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INTRODUCTION

. However important the requirements for specifilc
nutrients may be, the energy rsguirement is primary

end, under ordinary couditions, will be satisfled be-

fore, and even at the expense cf, any other. Even if

the studies 2lready mede were sufficient to settle the

problems of the passt, every new irndustry, lmprovement

in housing, snd changing habits of spending lelsure,

give rise to new problems . . . . (Orr and Leiteh,

1938, p. 509)

Fundamental studles of energy metabolism were conducted
during the early part of the twentleth century. These gtudiles
provided concepts which are basic to our interpretation of the
energy needs of people. Changes in dietsry habits of indi-
viduals, in housing, in mode of 1living, snd in the nature of
occupational and recreational activities necessitate a re-
evaluation of the energy requirements of people.

Swanson et 2l. (1955) have reported evidence that tho
Cslorie value of diets of women of the North Central Region in
the United States was less than the dally energy sllowances
recommended by the Food and Nutrition Board of the National
Research Council (1953, 1958) although there was 2 relatively
high incidence of overweight or obesity among the women. The
dally energy allowances recommended by the Food and Nutrition
Board for men and women are adjusted in accordance with vari-
ations in age, body slize, and climate. Although the influence
of these factors on basal metabolism have been studied exten-

sively, relatively little investigation has been made of them

in relatlon to energy expenditure other than in the basal
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state. Maynard (1953) has directed sttention to the diffi-
culty encountered in meking precise statements 2bout energy
recqulirements because of the variability of energy expenditures
during ectivity and to the need for more informetion about
energy expenditures. .

The objective of the present study wes to investigete the
influence of age and of body weight on oxygen consumption and
indirectly, on energy expenditure of women under bessal condi-

tions and during controlled physicel activity.



REVIEW OF LITERATURE

Men's need for food and his cepacity for physlcel work
have been of interest and concern to people for many years.
Evidence of this interest znd concern 1s recorded in the scl-
entific litersture. According to Lusk (1833, o. 10), the
esrliest report in the literature on whet ~ight be called o
respiraetion experiment is credited to Erasistratus (310-350
B.C.), who "put fowls in 2 jJar and then weighed them end their
excreta both before and after food."

Present-dsy studiles of energy metebolism are Tased upon
knowledge accumulated during the past 70 or more yeers. This
body of knowledge includes:

. + . development of methods and apparatus for the
direct and indirect mersurement of energy exchange and
heat production; applicebility of the laws of thermo-
dynamics to blological systems; determination of the
energy value of foodstuffs, end their efficiency of
utilizetion in a thermodynsmic sence (the specific
dynemic action or S.D.A.); discovery of mechanisms

of temperature reguletion; verisbllity of heest pro-
duction, especislly of the "basal metsboliem," in
response to every known tyove of environmental and
physiologicael change; physiology of musculsr exer-
clse, including messurement of its efficiency;
foundations of the physiological chemistry of energy
metebolism; and finslly, beginning knowledge of the
physiology of energy storege as it occurs in young,
growing animsals or in the adult during the eccumu-
lation of protein, carbohydrste, and fat. (Brobeck,
1948, p. 315).

The history of the development of the science of energy
metabolism has been reviewed by verious suthors (Lusk, 1991;

Mendel, 1923; DuBois, 1936; McCollum et gl., 1939; McCollum,



1957; Shermen, 1943, 1952; Brody, 1945; Carpenter, 1949; Swift

and French, 1954; end Teylor et 21., 1956).
Basal Metabolism

Fectors which influence energy expenditure in the basal
state were studled extensively in the early pert of the cen-
tury. These studles were summerized snd evaluated by DuBois
(1938); his clessic moncgreph provides the source for meny
of our present-day concepts about basal metebolism. The devel-
opment of the knowledge of nutrition, perticularly in the eree
of body composition, has, however, stimuleted a re-evalu=tion
of these concepts in the light of present knowledge.

The eerliest comprehensive study of cheanges in besasl
metabolism throughout the life cycle from childhood to old
age was that of Magnus-Levy end Falk (1899). These investi-
gaetors observed thet basal metabolism wes low in infency,
high in chilldhood, relatively constant during adult life end
decressed with sdvancing age. Since this study, VPrioué in-
vestigators including Benjamin and Weech (1943) ond Lewis and
co-workers (1943a, 1943b) have contributed to our understand-
ing of the changes in tasal metsbolism with sge from birth to
maturlty.

There have been relatively few studies of the influence
of 1lncreasing age during adulthood on basal metsbolism.
Magnus-Levy (1942) compared his own basel metabolism before
and after an interval of 50 years. The data indiceted theat



there had been a decrease of 24 per cent in the utilization of
oxygen in this period. This corresponded to a decrease of 22
per cent in Calories per hour. Observations of the basal
metabolism of five ®professors" were also reported. These
individuals had a lower energy expenditure than at an earlier
age.

Christensen (1949) compiled values for besal metabolism
from 16 studies which were reported in the period between 1916
and 1945 1n an attempt to evaluzte the influence of age on
basal energy expenditure. The total number of subjects ob-
served was 761; there were 358 males and 403 females. There
apreared to be a trend toward the reduction of basal metabo-
lism with advaneing age. Christensen reported also the bagal
metabolism of 47 women whose ages ranged.from 32 to 76 years.
These deta did not appear to indieate a change in basal metab-
olism with age. When, however, the data obtalned by Christen-
sen were combined with data for other women of the same geo-
graphlcal area, it was found that the basal oxygen consump-
tion, expressed as Calories per square meter per hour, de-
creased with esch decade from 30 to 59 years. An increase
in oxygen consumption for women in the seventh decade was
followed by a decrease in the next decade. A total of 620
women were included in this series (Leverton et sl., 1957).

Shock and Yiengst (1955) reported basal respiratory

measurements and metabolism on 152 men ranging in age from 41



to 90 years. Values for these subjects were grouped with
those reported in the literature for men of comparable age.
There wag a linear regression of bassl heet productlon of
males on age; the predicting equatlion was

Cal./sq.m./hr. = 40.22 - 0.110 age {(yrs.).

In contrast, no evidence of = decrease in basal metabo-
lism with advancing sge was found in a study of 17 men end 17
women ranging in age from 60 to 83 yeers by Miller et 21.
(1957). In this study the Benedict-Roth apparatus snd the
DuBois chart for estimating body surface in square meters were
used.

The interpretation of date from studles of energy ex-
penditure may very with the unit of expression which is used.
Energy expenditure of an individusgl, expressed as Calories per
hour or 24 hours, represents a summation of the influences of
different characteristics of the individual on the totai'heat
production. Early investigstors ir energy metabolism recog-
nized that musecle tissue had a higher metebolie activity than
did fatty tissue which until recently wss considered to be
inert. The spparent dependency of heat vroductlion upon sur-
face area was investigeted by Rubner (1883) who formulated the
Law of Surface Ares, 1.e., that the heat vslue of the metabo-
lism of a resting individusl 1s nroportional to the area of
his body surfsace.

Estimations of surface ares have been limited by the



lack of a suitable method. Meeh (1872) expressed the surface
of animals as

s .-k - w/3
S represented surface area in decimeters and W was the body
weight in kilograms. DuBois and DuBois (1916) developed a

formula for surface area of humans,

s

where S i1s the surface area in centimeters, W is the body
welght in kilograms and L 1s the body length in centimeters.
The formula was based on careful measurements of the surface
area of 2z few men and women. The formula of DuBols and DuBois,
or modifications of the formula, have been used during the
pest half century for estimations of surface area of persons
of verious ages. Varlous formulae and nomogrems have been
developed for predicting basal metabolism per unit of surfece
area or gs & function of heilght snd of welght of so-called
normel individuals (Aub 2nd DuBois, 1917; Harris and Benedict,
1919; Drever, 1220; Krogh, 1923: Boothby et a&l., 1936; and
Robertson and Reid, 1952).

From studles at the Carnegie Nutrition Lsboratory of the
metabolic rates of animals, Benedict (1938) concluded that
basal metabollism was not related to body surface srea but was
influenced by several independent factors including age,
welght, helght, sex, the amount of sctive protoplasmic tissue
in the body and the internal stimulus to cellular asctivity.



Variations in the stimulus to cellulsr activity were attribut-
ed to age, sleep, prolonged fasting, charsascter of the diet and
the after-effects of severe muscular work. Davenport (1923),
in his study of the hereditary factors of body bulld, sug-
gested the possibility of internal biochemicel differences

due perhaps to hereditary factors'working through special
organs that influence metabelism, notatly the endocrine
glands.

Brody (1945, p. 383) investigsted the bassl metabolism of
animals of different species and concluded that basal energy
metabolism did not vary with the first power of body welght,
with w2/3’ or with anztomle surface 2rees; 1t veried directly
with "metebolically effective body welght." If the meta-
bolically effective body weight was designated es Wb, the
velue of the exponent b was 0.73 for manylenimals "ranging
from mice to cattle, and perhaps elephants® including man.
According tc Brody, the basal metabolism, in Calories per
hour, could be expressed as 70.5 times the body welght in
kilograms raised to the 0,734 power.

Kleiber (1947) in a comprehensive review of the relation
of body size to metabolle rate, stated that the metabolic rate
of homeotherms was correlated positively with body size:; this
correlatlon was high when the metsbolism was measured under
standard conditions. According to Kleiber, the metabolic rate
divided by the three-fourths power of body weight was inde-



pendent of body size and the body weight in kilograms raised
to the three-fourths power expressed the metabolic size of an
animal in kilogrsms. Von Schelling (1954) hes presented math-
ematical deductlons to support the validity of the 0.73 power
of weight as a unit of expression releting metabolism to body
size. His work indicsted that there weas 2 surprislingly narrow
range for the exponent of weight for homeotherms 2nd that the
ex- )nent was less thsn 0.74 and greater than 0.72. The use of
the unit of metabolic btody size, whether 0.73 power of weight
or 0.75 power of welght, has been of value, particularly in
comparative physiology.

Development of methods for indirect estimation of leern
body mess (Spector, 1956) may mean thot in future studies
metebolic rate may be expressed in terms of active protoples-
mic tissue. Within the immediste future, however, the direct
benefit of such techniques may bte to test the valldity of com-
monly used expressions. As an example, Johnston snd Bernstein
(1955) used the nomogram of Boothby et al. (1936) for estime-
tion of the surface srea of 17 women. Lean body mass, thet 1is,
the difference between total body weight and fet mess, was
estimated from the total body water of the women. The lean
body mess was highly correlated with surfsce area. The rela-
tionshlp of cell mass to surface ares also was highly signifi-
cent. The basal oxygen consumption of the women was highly

correlated with surface aree, lean body mass snd with cell
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mase (r equallied 0.91, 0.94 end 0.97, respectively).

The influence of body welght on metabollc rete in the
basel stete is dependent upon the character of the components
which comprise the total body mass. Johnston and Bernsteln
(1955) investigated the oxygen consumption of overweight and
underweight women as well es8 "normal' women. The subjects
“veried in age from 21 to 59 yeers snd ranged from 60.0 to £84.0
per cent of standard body weight. Basal oxygen consumption
ranged from 140 to 357 milliliters per minute or from 85 to
136 milliliters per square meter per minute. These workers
estimated that the pefcentage of body fet which corresponded
to 100 per cent standerd weight wes 36 per cent. "Obesity tis-
sue" was estimsted to contein 24 per cent cell mass, six per
cent extracelluler fluid and 67+ per cent fat. The incresse
in cell mass with lncrease in obesity tlissue contributed to
an increase in oxygen consumption among the overweight women.
According to Keys and Brozck (1953), the intensity of basal
metabolism per unit mass of nonfét tissue in the body is not
reduced with lncreassing obesity.

From the time of Magnus~-Levy end Felk (1899) it hes been
accepted that the metabolism of women is somewhat lowar than
thet of men. Benedict snd Emmes (1915) and Gephart snd DuBois
(19216) found that values for women were from five to seven per
cent less than for men. Benedict (1928) reported that the

basal metsbolism for males exceeded that for females by 12 per
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cent. Kis€ and Ochi (1934) observed that the differences in
basal heat production between sexes became smaller with in-
crease in age. At present, 1t is uncertain whether the 4if-
ferences in basal metebollsm which have been observed between
men and women reflect only differences 1n body composition or
whether some additional factor msy be operative. DuBoils
(1936) suggested that the lower metabolism of women was per-
haps due to 2 sex difference in the endoecrine system. Keys
and Brozek (1953) however have interpreted data from the
literature and from their own studies to indicate that the
basal metabolism per unit of fet-free body weight may be sim-
1lar for women and men.

The relative constancy of the bssal metabolism of an
individusl from day to day under uniform environmental condi-
tions has been recognized for many years (DuBois, 1936): this
constancy may be sttributed to various homeostatic mechanisms
{Cannon, 1929). Changes in environmentsl factors may, how-
ever, result in alterations in basal metabolism. Rogers
(1939) reported that college students had a less uniform basal
metabollsm than a group of non-students and attributed the
difference to the more settled manner of living of the non-
student group-.

Effect of environmental temperature on métabolism has
long been recognized, and 1t has become standard practice to

meintain room temperature in a zone of thermal neutrality
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during the administrstion of beassl metabolism tests.

Apparently, climete influences metabolism more than alti-
tude. Reports of carefully conducted studles indicete 2itl-
tude has 1little, if any, influence on the beszl metabolic rate
(I11ff et gl., 1940; Lewis et #l., 1943c, 1943d). Observe-
tions of tesal metabolism thet are somewhst lower then the so-
called normszl hove been reported from studies conducted in the
gsouthern and southwestern parts of the United Ststes (Tilt
and Waters, 1935; Naldandov et s81., 1238; Thompson et al.,
1948;: end Thompson, et 21., 1959). Reports indicate that
individuels living in tropicel eress have lower metebollc
rates, based on body size, then individuals living in the
temperate zone (Mason, 1940; and Galvdo, 1948).

According to DuBois (1836), there aoveered to be distinct
racial influences on basal metabolism apart from the effect of
climate, although no satisfactory explenetion wss evailable to
account for the racizl.differences. Quiring (1951) reported
that reaeciel differences had 1little, if sny, effect on basal
metabolism. It is plausible that some studles of the influ-~
ence of basal metabolism attributed to race have been con-
foﬁnﬁed by climatic and dletary fectors.

The reletive constancy of the basal metabolic rete of an
adult does not appeer to be changed by altering the diet from
day to day. However, low basal metabollic rates have been

observed in indlividuals who has subsisted on a low-protein,
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vegetarisn diet over e long period of time (Wekeham and -
Hansen, 1932). Semi-starvation also hes been observed to
cause a decresse in the besal metabolism (Keys et gl., 1950).
Thus the plane of nutrition may affect the bssal hezt produc-
tion over time a2lthough dally verlations in dietary intzake

for short periods of time ére not reflected in chenges 1in
basal metabolism.

The hest production of an individual whose body tempera-
ture i1s more than or less than his customary tody temperature
1s not consldered a true mezsure of the basel metabollsm of
that individuel as the term is customerlily defined.- DuBois
(1938) found from s summery of studies of besal metabolism
of subjects with fever that there was 2 rise in heat produc-
tion equivalent to about 7.2 per cent for esch Fahrenheit
degree rise in body temperature.

The average decrease in metabolism during sleep has been
reported to amount to about 10 per cent (Benedict end Carpen-
ter, 1910; Benedict, 1924; Kleltman, 1929; and Mason and Bene-
dict, 1934). Although Grollmen (1930) found no difference in
oxygen consumption for individuels asleep and lying awake, he
observed that oxygen consumption decreased gradually to a min-
lmum sbout six hours after the onset of sleep snd this minimum
was about 10 per cent below the bassal rete. Passmore and
Durnin (1955) concluded that metebolism during sleep was not

appreciably less than basal metebolism due to the effect of
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the lsst mesl prior to the bteginning of ¢ night's sleep 2nd to
varistion in the depth of sleep ené in bodily movement through-
out the night.

Athletic treining enpesrs to heve no effect on metebolism
in the bssel stete 2lthough higher values have teen obirlned
in tesel metsbolism studies of active, musculer individuels
then hsve teen otserved for noorly nourished, rel-tively in-
active individusls (DuBois, 1938). This dirference hss been
afttributed to The reletive diiferences ir the emounts of
muscle tissue present.

Revorts on the effect of menstrurtion on tessl met-bolism
heve indicated & wide veristion in vestterns of individuels
during the menstrual cycle (DuBois, 1938). Generelly, brsal
metetolism 1s considered to reesch its meximum one to two days
tefore the menstruel flow, i1s lowest during the menstrusl
period, efter which it tends to rise slowly with some indice-
tion of =nother rise mid-wey of the inter-menstruel veriod.
Since there is 2 possibility of # cyclic vettern with menstru-
ation, it hers been customery to mersure besel metstolism on

women £t 2 time other then during the menstrual period.
Energy Expenditure During Activity

Both direct end indirect calorimetry heve been used in
the investigation of energy expenditure during sctivity es
well g in the basal stete. Psrticularly for studies of the

meteabolic cost o1 zctivity, however, methods of indirect
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calorimetry have been advantageous snd have permitted observa-
tions of tfﬁes of sctivity which would not have been feasible
in a room ca=lorimeter. The principles of direct and indirect
calorimetry have been reviewed by Swift and French (1954) .

In the initial respiretion studles, meesurements of
energy expenditure under conditions involving different
amounts and kinds of physicel activity were hampered by the
weight and bulk of the equipment thet wes used. The develop-
rment of 2 small, light-weight, porteble respirometer or dry
gas meter reported by Kofrényi and Michaelis (1940) expedited
investigations of energy expenditure under & wide veriety of
conditions. This respirometer, welghing ebout 4 kilogrems and
of e size thet could easily be carried on the back of a sub-
Ject, measured the totel volume of expired 2ir while it simul-
teneously dilverted a representative portion into 2 smell rub-
ber collection bag for anslysis.

The detalls of construction asnd operation of the Kofréhyi—
Mlchegelis respirometer and its use as a new technique in in-
direct calorimetry have been reviewed and evsluested (Mﬁller
and Franz, 1952; Insull, 1954; and Durnin and Brockway, 1959).
This respiroreter has been compsred with the Douglss btag as &
means for determining energy expendltures during a veriety of
simple ectivities (Orsini end Passmore, 1951; and Passmore et
8l., 1952). It was found thet in most cases the difference

between the amount of oxygen consumed as messured by the
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respirometer and the Dougles beg was less then 0.10 cubic
centimeter, with the difference expressed in terms of energy
production being negligible.

The extensive lltersture on investigations of energy ex-
penditure during asctivity has been reviewed by Pessmore and
Durnin (1955) slong with 2 criticel anal&sis of the factors
which influence the metabollic cost of activity.

Similer parameters have been used to express the meta-
bolic cost of esctivity 2s heve been used for basal metebolism.
Ae mentioned above, interpretation of dats from studies of
energy expenditure may very with the unit o} expression which
1s used. Energy expenditure meassurements have been oresented
in diverse ways in the litereture, thus the results of differ-

ent suthors ezre difficult to compare. Gross Calories and Net

Calories have been used to express the metesbolic cost of an

activity. Net Calories have been changed from Gross Calories

ﬁith corrections for basal metestolism and/or specific dynamic
action. Energy expenditures have been expressed as Calories
per hour, per 10 minutes, per minute, vwer souare meter of body
surface area, per kllogram of body welght, per gross body
welght, and per fat-free body weight. Much caleulation must
be done btefore such data can be compared. Durnin (1959), in
reporting hie study on use of surface area and body weight as
reference standards, has cazlled attention to the need of s

uniform manner for expressing results of measurements of energy
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expenditure. He studled results of energy expenditure meas-
urements of sbout 160 subjects, using granhs snd 2 multiple
regression analysis, and concluded thst surface ares wes no
more useful as 2 stendard than gross body weight. Beceouse
veight can be e2sily end accurately messured vherees surface
erea 1s 2 calculeted not 2 meesured unit, he advocoted ex-
pressing energy expenditure as gross Calories per minute ner
gross body weight, or 2s gross Calories ver minute with the
weight of the subject =21so given.

