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INTRODUCTION 

The basal metabolism of mid-western college women has been 

studied in Kansas for the past seven years a part of a region- 

al project. The other state a cooperatilv are: Iowa, Rinneao- 

ta, Ohio, and.. Oklahoma.. The basal rates of the subjects indi- 

cated sinificant state differences and, ir generel, were lower 

In the warmer climates. It is now considered desirable to ex- 

tend this work beyond the college age-group to accumulate data 

which in tine, may help to establish basal metaboliso. standarda 

for all ages of women in these different localities. It is 

also planned to continue -the investleation of the effects of 

age upon the basal rates. 

With these objects in view this study was made on 26. ian- 
sass women ranginc in age from 30-34 years. 

REVIEW OF LITFRATU17 

Accordiry to Ell Pols (1936 ), the general principles of the 

closed-circuit metabolism apparatus were developed in 1849 by 

the irench scientists henault and Reiset. some of the first 

investirators in this country to contribute studies of normal 

metabolism, basal and otherwise, were Atwater and ?enedict 

(190). They made respiration calorimeters in which men could 

live and work for days. Also '1.61: another early Anerl- 
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can worker who in his youth had studied calorimetry with %ioit 

in Germany, contributed much to this subject devoting consider- 

able time to the effects of food upon metabolism. 

Until the prasent ti7e probably the most-used standards 

for computing basal eietabolic retna have been those of Aarris 

and Tenedict (1919), Aub and Lis Aois (1917), and Dreyer (1920). 

The tables of Harris and Benedict are based upon weight and 

standing height, and those of Aub and upon the law 

first stated by Rubner in 1383, that heat production is propor- 

tional to surface area. Lreyerls tables use trunk length, 

weight, and chest circumference as bases for computation. All 

take into conaideration variations due to age and sex. The 

Aub-)u Bola standards aa modified by Beothby and . -ndiford 

(1929) are now much used, judging by the frequency with which 

they are mentioned in the literature. 

Benedict (1928) in his basal, 17,etaboliem studies of 33 

real women found the average deviation from the rerris ant ';'ene- 

diet standard as -4.2 percent; from the Dreyer standard, -4.0 

percent; and from the Aub-lu Bois standard, -7.3 percent. e 

suggested that all of these eere too high for oxen and' that 

they should be lowered about five percent. -tark (1), wrk- 

ing in isconsin, agreed with Benedict but recommended that the 

standards be modified only after many p;roups of data coverine, 

all ages become available for comparison. Then, according to 

this worker, the corrections necessary to make the standards 

fit the ereatet number of women can be dtermined. 
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The need for specifying the standard used when reporting 

metabolism tests was emphasized by Jenkins (1931). ee dis- 

cuesed tee various ones in common use and surxested that too 

many existed. Els recommendation wat that tte present stand- 

urds should be retained but made more accurate. 

eex is one of many factors recoenized as effecting basal 

metabolism.. Hafkesbring an Collett (1924), reeorting 96 ex- 

periments on one woman and 30 on another, found conzidersble 

day-to-day- variation in the basal rate of these erbjects. 

Their work was confirmed by Hitchcock and arceii (190) weo 

also found day-to-day variation in the basal netebolism of most 

of their women subjects. In contrast to this, enedict (1935), 

using hieself a s subject for two periods of a month each, 

concluded that a healthy, normal man's basal metabolism was 

quite uniform from day-to-day. 

This variation in the bnsal metabolic rate of women is t!c- 

lieved by eltchcock anti 'eardell (19n) to be due to the effects 

of the menstrual cycle. In 300 metabolism tests on 27 women 

these workers found, the metabolic rate was coeparstively low 

during the menstrual period. stark (1935), as a result of her 

'.isconsin studies, agreed that the basal metabolic rate reached 

its lowest level during menstruation. 

Barris and "Lenedict (1919) reported that 1rsal metabolism 

throughout adult life decreased as nre increased. They obtain- 

ed a mean decrease in daily heat production per 24 hours per 

year of 7.15 Calories for men and 2.29 Calories for women. 
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Later, Benedict (1926) studied the effects of age upon the 

be el rate of three men and one women. In this study the only 

variable was see as heiejet end weight for his aUbjecto remained 

fairly constant. The women was studied between the rwes of 24 

to 3C years and the men from 30 to 59 years. The woman subject 

at the aze,of 24 ;jeers was 1.7 percent above the Aub-Dia Bois 

standard and her total heat production per 24 hours wes 1302 

illoriee. At the nge of 36 yeere her metabolism had dropped 

-5.3 percent and her Calories to 1251 per day. One of the 

men at 30 years was 11.3 percent above the Aub-Du Bois standard 

and his total basal Calories per day was 1397. At 49 years 

thia same man had o deviation of -15.9 percent and a daily heat 

production of 1070 CalorIes, The basal rate of the second male 

subject at the age of 33 years was 0.5 percent above the Aub-Lu 

Bois standard or 1071 Calorlea per day and at 57 years had 

dropped to -7.1 percent and 1563 Calories. These three sub-1 

jects all showed a decrease in basal metabolism with increase 

in age. ',Atli the third male the decrease in basal metabolic 

rate was not evident, possibly because he was in poor health at 

the h inninr. of the experiment. His basal rate actually in- 

crnssed slightly as his health improved. 

agnus-Levy (1943), using himself as a subject, reported a 

decrease in his basal rate over a 50-yeer period. At the age of 

26 years his basal mrtsbolism was 4.0 percent below the Aub-Pu 

Eoie stendsrd and at the age of 76 years it had dropped to 

-11.0 percent.. The actual decrease per square ureter of body 



surface per hour was from 38.1 to 31.5 Calories. his erees 

with -eenedict's work on basal metabolism as affected by 

Accordinp. to Chaney and Ahlborn (1943) growth tends to in- 

crease the bpsal metebolic rate per unit of weight. This is 

shown duriry infancy, cnildhood, adolescence, and pregnancy. 

