolism might fall to surorisingly low
levels, =ut where the livins conditions were similar to
those c¢f the whites, the existing evidence did not indicate
the action of anv racial factcer independent ¢f the effects
of environment, rutrition and activity.

Tiicks, !"oore and Fldridze (1934) made another study of
central Australian aborisines. The body shape of this oroup
was similer to that of iesterners., Their metabolism showed
no essential departure from standards.

Wardlaw, Tavies and Joserh (1934) observed the meta-
bolism of 10 male aborisinals, irmmediately after they had
left their natural ~mrrcundinss and found the avera~e tc bhe
16 per cent below Aub and DuTols standards. The average
basal value for Zurorean white controls was m'rvs elght per

cent of the same standard.

Tndians. l'ason and “enedict (1931) observed the basal
metabolic rate of 54 women teachers and students In !adrase.
The values obtalned were compared with the FHarris-“enedict
and Aub and Dubols standards. The averase deviation was
minus 17.2 ner cent of the Aub and Duloils, and minuvs 16.83
rer cent of the Harris-Lenedlct standards. Trey postulated
three casual factors, (1) low protein intake (2) tropical

climate (3) more complete relaxation of the subjects during

the test, as resnonsible for the low metabolic valves obtained,

-10=



‘ulzerjee and “unta [1931) renorted a shtudy on 13 normal
®en~ali Indlan men. The men varied in a~e between 20 to 29
years., The avera~e for the entire ~roun was minus 1l3.3 per
cent of Aub and Du~oils standards.

Tanerji (1931) tested the basal metabolism of 145
rrisoners of all classes in the district jail in Lucincw,.

The averare basal metabolism obtaired was six to nine per

cent belcw ™rerean and American standards. The Investi~ator
related his results to atmospheric temperature, humidity and
nressure. ‘e was inclined to the view that, of these factors,
humidity was most Important in lowering the basal metabclic
rate,

I'rishnan and Vareed (1932) conducted a study of colle-e
men and wormen in ledras, aved 12 to 25 years, The average
basal metabolism per scuar~e reter per hour for males was 35
calories and for females was 31 calcries. The percenta-e

deviation from standerds was as follows—-

Dnlcls Harris-Cenedict Dreyer I'rooh
T-en -12 "lo.q ".'.:1..9 -e.l
Woren -16 -12 -17 -12.5

7hey ccnsidered the low rate to be due to the e-ree ~fFf
muscular relaxation attajinable in not climates and to the

lew protein content of the dAlet and not to racial influence.

-11-



They also rencrted that in the women studied there were
two rises in metabolism during the menstrual cycle, cne be=-
fore the onset and ancther after two weeks from the cessatlion
of mrenstrnation,

Tnse and De (1l234) determined the basal metabolism cf
30 men and 30 women in Celcutta and indicated that the meta-
holic rate of healthy Indians consuming a mixed diet, did
not differ essentially from the European standards., Fis sub-
jects were all within five rer cent of Tnited States stancards.

'egon (1934) measured the metoholism of 34 Furopean
women residents in the city cf lladras, which had a mean annual
temperature of 32.8 dezrees Farenheit and a relative humidity
cf 72 ver cent. The average metabolism of the 36 women was
32 calcries per sqrare reter per hour. She comdared her
data with her study of Tndian women and reported the percent-
age deviations from standards of the two averaces was as

given belcow=--

TTarris-—enedict Dreyer Avb and DuPfols
Furonean Women =7.2 -543 +2.5

Indian ‘Joren -15,9 -16.2 -17.2

Thre meas rements of oral temmerature, blcod pressure and
pulse rate of European women did not differ significantly

from that of Indian women.,



Nine of these Turopean subjects were studied in hoth
troricel and temrerate climates, They showed a decrease of
metabolism of 5.1 per cent in the tropical climate, Three
Indian women were measured in l’adras and later, when they
were engaced 1in sclentific pursuits in Western countries.
They showed an increase in metabolism of 4.5 per cent in
cold clinates. Ter derta indic~ted avproximately five rer
cent of the low metabolism pnreviously reported for Indian
women micht be attributed to the effect of the tropical
climate and if a five per cent correction of standards te
apprlied, there still remained to be explained by factors
other than climate, a difference between the averanses of
Tndian women and lV/estern women of epproximately seven per
cent. This difference l'ason considered to be due to race.

Dajropal (17238) ncoted that the metabolism of Indians,
who had lived three years in the cool 4dry climate of the
hills in Coonoor was significantly hizher than that of some
Indiens, who had lived there only two months.

i‘ason and Tenedict (l235) conducted an interesting study
cn seven woren students of South Tndia whose waking basal
metabolism avera~ed 20.7 per cent below the Terris-renedict
standards, to determine, whether the low tasal metabolism
rreviously revorted for Sovth "rdilan women was the result of
ruscular relaxation, The metaholism was measured on 21 days

when awalte and when asleep. They showed a consistent decrease

-13-



in oxygen consunstion averasing 9.2 rer cent during sleep.
Two European controls also measured for eight days in a
similar manner, showed a decrease of oxyren consumntion
amounting to 7.2 per cent durirg sleep.

The nearly 10 per cent decrease in oxygen consumption
observed 1n South Indlan women durlng sleep was cf the same
magnitude as that indicated for ‘esterners, They concluded
therefore that the state of relaxaticn was not a ceusal
factor in the lcwering of btasal metabolism of South Indian
women when swake.,

“hama and ‘anchanda (1945) determined the hasal meta-
bolism of 60 Indlan men and 40 women. The averacze rates
were lower than those reported for VWesterners. The sex dif-
ference in metabolism observed in Europeans was not noticed
in Indian subjects. The results slso showed the metabolism
of vegetarians was lower than that observed on subjects tak-

ing a mixed diet.,

Chineses !acLoed, Crofts and Renedict (1¢25) observed
slx €hinese and two Japanese woren doing colleciate work in
two Amerlicen colleces in lew York ity and Sonth Fadley,
"gssachusetts, uvnder essentially similler cliratic and focd
conditions. A careful insrection of their subjects dietary
habits and seneral habits showed tihat they clesely resembled

those of the averace womean student of the American college.

-14-



The length of time since these women had left theilr homnes
was between 15 and 52 months,

The exneriments were all made in the winter months,
that is between Hovember and Aprll, Surface areas of these
women were for the most part computed from the DuBols height-
weilght chart, but on three subjects, surface area was also
calcrlated from the DuPols linear formulae by mraking use of
actnal anatomical 1ecsurementse The surface areas as actual-
ly measured were uniforrly three per cent cgreater than the
areas estimated from the chart.

The blool rressure determined on three subjects wes
normal, the respiration rate varied from nine to eizhteen
respirations per rinute, averazing 14, The avera~e pulse
rate for the entire group was 60 beats rer minute.,

Their averege basal metabolism rate was 33.2 calories
per square meter per hour. It was on the averace 10.4 per
cent below the Harris-Penedict standard and 10.2 per cent
below Aub and Du=ois standards. The investigators concluded
since there was nothing in the physioclogical measurements of
these women to lndicate gbnorrmality, thelr data shcwed that
transplanted orientals retained their inherited low metabol-
ism in an American environment. They believed they were
justifiled in emphasizing the high probability that the low
metabolism exhibited bwv their subjects might be considered

as a raclal characteristice.

-15-



Terle (1¢28) showed that the basal heat production of
31 of his "hinese subjects 1n Felping wes only 2.5 per cent
belcw standards, while that of the natives of HongKong was
10 per cent telow American standards. Furtherrnore 47
Westerners resident in Hong¥ong and Pelping had a metabolism
seven per cent below standardse. It was Indicated in this
study that cllimate was en important factor In causlng veria-
tions in metabolism,.

Necheles (1030) was impressed with the observation that
the average Chinese was more relaxed than the everage ‘lest-
erner, Thelr muscular tone seemed to be constantly lower
than that of Westerners and he conjectured that this might
be the reason for their lower basale To put thils hypothesis
to test he used Renedict's technique of the difference in
basal metabolic rate between waking and sleeplng. If no
difference was found between the two, it would be inferred
complete relaxation already existed in the waking state.

A resplration chamber was constructed larze enoich to
prevent feelings of oppressions The subjects sleot in the
chamber for the whole night, thelr basal was determined dur-
ing and after sleev, On the eight orientals, three Chinsse,
three 'ilipincs, one Japanese and one Korean, he conducted
nine evreriments and on two Western controls he made two
observatlions. Six orientals with a low basal metabollc rate

did not show any appreciable drop in metabolism during sleep,

-16-



while two orientals and the two controls with norral cr high
metabolism showed a considerakle drop in rate during sleepe.