Although the influence of such factors 2s epe, body size,
sex, and rece on besal metebolism has been studied by various
workers, there have been relatively few studies of the influ-
ence of these factors on energy expenditure during physicsal
activity. In 2 study of the energy expenditure of 2 groun of
middle-aged housewives and their adult derughters (Durnin et
sl., 1957), a decrease in energy expenditure with age wes ob-
served. These workers considered 2 decrement of three ver
cent per decade to be in keeplng with their results. Mahadeva
et al. (1953) reported the energy expenditures of 50 subjects,
35 men (28 European and nine Asiatic) end 15 women (all Euro-
pen), during walking and stepping tests and concluded that
the factors of age, height, race, sex, snd resting metabolism
had 1little influence on energy expenditures. Thelr results
were interpreted fto indicate that in physlcal sctivity involv-

ing the movement of body weight the energy expenditure cost
was directly proportional to body weight.
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The deta presented by Mshadeva et al. (1953) do not
appear adequate to indlcate that only body weight, and not
age, hed any influence on the energy expenditure of women.
The‘range of wéight of the women studied wes 56 to 72 kilo-
greme, and the meen weight was 65.7 kilogrems. The age range
was 14 to 53 yerrs with a mean age of 26.6 yeerrs. The distri-
bution of the ages by decesdes was as follows: second decede,
four subjects; third decede, seven subtjects; fourth decsade,
two subjects; fifth decade, one subject; and sixth decade,
one subject. The relatively limited number of sutjects dis-
tributed over 2 wide range of age would appeer inadeauate to
segregate the effect of age, if any, from other charecteris-
tics of the subjects.

Attention has been given to different factors which might
contribute to veriability in results of studies of energy
expenditure. ZErickson and co-workers (1946) investigeted the
possibility thet repested performances might result in e
reduction in the metebolic cost of walking on a treadmill
under stendardized conditions; however, no influence of tralin-
ing was apparent. The physicsl fitness of the subjects hes
been found to influence the results obtained with both men
end women (Methany et al., 1942).

The possible influence of the food taken before a physi-
cal asctivity test hes been studied (Orr =nd Kinloch, 1921;
Mshadeva et gl., 1953; and Durnin end Weir, 1954). Mahadeva
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and his sssocliates reported that the specific dynamic =2ctlon
of food amounted to two Calories per 10 minutes 2t the most,
and the coefficient of veriation observed during exerclse was
less than that observed under besal conditions. Durnin and
Weir studled the variztlion in the metabolic costs of five
activities carried out at five different times on five con-
secutive days. They found differences between subjects and
between activities to be highly significant, with no signifi-
cant differences between different times of the day or between
days. Since the varietion within the five sctivities in-
creased with the metsbtolic rate, the authors expressed the
data logerithmically and found that the differences between
times of the day then were significent.

Robinson (1942) compesred the energy exchange of a large
man with that of a small men both exercising to exhaustion on
the treadmlll under conditions of high temperasture and humid-
1ty; it was concluded that the factors studied did not affect
the efficiency in performing the work but did asffect the com-
fort of the subjJects. The small man was able to maintzin heat
balance; the large man was not able to dissipate all of his

body heat.

Energy expenditure during walking

The rate of walking has been observed to have a direct
effect on energy expenditure. Data reported for horizontal

movement at varylng speeds, from one mile per hour to 10 miles
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per hour, in studies conducted in laboratorles in five differ-
ent countries have been summarized (Passmore and Durnin, 1955)
and the energy expenditure observed was lineerly proportizaal
to speed over the range of spproximetely two to four miles per
hour with the expenditure increasing st faster retes st the
higher speeds. The weights of the sublects in these studles
were between 60 and 78 kilograms. Walking 2t s slow rate,
-1.e., at 2pproximately one mile per hour, has been reported
(Smith and Doolittle, 1925; Benedict and Parmeter, 1228) to

be tiring and boresome to the subject end uneconomical with
respect to energy expenditure; energy expended for work
accomplished was higher than that expended during walking et
twice the speed.

As mentioned above, Mshadeva et 21. (1953) investigated
energy expendliture during walking. His subjects walked on a
level 1indoor track a2t a constant speed of three mlles ver
hour; energy expendlture was found to be proportional to body
welght. The calculated energy expenditure during walking
renged from 251 to 268 Calories per hour.

Many measurements hsve been made of grede walking, both
outdoors and on a treadmill. The outdoor studies, for the
most part, were done eilther at high altitudes or with the
heavy, c¢lumsy Zuntz apoaratus (Passmore and Durnin, 1955).

The inclinations used in one series of studies of grade walk-

ing were zero, five, 10, 15, end 25 per cent (Margaria, 1938).
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Keve et gl. (1950) observed energy expenditures of 16 healthy
male subjects, average weight, 70.6 kilograms, walking st 5.6
kilometers per hour up a 10 per cent incline to be 534 Cal-
ories per hour, 2 figure thaet comprred fevorebly with the
findings of Margaria (1938).

Indivicduel varietions in the response of subjects to
standerdized ectivity tests with the treadmill heve been ob-
served and reported (Ferres et 2l., 1954), and emphasis has
been given to the importance of giving attention to these
variations.

Mean values for subjects walking on a horizontel plane
at a rate of one mlle per hour have ranged from 78 Calories
per hour {Swartz, 1929) to 108 Calories per hour (Orsini snd
Pasesmore, 1951). Smith 2nd Doolittle (1925) reported a mean
value of 109 Calories per hour for walking st two miles per
hour. This was nearly identicsl to the value of 108 Calories
per hour reported by Erickson et al. (1946). Other mean
values of sublects walking on the horizontal at this speed
included 211 Calories per hour (Dougles and Haldane, 1912)
and 237 Calories per hour (Benedict and Murschhauser, 1915).
Mean values for walking on a level at three miles per hour
have ranged from 156 Calories per hour (Smith and Doolittle,
1925) to 300 Calories per hour (Douglas and Haldane, 1912).



Stepping tests

Stepping tests of various kinds have been used in studles
of energy expenditure 2s well as for appreising nhysicsl fit-
ness. The tests ere useful for such purposes tecsuse they are
simple to administer, end the work loesd can be controlled with
relestive eesse.

Verious modificetions of tests bssed unon stepping have
been used in different leboratéries. In general, the modifica-
tions heve been with respect to the length of tire of the test
end/or the height of the step used so that there has been con-
siderable veristion in the work performed by the subjects.
Three step heights were studied by Pessmore and Thomson (1950),
who found thet stepping 2t the rate of 14 to 18 steps per
minute on a lo-inéh step was representative of the renge for
optimel efficlency for stepping. In an investigation by
Mahadeva et 8l. (1953), subjects stepped onto & 10-inech stool
at the rate of 15 steps up and down per minute in ceadence with
a metronome; energy expenditures renged from 272 to 289 Cal./
hr. Statistical anelysis indicated that energy expenditure
during stepping was directly proportionsl to body weight.

Ford and Hellerstein (1957) used s two-step plstform with

9-inch risers and a test that involved 20 trips over the steps
in 90 seconds (the Master two-step test). The oxygen consump-
tion of the subjects wes 6.8 times the resting oxygen consump-

tion and the average energy expenditure was approximately 510
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Cal./hr.; this test was considered to be "moderately severe
exercise."

Seversl stepping tests have been used for clinical evalu-
ation of physical fitness based upon cerdlovesculer response
to 2 stendard amount of exercise. The effect of varylng the
height of the step on ceriiovasculer response wes evaluated
by Elbel and Green (1948), using seven stepplng tests which
had teen reported in the litereture between 1920 and 10944.

The step heights studied included & 13-inch block, & 13-inch
stool, an 1l8-inch cheir, 2 20-inch tench (the widely-used
Herverd step test), sn 18-inch pletform, 1°- end ?0-inch
benches, and a two-step platform with ©-inch risers. Exercise
periods of 30 and 60 seconds were used for eech step height:
the inecrement in the pulse rate 2t one minute after exercise
was.not influenced specificalily bty the height of the step or
by the length of the exercise period. Sloan (1952) reported
the use of a modified Harvard step test for women. He found
thet healthy young women performing the test on a step 17
inches high had fltness indexes comparable to those of healthy

young men stepplng at the standard height of 20 inches.
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METHOD OF PROCEDURE
Experimental Plan

The influence of =2ge and body size on oxygen consumption
and indirectly on energy expenditure was investigated for
women during controlled physicel activity end in the basal
condition. Controlled sctivities were resting, walking on 2
treadmill at two rates of speed and stepning on 2 two-step
platform.

Thirty-five women perticipated a2s subjects in the tread-
mill series. The women were selected according to age 2nd to
tody weight. One group, which served es a reference for com-
parison, consisted of seven women who were in the age range of
25 to 34 yeers and who were of desirable body welght in rela-
tion to height znd age. The other subjects were distributed
among four groups with seven subjects in each group. Two
groups represented variations in age and two groups represent-
ed deviations in body welght from the desirable body weight.
Five subjects, selected at rendom, partlicipated in the stepping
tests.

The energy value of the diet end the protein snd thiamine
intakes of the subjects were estimated from two 24-hour diet
records obtained by recall at different times during the study.
Medical histories were ottained for each subject and anthro-

pometric measurements inecluding skinfold thicknesses were

determined.



24
Sutjects

Forty women subjects were selected from volunteers 1in
the community of Ames, Iowa. They were avperently in good
health according to physical examination and medical his-
tories. All were sctive or moderetely actlve; the subjects
included graduste students, women engaged in professioneal work
and homerakers. All were on self-selected diets. Nineteen of
the women hed married snd 12 had had children. Each women was
visited before the tests were administered and the plan of
procedure ves described. Special emvhasls was glven to the
necessity of maintaining her customary routine end food intske
pattern during the period of study. None of the subjects had
perticipated in e study of energy expenditure previously.

Thirty-five subjects participated in standardized walking
tests. The subjects were selected according to age and body
welght and were distributed among five groups with seven sub-
Jeets in eaéh group. Groups A, B, end C were composed of women
who were underweight, of desirsble body weight and overweight,
respectively. Subjects in Groups A, B, and C were young, adult
women within the age range of 25 to 74 years. ©Subjects in
Group A had body weights that were 10 per cent or more below
desireble body welghts for their ages and heights. The over-
welght subjects in Group C were 15 per cent or more above de-
sireble body welghts for their ages and heights. Subjects

in the reference group, Group B, were withln +15 to -10 per cent
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of the body welghts considered to be desirable for thelr
heights and ages. Evaluations of desirable body weight were
based upon clinicel apprailsal, snthropometric messurements
and standard height-weight-age tables (Metropoliten Life In-
surance Company, 1951).

Subjects in Groups B, D gnd E were 2ll considered to be
of desirzble body weight in relation to height snd age. The
women in Group D were within the range of 45 to 54 years of
age; women in Group E were in the age rsnge of 65 to 74 yesrs.

‘Five women participated in a standardized step test.
The subjects varied in age from 16 to 43 yeers and in body
welght from 51.1 to 70.0 kilogrems.

Basal Metabolism

Oxygen consumption during the basgl state was measured in
duplicate on two non-consecutive deys within a 7-day period.
Measurements of basal metabolism were made 2t 2 time near the
period when the subjlects worked on the treadmill but not always
within the same week.

The subject wss given instructions for the basal metabo-
lism test several days prior to the day of measurement. The
subject was ssked to eat her usual mesl on the nlght before
the test and to consume no food or beverage, other than water,
after the meal. BShe was requested to obtuin at least eight
hours of sleep or rest in bed snd to engege in no physiecal

getivity after rising other than the minimum amount required
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for dressing. The form used for instructions for the bassl
metabolism test 1s given in Table #5 (in Appendix).

The sutject wes brought by sutomotile to the laborstory
as soon as possible after srising. Immedistely upcn arrivel
she was zsked to 1lle down end wes left 2lone for 30 to 45 min-
utes for complete rest in 2 room thet wrs kept 2t a comfort-
able tempersture and wes free from externel disturbence. Many
of the subjects slept throughout the rest period. Neesr the
end of the rest period, the oral temperature was meessured end
the pulse 2nd respiration rates were observed and recorded.

The beszl metasbolism wes messured by two methods. In one
procedure the amount of alr expired by the subject for two
eight-minute periods wes measured with a Kofrényi-Michaelis
respirometer,a and aliquots of the expired air were obtalned
in a rubber collection basg for anelysis of carbon dioxide and
oxygen. The aliquot of expired air was sampled continuously
throughout the test period and wes ecuivelent to 0.6 per cent
of the expired eir. At the end of the eight-minute test
period, the 2liquot of alr wss transferred immediately to a

Baily gas sampling bottle®

and held over mercury until anal-
ysis of the gases was completed.

The second procedure which wes used for messurement of

®Des Max Planck-Instituts fur Arbeitsphysiologie,
Dortmund, Germany.

bA. H. Thomas Co., Phlladelphia, Pennsylvania.
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basal metebolism was the customary clinical procedure and wes
cerried out with 2 Penedict-Roth Metsbolor.? In this pro-
cedure, a spirometer wes fllled partielly with oxygen of med-
lcal grade. The system was s closed system 2nd the carbon
dioxide from the expired air wes sbsorbed by sodas lime. The
amount of oxygen consumed during e verlod of six minutes was
determined from the height of the spirometer a2t the beginning
and end of the test. The mersurement was repeated for =
second six-minute test pericd.

Immedlately following the determination of basal metab-
olism, body weight was determinedb end stature was messured,
with the subject wearing & minimum of clothing end no shoes.
No correction wes made for the weight of the clothing.

Weight was recorded to 0.01 kilogram. Stasture wses mess-
ured on a platform having a broad, hesvy bsse and 2 rigld
vertical upright to which standard meter sticks were atteched.
The upright was 72 inches high, snd of the same width as the
plstform. It provided a so0lid support for the back. Thé sub-
Ject was required to stand with the head held comfortsbly
erect, the shoulders, buttocks, and heels touching the up-
right, and the feet parallel. A hardwood trisngle in contact
with the upright was brought down to touch the subject's hesd.

An urine collection was obtained with the subject record-

8Werren E. Collins, Ine., Boston, Massachusetts.

bpilatform belsnce, Howe, Rutland, Vermont.
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ing the time of voiding urine. This collectlon was measured,
diluted to volume, and en aliquot was frozen and held until
snalyzed for niltrogen. Data from the urine snalysis were used
in caleulating the non-protein festing respiratory cuotient.
The subject was served breakfast after the period of ob-
servations, tests, and measurements. Beceuce the investigator
was aware of the importance to the study of obtaining send
maintaining the interested cooperation of the volunteer sub-
Ject, efforts were made to offer the kind of breskfast she
would enjoy snd to make the breakfast period =s plessant =s

possible.
Anthropometric Measurements

On one of the two test mornings certain sdditional ohysi-
cal me=surements were made. These additional measurements were
14 in number, as follows: transverse and anterior-posterior
diameters of the chest; bi-iliac and bi-trochanter width;
upper arm girth, both right and left, at s point midway be-
tween the tip of the shoulder and the tip of the elbow; mex-
imum calf girth, both right and left; strength of grip in each
hand; 2nd four skinfolds (upper arm, both right and left st
a point just below the insertion of the deltoid muscle; chest,
right frontsl, at s point just below the rib cage; end chest,
right dorsgl, just below the bsse of the scepulas). These
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measurements were made with & standard metel caliper,a )
dynamometer for measuring strength of grip,b and e flexible

steel tape czlibreted in tenths of a2 centimeter.
Standardized Activities

Walking the treadmill

Walking tests were administered to 35 subjects over e
period of 10 months (Jenuary through October, 1952). The code
numbers sssigned to the subjlects participating in these tests

are presented in Table 1. The tests were given in series to

Table 1. Code numbers of subjects verticipsting in the
walking tests

Age
Welght 25-34 yeers  45-34 years  65-74 yeers
More than
10 per cent below Group A
"desirable" weight Nog. 1-7
Within +15 to
-10 per cent of Group B Group D Group E
"desiresble" weight Nos. 1-7 Nos. 1-7 log. 1-7
More than
15 per cent sbove Group ©
"desireble" welght Nos. 1-7

8Calipers for trunk messurements  Czechoslovakia; cali-

per for_skinfold measurements (constsnt-pressure csliper, 10
m./mm.2, with circulsr jaw faces measuring 40 mm.2), Rissoli,
ologne, Italy. ‘

bX. W. Sheerer, Germany.
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the subjects. One subject from each group perticipsted in
each series of tests; there were seven series of tests. The
first serles of tests was given to subjects 1A, 1B, 1C, 1D,
and 1E. The second series was given to subjects 24 through
2E. A gimiler pattern was followed for the succeeding series
of tests, with the last series including subjects 7A through
7E. Insofer as the veried ectivities end responsibilities of
the volunteer subjects would permit, the tests were given at
random to the women who participeted in any one series.

The walking tests were given in duplicate to each subject
on two non-consecutive efternoons. Energy expenditure wes
meesured for the sublect in a resting stete preceding the
period of actual welking. The sublect ceme to the lakborestory
about one hour after the noon meel. Wearing a minimum of
clothing, she rested ir bed for spproximately 30 to 45 min-
utes. Oral temperature was measured and pulse and respiration
rates were observed snd recorded prior to collection of ex-
pired air. When the subject appzered to heve relesxed complete-
ly, expired air volumes were measured for two eight-minute
periods, and aliquots were collected for analysis, using the
same procedure that wes used in the besal metabolism tests.
Data from the analyses of these samples were utilized to cal-
culate a2 bese line with which oxygen consumption during walk-
ing could be compared.

After her resting tests the subject was welghed with a
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minimum of clothing, her stature was measured, and a timed
urine collection was obteined. This collection and the one
collected following the walklng tests received the same treat-
ment 2s the collection mede following the basal metabollsm
tests.

A treadmilla ad justed to a four per cent incline, wes
used for the walking tests. This treadmill wes located 1in e
large, light, pleesant, well-ventilzted room that could be
kept comfortebly werm in winter. The room was alr-conditioned
for summer comfort.

Dressed for indoor sctivity end for welking comfort, the
subject walked on the treadmill for two 15-minute periods
while weering the respirometer on her back. The meter welghed
approximetely eight pounds. No correction was made for this
weight. Differences in energy expended in welking with or
without carrying the meter hrsve been found to be insignificant
(Insull, 1954). Immediotely preceding the walking tests e
brief explanction snd demonstration of the procedure to be fol-
lowed was given with the subject participating in the demonstre-
tion. On the first test day the first 15-minute walking period
was at the rate of two miles per hour; the second 1l5-minute
period, three miles per hour. The order in which these rates
for walking was used was reversed on the second test day, with

the subject walking first at three miles per hour, then at tﬁo

2A. R. Young, Power Trensmission Engineers, Indianepolis,
Indiana.
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miles per hour. During the last five minutes of esch 15-
minute walking period the volume of expired alr was measured
and an o2liquot was collected for enalysis.

Following each 15-minute welking period the sublect
stepped directly from the moving treadmlll to en odjacent
pletform and seated herself in a comfortatle arm chelr to rest
while the volume of expired sir wes messured and 2n eliquot
collected over a veriod of 10 or more minutes 28 & basis for
determination of oxygen debt. During this time pulse rate was
observed and recorded at approximstely one-minute intervels.
The resting-after-walking period wes terminsrted when the pulse
rate approached or returned to the previously observed resting
pulse rate. There was 2 10-minute rest period for the subject
between the two walking periods. During thies time the subject
moved away from the treadmlill to another psrt of the rocom and
sat quietly at rest. Immedistely after the second resting-
sfter-wslking period an urine collection was obteined.

A plastic and rubber half-mask for the face was used in
place of the rubber mouthviece and nose clamy with 2 few of
the subjects during the walking ﬁests. It was plasnned to use
this mask with most if not all of the subjects. It was not
possible to do so beceuse the mask could not be fitted proper-

1y to many of them. .The dead air space of the half-mask was
negligible.
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Stepping

Five volunteer subjects, designated as 15, 925, 35, 485,
anG 55 in this study, were selected to participate in a step-
ping test. Their sges resnged from 16 to 43 yeers; thelr
weights, from 51.1 to 70.0 ki10grams; and their heights, from
162.2 to 167.5 centimeters. Thase welghts veried from -10 to
+37 per cent of so-czlled deslrable weight, according to the
stendards used in this study for the evaluation of welight
based upon sge and body build. The subjects included s high
school student, an undergraduste college student, two graduate
college students, and a laboratory technicisn. Two of these
subjects, 25 and 35, reported having gesined considerable
weight during the past yesr. One of these two, 25, was on a
self-imposed "reducing" diet; the other one, the only married
women in this group, had a nine-months-old dsughter. With the
exception of the youngest subject, 211 had worked in a nutri-
tion leboratory and were familiar with some of the routines
involved 1in various human nutrition research nrojects. None
of the sublects had participated in energy metabolism studies
involving the measurement of oxygen consumption during physi-
cal sctivity.