It is generally agreed that an average normal infant during the 

first year of life needs annroximately 55 Calories per kilogram 

of bodv weigAt for his basal activities. In contrast to this, 

the avern7e adult woman needs only about 25 Calories per kilo- 

jram of body weight. Eecouse of the greet stimulus to cellular 

activity in the child (luri% growth, his basal rate is expected 

to be hither per unit of weielit than that of the adult. 

The effects have been the 

subject of many studies. However, the result have been con- 

flicting. :.ome workers have found a definite ricrease in me- 

tabolism before and during adoleacence, while others noted no 

striking changes during this period. 

In pregnancy the basal metabolic rate begins to increese 

slowly during the fourth month. About six weeks before the in- 

fant is born the rate has inersa ee to an avnre of 23 percent 

above that of the fourth month. From this time until delivery 

sone investiFstors have found a aliaht fall in the basal netab- 

ollsm of the pregnant wan. Kowever, others have reorteC 

that the basal rote remained at the maximum level until ueliv, 
at which tire the rate of the mother and of the baby eciusled 

that of the mother before the baby was born. 



Blunt (1926), YeKay (1930), and Du Bois (1936) are fairl:,7 

well agreed that body surface expressed as calories per squere 

meter is the best basis for comparison of basal metabolism of 

persons of abnormal build. 1-3oothby and Derkeon (1936) and 

Du Dols (1936) also suggested that this method gives the most 

consistent results for all persons. 

feoothby, Berkson and Dunn (1936) made a study of an adult 

group of C39 males and UU females at the Fey() Clinic in Roch- 

ester, linnesota. ihe group represented persons from all parts 

of the country and various social conditions. These inveeti- 

nntore obtained a elenn basal rate of 35.51 Calories per square 

meter per beur for L4 worn subjects of 30-34 years, inclusive, 

whlch le the age-group represented in the present study. This 

value is the mean of the first satisfactory test for these 

women and is high when corpered with other stenderds. This is 

to be expected according to TAI. :lois and Chambers (1943), who 

reported the first test in a metabolism study is usually five 

to ten percent higher than the second. This would explain the 

hien figure of Boothby, at al. (1936), wno preferred to use 

the first test for clinical purposes. 

The type of diet has been studied as a factor affecting 

the basal metabolism. 'eang (1930) varied the daily protein in- 

take of six normal women between the ages of 1.7 and 3.5 yeers. 

These subjects were given two grams of protein per kilogrsm of 

body weight for a period. of five weeks, then 0.6 g per kilo- 

gram for one month. For a third period these women chose their 
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normal diet in which the protein varied but fell between that of 

the two controlled diets. There was little difference in the 

metabolic rate with these protein leve1, Mib indicated that 

the specific dynamic action of protein in the quantities used 

did not charve the basal metabolism. of these subjects in the 

period covered by the study. Tilt and .alter s (1935) in their 

short-time studies of Florida women, also found no consistent 

relationship between protein and caloric intake and. basal metab- 

olism. HovA3ver, 'akeman (1)32) comparing the basal rate of 

meat-eaters and ve etarians foun -ome difference as a result 

of diet., lie suggested that one would have to be a complete 

veaetarian for a number of years to obtain an appreciable lower- 

or the basal metabolism. 

Gustafson and benedIct (1928) studyint the effects of cli- 

mate upon basal metabolism reported on 22 women attending 

Vellesley College. Each subject MI6 tested once a month. from 

October, 1926 to January, 1928. The data sugeested that the 

basal metabolic rate was lower in winter and higher during the 

srIng e and summer. eKay (1930), working with women anC cirls 

in Ohio, also reported that basal metabolism tests tend to be 

low in winter and high in sprine. Hitchcock and ..ardell (19G) 

at Ohio 6-tate University aLreed with these workers that a lower 

basal metabolic rate occurs in the winter. 

Contrary to this, Hafkesbrinc and Collett (1924) reported 

a study of four months duration includIn 9C experiments on one 

subject and 80 on another. They found the basal rate as about 
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five percent higher in cold than in hot weather. Further con- 

flicting evidence was presentee by 'Jilt (1930), a floride work- 

er, who observed no chance in the basal metabolism of her sub- 

jects with the change in season. However, seasonal chanLes in 

Plorida temperature are comparatively slight. 

On the other hand there have been several studies made in 

different states on the basal metabolism of college women which 

have indicated a lower rate in warm climates. Coons (1931) .found 

the neon per square meter per hour for normal Oklahoma. women was 

32.6 Calories. This value 13.2 percent lower than the Aub- 

Du Bois standard. Later, Coons workitv with ...chiefelbusch 

(1932) attempted to find an explanation for this low metabolic 

rate of their Oklahoma subjects. They suggested that prolonged 

undernutrition was a contributing factor in many cases. 

In lilt's (1930) Florida studies mentioned shove, the av- 

erage metabolic rate of 52 women students between the aces of 17 

and al years was 10.0 percent below the Aub-Du Lois stondard. 

.11(9 suggested that women 1ivin47, in a southern climate may main- 

tain a lower basal rate than those living in the northern 

states. 'orking wlth. 'alters (135), she continue° this study 

with 30 normal woren of 17 to 2C years of a6e, who had lveci in 

Florida eight yevrs or longer. The mean deviation 1:rom the Aub- 

Du Pois standard for this soap was -14.1 percent. A second 

groun of women which had recently come to Florida from the 

Sorth was also studied by these workers. This rroup was only 

7.7 percent below the Auh-Du ois standard which confirmed 



their earlier work. 

