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INTRODUCTION

~ When the energy expenditure of an individual is less than
the energy velue of the diet, the excess is stored in the body
2s fat. For this reasson, it is important to be able to assess
precisely the daily calorific requirement. A positive energy
balance of only 200 Calories per day will ceuse 2 small un-
noticeable increase in weight at the stert, and if continued
through the years, obesity will develbp. In the.etiology of
degenerative diseases, obesity is considered e predisposing
fector. The development of fet in the cells is a part of the
degeneration thet tekes plasce in the eging body, Bourne (1).
The FAO Nutritional Studies (2) stated that present knowledge
of the influence of aging on energy expenditure 1s deficient,
and further investigations are.needed.

The knowledge of precisé calorific requirements is desir-
able not only from the standpoint of weight control and health,
but for economic reasons as well. World populestion is increas-
ing et the rate of 2 1/2 per cent each yeor end conditions in
the future will necessitéte,greater conservetion of our food
resources and an ecuiteble distribution in order to provide
adequate nutrition for 2ll. Van Gehuchten (3, p. 63), 2 dis-
tinguished Belgisn scientist, states:

Statisticlans eesure us thet, in o matter of
decades, world population will have reached 2 level

of overcrowding. Vhen that time comes, every scre

of lend will be needed to grow cereals or graze
cattle to feed the swarming populetion. Cotton



may have to give way to wheat .... This is hard
to visualize in an era of restricted acreage.

Energy requirements for the older woman engeged in home-
making have been determined from 24-hour diaries of sctivities
calculated by factors based on Calories per kilogrem, of body
weight, per hour expended for each activity. This wes not an
exact measure but an estimation. To increase the velidity of
this estimation, 1t was necessary to study a large number of
homemakers.

Brody (4, p. 383) stated that basal metsbolism vsries
directly with 'metebolicelly effective body weight.' There-
fore, confidence in the estimation of caloric need might te
stlll greater if the factors for the calculation were based on
Calories per kilogrem of metebolicelly active body weight
(kg.o'75) per hour of sctivity.

Recent developments in electronic equipment have made
possible the estimation of pulse rate for zn extended period
of time. A possible relationship of increment in pulse rste
to increment in energy expenditure wes suggested in 1210 by
Benedict and Carpenter (5, p. 135), who noted thet the pulse
rute was parallel to total metzbolism and that, "with the same
subject ﬁnder like conditions of musculer esctivity, the pulse
rate during a 7-day fast eppecred to be en excellent index of
totel metabolism." In 1213, Benedict and Cethcart (8, p. 24)
studied the pulse rate and metasbolism during exercise using

the stethoscope and radisl pulse. They concluded thst some



other technigue would be necessary for the study of the pulse
rate during musculer work. At the present time, eduipment is
aveileble for obtaining a continuous record of pulse rate.
Rowley et 2l. (7) developed a small porteble pulse counter.
Harten and Xoroncal (8) described = small porteble instrument
" for ottaining the heart rate of the human body snd trans-
mitting the impulse by 2 radio link. Holter (¢) described
instruments which function in 2 similer menner. Webb et sl.
(10) have successfully radio-telemetered electrocardiogrsph
volteges of snimals using porteble equipment. This electronic
equipment would meke possible 2 study of the method for pre-
dicting 24-hour expenditure from a continuous record of the
pulse reote.

This sfudy le an investigation of the energy expended by
older homemakers in the perforuance of daily household tesks.
Part I deals with the collection of two 24-hour dieries of
activities as performed by 48 homemakers and subsequent esti-
mation of expended energy by two separate calculations which
used dzta of energy expenditure for‘similar ectivities as com-
piled from the available litersture. The first czlculation
was besed on the unit 'Calories per kilogrem per hour per
activity.! The second calculation used the ssme research dats
recalculated on the unit 'Celories per kilogram to the 0.73
power per hour per =sctivity.' Pert II of the study concerns

the developuent of a method for obtazining e continuous 24-hour



energy expénditure based on a relationship between pulse rate
and oxygen consumption expressed es Calories per minute, end
the test-use of this method in deﬁermining the energy expended
by the older homemsker. Comperisons were drawn among the

three methods of obtaining energy expenditure of homemekers.



PART I. A STUDY OF THE ENERGY EXPENDED BY 46 OLDER
HOMENAKERS DETERKINED FROM 24-HOUR ACTIVITY RECORDS



REVIEYW OF LIT=ZRATURE

The energy expenditure during homemeking activities has
been estimated from the energy costs of seperate household
~ tesks. In 1910, Benedict and Cérpenter (5) concluded that the
best method of estimating a 24-hour energy expenditure was to
total the energy costs of the muscular ectivitiss thet make up
the daily life. 'This methed weas stlll in use in 1861. Durnin
et al. (11), for example, used this method in the stimation of
the daily caloric requirement of homemakers in Scotland.

Factors for the evaluation of energy expenditure required
for household tasks have been obteined from studies with a
reletively smell number of subjects. Lengworthy in 1222 (12)
reported 1lOZ experiments of one subject es she performed six
different kinds of work. Swartz in 1833 (13) studied seven
subjects who duplicated each of several tests two to 14 times.
Droese in 194¢ (14) reported results of energy costs on three
subjects who c¢id 60 different household tasks. The above
studies were conducted in the letoretory under controlled
conditions because of the complicated nature of the testing
equipment and of the analysis of the samples.

" Durnin et 21. (15) in 1957 and slso in 1961 (11) tested
sucjects in the home situstion using a portable apparatus for
the collectlon of expired air. These workers measured the
energy expenditure of ezch subject in her own home ss she did

¢ 'typicel activity.' However, the number of subjects tested



was still small, four to 21, and the energy costs of activ-
ities were totaled to estimate the daily expendilture of
energy.

Estimation of Z4-hour enérgy expenditure by summation of
the Calorie cost of the delly activities es proposed by Bene-
dict and Carpenter (5) required records of the energy cost of
many household tasks. The compllation of dete by Passmore and
Durnin (16) from studies reported on the energy expenditure
during verious kinds of ectivity included velues for women who
performed different types of work. in several instances, how-
ever, marﬁed differences in experimentel design of the studies
might be expected to contribute to variations in the velues
which were obteined. Values reported by Pessmore and Durnin
were expressed as Celories per minute. Since body weight may
affect the total energy expenditure during esctivity, it was
considered desirable to re-evaluate decta on energy costs of
activity by women for the purpose of comparing velues on the
basis of body weight per unit of time. Table 1 presents &
compilation of the energy costs of specific household tasks
arranged in categories according to the nature of the activ-
ity.

Data presented in Tatle 1 were taken only from reports of
research on women who had ecten food in the form of a light
mezl 2 short intervel before performing an sctivity snd who

were in good health. Date hesve been included only for women



Table 1. Reporteda values for energy expended during activity

Category, activity reported,

and litersture reference Cal./%g./hr. Cal-/kg.o'vs/hr.
b b
Average Range Average Range
Resting :

Lying down {(12,20,13,23) 0.93 0.86- 1.01 2.90 2.60- 3.20
Standing at rest (14,13,15,23) 1.0¢ 1.04- 1.15 3.17 2.26- 3.26
Prepering nmeals

loderateC

Paring potatoes (13) 1.31 1.25- 1.37 3.85 3.73~ 4,15

Cooking, sitting (14) 1.32 1l.24- 1.37 4.19 4.11- 4.48

Beating batter %13) 1.32 1.25- 1.56 4,28 3.84- 4,45

Kneading dough (13,16) 2.08 1.97- 2.24 6.23 6.67- 6,42
Strenuous

Cooking, standing (14,15) 2.37 .27~ 2.46 7.50 7.42- 7.58

Cooking, walking (14) 2.54 2.04- 3.03 7.30 7.18- 7.42

Stirring food (14,18) 2.68 2.17- 3.19 8.52 7.18- 2.88
Very strenuous

Serving food in canteen (11) 2.96 2.50

Grinding coffee (14) 3.84 11.856

8Values as reported were re-ceslculested to provide for expression on common
bases. )

bAverage represents medien or mean.

CLight, moderate, strenuous and very strenuous sre terms used to denote rela-
tive degree of work involved in activity.



Table 1. (Continued)

Category, zctivity reported,

and literesture reference Cel./kg./hr. Cal./kg.o'75/hr.
Average Range Avereage Renge
Eating
Sitting (14,16) 1.50 1.37- 1.63 4.75 4.48- 5.01
Standing (14) 1.83 1.81- 2.056 6.35 6.00- 6.69
Washing dishes
Moderate
Washing dishes (12,21) 1.5¢ 1l.43- 1.75 4 .47 4,17~ 4.82
Storing 1 3/4 1b. fry pan (22) 1.59 1.50- 1.68 4.87 4.58- 5.19
Washing dishes (14,15) .22 2.03- 2.35 6.82 6.70- 7.01
Strenuous
Cleaning gas cooker (11) 3.00 8.63
Very strenuous :
Scouring (14) 3.75 Z.45- 4.50 12.41 8.12-15.26
Care of house
Light
Sweeping bere floor (12,20,16) 1.87 1.81- 1.20 5.51 5.23- 5.7
Cleaning windows (14,16 2.55 2.53~ 2,57 8.37 8.36- 8.38
Tidying up, walking about (14) 2.5¢ 2.50- 2.67 8.57 8.16- 8.83
Wash floor by hand (11) 2.72 8.73
moderate
Nopping (14) 3.28 3.24- 3.32 10.79 10.72-10.85
Heavy work ‘tidylng up and
cleaning (14,16% 3.34 3.25- 3.46 11.02 10.60-11.43
Dusting with cloth (14,10) 3.44 3.32- 3.56 10.93 10.85-11.00
Polish furnliture (14) 3.58 2.31- 4,87 ’
Small tesks in utility room (14) 3.80 3.10- 4.10 11.57 €.57-13.5



Tavle 1. (Continued)

Category, éctivity reported,

and literesture reference Cal./kg./hr. Cal./kg.O'VS/hr.
Aversge Range Averege Range
Strenuous
Brushing carpet and
wattresses (14) 3.71 £.53- 4.78 13.83 12.56-14.70
Wasn floor witn scrub brush
with handle (14) 3.75 2.53- 8.0z 13.54 12.38-14.70
Wiping furniture with
damp cloth (14) 3.78 3.10- 3.85 13.06 12.56~13.556
Very strenuous
Airing beds (14) 4.16 4.22- 4.10 13.68 13.568-13.72
Woxing with mop (14) 4.23 3.22- 5.13 14.24 14 .03-15.84
Meking beds (14) 4.36 4.2~ 4,49 13.82 13.72-1%.85
Cerpet vesting with hanging
- and brushing (14) 4,44 2.52- 4.76 17.19 14.70-12.87
Rubbing floor with a
polish wax (14) 4,47 4.,45- 4.49 14.04 13.56-14.52
Clean laundry room (14) 4.60 . 4.5i- 4.67 15.11 14.77-15.45
Vlash floor witn kneeling
and stooping (14) - 5.10 4.,97- 5.22 16.18 16.13-16.24
Scrukbing (l4§ 5.17 5.03- 5.22 16.37 16.13-16.62
Running carpet sweeper (14) 5.50 16.98
Washing clothes, machine
Wringing clothes, electric (13) 1.85 1.668- 2.06 5.64 5.20- 6.18
Hangling clothes basket '
on table (13) 1.95 1.84- 2.08 5.28 5.84- 6.72
Wringing clothes, extractor (13) 2.04 .24~ 2.153 6.2 6.00- 6.52
Put up and take down line (13} 2.27 2.12- 2.41 6.66 6.06- 7.26