The sctivities included in the stepping tests were three
in number, ﬂemely: resting before stepping, etepping, and a
recovery period after stepping with return to resting. These

tests were administered in an sir-conditioned laboratory dur-
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ing the month of August, 1957. The tests were given in dunii-
czte to each subject on two non-consecutive days. One of tche
subjects, 25, came to the laborstory for her tests in the
afternoon; the other four had their tests in the mornings.

Certein preliminary instructions were given to a subject
before she reported to the laboratory. Emphasis was given to
the importence of maintaining, insofar ss was possible, the
usual routine of physiceal activities and the customary food
intzke pattern. ©She was asked to come to the lsboratory for
her tests one hour after breskfest (or lurcheon) and to note
the time at which the bledder was emptied before sarriving for
the tests.

Immediately on arrival st the lzboratory the body welght
of the subject was determined with 2 minimum of clothing and
no shoes and her stature was measured, using the equipment and
procedure used with the b=asal metebolism tests. Following s
rest period of 30 to 45 minutes, oral temperature was measured
and pulse end respiratlon rates observed and recorded. The
respirometer was shown to the subject and s brief deseription
of the resting measurements to be made with it was given.
Using the techniques and methods described earlier, the rubber
collection bags were rinsed, and expirstory sir for two eight-
minute periods was measured, with aliquots being collectéa for
analysis.

Followling these observations and meesurements, sn urine

collection was obtained. This sollection was measured,
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diluted to volume, eand sn aliquot was refrigerated under
toluene =2nd analyzed for nitrogen within 24 hours. The sazme
procedure was repeated with en urine collection obteined fol-
lowing the stepping tests.

The procedure used in the stepping tests was explained,
and the stepping activity wes demonstreted, with the subject
participsting briefly in the demonstration. In the stepping
test the subject stepped up and down, revestedly, on 2 two-
step pletform, stepping to & metronome set 2t 84 beats ver
minute. The setting for the metronome wes selected after sev-
erel triels with stepping on the two-step platform and on
stair steps in different locations. The herdwood pletform,

20 inches high and 36 inches wide, was constructed especially
for this asctivity test and wes strong enough to hold 2t leest
90 kilograms of weight. Each tread measured 12 inches in
depth and the risers were 10 inches high. These steps were
firmly breced. The dimensions for the platform were selected
after studying dimensions of platforms used for stepplng tests
by other investigators (Elbel and Green, 1946; Consolazio et
al., 1951; and Mshadeva et al., 1953). A design of the two-
step platform is shown in Figure 1.

Wearing the respirometer on her back, the subject stepped
for two consecutive four-minute perioas with nc resting period
between the two periods. In order to minimize the movement of

the rubber tube carrylng the subject's expired 2ir to the
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Figure|l. Two-step platform used for stepping tests
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respirometer, a short length of light-weight rubber tubing was
used to tie the tube to one of the shoulder straps supporting
the instrument. During the stepping periods volumes of ex-
plred alr were observed and recordeda and aliquots were col-
lected for znalysis.

After the two four-minute periods of stepping, the sub-
ject moved from the twe-step platform to the bed 2s the res-
pirometer was shifted from her shoulders to a2 small bedside
table. During this time expired eilr volume was measured
continuously and an aliquot was collected. This meesurement
and collection were continued, wiin the subject resting in
bed, until her pulse rete approached or returned to her pre-

viously observed resting pulse rate.
Chemiceal Analyses

Gas analyses

Aliquots of the expired air were transferred to Bailley
ges-sampling bottles for storage over mercury until analyzed.
The samples were analyzed in duplicate, with these snalyses
being made for the most part within 24 hours after collection.
In a very few cases, due to technical difficulties, analyses

were not completed until 30-36 hours after collection. Re-

@Appreciation is expressed to Dr. Pilasr Garcia and
Merjorie Campbell for assistance with the recording of ob-
servations during the stepping tests.
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peated anzlyses of expired sir held under the conditions used
in this study for various lengths of time indicated that dif-
ferences emong semples held for 24 hours, for 30 hours and for
36 hours were negligivle. The expired air collected from the
subjects participating in the stepping tests was snslyzed for
oxygen and cerbon dloxide using the Haldsne-Henderson metnhod
(Peters and Van Slyke, 1932). Aliquots of expired sir col-
lected from the subjects given the walking tests were gnslyzed
for carbon dioxide using the Haldane-Henderson method. 1In
analyzing these samples for oxygen two methods of anslyses
were utilized, namely: the Haldane-Henderson method, end the
physical method® employing the use of the Beckman Oxygen

Analyzer.b

Urinary nitrogen

Aliquots of the urine collected at periods corresponding
to the measurement of oxygen consumption under basal condi-
tiong, st rest and during the activity tests were analyzedc

for nitrogen by the macro-Kjeldshl method.

8Appreciation 1s expressed to Duane Hougham for the
oxygen analyses made with the Beckmsn Oxygen Analyzer.

PBeckman Oxygen Analyzer, Model B, Beckman Instruments,
Inc., Fullerton, California.

CMrs. Lois Burt, Mrs. Rose Mao and Joan Duncan agsisted
with the urinary nitrogen analyses.
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Use and Calibration
of the Kofrényi-Michaelis Respirometer
Certain procedures were followed in the use of the
Kofrényi-Michaelis respirometer. The respirometer was checked
regularly to see thet it was functioning properly. This was
done by connecting the respirometer to the operator, using a
rubber mouthpiece, connection valve, ncse clamp, snd rubber
tube, and observing the movement of the meter for several
minutes o8 explired air passed through the instrument. If
there esppeared to be an incresse in resistence or if the meter
was not registering properly, the respirometer was dismantled
and the source of trouble locested and repalred. Two rubber
collection bags were kept with some expired sir in them st 2ll
times between periods of actual use. Immediately before use,
the begs were rinsed three times with portions of the opera-
tor's expired air, and these portions were expelled as complete-
ly as possible by rolling the bags tightly. The empty bags
were connected to a two-way glass stopcock attached to the
respirometer. The rubber mouthpleces were sozked in distilled
water overnight before each test in order to increase their
softness and pliability. These mouthpleces were cleaned after
each use wlth detergent and water; and then by lmmersing for 10
minutes in a solution of . lodine in 2lcohol. After use, the con-
nection valve was taken apart, washed cerefully with hot water
and detergent, rinsed, dried, re-assembled, and checked to see

that the mlca disks were in position for the inlet and outlet
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valves to function properly.

When measuring the expired sir of a subject the rubber
mouthpliece, connection valve, and rubber tube were connected,
and the subject was asked to insert the rubber mouthpiece 1n
her mouth. After conhecting the rubber tube to the respiro-
meter, its position was checked to insure that it wes 2djusted
satisfactorily. The subject was asked to sssist in detecting
any possible lesks or faulty connections. A clamp was placed
on the subject's nose and adjusted. When it was certein that
there was no leakage of eir, eight liters of expired air were
passed through the respirometer and a sample collected in the
rubber collection bag for the purpose of rinsing it with the
subject's expired air before collecting the sample that was
to be analyzed for oxygen and carbon dioxide. The e¢lamp on
the bag was closed, and the bag was disconnected from the
respirometer and kneaded gently. After rolling the bag
tightly to expel the rinsing sample, it was re-attached to
the resplirometer.

Two respirometers were used to measure volumes and to
collect samples of expired air from the subjects duriﬁg the
tests. The metering devices on the respirometers were cali-
brated against a Tissot spirometer.

The procedure used in calibrating ezch respirometer was
a8 follows: The Tissot spirometer was filled with room air.

The air wss metered through the respirometer at different
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volumes-per unit of time selected to correspond to the range
of values observed in the tests. Initisl and finsl readings
of volumes and temperatures of gir in the Tissot and of air
metered through the respirometer, and the ambient barometric
" pressure, provided bases for calculation of correction factors
Tor verious rates of gas flow through the resplirometer. These

correction fectors sre vresented in Table 2.

Table 2. Calibration factors for the Kofrényi-Michaelis

resplirometers

Respirometer No. 0.986 Respirometer No. 1.000

Liters Correction 1i ters Correction
per minute factor per minute fector
5.0- 7.9 1.083 5.0- 7.9 1.078
8.0-10.9 1.083 8.0-10.¢ 1.086%7
11.0-13.¢ 1.066 11.0-13.9 1.062
14.0-16.9 1.061 14.0-16.¢ 1.066
17.0-19.9 1.060 17.0-19.9 1.048
20.0-29.9 1.0568 20.0-22.2 1.054
30.0+ 1..066 23.0-30.0+ 1.068

Calibration of Rubter Collection Bags

Two rubber bags were used for collecting the samples of
expired sir from the subjects psasrticipating in the sctivity
tests. The procedure for the calibretion of the change in
concentration of oxygen and carbon dioxide of the expired air
collected in these bags was similar to thet used by Hawthorne
et al. (1958) and by Kereluk (1956).
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A Dougles bag of 150 liters cepacity wes filled with ex-
pired air. The contents were mixed by gently knesding the
closed bag. The composition of this air wes determined by
sampling for enelysis directly into Belley gaes-samoling
vottles ot the beginning and end of the metering periods. Alr
from the Dougles bag was metered through the Kofrényi-
Michaells respirometer at different volumes per unit of time
according to the range of values observed in the tests. Pel-
pltetion of the bag by hand wes done to simulete the rhythmic
pattern of successive explirations. Samples of air were taken
from the rubber collection bags and anslyzed for oxygen and
carbon dioxide. The changes in the concentrations of oxygen
and carbon dloxide for the rubber collection begs are given

in Table 3.
Calculation of Deta

Using the data collected ..th the Kofrényi-Michaelis
resplrometer on oxygen uptake d cerbon dioxide production
and the analyses for urinary nicrogen, heat production wes
calculated according to the methods of Brody (1945) and Con-
solazio et gl. (1951). The factor used for conversion of
oxygen uptake to heat production wes determined by the experi-
mentally observed non-protein respiratory quotient. All gas
volumes were reduced to standard conditions of temperature of

zero degrees Centigrsde and pressure of 760 millimeters of
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Table 3. Calibrstion factors for concentrations of carbon
dioxide and oxygen of expired air in respirometer

bags
Bag No. 1 Bag No. ?
Rate of flow, Carbon Carbon
liters/min. diloxide Oxygen dioxide Oxygen
% of % of % of % of
original originel original originel
For 8 min.
collection
period
3 84.99 103.78 83.69 103.21
4 87 .70 102.75 88.00 102.25
5 91.06 101.923 92.925 101.34
6 20.67 107.20 93.80 100.49
7 ©1.39 1C01.10 85.98 100.42
8 95.70 100.65 87.40 100.46
9 c0.36 100.22 87.95 100.486
For 5 min.
collection
period
12 100.00 100.00 98.00 101.64
18 100.00 100.00 22.16 100.40
20 100.00 100.00 98.39 100.38
22 100.00 100.00 98.94 100.04
30 100.00 100.00 100.00 100.00

mercury, dry.

Measurement of oxygen debt after the walking snd step-
plng tests were made for all subjects. The method used
for calculation of oxygen debt was tased upon those used
by previous investigstors (Insull, 1954; Steele, 1954;
and Kereluk, 1956). In this study, the metabolic costs
of recovery were determined by suttracting from the hest

production during the recovery period the heat production for
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an equivalent period of time during the initiasl resting period.

The food intake records were eveluated for totzl Calories
and for protein znd thiamine content, using the short method
of dietary esnelysis propose? by Leichsenring =nd Wilson (1951)
and the food composition tables of Watt and Merrill (1950)
and of Bowes and Church (1956).

Dets on energy expenditures were treated by anaslysls of
veriance (Snedecor, 1956), os shown in Teble 4. The enslysis
of varisnce wzs carried out independently for the three age
groups and the three weight groups. In each case, there were
two degrees of freedom sssccisted with the variatlon due to
groups. The enelysis for bssal metsbolism meesurements was
based on duplicste observetions (two test days) for eesch sub-
jeet. The znalysis for the other conditlions was based on four
replications. For those anelyses in which the F value indi-
cated that the differences among means were signiflcant, the
Q test was used to determine the confidence intervals to be
set on mean dirferences.

o—

Table 4. Plan for anslysis of variance of data

Degrees of freedom

Source of variation Basal metabolism  Physical zctivity
Total 41 83
Groups 2 2

Error 39 81
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RESULTS AND DISCUSSION

The experimental design was planned to permit statisticsl
evaluation of the independent influence of ege and of tody
welght on the energy expenditures of the 35 women who partic-
lpated as sublects. In the following sections, the vslues for
energy expenditures wlll be presented in terms of varilous
parameters first for the subjects for whom ege was a variable
factor and then for the subjects for whom welght was & vari-
able factor. Subjects in Group B were young adult women of
desirable body welght for thelr height and ranging in ege from
25 to 34 years. This group wes used as the reference group
for comparison for changes both with age and with veristions

in body welght.
Variation in Energy Expenditure with Age

Subjects

The three age groups included women in the esrly, middle
and later years of adult life, respectively. The ages, body
welghts and heights of the subjects, together with the means
and the standard error of the means, ere given in Tgble 5.
The mean age of young adult women was 29.711.5 yeers: the
mean body welght and height were 55.71+2.32 kg. and 183.4+2.9?
cm., respectively. There was a span of twenty yeers between

each of the age groups. The women in the middle years, desig-



Table 5. Physicel descriptiona of sublects 1n three age groups

Group Bi-
and Body weight Chest tro- Arm Calf
sub- Devi- Antero- Bi- chan- girth, girth,
Ject Age Height Observed®Desired ation Latersl posterior iliac teric rt. rt.
yrs. cm. kg- kg- % cm. cm. cm. em. cm. cm.
B1 34 168.2 60.12 51.36 1-2  27.8 1.3 31.5 34.4 24.4  38.1
2 20 165.5 51.26 54 .54 5-6 ?25.0 17.6 27.2 929.6 5.0 33.6
3 32 175.8 65.88 36.91 0-1 28.3 18.4 31.0 3°2.9 °7.7  38.9
4 25 163.3 59.3° 30.00 0-1 23.0 18.7 °7.6 3°2.4 2R.0 36.4
5 32 155.4 48.82 50 .00 -3 5.1 17.4 6.9 929.0 25.6 34.0
6 31 158.0 52.40 53 .64 °-3 26.8 12.0 27.8 31.8 °7.3 34,7
7 25 159.5 52.18 52 .75 0-1 25.4 1¢.8 28.82 30.5 P8.8 33.0
29.7°163.4 55.71 56 .88 1-2  25.° 18.8 28.7 31.5 26.4 35.5
+1.3 +2.2 +2.32 +0.7 +0.5 +0.7 +0.8 +N.5 +0.9
D1 47 174.0 70 .24 70.45 0-1 27.1 21.0 34.0 35.5 928.5 36.0
2 47 168.1 55.44 61.87 9-10 26.° 18.8 30.0 32.7 24.0 33.°
3 52  163.0 58.26 59.u2 0-1 27.8 18.5 28.2 31.6 29.0 35.8
4 51 145.2 50.34 47 .73 6-"7 25.2 19.A8 5.9 929.9 2C.3 30 .4
5 45 166.0 60.70 60.91 0O-1 26.2 17.8 30.8 32.6 28.8  32.7
6 54 153.6 49.67 50.00 0-1 ?26.8 19.”7 30.0 31.8 27.4  30.?
7 50 173.0 64.92 65.91 0-1 27.8 21.3 31.8 33.9 30.4 34.1
42.4 163.3 58.51 59.41 2-3 26.7 19.5 30.2 32,8 928.2 33,2
+1.2 +4.0 +2.84 +0.4 +0.5 +1.0 +0.7 +0.8 +0.9
8Average of two measurements, basal stete.
PBaged on Metropolitsn Life Insurance Co. tatles (1959) and subjective apprais-
al.

CMeen and standerd error.

9%



Teble 5. (Continued)

Group Bi-
and Body weight Chest tro- Arm Calf
sub- ' Devi- Antero- Bi- chan- girth, girth,
Ject Age Height Observed Desired ation Lateral posterior i1lisec teric rt. rt.
yrs. cm. kg. kg. % cm. em. em.  em. cm. cm.
E1l 69 160.5 56.56 56.82 0-1 ?8.6 20.7 33.6 34.8 °7.8 31.6
2 70 165.86 68 .57 65.91 4-5 £6.1 ”1.4 32.3 34.6 31.0 34.5
3 71 1563.1 56.872 564.54 2-3 ©8.8 14.4 30.0 30.9 27.8 32.0
4 4 149.3 59.90 55.91 7-8 6.0 P0.6 ?8.3 34.8 2.1 34.3
5 70 169.6 63.32 83 .64 1-2 £6.0 292.9 32.92 35.9 26.3 392 .8
6 74 155.4 57.56 56.82 1-2 27.9 18.8 30.2 31.¢ 29.0 30.7
7 65 165.8 66.17 65.45 1-2 99.7° 19.8 30.6 34.6 28.0 33.7
69.4 159.9 61.15 59 .87 3-4 27.0 12.7 31.0 33.9 ”A.4 33.1

+1.1 +2.8 +1.88 +0.6 +1.0 +0.7 +0,7 +C.6 +0.4

Ly
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nated es Group D, were in the age range of 45 to 54 years with
2 mean sge of 49.4+1.2 yesrs. The meen body welght was 58.81+
2.84 kg. and the meen height was 183.3+4.0 cm. Although the
heights of the women in the two groups were similer end 211
subjects were considered to be of desirable body weight with
respect to 2ge end height, the mean body weight for the women
in the fifth end sixth decades exceeded thst of the younger
‘women by 2.80 kilograms. The subjects in Grouo E, the older
ege group, with ages ranging from 863 to 74 yeasrs, were not es
tall es the subjects in the younger ecrouvs. The meesn helght
for this group was 182.2+2.8 cm. The mesn body weight wes
61.13+1.82 kg. The decrement in height accomrenied by an
incresse in body weight hes been revorted by other investi-
gators (Ohlson et al., 1958) for women in the seventh and
elghth decades uf 1life. The tendency toward lesser mesan
stature in the leter decades hes been attrituted in psrt to
2 loss of stature with 2ge and in part to the possibility that
the maximum adult height of women in this age rsnge may have
been less than thet of younger women =2t the present time ss
a result of less adequate food supplies during the veriod of
growth.

Body measurements of the subjects, in addition to height
and welght, sre glven 2l1so in Table 5. There did not asppear
to be any conslstent trend in the lateral and sntero-posterior

chest messurements which could be sssociated with age differ-
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ences. An increment with age wes found for the meen bi-1lizc
(28.7, 30.2 and 31.0 cm.) and bi-trochanteric (31.5, 32.5

and 33.5 -om.) measurements for the young, middle =nd older
age groups, respectively. Although these messurements are
selected for use in anthropometry as descripotive of the body
frrme and are consléered to be dependent upon btone size raether
than body fet, nevertheless, the presence of subcuteneous fat
does influence the messurement obteined. Thus the incresse
in bi-ilizc and bi-trochanteric measurements with age for the
women in this series protably reflected an lncrease in tody
fat rather then en increase in bone size. The larger calf
girth of the young =ge group was difficult to explein. Some
.of the sublects in this group may have been accustomed to more
welking and standing than the older sublects. Additionel
anthropometric measurements are given in Table 6. A decresse
In hand strength wlth age was indiceted by the mesn of the
right hend grip messurements; for the young, middle age and
older groups these values were 22.0, ?24.4 and ?1l.7 kg., re-
spectively. Ohlson et al. (1958) obtained similer velues for
their subjects. In accord with the findings of Brozek (1956),
the skinfold measurements showed en incresse with increase in
age. Case histories including information about changes in
body weight for each subject are given in Table 924 (in
Appendix).
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Table 6. Muscle strength and body skinfolds of subjects in
three age groups
Group Skinfold
and Body Hsnd grip Upper arm
subject Age welght Right Left Right Left Front Back
yrs. keg. kg. ke. cm. em cm cm
B 1 34 60.12 32 30 0.7 0.9 0.6 0.9
2 22 51.2986 25 19 1.7 1.0 Cc.c 1.3
3 32 65.88 24 20 1.4 1.4 1.7 1.5
4 25 859.392 35 31 1.4 1.8 1.0 1.°
5} 32 48.8° 30 292 l.”2 1.3 1.0 1.3
6 31 59.40 8 17 0.9 1.1 1.1 1.0
7 29 52.18 29 P29 1.7 1.6 1.2 1.8
29.7 565.71 ?9.0 °3.0 1.2 1.3 1.0 1.3
+1.3% +2.32 +l1.4 +2.0 +0.1 +0.1 +0.1 +0.1
D 1 47 70.24 28 30 1.1 1.7 0.2 1.4
? 47 55.44 33 28 1.0 1.7 1.° 1.5
3 o2 58.26 27 o 1.4 1.4 1.7 1.4
4 51 00.34 23 25 1.7 1.2 1.7 1.8
) 45 60.70 21 24 1.8 1.7 2.” 2.4
6 54 42.67 14 17 0.9 0.8 1.0 1.8
7 50 64 .99 25 30 2.0 1.9 2.6 2.0
49.4 58.51 24.4 ©5.2 1.4 1.4 1.5 1.8
+1.2 +2.84 +2.2 +1.8 +0.2 +0.2 +0.2 +0.1
E 1 69 56.56 20 21 1.° 1.° 1.1 2.0
2 70 68.57 6 18 1.7 1.4 1.3 2.0
3 71 55.8°2 24 16 1.5 1.5 1.3 1.5
4 67 52.90 24 21 1.? 1.3 1.7 1.6
5 70 63.39 16 18 1.6 1.7 2.0 2.1
6 74 57.56 27 21 2.1 1.7 1.8 2.1
7 65 66.17 20 23 1.6 1.4 1.4 2.2
69.4 61.13 21.7 19.3 1.6 1.8 1.5 1.9
+1.1 +1.88 +1.5 +1.1 +0.1 +0.1 +0.1 +0.1

8Mean and standard error.
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¥Food recsll records of the subjects

Food recall records were obtsined frem esch subject for
the twenty-four hours preceding e=sch sctivity test. Mean
energy, protein snd thlamine values estimeted from these
records are presented in Teble 7.