The avera~res of the two groups compared to standards wes as

follows--
Sleep Awake
2 Westerners -0.,9 +27.1
S QOrientals -15.1 -13,1

He concluded from these data that the low basals of orientals
was due 1in part to their greater muscular relaxation.
Yecheles in a later study 1n 1932 tested the usefulness
of the DuRois heilzht and weight formulae for the Chinese on
65 men and 63 women. He found gool argreement between height
welght forrulae and the linear measurement of DuRois and of
Stevenson. Ile reportecd that it was not necessary to alter
DuPois height and wei~sht and linear formulae for the Chinese,
Wang and Mawlks (1932) studled 21 Chinese children, 11
boys and 10 girls between the ages five and 17, With the
evception of the 17 year old girl none of the children had
reached the age of puberty. All but three children, who
w2re born In China, were born and reared in Chicazo. In
spite of the fact that their parents had been residents of
the United States for a long time, thelr habit of living was
little different from that of their ancestors in China. All

the children were below the height and weight of American

-17-



children of averaze size, The metabolisms were conducted
on three or four consecutive Sunday mornin~se The children
were trained to tccome accustomed to the test bhefore any
expreriment included in their data was conducted. The averase
of the two lowest values obtained was used as the basal
metabolism of each child, The results were compar=d with
Benedict and Talbot standards. 1'i1th the exceptlion of the
17 year old girl, all the children had a total heat pro-
duction above the fenedict Tal»nt standardis, with an averace
percentage deviatlion ranging from 6.8 to 16,6 for boys and
from 11.5 to 20.2 for girls. Tn comparison with the Dreyer
standards all the values were within normal limitse. The re-
sults also compared well with “alley standards, The brsal
metabolic rate of the 17 year old Chilnese girl was consis-
tently low.

The results of this investisation weas compared with
the findings 1in the groun of American children classified
as "normal in weight but not vigorous" studied by Wang et
al (1926) in connection with the problems of undernourished
children. The present study falled to demonstrate a defi-
nitely low basal metatolism in American born Chinese children,

wang end Fawks concluded that the racial influence
played an insign“ficant role in the mretabolism of American

born Chinese children, They stated that on acconrt of the
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small nuriber of children studied the results should not be
considerei ccnclusive.

“enedict and Teyer (1933) reported the metabolism of
13 American born Chinese girls between the azes of 12 to 22
in Foston. The avera-e was S.2 per cent lower than the
Farris-Fenedlict standard and 6.1 per cent below the Aub and
Turols standards. They stated that the racial factor played
a less pronounced role in the metabolism of Chinese and
Japanese children. 1Ilevertheless they believed their data
indicated that the Chinese children, even though American
born and subsisting in part in a modern American life,
tended to have a metabolism somewhat lower than the Caucasilan.,

Wang (1934) vigorously refuted Fenedict's and l'eyer's
conclusion on the American born Chinese having a lower basal
metaholism than a strictly corresponding group of American
children. ©She made a detailed comparison of the results on
12, 13, 16 and 17 year old Anerican born Chinese children
studied in Eoston and in Chicazo and showed that, with one
excertion, the Chicago girls had a slightly lower metabolism
than Foston girlse. The actual differences were comparatively
slight and the values on the whole agreed exceptionally well,
The contradictory conclusions of the two investicators un-
doubtedly were due to the differences in standards of refer-
ence used. ‘hen nine commarisors were nmade with the various

standerds only three of the averacse metabollsm values for
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the American born Thinese girls were lower than the predict-
ed valves. Sixteen American girls studied by Wwang (1834)

in Cincinnatl withlin the czes 12 to 27 years, had average
basal tests below five per cent of standards for native
American children. The Chilnese gZirls showed a lower basal
metabolism than the Americen girls in only two instances,
i.e., with Farris-renedict and the standard of Ienedict and
Talbot which express metabolism acs total calcories per 24
hours referred to aze.

Further, \eng recalculsted and compared the basal meta-
tolic values of 52 American girls between the azes of 12 to
20 taken from the data published by Tilt (1930) of Wlcrida
and lacLoed (1926) of ilew York and comrared them with nine
standards together with the data for the Cincinnati cirls.
She demonstrated that Amerlicen cirls from three different
sections of the country showed a creater diversity in heat
production than the cirls of the two races. The basal reta-
bolism values of llew York girls was slightly hi~ker than
those of the Cincinnati girls and decidedly higher than
those of Ilorida girls. Ior the value given in terms of
total calories per 24 hours, the difference hetween the two
extreme groups wag 17 per cent, whilile the difference in the
values of the races was only three rer cent.

From these careful comparisons she concluded that it

was difficult to say that orilentals had a lower basal metaholis:



than occidentals. The studies conducted on the two ~rouns
cf Americen born Chinese ~irls had entlirely falled to show
any difference retween the basal metabolism of these girls
and the Armerican cirls of the same age —enge.

Turner and Eenedict (1935) observed 13 oriental women
six of whom were Chinese. All these young women were foreign
born and were studying in the Ycunt Tlelyoke Collere. They
l'ad heen in the Tnited States from one to three years. The
object of this investigation was to determine whether the
low basal metabolism of oriental woren reported in the
litereture was due to a deficlent protein intake., Fasal
metabolism tests were made on flve subjects and their total
urinary nitrozen excretion was determined. Six Caucasian
collese women served as contrcls. The palrs lived 1n the
sane dcrmitory and partook of the same food. The or’ental

~irls ha? alorted American mcdes in food, clothing cnd Aally
aetlvitien, 7Tre orlentol ~irls had a metabolism evera I~
12 gor 2ont below standards. Tre cneral ctocrvatlon was
that they had a lower netabolism compared with prediction
standards, and with thelr own particular ccntrols. The

total urinary excretion of nltrogen averased 3.3 srams per
day for the Caucasians and 7.5 grams for the orlentalse.

Fence from the point of the total urinary nitroren excretion,
the protein metabolism of the orientals was not markedly dif-

ferent frer that of their American Collere mates. The
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orientals were not subsisting on a low protein diet. There-
fore it was concluded from this study that as foreizn born
orientals under American environment still had a low basal
metaholism, the low basal metabolism of ariental wonen conld
1ot be attributed to a low protein diet. Presumably the
lowered rietabolism was a racial characteristic.

“ilborn and Fenedict (1937) observed the basal metabol-
ism of the illao race of weichow., The metabolism valves of
these inhahitants of the mountainous district of Tonth China
averared 15.3 rer cent above Torris-fenedict's standards,
Their pulsc rate averazed 55 beats per minute. T™his was the
first hist netabolism reported for a rronn of Chinese. A

high basal wes here assoclated with a low pulse rate.

Japanese, Takahira (1925) observed the avera~e basal
metabolism for Japanese men was 5.5 below the Sase standards,
and that of the women 7.3 per cent belcw the same standards.,
Therc was a rocd deal of difference between the sroups ac-
cording to occupation and muscular deveclopment and Takahira
did not believe there was any significant recial difference
in netabolism.

rada, Sulturail and omeda (1926) made a study of 42 men
medical students between the ares 22 to 22 and 1l nurses

aed 20 to 22. <cSurface area was calculated according to

DuRois

v

elgit and weilsht formulae, The basal netabolism of



96 per cent of the ceses showed less than 5 per cent devia-
tion from I'arris-"enedict standards. The avers e Aeviatlon
nf the retabollsm was minus 0,2 per cent for males and
minus 3.9 per cent for females, Avera~e heat production in
males vper sgnare reter per houvr wes 32,7 calories and in
the females 1t was 36,75 calories. TIe concluded that the
basal metabolism of healthy Japanese, was cquite lilte that
of Americans and bLuroneans and no racial difference existed.
Narakawa (1934) conducted tests on 15 Japanese boys and
16 £irls between the ages of three years 10 months and six
years six months. Tefore data was collected preparatory
training was clven to the children to accustom them to the
unfamiliar apnaratus. All children tested had a basal "weat
production above renedict Talbot standardse. The results of
this investisation were similar to those obtained by Wang
and Fawlzs on Tnited States Chinese children.,
"lse and Ochil (1934) presented data on a study of 44
male and 50 female Japanese, within the ase range of 50 to
93 years. Surface area was determined by actual measurements,
modifying Du2ols helsht and welght formulae since Japanc:ese
nad a little different rroportions of the body structures
than the Europezn races. Since zroupinzs of acses were 4if-
ferent, curves were drawn for cranhic commarison with
American standards. The cr7e on male groups almost anreed

with that of I'srris and renedict in the neriocd from 50 to



Pal

59 years, »ut in females it differed a little and was more
nearly comvarable to Aub and DuZols data. In ceneral the
curve drawn with the Japanese data resembled that of Yrozh,
rut it showed less dlifference hetween sexes,

Taldwin and Tujiisaki (1932) measured the basal metabol-
ismm of 37 American born Jaranese Tniversity students attend-
Irec two larce vniversitles in Califcernia. Three of the
subjects were descendants of irmisrants. The averace meta-
holic rate for the entire group was 3.6 per cent below Tarris-
Tenedict and 6.1 per cent below Aub and Du—=ols standards.