0t



Table 1. (Continued)

Category, activity reported,

and literature reference Cael./kg./hr. Cal./kg.O'va/hr.
Average Range Average Range
Washing clothes, machine
Emptying washing machine (13) 2.32 2.12- 2.51 6.80 6,06~ 7.53
Rinsing clothes (13) 2.35 2.28- 2.45 7.21 8.21- 7.83
Hanging clothes, basket
on floor (13) 2.44 2.38- Z.48 7. 52 7.12- 8.25
Hanging up and taking
down laundry (14) 3.83 3.56- 3.75 11.68 11.57-11.€0
Clean laundry room (14) 4.60 4,5%- 4.67 15.11 14.77-15.45
Rinse laundry (14) 5.20 4.67- 5.88 15.41 15.26-15.56
Folding and sorting clothes (14) 8.64 7.41- 9.86

Washing clothes, hand
Light

Weshing clothes, hend (14,13,186) 2.20 2.05- 2.734 6.65 6.37- 7.08
Wringing clothes, hend (13) 2.23 2.05- 2.37 6.51 6.42- 65.63
Put up and take down _

clothes line (13,16) .27 2.12- 2.41 5.66 6.06- 7.26
Rinsing clothes (13) , 2.36 2.28- 2.45
Hang up and teke down clothes (14) 3.83 3.85- 3.75 11.68 11.57-11.20

Strenuous

Hand wash on board (14) 4,73 4.49- 4.97 15.05 13.35-16.24
Rinse laundry (14) 5.20 4,87~ 5.88 156.41 15.26-15.56
Rub laundry (14) 5.20 16.97
Turning washing machine (14) 5.28 4.82- 5.74 17.37 15.75-18.99

Hend wringing washing (14) 3.72 3.17- 4.30 12.87 12.07-13.27

T



Table 1. (Continued)

Category, activity reported, '
end literesture .reference Cel./kg./hr. Cal./kg.

0'75/hr-
Average Range Averege Range
Ironing clothes, hand
Sitting
Ironing clothes (13) 1.53 1.5¢- 1.54 4.78 4.57- 5.06
Ironing clothes (11,16) _ 2.15 8.69
Standing ’
Ironing clothes (18,21,13) . 1.64 1.57- 1.62 5.00 4.26- 5.10
Ironin. laundry (14} 2.33 o.24- 2.42 7.66 7.41- 7.91
Ironing clothes, mangle
Light .
Ironing, electric rotery (13) 1.37 l1.27- 1.41 4.11 3.80- 4.38
Ironing, electric flat press (13) 1.47 4.41
Strenuous
Lengle lsundry (14) 4,.60° 15.01
Sewing
Electric machine (1g,20) 1.21 1.15- 1.24 3 .64 3.51- 3.76
Treedle machine (14,12) 1.44 1.38- 1.87 5.00 4.37- 5.58
Simple needle work (14,16) 1.35 1l.24- 1.45 4,42 4.10- 4.73
Hend sewing (1%£,21,%20,16) 1.20 1.17- 1.25 3.58 3.35-.4.03
Walking
arketing (14) 1.86 1.81- 1.20 6.10 6.00- 6.20
Walking in house (14) 2.4 2.35- 2.40 7.20 7.687- 8.12
Cooking, walking (14) 2. 55 2,83~ 2.57 7.30 7.18- 7.42
Tidying up, walking about (14) 2.0629 2.980- 2.87 83.57 8.16- 8.83
Pushing baby prem (11) 3.23 9.32

- 3T



Teble 1. (Continued)

Category, activity reported,

and literature reference Cal./kg./hr. Cal./kg.c'vs/hr.
Average Range Averzge -  TRange
Walking
Walking 2 mi./hr. 4% grade (18) 3.50 3.38- 3.64 10.49 10.20-10.79
Walking at 77 meters/min. (17) 3.59 10.78 10.20-11.42
Walking 3 mi./hr. 4% grade (19) 4,34 4,17- 4.48 13.04 12.69-13.26
Welking 7.5 meters/min. (17) 4,32, 12.37
Climbing stairs
Ascending stairs (14) 7.65 22.11
Ascending stairs with load (14) 10.26 29.23
Descending stairs
Descending stairs (14) 4.26 12.14
Descending stairs with load (14) 6.86 19.54
Walking up snd down steirs . .
Climbing up and down stairs (14) 5.82 5.74- 5.87 18.56 18.12-18.29
Climbing up and down stairs -
with load (14) 7.68 7.62— 7.74 24.57 23.52-25.61
Sitting ectivities
Sitting quietly (14,12,20,
13,15,9) 1.01 0.2¢- 1.10 3.156 2.89- 3.40
Sitting activities with moderate
hend and arm movei.ent
Sitting, playing music (14) 1.18 0.96- 1.35 3.66 3.18- 4.186
Sewing, hand (12,21,20,16) 1.20 1.17- 1.25 3.58 3.35- 4.03
Sitting, siuwple work (14,18) 1.31 1.22- 1.44 4.51 4.44_ 4.58

T



Table 1. (Continued)

Categury, activity reported,

and literature reference Cal./xg./nr. Cal./kg.o'vs/hr.
Average Range Average Range

Sitting esctivities with noderete

hand and eriu movement
Sitting, cooking (14) 1.32 1.24- 1.37 4.19 4,11~ 4.48
Sitting, simple needle work

(14,18) 1.35 1.24- 1.45 4.42 4.10- 4.73

Sitting, crocheting (21) 1.38 3.97
Sitting, knitting %21) 4.05

Sitting activities with

tody movement
Sewing macnine, treadle (14,12) 1l.44 1.38- 1.67 5.00 4.37- 5.58
Ironing, rotary (13) 1.37 1.27- 1.41 4.11 3.80- 4.38 -
Ironing, flat press (13) 1.47 - 4.41
Ironing, hand sitting (13) 1.53 1.52- 1.54 4.78 4.57- 5.06
Ironing, hand sitting (11) 6.62

Steriding activities with some

aruy and body motion
Washing dishes (1%,21) 1.59 1.43- 1.75 4.47 4.17- 4.29
Ironing, standing (18,21,13) 1.64 1.57- 1.68 5.00 4.95- 5.10
Storing 1 3/4 1b. fry pan (22) 1.59 1.50- 1.69 4.87 4.58- 5.19
Wringing clothes, electric (13) 1.85 1.66- 2.06 5.64 5.20- 6.18
Eating, stending (14) 1.83 1.81- 2.05 6.35 6.00- 6.6%
Hanging clothes, basket :

on table (13) 1.95 1.84~ 2.08 5.98 5.84- 6.72

Wringing clothes, extractor (13) 2.02 1.94- 2.13 6.22 6.00- 6.5Q
Ineading dough (13,18) 2.08 1.97- 2.24 6.23 6.07- 6.49

71



Teble 1. {(Continued)

Category, activity reported,

and literature refererce Cal./%xg./hr. Cal-/kg-o'vs/hr-
Average Range Averege Range
Standing ectivities with some
arm and body motion
Washing clothes, hend (13,14,18) 2.20 2.05- 2.43 6.65 €.37- 7.08
Cooxing, standing (14,16) 2.37 2.27- 2.48 7.50 7.42- 7.08
Standing sctivities with arm and
bending and 1lifting motion
Put up and teke down

clothes line (13) 2.L7 2.12- 2.41 6.66 6.06- 7.26
Lifting & 1b. load to shelf :

(2&,23) 2e3R 1.76- 3.21 6.17 5.23- 6.81
Empting washing machine (13) 2.32 2.12- 2.51 6.80 8.06- 7.53
Rinsing clothes (13) 2.36 2.28- 2.45 7.21 6.91- 7.53
Polishing shoes (14) 2.42 1.87- 3.36 6.62 6.68- 6.70
Hanging clothes, basket

on floor (13) 2.44 2.38- 2.48 7.5¢ 7.12- 8.25
Sprinkling clothes (14) 2.44 2.38- 2.50 8.54 7.89- 2.57
Dressing, undressing, and )

washing up (14,16 2.48 2.38- 2.57 8.15 7.82- 8.40
Cleaning windows (14,16) 2.55 2.53- 2.57 8.37 8.36- 8.38
Stirring food (14,16} 2. 68 2.17- 3.19 8.52 7.18- ©.86
Folding and sorting clothes (14) 2.62 2.24-3.12 8.64 7.41- 2.86
Removing ashes and firing stove

(14) 274 2.65-.2.82 8.62 8.85- 8,72
Wringing clothes, hand power (14) 2.84 2.66- 3.02 8.35 7.64- 2.06
Clean gas cooker (11) 3.00 8.63

T



Tabtle 1. (Continued)

Category, activity reported,

and litereture reference Cel./kg./hr. Cal./kg.o'73/hr.
Average Range Average Range
Standing activities with bending
and pushing or pulling motion
kopping (14 3.28 3,24~ 3.32 10.7¢ 10.72-10.85
Kneading dough (14) 3.29 10.14
Heavy work tidylng up, cleaning .