The meen deily energy values of the diets were: for the
young sge group, 274¢ Calories; for the middle =ge group, 2302
Calories; end for the older proup, 18P2 Calories. The means
for the protein and thiesmine intskes for these three groups
were 94.1, 90.0 and 71.2 pm. protein per dey =nd 1.32, 1.86
end 1.14 mg. thiemine per day, respectively.

N The recommended diletary allowances (Food end Nutrition
Boerd, Netional Reseerch Council, 1958), =23justed for body
size a2nd ege, were used 2s the point of reference in inter-
preting the food records. These tsbles have been used by
others to provide s besis for ouslitative evaluation of the
diets of individuale (Phiperd, 1960). The sverrge intskes on
the desys of the recsll records exceeded the mesn recommended
daily 2llowances for vrotein snd thismine. The mean energy
velue of the women in Group B (25 to 3¢ years) closely
epproximeted the mesn recommended daily ellowences for Cal-
ories. The diets of the women sversged only 49 Csl./dey
higher than the zversge recommended sllowsnce. Variations in
intakes a2mong indlividuels vere wide and renged from 1496 to

3456 Cal./dey. Energy values of the diets of the seven sub-
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Teble 7. Energy value and protein end thiemine content of
diets® of subjects of three esge groups

Group 2nd Calories Protein, Thiemine,
subject per day gm./day gm./cay

B 1 34 58 142.68 1.8%

P 2086 0€.2 1.24

3 2601 105.4 1.60

4 1426 5.7 1.720

o 2082 73.0 .96

6 1044 8°.0 1.99

7 2075 83.8 1.10

¥een 2940 G4.1 1.32
Recom. Diet.

Allow.b 2200 57.0 1.10

D 1 20929 85.9 1.13

2 2788 G0.4 1.37

3 1885 102.9 5.3

4 2488 108.0 1.92

S 20673 3.0 .80

6 1828 792.9 1.30

7 120° 80.4 1.19

Mean 230°? 0.0 1.86
Recom. Diet.

Allow. : 2100 52.0 1.05

E 1 2213 78.7 1.25

o 1882 60.0 .97

3 1562 52.7 1.00

4 2084 £6.6 1.98

5 1674 87.58 1.33

6 1520 74.0 .94

7 1799 79.1 1.93

Mean 18929 71.92 1.14
Recom. Diet.

Allow. 1700 60.0 1.00

"Based on recsll of diet of preceding ?4 hours; average
for two deys.

PRecommended Dietery Allowsnce (Food =nd Nutrition Bosrd,
Netional Research Council, 1953) adjusted for desired weight
and 2ge, assuming subjects 2re 2s active as the ?5-yesr-old
"reference" woman.
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Jects in the older age group averagéd 129 Csl./day higher thsn
the recommended dietary sllowance.

One-day studies of food intake have been used in other
investigetions (Trulson et al., 1949) end their use in essess-
ing food intake patterns has been lnvestigated (Brensby et
al., 1948: Maynard, 1950; end Young et sl., 1953). Two of the
possible sources of error in the estimete of food intskes from
24-hour recall records are the errors inherent in the use of
food composition tebles and the possibility that the day on
which the recsll diet wes obtained deviated considerably from

the customary food pattern of the subject.

Bagal enerpgy expenditure

The basal oxygen consumptions of the subjects in the
three age groups are given in Table 8. An individual value
represents the average of four otservations except where indi-
cated. Mean bssal oxygen consumption for the subjects in the
young age group was 9.42 1./hr.; the mesn for the subjects in
the sixth and seventh decades was 1.29 1l./hr. less, or 8.13
1l./hr. 1In contrast, the mesn value for the group in the mid-
dle years, 9.27 1./hr. was only 0.15 1./hr. less then that of .
the subjects 1n esrly adulthood. Thus @ trend towerd reduc-
tion in basal oxygen consumption did not become spperent for
these subjects until the sixth and seventh decades.

The mesan basal respiretory quotient of the young adult



Table 8. Bsasgl metabolism of subjlects in three age groups

Group Basal Basal
and s oxygen respir- Bagsal metebolism
sub- Body welight consump- atory Cel./kg. Cn1. /kgo .73
Ject Age kg. kg?+73 Height® tion quotient Cal./hr. /hr. /hr
yrs. cm. l./hr.
B1 34 60.12 20.12 168.7 11.17 0.89 65.9 1.10 B3
2 29 51.26 17.86 166.5 9.91 0.7¢ 55.1 1.08 3.12
3 32 65.88 21.24 173.8 10.60 c.78 63.0 0.956 2.96
4 25 59.32 12.90 163.3 8.11 0.80 42.0 0,89 2.48
5 32 48.8° 16.97 15656.4 u.45b 0. Blb 81.1 1.04 2.9¢
6 31 52.40 12.06 1568.0 8.35 0.78 53.2 1.0° 2.95
7 25 52.18 18.12 189.5 8.386 0.87 51.7 0.2¢ 2.88
2¢.7 566.71 18.920 163.4 9.4°2 0.8° 55.6 1.00 2.96
+1.3% £+2.32  +0.58 +2.2  +0.45 +0.4 +0.04 +0.10
D1 47 70.24 22.42 174.0 2.28 0.83 58.0 0.83 ?2.60
2 47 55.44 19.05 168.1 8.65 0.86 43.9 0.78 2.34
3 52 58.26 19.64 163.0 11.38P 1.07P Al.4 1.06 3.15
4 51 = 50.34 17.73 145.2 7.96 0.253 45.3 0.9° .66
5 45 60.70 20.08 166.0 10.62 0.27 51.1 1.01 35.06
6 54 49 .67 17.44 153.5 7.86 0.79 4.7 1.00 2,A7
7 50 64 .92 21.32 173.0 9.1o Nn.86 55.5 0.R6 2.64
49.4 58.51 19.67 163.3 P77 0.87 .7 0.99 2.76
+1.2 +2.84 +0.68 +4.0 10.50 +2.7 +0.03 +0.11

@Average of two messurements, bersal state.
PBaged on one day only.

CMesn end standard error.



Table 8. (Continued)

Grou Begal Besgal
andp oxygen respir- Bagal metabolism
sub- Body weight consump- atory Cel./kg. Cal./kgQ:73
Ject Age keg. kg9:73 Height tion guotient Cal./hr. /hr. /hr.
yrs. cm. 1./hr.
E 1l 69 56.56 19.20 160.5 6.20 0.27 48.9 0.85 2.53
2 70 68.57 22.12 165.5 8.08 0.73 43,3 0.683 1.9¢
3 7 55.89 19.04 153.1  6.368°  0.77° 50.5 0.90 .68
4 87 59.90 20.02 1492.5 9.59 1.00 53.¢Q 0.20 2,70
5 70 B3 .32 20.56 169.6 3.64 1.03 54 .Q 0.87 2.66
6 74 57.56 19.42 155.4 7.61 0.21 47.8 0.83 .49
7 65 66.17 ?1.44 165.8 9.74 0.R5 55.6 0.84 2.60
69 .4 61.13 20.26 152.9 8.13 0.86 50.6 0.83 2,89
+1.1  +1.88 +0.45 +2.8 +0.49 +1.7 +0.04 +0.09
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women was 0.82 (Table 8) 2nd corresponded to the fa2sting res-
piratory quotient which is considered generally to represent
the retio of casrbon dioxide production to oxygen consumption
for heslthy 2dults on 2 mixed diet. The renge in values for
the group was from 0.78 to 0.89, with five subjects below and
two above the mean velue of 0.82.

Mean velues for the other two groups were higher than
for the young a2dult women. The renges for these groups were
0.7% to 1.07 with & mern of 0.87 eand 0.73—to 1.03, with »
mezn of 0.85 for Groups D and E, respectively. Values for
respiratory quotients lower than 0.7 and above 1.0 have been
reported (DuBois, 1236). That one or more of the respiratory
quotients should be =bove this renge wzs not surorising. The
concentration of high values for respirstory dquotients among
the middle =aged and older women wes unexpected. Only two of
seven values for the women ranging in 2ge from 45 to 54 were
below 0.85. Three of the seven vazlues for women 65 to 75
years of age were below 0.82. Less confidence can be placed
in the value of 1.07 for subject 3D than for most of the other
values since this value represented meesurements on one day
only. This was not true, however, for subjects 5D, 1E and
SE. Duplicate values on eech of two days were consistently
high for these subjects. Swift and French (1954) as well as
DuBois (1236) have discussed the problems involved in the

determination of the resplretory quotient and, particulesrly,
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the influence of hyperventilstion. These authors caution
sgainst the interpretation of high velues for respiratory
quotients as indicative of increased cerbohydrste oxidastion
since such velues may result simply from hyperventilation. It
is recognized thet some people 1n older age groups may eXpe-
rience discomfort during the besal metebolism determination

to z greaster extent then younger peoolé. Ameng the sublects
in this study, this was true psrticulerly when dentures were
worn since the mouthviece was less comfortsble with dentures
and yet could not be held securely 1f the denftures were re-
moved. It is possible thet there was hyperventilstion by sub-
Jects who experienced discomfort during the test. Only sub-
Jects 1E end 5E mzde comments which would indicste that the
procedure was difficult for them.

The bassl metabolisms of the subjects in the three age
groups cre given 2lso in Table 8. Values h=ve been expressed
on egn hourly besis in terms of total Czlories, Calories per
kilogram and per kilogrem of body weight raised to the 0.73
power.

For the subjects in early =dulthood, the meesn energy ex-
penditure in Calories per hour wes 55.6+2.4. In compsarison,
the subjlects in the mlddle yeesrs, with 2 mean energy expendi-
ture of 53.7+2.7 Cal./hr. averaged two Cal./hr. less than the
younger subjects. The mean energy expenditure of the older

subjects in the bassl state was 50.6+1.7 Cal./hr., or three
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Cal./hr. less than thst of the middle age group 2znd filve
Cel./hr. less then thet of the women in esrly 2dulthood.
Values for individual subjects were within renges of 17, 18
and 12 Cal./hr. for the young, middle age =nd older groups,
respectively.

The trend toward a reduction in bessl mete~bolism with sge
was epperent from the measn values for the three groups when
energy expenditure wes expressed in Calories per kilogram of
body weight 2s well as in Calories ver kilogrem of body welght
raised to the 0.73 power. Anelysis of voriance indicated that
the reduction in basal metesbolism with =dvencing age was sig-
nificant (P£ 0.01) when body weight was used 88 a besis for
expression, both to the first power and to the 0.73 power.

The bassl energy expenditures of the three age groups, how-
ever, were not significently different when Calories ver hour
were compsred. Although there was 2 decrement in meesn besszl
Calories per hour with sdvancing a2ge for the three groups,
the variation among individusls apparently was such thet the

differences were not significsnt for the number of subjlects
in the study. The range of vslues, in Cslories per hour, wss
from 49.0 to 65.9 for Group B, ages 25 to 34, from 43.9 to
6l1.4 for women zged 45 to 54 end 43.35 to 55.6 for women in
the seventh and eighth deéades.

Although the women in the three sge groups were selected

for participation on the besis of body weight in relation to
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height end =2ge 2nd were considered to be of desiratle body
weight for their freme and stature, there was an increesse in
mezn body welghts for the three =zge groups corresvonding to
the increase in ege. Thus when basel metabolisms were ex-
pressed on the tasis of body weight, the totel hest produc-
tion wes influenced to 2 slightly grester extent by the body
welghts of the women in Group E than by those of the women in
Group B. Values for Group B renged from 0.82 to 1.10 Cal./
kg./hr.; velues for Group D, =ges from 45 to 54 years, renged
from 0.78 to 1.05 Csl./keg./hr. The renge for the women in
the seventh end eighth decades, Group E, wss from 0.63 to 0.20
Cal./kg./hr.

The use of W%é?s es a basis for expression of energy
expenditures hed ag effect on the values similer to thet of
body weight to the first power. Since the deviations from.
desirable body welght were relatively small 2nd the differ-
ences 1n mean btody welghts 2mong the three groups 2lso were
relatively smsll, 1t is not surprising that the values were
similarly affected by expression on the basis of body welght
and on body weight reised to the 0.73 power.

Of the three bsses used for the expression of energy ex-
penditure, Wgézs has been considered to be most closely re-
lated to metabolic size. Various formulee or ecustions for
estimating surface 2rea have been wldely used also with the

purpose of expressing body size in terms of metsbolically



active tissue. Shock 2nd Yeingst (1955) =nd Leverton et 21.
(1957) found thet there wes 2 decrease in be2ssl met=bolism
expressed 2s Calories per squrre meter per hour with advenc-
ing 2ge. The decreese with 2pe in besse2l metsbolism expressed
es Calories ver body weight to the 0.73 vower ver hour ob-
served for the subjects in this study is in zccord with thet

reported by Leverton end Shock end Yeingst.

Energy exvenditure during physical sctivity

The energy expenditure of the sublects in the three ege
groups 2re given in Table 2 for the resting stete and for two
degrees of activity, thet 1s, welking on 2 treadmill at two
miles per hour 2t & four per cent incline and st three miles
per hour 2t g four ver cent incline. Since the rzte of in-
cline was constant for thc two retes of welking, the ectiv-
ities differed essentlslly in work per unit of time raother
then in the amount of work involved in the ectivity. The
activitlies were carried out on two deys. Each value repre-
sents the average of two observetions, mede on different days.
The date esre presented grephicslly in Figure 2.

Energy expenditure during resting was measured imme:
dietely preceding the work on the treadmill. The subjects
were at bed-rest snd awske. Meen energy expenditures for the

three age groups were 66.6+2.5, 64.2+2.7 and 56.8+1.4 Cal./

hr., respectively. These values were 11, 10.5 and six Csl./



Table Q. Energy expenditures during welking of subjects in three ege groups

Walking
Group Regting 2 m.pn.h., 4% incline 3 m.p.h., 4% incline
and Cal. Cal. Cal.
sub- Cel. Cal./kg. /kgQ-73 Csl. Cel./kg. /kgQ-73 Csl. Cal./kg. /kegQ-73
Jeet Age /hr. /hr. /hr. /hr. /hr. /hr. /hr. /hr. /hr.
yrs.
B 1 34 74.Qa 1.23 3.72 2924 .8 3.68 11.17 244 .0 4.00 12.192
2 29 63.6 1.23 3.56 195.0 3.76 10.9° 245.3 4,73 15.74
3 32 74.7 1.14 3.52 233.1 3 .54 10.98 o73.3 4.156 12.87
4 25 56.6 0.94 2.85 22%2.4 3.70 11.18 280.7 4.66 14.10
5 32 63.9 1.32 3.77 150.4 3.11 8.86 203.0 4.90 11.96
6 31 68.0 1.29 3.76 178.4 3.32 2.88 216.°2 4,10 11.97
7 25 64.7 1.22 3 .58 296.8 4 .29 12.51 £20.4 5.43 16.02

29.7,66.6  1.20 3. 54 °204.4 3.64  10.79 ©50.4 4.48 13.96
+1.3°£2.5 +£0.05 +0.12  +11.7 +0.14 +0.43  +1°.5 +0.°1 +0.55

47 69.6  0.98 3.10 207.9  4.20 13.29 382.4 5.40 17.06
47 65.8 1.16 3.45 210.6 3.72 11.06 285.5 5.04 14.99
52  71.8 1.21 3.57 213.,1 3.60 10.85 280.5 4.74  14.78
51 56.2 1.09 3.17 143.2  2.79 8.08 200.6 3.96  11.39
45  66.7 1.09 3.39 208.7 3.42  10.30 P4/.5 4.04 1°.98
54 52.1 1.04 2.99 171.1 3.41 9.89 196.2  3.92  11.30
50 67.0 1.01 3.14 209.4  3.17 9.89 ©35.0 3.56 11.09
49.4 64.2 1.08 3.95 207.7  3.47  10.48 °61.1 4.37 13.18
+1.2 +2.7  +0.03  +0.76 +18.0 +0.17 +0.59 +°4.1 +0.96 +0.87

N G QN

2Average of messurements on two days.

bMean and standard error.
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Table 9. (Continued)

Walking
Group Resting S m,n.h., 4% incline 3 m.v.h., 4% inecline
and Cal. Cal. Cal.
sub- Cal. Cal./kg. /kg@-73 Cal. Cal./kg. /ke@P-73 Cal. Cal./kpg. /kgQ:73
Ject Age /hr. /hr. /hr. /hr. /hr. /hr. /hr. /hr. /hr.
yrs
E 1 69 60.9 1.06 3.17%7 190.72 3.392 9.90 ©237.5 4.15 12.37
2 70 53.0 0.76 2.40 012.3 3.06 2.60 303.4 4.36 13.72
3 71 57.2 1.02 3.03 206.5 3.65 10.85 29561.8 4.45 13.923
4 87 52.6 0.87 2.863 191.7 3.16 2.58 255.4 4.°1 12.76
5 70 58.1 0.92 2.89 206.3 3.28 10.03 298.0 3.R89 11.08
6 74 54.3 0.923 2.80 207.3 3.55 1,68 29] .4 3.80 11.40
7 65 6l1l.8 0.93 2.88 230.4 3.46 10.74 305.92 4.58 14,74
69.4 56.8 0.93 2.82 206.4 3.36 10,20 o57.5 4,17 12.6°
+1.1 +1.4 +0.04  +0.09 £5.1 +0.08 +0.19  +12.2 +0.13  +0.43

9




Figure 2. Veristions in energy exoenditure durine walking
tests by sublects in three =2pe grouns exXnressed
in three vrremeters
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hr. sbove the mean energy expenditure during the basal state
for the three age groups, respectively. Thué energy expendi-
ture during resting was 21.6 end 19.6 per cent, respectively,
above basal heat production for subjects in the young and
middle age groups whereas the increment for women in the sev-
enth and elghth decades was only 12.2 per cent.

The post-absorptive period vreceding the measurement of
tasal metabolism was 12 to 14 hours in length; the energy ex-
penditure during resting was measuréd approximetely two hours
after lunch. Therefore the higher values for energy expendi-
ture during resting in compsrison with basal energy expendi-
ture may have included heat production assoclasted with the
specific dynamic action of foodstuffs, digestion and utiliza-
tion of nutrients. The meesurement of basal metabolism wes
preceded by 2t lesst eight hours of bted-rest and oaly light
activity associeted with comlng to the laborastory. In con-
trast, the women carrled out varlous types of activitles in
the morning preceding the meesurement of oxygen consumption
irn the resting period. In ez¢h instance, there was a rest
period of 30 minutes btefore measurement of oxygen consump-
tion. However, this period may not have been long enough to
offset the influence of morning activity on energy metabolism
and a resldual effect may account in part for the higher
"values for energy expenditure of the subjlects during resting

as compared with basal metabolism.
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A tendency toward reduction of food intcke with age hes
been reported (Swanson et 2l1., 1955). Greester physical activ-
ity in the morning by the women in the third and fourth decades
and possibly a greater intake of focd 2t the noon meal may have
contributed to the higher increments in energy expenditure
above besal metebolism for these subjects during resting as
compared with the women in the seventh 2nd eighth decades.

The increment in energy exnendlture for the women in the fifth
and sixth decades was similser to that for the women in the
younger age group.