The results of this study were in accardance with the avsra-e
basal metabolic rate of 38 hawaiisn born Jaranese studied

by Iiller and Penedict (1737). Trey were also in close
agreerment with those of Olkada et al on a group of 42 medical
studentse The renults cf the three studies were shown below--

Deviations

Auvb and FHarris-
DuT.ois FPenedich

(Ckada et al 62 Japanese -2.0 -0.2
"iller and Eenedict 32 Yawalian

born Japnanese =349 -2.3
Fresent study 38 American

born Taranese -4,1 -3.4

Althoush there were differences in nutritiorel and climate
factors of these three localities the final results of the

averase basal metabollc rates were within a range of four
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per cent., This fact, according to the investlizatcrs, tended
to support the conception that there was a hereditary reten-
tion of racial characteristics amonzy the Japanese as far as

the basal metabholic rate was concerned,

Arerican Tndianse “/lllians and renedict (1223) pre-

sented data on a study of 32 i'aya male Indians of Yucatan,.
Trey were found to have a retabolism averacling 5.2 per cent
ahove rarrig-Eenedlct standards and an averase pulse rate
of 55 per minute. The sub-tropical climate was expected to
lower rather than raise the metabolism of layas. Ieasure-
ments of the metabolism of white men of the erpedition and
of white men and women, who had lived in Yucatan for several
months showed no lowered metabolisme. The sub-trovical
climate had no effect on thelr metabolism. Tt was evident
that some other factcr, presumably racial had asserted 1it-
self., I'cwever, 1t was difficult to assess to what extent
the increased metabollism was due to racial characteristics,
to hab*ts of dlet cr living conditions. Fesides the "a2yas
had a slirhtly different body build than Westerners, but
this difference wag not consrpicuous,

shattuck and !enedict (1931l) made a farther study of
the basal metabolism of llaya Irdians in Yucatan. They
measured 26 male Tayas. In nine instances the subjects were

the same as those of Williawns end Tenedict. There was reason
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to doubt the are statements ra“e by the men as the aze
reccrds of the nine con™on subjects varied in the two
stvdies. Their pulse rate was low, an averace 56 per nin-
ute and their blood rressures also were low, In most in-
stances cnly one measurerient was taken. Xiclt cases of 26
cshowed lower oxysen consumptlon in the second test. The
basal metavolism avern-e of this groun was 5.3 per cent
above Tarris-Cenedict standards. Ienedict and his colleac~ue
stated that as several of the aze statements were not reli-
able and in some instances ases were ~uessed by the appearance
of the subjects, and since comrerison of standards of Iarris
and Lenedict depended upon true and known ases, the age
factor was a real one, and any uncertainity as to aze vi-
tiated final cormparisons.

Stegrcerda and Tenedict (1932) confirmed the »Hrevious
observations on l'aya Indians of Yucatan concerning their
hizh basal metabolism and low pulse rate. Thelir ohservations
were on 30 llaya males, They had a heat production which
averaced elsht per cent above Iarris-Cenedict standerds,

The build of thls aroun was stocky without any obvious bedy
disproportion. They seemed well nourished, They concluded
that the high retabolism of the l'aya might be in part attri-

buted to environment, but the rajor nart rmst be considered

as indicetive of a real racial effect.



Fi-3uner (1933) studied the basal metavolism of 45
apuche Indlans of Chile, 31 men and 14 women served as
subjects. e also noticed a high basal metabolic rate asso-
ciated with low pulse rate in his subjects. The averarce
values were 9.3 ver cent above Iarris-fenedict standards for
men and l4.3 per cent above for women. Triplicate tests
were taken on 40 subjects and on five, duplicate tests were
taken. In 22 cases the determinations were repeated on two
different dayse. 10 significant differences were noted be-
tween the observations of the first and second day. The
cxysen intalkte was slightly higher in eight cases on the
first day.

Shaw (1933) presented data on a study of five American
Indian girls between the ases of 13 and 20 years. They were
selected after examinatlion of physical and medical records
winich indlcated normal healthes The subjects lived in school
dormltoriess Six girls of European stock were used as con-
trols. All were natives of South Daltota. Tests were made
in duplicate on two consecutive dayse. OCnly those results
that checked within five pver cent were used for final calzu-
lations. The deviations from standards between the two

croups were ~ilven as follows--

Aub and Tnutels Harrig-Tenellct Dreyer
“hite glrls -0.75 -0.68 -0.62

Tndian girls +1.0 +6.9 +3,.,9
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The basal rate of the Americen Indian <irls was hisgher than
that of the white South Dakote girls,

Crile and Quirins (1939) tested the metabolism of six
rmale and seven female Chlppewa Indianse. A short rreliminary
test was made for practice and the next test was recorded,
The averase metabollc rate was 18 per cent above the layo
standards for males and 13.5 per cent above this standard
for females. The pulse rate and the blood pressure appeared
lower than that recorded for l'aya Indlans of Yucatane.

orile and Quiring (1939) reported data on the metabollism
of llaya Quiclie Indians of Zvatemala, “entral America. Iasal
estirmates were made on 35 male subjects, 164 tests being con-
ducted. They also had a hich basal metaholism, the averace
was .2 per cent above the "avo Clinic standards. Tests on
one male white control cave a value of 10 per cent below

‘layo standards,

Tslkimose I"einbeclter (1928) reasured the hasal metabol-
ism of three subjects, one male azed 28 years, two females,
25 and 26 years old. After three days of fasting the averace
of all three subjects was 33 per cent above Aub and Dulofs
standards. fowever, in 1931 he reported that 4 Eskimo women
on a mixedl diet had metabolism similar to standards.

Rahinowitch and Smith (1936) studied 10 Zskimo subjects,

seven male and three female. They renorted a deviation of
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the averaze metabolism of 26 per cent above Aub and DuZoils
standards for the whole groupes They considered the high
basal rate of Eskimos to he due to the high nrotein diet
and the cold climate, which increased muscular tone.

Crile and Quiring (1939) reported a study on the meta-
bolism of 30 Tskimo males and 32 ferales. The everaze basal

rate of rale Lskimos was 14,5 per cent above I"ayo standards
for males and 21l.1 ver cent arove the same standard for
females. Pulse rate was normales The blood pressure was

slizhtly lower than that of whites of correspondling age.

Filininos. Ocampo Cordero and Concepcion (1930) con-
ducted metabolism observations on 104 healthy sub jects,
Duolicate tests were taken on one, two and three days. The

average test for 83 males was minvs 7.3 per cent and for 16

females, minus 10 per cent of Aub and DuZols standards.

Syriarse. Turner and Aboushadid (1930) reported a study
on 28 éyrian women and seven white Zaucasian subjects. I‘eta-
bolic tests were taken with “roch's metabolimeter. The
basal metabolism of the Syrian subjects averared 13,3 below
Aub and Dwrols standards and that of the controls was six
per cent below the Aub end Du”oils standards. The rulse rate
and blood nressure of both groups was normal., They concluded

that the low metaboliz level noticed in their subjects was
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possibly an inherited racial characteristic, independent,

to a certain extent, of environmental influences,

Jamaicans. Stersgerda and Lenedict (1223) studied the
metabolism of 37 »rown men and five brown women. They were
a peculilarly homcreneous group in so far as are, nutritive
state and livinc conditions wiere concerned. The a<ves of the
men were hetween 19 to 22 yvears and women 23 to 30 years,
one wag 60 wvears cld. Ilany cof the subjects were mildly ’n-
fected with hook worm. In mest ceses two tests were taken
on separate days. The averaze deviation of the actual from
the predicted metabolic rate was, in the case of the males
minus 5.4 per cent, and, in the females, minus three per
cent of Harris-Tenedlict standards. Zight full blooded male
blacks rad a deviation of two ner cent of the standard,