(14,23) 3.34 3.25- 3,48 11.02 10.60-11.43
Dusting with cloth (14) 3.44 3.32~ 3.56 10.83 10.85-11.00
Polish furniture (14) 3.58 2.31- 4.67 13.37 12.32-14.42
Heng up a2nd take down laundry (14) 3.63 3.56- 3.75 11.68 11.57-11.90
Brushing carpets end mattresses

(14) 3.71 2.53~ 4.76 13.63 12.56-14.70
Waxing with mop (14) 4.23 3.32- 5.13
kiaking beds (14,15) 4.36 4.22- 4.49 14.94 14 .03-15.84
Carpet beeting with hanging

and vrushing (14) ' 4.44 2.53- 4,76 17.18 14.70-19.67
Scrucbing floor with a ‘

polish wax (14) 4.47 4.54- 4.4% 14.04 13.56-14.52
Hsnd wash on board (14) 4,73 4.49- 4.97 15.05 13.85-16.24
Running carpet sweeper (14) 5. 50 16.98
Pushing beby pram (11) 3.23

Walking and carrying load
Serving in a canteen and

tidying up (11) £.96 e.50

Walking with a load (23) 4,33 3.72- 4.62 13.20 11.43-14.09

9T
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for whom body weights were reported or for whom sufficient
informetion was given that the body weight could be calculated
in order to express values 2s Calories per kilogram per hour.
Data from the reports of the following investigators were
used: Droese et al. (14), Durnin et al. (15), Durnin et al.
(11), Gairns end O'Brien (17), Knowles (18), Langford (19),
Lengworthy (12), Langworthy and Barott (20), Langworthy and
Barott (21), kcCracken and Richerdson (22), Passsmore and
Durnin (16), Richerdson and icCracken (23), and Swartz (13).
Values reported for tne metabollc cost of different
activities represented results obtained from multiple
approaches to the study of energy metabolism. Varigble fac-
tors included the number of subjects, the number of replica-
tions, the kinds of sctivity performed by each subject, and
methods of calculation of energy expenditures. The following
bases were established for deriving both the everage and the
range of values given in Teble 1: (a) When energy expenditures
were reported for the same activity by more thasn three sub-
Jects, these data were plotted on a scattergram. The Calories
of energy expended by the greatest number of the subjects was
the value selected for the averege figure. The renge was set
between those caloric values which included a2 concentration
of the subjects. (b) Vhen a study, Droese 1942 (14}, reported
deta listing 211 of its subjects expending energy et much

higher caloric values than the scope of the scattergram, these
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data were recorded seperately'as 2 duplicetion of the ectiv-
ity. (c) When the energy expenditure values were reported for
the same ectivity for only three subjects, the two values
which were very similar were set for the renge and the average
of these two values wes recorded as the average. (d) When the
data for ell three subjects listed unlike vslues, the extreme
vélues were set for the renge snd the sversge of the three
values was recorded. (e) When vslues for energy expenditure
were reported for the seme sctivity for only two subjects, |
these velues were set for the range and the average of the two
values was taken. (f) When energy expenditure was reported
for en sctivity by only one subject, this value was used end

no range was set.

lietabolicelly Effective Body Weight

Research workers frequently have reported energy cost of
activities in terms of Celories per kilogrem of body weight.
However, Brody (4) stated that basal metsbolism veried direct-
ly with what he designated “metebolically effective body
weight." To determine this welght, he plotted the logarithm
of the kilogram weight of homeotherms ranging from mice to
elephants azainst the logerithm of their totai basal metebolism
and calculeted the value of the slope to be 0.73. He.found
thet thls agreed with Benedict's date. As a result of his

studies, he expressed the metabolically effective body weight



as WO'VS-

The rete of total hest production elso may vary directly
with the amount of tissues active in the metabollc processes.
Kleiber (24) stated in 1947 that once the unit of metabolic
body size is established, the metebolic rete cen be predicted
by multiplying the metabolic body size by a given factor. His
research results egpproximasted those of Brody. He recommended
the body weight in kilogrems reised to the 3/4 power as a
measure of metabolic size. He also stated that the metabolic
body size is useful for expressing levels bf food intake and
the rate of metebolism in the cell.

A wide variation‘in the amount of ective metsbolic tissue
among individuels of the same species, es for example, women

0.44 0.70

living in southern India, ranged from W to W was re-

ported by killer (25) in a review article published in 1954.
In 1960, Langford (12) compsred values for energy meteb-

0.73

Olism tased on units of metabolic body size, W end with

values besed on totsl body mass, Wl- She reported (19, p.
94):
When this perameter was used for expression of

energy expenditures of subjects of less end more

than desirable body weight, total values for energy

expenditure were affected differently then when

reduced to Calories per kilogrem of body weight.

The second committee on Czslorie requirements of the Food
and Agricultu-e Organization of the United Nations (2) re-

ported in 1957 that the total energy expenditure was consid-



ered as the sum of three components; namely, resting energy

expenéiture, energy expenditure related to the lngestion of

food, and the energy expenditure involved in physical activ-
ities.

The resting energy expenditure was believed to be esti-
mated with reasoneble accurecy from tne tody welght by en
expression of the form: basal metabolism equals ewn, where
a is 2 constent determined by ege, sex, and the units em-
ployed, W 1s the nude welght, and the exponent n is szbout
.73, It it.is considered thet resting energy expenditure
should include seested 25 well os supine rest, the same eque-
tion would hold but the constant would te somewhet largesr.
For eny given person, the energy expenditure in the seested
positicn 1s considered s multiple of thet in the supine posi-
tion.

The energy expenditure relsted to the ingestion of food,
the coumittee reported, could be taken as sbout 10% of the
totel energy expendlture when the individuel is in Celorie
calance.

In the energy expenliture involved in physicsl esctivity,
the major pert is directly and linecrly proportional to the
body weight. The remaining pert of the cost of asctivity is
unrelated to body size. The committee proposed E = 123.4 WO’73
as an equation for total energy requirement for women of

various weights but who ere otherwlse compereble to the
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reference women of 25 years.

Table 1 presents energy expenditure values, reported in
the literature, of women in the performsnce of activities
assoclated with family life and the maintenance of the hone.
These values were converted to unite of Calories per kilogrem
to the 0.73 power of body weight. To facilitate this proce-
dure, a conversion table was set up for use in the calcule-
tion. See Appendix, p. 151. Table 1 also contains the
aversge and range of values expressed in units of Calories

per kilo gramo CH
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METHOD CF PROCEDURE
Experimental Plan

Part I of the study is an investigation of the energy
expenditure of older homemakers as estimated froh dieries of
fthe sctivities they performed in their deily life. Forty-six
won.en, whose ages ranged from 33 to 85 yeers, participeted as
subjects. They kept records of their esctivities for two
deys, es they cerrled on their usuzl homemaking duties. The
energy expenditures of the women were summeted from estima-
tions of the metabolic costs of verious activities. Values
were expressed es Celories per xilogrem per hour end 2lso es
Calories per kilogramo'75 per hour. The average daily energy
expenditures of the subjects were evaluested as to the effects
of the following veriables: age, body weight, metabolically
active body weight, and heelth status. The possikle influence
of the size of the family, the.size of the house, the effi-
ciency, and Temperelient of the subjJect on the average daily
energy expenditure waé investigated aiéo. A subjective method
of evealuation waes used to obtain retings for the efficiency

and the tempereament of esch subject.
Subjects

This study represented one phese of resezrch on the

nutritiorel status of older women which was conducted zsg a
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project of the Iowva Home Economics and Agricultural Experiment
Ststion under the direction of Dr. Pearl P. Swanson.

The subjects were homemakers who lived in Ames, Iowa and
outlying districts. Households were selected 2t random from
an srea sample prepered by the Department of Statistics of
the Iowa Stete University. Personal interviews with occupants
of these houmes revealed whether any of the members of the
fanlly were over 30 yeecrs of eye end were willing to tesxze part
in the project. Fifty subjects were chosen at random from the
group of 100 women who agreed to‘cbOperate.

The number of wowmen in esch decade of age was epproxi-
mately the same; however, during the period of investigation,
sowe oI the women dropped out meking i1t necessery to fill in
with others drewn from the above-mentioned 1list of 100 women.
The subjects who asked tc be released from the project were,
in the main, older women, and since there were fewer older
women on the 1list, replaceuents were ususlly msde with younger
subjects. Thus 2t the close of the study, the groups com-
prising the sixth and seventh decedes of ege were smeller in

numcer of subjects than the other groups.

*Acknowledgment is made to Dr. Pearl P. Swenson and the
members of her research steff for the selection of the sub-
Jects of tnis study.
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Diaries of Activities

As a participent in the overell researcﬁ project, the
author visited the subjects in their homes. The method for
Keeping the diaries of ectivities was explained to each sub-
Ject during a home visit. The diszries were to be represente-
tive of the usuel homemaking sctivities. The subject wes to
select the two deys to be recorded but wes requested not to
select ¢ Sundey unless this day wes devoted to the ususl home-
naking duties. The days selected did not need to be consecu-
tive. If the work performed on certein deys of the week wes
usually of & strenuous type, and}pn other days was of a
lighter type of zctivity, the subject wes ssked to select a
day of each type of work for her zctivity record. Coples of
a form (see Table 2) were gilven to esch woman for the com-
pleted dey's record.

The form was designed to obfain complete informetion from
each subject and also to provide for uniformity in the menner
of recording the data. The second pasge of the form geve o
description of activities to eossist the homemaiker in placing
her 'light work' end 'strenuous work' in the correct cate-

gories.
Weight Groups

The women were pleced ir five weight groups a2s follows:

-20 to -10% underweight, desirsble weight, O to +10%, +10 to
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Table 2. Form for record of zctivities - Subproject 1:
Nutritional Status of Older Women (NC-5)

Sucject: Number Name : Date Dey
Age subject___ No. in family 2t home__ No. adults__

No. children__

douse: ©No. rooms__ No. floors___Dimensions

Viay time wes spent Amt. of time
Sleeping

Resting (during the day lying down)

Preparing meesls: ©kfst.__ lunch__ dinner_

Eating: ©kIst. lunch___dinner_

Wesning dishes: Dbkfst. lunch___dinner

Care of house - Strenuous work

Care of house - Light work

Washing clothes (automatic washer, yes_ no_ )

Ironing clothes - sitting (hand iron__

, mengle )

Ironing clothes - stending (hand iron
mangle_ )

Sewing (electric machine__ pedal machine_ )

Sewing ©y hand or other hend work

Shopping (carrying tundles_  no. tundles )

Walking (not inside end not shopping)

Cering for children

Recreation: kind

DPriving cer

Outdoor work: Xkind

Other: List:

Totsl (24 hrs.)

How meny times did you go upsteirs today?



Table 2. (Continued)

DESCRIPTION OF ACTIVITIES

House Care - Strenuous
Scrucbing floors
Making cteds
Waxing floors
Sweeping rugs
koving furniture
Weshing windows
Etec.

House Cere - Light
Dusting furniture
Dustmopping floors
Streightening bookshelves or megszine racks
General tidylng of the house
Ete. :

Sewing by hend or other hand work
Knitting
Emcroidering
Crocheting
Derning
Patching
Hend sewing in general
Etc.

Recreation: «ind:
Sitting listening to the radio
Playing cerde
Visiting with friends
Bowling
Golfing
Swimming
Etc.