McCord (1n9) described a study of 7b Indiana University 

women for whom the mean deviation was -9.0 percent from the 

standard. She also rocommencia a lowrin of tneae 

standards for women. 

.-TIttnan, et al. (1;4.3) reported basal metsbolisri studies 

on 57t college women from Iowa, Finnesota, Ohio, and 

Oklahoma. "J:he subjects ranged In tq;f3 from 17 to 24 year, in- 

clusive. They concluded: 

The basal rates for subjects from the different states 
were significantly different. something more than 
temperature in the georanhical region represented is 
needed to explain the differences in basal rates al- 
tnough it would seem to have some influence. In ,en- 
eral the rates were lower in warmer elimatea. 

:Amilar metabolism studies by Bogers (19 9) of connecticut 

College women. showed an average deviation from the Aub-Lu ois 

standard of only -2.5 percent. This Is considerably- hIer 

than the metabolic rate of the :alorida and Oklahoma subjects 

and surgesten. that those living in colder climates have a high- 

er basal metabolic rate than those from warmer regions. 

In ;Vomini, "c.Ittrick obtained for 1C0 colleEe 

women, who had lived. in 'yomin g. ten years or lone r, a basal 

rate only 3.16 percent below the Aub-JJu Bois standard, one sug- 

rneated the hianaer basal metabolism of nyoming compared with 

that of Llorida and Oklahoma subjects mi4cht be due to the high- 

er altitude rather than lower temperature. Grile and iring 

(19Z9) in an altitude study on one white male reported that the 
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mean of five tests at an altitude of aloe ft. was -7.5 percent. 

This same subject at an altitude of 300 ft. showed a deviation 

of ten percent below the atandarda These results indicated a 

higher metabolic rate at a aiaher altituae. 

Contrary to this, Lis, at al. (194) preaented a study 

made alth five women and two men in whicn metabolism tests were 

made at Denver, Colorado with an altitude of 326.0 ft., atill- 

water, Oklahoma ,t 910 ft., and a-adora, Golorado at 3720 ft. 

The subjects remained at each altitude long enough to become 

acclimated and, basal tests were taken daily. They founca little 

cnanae in the basal metaboliala of their subjects and believed 

aaat change an altitude below 900C ft. does not affect the 

banal metabolic rate. 

however, IcCrera, et el. (1943), workin6 vita 124 Texas 

women of 18-3b year., incluaive, reaorted, a deviation of -10.5 

percent from the Aub-Lu bois standard for their aubjecta. They 

suggeated treat the differences could not be attribute to alti- 

tude or temperature. Ratner, these inveatistors believed the 

variations could result from lack of aareeaert in tecaniques and 

interpretation of data. 

Valny studies have been maue on race as a factor affectina 

basal metabolism. Most of the investigators have found that 

the Orientals have a lo a: baaal rate. MacLeod, Crofts, end 

I2:enedict (1925) studied nine normal Oriental women who had bean 

transplanted to an American climate and conditions of living. 

They still showed a deviation of -10.4 percent from the stand- 
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ard, suggeeting that the Oriental retain their low basal rate 

when move to other climatea. Yaeon (194) measured the basal 

retabolism of 34 -lropean women living in India and found it low 

compared with that of Luropean women living in their native en- 

vironment. Aowever, it was higher than that of native Indian 

women. This inveatigator concluded that something more than 

climate vas necessary to explain the differences found in the 

two roupa. he auggested that only about five percent of the 

low metabollar of the Indian women could be credited to the ef- 

Mete of a tropical climate. in her eatination, race was the 

important factor in the differences obtained. 

erne and Quirine (1339) reported on the basal rates of the 

Indian and Eskimo peoples of Canada. They found the male Indi- 

ans averaged led percent above the Aub-Du St7,ois standard while the 

rean for the Indian women was 15.b percent. ;Amilar high rates 

were obtained for Tsklmo nen end women.. Thee investigmtora 

believed these high results were probably due to a combination 

of the factors of race and climate. 

It la agreed that sleep causes e lowering of the basal me- 

tebolic rate. ;;,one workers have auggested that the Orientals 

In basal condition3 were relaxee n CI when awake as is an 

average terrier during aleep. Benedict and Vaaon (1934), 

studyine the effects of sleep upon the bnaal motnboliam of south 

iadian women and western women living in India, reeorted r fall 

in the bezel rate of both groups. The amount of decrease was 

approximately the sarne for the outh Indian women as for the 
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western ones. Thus it would seem from this work that the state 

of relaxation of the body could not account for the differences 

noted. while the subjects were &wake. This is contrary to the 

belief that the Oriental s are more relaxed when awake than mem- 

bers of the white race. 

Lernes (1943) presentee a study- of more than 10(X) basal me- 

tabolism records of women in which many subnormal temperatures 

were noted. '-ith these subjects the body temperature vies never 

up to normal unless some type of infection as present. 

bill, Edrarde, and Forbes (1934) found it of interest to 

study the effects of cigarette smoking on basal metaboliem. 

Their subjects rested 90 minutes in a fasting 6 tote, then amok- 

a cigarette and rested 45 minutes longer before the test was 

mtue. The investigators noted that smokin, one c ';erotte 

produced an increase of five to Th percent in the besal meta- 

bolic rate of some subjects. however, this was not uniformly 

true. 

Later, '40ddard and Voss (1942) also reorted iiosIstency 

in the effects of cigarette smoking upon the basal rates 

university men and women. In some cases the basal rate we 

hiher and in others lower after smoking three-fourths of a. 

cigarette. 