The investizators stated that if allowances could be made
for the low proteln intake of the subjects, and for the high
temperature and humidity of the environment, the racial ele-
ment as such mizht disanvear in the evaluation of metabolism

of neople.,

Amerinan lzcrcs, Tlaxwell and Wakeham (1945) echserved

the hasal metabolism of 27 healthy ne-ro women aged 17 to
35 yearse. The Dv™ols reight and weight formulae was used
to Adetermine surface area. The averare of 122 tests showed

that the necro women gave a lower *aszal metabolic rate than
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the volue reported for white women of iiorth America. The
avera ¢ deviation from Trin~is standards as modified hy
Foothhy ond Sandiford was minus 1l4.6 per cent, Ohservations
on 14 men subjects cave a ceviation of minus 12,4 per cent.
7o conclusions were drawn as to nrecence of a racial

Gifference in metabolism,.
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sfariation In asal Tebavwolism i1 'en and wWemen of
Turcrean Reces

Tafkeshrine and Fer-~strom 71926) revncrted a study in

-~

I'ew Orleans on seven men and two woren enca~ed in student
sr teachinsg work. The averace deviation from standard was

as follecvwg--

Aub and Du-ols 'arris=-Fenedict Dreyer

-17 rer cent -16 per cent -11 rer cent

"indnarsh (1227) observed the rasal metabolism of 76
white Australian subjects, 26 women and 50 men between the
azes of 19 and 23, All subjects except one were born in
Australia. TUsing Avb and Duvols standard far comparison,
he found the avera e basal metabolic rate was 10,5 per cent
lower in women and nine per -zent lower in men. Ile susjested
that the lowered tasal metabolism might be dve to cliratic
effect. YVery probably acclimatization to high temperatures
toolr vlace and the bhody had the power of reduvcing its funda-
mental or hasal metabolism to a lower level, thus facilitat-
ing the rerulation of hody temperature where. heat loss was
difficult. Te bhelieved the ready musenlar relaxation of
smbjects ir warmer climates mirht be ancther factor in lower-
ing metabolism,

feveral studies on American collere women in various

sections of the country reported basal rates consistently
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lower than the stendards. Subjeczts from sonthern states
showed lower basal rates than those from the northern states.,

tusteofson and “enedict (1822) recorted the hosal meta-
holism «f 20 youn~ woien f lellesley CTrllere Lo »2 1,2 wver
a2nt helow the I'arris-Tene” "&b shamor?,

milt (1930) wercrte’? the neta»elism ~f 02 Tlorida
colle~e women to be minns 13 per cent of the Arb and Dulois
standard.,

Ccons and Schiefelbisch (1231) observed the basal meta-
bolism rate of 17 Clilahowa Tollese woren to be 13,2 per cent
below the Aub and Duols standard. 7The investizators con-
cluded that tihe lowered basal metaholism was nossibly re-
lated in »art to unsatisfactory nutrition and in rert Lo the
climate.

'csord (1939) reported the basal metabolism of 19
Indiana woren to be minus nine wer cent in comparison with
the Aub and DuTois standard. High temperature and humidity
were listed as factors responsible for lowering basal neta-
holism,

Pittran et al (1943) »resented deta on an e:tensive
study of mild-western colle~.e women. A total of 1170 deter-
minations were made on 576 different subjects, relonzing to
five states, Icwe, !lansas, I'innesota, Chlo, and Oizlahoma.
Oklahoma women anparently had the lowest hasal ratese Statis-

ticelly sirnificant differences existed hetwcen states.



A mean basal rate exnressed as calories per square meter

per hovr was rot celcwrlcted for each state, as statistically
s*cnificant basal rates existed between are ~roups. The
reans for one group between the a~es of 20 to 22 vears for
four states are given below--

State “mmber of Calcries ner
Suijects Sarare I‘eter per Iour

Towa 140 35,8
Chio 635 54.4
"ianescta 145 3367
Fersas 122 32.9

Analysis of variance shcw=d (klalhowa sublects were simnifi-
cantly different at 20 years, and after this aze the nurhers
were too few to lve reliable results. Therefore n» general
mean was conmouted for the ase ~roup 20 to 22 years for this
state. Ianses defin‘tely and 7Zl:lahoira anvnarent 1v had lower

Tasel rates than those of colder re~ions. Iawever, I'innesota,
the collrst state, ¢id n»>t aves the »ishest rate., The inver-
tirntors s¢rmsested the pessiblility »f cifferenneg in thyroid
activity in different localities nrobehly should he considerend
as a poss’ble evrl-onation for these discrenencies. ~'iInnescha
wes 'n an lodine-defilclent reslon. Some of the subjects of

the llinnesota ~rong nmay have had lowered thyroid activity

dve to lack of i1cdine ~nd “his might exnlain tn so-e extent



the so-ewat 1l~w rete -f ""rnasate otvdents, wivch weos

(¢
I

¢ent in swvnite of the coli 207 A%~
Pilttman et 21 [1747) cbhserved the “agal metakrolic rates
of ten midwestern colle~e women, Jistrihtel % ctstes as

fellows: Zowa, 23 anses, 23 innescta, 23 (hio, 33 and

!

Zitlabema, le Tnch wes studiled from 20 to 104 weels, Dupli-
cate determinations were made in the morning of a test, end
the wean of these was vsel -s the L2l rete for the crbie~s
for that o articulasr dary. The individuel tests, rancing in
nvrber from 17 to 55, shrwued 2 —ocd desl cof variation for
the same subject 727 r the period of inwesti-ation. An analy-
Seasnn wes avrarently a ei-nifilcent factor affecting
tasal rate for six of the ten sih’ecrtss Pilse, resniration,
Hody temmersture, coatcide temereture, wiri'd’ty, and heorrs

of sunshine were ceenmingly minor factors in inflvencin: hesel

metarollism in this =tvdy.



SirmmAartr

Tnoois (1039) reviewed the racial studies cn nmeteholic
level u» to the year 1836 and in his summary stated that it
sceme? clear from the results of the Investirations that

-

there were distiact recial differences in met~holism apart

b
2

from the effects of climate, »ut no satisfactory ezrlanation

had heen ~ffered to explain such diverrencies., In 1230
Tu¥ois 4id neot rlace so riuch stress vpon the racial factor,
e rad then stated that after all one cot the i-mression
that racial differences were so slight that they were almost
entirely cbscured by the factors cf repose, rhysical train-
ing and nutrition.

“iilscn (1945) made o conclise survey of the literature
on racial factcrs 1 reteholism and in her surmary stated
that it was anparent theat so many different factcrs may play
concnirrent roles in affecting the hasal metabolism that it
was Impossible at the present time to say wiether different
patterns of hasal metabolism noted with voriovs races thus
far studied were reflectlions of a racial characteristic alcne
cr were the results of a combination of some or all the
factcrs such as clinatic factors, diet, pvhysiczl activity,
rmmgcular relaxation, Ttodily confisuration or even of factors

thns far uvnsuspected.



The Influence of “enctruvation on Tasal etabolism

The literature on the effect of the menstrnrel cycle on
tasal metabclism yields conflictinz evidence.

7zuntz (1206) observed the cnarron-dioxide outn»Hut, and
for »-~rt cf the tire, the oxyren consumpticn of two women

T

for 97 days, Incluvding three menstrual cycles. I'e found
no resulerity of the variation ~f retabolism due to renstrva-
tion.

~ephart, and Du.ois (1916) condncted four tests on one
women on two days. Tiey made duplicate basal metabolism
tests on the second day of the catamenia and fonr days
later. The valres obtainred on those two dif ferent days were
similer,

Snell, Ford and Rowntree (1920) found that a rather
constant rise occrrred during menstrration, or in the pre-
menstrual reriod, the rise heing followed by a post-renstrusl
fall, Thelr worlk was on lO subjects, eight of whom showed
const~nt rises, Amonag them, two showed rises veryinc from
four rer cent to 16 per cent, the average being 10 »er cent,
while in two a dron in rate was encountered,

=lvnt and Dve (1921) rerncrted a series of 216 bhasal
observations cn 17 faculty members or students ~f the Thi-
versity of Chica~o, aged 21 to 44 years, to find out whether
there was any recular periodic vaeriation in the metaholism

of normal woren during renstruvation. 0One to three comnlete
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reriods were studied with rre and inter menstrunl observa-
ticns on each of the 14 subjects and on three subjects conly
interrenstrual observations were recorded, Zouvr woren
xcerienced absolutely no discomfort or disturbance during
rienstruation, while others exrerlencec more a less fatisue
or lassitnde, They found the averagse metabolism nf menstruval
deys was cnly l.6 ver cent lower than on cther days, end
this lowerilns they considered wias within the rance of varia-
tion that mischt occur at any time. They conclifed that
their data ~eve no indicstion of a rhyvthmic reriodic veria-
tion in metabolism.

Wiltshire (1921) ~tvrdied the basal metabolism of five
subjects, cnrn each day of menstruation as far as possible and
three »nr four tines between these veriodse She =aid that
the veriat®rns “uring phases c¢f the sexual cycle were so
small that they could not be resarded as showirg any marled
effect due to menstrvation., The flvectuations, whicl normally
occurred were often greater than these veristions.