Outdoor work: Kind:
Planting gerden
Raking yard
Pulling weeds
mowing yerd
Teking care of chickens
Chores
Etc.
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+20%, and +20% overwelight. The 1952 tsbles of welght stend-
srds for women constructed vy the ketropolitesn Life Insurance
Coumpany (£6) were used to estimate the per cent devistion of
body welght from desirable tody weight. The welght divisions
for structure of body frame were not used, but the entire
range of welght for each inch of height given in the terle

wes accepted as the desirsble or stendard body weight for that

height,
Health Scores

The health scores for each subject that were used in this
study were made evallsble from the data of the project Nutri-

tional Ststus of Jlder Women." These scores were & composite

of the sunmaries from the medical examinations znd the heglth

history schedules for each subject.
Temperament and Efficiency Reting

The temperament snd efficiency of each subject were
judged by o pesnel consisting of the author end two members®**
of the research staff who visited the subjects at stated times

to collect the samples for the "balence study" in the nutri-

*Apprecietion is given to Dr. Fecrl P. Swanson anéd the
mempers of her research staff fcr the use of this date.

##Apprecistion is given to Harriett Roberts Wilkinson and
to Isabel Pesex for taeir essistance in establishing these
retings.
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tion project. After the visits were terminated for the
project, these staff members estatlished the rating from a
subjective evaluation based on their impressions of each sub-

ject for tnese two chearacteristics.
Calculetion of Energy Expenditure

Various ectivities of the subjects were clessified
according to the different categories in Teble 1 on the basis
of btodily movements end gpperent effort involved in performing
the asctivities. Any activity reported by the subjects but
not listed in Table 1 wes assigned to & category 2s indiceted
telow.

The sitting quietly activities were: reading, visiting
with people, riding in a2 car, listening to e radio, sttending
& wovie, attending meetings, sitting in s doctor's office, end
wasting tiue.

Activities which were classified as sitting sctivities
with Zoderste nend end erm movement included pleying cerds,
Chirese Checkers, quiet games with chiléren, work with church
coumittees, desk worx, watching sports, and writing letters.
Activities clessified es sitting ectivities with body movement
were: playing the pisno, milking cows, typlrg, and driving 2
car.

The activities which were assessed 2s standing esctivities

with some arm and body motion were: welghing food, sweeping



the porch, setting up a vicnic teble, picking flowers, report-
ing 2t 2 meeting, dressing and undressing snd cering for
children.

Tesks of the homemakers which were classified es stand-
ing sctivities with arm and bending and lifting motion were:
fixing the furnesce, gathering gerden vegetebles, plenting
gerden, hanging up clothes, and puttlng up screens. Activ-
ities categorized es standiﬁg activities with bending and
pushing or pulling motion were: hoeing garden, weeding the
gerden, raking the yerd, and others of similar nature.

A sunmery of the metabolic cost of verious activities was
developed from the compilation of dets teken from the avail-
able litersture which wes given in Table 1. The eversge
énergy expenditure in Calories per kilogrem per hour for each
category of esctivities wes'obtained by eaveraging vslues for
all activities listed in the category. The range wes estab-
lished to include the low end high velues for the activities.
The aversge and renge of energy expenditureé expressed s

0.73 per hour were obteined in 2 similer

Celories per kilogrem
manner for these categories of ectivities. Values besed on
totel body weight and metsbolicelly effective body weight are
given in Teble 3. Teble 4 was prepcred for use in célculating
energy costs, on the basis of body weight, of the disries of
gctivities. Table 5 was developed for calculating energy

costs of ectivities on the vasis of body weight reised .to the

0.73 power.
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Table 3. Energy costs of sctivities

Estimeted energy cost per cetegory

Categories of

activities Cal./kg./hr.  Cal./kg.0+73/hr.
Average Range Average Renge
Resting lying down 0.9 0.¢- 1.0 2.2  2.6- 3.2
Standing &t rest 1.1 1.0- 1.2 3.2  3.0- 3.2
Prepering meals
hoderate 1.5 1.3- 1.4 4.1 3.0- 4.3
Strenuous 2.4 2.1- 2.7 7.4 B.2- 8.5
Very strenuous 3.4 3.0- 3.8 1¢.7 e.5-11.2
Eating 1.7 1.5- 1l.¢ 5.8 4.8- 8.4
Weshing dishes
moderste 1.8 1l.8- L.2 5.4 4.5~ 6.9
Strenuous 3.0 8.6
Very strenuous 3.6 £.4- 4.5 12.4 8,1-15.3
Cere of house
Light 2.4 1.9- 2.7 7.8 5.6~ 8.7
koderate 3.4 3.3- 3.6 1l1l.1 10.8-11l.6
Strenuous 3.8 3.7- 3.8 13.4 13.1-13.6
Very strenuous 4,7 4.2- 5.5 15.4 13.7-17.2
Weshing clothes; mechine 2.6 1l.8- 5.2 8.8 5.6-15.4
Weshing clothes, hend '
Light 2.0 2.2- 3.6 7.2 «5-11.7
Strenuous 4.8 3.7- 5.3 158.5 12.7 17.4
Ironing by hand
Sifting 1.8 1.5- 2.2 5.7 4.8~ 6.7
Stending 2.0 1.6- 2.3 6.8 9.0~ 7.7
Ironing with mengle
Light l.4 1.4~ 1.5 4.3 4.1- 4.4
Strenuous 4.6 15.0
Sewing, electric machine l.2 1.2- 1.2 3.6 3.5- 3.8
Sewing, pedal machine 1.4 1.4- 1.7 5.0 4.4- 5.6
Sewlrng, hend 1.3 l.2- 1.4 4.0 3.6- 4.4
Walking 3.2  1l.9- 4.4 ¢.6 6.1-13.0
Walking upsteirs ¢.0 7.8-10.2 25.7 22.1-2°.2
Walking downstalrs ‘ 5.6 4.3~ 6.2 15.8 12.1-1S.5
Walking up and down stairs 7.0 0.8~ 7.7 21.6 18.6-24.7
Sitting activity 1.0 1.0~ 1.1 3.2 2.8- 3.4
Sitting, moderate hend
end armc movement 1.3 1.2- 1.4 4.1 3.6- 4.5
Sitting, body movement 1.4 1.4- 1.5 5.0 4.1- 8.7
Stending sctivity, some
erm end tody motion 1l.¢ 1.6- 2.4 5.9 4.5- 7.5
Stending: arm, tending
end 111t1po motion 2.5 £2.3- 3.0 7.8 6.2- 2.7
Standing with tending,
pulling or pushing motion 3.2 3.2- 5.5 13.3 10.1-17.2
Walking znd carrying load 3.6 2.9- 4.3 11.4 2,8-13.2




Table 4. Energy cost of activities of Iowa women, 30-85 years old (inclusive
of basal metebolism end influence of food)

Subj eCt Nno. BoI‘i.R./kgo/hro
Ht. (em.) ~Total energy expended/24 hr.
Wi, (kg.) Energy expended/kg./24 hr.
S.A. (k2) Energy expended/M</24 hr.
Cal./kg./hr. Adjusted Activity Cal./kg. for
Activity category liean  Range  Remarks Cal./kg./hr. hours sctivity

Sleeping (B.n.R.)

Resting - lying down 0.2 0.9-1.0
Prepering meals - moderate 1.3 1.3-1.4
Preparing meals - strenuous 2.4 2.1-2.7
Eating 1.7 1.5-1.C
vashing dishes 1.8 1.6-2.2
Cere of house - light, 2.4 1.9-2.7
Care of house

liashing clothes - machine 2.2 1.2-5.2
Washning clothes - hand

Ironiug - hand & sitting 1.8 1l.5-2.2
Ironing - hend & standing' 2.0 1l.6-2.3
Ironing - mangle, light 1.4 1.4-1.5
Sewing - electric mechine 1.2 1l.1-1l.Z2

¢



Taple 4. (Continued)

Cal./kg./hr. Adjusted Activity Cal./kg. for
Activity cetegory Mean Range Remarks Cal./kg./hr. hours activity
Sewing - pedal machine 1.4 4-1.

Sewing - hzand

Walking

Walking —.carrying loead
welking upstairs
Walking downstairs
Sitting

Sitting -~ moderste hand .
2nd erm motions

Sitting with body movement

Standing - sowe srm and
pody motions

Stending - erm bending end
lifting motions

Stending - eri., leg, body
bending, and pulling
motions

1 1.5
153 1-2—1o4
1 4.4

'3'9 5.2—5.5

Grend total

3e



Table 5. Energy cost of ectivities of Iowe women, 30-85 yesrs o0ld (inclusive of
besal metabolism and influence of food)

Subject no. B.i.R./kg./hr.
Ht. (cm.) Totel energy expended/24 hr.
Wt (kg.) Energy expended/kg./Zé hr.
S.A. (le) Energy expended/lic/24 hr.
Cal./kg.o'75 Cal./kg.0-73
/hr. Adjusted Activity for
Activity cetegory liean  Range Remarks Cal./kg./hr. hours ectivity
Sleeping (B.l.R.)
Resting - lylng down 2.9 2.6-3.2
Preparing meals - moderate 4.1 24,3

3
Preparing meals - strenuvous 7.4 6.2-8.5

Eating 4.8 4.5-5.0
Washing dishes 5.4 4.5-86.°
Care of house - light 7.8 56.5-8.7

Care of house
Washning clothes - nachine 8.8 5.6-1&.4

Wasning clothes - hand

Ironing - hend & sitting 5.7 4.8-8.7
Ironing - hand & standing 6.8 5.0-7.7
Ironing - mangle, light 4.3 4.1-4.4
Sewlng - electric machine 3.8 3.5-3.8

e



Teble 5. (Continued)

Activity ceategory

Adjusted Activity

Cel./kg./hr.

hours

Cel./kg-o‘73
for
activity

Sewing - pedal mechine
Sewing - hand

Walking

Walking - carrying load
Wwalking upstairs
Walking downstairs
Sitting

Sitting - moderate hend
and arwm motions

Sitting with vody wovement

Standing - some arm and
tody wotions

Standing - erm bending
and lifting motions

Sternding - er., leg, body

bending, =nd pulling
motions

Cal./kg.o°75
/hr.

mean  Range Remarks
5.0 4.4-5.8
4-0 306_4a4
2.6 8.1-13.0

11.4? 905—1502

2.1

12.4
3;" 208—3-4:
4- '3.6"‘4.5

5.0 4.1-6.7

5.2 4.5-7.5

7.8 6.2-8.7

13.3 10.1-17.2

Grand totsl

149
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RESULTS AND DISCUSSION

Ninety-one diaries of activities for 24-hour periods that
had been recorded by 46 homemakers were analyzed for the cal-
oric equlvalent of the dally energy expenditure. Dally energy
expenditures were expressed as Calories per kilogram per hour
of activity and also as Calories per kilogram, raised to the
0.73 power per hour of activity. The results of these anal- .
yses are evaluated according'to the physilcel characteristics
of the subjeects in the followlng section. Statisticsl anal-
yses were not applied to the dsta because the number bf sub-
jects was not adequate for isolation of the multiple inter-
actions of the various factors which might influence energy

expendl tures.
Description of Subjects

The physical characteristics and basal metabolisms of the
46 women subjJects are given in Table 6. The average age of
the entire group of homemakers was 54 years and the range was
33 to 85 yesrs. Twenty-three women were in the fifth and
sixth decades. The women ranged in height from 150.5 to 178.0
cm. Sixteen of the subjects were within the range of desir-
able welght for height, from smali to large frame, as given
in the 1989 Metropolitan Life Insurance tebles of standard
weight (26). There were 15 women whose body weight exceeded
the range of desirable body weight by 20 per cent or more.
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Table 8. Description of subjects