The effects or coffee upon the basal metabolism of young 

women Was inveatigstee. by 'iackett (1931). she found. that cof- 

fee drinkers had an average basal rate some six percent higer 

than that of the non-coffee drinkers. 
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iAlmerous basal metabolisr studies have been made at Kansas 

etate College in :feinhatten. ';eprking with 24 Kansas eJrls of 

10-1E yeers, inclusive, sister Mary Lonata letesette (1942) found 

the mean basal rate for this group was 0.2 percent above the 

Aub-Lu Lois standard. Gabourne (1240) obtained an average of 

-6.8 percent for 25 Kansas girls. of ic-la years, inclusive. The 

higher rote might be expected for the younger girls as they were 

in the early stages of adolescence While those in the second 

study were approaching adulthood. 

In the college group ;:;hinkle (1937) noted that 54 freshren 

women, averaging 19.7 years of age one coming from all over the 

atate, showed a deviation of -7.8 percent from the Aub-Tel Bois 

atandard. Those living in Kansas at least eight years previous 

to the experiment were 2.0 percent below the standard eellch 6W- 

geated a low rate for Kansans of logy standing. The findinga 

of rIttnan, et al. (1943) for e somewhat older group of 132 

Kaneas state College women of 20-22 years, inclusive, indicated 

a mean basal rate of -10.34 percent. 

Richardaon (1939), conaiderinc the age-group of 25-30 years, 

inclusive, obtained a moan basal rate of -11.88 percent for 25 

Kansas women. These studies suggest a fall in basal metebolism 

eltie increase in age. 

The object of the present study res to eetend the above 

work to include 2C Kansas women of 3C-3-4 years of age, inclu- 

sive. 
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PROC7DURE 

The metabolism apparatus used in this investigation was a 

1936 aenedict-Roth closed-circuit model of portable type in 

which the air was kept in circulation by flutter valves. These 

valvne directed the flow of air in such a manner that the sub- 

ot inhaled oxyGen from the epirometer bell and the exhaled 

air wee returned through soda line into the spirometer chamber. 

The zeds lime renoved carbon dioxide and most of the water vapor 

from the exhaled air. To prevent leakage of oxygen from the 

spirometer bell, e weter seel was used. Aleo the bell vas care- 

fully balanced so tit it would rise 

tion without friction. A Eraphic ink-record wee made by means 

of e specially designed pen and a calibrated kymograph paper. 

The subject was connected. with the branthin tubes h a soft 

rubber mouthpiece. By plecin6 a clamp on the nose, breathint 

trough the mouth was secured and a closed circuit insured.. 

To obtain stenderd basal metabolism conditions for a ce- 

termlnotion the subject was riven the followinL directions in 

edvance of a test: (1) Lave et least eight hours of aleep the 

nirht before the test, (2) eat a light supper, (3) e. t no food 

(except water) after supper and postpone breakfa.t until after 

the test, (4) do not smoke in the mornine before the test, (5) 

allow enouEL time to dress leisurely in the morning, (C) take a 

taxi or ride in a car to the laboratory for the test, and (7) 
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avoid a test within four or five days before or after a men- 

strual period. 

The subject upon arrival at the laboratory was requested 

to rest in a reclining position at a comfortable room terlpers- 

turn for at least 30 minutes before beginning the determlnation. 

Thus the standard conditions for a basal metabolism test were 

obtained, i.e., a postabsorpt ve state, lyinL quietly in a re- 

laxed condition both physically and mentally, awake, and com 

fortably warm. 

After resting for 30 ilinutes or longer the body telipera-, 

ture was taken by mouth, two half-minute counts were made of 

the pulse, and without the aub ectls knowledge the 

was counted for a one-minute period. These results were re- 

corded for future reference. 

The machine was filled with oxygen until the pen came with- 

in two inches of the bottom of the kymoi,Taph paper. The app 

ratus was moved conveniently near the subject and the spirometer 

rebalanced if necessary. Tle sterile mouthpiece was attached 

to the two-way valve connection of the breathine tubes. These 

tubes were held in place by an adjustable flexible arm. Ti 

position of the mouthpiece was explained. t the subject and 

that she would breathe room-air until the valve was turned, at 

which time she would breathe the oxyten from the machine. 

nose clamp was applied, the mouthpiece inserted, the kynoiLraph 

drum started, end after a few seconds the valve turned so that " 

the subject was breathirw the oxygen from the spirometer bell. 
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No discomfort was observed under thee conuitions. 
The temperature of the spiremeter bell wee read at the bee 

e:inning, and again at tne end of each eight-minute test. If the 

rise or fall in temperature was one degree Centigrade or more 

an additive or subtractive correction was mede of 0.e cc of oxy- 

gen for each degree of change. Lesser changes were ignored. 

Two tests were made on a subject on 98C,1 of two mornings, 

scheduled as close' together as possible. Four obeervntions enre 

thus obeatned on tech eubject and the mean of the four was used 

as the basal metabolic rate for that person. 

7aen determination was of eight minutes duration but only 

six minutes were ueed for the calculations. Telring the fourth 

minute a "leak teeter" (a 50 g weight) wee placed on top of the 

spirometer bell and left in position for one minute. If the 

connections were air-tight a slight rise would be noticed in the 

tracings of the pen which would drop back in line again when the 

'weight way removed. In case of a leak, this added weight cued 

the oxygen to escape faster and the subject's respirations would 

assume a steeper antle as evidenced b, the graphic record on the 

kymograph paper. When a leak was apparent the test was stopped 

and the nose-clamp, mouthpiece, and connections were tightened. 

Then a now test was made. 