“iakeram (1923) perforred 92 basal determinations on 24
cases, 20 of whem were rursec in tralning with little veorila-
ticn in mrée of life, and daily routine., "¢ analysed his
data, as well as the data by “lunt and Dye, and noted that
there was a distinct fall in basal metabolism during or
irmediately after renstruation. I7is data also irdicated a

nremenstrual rise in basal metaholism,.



TTaflzeshring and Ccllet ‘1C26) also recorded a rise he-
fore menstrvetion with a sharp drop durin~ menstruation,
from theilr careful investirations cn two subjects tested
dally for a period of four months, They cid 96 tests on
one subject and CO on another. They coacluded there was a
de~finite tendency towardis a rilse hefore each per‘cd and a
snarn dror on the first or second day of nenstruation, the
difference between the rigsh and low levels of metabolism
amounting to five »ercent.

Fitchcock and Vinrctell (1929) condncted 300 tests on 27
women, followirg at least tw»o complete menstrual cycles.

Al) tests were made in dupllicate and only the lower one was

useds This was done on the essumption that many things

misrt hapren to a subje~t that would increase her metabolic

rate, but that aslde from sleep ncthing could happen to her

that would decrease it. Their final compllation of data

wag on 20 women only., Cf these 20 wormen, 14 showed a lower-

1rg of basal retabolism during the menstrual periocd, cne had

no change, and five showed a slfcht but insignificant rise.

or the group of 10 women whose fall in metabolism was of

statlstical importance the averace drop was 5.16 per cent,

A second lcw point in the netabolic rate averagins 5,03

per cent occurred about the middle of the menstrual cycle,
Justafson and TFenedict (1028) conducted a nasal metabcel-

ism study on 20 young woren of ‘ellesley Collez: rrimarily
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to determine the influence of seasons on metabolism. They
secuvred occasional observations on menstrual days, as they
mace monthly tests on the subjects for a year excent during
the sumrer months. Althonsh there was a wide varilability in
the results obtaired on these days there was a hint in some
observations of depression in metabolism durirg menstruation.

Penedict and ¥inn (1928) studied an extraordinarily
nlacid and norxrally functionlng artist's mncel withovt the
complicating factor of pain cduring menstrunation. Intermit-
tent cbservations were recorded on her, for over 12 years.
They notliced that deviatlions of the reasured from the pre-
dicted Tarris-"enecdict standard, asveraged minvs 4.5 per cent
for 89 ‘ntermenstrual days, and minus 7.5 per cent for 32
menstrual days. The difference of three rer cent suggested
that menstruation might lower metabolism and this was farther
emphasized by the prenonderance of deviations, sreater than
minus 10 per cent, occurring on menstrual days.

To stndy the influence of this factor in rreater detail,
an extensive series of nractically consecutive celly measure-
ments extending over two months and including three menstrual
cycles, were made on the subject mentioned above. Because
of her unusually vrlecid temrerament and cood health, and re-
cavse she erperienced no »nailn or discomfort as a result of
this vhyslolngzical function, it was belleved insofar as

possible, the menstrual factor alone was involved in this
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study. Treir evidence indicated that with a normal woman,
wicse menstruation was physlolecgically normal, there was a
distinct tendency for the lowest metabolism to occur cduring
the menstrual days end for a high metarolism 50 spreer a
weelr after» the last day cf menstrvation.

sriffith et al (17929) observed three women aced 30,
19, ond 24 for two yecrs end presented their data es aver-
aces of the determinations made during the periods and during
the first, seccnd, third, and fovrth week following. Tlo
determinations were included in which the subject suffered
raln since pain was thousht to raise heat production. Total
metabolism whether measured by oxyvgen consuartion or carbon-
dioxide excretion was highest durirg the third or the fourth
week follcwing the menstrual perlod. Tn two cnses, metabcl-
ism was lewered during menstruation and in the third no such
lewering was observed, The point of lcwest rmetabolism in
the cycle was different for each of the subjects studied.

Conlzlin end IcClendon (1¢30) rmade dailly determinations
on 10 women, who were without the complicating factor of
menstrual pain, throuch one or more menstrual cycles., They
divided the cycle Into four periods, menstrual, nost mens-
trval, internenstrual and premenstrual, and exnressecd their
results as calcries per square meter per hour., They treated
their data statistically. One woman out of the 10 had the

hizhest tasal metabolism during menstruation. Their conclusion

4]



was that the hasal metabolic rate tended to reach its lowest
value following menstruation and ’ts highest —rlue preceding
menstruation.

Sandiford, ‘/heeler and Ecothby (1831l) made 3236 tests
on one subject during 14 different menstrual periods. They
averaged all the tests for the 14 menstrual periods for the
weelts precedins menstruation, the week of menstruation and
for each of the following weeks, They noticed a decided
tendency toward a slightly lowered heat production during
the menstrual pnerlicd »receded by a rise in the »remenstrual
neriod. The variations of the sverase values for each of
these weeks were qu'te small, They did not consider these
variations sisnificant as they were within the ranse produced
by variation in the desree of physlical or mental relaxation.
They emnhacized that varlations of this macnitude could be
reacdlly due to varying dezrees of mental relaxation depen-
dent on the mental status and the physical discorfort of
the subject, the time relationship of these factors to the
menstrual period as well as thelr Intensity could readily
vary in different subjects. Consequently they concluded
that ~enstruation 1n a normal wonan did not cause any si-ni=-
ficant alteration in the Intenslity of the oxldation processes
going on in the body.

Wible (1931) condncted basal experiments on 22 women

students of the Department of Physiolory, MNebraslra "miversity.
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Three to 12 menstrual cycles were studied for each individ-
uale Tests included a total of 113 menstrual cycles. Tach
cycle involved five tests distributed as follows--

Two tests during menstruaticn, the first one made

on the first or second day.

One test each in 1 to 4 days before menstruatilon,

5 to 8 days after cessation of menstruation ard

two weelks after cessatlon of menstruation.

With the exception of one subject the results indicated a

low ovycen consumption during menstruation. The exception
showed the highest oxygen consumption during menstruation.

A similar contradictory case had been revorted by Conkin

and Yc”lendon (1230). About one half of the subjects had

cne or two menstrual perinds iIn which oxygen consumption
during menstruation hacd a tendency to rise above the »rerens-
trual consumption. Their values did not indicate any pre-
rienstrual rise, The nericd of highest oxysen consumovtion
seemed to be two weeks after cessatlion of menses,

"axwell and Vakeham (1¢45) studied 27 Negro subjects
azed 15 to 40 years. They made three to 26 tests per person,
and on two subjects dally tests were taken, the rest were
tested before, during, and after menstruation with an averace
interval of seven dayse. The results of their work were to
sugsest the ovresence of a premenstrual rise, with a lowerinqg
of the metabolism during actuval menstruation and in the

imrmediately post-menstrual period,
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TXPURIVENTAL IROCEDIRE

A series of basal metabolic tests were conducted on
four young women belonging to different races. The period
of observation was from Tanuary to the second week of Aoril,
With few excentions a weekly test was taken con each subject.
dn two subjects tests were terminated in l'arch. 1In general,
two observations were made on a testing day, with an inter-
val of five to ten minutes hetween tests, The determina-
tions were all conducted 1in the metabolism room of the Foods

and Nutriltion Department.

l'easurement of Oxysen consumption. The oxygen consump-

tions were recorded using the Fenedict-Roth portable appara-
tus with nose clip and the mouth piece attachments, xygen
temperatures were recorded with the aid of the thermometer
attached to the apparatus. Iarometric pressure readincs
were taken from an Anaerold “erometer. Fy placing the leak-
tester weicht on the top of the oxygen bell, the equirnent
was perlcdically checlred for alr-tightnesse.