The spparent reduction in besal metabolism with advenc-
ing age was not statistically significent when anelysis of
variance wasg carried out on energy expendltures expressed 8s
Calories per hour. In contrast, the differences among the
energy expendltures during resting for the three age groups
were statistically significant (P £ 0.01) when the values
were expressed =8 Calories per hour. There also was s sig-
nificant difference smong energy expenditures of the three
age groups when tﬂé values were expressed on the basis of body
velght.

It might be exrected that the factors which contributed
to the greater differences among mean energy expenditures dur-
ing resting as compared with.the basel state might also con-
tribute to a grester varlation among individusls. However

the stendard errors were of the same magnitude for the means
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of the basal metabolisms of the three groups and the means
of the energy expendltures during resting.

For the young subjects the total energy expenditure in
Calories per hour everasged 204.4+11.7 during walking 2t two
miles per hour and 250.4+12.5 during walking 2t three miles
per hour. Corresponding mean velues for the middle age group
were 207.7+18.0 and 261.1+24.1, end for the older age group,
206.4+5.1 2nd 257.5+12.9 Cal./hr., respectively. The in-
creases in walking at three miles ver hour over two mlles per
hour were 45, 53 and 51 Cel./hr., respectively, or 22.5, 25.7
and 24.8 per cent. The extent of verlation among individuals
1s appsarent from Figure 2, but the mezn metabolic cost of
walking at the moderste rate of speed was gbout the same for
all three groups.

Mean energy expenditures during walking at two rates of
speed on two different test deys sre shown in Table 10. For
the young subjects these means were 211.1 and 197.7 Cel./hr. at
two miles per hour and 246.8 and 254.0 Cal./hr. at thrée miles
per hour. The differences between Day 1 and Day 92 were -13.4
Cal./hr. at two miles per hour and +7.2 Csl./hr. at three
miles per hour. Differences between the means for the first
day and the second day were greater for the women, esges 45 to
54 years, then for women rsnging in age from 65 to 74 years.
Women in the seventh and eighth decades of life may be accus-

tomed to regulating their pace of activity more carefully than
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Table 10. Comparison between days of mean energy expendi-
tures during walking by women of different ages

Calqries ver hour

2 m.p.h.,’ 3 m.p.h.,

Age No. of 4% incline 4% incline

group subjeects Day 1 Day 2 Day 1 Dey 2

25 to a

34 yrs. 7 211.1+12.1°% 197.7+1°2.7 946.8+13.0 254.0+13.0
45 to

54 yrs. 7 221.2+21.92 194.3+15.2 9273.1+28.2 9249.0+21.5
65 to

74 yrs. 7 210.2+6.3 201.8+10.0 256.0+10.3 ©2582.1+16.0

8Standard error of the mesn.

younger women; if so, this may sasccount Tor the small differ-
ence in energy expenditure between means for Day 1 and Day 2
for Group E.

The meen energy expenditures in Calories per killogrem
per hour were 3.64+0.14, 3.47+0.17 a2nd 3.36+0.08 at two miles
per hour snd 4.48+0.21, 4.37+0.,26 and 4.17+0.13 2t three miles
per hour, respectively, for the young, middle and older sge
groups. For 21l three groups the increszse in walking 2t three
miles per hour over two miles per hour wes 0.8 toc 0.9 Cal./kg.
/hr. There was approximetely the seme increase with walking
at the faster rate of speed for all three sge groups.

Similar results were obtained when energy expenditure was
expressed 2s Cal./kgQ-73/hr. For all three groups energy ex-
pended during walking a2t two miles per hour wes apéroximately'

10 Cal./kg9'73/hr.; at three miles per hour, spproximately
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13 Cal./ng‘75/hr. Mean energy expenditures ot the two retes
of speed in Cal./kgl "O/hr. were 10.79+0.43, 10.48+0.59 and
10.20+0.19; and 13.26+0.55, 13.18+0.87 and 12.69+0.43, re-
spectively, for the young, middle and old groups. Increases
in walking 2t three miles per hour over two miles ver hour
were 2.47, 2.70 snd 2.49 Cal./kg®''O/hr., reepectively, for
these three groups.

Although there wes 2n espperent decreese in energy ex-
penditure with incresse in age when expenditure wes expressed
in units related to body welght, statlistical trestment indl-
cated thet there was no resl decresse. Analysis of the veri-
ance gave F values es follows for comparlsons among groups:
Cal./hr., F = 0.15; Cal./kg./hr., F = 1.40; end Cel./kg0 ">
/hr., F = 0.57. Therefore 1t appears that age per se was not
e factor influencing gross energy expendlture during walking
for these subjects under the conditions of this study.

The increment in energy expenditure during walking was
calculated to assess the metsbolic cost of welking with re-
spect to energy metabolism. The increment was expressed as
the difference between the energy expended during walking and
during resting immedlately preceding the activity (Table 11).

On the basis of Calories per hour, the means indicated 2
tendency toward san increese in increment with an increase in
age. These increments were 138, 144 snd 149 Cal./hr. at two
milrs per hour and 184, 127 and 201 Cal./hr. at three miles
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Table II. Mean increment in energy expended durlng walking
by sublects in three 2zge groups

Rete
, . m.p.h. m.p.h.
- Q% incline 4% incline

Nimber o Sal /Cal 3 Cal. /Cpl o
of el. /kg. /kg.0*73 Ga1. /kg. /kg.0-73

Age groups subjeects /hr. /hr. /hr. /hr. /hr. /hr.

25 to 34 yrs. 7 I38 2.52 7.95 Igd 3.98 9.7°?

45 to 54 yrs. 4 I44 2.39 7.08 Ig7 3.992 ©.93

65 to 74 yrs. 7 1490 92.43 7.38 201 3.24 0.88

per hour for the young, middle and older age groups, respec-
tively. The differences zmong means were not, however,
stotlistlcally significant.

The values, expressed as Calories per kilogrem per houg,
for the two rstes of walkling, were 2.59 and 3.28 for the young
adults, 2.39 and 3.29 for the subjects in the middle years end
2.43 and 3.24 for women in the seventh snd eighth decades.
When the basis of expression wes welght to the 0.73 power,
thie mean increments were 7.25, 7.08 and 7.38 Gal./kg.o'73/hr.
for walking at two miles per hour and 9.72, 2.93 and 2.86
Cal./kg.o°75/hr. for walking at three miles per hour, respec-
tively, for Groups B, D end E. Analysis of varience indi-

cated that the differences smong mesns for the increment in

energy expenditure for walking for the three age groups were
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not significant, either on the besis of hourly Calories per
kilogram of body weight to the first power or to the 0.73
power.

The results discussed previously demonstrated that sge
affected the energy expenditure of basal metsbolism and of the
resting state of the three groups; that is, the energy expendi-
tures in the basal state and during restlng decressed with on
increase in zge. Conversely, there was not a significant dif-
ference among the age groups with respect to energy expendi-
tures during walking. To some extent these findings mey have
been influenced by factors such es differences in mesn body
welghts of the three groups of women and by the extent of
variation among individuals within esch group. The data indi-
cate, however, that the metabolic cost of physicel activity
was not affected by age. Since the metabolic cost of walking
for these subjects, on the basis of Calories per hour, was
approximetely three times a2s great as the energy expenditure
in the basel stete, the totesl energj expended durlng walking
reflected the metabolic cost of the sctivity to a grester ex-
tent than the basal energy expenditure.

The difficulty in segregating 2 single charscteristic of
an individual from the many factors which contribute to his
biochemical individuality (Williams, I956) has been recognized
increasingly as understanding of the multiple interrelation-

ships of these factors has developed. Thus it 1s recognized
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that sging per se might contribute to either 2n increase or a
decresse in the metabolic cost of a physicel activity but that
this effect might bte counteracted by an opposing influence of
other characteristics of an individuezl. The possible extent

of influence of the differences in mean body welghlits of the
three groups on the metsbolic cost of walking cen be evaluated
more adequately efter conslderation of the dsts to be presented

in the next section.

Variation in Energy Exopenditure with Body Welght

Selection of welght classifications

Evaluation of welght status of subjects particinating in
a human nutrition study besed upon tables oi desirgble welghts
of the Metropolitan Life Insurance Compeny is = common prec-
tice. Keys and Bro¥ek (IS53) have emphasized the limitetions
of such evaluations. At the outset of this study when the
sublects were belng selected use was made of the Metropolitan
Life Insurance Company tables then availsble (IS5I). The new
tables published in IC5S were used to reaporaise the desired
welghts of the subjects. Evasluations of body frame from
anthropometric messurements end clinicel appralsels of muscu-
lar development and of subcutaeneous fat deposits sided in the

estimation of the desirsble welgh%t for each subject.
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The welght classificetions selected for use were as fol-
lows: average welght, from -10 to +15 per cent of desirable
weight; overwelight, more than 15 per cent esbove desirable
welght; and underweight, more than 10 per cent telow desir-
able weight. This grouping is in accord with thet used by
Hewthorne (1954). The body welghts of the subjects in the
age groups discussed sbove were all within 10 per cent of
desireble weight.

Other investigators have defined overwelght and under-
weight in different ways. Distinctions in degrees of under-
weight snd overwelpht mede by Dublin end Lotka (1938) in their
work with the Metropolitan Life Insurance Compery statistics,
included, for overweight, three groups: nemely, five to 14
per cent, 15 tc 24 per cent, and more than 25 per cent above
average weight. They classed those whose weights were -5 %o
-14 per cent bf average =2s moderetely underweight, and those
whose welghts were -15 to -34 per cent of average &8 severely
underweight. Classificetions of caloric undernutrition were
defined by Keys (1950) as "slight" when the body weight was no
greater than -10 per cent of desireble welght; "moderate®,
between -10 to -20 per cent underwelght; "severe", between
-20 and -30 per cent underweight; and "extreme", greater than
30 per cent underweight. Overwelght hes been defined as "any
deviation of 10 per cent or more above the idesl weight for the

person . . . ." (Armstrong, 1951). Individuels 10 per cent
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above or below the standard weilghts from the tebles of Daven-
port (1923) were classed as overweight and underwelight, re-
spectively, in a nutritionsl ststus study of Groton Township,
New York (Moore snd Shaw, 1950).

Subjects

The wgmen vere young edults ranging in sge from 25 to 34
yeers and were distributed among three groups according to
body weight: underwelght, desirable weight, o2nd overweight.
There were seven in each group. The women in Group B were of
desirable body welght for their steture end comprised the
reference group for study of the influence of body weight on
energy expenditure. This group a2lso wrcs the reference group
for evaluation of the influence of ege on energy expenditure.
Physical measurements of the subjects sre given in Teble 12.
The mean age for the underweight group wes 26.4+0.7 yrs., and
the mean weight 2nd height were 50.62+1.45 kg. end 169.1+0.9
cm., respectively. As stated previously, the mean age for the
young women in the average weight group wes 29.7+1.3 yrs.,
end mean velues for welght and height were 55.71+2.32 kKg. and
165.4+2.2 cm., respectively. Corresponding values for the
overwelght group were 2°.1x0.8 yrs., 73.7%5.26 kg. end 164.5
+2.1 em., respectively.

Beaudoin et 3l. (1953) hsve discussed "active" and

"static" status of body weight snd reviewed the implications



Table 12. Physical description of subjects in three welght groups

Group Bi-

and Body weight Chest tro- Arm Calf
sub- Devi- Antero- Bi- chan- girth, girth,

Ject Age Heighta Observed®Desired® ation Latersl posterior ilisc teric rt. rt.

yrs. cm. kg. kg. % cm. cm. cm. cm.  cm. cm.

A1 28 175.4 56.40 65.91 1°-13 ©4.9 19.4 31.5 32.3 9292.7 53,3

2 30 16 .8 52.88 60.21 1°-13 ©3.4 17.¢ 30.1 31.4 92.7 33.°

3 25 158.2 46.75 56.82 18-19 925.6 13.0 o7.2 30.6 0.7 33.0

4 928 167.6 48.87 56.82 18-190 24.5 17.2 31,2 30.3 ©24.7  33.8

5 25 171.2 51.40 58.18 11-1? °6.0 14.1 20.0 32.5 923.0 32.8

6 25 166.4 592.6° 52.09 10-11 °6.4 19.° 27.3 30.3 924.0 33.7

7 26 168.°2 45.4° 58.18 ©20-21 °3.6 17.7 ?5.6 ©8.8 20.8 32.0

26.4%162.1 50.62 52.42 13-14 924.8 17.2 °8.8 30.2 22.7 33.1

+0.7 +0.9 +1.45 +0.4 +0.8 +0.8 +0.5 +0.856 +0.2

B 1 34 1682.2 60.12 61.36 1-° °7.8 °1.3 31.5 34.4 9P4.4 38.1

2 29 165.% 51.26 54 .54 5-8 256.0 17.8 27.2 922.6 25.0 33.8

3 32 173.8 65.88 65.21 0-1 28.5 1/.4 31.0 3°2.3 o°o7.7 38.9

4 25 163.3 59.3° 60.00 O-1 3.0 18.7° 7.6 32.4 98.0 36.4

8 32 1565.4 48.8° 50.00 2.3 25.1 17.4 ?6.9 929.9 925.6 34.0

6 31 188.C 57.40 53.64 2-3 26.6 19.C °7.8 31.8 927.3 34 .7

7 25 159.5 52.18 52.75 0-1 25.4 1¢.8 °8.24 30.5 28.8 33.0

29.7 163.4 55.71 56.88 1-°2 25.9 18.8 ?8.7 31.5 9248.4 35.5

+1.5 +2.7 +2.59 0.7 +0.5 +0.7 +0.6 +0.5 +0.9

8Average of two messurements, basal state.

PBaged on Metropolitsn Life Insurance Co: tables (1952) ond subjective
appraisal.

CMean and standard error.

24



Table 12. (Continued)

Group : Bi-

and Body weight Chest tro- Aprr Calf
sub- Devi- Antero- Bi- chen- girth, girth,

Ject Age Height Observed Desired ation Laterrl posterior 1li=c teric rt. rt.

C 1 25 166.1 65.9° 58.18 14-15 28.7 20.8 30.2¢ 33.4 31.4 36.5

2 30 164.9 70.74  568.18 °921-22 ©5.8 0.4 35.0 33.8 31.2 38,92

3 30 160.0 67.68 59.0¢ 14-15 ©8.° 15.4 22.4 31.6 33.0 36.8

4 32 154.3 57.90 51.22 15-15 25.° 12.0 31.2 32,8 28.3 34.6

5 28 170.0 99.0°7 £2.18 35-356 31.3 PO, 33.8 38.4 35.2 40.0

6 29 167.0 57.7?7 52.09 16-17 927.4 20.8 32.1 34.7 30.0 37.8

7 30 162.0 94.55 63.64 49-850 922.3 23.1 33.8 37.6 37.0 42,9

20.1 164.5 73.79 27.8 20.° 39.3 34.3 32.3 37.9

+0.8 +2.1 +5.26 +0.8 +0.9 +0.2 +0.8 +1.1 +1.0
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of body welght. All of the subjects were considered "static'
in their weight patterns with the exception of Subjects 5C,

6C and 7C in the overwelght group. Subjects 5C snd 7C were
making conscious efforts to lose weight by regulation of dally
caloric intake; both hed undergone definite changes in body
weight during the previous year. The weight history of Subject
6C indicated 2 pattern of alternste geins and losses in en
attempt to attain and maintein desirable weight. Information
about changes in body welght and s brief medlicel history for
esch subject are given in Table 24 (in Appendix).

There was en increment in the means of the various body
measurenents which tended to parsllel the increment in mean
welght between Groups A and B and between Groups B and C. Ex-
ceptions to this were the bi-iliac and bi-trochanteric mezs-
urements for which there was essentlally no dilfference between
mean values for the underweight women and the average weight
women. Bi-1llac dlameters were 28.8 and 28.7 cm. for Groups
A and B. The overwelght group, Group C, averaged 32.3 cm.

The standard errors of the means were a2ll of the same magnltude.
The bi-trochanteric measurement was 30.8+0.5 cm,for the un-
derwelght women and 31.5+0.6 c¢m. for the women of desir-

able weight. The mean value for the overwelght subjects was
34.3+0.8. The difference between the mean values for the
average welght women and the overweight women was similar to

or greater for both lateral snd antero-posterior chest mess-
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urements than the difference between means for the under-
weight end the zverage weight groun. The l=ateral chest meas-
urements averesged 24.8+0.4, 25.9+0.7 2nd °27.8+0.2 em. and the
entero-posterior chest mezsurements sversged 17.°+0.2, 18.8
+0.5 2and 20.2+0.9 cm., for the under-, 9Vcragé and overweight
groups, respectively. Of the body measurements which were
made, the lsteral end sntero-vosterior chest me~surements end
the bil-iliec ~nd bi-trochanteric mersurements orobstly reflect
body freme to » grester degree then other mersurements. COCr,
conversely, these mersurements may be less likely to be affect-
ed by subcut~neous f=t then the other body messurements, ex-
cepting skinfolde. Thus it would seem thet the skeletel size
of the women in Group A wes similer to thet of CGroup B but

thet the women in Group C may heve had 2 broader freme =2s well
28 2 greater smount of body fot than the women of desirsble
body welght. Since the difference in mesn welghts of Groups

A 2nd B wrs only 5.1 kg. in comperison to 2 difference of 18.1
kg. between Groups B 2nd C, it is vpossible however that the
differences between mesns of the three weight erouns were in-
fluenced primerily by body feot.

Both the srm girth end c21f girth measurements afe influ-
enced by the thickness of the fot pad as well as the bone size.
The right erm girths for the »verspge weight women averaged
3.7 cm. more than for the underweight women 2nd 5.2 cm. less

than for the overwei ht women. Mean values for the right celf
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girth were 2.4 cm. less for the underweight then ror the aver-
age welght women 2nd 2.4 c¢m. more for the overweight then for
the average weight subjects.

Few studies releting ahthropometry to nutritionel status

of women heve 2ppeered in the litersture. ©Ohlson et 21.

(1958) used methods of messurement similer to those used in
this study. Table 13 presents » comnerison of some body
messurements of the weight groups in the oresent study with
those of selected grouns of averege weight, overwelght =nd
uaderwelght in the investigetion revmorted by "hlson et 21.
{1952) . The mersurements of the women in the two studies were
similer in megnitude even though the subjects revorted by
Ohlson et 21. reoresented z grester renge of age.

Yeagsurements of muscle strength snd body skinfolds are
shown in Tetle 14. There wes greater veristion among indi-
viduals for the hand grip expressed in kilogrems within Groups
A and C then within Group B; the meen for the right hend grip
of the average weilght women wes learger than the mesns for the
other two groups. Velues for the left hznd erip were similar
among the three groups. The hand grip messurements wefe lower
than values reported by Ohlson et 21. (1958); the revorted
values were for women many of whom were in employment which
involved physical lsbor. In contrast the subjects of this
study were professionel women end may hasve been less active

physically.