Desirable
Body weight _body welght Besgal
Sucject Age Height 0.73 Deviation metabolism

no. yrs. cm. kg. kg. ' kg. group? Cel./hr.
1 40 157.8 72.6 2z.8 5%.6 0 52.8
< 65 163.8 74.2 23.2 62.7 0 57.5
4 47 163.8 52.2 1g¢.2  82.¢ ov 48.2
6 4z 166.8 55.5 18.2 55.5 DV 54.8
7 35 1528.3 46.5 16.5 48.°0 IR X 55.8
& 34 171.8  88.L 12.7  8C.Z DW 63.5
¢ 42 18¢.85 71.7 z2.6 60.¢ o 55.5
10 76 163.0 70.3  Z:.3  58.8 0 55,9
11 8L 164.3 7.2 Z22.©  64.6 [R¢ 57.4
14 52 166.0 6%.6 2.1 84.6 10 5¢.1
S 42 185.3 52.4 12.7 0C.4 D 4¢.1
16 83 18%.4 74.4  25.2  &E.S 0 62.5
g 3¢ 166.C 67.6 12.3 8§7.¢ ok} 42,95
<0 33 17¢.0 76.9 23.8 74.0 0 63.6
2 33 158.0 45.0 16.1  45.0 oy 41.0
Ze 40 164.6 28.0 7.8 64.6 C €1.0
23 8¢  15¢.0 B3.2 18.2  563.2 DwW 37.7
6 54  165.0 64.4 20,9 B4.4 oV 52.1
27 54 18z.5 78.2 24.1  82.7 0 52.1
<& 72 160.0 65.8 2l.2  60.¢ 10 45.1
31 57 160.0 66.z Z1.3 60.¢ JRY) S€.1
3& oz 16&.5 70.3 22.3 54.6 0 84.5
33 4,  16t.x 66.2 21.3 66.2 D 47,7
54 7l 1€0.z &85.1 18.7 85.1 DV 44.8
35 47 162.0 88.1 12.4  588.1 DY 54.6
®DW = desireble weight, includes the entire renge for

height, from smell to lerge freme, 28 given in the 195¢ Ketro-
pelitan Life Insurance tebles of standsrd weight;

KO = modercte overweight, includes weighte 187 over
renge of desiratle weight for height;

0 = overweight, includes weights 207 end over the renge
of desiratle welght for height; -

Uk = underwelght, includes weights 12 under rsnge of -
desireble weight for height. '
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Table 6. (Continued)

Desirable
Body weight tody weight Besal
SubjJect Age Helght 0.73 Deviation metebolism
no. yrs. cm. kg. @ kg. kg.  group Cal./hr.
37 54 157.6 54.4 18.5 b4.5 DY 48.8
35 °¢  173.5 @l.. 27.0 70.0 3 52.1
32 32 174.8 74.2  £3.2  70.0 0 - 54.6
40 58 152.4 85.5 Zl1.Z2 62.8 10 - 82.6
43 46 165.&8 °4.8 Z7.7 64.6 0 87.5
45 47 181.0 8. 8.3 B8Z.7 3 56.7
46 g 158.¢ 5% .7 12.1 8.2 Dw 48.2
49 43 134.8 61l.5 0.2 61.% D 54.3
49 8¢ 173.5 8z.& £5.1  70.0 %9 68.5
20 67 1581l.2 72.6 Z4.4 Bz.7 0 6343
o1 86 150.5 6.8 22,1 55.4 0 57.4
opa 74 168.8 68.5 £1.9 66.4 6] 45.0
53 62 177.3 8z.4 25.0 7.1 MO 57.5
54 g6 154.1 38.6 14.4 45.0 Uk 44 .1
35 71 16k.7 4.3 <0.2 82.7 10 48.4
56 70 1868.2  78.7 23.8  52.8 0 58.4
57 63 1567.L 2l.4 27.0 88.% 0 64.9
52 60 16z2.0 88.0 21.8 62.7 10 42.0
&S 42 163.0 74.4 23.2 62.7 0 52.0
80 7L 160.0 682.6 k0.5 60.9 @ IO 4¢.3
100 56 173.0 70.1 2.2 70.0 PRy 50.4

The range of devistion from Gesirable body welght wes from
-8.4 to +33.2 g. Cnly one of the sutjects, no. &4, wes
underveight. Thals subject, who wes 85 yesrs olé, was the only
subject studied who was in the ninth decade of =ge.

‘Besel metabolisms for all of the women renged from 41.0

Celories per hour. The besel metevolic rzte of 38

(@)

to BE.
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women wes within the range usually considered as standard,
-15: to +15%, as given by Guyton (27,.p. ¢g26). Eleven of the
subjects were in the positive erea and 27 were in the negative
erea of the range. Eight women had bssal metabolic retes
between -153% and -26%.

Teble 7 presents edditionel charecteristics which ere
descriptive of the subjects. These include the composition
of the fanily, the nature of the dwelling, and the heelth
scores which were evalusted from leboratory findings, cease
histories, and clinicel zppraisels of the subjects.

The composition of the family may be expected to influ-
ence the diletery hebits and/or energy expenditures of the
adult women. The woisan who 1lives alone, for example, may be
e compulsive eater as o compensation for loneliness. The
older person who lives alone may ezt an insufficient emount
of food since there is little incentive to have organized
meels and the impefus from sharing food with others is leck-
ing. There werelsix women who participated in the study who
lived elone. They ranged in eze from 58 to 74 yesrs. One
woman was of desirsble welght, end one was more thén 20% over
the range for desirable weight. Twenty-two women lived in
famllies with adult members only. Eighteen of the subjects
.were from femilies with children in the home. Seven of the
women who lived in femilies of zdult members were of desirsble

welght, and eight of the women in feamilies with children were
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* Teble 7. Description of subjects

Effi-
Sucject Family members House size Health ciencz Temperp—
no. Adults Children -Rooms Floors score® 1level ment®
1 2 1 5 2 P L R
z 1 - 5 1 G-F L P
4 3 - e P2 G A R
6 g - 5 1 F-P H -7
7 2 3 10 2 G A N-T
8 2 3 7 2 F-p A N-T
9 3 1 2 3 F-P 5! P
10 9 - 8 1 F A R
11 4 7 2 G-F H R
14 4 - 11 3 G H R
18 2 - ) £ G-F A N-T
16 1 z 6 2 F L N-T
18 z 2 7 2 G-F H N-T
20 3 4 3 1 F L P
P < 2 & 1 G A N-T
e g 3 6 2 P H R
<3 2 - 8 2 G-F A R
8 3 - 7 2 G-F H P
27 P2 - 7 2 F A ol
=8 1 - 5 1 F A P
31 3 1 7 z F o R
3% 4 2 5 2 G H N-T
33 1 £ 8 2 G A F
34 1 - 7 2 F A N-T
35 3 1 7 2 F A N-T
37 S - 1% 2 G A R
38 2 - 7 2 F-F A R
3z P 3 6 P G-F 2} jal
40 1 - % 2 F 5] w-7
43 b3 1 > 2 G-F H R
8F-Good; G-F-Guod to Fair; F-Feir; F-P-Feir to Poor;
pP-Poor.

bH-High; A-Averege; L-Low.

CN-T-Kervous, tense; R-Averege, relaxed; P-Placid.
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Table 7. (Continued)

Effi-
Subject Fapmily members House size Heslth clency Tempera-
no. Adults Children Rooms Floors score  level  ment
45 P - 7 2 G-F A R
48 P 2 6 2 F-P A R
47 2 1l 7 g F-P =3 R
4c & - 6 z F h R
50 z 5 2 F A N-T
ol 2 - 6 2 F-C A R
o) 1. - Z 1 P-p L N-T
53 P2 - g 2 G o} R
B4 3 - 5 1 G A =T
o} 1 - ) 2 F A P
08 Z z 31/21 F u R
57 b3 - S £ g A N.T
58 P2 - 6 1 F A R
5% 3 - 7 2 G L N.T
60 3 - 7 2 G A N-T
100 2 - 8 1 G A N.T

desireble weight.

Thirty-five of the subjects lived in houses with two
floors. Of these, 11 were in hbuses with eight or more rooms.
Tleven women livad in houses of one floor end with six rooms
or less. The size of the house in which'they lived wes egppar-
ently not reclated to the body weight of the women.

The sukjects were physicelly ective and eble to perform
their usuel howmemaiing sctivities. There wss considersble
veriation, nowever, aumohg the subjects with respect to the

attributes associeted with heslth. The inadequacy of the
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expression '"poor health reting' is recognized; however, the
ferm wes used as a2 convenlent means of describing those sub-
jects whose medical histories and physicsl exeminstions indi-
cated that they lacked some of the chesracteristics 2ssociested
positively with health although they were not clinically ill.
Tne health ratings of the subjects ranged from goold to poor.
The major disturbances thst contributed to poor scores for the
health schedules were: a history of digestive, circuletory,
end hepatic disorders; mejcr nervous disorders; mejor opere-
tions; broken bones; difficulty in childbearing. Among the
minor disturbances which contributed to poor scores for the
health schedules were: overwelght or underwelght; difficulty
in menopause; anorexiea; fatigue; frequent hesdaches; soreness
of the moutn; pains in the Joints; skin rash or pustules.
Eleven of the subjects had health retings which would be
considered indicetive of a good stete of health. There were