After the first eight-minute determination was finished the 

subject was allowed. to reet five minutes before starting the 

second one. During this time the following information was ob- 

tained: (1) the number of hours of sleep or rest in bed obtain- 
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ed the nicht before, (2) the number of ciaratte s smoked the 

day before the test, (3) the number of cups or coffee consumed 

the previous day, (4) the date of the last nenstrual period, 

(5) the date of birth, and (e) the number of years the subject 

had lived in Kansas. 

The spirometer bell was again filled with oxen and the 

second eight-minute observation was made in the same manner as 

the first. "11; the close of the second test the subject's height 

vas taken in centimeters and her weight In ],d,lo;:ram.s. Also the 

barometric pressure was read.. Before she left the leboratory 

the subject was served a light breakfast consistinit of an 

orane, a graham cracker, and a Llass of milk. 

From. the slope of the respirations recorded on the kyLo- 

Eraph paper it was possible to calculate the amount of oxygen 

consumed over a six-minute period. The size of the spirometer 

tell was such that it contained exactly 20.73 cc of oxygen per 

millimeter of heiOit. ene liter of oxycen has a heat equiva- 

lent of 4.825 Calories under the conditions of this test which 

assumes t the subject has teen consuming a mixed diet. A 

fall of the bell of one millimeter in six minutes is equivalent 

to 20.73 cc of oxygen used in six minutes. This is the same as 

207.3 cc or 0.2073 1 of oxygen per hour. Therefore, 0.2073 

x 4.825 equals one Calorie per hour per millimeter of fall 

in the spirometer bell. Corrections for Pareeetric preasure . 

and teleperature, taken during the basal leetabolisn test, 

were necessary to reduce the consumption of oxyreh to 
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standard conditions of riCe mm at Ou C. 

HtjLTh 

The basal metabolism data for 26 Kansas women of JAJ-4 

years, in .]usive, appear in. Teble 1. These cre computed. on 

the basis of age, height, weight, and surface sren. ey ind.i- 

crto for each subject, respectively, the total calories, calo- 

ries per centimeter, and calories per kilogram for 24 hours, 

en e thr calories per square meter per hour. Also the percent- 

age deviation from the basal rate predicted from the Aub-,W 

Lois standard as modified by ?.00thby and :.iandiford (1925) is 

shown. In the calculation of the means t.e: oats from all four 

basal netabo11sr tests of encli subject were uset ether or not 

they checked within the conventional five percent frequently 

recommended. Young., et al. (1943) fount little Oifferencs in 

reportinr mean basal netabolism computed ty.y using all at or 

only that which checked within five percent. According to 

these workers any selection of date would bias the variance 

and eliminate nearly 50 percent of the observations. oee- 
quently all date were used in this stuay. 
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Tile mean basal metabolic rate of the 26 subjects expressed 

as poreentage deviation from the modified Aub-Du Leis standard 

wee -10.6 (Table 1). This was higher than the findings for a 

slightly younger roue studied by Richardson (1939) who report- 

ed that the basal rate of 25 Kansas women of 25-30 years, in- 

clusive, showed a -11.33 percent deviation. However, in the 

present study 54 percent (14 subjects) had a mean basal rate of 

-15.5 percent. This was considerably lower than that indicated 

by Richardson (193) and suggests that a loweree retie was evi- 

dent for the majority of these older subjects. 

y workers including Harris and 3enedict (1919) have 

screed that as eve increases the basal metabolic rate decreases. 

Later, Benedict (1923) modified this statement by reporting 

that the basal rate remains fairly constant between the ages of 

0740 years. He therefore, assumed that the effects of se 

are less at this particular time of life. ":,hen more subjects 

in these two age-groups are studied the above mean based meta- 

bolic rates may be expected to be modified to some extent. It 

will then be of interest to note if the basal metabolism for 

30-34 year old Kansas women will be lower than that of the 25- 

ze) year women. 

In groupinL the subjects according to the number of years 

they had lived in Kansas, it was found that 31 percent (23. women) 

had made their Lome in this state 25 years or longer. The re- 

maining 19 percent had resided. in this region only seven or 

eight years. The first Lroup was 10.0 percent and the second 



9.0 percent below the eodifiee Aub-Du Bois standard. The sub- 

jects livine in Kenees for many years anparently had a somewhat 

lower besel rate than those livinE here for a comparatively 

short time. Thie raise the question of geographical location 

es a possible factor effectinj basal metabolism. Tilt and 

altars (1935) and Pittman, et al. (1943) have su&jeeted tat 

it may account for elnificant differences in results. 

Of the women in this study, 58 percent (15 subjects) wore 

marriee. For the, the mean basal rate was -9.5 percent. The 

11 unmarried sublects hed a somewhat lower basal metabolism 

averarine 12.1 percent below the modified Aub-ru Bois standard. 

Possible explanations for the higher basal metabolism of the 

married women may be their home responsibilities, the care and 

.manacement of their children, and perhaps the effects of their 

sexual life. However, many studies need to be made involving 

more subjects before any conclusions can be drawn concerning 

the effects of this factor upon basal metabolism. 

The :Teen body temperature for the 26 subjects was 9.0°,P. 