Table 13. Comparison of body mensurements of subjects in three weipht groups with
revorted values

Bi-
Chest Arm tro- Calf
Age Welight Antero- pirth, Bi- chan- girth,
Subjects Nc. range Helght range Lateral posterlor rt. 1liasc teric rt.
yrs. cm. ke. cm. cm. cm. cm. cm. cm.
Underwelight
Group A 7 925-34 162.1 45.4-5R.4 ©24.8 17.° 29,7 28,2 30.9 33,1
Ohlson et al-
(1958) 7 ©5.51 163.4 45.0-54.8 ©03.0 16.8 °3.5 ©&.7 30.8 30.3
Average
weilght
Group B 7 ©25=-34 183.4 48.8-85.2 925.9 18.8 PHR.4 0 PR,7 31.5 35.5
Ohlson et el.
(1956) 7 25-52 164.8 53,5-A2.9 5.4 17.9 o7.A 92,3 31.8 35.9
Overwelght
Group C 7 25=34 164.5 57.9-84.53 927.8 0.2 392.3% 39,3 34,3 37.9
Ohlson et al.
(1956) 7 ©95-57 164.5 %5.9-112.0 27.° 00,5 33.4 33.0 348.4 40.0

84
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Table 14. Muscle strength 2nd body skinfolds of sublects in
three welght groups
G'I‘Ol.lp Skinfold
and Body Hend grip Upper esrm
subject Age welght Right Left Right Left Front Beck
yrs. ke, keg. kg. cm cm cme. cm.
Al 23 58 .40 40 31 0.8 0.8 0.8 1.0
2 30 992.88 20 18 0.7 0.8 0.7 1.4
3 25 45.75 29 8 1.1 1.0 N.8 0.9
4 22 48.87 29 ~g 0.4 AN 0.8 0.8
5 25 51.40 28 25 1.° 1.5 1.3 1.2
5 25 82.8° 28 30 1.0 o0.¢ 0.2 0.9
7 25 45.49 21 18 0.8 0.8 0.7 0.8
3.4 50.6° 25.6 22.2 0.8 0.7 n.a 1.0
+0.7%+1.45 +2.6 +1.0 +0.12 +0Q.11 +0N,02 +0.08
31 34  80.1° 30 30 .7 0.9 n.6 0.¢
? 2e 51.96 25 12 1.° 1.0 0.2 1.5
3 32  B85.28 24 20 1.4 1.4 1.2 1.5
4 25 52 .37 39 31 1.4 1.5 1.0 1.9
o 39 4R .89 30 22 1.7 1.3 1.0 1.3
6 31 52 .40 29 17 0.2 1.1 1.1 1.0
7 285  82.18 20 o0 1.7 1.6 1.2 1.8
22.7 55.71 22,0 93.0 1.? 1.3 1.0 1.3
+1.3 +2.39 +1.4 +2.0 +0.13 +0.10 +0.08 +0.11
C1 26  85.9° 18 25 1.8 2.1 1.4 2.5
2 30 70,74 30 23 1.6 1.8 1.5 2.2
3 30  87.88 28 27 2.7 2.5 2.9 3.5
4 32 57.90 24 29 1.° 1.1 1.3 1.2
5 28  22.0° 39 31 2.6 2.5 2.4 3.5
6 29 67.72 1° 1° 1.8 2.1 2.2 2.3
7 30 ©94.56 35 P2 2.7 2.0 2.5 3.9
P2.1 73.79 26.6 923.3 2.1 2.1 2.0 2.8
+0.8 +5.268 +2.4 +2.2 +0.23 +0.23 +0.924 +0.29

8¥ean and standsrd error.
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Values =zre given for four skinfolds. The sum of the
average skinfold meesurements for Group & was 3.41 em. The
mean of each of the skinfolds for Group B was higher than thet
for Group A. The total of the four skinfcld means for Group
B was 4.78; the total for Group C wes 2.04 cm. The reletively
large skinfold velues for the subjects of Group C in comparison
to the other subjects =re in sccord with the renorts of BroZek
(1956), Ohlson et 21. (1253) 2nd others thet skinfold thick-
nesses vary directly with the 2mount of fet on the body and

with the degree of overwelght.

Energy value, protein 2nd thismine of diets

Estimations of the energyv value 2nd the protein and -
thiemine content of the diets of the °1 subjects =re given in
Table 15. The estimations were based on two °4-hour recall
records. Mean energy velues of the dlets of the three groups
were 2083, 2242 =nd 1942 Celories per deoy for Groups A, B and
C, respectively. The mesn energy velue was spceroximetely 210
Calories per day less then the me2an recommended dietary =21low-
ance for Cslories (Natl. Acad. Sci. - N=tl. Res. Council,
1858) . Only two subjects reported diets with an energy value
above the recommended allowance for Calories.

The energy velue of the diets of women who were classi-

fied as overweight ranged from 1503 to 2742 Calories pe: day
with a mean of 1949 Cal./day. Five of the women hed diets
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Table 15. Energg value 2nd protein and thiamine- content of
diets® of sublects of three weight grouvns

Group and

subject Calories Protein Thizmine

Qm me .

A 1 2081 102.9 1.9¢

2 P4 53 77.8 1.13

3 10488 3¢.4 0.68

4 12088 77 .9 1.10

S 2060 87.° 1.18

6 1880 RE .8 1.10

7 2050 115.4 1.80

Yesan 2083 23.Q 1.1Q

Recom. Diet. Allow.P 9300 59.0 1.15

B 1 34548 142 .48 1.8°

2 2085 GR.” 1.04

3 2301 1056.4 1.860

4 1485 95.7 1.20

5) 208° 73.0 C.e8

5 1944 R2.0 1,99

7 207 % R3.8 1.10

Yesn 5049 04.1 1.30

Recom. Diet. Allow. 2200 57.0 1.10

c 1 1738 7.0 0.98

2 1508 R2.2 0.76

3 2742 892.0 i.14

4 1724 R2.3 0.9Q

5 1956 7.7 0.e8

B8 2388 90.8 1.34

7 1578 109.3 1.14

Mean 1949 84.0 1.05

Recom. Diet. Allow. 2300 60.0 1.15

®Bssed on recall of diet of preceding 24 hours; average
for two days. )

PPood and Nutrition Board, Net. Ace2d. Sei. - Natl. Res.
Council (1958), adjusted for desirsble weight and 2ge, zssum-
ing subjects 2re as active as the 25-yeer-o0ld "reference"
woman.
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which supplied less than 2000 Cel./day. The dlete of the sub-
jects on the days of the recall records may have been atypical
of their customsry eating hebits. The data suggest, however,
that these women may be maintaining excess body welght on dlets
relatively low in energy velue. Swenson et al- \I955) report-
ed diets for a group of women which also indlcated msintensnce
of overweight on limited food intskes.

Mean lintskes of protein by g1l groups and mean intskes of
thiamine by Groups A 2nd B exceeded the recommended gllowances
for these nutrients. The thiamine of the diets of the over-
welght women averaged less than the recommended dletary sllow-
ance. In each case, the subj)ects whose diets supplled 1less
than 2000 Calories per day had estimated thismine intakes less

than would be recommended on an individuel basis.

Basal energy expenditure

Basal oxygen consumptions are shown in Table I6. Mean
basal oxygen consumptlon for the young women of average welght
was 9.42+0.42 1./hr. The mean vslue for the overwelght young
women exceeded that of the reference group by I.00 1l./hr.; for
the underwelght group this difference between mesns was 0.56
l./hr. Mean vslues for bassl oxygen consumption were 8.86
+0.33 and I10.42+0.69 1./hr., respectively, for the underweight
and overwelght groups. Ranges 1n bassl oxygen consumption
were 8.I1 to II.I7, 8.I8 to I3.24 snd 7.8 to I0.30 1./hr.,

respectively, for the average, overweight and underweight



Table 16. Basal metabolism of subjects in three welght grouos

Grou : Basal Basal
andp . oxygen resvir- Basal metabolism
sub- Body welght consump- atory Cal./kg. Cal./ke?-73
Ject Age ke. keQ-79 Height? tion aquetient Cal./hr. /he. /hr.
yre. cm. 1./hr.
A1 26 56.40 12.10 173.4 ©.45 0.72 55.1 0.818 2.390
2 30 52.88 18.37 168.8 2.858 0.80 54.5 1.03 3.01
3 25 46.75 16.52 168.°7 7.81 0.84 435.2 .82 2.62
4 28 48 .87 17.25 167.6 8.06 0.33 47 .2 0.97 °.76
5 25 61.40 17.8°2 171.° 2.84 0.21 53.0 1.03 2.98
6 25 52.62 18.12 165.4 9.68 0.81 565.0 1.07 3.10
7 26 45.42 16.60 168.° 10.30 0.88 55.5 1.97 3.49
26-4b 50.62 17.68 169.1 £2.86 n.8% 52.1 1.03 2,97
' +0.7Y +1.45 +0.36 +0.2 +0.33 +1.8 +0 .04 +0.10
B 1 34 60.12 20.12 168.° 11.17 0.89 A35.9 1.10 3.31
2 29 51.26 17.86 165.5 2.91 0.7¢ 55.1 1.08 3.12
3 32 65.88 21.24 173.8 10.560 .78 53.0 0.96 2.96
4 25 59.32 19.20 1563.3 8.11 .80 42.0 0.8° .48
5 32 492.82 16.97 155.4 8.45 0.81 o1l.1 1.04 2.29
6 31 52.40 18.06 158.0 8.35 0.78 53.2C 1.0° ©.25
7 25 52.18 18.12 189.5 £.38 Q.87 51.7 0.92 .08
29.7 £5.71 18.20 163.4 0.4°? n.8° 55.€ 1.00 2.86
+1.3 +2.32 +0.68 + 2.2 +0.45 +P.4 +0.04 +0.10

8Average of two messurements, basal state.

bMean and standard error.

CBased on one day only.

¢8



Table 16. (Continued)

Group Basal Bassal

Basal metsbolism
and oxygen resplr-
sub- Body welght conssmp— atory Cal./ke. Cal./keQ:73
ject Age  ke. keP°73 Height tion aquotient Cel./hr.  /hr. /hr.
hrs. cm. 1./hr.

C1 25 85.92 921.51 166.1 8.18 0.81 42.1 0,74 2,30
2 30 70.74 22.48 174.9 10.84 0.83 £1.0 0.R6 2,79
3 30 67.68 21.72 160.0 10.51 0.74 "9.9 n,e3 2.90
4 32 57.90 18.38 154.3 8.43 0.79 42,3 0.84 2,50
5 28 2.2 ©26.48 170.0 13.924 n,R’4 77.3 N.84 2,84
6 29 g7.72 21.12 167.0 11.93 0.72 59.5 0.2” 2.88
7 30 894 .56 927.86 162.0 9.74 0.8° 52,0 0.64 0,04

20.1 73.79 9£2.95 164.5 10.4° 0.80 £0 .4 0.83 2.63
+0.8 +65.26 +1.16 +2.1 +0, 82 +3.7 +0.04 +0.11

78
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groups .

The resviratory quotients eversged 0.8% for the under-
weight and the averegre weight women and 0.80 for the over-
weight women. Five of the seven subjects in the everage
weight group had bassl respirstory cuotients below 0.82; the
range for this group was from 0.78 to 0.89. The number of
respiretory ocuotients below 0.82 wss five for the overweight
group end four for the underweight eroup. The renges for
these two groups were £.74 to 0.84 ond N.72 to 0.8R, resnec-
tively. Of & totel of 21 youne women, then, 14 subjects had
respiratory cquotients telow 0.29, the velue commonly accepted
for zpperently heslthy 2dults on 2 mixed diet. The relatively
high number of women with values below 0.8P suggeste thet there
mey te 2 higher orovortion of fet in the dlet of these sub-
Jeets than would be assumed for a mixed dilet ylelding 2 res-
vlretory quotient of 0.82. The meen non-protein resnirztory
ouotients for Grouvs A, B 2nd C were the same ss the mean res-
pilretory ouotients. Differences between non-protein respira-
tory quotient and respiretory acuotient, for individuzl sub-
Jects, were uniformly less than 0.0? except for one subject
for whom the two values differed by 0.06. Hawthorne (1954)
“reported non-protein respirstory quotients of 0.83%, 0.83 and
0.79, respectively, for underwe;ght, averape weight and over-
welight sublects. Among nine subjects studied by Kereluk

(1956) were four overweight women with non-protein respirstory
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quotients ranging from 0.74 to 0.78.
Basal energy éxpenditures, expressed as Celories per
hour, Calories ver kilogram per hour znd Calories per kilogram

of body weight®: ">

per hour, also are presented in Tsble 18
for the subjects in the three weight groups. The means for
the underweight, averesge weight snd overweight women were
52.1+1.8, 55.6+2.4 and 60.4+3.7 Cal./hr., respectively.
Analysis of veriance indicrted thet the differences among
groups were significant (P £ 0.05). Thus the underweight
group averaged 3.5 fewer Calories per hour and the overwelght
group everaged 4.8 more Calories per hour than the average
weight group. The difference between the means of the under-
welght and overweight groups was &.3 Cal./hr. Values for
individual subjects ranged from 43 to 56 for Group 4, 42 to
65 for Group B and 48 to 77 Csl./hr. for Group C, respec-
tively.

Differences among basal energy expenditures for the three
groups were stastisticelly significant (P < 0.01) when values
were expressed in terms of Calories per kilogrem per hour and
of Calories per kilogramQ'73 per hour. Mean basal metabolism
wvalues expressed as Calories per kilogram per hour were
1.03+0.04, 1.00+0.04 and 0.835+0.04, respectively, for the
underwelght, average weight and overwgight groups. On the

0.73

basis of Calories per kilogrem per hour, the mean basal

energy expenditures were 2.97+0.10, 2.96+0.10 and 2.63+0.11,
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respectively. On the basls of body weight, then, differences
between the underweight and everage weight sublects were
slight, but the overweight group had significently lower basul

energy expenditures.

Eneregy expenditure during physicel zctivity

Energy expenditure values for the subjects in the three
welght groups during resting end walking ere given in Table
17. The experimental conditions were similar to those de-
scribed for women in the study of age and energy expenditure.
Each of the values represents the average of two observations
made on different days. In Figure 3, the deta are presented
grephicelly.

Xean energy expenditures for resting were 61.0, 66.6 and
73.8 Cal./hr., respectively, for the underweight, average
welght and overweight groups. Mean value for the underweight
group was 5.6 Calories per hour less than that of the aver-
age welght group during resting; for the overweight group the
mean value was 7.2 Cal./hr. more than thst of the average
welght group. The values were 8.9, 11.0 and 13.4 Cal./hr.
more than the basal expenditures for these groups. That is,
energy expenditure during resting was approximately 17, 20

and 23 per cent, respectively, above expenditure in the basal

state.

Expressed as Calories per kilogram per hour, mean energy
expenditure was 1.19 for the young women in Group A, the
underweight group, 1.20 fo.* the subjects in Group B, the



Table 17. Energy expendltures during walking of subjects in three welght groups

Walking
Resting 2 m.n.h., 4% incline 3 m.n.h., 4% incline
Cal. Cel. Cal.
Weight Sub- Cal. Cal./kg. /keQR:75 Cal. Cel./kg. /keG-73 Cal. Cal./ke. /kpQ-73
group Ject /hr. /hr. /hr. /hr. /hr. /nr. /hr. /hr. /hr.

A 1 8B5.5 1.15 3.81 172.1 3.13 Q.39 203.3 3.23 11.69
Under- 2 70.8 1.31 3.85 2C03.¢ 3.78 11.08 P44 .02 4.54 13.33
welght 3 43.1 0.2 2.61 1923.8 P.E5 7.80 1£3.0 3.E80 g.87
4 5656.1 1.11 3.20 1580.¢ 5.06 8.74 102.9 3.892 11.14

5 67.5 1.31 3.78 173.2 3.356 .72 ©13.5 4.1° 11.97

6 67.5 1.97 3.72 173.8 3.98 2.52 205.7 4.96 12.46

7 87.3 1.23 3.46 195.8 4,17 11.80 212.9 4.68 13.94

61.0 1.19 3.46 171.3 3.35 Q.48 211.2 4.13 11.28

+3.7%8 +0.05 +0.16 +10.2 +0.18  +0.53 +10.1 +0.15 +0.45

B 1 74.¢ 1.23 3.72 294 .83 3.6% 11.17 244 .n 4.00 12,19
Aversge 2 63.6 1.23 3.56 125.0 3.78 10.e° ©45.3 4.73 135.74
welght 3 74.7 1.14 3.52 233.1 3.54 1n.98 o33 4.16 12.87
4 58.6 0.24 .85 209.4 3.70 11.18 280.7 4 .6R 14 .10

5 63.9 1.39 3.7 15C.4 3.11 8.86 203.0 4.%0 11.986

6 68.0 1.2Q 3.76 178 .4 3.3 2.88 216.° 4.10 11.97

7 64.7 1.992 3,68 2086.8 4 .98 1°.81 200.4 5.42 15.0°

66.6 1.20 3.54 204 .4 3.64 10.79 250.4 4.48% 13.26

+2.5 +0.05 +0.12 +11.7 +0.14 +0.43 +12.86 +0.21 +0.585

8Mean and standard error.
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Table 17. (Continued)

Walking

Resting 9 m.p.h., 47 incline 3 m.p.h., 4% ineline

Cal. Cal. Ca%.
Welght Sub- Csl. Cal./ke. /keQ:-73 Cal. Cal./ke. /kpP-75 Col. Cel./ke. /keQ-73
group Jject /hr. /hr. /hr. /Mr. /hr. /hr. /nr. /hr. /hr.
C 1 70.3 1.C5 3.26 231.3 3.47 10.7¢6 o7 .2 4.18 172.992
Over- 2 8692.7 0.88 2.78 232.5 3.97 10.34 277.5 3.20 12.34
welight 3 72.8 1.07 3.34 228.1 3 .34 10.4¢ ©55.9 3.90 12.90
4 8£3.0 1.09 3.95 128.0 ~ 3.4° 1n.26 ”217.4 3.75 11.99

5 80.0 0.20 3.0° ”215.1 9.49 8.1°% Q4.8 3.39 11.13

6 78.1 1.12 3.83 1Rr8.Q 2.79 8.54 o275.4 3.286 12.46

7 90.0 0.94 3.992 312.4 3.99 11.21 4924 .0 4.44 15.99

75.8 1.01 3.20 290.6 3.13 2.26 2G0 .4 3.09 12.50

+3.7 +0.04 +0.08 +156.2 +0.158 +0.43 +°4,1 +0.13 +0.581

868




Figure 3. Vesriestions in energy expenditure during walking
tests by subjects in three welght groups expressed
in three naremeters
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reference group, 2nd 1.01 for the overwelght group, Grour C.
Corresponding values, expressed as Calories ver kilogrsmo‘75
p2r hour, were 3.46, 3.54 snd 3.920, respectively, for the
three groups.

Apverently, resting energy exvenditure incressed with
increase in weight when expenditure was expressed @s Calories

-

per hour: when expressed as Cerlories ver kilogrem ner hour and

0.73 per hour, 1t decressed with incresase in

per kilopgrem
welght for subjects who were overwelght.

The differences =mong resting energy evpenditures were
statistically significent (P £ 0.01) accordine to anslysis of
verisnce when velues were expressed 1n eech of the three pare-
meters. Applicetlon of the Q-test indicsted that the under-
welght women did not differ from the =verage weight women in
energy expended during resting but thet the overweight women
differed significantly from both the women who were of aver-
ege body welght e2nd the women who were underweight.

Table 18 glves 2 compsrison of the results obteined when
energy expended during walking by women in the three weight
groups was mesasured on two experimentesl deys. Vslues sre ex-
pressed as Calories per hour. During the second day the
underwelght group expended sn averege of 15 fewer Calories
per hour st the two mile rate 2nd five less Calories per hour
at the three mlles rate than on the first dey. The overweight

women had essentlally the same energy expenditures when
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Table 18. Comparison bevween days of mean energy expenditure
during walking by women of dlfferent welghts

Number Calories per hour
Weight  of 2 m.p-h., 4% inciine 3 m.p.n., 4% incline
group subjects Day 1 Day 2 Day 1 Day 2
Under- a
welght 7 175.8+11.5° 163.7+2.5 214.4+11.1 209.1+10.2
Average
welght 7 211.1+12.) 197.7+12.7 ©246.8+13.0 £54.0+13.0
Over-
welght 7 229.1+19.8 230.2+14.7 285.4+27.2 295.4+22.3

83tandard error of the mean.

walking at two miles per hour on the two days but averaged

10 Cal./hr. more on the second day than the first when walking
at three mliles per hour. Since no uniform trend was mani-
fested towsrd a reduction of energy expenditure on the second
day of the experiment in comperison with the first day ror

the three groups, and since the seme observetion was made

with the two groups of older women reported above, Groups D
and E, values for the two test days were trested es replice-
tions for comparisons mede among welght groups es well as
among age groups.

During welking, mean energy expendltures were 171.3,
204.4 and 229.6 Cal./hr. at two miles per hour and 211.8,
250.4 and 290.4 Cal./hr. at three miles per hour, respec-
tively, for Groups A, B and C (Table 17). Mean values for
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the underweight women, Group A, were less then those for the
averege weight group by 33.1 Cal./hr. 2t two miles per hour
and by 38.€6 Cel./hr. et three miles per hour. During welking
the overweight women had mean energy expenditures thet were
greater then those of the esverace weight women by 25.° Cal.
/hr. 2t two miles per hour =2nd 40.0 Cel./*». =t three miles
ver hour. The differences emong meesns were stetistically
significant (P £ 0.01; enrlysis of varisnce) for inter-
comparisons of =11 three groups. The grestest exnenditure of
energy for en individuel wes 312.4 Cel./hr. =t two miles per
hour #nd 474.0 Cezl./hr. 2t three miles per hour by subject

7C who weighed 94.58 kp. Subject 5C, however, who weighed
©2.0? kg. expended less energy for welking »t two miles per
hour than seven women with smeller body weights; her energy
expenditure for walking =t three miles vner hour exceeded thet
of other subjects who weighed less although there wes only a
smell difference between velues for her a2nd for subjicst 7B
who welghed only 5°.18 kg.