10 subjects with less than feir ratings.
Daily Energy Expenditure of Homemekers

The subjects are classified according to decade of ege in
Takble 8 which presents the energy expenditures of the subjects
for each of the two days of observation end the mean daily
energy expenditure &s estimated from the factors given in
Tavle 3 as Calories per kilogrem per hour. In Table © the

subjects are classified 2s in Teble 8 tut the energy expendi-
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days calculeted energy expenditures®

liean energy expenditure of 46 homemgkers on two

Body weight From fectors: Ceol./kg./hr.
Subject  Age 0.73 Calories per day lean
no. yrs. xg. kg.o' 10 2¢ Av. Cal./kg./dzy
20 33 76.9 23.81 2221 2614 2418 31.4
2l 33 45.C 16.10 1462 1663 1562 34.8
8 34 92.2 19.67 2501 2666 2584 43.8
7 38 48.85 16.42 1292 2013 2002 43.0
46 36 56.7 19.06 1532 1822 1782 31.0
1€ 39 87.6 12.48 2034 243 2258 32.2
38 39 4.2 23.1S 1776 2073 1924 £5.9
Av. 35.6 ©5%.44 1°2.66 1931 215 2073 35.8
1 4G 726 22.83 2444 2718 2681 35.6
<& 40 95.0 27.78 2453 3206 2830 22 .8
6 4z 55.8 18.76 1847 186 1904 34 .4
33 4z 66.%2 2l.34 1726 2026 1876 28.4
43 45 4.8 27.74 3664 3263 3814 40.2
47 43 6l.5 20.22 2260 23568 2308 37.2
4 47 52 .9 12.84 1876 2368 2lzZ 35.4
39 47 88.1 19.40 1806 2056 1831 33.2
45 47 88.2 26 .31 2718 3472 30¢8 35.1
15 49 2.4 18.7¢ 1825 2013 191¢ 32.3
59 42 74 .4 23.24 2177 2881 2389 31.8
o 42 71.7  2R.6% 2297 2473 23895 33.2
Av. 45.3 71.44 22.48 2258 2598 2429 33.9
11 < 7.9 22.90 2490 3375 2932 40.2
14 5z 62.6 22.14 2435 2677 2586 36.7
533 Sz 70.3 22 .30 2626 2748 2722 38.7
16 53 74 .4 23.24 2405 3134 2770 37.2
2 o4 64.4 20.21 18256 1837 1831 28.4
27 o4 78.2 24.10 £637 2890 2763 38.3
37 o4 54.4 18.42 1660 1832 1748 32.1
100 96 70.1 22.25 1380 1883 1862 26.6
31 o7 66 .2 21.34 2601 2756 2628 32.7
40 o8 65.5 Z1.18 2280 2303 22096 35.1
2 5¢ 21.z 26 .26 20646 3242 2¢4¢ 32.3
Av. 84.6 70.85 22.35 £313 26068 2489 34,8

8Factors for energy expenditure
glven in Teble 3.

in Cael/kg./hr. are

bDay 1 wes considered by the subjlect to te a dey of rele-
Tively light ectivity.

CDay 2 wes consldered by the sutject to be 2 dey of rele-
tively strenuous activity.
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Takle 8. (Continued)

Body weight Prom factors: Cal./ke./hr.

Subject  Age 0.73 Calories per day Mean
no . yrs. kg. kgeo” 1 2 Av. C2l./ug./dsay
58 60 68.0 £1.76 2113 R332 2Z2< 32.7
23 62 53.2 18.12 15861 1732 1680 31.0
53 62 g2.4 25.04 2111 220z 156 £8.2
67 63 91.4 2£7.01 3382 3539 3460 37.8

e 65 74.2  23.19 1892 Zz122 20587 2.7
51 85 62.6 22.14 2358 2602 2484 35.7
42 86 8z.8 26.13 3372 35lz 3446 41.6
50 87 72.6 24.41 2862 2772 2670 33.6
Av. 63.32 75.1b5 23.36 2433 2603 2518 33.3
58 70 76.7 25.96 2488 3088 2774 3€.2
55 71 64.3 20.82 1846 1872 170¢ 26.6
80 71 82.8 20.42 1743 17S2 178¢ 2842
34 71 56.1 18.67 17Cc 1748 17z4 31.3
<5 7. . 66.8 21.256 191 1928 1°1¢ 22.2
o5 74 66.5 21.88 2187 £830 2344 34.2
10 76 70.3 zz.30 2381 3002 2692 38.3
Av. e .l 68.19 21.3Z2 1980 2275 2133 32.0
54 85 38.6 14.40 1154 -~ 1184 29.9

tures were estimeted from fezctors of Cs2lories per kilogram to
tne 0.73 »ower per hour es given in Teble 3. Although the two
deys on which records were kept were selected by the subjects
as tyvical of 2 dey of relstively light or essy activity end

¢ dey of relatively strenuous sctivity, the difference in
energy expenditures betweern the two deys veried widely for

the subjects. Energy eXpenditufes calculated fron feactors

of Celories per kilogrem to the 0.73 power per hour for the
two days differed less then 50 Celories for seven subjects

ocut wore then 5CC Celories for nine subjects. Thus there mey
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Teble ¢. isean energy expenditure of 46 homemgkers on two
deys calculsted energy expenditures®

From factors:; Cs2l./ke.C:73/hr.

Subject Calories per day ' Nean
no. 1k 2C Av. Cal./kg.o'73/day
<0 2085 264S 23587 22.0
P 1518 1642 1572 96.2

g 617 2774 2696 137.0
7 2032 2048 2042 123.9
43 1505 1e¢8 1782 1.8
18 2018 2z5¢ 2132 110.¢
3¢ 1654 1e3e 1726 77.4
AV, 1918 AR 2001 105.5
1 44 2535 2320 104..56
ce 2164 2860 <5l g0.4
& 18286 2014 12565 104.6
33 1638 1270 1804 84.8
473 34920 3700 35286 12¢.5
47 2337 2412 2378 117.56
4 1819 2320 2104 108.1
39 1770 2065 1218 8.8
43 2012 3289 2200 110.2
15 1772 1966 1884 5.8
5% 2118 2425 2308 ec.2
e 2174 221 2188 Q7.2
Av. 2181 2428 2328 103.%2
11 - 2430 2028 2672 117.0
14 2434 2650 254z 114.2
3k 24%8 2018 250 112.2
16 236¢ z883 2614 11z.5
28 1724 1818 1801 86.2
' <418 275% 25655 107.2
37 1888 17¢z 1725 3.2
10v 175 1768 1763 7C.2
31 246 2807 2644 124 .0
40 LEL? 2325 2286 102.8
32 P A 3078 £684 2¢.8
Av 2214 24=1 234% 105.0
8Factors for energy expenditure in Cal./lgo 0. 9:73 /mp,

are given in Teble 3.

BDsy 1 wes considered by the subject to be 2 dey of
relat*velx light szctivity.
®Day £ wes considered Gty the subject to be & dey of

elatively strenuous rctivitv
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Téble 9. (Continued)

From fectors: Cali/kg}o’73/hr.

Subject Calories per day Kean
no - 1 2 Av. Cal./kg.o'73/day
o8 2018 2265 2142 0e.4
23 158¢ 1853 17681 e6.8
53 1247 2081 l1ece 7C.8
o7 3L 3351 328¢ 121.8

z . 1883 2069 2031 87.6
51 2344 2437 2320 1082.0
49 3111 3381 3251 1S .4
50 2464 26¢0 2877 105.6
Av. 2334 25286 2430 103 .4
5153 2455 2802 2628 110.8
55 - 1487 2072 1783 £5.4
80 1688 17873 1738 84.7
34 1720 1750 1735 22.2
P 1847 1887 1887 87.8
5k 2048 2452 265 103.5
10 2322 3108 2715 121.8
Av. 1938 2270 2104 88.1
54 1238 - 1288 8.4

have been less fluctuetion in energy expenditure from déy to
dey for some subjects than for others. Also, 1t is possitle
that the homemskers who reported ezctivities for the two deys
on which the energy expenditures were essentizlly the same
uey have been unekble to evesluate the daily esctivities in terms
of the requirement for physicel energy or to dirfferentiste
between fatigue from physicel energy end fetigue ceused by
performing tasis less plessant to them than other tesis.

Knowles (18) has reported that psychologicel fectors may
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affect metabolic rete; although this phese of the study was
considered incomplete, Knowles found thet energy expénditune
increased £5% for s woman who performed & task which she dis-
liked.

The mean energy expenditure on the day of "light" activ-
1ty was 1889 Calories per day for the seven women for whom the
difference between the two days was less than 50 Celories and
2157 Calories per day for the nine women for whom the differ-
ence tetween the two days was 500 Calories or more. The range
of delly energy expendlitures wes 1720 %o 2485 Calories per
day and 1487 to 2012 Calories per day for the two groups, re-
spectively. Thus one group did not appeer to be more seden-
tary in neture than the other. Six of the nine women for whom
the energy expenditures for the two days varied by 500 Cal-
ories or more were 20% or more over the desirable range in
weight and one was of desireble welght; only one of the seven
women for wiacu the energy expenditures of the two deys dif-
fered ©ty 50 Calories or less wés 20% or more over the desir-
able range 1n welght end four were of desirable weight. Ages
of the subjJects in both groups ranged from the fourth to the
eighth decade.

The mean energy expenditure on & day of "light" activity
for the women in this study was similar to the values reported
by Durnin et 21. (15) and (11). Values of 2020 Calories per

day were reported by these workers for middle—eged housewives,
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and 2133 Celories per day for elderly housewives.

.Influence of 2ge and body weight

According to Langford (12), the besal metebolism of adult
woi.en decreased with ege but the increment of energy expendi-
ture for the performance of standerdized ectivities on the
Treadmill was not influenced by ege. The increment in the
energy expenditure for ectivity did very directly with the
extent of overweight. An increase in energy expended during
the basal period and during work by oBesé subjects over sub-
Jects of desirable welght was reported 2lso by icKee and
Eolinger (28).

Teble 10 presents the mean energy expenditure of the
subjects grouped according to age and status of body weight.
The number of subjects within each subgroup is limited; never-
Ttheless, the data indiceted that the energy expenditures of
wonen may te influenced by age and by tody weight.

Age When factors of Calories per kilogrem to the 0.73
power per nour were used in calculation, the mesn energy ex-
penditures of the suvjects for the two days were, in Czlories
per day, 2041, 2007, 1763, 17861 and 1735 for the women of
desirsble weight from the fourth through the eighth decade,
reépedtively. Only one subject of desireble weicht was
studied in the seventh and in the elghth decades. Date for

the fourth, fifth end sixth decades indiceted a Gecrease with
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Teble,10. Mean energy expenditure of subjects grouped
according to age and body weight

Subjects

No.

wean dally energyv expenditure

Fac
of

tor:
ke./hr

Cal./

.

Factor:
Kg.0'73/hr.

Cel./

subjects Calories per day

Calories per day

30-32 yrs.
Within renge
of desirable
weight?
moderate
overweightO
Overwelght®

40-43 yrs.
Within range
of desirarle
welght
Moderzte
overwelight
Overwelght

50-52 yrs.
Within range
of' desirakle
welght
moderate
overweight
Cverweignt

0y

dey 1 day 2 av.

178%¢

2482
2583

21583

2344

2130

3067

1844

2772
3021

2010

£84¢

1815

2627
2827

day 1

1860

1872

2450

1733

2416
2380

day

2 ev.

2041
2076

2007

2650

17863

2530
2628

8Desiravle weight includes the entire range of weight
for height, from smell to lerge freme, gs given in the 1252
netropoliten Life Insurence tables of Stenderd Welght.

Chioderste overweight includes weights 197 over the renge
of desireble weight for height.