In no case was the so-called normal temperature of 98.6° ob- 

served. The ecn for this study is identical with that report- 

ed by Barnes (1943) for more than 1000 women in whom he found 

that body temperature was never up to normal. Temeeratures 

taken in the early morning, se these were, may be expected to 

be lower than they would be at the end of the day. 73ernes 

(1943) believed women have a more variable an lower body tem- 

perature than men. Certainly the temperature was low in these 
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trzits and Pitt-, et 1. (1943) noted a sirllar mean tempera- 

ture of 97.P for Krnses subjects. :f,rre6 (194) lias 

indicated that a low basal rate tends to saccoen,i a. low body 

ter4yeretre. he also suested tivIt it rla;;- be us a6 by physli-; 

clans as indicative r a need for Lx'; :(1 trap. 
(191) observed that habitual toffee 4.;rinr.,xra bah 

a niche:- Hl metabolism than non-coffee drinkers. in LA 

present tAA:dy 77 prent (SO) subjects vwre coffee drinkers and 

their nflan f8i rte wcs -;7.Zi percent. The renainInc, 51x ub- 

jects Aire '..on-coffee r1n:kers meintained a definitely lower 

evern47. -1.L percent. or tat' coffee 

era, four women consumed at it four cups of coffee (..ally and 

they had s ct.1y kaeher rata beinc only i. percellt 

tl%e no: l M..0 7,40.14) Aandard. These are intertin 

zr,rvations but mom stuales with i-:7,atly increased numbers ere 

needed before any conclusive statements can be modes 

two subjects In this stud7 ar:o:404: am: there WIS 

raniT.e between their 1)ssal rete fare date women aL.0 &;roke 

clarettes about be studied bifore drowine conclusions concern- 

in tne effects of cicaretti aroking upon basal metabolism. 

IC1 vsrletion An.; observeW for each measurement as sho-wn 

in zable or oz.sn2li, the :),7trcerstae (2,e7tations from the 

strrc for the entire croup ronced frvi a low of 1i4.2 to 

high of ,(i. 7:1 Calories per alare niter per :;:or varied 

from 29. c to and total Cslories 1:$5r 4 Lr from 1033.5 

to tedency to ,Jary also true -.hen escL; year 



Table 2. Analis of basal metabolism 

: . 

'.4ubicts :Limits: . 

age : : and :1'2111se/min.:espirations/nin.: 
yr. vtrunber: means: . 0 : 

: . 
. 

iiei6nt : ',:elEnt : ,.:,urfeu.) : 

: : area . 

: kg ; tc,tf:.11 

iQ Irj '2or 

CT 
:6al./sq m/lir.: standard* 

k percent 

. 

7:0-34: 
: 

30 : 

. 

. 

. 

31 : 

: 

. 

: 

: 

32 : 

: 

. 

. 

: 

33 : 

: 

. 

. 

34 : 

4..,: ' ' 

r, 

6 

:Lim:its: 
. . 
. 

:Mean . 

:'ea'. 

: 

:Limits: 
: . 

:Peen : 

* . . 

: 1 

:Limits: 
: : 

:.ean : 

: : 

. 

. : 
. 

:Limits: 
: : 

:Mean : 

: 

. 

. 

:Limits: 
: : 

:Lean : 

;A-12 

62.3 

b1-67 

60.S 

C1-70 

67.4 

51-72 

63.0 

56-68 

61.5 

54-65 

59.2 

. 

: 

* . 

: 

: 

: 

t 

: 

: 

. 

: 

. 
. 

: 

: 

: 

: 

: 

: . 

: 

14-20 

15-23 

17.0 

-lb 

12.8 

14-16 

lt.3 

11-16 

14.0 

All 

:lb,.o-174.0:48.6-A.9:1'-'.. :1033.5-17L6.1:6.6-10.5:17.0-28.1: 
: : . : : 

106.2 : 61.4 : 1.4.7 : 1300.3 : 7.8 : 21.4 : 

Grouped accorLinf., to ae 

:164.0-174.0:49.1-t::,:l.-1-1.32:1268.5-1360.3.7 1:.4 :19.9-23.1: 
: : 

. 
: . : 

, 

7.'.., : 

: 
. 
. . 

:15;33-170.-0:55.6-64.',-:1.56-1.66:1139.3-13W.6:6.-8.8 :19.6-2.0: 
. 

: : : : . : . 

12C9.0 : .9 : 22.2 : 133.9 ; bE.7 : 1..3 : '7 

. . 
: . : . 

. . 
. . : : : . 

:1.3-16.6:46.3-L4.9:1.46-1.74:1033.5-134D.0:6.5-3. :20.3 22. : 

. 
: . : : : : 

: 1o3.6 : 56.6 : 1.00 : 1217.1 : 7.4 : 21.5 
. 
. 

. 
: : . : 

. 

. : 
. 
. 

:160.0-169.5:52.9-96.1.0-.06:1168.3-1786.1:6.9-10.5:18.4-24.0: 
4 

165.6 : 66.4 : 1.72 : 1392.6 : 8.4 : 1.2 : 

:166.0-1C9.:56.-71.4:).(..2-1.70:115::..5-13)1.0:7.n-7.8 ;17.8-21.6: 
. 

: : : : : 

: 64. : 1.71 : ro, : 10.6 : 

r' - --' - 

32.4 

32.1-Z8.1 

33.0 

7.9 
2.b-33.0 

31.7 

29.2-39.3 

33.6 

29.3-31.7 

30.3 

:-1',..r to + 6.4 

,.. :-14.3 Lo 4 - ' 
: 

: - 9.1 

1.. o 4 3.0 

1 

:-18.5 to - 9.0 

-12.5 

: 

:-19.2 to 4 0.4 

- 7.8 

:-1.1 to -12.0 
: 

* 
Aub-Du B013 as modified by Boothby and ..Andiford (1929). 
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of age was studied separately. No uniform rise or fall could 

be observed. However, there was a tendency for the mean of the 

above meaeurements in the 34-year group to be lower than those 

for 30 yeere, indicetinc a fall with increased age. The nean 

weight and surface area rere higher in the 34-year iroup which 

might be expected 118 people over 30 years of age are inclined 

to "put on weight." eut these factor of weight end surface 

area, wilich determine the site of an individual, also affect 

the basal rate, ';() with numbers so few and the factor of size 

entering in, it is not possible to say twat the basal rate de- 

clined from 30 to 74 yecrs, although there appears to be a ten- 

dency in this direction. 