Special instructions were given'to the subjects to be
followed in preparing for a test. They were requested to
cet gight hours of sleep on the night before the test, If
this were not possible, they were asked to make a note of
the hours they had sleep. Further they were instructed not

to take food or fluid except water after dinner on the night
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rrevicus to the test, nor in the morning of the
test. They were forbidden from smolzing or taking any medi-
cine or exercise (except as noted) on the morning of a test.
Tests ware talken on all subjects from eight to ten
otclock in the morning. Three subjects wallted approximately
a half mile to the metabolism room. They were instructed
to walk slowly and not to rushe.e OCne subject came by bus to
the door of the Home Economics building. Soon after a sub-
ject arrived for a test her shoes and outer warps were re-
moved, and she was made comfortable on a bed 2nd allowed to
rest for 30 minutes. Then her oral temnerature was recordei.
The nose cllip was clamped in place and hy inserting the
mouth plece she was connected to the apparatus. After allow-
ing the subject to breath the room air for a few minutes,
the valve was closed end the test was started. Actual deter-
mirations were made for six minute neriods after one or two
minuteg of adjustment. VWhlle the pen traced the graphic
record of the respirations, on the Xymosraph chart, the pulse
was taken and the nurber of respirations per minute were
noteds At the end of the six minute period test, the nose
clip was removed and the subject detached from the apparstus
and #llowed to rest for five to ten minutes. After the rest,
In a similar manner to the first test, a second ohservation
of the metabolic rate was conducteds Soon after testing was

conpleted, the subject's welght was taken and her height
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measurc’. 4s 2ll the subjects were nast the rrowing reriod,
and as the neicht reasurements ¢id net alter from test to
test, they were discontinve? ~ffier four or five observetions.

Ty
A€

Pt

e

‘ts of the subjects were recorded with the stvbiects

fully ~lnthed Put withont choes cr any leavy outer rarments.

o,

“ubiectse The subjects were selected for the study
becanse each renresented a different race. They wcre all
between the ares of 30 and 33 yearse. All the subjects were
Clven a phyrsical examination.l

Subject I was Chinese by races Iler home was in ¥ongChow,
Chinae. She came to the "nited States in the Fall of 1043
and was sirce enrolled as a graduvate student in [’chizan
State Collere, majoring in Chiemlstry. fer rarents were liv-
ing and she had one sister. Iier huilld was light with smooth
contovrrs. Sthe was cf averaze heisht. Iier disposition wan
that ¢f a2 very stable relaxed youns woman. ier weizht fluc-
tuated little from weelr to weeke IHer medical history was
nejative. ©She was unmarried., During menstruation she occa-
sionally suffered from cramps on the first day, otherwise
she felt no discomfort on these cdayse.

Subject II was Indian of Caucasian stockes <che was
married and was a home-malter. Che was from Forhay, India
and came to I'ichigan Stete Jolle~s in “lay 1942, and was tak-

ing courses in the collese as a special stvdent. Iler rarents

Tﬁhe courtesy of the medﬂc L staff of the “ﬁ1le e ospital
1s aclnowledsed.
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were living, she was one cf six children., Z“er husband was
emrleved in =orbaye. T"he was rmedium-sized and overwei~ht.
“he was eesy ~olin~ by tennerment. Iler medicnal history and
rhygical examination indicnted that she was a suiltable subh-
iect for the study of metabolism.

Subjerct III was a I'cllander. She wes enrolled as =
special student »f Ilichigan State Colle~e since the f=z11 »f
1949, Ter home was in ELaarn, lletherlands. Iler mother was
living and she had two sisters and two brotherse. =y disposi-
tion she was intense, Luring the second worll war, she had
suffered from severe wiernmtrition from the year 1944 to
1245, as a result of which nenstruation ceased during that
tiies cShe was somewhat underwelsht thoush not seriously so.
Since her arrival in the United States she had made rapid
recovery from past undernutrition., At the time of study,
menstrual perinds were re~ular end che svffered no paln dur-
Ino menstruation, hrut felt rather low spirfted Aurincg these
dayse. Vitanin 312 snnts were siven by the nhysicien in
char~e during the stady, however, any injection cof this Vita-
min was recorded and no such injections were taken either
on the day previous to the test or on the test day.

Subject IV was an American MNesrc. She was a southerner
“rcem Arltansas. Che was married and by profcssion a teacher,
She had no children. ier parents and Lher hushand were livin-z,.

she had two sisters and one brother. <She had teen a ~raduate
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student of the colleve since the fall of 1949. <he was a
very tall well built worman, slightly underweizht. <She was
uneven by temperment, >t ~oo? natured. Ter medical history
showed that she had a healthy nast. DLrrint wenstruation

she continned routil~e work withevrt experiencin~ main or dis-

comfort.

Anthrovo~efric measvrementse The anthroporetric reasure-

ments of the subjects were taken to evalvate their body rro-

portionse

Artlivity records. The subjects tept a recard of their

activities during the day “revious to each testinz day.

The activities weore recorded in the form given in the apnen-
dixe. The Aay's activities were svmrarized into classifica-
tions in the form also siven in the appendix. “owever, it
was felt that the reccris on the whole‘gave a fairly satig-
factory 1dea of the subjects activities, The enersy expended
per day was estirated from each activity record by using

cherman's (1945) list of factors.

I'cod recordse. Iood records were recorded by subjects

for the day before each testing day. The food values of
food records were calculated by the short rethod of dietary
analysls using the Donelson and Leichsenring (1945) table;

Taylor's (1042) fool tahles were used, when foods were
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ineluded, which did nct cove minder the classifications
the above tabtle.

Selection of dota. All observaticns of the basal

retabolic rates of the subjects were recorded with the follow-
ing exceptions: 1in the case of all the subjects the first

day tests were discarded as they were considered practice
tests and as it was felt that unfamiliarity with the testing
situation could result in the faillure to relax. In addition
to these days, a total of nine other tests on the four sub-

ects were dilscarded due to irresularitles at the testing

Ce

reriod, which seemed to invalidate the results even thouch

scaoe Nf the values were wlthin the rance of tests reported.
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The vhvsiolcenic measurements such as pulse rate,
respiration, hody temperature, blood rressure, and hemo-
~lobin of subjects are nresented in Teble I. The =verage

~"lse fs slightly above GO beats per minute for two sub-

jects, and slishtly below thls for two otherseo The respira-
tion rates per minute were ~reater in Subjects II and IV
than in Subjects I and ITI., The body temperature showed
little variation during the reriod of study. lean valuves
were ©7,8° r., 97.7° P., 97.8° 7., and 97.9° F., for the
four subjiects. The blood »nressure was somewhat high and
the hemcrlobin low for Subject IV, while these two necsre-
ments vere satisfactory for the cther subje-ts.

The Anthrooometric measurements are given in Table T,
The body pronortions of all the subjects ceme within the
averace recortel for ‘mericans of European stock by Donel-
son et al (1240). Conseruently, the use of the Tvinis
nomosrapn to corppute the surface areas of subjects wwith the
ald of height and weight measurements was justified. The
beisht, actual weights, and predicted wei:shts and the sur-
face areas »a2sed on these measurements are recorded in
Table ITZ. Tlre nredlctel welghts were jud-ments by Dr.
Ohlson, tased uron measurements of the bony size and the
contour and depth of the fat padse. The predicted welghts of

Subjects I, III, and IV are almost the sarie as the actual
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weishts, wnile the predicted weisht of Zubject II, was much
lower than the actual weizht, The actnal welsht of Subiect
T was essentially constant during the period of studye. The
actual weight for Subjiect II was 63 kre. at the bezrinning
and at the close of the study but she gained slicholy and
then lost wei~ht durins three months of stndy. Subiect III
ra2ined welsht slowly from an *niltial wei~*t of 60 k~e. to
62 kce. at the close of the studye. Subject IV consistently
lost weight from week to week. <che was 64 lims. at the be-
cinning of the study and 63 kre. at the close.

A careful inspection of the activity records of the
four young women revealed that all were moderately active,
The averare enersy expenditure per day as estlimated from
the activity records were for Subject I, 1594 calories;
Subject T, 20307 calories; Stvbject IIr, 2237 calories; and
Subject IV, 2135 calories, These enersy expenditures seemed
hish in comparison wilth the averase caloric intakes of the
Subjects.

The caloric evaluation and comparison of specific
nutrients were hased on the food records kert by the subjects.

As estimated, the averase caloric intake and the intalze
of elght ot!er nutrients are nresented 12 Table I7., The
caloric intake as well as the intake of several nutrients
are below llatlonal Research Councll's recommendations for

wonen of thls ase groupe In pvarticular, the intake of
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calcries, provein, calcium, and nilacin are very low in Zub-
ject I7 wko is a large woman. Towever, she lost weigsht
steadlily during the stvdy althov~h tetal losses were not
creat.s The novrishment of the other three subjects scemed
fairly satisfactory; but Subject I, who disliled milk, had
very low calcim intake with an averaze of 0.3 zm. rer daye.

The avera~e ¢ally heat productiocn in calories per hour,
per 24 hcvrs, and calorles per hour per square meter, based
on actual weight and rredicted weight are rresented in
Tahle 7, with the deviation from the Aub and Dufois standards.
Tre hYosal metabolism of all the subierts 1s below the gtand-
ard.