Ccverweight includes weights 207 ard over the renge of
desireble weight for helght. '
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Mean dally energyv expenditure

Factor: Cal./ Fector; Cal./
No. of kg./hr. kg.0- 73 /hr.
Subjects subjects Calories per day Celories per dey
day 1 cey 2 ev. day 1l ‘day 2 ev.
60-69 yrs.
Within range
of desirable
welght 1l 1881 1732 1650 15862 1953 1781
noderate
overwelght 3 2634 2882 2608 2352 266¢ 2464
Overweight 4 2675 2760 2687 2507 2837 2572
70-79 yrs.
v1thin renge
of desirsble
weight 1 170 1742 1724 1720 1780 1735
moderate
overweight 4 1840 2030 1935 1786 2058 1912
Overwelght 2 2434 3031 2733 2322 225685 2672
85 yrs.
Underweignt,
moderate 1 1154 1288

age in energy expended by the women.

The tendency for o de-

crease 1in energy expernditure with increase in age wes evident

also when energy expenditures were calculetad on the teasis of

fectors of Calories per kilogrem per hour.

Values in Cealories

per dey were 2034, 2010 end 1813 for women of desiratle body

welght of the fourth, fifth end sixth decedes, respectively.

A 3 decrease in Calories per dzy for esch decade from

25 to 55 years of life was reported by Durnin et 21. (18) from
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a study of energy expenditure by housewives. Perhaps because
of the small number of subjects in each group, the decrement
in meen energy expenditure with age of the women wes not uni-
form for successive decades. There was an gverage decresse of
1% from the fourth to the fifth decades end of 12% from the
fifth to the sixth decades.

The values reported in Tables 2 and © indlcrcte that the
energy expenditures for days cdnsidered as strenuous by indi-
vidual homemskers were as great for some of the women in the
older age groups as for younger women. The activities which
were listed in the dieries support this observation. The
older women listed many outdoor activities such as gerdening,
reking, picking cherries, carrying coesl, carrying feed to
chlckens end gathering eggs. They 2lso reported strenuous
Indoor activities such as washing with non-autometic machines
or by hsnd. One woman reported two hours of hand washing.
Other strenuous indoor activities were ironing, scrubbing and
cauring. O the younger women, only one revorted any outside
activity other than driving 2 cer. This subject reported |
milking 2 cow and feeding animals. The others.reported iron-
ing as their most strenuous activity. Half of the younger
women washed by sutometic nachines. Only one women in the
70 to 72 yeesr group washed with en sutomatic washer. For
these subjects, the mode of living end customary patterns of

activity of the women in the hicher decades required higher
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energy expenditure than for the younger women. To some extent
this factor may heve counteracted the influence of sge on
energy expenditure. A graphic presentation of the average

energy expenditure by age groups 1s given in Fig. 1.

Body weight The highest incidence of overweight women

occurred in the fifth, sixth and seventh decades of life.
Witnin each age group, the meen energy expenditures of women
who were 20/ or more above the rangé of desiraktle body welght
for age and helght were correspondingly higher than the mean
energy expenditures of the women clessed as moderately over-
welght. Bubjects who were moderately overweight had higher
averaze energy expendltures than the subjects who were judged
to be of desirsble body weight with one exception. This
exception wes for one dzy when the average energy expenditure
was calculated from the fectors of Czlories per kiiogram to
the 0.73 power for two women, 30 to 38 yesrs of sge who were
classed as moderately overweipght. One of the two subjects,
no. 39, was relatively inactive; her energy expendltures were
1654 and 1232 Calories per day for the two days.

There wss not a definite trend towerd reduction of energy
' expendlture with sge for the moderetely overweight and the
overwelght wowen cs there was for the women of desirable body
welght. The mean energy expenditures for womeh who were
moderately overweight were higher for subjects in the sixth

eand seventh decades then for subjects in the fourth and eighth



Figo 1.

Average dally energy expenditure by age groups of
46 homemekers by two methods of estimation

Total Calories per day estimated on basis of
total body weight . C

Total Calories per day estimated on basis of
effective metabolic body weight x—_ C o4

Calories per kilogram estimated on basis of
total body weight . K

Calories per kilogram to the 0.73 power estimated
on basis of effective metabollc body weight X——

Kk—x
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decades. The average dally energy expenditure for the two
ﬁomen 70 to 70 years of age and 20% or more above the desirable
body welght was greéter than for women 60 to 62 years of agé
and in the same classification of body weight. The data in
Table 10 would appear to indicate that body weight or the
relative degree of overweight influenced dally energy expendi-
tures to a greater extent than the age of the subjects. A
graphic presentation of the average daiiy energy expendlture

by per cent of welght deviation of the 46 homemakers is glven
in Fig. 2. |

Health rating

The data were evaluated for a possible relationship of
energy expenditure to the health rating of the subjects. The
raﬁings which ranged from good to poor are presented in Table
11, and shown graphically in Fig. 3. The group which was
rated good in health expended an average of 2009 Calories of
energy daily. This was the lowest mean daily energy expendi-
ture of all five health groups. The mean dally energy expendi-
ture fof the other groups from good-fair to poor was 2250,
2412, 2350 and 2451 Calories. The good health group expended
an sverage of 97.8 Calories of energy per kilogram of meta-
bolically effective body welght. This was approximétely the
same, ©7.5 Calories, as the mean energy expendlture per kilo-

gram of metabolically effective body welght by the group which



Fig. 2.

Average dally energy expenditure by per cent of
welght deviation of 46 homemakers by two methods
of estimatlon

Total Calories per day estimated on basls of
total body weight .. c .

Total Calories per dey estimated on basis of
effective metabollic body weight x——¢ %

Calories per kilogram estimated on basis of
total body welght | K

Calories per kilogram to the 0.73 power estimated
on basis of effective metabolic body weight X

K X.
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Table 11.

Average daily energy expenditure by health reting of 46 homemakers

et No. of Age Veight xg. %mif AV3F9%8.73 Aversge
Rating sutjects years deviztion standard Cal./kg. Cal./day
renge renge renge
Good 11 55-71 0 -"to +1l1.¢ +7 to =23 e7.8 200¢
Good~Felr 11 32-85 -8.4 to +30.1 +5 to -8 101.3 2280
Fair 14 33-76 0 to +33.2 +95 to -17 1c5.5 2412
Feir-Poor 8 34-72 C to +21.4 +3 to =21 107.5 2320
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Fig. 3. Average dally energy expenditure by health rating
of 46 homemakers

Upper graph
Calories per kilogram of total body weight per day
Calories per kilogram to the 0.73 power of body
welght per day

Lower graph
Total calories per day based on factors of
Calories per kilogram per hour
Calories per kilogram to 0.73 power per hour
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was reted poor in health. The energy expended in Calories per
kilogrem to the 0.73 power for the other hezlth groups in-
crezsed invérsely with the quality of health, namely, 101.3,
106.3, 107.5.

Eech health group included subjects of desirable weight
end elso subjects who were overweight. Weight hed beer one of
the fectors used in rating the subjects for heelth status.

The reximum renge of devietion ebove the desirable weight was
+11.¢ %g. for the group which was rated good in health. The
other groups included individuels whose weight devieted +21.4
Kg. or more over a desiratle welight. The feir and poor heslth
groups included subjects with weight deviations of +33.2 and
+32.3 kg. respectively. Thece two groups 2lso expended the
highest sverage number of Celories of energy daily, 2412 end
2451. The group which wes reted poor in heslth wass smell,
only two subjects. They were +15.4 end +32.3 ko. overwvelght.
Although the mesn daily energy expenditure by this group was
442 Calories greater then the mean deily energy expenditure
by the subjects rated good in hezslth, the average Calories

of energy expended per kilogram of metabolicélly effective
body welght was approximetely the same for both groups.

An evaluation of the meen dally energy expenditure by
the subjects of similsr weight in eech health group was made.
The subjects of desirable welght whose health reting wes

good, good~-feir, falr, and feir-poor expended 1835, 1871, 1825,



61

and 2185 Calories per day, respectively. The subjects whose
welght wes 13 kg. or less over desirsble weight and whose
health rating was good, good-feir, fair, fair-poor, end poor
expended 2217, 2168, Z312, 2233, and 2320 Calories per day,
respectively. Thus these résults indiceted thet the meen
deily energy expended by subjects of the health groups wes
related to the overweight condition rather than to the state
of health.

‘Tne renge of bssel metabolic rete was similer for women
in 2ll of the heelth groups. There wes no epperent reletion-~
ship tetween the heelth rating and the level of the basel
metebolic rete. These health groups may heve had too few
subjects for such a relationship to be indiceted, or the
negative besal metsbolic rates mey not have been enough below
the standerd renge for the effects to be prominent. Booyens
and kcCence (22) found 2 much wider renge in the besssl energy
expenditures of 36 healthy subjects end concluded thst the
limits usuelly eccepted ss stanc¢erd may be too nsrrow.

The two subjects ir the heslth group which was rsted
poor vere 40 years of ege. The other four heelth groups were
cowposed of subjects from each decade of 2ge through the
eighth decade. This resulted in groups of such smell numbers
thet the effect of age was not apperent es a factgr related

to the energy expenditure ty the subjects of different health

status.
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Additionsal factors

Fig. 4 presents the average dally energy expenditure of
21l of the subjects as they were studled according to the
number of meumbers of the family, the house slze, and also as
to their efficiency and temperement. The subjects were placed
in groups for these last two characteristics by & subjective
evaluation. Thls rating was mede by the author end two other
wembers of the research staff after the series of interviews
and home visits made to collect dats were completed.

Family members The six women who lived 2lone expended
the lesst energy. These women were over 58 yesrs of age.
There wes little difference in the Cslories of energy expended
by tThe homemekers when the other faully members were adults
or when they were adults and children.

House size Less energy was spent per dey on the
averege by the women living in homes of six rooms or less on
one floor. This group included wonien of 2ll the decades of
age. Women who lived in homes of two floors with seven rooms
or less expended, on the average, as much energy per day as
tne women who lived in lerger houses.

The emount of energy expended by a homemaker with a
Tawily showed no spperent relationship to the size of the
fawily nor to the size of her house. This fect 2lso wes noted

by Durnin et al. (11).



Fig. 4. Average dally energy expenditure by four
characteristics of 46 homemaskers
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Efficiency The homemakers who had been ranked as
'gverage' in efficiency expended less energy, 2154 Calories
per day, than the homemakers who were ranked either 'low' or
'high! in efficiency. There wes little difference, S1 Cel-
ories, in the energy expended deily between the latter groups.
The 'high' efficierncy group wes composed of women from 3¢ to
85 years of age. The other levels of efficiency were composed
of women from ell the decades of age. The 'averege' effi-
ciency group included 12 of the 16 desireble welght women in
the study. All of the women in the 'low' efficiency group
were overwelght. However, the 'high' and 'average' efficiency
groups included the women with the grestest deviation in

kilogrems of weight.