It was of interest to find the range limits of the measure- 

ments for the majority of the subjects. in order to exclude the 

metremee, the middle 54 percent (14 subjects) of tLe women were 

chosen for this analysis. These limits are compered with the 

mean and median for the entire group in Table 3. For this lim- 

ited group the Calorie per square meter of body aurCnce per 

hour ranged from 30.6 to 33.4 while those for the moan subject 

were 32.4 and the median, 71.6. The basal rate varied from 

-14,9 to -7.7 par cent from the modified Aub-f::u Bois atandard, 

while the percentage devietion for the mean and Tedian were 

-10.6 and -12.1, respectively, The weight of this middle group 

ranged. from 55.6 to 65.9 The mean weight wee 61.4 and the 

median 60.3 kg. Tile standard weight for women adopted by the 

Peed and Nutrition noard of the National Qnsearcii Council is 



i1)1 Z. :1,ft ran6e lin 1,tcflM 14 pnt the subjoet-,s corc d. 

41E14 
qm 

C LA or 

total 

1-4 the rlear fincl T1111 64 vn for the LroLip 

C 

fir 
middle 

-cy-ruent 

ta 

p C 

1......11.11W101/10111=0.111.11....Orrit 

: . 4 . . 
4 
41 

: 

. . 

« 1t.6 ; 11.4 . . 1.6'7 : 1500.3 : 7.8 : 21.4 : 
; . I 

. : t 
. . 106.3 10.Z, ; 1.66 : 1264.6 7,7 : 1-0C : ..''A 4, '..:,, 

. . . , . 

rrora 
at erci*,rci^: 
percent 

ZO.3-33.4 

32,4 

*.f.ltb-Ju t'oi4 1 es r;;ocifit by oothby t.zu: dtrorci rniv 
'or nntire 

-14.9 

4 



56 kg. This weight has been widely used for many years for the 

average woman of moderate activity. It was observed that 69 

percent of the entire group (13 subjects) were above this stand- 

ard, showing that these Kanans women of 30-34 years of age tend- 

ed to be heavier than the standard accepted for women. Again, 

larger numbers are needed to prove the point which is indicated 

in t'his analysis. 

To study the effects of size upon basal metabolism (Table 4) 

the factors of surface area, weight, and heiht were considered. 

The extremes for each of those measurements were selected, five 

subjects for each. It was noted that the five largest women 

based on surface area and the five heaviest based on weight were 

the same subjects. Three of these same five were also found in 

the tallest group. There were fewer duplicates in the "small- 

est," "lIghtest," and "shortest" 6roups. From the standpoint of 

surface area or weight the smallest subjects used fewer total 

calories and calories per centimeter of height, but consumed 

more calories per kilogram and per square meter of body surface. 

Also they had a lower percent of deviation when compared with 

the modified. Aub-Du Bois standard which indicated a higher bas- 

al metabolism. On the basis of height the same tendencies are 

evident except the calories per centimeter were identical. 

Body surface expressed as calories per square meter per 

hour is considered the method that agrees best for all individ- 

uals in expressing basal metabolism according to Blunt (1926), 

WoKay (1930), Boothby, Ierkeon, and. Dunn (1936), and Du bola 



Table 4. 7ffc,cts of size upon mean basal metabolism. 

Subjects: 
number : 

.;:urface 

size : 
* 

area 
. sc m 

. 

. totrl : cr.: kg 
* 

Calo- ..)or 24 hrs. : 

: per : per 
: U,1 a/ 

5 
5 

:smallest: i.53 
:IaleLt : 1.35 

!Lightest: 1.54 
:Heaviest: 1.85 

:Shortest: 1.59 
:Tallest 1.79 

* 

: ;eviation from 
standard* 
percent 

On basis of surface area 

: 7.7 23.J 
1403.0 : 3.2 18.0 

-.)n basis of weight 

1224.3 : 7.4 : 24.0 
140Z.0 : 3.2 : 18.3 

On basis of heigt 

1311.7 : 8.2 : 22.3 
1418.0 8.2 21.3 

* 
Aub :}11 '13014 modified by Boothby and andirord 

: 37.7 - 7.0 
: 31.5 

: 33.1 
: 31.5 -13.8 

: 34.3 - 5.4 
: 33.0 - 9.5 

(1929). 
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(1936). however, this study suggests that calories per centi- 

meter per 24 hours rive more consistent results as there was 

closer agreement when the Seta of these women were compared on 

the basis of height than on that of surface area or weight. 

Among the women in this study there were two of the same 

weight (subjects 10 and 13). In comparing their basal metabo- 

lism it was noted that the taller person had a larger sur'ace 

area, consumed rore total calories, and had hither caloric needs 

per centimeter, per ailogram, and per square meter. oho also 

had a her basal metabolic rate as indicated by a smaller de- 

viation from the standard. This agrees with Du Bois (1936) who 

stated that heat production is proportional to surface area. 

Table b snows the effects of age upon the basal metabolism 

of Kansas women. The mean basal metabolic rates taken from the 

available studies of Kansas subjects 16-34 years of age shows a 

decrease in basal metabolism as age increases. This agrees with 

the findings of Harris and L:enedict (1919), Venedict (1920), and 

Pu Bois (1936). The Kansas subjects of 16 years consumed 3.0 

Calories per square meter per hour while the women of 34 years 

used only 30.3 Calories. In contrast to these figures, the Aub- 

Lu Bois standard as modified by Boothby and ;:.ianuiford (1929) for 

these years Is 38.5 ans 36.2 Calories, respectively. This not 

only shows the effects of age upon the basal rate but emphasizes 

that these stEviderds are too high for Kansas women. 