The differences in energy expenditure emong groups wes
elimineted in psrt by expression of Celories on the besis of
tody weight. Mean velues on this basis were lower for the
overwelght women then for the other two groups. Although
enalysis of variance indiceted thet there wes e difference
emong means, the Q test showed thsﬁ only the mezn difference

between Groups B znd C was significent when Calories per hour
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were expressed on the bssis of body weight to the first power.

The parameter used to express metabolic body slze, WO'73,
influenced total energy expenditure vslues for the grouvs with
s2ge os 2 variable factor in nesrly the same menner s body
welght to the first vower. Subjects in those groums were
estim=ted to be of desirstle btody welght for their helght and
frame. When this parameter wzs used for expression of energy
expenditures of sublects of less and more then desireble body
welght, totsl velues for energy expenditure were sffected dif-
ferently than when reduced to Calories per kilogrem of body
weight. The lowest mesn energy expenditure wes by the under-
weight women. The meen velue for the overwelght group wes
less than thet of the reference group but the differences
were not statistically significent. On the basis of this
perameter, the only d'fference between mesns which wes stetis-
tically significent wee the difference between the mean of
the underweight subjlects end thst of the aversce weight sub-
jects.

The mean increment in energy exvenditure wes celculsted
Tfor each subjJect of the three weight groups in the s2me men-
ner as was reported for sublects in the age grouns. The
energy cost of walking is given in Teble 12 2s the meen incre-
ment in hourly Calories and hourly Calories on the body weight
basis for the three groups and the two walking speeds. Exam-

ination of the me2n inerements for the women of under-,
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Table I9. Mean increment in energy expended during walking
by subjects in three weight groups

Rate
2 m.p.:h 3 m.p-h.
4%Cinc11r’1e 4%€1nc113é

Number al. Cal al. 8l.
Welght of Cal. /kg. /kg.'*7® Cal. /kg. /kg.073
group subjects /hr. /hr. /ar. /hr. /hr. /hr.
Under-
welght 7 II0 2.I5 6.22 I50 92.94 8.49
Aversge
welght 7 I38 2.56 7.25 Ig4 3.28 ©.72
Over-

weight 7 I 2.12 6.76 2I7 2.77 9.30

average and overwelght ylelded informetion simllar to that
obtalned from the total heat production vslues during walk-
ing. The energy cost of movement of body weight on an incline
of four per cent was indicated by the difference in the in-
crement of IIO Cal./hr. for women averaging 50.6 kg. in -eight
and that of I56 Cel./hr. for women averaging 73.8 kg. in
welght when walking st two miles per hour

The metabolic cost of walking wes highest, on the basis
of Calories per kilogrem of body welght for women who were
of desirable welght for thelr height snd froeme. Mean values
at the two rates were 2.56 snd 3.28 Csl./kg./hr. The dif-
ferences 1n mean values between this group and those of the
other two groups were not significant, however. The increment

in energy expenditure for Walking at two miles per hour was the
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same (2.15 and 2.12 Cal./kg./hr.) for the underweight and
overwelght subjects.
The increment in heet production, expressed on the basis

of Calories per kilogramo‘73

per hour, reflected the same
shift in relative energy expenditures that was observed for
total energy expended during wslking. Here also, the under-
weight women hed the lowest increment in energy cost of walk-
ing of the three groups. The value for the underweight women
vas 5.22 Cal./ng'vs/hr. for walking at two miles per hour.
The increased energy cost for walking at three miles per hour
vas 2.27 Cal./kg9'75/hr- greater, or 8.49 Cal./kg9'75/hr. The
extra energy cost for weslking three miles per hour as compared
with two miles per hour averaged 2.47 Cal./ng'Vs/hr. for

the aversge weight women and 2.54 Cal./kg9’73/hr. for the
overwelght women.

These date indicated thet movement end elevation of the
body at moderate retes of speed st a slope of ineclination of
four per cent required expendlture of energy primarily for
the movement of mass. That this energy cost of body movement
can be charged against adlpose tissue to a large extent is
suggested by the observation thst the energy cost of body
movement expressed on the baesis of the unit selected to express

effective metabolle body size was essentially the same for

women whe were underweight as for those who were overweight.



Oxygen Debt Incurred During Walking

Values for total energy expenditure during walking pre-
sented in Tgbles 9 end 17 included the energy cost of recovery
from oxygen debt es well as the observed exvenditure of energy
during walking. Oxygen debt, or the metabolic cost of re-
covery, was determined by subttracting the heat production dur-
ing resting from the heet production during the recovery
perlod; values were adjusted for the time of recovery. The
oxygen debt was assumed to have accumulated over the entire
fifteen minute period of the welking test; therefore the
oxygen debt was celculated for the last five minute period
of walking when the energy expenditure of walking wes measured.

During the period of recovery from oxygen debt the sub-
jeet was seated in a comfortasble arm chalr on 2 platform adja-
cent to the treadmill. This resting-after-walking period wes
terminated when the pulse rete of the subject approached or
returned to the resting pulse raste which was recorded before
walking. For most of the subjects this period was spproxi-
mately 10 minutes in length although there was some varistion
among individusl subjects.

Several otservetions were made of energy expenditure of
subjects selected from each age and weight group during sit-
ting efter the 1nitisl resting period. Energy expenditure
during sitting was comparable to that during resting, there-

fore 1t was assumed that oxygen debt could be messured after
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walking with the subject sitting while resting.

The energy expenditure calcul2ted ss the recovery from
oxygen debt and expressed as Calories per five minutes, was
8.7, 13.0 end 16.0 a8t two miles per hour and 11.°, 14.8 and

20.1 at three miles per hour, respectively, for the under-
weight, average weight and overweight groups (Table 20). Com-

parebie values for the young, middie a2ge and older groups were

Table 20. Mean difference between energy expended during
resting tefore and immediestely a=fter walking by
five groups

Mean Metebolic cost of recovery
tody a efter walking
Age range welght” 2 miles per hour 3 miles per hour
snd group kg. Cal./5 min. Cel./5 min.
25 to 34 yrs.
Group A 51.08 8.7 b 11.9
(3.1-13.3) (7.2-28.0)
Group B 56.12 13.0 14..8
(2.8-26.3) (2.2-95.4)
Group © 74 .01 16.0 20.1
(5.68-35.4) (7.0-39.5)
45 to 54 yrs.
Group D 52.31 12.3 18.8
(5.8-23.0) (7.5-47.8)
B85 to 74 yrs.
Group E 81.68 14.2 17.0
(9.1-15.92) (3.5-29.0)

2Average of two measurements, immedistely preceding
walking tests.

bRange of values for group.
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13.0, 12.3 and 14.2 at two miles per hour and 14.8, 18.8 and
17.0 at three miles per hour.

Wide variations among individusls for the metsbolic cost
of recovery appeared to be assoclated with verietions in cus-
tomary physical activity. Sutjects who were known te walk for
enjoyment or to and from work, and those who were considered
to be ective, physically, had lower recovery values than women
who were only moderstely zctive. Values for women in the
seventh and eighth decades were similer to those of the women
in the other two ege groups. It is recognized thet subjects
in Group E were, to some extent, "select." ¥Modicel examina-
tions 2nd willingness to perticipete in the activities wculd
eliminete many for whom this extent of physicel sctivity would
have been too strenuous.

Comparison of Two Methods for Determination
of Basal Metabolism

Two methods for determination of basel metebolism were
uged in this study. Method I was based on messurement of car-
bon dioxide and oxygen exchange. Method II wes cerried out
using a closed circuit apparatus. Values for both procedures
were expressed in terms of energy expenditure.

Method I was used for'determination of the values for
basel metzbolism which have been reported in Tables 8 and 16.
Additionel measurements of basal metebollism were made by

Method II since the conditions of the study afforded an oppor-
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tunity to evaluate this commonly used method for determining
oxygen consumption.

Basal metabollisms ottained by the two methods are pre-
sented in Table 21. Calculations besed on percent deviation
of the values for the individual sub)ects snowed that results
ottained with Method II agreed with those of Method I by 5.6
per cent. In Method I, meesurement of both carbon dioxide pro-
duction end oxygen consumption provided bases for estimation
of the respiratory cuotient gt the time of the test. Basel
heat production, as dctermined clinically, 1s estimsted from
the caloric.equivalent of oxygen at a2 resplretory quotient of
0.82. The 35 respiratory quotients presented in Tables 8 and
16 included one value for 0.82 (for subject 7C), 17 values
that were less thsen 0.82 and 17 velues that were more than
0.82. For 16 subjects, sgreement between the two methods
would have been closer had the determined respiratory quotient
been used 1n calculation of the caloric equivelent of the
oxygen consumption determined by the closed circuit technique.
However, for 18 subjects the agreement would not have been
better had the determined respiratory quotient been used.
Therefore the differences in values for the two methods appar-
ently resulted from some factor in sddition to the use of an

assumed respiratory quotient in the clinicel procedure.



101

Table 21. Comparison of two methods for determination of
basal metabolism

Group Body
and Age, wt., Basal metabolism in Cel./hr.
subject yrs. kg. I. Gaseous exchange II. Clinicsl proc.

Al 26  56.40 55.10 56.95
2] 30 52.88 54 .54 53.69
3 o5  46.75 43%.95 40.17
4 o8  48.87 a7.01 40,79
5 25  B1.40 52.07 46.99
6 25  52.62 55.96 50, 29
7 o8  45.49 55.48 46.19
B 1 34 60.1° 65.90 A0 .64
2 29  51.926 55,12 49.73
3 39 65.88 63.00 57.79
4 95 52,39 48 .06 47,94
5 32 48.89 51.14 45,44
6 31  52.40 53,058 51.20
i o5  52.18 51.70 59,907
C 1 25 65.99 49.19 54.10
P 30 70.74 61.01 58 .59
3 30 67.68 62.20 83 .84
4 39 57.90 48.39 46.84
5 28 92.02 77 .99 P1.71
6 29  B7.79 6°.46 61.69
4 30 94.56 62.05 68 .65
D1 47 70,94 52.09 56.94
2 47  55.44 43.87 49.923
3 52  58.26 61.408 52.77
4 51 50.34 46,34 39.99
5 45 60.70-- ° 61.11 54 .05
6 54  49.67 49.70 41.80
7 50 64.92 55.60 58.72
E 1 69 56.56 48.15 59.19
2 70 68.57 43.98 39.70
3 7”1l 55.82 50.46° 46.96
4 67  59.90 53.92 46.50
5 70 63.32 54.94 45.68
6 74  57.56 47.89 44.20
7 65 66.17 55.64 55.81
Mean 54,49 51.69

8Based on one day only.
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Energy Expenditure During a Modified Stepping Test

Measurements of energy expenditure of women stepplng at e
constant rhythm on 2 two-step pletform were mede in this lab-
oratory before a treedmill wes aveilable. Only five subjects
in 81l were studied. The sublects were selected 2t random and
were not representative of e defined population. Although the
inadequacy of the sample was recognized, the data were con-
gidered to te of interest since the work performed by these
subjects involved more 1lifting of body welght than the work

done on ‘She treadmill. Therefore the dot2 sre precented here.
Sublects

The ages, heights, body weights and estimeted desirstle
body welghts of the subjects ~re given in Table 22. Ages _
varied from 16 tc 43 yeers. The range in height wes 162.2 to
167.5 em. Body weights ranged from 52.48 to 77.47 kg. The
group included one underweight subject (°8), one overweight

subject (5S) and three subjects of desirable welght (1S, 3S
and 48).

Food recall records

Food intake records were obtained by dietary recall for
two 24-hour periods. The mean energy value and protein and
thiamine content of the dlets were estimated by dietary calcu-

lations and are given in Table 29 along with the estimated



Table 22. Energy value and protein and thiemine content of diets? of subjects
participating in stepplng test

Body b Value of recall diets Estimeted allowsnces?
welght b Pro~ This- Pro- This-
Subject Age Observed Desired® Height~ Calories tein mine Cslories tein mine
yrs. kg. kg. cme. gm. mg . gm. me .
18 43 52.48 56.8° 164 .3 2940 138.0 1.16 2100 57 1.05
28 16 55.12 61.8°2 187.5 1859 111.5 1.18 2400 59 1.1¢
38 24 62.53 60.00 163.¢Q 1856 5.8 1.43 2300 60 1.18
48 31 65.22 60.91 162.°72 1961 80.0 1.17 2300 51 1.156
55 20 77 .47 60.00 163.0 1318 59.9 0.65 2300 60 1.16

@Besed on recall of dilet of preceding 24 hours, averasge of two days.
bAverage of two measurements, immedirtely precedlng stepning tests.

CBaged upon Metropolitan Life Insurance Compsny tsbles (1952) and subjective
appralsal.

AFood snd Nutrition Board, Nationel Resesrch Council (1958), sdjusted for
desirable welght and age, assumling subjects 2re as active as the ?5-yesr-old
"reference" woman.

01
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dietary 2llowances which would te recommended for the indi-
viduals according to the Food and Nutrition Board (Nast. Acad.
Sei. - Net. Res. Council, 1958). The mean energvy values of
the two-day diets ranged from 1318 to 2840 Cslories per day
for the five subjects. The ranges for the protein and thia-
mine content were 59.2 - 138.0 gm. end 0.65 - 1.43 mg. per
day, respectively. The celoric values of the recall diets
were below the estimated allowances for 211 subjects except
for one, Subject 15, whose cslculsted intrke exceeded her
estimeted allowance by 840 Cslories. This subject considered
that the two deys for her recsll diets were a2typical. With
the exception of the values for Subject 55, the recall diets
indicated literal intakes of protein, snd thiamine inteskes
which compared fevorebly with the estimeted allowances. The
low value of 1318 Calories per day for the diets of Subject
55 could be explained by her comments to the effect thet she
was on a self-imposed "reducing diet" during the time of the
study. Apparently the food intake was restricted in such s
way that the thiamine content of the diet was affected as well
as the energy value although the diet supplied adequate pro-
tein.

Energy expenditure during ectivity

The values for energy expenditures for the subjects at

rest and during steppling are shown in Table 23. The subjects



Table 23. Energy expendlture during stepping
Day 1 Day 2 . Doy 1 Dav 2
Stepping Stepping Stepping Stepping
Sub-~ Body Rest- 0-4 4-8 Rest- 0-4 4-8 Rest- 0-4 4-8 Rest- 0-4 4-8
Ject Age weight® ing min. min. ing min. min. ing min. min. ing wmin. min.
Cal./keQ 73 Cel./kpQ-73
yrs. kg. Csal./min. Cal./min. /min. /min.
15 43 52.48 t l.1 5.5 6.0 1.1 4.7 6.1 0.06 0.30 0.33 0.06 0.76 0.34
29 16 55.12 1.2 5.9 6.9 1.1 8.2 7.5 0.06 0.31 0.37 0.06 0.34 0.40
33 24 62.55 1.1 6.4 7.3 1.0 5.0 6.7 0.05 0.31 n.386 0.05 0.27 0.30
45 31 65.22 0.9 12.56 4.7 0.2 8.2 9.1 0.04 0.59 0.722 0.04 0.39 0.43
59 20‘ 77 .47 1.0 6.8 9.2 1.0 6.5 11.0 0.04 0.28 0.38 0.04 0.927 0.48

aAverage of two measurements, immedlrtely oreceding stepping tests.

GOt



106

have been numbered in the order of increasing weight. The
oxygen consumption was measured for two consecutive four min-
ute periods (O -4 min.; 4 - 8 min.) of stepping. Recovery
from oxygen debt was calculated by the same method that was
used for arriving 2t oxygen dett for the sutjects who par-
ticipsted in the walking tests. The metebolic cost of recov-
ery from oxygen debt for the five subjects ranged from 0.29
to 0.69 Cal./min.

Energy expenditures during resting were similer for the
five subjects. Ranges were 0.2 - 1.2 Cal./min. and 0.4 - 0.8
Cal-/kg9'73/min. These valuss extrapoleted to en hourly
basis were comparable to tne resting energy expenditures of
the subjects described in the preceding section. Vslues for
energy expended during stepping were higher in the second
four-minute period of the test chan in the first period ex-
cept in one instance. For subject 45 the value for the
second period of the test exceeded the first by 0.2 Cal./min.
on the second day of the experiment,but on the first day. the
total energy expenditures were 12.5 Cal./min. for the first
four minutes and 4.7 Cal./min. for the second four minutes.
No notatlons were made which would account for this atypicsl
finding. Subject 55 had higher values for the second four
minutes of stepping than for the first four minutes.on both
test days but the increment was greater than for the other

subjects. This sublect was overweight and the higher incre-
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ment in energy expenditure during the second four minutes
probably reflected the greeter work load for the subject in
c&ﬁparison with the other subjects.

Heet production for Day 1 and Day ° during the second
four-minute stepping period averaged 7.2 Cel./min. for the
underweight subject (£S), 10.1 Cal./min. for the overwelight
subject (55) end 6.8 2nd 6.9 Cel./min., respectively, fur two
subjects of desirasble body weight (35S and 48). Subject 1S
who had the smellest body weipght of the group was considered
elso to be of desirable body weight; her energy expenditure
averaged 6.0 Cal./min. for the second four-minute period on
the two days.

When the dzta were expressed on the tesis of metabolic-
ally effective body size, energy expendltures were similar for
subjects 1S, 38 and 45. Vaslues were 0.34, 0.33 and 0.33 Cel.
/ng'VS/min., respectively, for the average of the last four-
minute periods of the two test days. The sixteen-year-old
girl (25) had 2n energy expenditure of 0.38 Cal./kg9‘73/min.
The highest value, 0.42 Cal./keQ'">/min., wes that of the
overwelght subject, 5S5S. These values also were the everage
for the last four-minute periods of the two test days.

.The step test was done at greater metabolic cost to the
subjects than were the walking tests. The mean energy ex-
penditure of subjects in Group B, with a mean weight of 55.71
kg., was 4.17 Cal./min. or 0.29 Cal./kg®'"3/min. for welking
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at three miles per hour; the mean energy expenditure for sub-
jects in Group C, with a mean welght of 73.79 kg., was 4.84
Cal./min. or 0.21 Cal./ng'75/min. for walking 2lso at three
miles per hour. The influence of tody weight on the metabolic
cost of stepping waes epparent although there was not a uniform
increese in energy expenditure during stepving with an in-
crease in body welght. Differences between test periods and
tetween test days tended to be ss greast as differences in
energy expenditures for subjects who wveighed &2 to 6% kp.,
respectively. The incresse in energy expendlifure associated
with the movement of additionel btody welght wes espperent for
subject 45 on the second test day and for the heaviest sub-

Ject, 55, on both test deys.
Corollary

Satisfactory comparison of the vaeriastions of a biochemi-
czl or physiologiecsl chafacteristic among individuals is
dependent primarily on the adequacy of & unit or basis for
expression of the characteristic. Energy expenditure, whether
in the besal state or during physical sctivity represents a
gross vaslue when expressed as Calories per hour. In effect,
the value 18 & summation of gll of the components of energy
expenditure and the net metabolizeble energy of the daily diet
cf en indlvidual must be equivalent to the total energy ex-

penditure if the individual is to meintein energy belence.
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For comperative studies of energy metebolism, however, ex-
pression of heat production or energy expenditure on the
basis of WO’73 provides 2 parameter for metabolicelly esctive
size and in pert, st leest, reduces differences in height,
totsl body weight, skinfold thicknesses end skeletsl size
among individuals.

When the influence of age on energy metabolism was evel-
uated, the findings indiceted thet the women, 65 to 74 years
of zge, had 2 mean besal metebolism that was significantly
lower than the mean v2lues of women who averaged 20 or 40
years younger. This difference was not reflected in the
energy expenditure of the three groups during welking. It
was recognized, however, that there were differences among
the three groups that were assoclated with body weight even
though all women were selected on the besis of azovperently
desirable body weight for thelr size. The means for Groups
B, D and E were 55.71, 58.51 snd 61.13 kg., respectively;
meen body welghts raised to the 0.73 power were 13.90, 1°2.867
and 20.26, respectlvely. Mean body welghts raised to the
Q.73 power were 17.68, 18.80 and 22,95 kg., respectively, for

Groups A, B and C.