The day to day variation in metabolism, expressed in
calories per hour and per square meter rer hour accordirs to
predicted welzht and actual welght, are siven for each sub-
ject separately in Tables VIII, IX, ¥ and ¥I in the annendix,
The data on heat production per sqnare meter per hour, basged
on rredicted welght, was svbjected to an analysis of variance
to determine varlation from day to day, compared with the
varience within one day of testinc. The I' values obhtained
are siven in Table 7I with the predicted chances of sifnifi-
cance.

™he variations of the tasal metabolism as related to
the menstrual cycle are rresented in Table VII es averases

of determinations for the week before rmenstruvation, the days
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of rmenstruation (one to four), the week Irmediately after
the cessation of menstruation, and for the remainder of the
menstrual cycle. The averases for all pericds on four women
Indicate a pre-menstrual rise, a lowerirg of metabolism dur-
ing menstruation, a pcst-menstrual drop, and a zradval in-
crease of metabolism between the week after and the week
before menstruation. The Individval rhythms varied somewhat
from this ceneral trend excert in Subiect T. In Subject IV
the pcst-menstrual drop 1s not evident, but otherwise the
nattern is the same. ™ Tubject IZ the reak of the rise in
metabolism 1s reached during —enstruation and thereafter
lcowering and rise of metabolism are reccrded in the veriocds
following rienstruation., In Subject TII, after the menstrual
drop, the metabollsm reaches a nlateau during the post-
menstrual week. In the third period the metabholism rises
very rapidly, folleowed ty a =slight lowering in the nre-mens-
trual week, The different patterns of wvariance of metabolism
of the forr subjects during the menstrual cycle are clearly

depicted in Tigure T,
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The subjects of the study were healthy individuals as
proved by the absence of discase and by their ablility to
carry successfully a full tire colleze schedule. Also thelr
pulse rate, respiration, body temperature, blood nressure
and hemozlchin were within the ranse for normal women. All
of them were moderately active 1ndividuals subject alilze
to the strains of a collere life,

They were under similar climatlc conditions. Subject
TTT was accustomed to a temperate climate, the rest were
from tropical or sub-tropical rezions, unused to the rigors
of a hard winter, Subject I7 was American but she came from
Arkansas which has a warm climate, All of them had a short
period to adjust themselves to the very chanser*le I"ichican
weather,

A question arises, concerning the satisfactory nutrition
of the subjects because of the discrepancy noted hetween the
ener-y expenditure as estlmated from the activity records
and the cnlcric intake as evaluated from food recordse. The
averace enerty exrenditure mer day for all the svhiects was
much sreater than the averare caloric intake. As stated be-
fore the day's activitlies of a subject wevre summarized and
according to the jud-ment of the investigator, hest fitted
into some of the catesories cf activities for which Sherman

(1946) has listed factors. The total expenditure of calories



ner day was celculated from the sumiary by use of Sherman's
tahle,

The calcorie 1intakes were based on fool recorcs lkept by
the narticinants and evaluated with the help of food tables.
It 1s possible owing to lack of prezise inforrmation con the
recines or size of portions of food eaten the caloris intake
cf food records may have been under estimated, Iowewer low
caloric intalkes have heen rencrted rreviously in surveys on
nen-emaciated nermal women. Patterson and I'e¥enry (1941)
reported an averace of 1930 calorles ner person in Toronto
families. ~"ilam (1942) reported 1577 calories for white
worien and 1443 cnlories for lesro women in liorth Carolina,
Winters and Leslie (1943, 1944) observed the avern~e calories
for Americen wonen cf low or moderate incone I the Tnited

~

States to he 1452 calories. Ioreover the unpublished data
in this laboratoryl suszest the enersy valunes of wel~hed
diets determined by the berb calorimeter were clcse to cal-
oric estimates, calculeted from food reccrds. iTeys (1950)
stated that there was no evidence or valid ar-ument that the
caloric ‘ntake data from surveys were ~encrally or even
frequently under estimates. Since clinicel under nutrition

with rerard to calories was not characteristic of the nersons

stvdiedl in these survevs, it must »e conclvded that the

Ty courtesy of Dr, 'arzaret Chlson



reccrled caloric intees were, on the avera~e at least, equal
o all celoric expenditures. The abcve statement is applic-
able to caleoric intake and ~uwt~o of svbjects T, II, TI7, who
maintained or Increased 1in wei~ht durins the study. Tecides
their caleric Intakes as estirated were agbove their basal
exrenditures by 137 calories, 52 calories and 292 calcries
resrectively. Towever these mar:ins for activities are
small, CSubject I and II were small wonen and caloric intakes
of 1290 and 1425 were nrobably sufficient for the naintenance
of their health. Subject TTI was a larce woman but she had
an avera~e c~loric Irtake per day of 1673 calories., As she
gained weight 1t 1s surmised tnat she was nct under nourished.
vt subject I7, who was also a large woman, lost welsht dur-
ing the period of study and ate ¢9 fewer calories than re-
quired to meet her measured bhasal needs. Therefore her
averare intalze of 1160 indicate a derree of undernourishment.
er low Pnasal metabolism and very small fat rads also point
to this conclusion,

The chove discussiocn moints to the fant that the Hresent
metheds cf ~valuation of enercy exnenditure are unsatisfactory
and more tasic information is necessary rerarding a precise
evoluation of ener~y outnut b individnals,

The hasal metabolic rates of the young worien are com-
nared in terms of calories per square meter per houvr, The

nredicted celories for this aze croup are 35.7. The averare



heat production of all the other subjiects 1s helow predicticn.
The swvbjects are ran”el below in crder of the’r reat produc-

tion.

Jaleries ner sguare reter ner

hour
Subiject I 354,09
cubject IFT 3354
Subject I 32440
Sthiect 17 30,24

Ti.e abov~ fi~svres are ir relation to actual we'csht, The
calcries ver scuare reter rer houvr computed »y vsing the
rredicted welrhts rresent essentilally the rame picture (Table
7, race 57). Subject I who rprotably was vndernourished
tends to have the lcwest hasal netarolic rate.s Such a lower-
ing of besal rieterolic rate due to uvndernvtrition has bteen
observed hy Talbot (1932).

The nercente~e deviation from the Avb and YuTols stand-
ard 1s least for Subject IT 2nd noct for “~hject IV, From
the A"b and Dulois standard “ubjiect I to I deviate ninvs
2.2 rer cent, minus 2.7 per cent, minus 5.7 per cent and minus
15 ver cent resrectively. The deviation from standards for
Jubject T is clecse Ho what has heen reported in rrevions
studies navely 14 rer cent Telow the Avb and Dutois stanfard
for a 21 year old Chinese girl studied by T'lunt and Dye
(1921) or 10.2 per cent below the same stamdard for six

Chinese zlrls and two J~panese ~irls rer~-rted by TnzoTecd,



Jrofts and T rned’~s (1025). Subiject IT deviated less than

-

the 17 rer cent helow the Aunb and T ols st
lﬁ

14

nderi reported
by Mason and Tenedict (1031) and “rishnan and Vereed {1932)
for Tadian woren, The dnta recorded for thils subject acreed
with “ose and Ne's (1234) investisatlon that Indian woren

on a r'xed diet rave a metabolism clese to T"m’ted States

stendards.,

The deviation shown bty “ubject II7 1s the game as that

—

-

renorted fcr nor—al Torsesian women, Tenedich (1023). Tle

ohservation ~f a 15 ner cent deviation from the Anb and Tn-

standar? on Subiect TV 1s very siriler to that renorted

O
(6}

for Americeon ne~ro woren tv Ilaxwsll and Velteham (1045).

mr*s study confirrs to a suryrising de-ree the results

8]

obtrined hy rreviows 1nvestisetors on subjiects from the four

r

O]

zer,  Tpts confirmation rialies cre wonder viiether the (if-
fercnt racesc ha 2 a fixed rettern of ret~¥olism irdependent
~f envircr—ental influvences. Tnowever, 7aucaslisn worien n
Astralia and in America also sicw devightions fromn the stand-
ard waiich come within the ranses observed in the ~resent
stndy, Thre =mresent "reiiction stancdards »robably are hi~h
even fer “he pomulaticons Tor v feh they were “ntendedl to te
rse’. ~nelict (1°23) stated that “he ~tuvdies ~n ~ I-oroe
nker of ncrral Anerican weonen bes led to Lte ~heervetlon

that the rresent standards are too hish and shovld He Lovered

hy abert five rer cent. ien sue o five ner cent correction



4

is made for the <eta in the Iresent study the Jdeviati-rs

fron the standard bh2>uvie rractically ne-l’ihle eyt for

Sahiesh U,
Ln analysls cof -riation of the basal metabolism from
day to ey comrered with one foy of festins reveals that

=

Subject T resonder

Gith 2 more »ntform de~ree of relsxation
than dem~nstrated by the other three sibiects (Table VI,
race 52).