This difference between Kansas subjects and the mosified 

Aub-Lu Bois standar° is developed further in Fig. 1. Penn basal 
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Table 5. Yean basal metabolism of Kansas women 1C-34 years of 

ace compared with standard.' 

: Deviation from : . 

4:e :6ubjects:Cal./sq rn/hr.: .itandardl : standard1,2 

yr. : number : :Cal./sq m/hr.: :percent 
. . . 

. . 

: : : 

1C' : 13 : 3 5.0 36.5 - 9.09 
. 

174 : 33 35.0 : 37.4 - 5.61 
. 

4 0 : 

la4 : 58 . 33.6 : 37.3 - 8.28 
: : 

194 : 77 33.2 37.2 : -11.02 
: 

20-244: 206 32.8 36.9 - 9.48 

: * : 

25-29Q 25 : 32.2 : 36.6 -12.00 

,: : 30-34°: 26 32.4 36.2 -10.49 
a 

. : a 

1Aub -Lu Bois as modified by Boothby and oandiford (1929). 

2 Calculated from Aub-Du Bois standard as modified by Bodthby 
anC Landiford (1929). 

30sbourne (1940). 
4 Pittman, at al. (1943). 

5Pichardson (1939). 

6Present study. 
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metabolic rates of the Kansas subjects, expressed as calories 

per square reter per hour, showed considerable variation when 

the individual years were studied. Variations in the basal me- 

tabolism of women from day-to-day and year-to-year may be ex- 

pected accordilv to defkesbring and Collett (1924), and Hitch- 

cock and 7ardell (1930). However, when the comparison is made 

the same grouping of years used by Aub-Lu I3ois the Irregu- 

larities are less evident and the decrease in calories is prac- 

ticall;, the same so the graph lines are fairly parallel. The 

calories per aquae meter per hour consumed. by the Kansas sub- 

jects are undoubtedly lower than the Aub-Du Bois atandard as 

modified by :Boothby and :Andiford (1929). This agrees with 

3enedict. (1320), ,Aark (1933), and McCord (1939) who reported 

that these atandards are too high for ,omen. 

Numrous studies have been reported on the basal raetabolism 

of collece women In various states but few investigators have 

carried the work beyond the college age to include women of 30- 

4 years. Table C shows the mean calories per square meter per 

hour and the mean outside temperature for four states reporting 

on this older group. As the toperature Increased the calories 

per square meter per hour decreased, showing that the basal rate 

tended to be lower in the warm climates. This agrees with the 

findings of Tilt (1930), Coons (1931), Rogers (1939), and 

Pittman, et al. (1943). 

The altitudes of the cities where the above reports were 

made are: Rochester, Minnesota, 988 ft.; Golumbua, 



744 ft.; fanhattan, Kansas 1002 ft.; and 6tillwater, Oklahovls, 

370 ft. Accod1nf to McKittrick (1C36) the higher basal rstes 

of women in Lsramie, 7loming may be due to altidute (7143 ft.). 

Contrary to this, Lewis (1943) suggested that altitude is not an 

important factor in basal metabolism until a height of 9000 ft. 

is reached. The difference in altitude of the four midwestern 

cities mentioned above is not sufficient to cause changes in 

basal rates. 

Table 6. Wean basal metabolism for women of 30-34 years relat- 
ed to temperature. 

:,.ean . . - 

L.:,tate 
:temeraturebubjects: 

for state : number :(n 
. o 

. . 

:Leviation fron 
./6(1 111/411": standard, 

.,ercent 

Yinneso e 41.7 a 4 - 1.9 

Ohio2 51.2 13 34.0 - 6.1 

Kansas3 57.0 32.4 -10.6 

Oklahoma' : 52.3 31.3 -14.3 

1- -LL:othby Lerkson, and iunn (1936). 
21:,cay (1930). 
3Present study. 

4Coons (1931). 

5t. eather Aireau Climatological :Lista (1941). 

6Yinnesota, 1691-1941; Ohio, 1883-1941; Kansas, 1887-1941; Okla- 
homa, 1692-1941. 

7Aub-Du Bois as modified by Boothby and handiford (1929). 
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1.j A RI 

The mean basal metabolic rate for 26 Kansas women of 30-34 

years, inclusive, way 10.6 percent below the modified Auh-1;u Bois 

standard. For subjects living in Kansas at least 25 years the 

deviation was -10.0 while those living in this state only seven 

or eight years averaged -9.6 percent below the standard. Lds 

work suggests that subjects living in Kansas for man:1 yaars have 

a somewhat lower basal rate than those reaiding in the state for 

a shorter tiale. 

Considerable individ 1 variation was observed for subjects 

of the same are but there appears to he some tendency for the 

basal metabolic rate to decrease from 30 to 34 years of age. A 

more marked decrease in basal metabolism is indicated when all 

the studies available for Kansas women of 16-34 years, inclu- 

sive, are considered. 

In all subjects the body temperature was below the so-call- 

ed normal of 96.60 F. 

Prom the standpoint of surface area or weight the smaller 

subjects had a higher basal rate and used more calories per 

kilogram and per square meter of body surface but consumed fewer 

total calories and caloriea per centimeter. 

As the mean terpernture of Kansas is higher and the basal 

metabolism of these subjects is lower than that obtained by in- 

vestigators in some other states, the results of this work 



get that the basal rate of women tends to be low In Kansas. 

!ore data based on larger numbers ere needed to deternine 

new standards and to make conclusive statements reardinL basal 

nctabollan of women. 
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