Wgé? for subjects of Group E was

The average unit for
between that of Groups B and that of Group C, the overwelght
women. The range in values was from 19.04 to 22.12 for Group

E; the corresponding range for subjects in Group C was 19.38
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to 27.86. Values for individual subjects in Group B, i.g.,
women of desirsble body weight end 25 to 34 yeers of age,
ranged only from 16.97 to 21.%24,

The differences in meen energy expenditure of the women
in Group E from those of Group B and those of Group C were,

in Cal./kel "°/hr.:

Walking
Basgl metabolism 2 m.p.h. 3 m.p.h.
B~-E 0.44 0.5 0.57
D ~E 0.24 0.28 0.48
C - E 0.11 -0.74 -0.1¢

This comparison indicstes that the meen besal metebolism
ol women in the seventh and eighth decades compered closely
with thet of overweight women only 25 to 34 years of age.
The energy expenditures during welking when expressed on the
basis of metebolic size were, on the averasge, greater than
those of overweight women who were 40 yeers younger btut less
than those of average weight women who were 20 yesrs younger.
Since the btody component which varies with body weight is
adlpose tissue and since higher percentages of body fat have
been reported for older women (Brozek, 19565, the need for
further investigation of factors influencing energy mefabolism
along with measurements of body fat is indicated. In generaZ,
1t would appear thet age influences bassal energy metebolism
elther through a reduction in the number of meﬁabolizing cell

units during aging or a reduction in the intensity of the
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metabolic processes. Adipose tissue contzins 2 small fracticn
of metebolically active tissue. Thus excess body welght may
influence energy expenditure through an increase in effective
metabolic size and through the additlonal work load imposed

on the tody in its self-propulsion. The dzte from this study
indicete thet rge alone does not influence the increment in
energy expenditure above basel metebolism for physicel esctiv-
1ty if the influence of age is separsted from that of the

body wveight which frequently increasec 2s veople become older.
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SUMMARY

The influence of age and body weilght on energy expendi-
ture of women during standardized vhyslcel activity wes in-
vestigated. Thirty-five apperently heslthy women, selected
according to esge and welght, were subjects for treedmill welk-
ing at a four per cent 1ncline and at speeds of *wo end three
miles per hour. The subjects were distributed smong five
groups. One group was composed of young women, °5 to 34 years
of ege, who were of desiresble body weight for thelr height.

Two groups of women, »lso of desireble body welight, varied in
ege with successive mean increments of 20 yeers. Two groups
of women represented variations of btody weight, i.e., under-
welght and overwelght; these subjects were from 5 to 34 years
of age.

Energy expenditures were meesured in the besal stete, at
bed-rest spproximately one 2nd one-half hours after the noon
meal, and durlng walking on the treadmill. Methods of indirect
calorimetry were used. Values were expressed as hourly Calories,
hourly Calories per kilogram of body welght and per kilogram of
body welght reised to the 0.73 power. W%é?5 was used as a unit
to express metabolically effective body size.

Women aged 85 to 74 years had a significantly lower basal
heat production, expressed ass Calories per hour, than young
women. Differences among mesns for sll three age groups were

slgnificant when values were expressed elther on the basis of
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body weight or of body weilght resised to the 0.73 power. MNean
energy expenditures expressed in Calories per kilogramo'75 of
body weight per hour for the young, middle age end older
groups were, respectively, 2.96+0.10, 2.76+0.11 and 2.5930-09.'

The energy expenditures during resting averaged 3.54+0.12,
3.25+0.76 and 2.82+¢0.09 Cal./keg® 75/nr. for the young, middle
age and older groups, respectively. Thls decrease in energy
expenditure with ege wes significant. A decresse in total
hourly Calories and in Calories per killogrem mer hour with
age slso wes significent.

There were no significent differences among age groups
in the energy expended during welking. ¥ean velues, in Cal-
ories per kilogremo'73 per hour, were 10.79+0.43, 10.48+0,5%
end 10.20+0.19 ot two miles per hour end 13.926+0.55, 13.18+0.87
and 1?2.62+0.43 at three miles per hour, respectively, for the
young, middle and oléer age groups. The mean increment in
energy expendlture during walking over thet during resting
wes calculated; there were no differences among mesns for the
three sge groups. Mean values for the incrcments were 7.25,
7.08 and 7.38 Cal./kg9'73/hr. at two miles per hour and 9.72,
9.93 end 2.86 Cal./kg9'73/hr. at three miles per hour, re-
spectively, for the young, middle and older sge groups.

Basal energy expenditures everaged 2.97+C.10, 2.96+0.10
and 2.63+0.11 Cal./kg9'75/hr., for the underweight, average

welght and overweight women, respectively. Corresponding
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values for energy expenditure in the resting stete were
3.46+0.16, 3.54+0.12 and 3.20+#0.08 Cei./kg® "3/hr. “he Q
test indiceted that the overweight women differed signifi-
cently from women who were underweight or who were of desir-
able tody weight. The differences were apperent for energy
expenditures expressed in terms of each of the three pera-
meters. No significent differences were epparent between
the underweight women and the women of avcrage body weight
in energy expenditures in the besal state or during resting.

Energy expenditures during welking were significently
different smong the three welght eroups when velues were ex-
pressed as Calories per hour. Yesn velues, &s Cal./k,gc.)"73
/hr. for the underweight, everege welght snd overweight women
- were ©.68+0.53, 10.79+0.43 and 2.96+0.43 for walking st two
miles per hour and 11.26+0.45, 13.28+0.55 and 1°.50+0.51 for
walking at three miles per hour, respectively. These values
differed significently only between groups of underweight
women and women of average body weight. When energy expendi-
tures during walking were expressed on the bssis of body
welght to the first power, significent differences were
apparent only between the groups of overweight women and
women of average body weight. The influence of body weight
on the energy cost, or increment in energy‘expenditure, of
walking was similar to the influence of body weight on the
total energy exPended during walking.
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Five women, ranging in ege from 16 to 43 yeers, perticl-
pated in a2 modified step test. A two-step platform was used
and the subjegts stepped at a constent rate for two consecu-
tive four-minute periods. Mean energy expenditures during
the lest four minutes for two test days ranged from 7.2
Cal./min. for 2 subject weighing 52.12 kg. to 10.1 Cal./min.
for a subject welghing 77.47 kg.

The experimentel plen oprovided an opportunity to compare
values for basal metebolism determined by messurement of
gaseous exchange of the subjects with those obtaineR by »o
commonly used clinicsl procedure involving 2 closed circult
apparetus. The mean difference between velues obttained by
the two methods wes 5.6 per cent for 2 group of 35 women.

The experimental findings indiceted thet, 2lthough basal
metebolism decressed with advarcing sge, there was no asppearent
influence of age on the metabolic cost of activity. The
metabollic cost of ectivity did very, however, with the body
welght of the subjects.
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Table 24.
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Cese hictories of sublects perticipesting in the
welking tests

Sub ject

1A

2L

44

5A

6A

Ape, P8 yrs.;.wt., 56.40 kg.; ht., 173.4 cm.;
pleurisy in 1248; zpvendectomy =nd removel of
ovarian cyst, 128&5; chronie psin, lower left side
etdomen, 1287; menstrustion regulasr, occssionelly
wlth scute cremps; thin during childhood; resched
2dult weight =t sge 13; "pood zprvetite"; merried,
no children.

Age, 30 yrs.; wt., £2.88 kg.; 168.2 cm.; history
of good heaith; menstru-tion irreguler, with
occasionsl discomfort; thin during chlldhood 2nd
edolescence; fairly good avvetite.

Ace, 25 yre.; wt., 46.75 kg.; ht., 162.”° cms.
tonsillectomy, #ge 4; low bss2l metebolism during
childhood, with thyroid medic-tion for =bout 5
yeers; enstruotion regulsr, ususlly severe, re-
ouiring medication; "wes » chubbv 1iutle girl"
underweipht since lpte adolescence; merried, no
chiléren.

Age, 28 yrs.; wt., 42.67 ke.; ht., 167.68 cm.
tonsillectonmy, 193% frequent colde to roe P1;
pleurisy, 1°940; recurrent asthme, 12386 to 1944,
usuelly has hpy fever during June July and
August; menstrustion reguler; thin durine child-
hood ﬂnd adolescence; consistent vattern of under-
welght, with 1rregu1”rit1eq during adolescence.

Age, 25 yrs.; wt., 51.40 kg.; ht., 171.2 cm.
bronchitis throughout childhood; tonsillectomy,
age 4; appendectemy, 1956; menstru~tion regulsar;
thin es child end ﬂdoleqcent "alweys been under—

weight"; diebetes in family.

Age, 25 yrs.; wt., 52.62 kg.; ht., 166.4 cm.
allergic to rsgweed since 1943 tonsilleotomy,
1946; slight acne; menstrustion reguler; average
weignt childhood 2nd sdolescence; underweicht
since 19‘5 merried, no children.
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(Continued)

Subject

7A

OB

3B

4B

5B

Age, 26 yrs.; wt., 45.4% keg.; ht., 188.° cm.;
occaslionel colds; tonsillectomy, 1935; mensrche
et =2re 16; mens trustion irreguTPv consistent
prttern cf underweight; merried, no children.

Age, 34 yrs.; wt., 80.12 kp.; ht., 168.2 cm.;
occasional colfs; menstrustion rngulsr bes2l
metabollsm below stsnderd since 1943; intermittent
thyroid therspy, 1243 to 194%; 9ver?re tody welght,
childhood, =doles~ence 2nd sdulthood; merried,

one child.

Age, P2 yrs.; wt., 51.96 ke.; ht., 165.5 em.;
surgery for harni= in 19358 "nd for rectel fiestule
in 19585, 1935 end 195%; toneillectomy ond =fenoid-
ectomy, 1250; menstrual vettern reguler; thin
during childhood; body weight ~voroximetely 435 kg.
Trom age 15 to ﬂve 22 when precent welpght wes
atteined; merried, 'no children.

Age, 3% yrs.; vt., £5.8% kg.; ht., 173.2 cm.
hiqto”y of yOOd hﬂalth tﬂnsillectomv 1240;
menstrustion regular; DWumn during childhood
geins weight ersily snd mekes conscious effort
to w°intsin deslireble welght; like" to welk end
walke "more then most neople

Age, 25 yrs.; wt., 52.32 kg.; ht., 163.3 cm.;
history of good health; regulsr menstru=l pettern
except for some Blight irregularity during pest
two yeers; normsl weignt vettern; meinteins desir-
gtle weight "with diet =nd exercise."

Age, 32 yrs.; wt., 48.82 kg.; ht., 185.4 cm.

good health; occasional colds; regulsr menetrupl
pattern; wes "a nlump little gi”l" and "a chubty
teen-sger " 2md makes conscious effort to mein-
taln desireble weight; meximum weight sttained
since reeching 2dulthood, 54.5 kg.; hes meintpined
present weight conq1qtent1v for severpl yesrs

only foreign-born subject in group; during npst
10-yeesr residence in United Strtes has sdopted
American pattern of food inteke.
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(Continued)

Sutject

6B

1C

oC

Age, 31 yrc.; wt., 52.40 kg.; ht., 152.0 cm.;
oood heslth; menstrustion regul”r body veight
onttern coneiqtentlv within desireble renge;
mﬂ”vt“ﬂ three children.

Ape, °F yrao; vt., £€2.18 kg.; ht., 159.5 em.;
ho'Tth cond ; menqtrUﬂtlon ve*uW“” welrht nettern
congis tentlv within desirs=ble rPnpe.

Ace, °8 yrs.; wt., 65.9° kg.; ht., 1A3.1 ~m.:
occaslonsl colds; =llerric to corn ~nd tc ragweed
vollen; menstrurtion reguler within 285 to 30 ey
cycle; prior to birth of child, hasd 30 to 40 d=y
cycle; "plump since the fourth ersde’; married,
one child, born nremsturely.

Age, 30 yrs.; wt., 70.74 kg.; ht., 1r4.Q2 cm.:
toncillectomv 1232 menstrurtion rppulor some
digcomfort with eccH nerlod ususally rpouiring medi--
cation; besal metebolism tests at 2ge 17 indiceted
below norm#l r=te; from epge 17 hses teken 1 erein
thyroid detly unﬂer constant medicel sunervision,
begal met=bolism messured freouently, meintoined
within renpe of sterndsrd; consist ent’ nettern of
overveight since late childnood maximum wvelcht
sttained orior to =pe 22 wag cnnroximotely 26 ke.

Age, 30 yrs.; wt., B7.68 kg.; ht., 150.0 cm.;
tonsillectomy, 1945 scute nephritis nreceded by
high blood pressure, 1946; menstrurtion reguler
but sccompenied by discomfort reguiringe mediceation;
hes hed five miscerriages since merriace in 195°;
desireble weight during childhood; overweight
during sdolescence and adulthood with maximum of
77 kg. l1s maintaining oresent weight by "count-
ing calories. !

Age, 32; wt., 57.90 kg.; ht., 154.3 cm.; occasional
severe colds; tonsillectomv 1943; epvendectomy,
1956; menstruption repulpw qeverel besal metabo-
lism determinations have indicﬂted below standargd
values; intermittent thyroid medicestion for short
Deriods during end immedi=tely following college;

. in my twenties weight beczme 2 problem, and
hes been ever since."
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(Continued)

Sutject

7C

1D

2D

Ace, °8 yrs.; vwt., ©2°.02 ke.; ht., 170.0 cr.; no
cnest illnesses; no surgery excent for cease~resan
section =2t births of d=uphter ond of twins; -~en-
strustion normel end reculer; normel weleght during
childhood: consistent nottern of overweight cince
adolescence; ". . . during 1855-57, =fter the

twing were torn, my weight vent up to 215 1lbs.;

21l the gsirle in my femily, =nd my mother, s~re over-
weicht. "

Age, 22 yra.; wt., 87.7° ¥pg.; ht., 167.0 cm.;
aome sinusitis durineg winter months; tonsillec-
tomny, 193°; sonendectomy, 1251; menstrustion
normol pnd reguler; beqﬁ] meteoolsim tect during
first yerr in co*‘°~e below stancr»d 2nd followed
by thyroid medicstion for short time: "chuv:y
schonl ¢ 114;" since sdolescence, weight has
renced between 81 and 76 ke., with freocuent
fluctustions; married, two children, one miscar-
risge.

Age, 30 yrs.; wt. .58 %Xg.; ht., 18C.0 cm.;

cood heeslth, regulﬂr menstrusl DE”iOﬂS overweight
since age lO iurina p2st 10 ye=~rs qver?ge ”ewpht
approxim~ telv a8 ku. with » ﬂ”XimU“ of 10R.%8

kg. in 1982; ". . . heve to count crlories con-

sistently;" morried, four children.

Age, 47 yrs.; wt., 70.°4 kg.; ht., 174.0 cm.;
exce“ent he=lth; regulor menstrusl psttern with
1ndications of entering menopeusal veriod; aver-

age tody weight during lifetime.

Age, 47 yrs.; wt., 55.44 ¥kg.; ht., 152.1 cm.;
infrequent colds; mastoidectomy, 1932; tonsillec-
torny, 1833; hysterectomy, 1850; errly menarehe;
menstrusl pettern reguler; muobolism tests in
1934 =2nd 1955 gave values below stendard; thin
during childhood 2nd e~dolescence; since atteining
adulthood weight has renged between 57 and 66 kg.
maintains present weight "by regulsting food
inteke."
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(Continued)

Sutject

Ace, 52 yre.; wt., 52.725 kpg.; ht., 163.0 cw.;
cood he=1th excevot for occesionsl colis; tonsil-
lectomy, 192%8: hemorrhoidectomy, 1945; hysterec-
tomy £nd oovhorectomy, 1247; "normsl" weicht ost-
tern; m-rried, no chil?ren.

Are, &1 yre.; =t., 80.54 ke.; ht., 145.° cm.
oood he~lth; tonsillectomy, 1930; menstru=tion
reguler; thin durine childhood snd ~folescence;

2éu1t veloht n~ttern "normel;" merried, one child.
Age, 45 yr ; vi., £0.70 ke.y; ht., 1R7.0 em.;

gond he=lth; seldom h~s colds; pneumonir in 1218
snd 12358, tonsillectomJ snd amysdrlectomy, 192°0;
menstrustion reguler; averece weicght uurinp life--
time.

Lpge, 84 yrs.; wt., 42.87 kp.; HE., 153.5 em.;
tonslllectomy, 12°; svrnendectomy, 1230; einus-
otomy, 1939; mnnqtru"l nettern wes regulﬂv and
"fairly norm2l;" currently in letter pert of meno-
peusel veriod; low besal metebollsm observed 1n
1247, some thyroié medic=otion, under supervisio
Trom 1247 %o 128&4; thin %wr*nc childhood; veipht
slightly ~bove ~verape during 2dolescence; adult
weight hes been within renpe of desireble weipht
A~e, 50 yrs.; wt., A4.9° kg.; ht., 173.0 cm.
consistently pood he 1th history excent for
pneumonis in 183°; menstrustion reguler; low btrsel
metaicoliam obqerved in 124f end followed by short
veriod of thyroid medication; thin during child-
hood =nd ~dolescence; edult body weight mainteined
within renge of desireble welght.

Age, 52 yrs.; wt., 56.56 kg.; 160.5 cm.; good
heﬂlth eyceot for infrequent colds; pneumonisa,
1968 ; tonqilloctomy, 19038, =urpery on right fore—
arm following bresk of ulnr, 1953; menstrustion
was regular; completed menopausal period 1835~
1237, with no irregularity or discomfort; hes
meinteined desired welght consistently duving
adulthood.
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Tebie 24. (Continued)
Subject
o Age, 70 yre.; wt., 6°.57 ke.; ht., 185.5 em.;
infrequent colds; envrendectomy 2nd hysterectomy,
1222; tonsillectomy, 1235; mensrche in 1°21°;
1rreculer menstru-~tion until 1814 welcht history
normel: mrrried, one child.
3E Lge, 71 yrs.; wt., 855.8° kp.; 153.1 em.; pood
henalth; no cho«t illnecaéq except ﬂ]euwlqv for flve
weexs in 12°0; menstrustion reguler; menoo=use
begen ~t eoe 47, comnleted ot age 492, with only
slight discomlort; everege welpht durlnc child-
hood and sdolescence; sdult weight hes been con-
eistently within Gesirsble renge; merried, two
c¢hildren.
4% Age, 87 yrs.; wt., 52.20 ke.; ht., 142.3 cm.;

w

[8))
e

=1

no cheet ilinesses other th~n lung infpction 124¢
end 1©581; 2n-endectomy, 1213; tonsillectomy, 1839,
r°gul"r menstrusl periois; menopause completed
with no difficulties =t ace 43; overwelght during
childhood; thin during ~dolescence ‘ond e~rly
adulthood; prined weight following menopeuse;
currently ueiont flucturtes between 50 »nd 66

kg. me=kes continuous efforts to sttsin -nd
maint-in desiretle weight; merried, threé children.

Age, 70 yvrs.; wt., 83.37 kg.; ht., 162.6 cm.;
eppendectomy, 1913; tonsillectomy, 1218; "¥alte
fever," 19219; heror rhoidectomy, 1230; »llergic
to rﬂgweed Dolien 1~te onset of mensrche a8t age
16; menopause beppn 2% ppe 47, completed =t eoge
50; thin during childhoad and’ sdolescence; hes
consisteltly mainteined ‘desirsble welght durino
adulthood.

Ape, 74 yrs.; wt., 57.55 kg.; ht., 155.4 em.
nneumonig with Dleurisv several tiweq durlng
childhood; tonQillectomy, 1910; surgeryv for rectsl
fistula,“°97 menstruastion regular' menopaussl
period from rge 48 to age 50; slight tendencv

toward overweight during Pdoleqcence welght pattern
consistently within desiresble renge for rest of
lifetime; merried, one child.
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Table 24. (Continued)
Subject
7E

Ape, 85 yrs.; vt., 86.17 ker.; ht., 185.2 cm.;
regulsr menstruel vettern rfter first yecsr when
periode extended for 1° or 14 doyvs; menopause
entored in 1830, completed 1233-1234, without
discomfort; slender durine childhood ~nd »doles-
cence; sdult weipht nattern conecicstently within
renze of deeireble welcht.

b
i
s

%
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Tabtle 25. Instructions for bt=sz2l metrbolism teats

1. The night before the teat:
2. Do not ert or drink =nything sfter 10 »n.m.

. Be sure to et 2t le~st 2 houre of sleen or
bed rest.

?. The morning ~f the test:

2. Do not do rnything more then you h-ve t» do to
et weshed and dressed.

t. You mey cle-n your teeth e2nd rinee vour rmouth
with wsater but do not “rin¥ or swallow 2nv woter.

¢c. Dress =g slowly =n? ei~~1lv ~s rossitcle.
d. Do not et or drink esnything.

e. Do not mrke your bed or “p onything sbout the
house.

f. BEither sit or lie éown relsxince until someone
comes to teke vou to the collere.

g. Pleese note exrcct tirme urine is voided n~fter
arising.
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