‘inether the stability manifested by S b’ert T 1s en
individuval trait due to vnusual amount of poilse and repose
o whiether it re-re«sented a ~rcneral characteristic of Chinese
woren, is hard to tell. Tt would be of interest to explore

the variations in the hasal retabolism of other Thinese woren
es well o3 weren from other ras’ial ~srouns,

Tre results of thils stndy rsre inconclisive vt the
method of a»nnrcach to the ctudy of racial differences »f
rretabholism justifies further explcoration.

The veriatlon of the hasal metebollism of the subjects
durin~ the renstrual cycle 1indicote? a premenstrual rise and
a lcwerinz Aurin~ menstrnation cnd in the rrediat~?; vosth
rrenstrual reriod. This observation s in acccriance with
the revorts of 2nell, Zecrd and Rowentree (1920) 'Jalreham

(1¢23), Tenedict end Zinn (1l92C), Conklin and I'tcClendon

(1930), Taxwell and alrel:am (1045),



The ri-~hest rictohelic rate in Subject IT apreared to

ocecur durings menstruvation follcowel by a drop in the week

Tt

follcwins the cessation of menstruation. <uch 2 ccentradic-
2

tery cese has teen regerted In the literature ty Conklin
and *nctlendnn (17°30) and Wibhle 71731},

Since the menstrnr-l cycle wes div nto

Fe

ded artitrarily

«

e

four »eriods, the occurrance of the hich and low points in
the different reriocds for different subjects as irdicated In

Takle VII, ra~2 50

, and “izwre ¥, pace 61, »robebly is not
important, es these are thcushts to re releted to the rhrythrs
of ovulation, which are nctt —eccvrearle from the data cf
this study. The imo~rtant cbservation 1n these data 1s thrat
a rise nnd lowerinn of the Tasal metaollism crevrr~? in all

cf the four subrjecte,

-53=
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The hasal netabolisn cf four yount wouien of Tic
“tate Colle—e helon~iny to diffz2rert races mhetween the a-es
cf 30 tc 33 years, was cbserved during the winter months of

1950, <ixteen to 20 tests were made on each subject. The
sb'erts were riysically fit and 1fved in a similar envircn-
went,

Ainthropocetric reasurements of the subjects sncwed that
their tody »rornecrtions were within the aveore~es reporte? for
Taucaslan wonen. The averare wel~shts of Swblects T to IV
were 40,3 Ig., 62.2 7., 6ls) ¥7e, and 63.2 k3. resnectively,
and the wrelicte’ welshts In iroportion to the bonv size and
denth and contorr cof the fat pals were 42,5 k5., 53 lim., 565
ltr., and é5 Y,

The avera~c hnsel metabelic rate er—resse? In calories

per sqnrare reter ner hovr was for T bject I, 32.40; “ubiect

7T, 35.09; Subject II7, T3.54 and for “nbject IT 30.74,

[oN)
"S

accer?ing to actual wel~ht, and 2ccordiny to rreiicted weil~ht

o

the rates were 32.77, 37.37, 32,80

0

2.90 resprectively.

-

-

The variaticn of hesal rietabollism from the Ark and Du-
ols standard was for “vwbject I, -0.2 »er cent, ubject 77,
-2.7 ner cent, Zuoject TIL, -5.7 per cent, and Zubjezt T,
-15. ver cent,
An analysis of variance cof hasal nctalol’ec rate from

dey to day compared with voriance within one day of testing

-69-



showed that 2 ‘ect T bhad a nore stable nmetebolism than the
cther three sub’ects wino showel clmost the same Cerree of
veriability.

The *nsel metabolfsm of the subjects underwent cycli
variations. The ~enerel trend snowed a oSremenstrual rise,
o lowering of wetaboli~m ~Arrins renstruntior, and a rost
mnenstrual dro:, follcwed Ly a sraduval rise thereafter,

o defin“te conclusions were drawn fror the data as
the muber cof subjects studied were few, DZeviations in the
reccrded studies were within the ransces found for Averican
collere worien in different sections of the ccimtry.

™rrther studies in the nattern of this ewneriment unsing

a ~reater miber of subjiects 1In ea~h racial ~roup are sus-

~ested for Investireting the raclal factcer in metasholism.

-70=
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Date Calories
Per hour Per square neter per hour
Actual weisht Predicted welght

1-19 50,8 33.71 33,71
47.0 31.31 31.30
1-26 45,2 31.03 30,02
47,0 32 .22 32,01
0.2 47,7 31.35 31,35
47,5 31.94 31,94
2-9 45,5 30,31 50.31
43,7 29,15 29.15
2-16 47,6 32,37 32,37
46,0 31,10 31.19
2-23 52,2 35,02 34,79
51.3 34,42 34,19
3-2% 4545 31,01 31,01
47,4 31.61 31.61
3-9 47,0 32,12 31,07
43,0 32,19 31.0
z-23 40,5 73 A7 32,00
50.3 34,01 33 .56
3-25 53,2 34,27 34,84
3-29% 51,4 34,47 34,24
4% ,7 32,52 32,47

‘enstrual days




FASAL TETAROLIC RADTES O STTTJE(

Date Galories
Per hour Per sgquare meter rer hour
Actual weight Predicted welght
1-21 55,9 34,09 36,54
52.9 31,75 34,03
57,5 35,04 37.56
2‘4 5706 54.95 7.44.
5644 34,40 36427
2-11"% 54.0 33,13 5530
62.0 41,72 44,45
2-12 52,2 32,02 34,11
55.7 34,19 56442
2-25 57,3 35.21 37,75
56,0 34,11 36457
3-0* 60.4 35459 30,44
64,7 39,19 42,26
3-11% 57.9 35.29 37,62
57.0 34,76 37.25
3-102 53.3 32,72 34,56
53,3 32,72 34,7
3-28 59,7 36.20 39,04
61.4 37.24 40,16
3-30 57 .7 34,99 37.73
52,6 35.5% 3432
4-3% 6543 40.41 43,05
52,¢ 36416 32,52
4-2 49,0 29,90 32,05
55¢3 33474 36417
" Tenstrual days - __.___*;____




— A~ +—n A TN D AmMTIA ™ ot TrTAam -
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Date Calcries
Per hour Fer square meter ner houvr
Actual weight Predicted welzht

- -

1-26 60.5 35.56 34.35
1-31 61,0 36,22 35.19
2-12% 57,4 33457 32,62
5546 32454 31.61
2-.14% 54,1 21.61 30,72
5746 33465 32.70
2-21 5346 31.32 30,43
54,5 31.54 3040
2-22 60.6 35424 34.44
5349 34,22 33.44
3-7 6046 35.24 34,44
52,2 36.69 31,05
3-13% 56.2 32,07 31.94
58,9 34,42 35.44
3-20 2.1 54,17 33,01
59,0 34.69 33,51
3-31 52,2 33,63 33,06
6049 35,12 34,53
4-6% 5343 33,27 33,10
54.6 31.74 31,02
4:"].1 5200 50.76 50.06
55 .4 32,77 32,03

“ ~enstrual days

— - -
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Tate Calories
Ter hour Per square mweter per hour
Actual weiglt Predicted weisht
1-26 57,0 32493 32.74
50,0 23,72 2,05
o.o% 51.2 2.61 29,44
5340 30.63 30.45
2-9 4G .4 26,95 26,64
51.6 29,2¢ 290,65
2-16 51,0 22.609 292.34
51.9 30,20 29,25
2-23 57.2 33461 33,03
5242 30,51 29,99
3-2% 50,1 29,47 23,79
49,2 22.95 28.29
3-9 54,2 3L.E8 31l.14
533 3l.16 30,63
3=17 52.5 30,76 30,15
51.6 30435 29.65

.

® Tenstrual days




Res,
Name Date

Record of Day's Activity

Time Activity

A,
6:00 = 7:30

7:30 = 8:00

8:00 - 9:00

9:00 - 10:00

A10:00 _. 11:00

1100 - 12:20

P.if.

_12:C0 - 1:00

1:0C = 2:CO

— — —

2120 = 3:00

L:00 = 5:00

_5+C0 = 6:00

__6:00 = 7:00

_7:00 - 8:00

2:00 - 9:00

9:00 - 10:00

10:00 -
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Res,
Name Date

Summary of Day!s Activities

activity No. hours Factor Total

per day Calories
“

Sleeping

Sitting

Standing

Laboratory - Class

Laundry - Ironing

Walking slowly

Active exercise

Phrsical Education (course: )

Pancing

Walking fast

Other activity:

Total
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