Temperament Women of averasge temperament, as they

were rated by subjective evaluation, expended more energy
during the day than either the tense-nervous or the placid
groups of women. Each temperement group included women from
21l the age groups studied. The one 85-yeer-old sukject was
in the tense-nervous group. Women from 2ll weight devistion
groups were in each of the three temperement clecssificstions.
However, the women in the tense-nervous tempersment group hed
the greatest range in welght deviation, namely, -6.4 to +33.2
Kg. of body welght. Nine of the 15 women of desirable body

welgnt were ranzed in the tense-nervous temperement group.
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Comparison of factors for calculating energy expendlture

The mean energy expenditures given in Teble 10 provide
‘a basis for evaluating the information obtained by cslculation
of energy expenditures from activities on the basis of Cal-
ories per kilogram with that obtained by calculation on the
basis of Calories per kilogrem to the 0.73 power. In early
studies of energy metabolism, tody surface.area was used as
2 basis for expression ol energy expenditure on the essumption
thet surface area reflected more closely than body weight
the relative amount of zctive protoplasmic tissue within the
body. In a 1259 study Durnin (30) concluded that surface
area and gross body welght were equally useful ss a standard
for reference in measurewment of human energy expenditure.
Likzewise, killer (23) concluded thet the "surface area law"
was no longer tenable. Brody (4, p. 383) hed found en spproxi-
metion of the metabolically effective body weight to te 0.73
power of Lody weight in kilogrems. Thus it may be expected
that the use of an exponential function of body weight es o
unit for expression of energy expenditure would influence
velues for overwelght individuels to a greater extent than
values for individuzsls of desirable body weight. In over-
weight persons body fat represents a relatively higher per-
centage of the totel body weight than in persons of desirable
welght.

The difference between results obtained ty these two
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metnods of calculation of energy expenditure increased direct-
1y with en increase in deviation from desirsble body weight

&s wes shown in Plg. £. For =211 46 subjects, the average
daily expenditure of energy was 72 Czlories per day less when
celculsted ©y fectors bessed on metebolically effective body
welght than by fectors cesed on total tody weighé. For the

18 subjects in the desirstle welght range, the average dif-
ference was less than one Calorie; for the 14 subjects with

a positive weight devistion of less then 20j%, the difference
was 86 Cezlories; for the subjects who were more than 20% over-
welght, the difference wes 152 Calories. The one subject with
a negetive welght deviation of 10% expended 134 Calories more
per day wnern calculated by fectors besed on metebolicelly
effective tody welght then by fectors based on totel tody
welgnt. The inlluence of overweight on the estimstion of
energy expenditure by celculzation from the fectors may be
reduced by use of metebolically effective tody welght as 2
besls rather then total body weight. Thus it may be expected
that the energy expenditures calculested from fzctors of Cal-
orles per kilogram to the 0.73 power per hour have greater
relisbility than the energy expenditures celculsted from fec-
tors of Calories per kilogrem per hour. The agreement between
values ottained by the two series of factors {(Tatle 3) is
sufficiently close, however, that the choice of factor prob-

ably contributes less to the error of estimetion of enrergy
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expenditures than the problems essociated with the determina-
tion of the time and nature of activities performed by sub-

jects in their homes. -
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PART II. THE RELATIONSHIP OF PULSE RATE TO
ENERGY EXPENDITURE OF WOMEN



70
REVIEW OF LITERATURE

A method for the preclse measurement of the dally energy
expenditure of an individual during the course of the usual
activities and in the usual environment has been an important
goal in the study of metabolism. Early investigators in the
field of energy metabolism reported a positive relationship
between the pulse rate and total heat production. In 1910,
Benedict and Carpenter (5, pp. 135-136) emphasized the im-
portance of this relationship. A change in the average pulse
rate, for 12 subjects, from 62 in the resting post-sbsorptive |
state to 64 in the resting absorptive state was sgld to be a
"considerable increase." The authors stated: |

It eppears, therefore, that in metabolism
experiments in the future, special attention should
be paid to accurate continuous records of the pulse
rate, as lndicating in a general way the internal
muscular work and muscular tonus. As these two
factors apparently in large measure determine the
total metabolism during rest, the pulse-rete can
under these conditions be taken as a reasonable
satisfactory index of the total metabolism. Ex-
periments are much needed, using the same subject
under widely varyling conditions of pulse rate.

That the observation of the pulse-rate should
also be accompanlied by a measurement of blood-
pressure is obvious, and it is probably true that
& simultaneous study of the pulse-razte, bloocd-
pressure, respiration, and total metabolism will
show some most interesting relationships which
may prove of direct practical value to the prac-
ticing physiclan.

Three years later (1913), Benedict and Cathcart (6, p. 154)
reported observations of energy expenditure and pulse rates

as follows:
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At 1,05 Cal./min., pulse rate rose from 60-64 to 125

At 1.50 Cal./min., pulse rate rose from 64 to 160

At 2.00 Cel./min., pulse rate rose from 60 to 163

At 2.25 Cal./min., pulse rate rose from 60 to 166

At about the same time, Henderson and Prince (31) report-
ed a study of the "oxygen pulse' which was the amount of oxy-

gen consumed from the blood of one systolic discharge of the

_ . Og/minute
heart. The formula was: Oxygen pulse = Seats/minuts’ -The

quantity of oxygen consumed during body rest and with such
8lightly accelerated heart rates &s are involved in merely
walking around a room, tended to be proportional to the rate
of the pulse. With heart rates such as were induced by dis-
tinct exertion and increasing amounts of work, that 1s rates
of 80-100/minute up to 130-140/minute, a relationship pre-
valled between heart rate and oxygen use which differed from
that reported by Benedict and Carpenter (5). The oxygen pulse
at these heart rates increased rapidly with the acceleration
of the heart and the maxlmum value was reached in most cases
at 130-140/minute; with further cardioacceleration, it in-
creased only slightly or tended to decrease.

Murlin and Greer (32) in 1914 studied the ratio of total
heart action to oxygen consumption of both men and women dur-
ing various exercises and reported that the product of pulse
pPressure by pulse rate was a better index of metabolism than
was pulse rate alone. Of all the organs in the body, the
heart is in closest relationship to the requirements of the

tissues for energy. Since very little avallable oxygen could
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be stored in the living substance, the response of the heart
to the variation in requirement must be immedlate and within
very narrow limits of time proportional to this oxygen re-
quiremenf. This was in agreement with Benedict's earlier
report that the blood pressure played a role in the relation-
ship of pulse rate and metabolism.

A linear relationshlip between pulse rate and oxygen con-
sumption was depicted graphically by Boothby (33) in 1915.
When data obtained in a study of the rate of circulation of
the blood in a subject at rest and at work was plotted, the
points representing the pulse rate fell within 3 per cent of
a straight line relationship with oxygen consumption except
in one lnstance in which the point was 9 per cent off the
line. It was evident that in the main, pulse rate increased
with oxygen consumption although in individueael instances,
nervous, or other influences modified the rate.somewhat.

The linear relationshlp of pulse rate to oxygen consump-
tion by subjects in a post-absorptive state was studled by
Taylor (34) in 1942. A stethoscope was used to count the
heart beat. The heart rate, total ventilation, oxygen con-
sumption, and respiratory quotients of subjects increased
with work load in approximately linear fashion. The slope of
the regression line and the ultimate level attained varied
with the individual subject. A linear increase in caloric

expenditure with increase in number of heart beats also was
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obserﬁed, by Ericksen et gl. (35) in 1945, for men doing

— ———

treadmill walking at different speeds and angles of incline.
Muller (36) in 1953 used the pulse rate in a study of the
physiological basis of rest pauses in heavy work. It was
observed that the index of the rise in pulse rate for certain
rise of work per second gave the work capacity of the person
examined. The amount of energy that is directly available for
muscular work is limited by the cepacity of the heart and
lungs to get oxygen from the outside alr to the muscles and
by the anaerobic liberation of the energy reserved stored in
the muscles. The apparatus used by Muller consisted of the
Kofranyl and Michaells respirometer to measure the oxygen con-
sumption and an automatic portable pulse counter which was
worn by the subject. The pulse counter was described by
Muller (36, p. 210) as follows:

. . a photoelectric cell, which together with a
small lamp can be clamped on the ear-lobe llke an
ear ring. The llight of the lamp passes through
the ear-lobe on to the photoelectric cell. Each
pulse makes the ear-lobe a little less translucent
and so lowers the voltage recorded by the cell.
The fluctuations of voltage are amplified to move
a relay and a counter which can be read at suitable
intervals. Accumulators and batteries are fitted
for counting during an 8- or 1lO-hour shift. 1In
the laboratory we use eamplifiers working on the
mein circuit, in connection with a counter which
prints the number of pulses on paper from minute
to mlnute. Thils apparatus has the advantage of
being able to be used without inferfering with the
work and without influenclng the person during the
test.

A high pulse rate, associated with a rapid increase in

the initial stages of work, was reported by Asmussen and
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Nielsen (37) in 1955. This pulse rate was considerabiy higher-
than the pulse rate that acpompanies oxygen uptake for a

- steady rate of work. The pulse increase was approximately
linear with increased oxygen consumption to rates of 170 to
180. These authors used the acetylene method and the direct
Fick Method to measure the oxygen consumed from the blood |
which flowed through the working muscles.

The use of heart rate as an index of work output was
investigated in 1957 by LeBlanc (38) in arctic field experi-
ments with Canadlan soldiers. The results of these experi-
ments indlcated a positive correlation between pulse rate
and level of acti#ity and it was concluded that the pulse rate
by itself could be used for relative evaluation of certain
levels of activity. The pulse rate was determined by radial
palpation, and was taken within 30 seconds after exercise.
LeBlanc suggested that if a correlation between pulse rate and
oxygen consumption could be shown, the solution of problems
- 1lnvolving calorimetric measurements, such as those encountered
in nutrition or clothing studies would be greatly simplified.
He also suggested that it would be advisable to determine
pulse oxygen ratios on subjects in the laboratory prior to a
serles of fleld measurements.

The possibility of fitting appropriate curves to experi-
mental data and testing for goodness of fit was demonstrated

by Wyndhem et al. (39) in a 1959 study of maximum oxygen
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intake and maximum heart rate durling strenuous work. At a
low rate of work there was a straight line relationship for
both oxygen intake and heart rate when plotted against work
rate, but at high work rates, the curve tended toward an
asymptote. A positive relationship of oxygen lntake and
heart rate also was reported in 1961 by 3strand and Saltin
(40) who concluded that the aerobic capacity and maximal
heart rate are the same in maﬁimal running and cycling, or
at least in well-tralned subjects.

Evidence that a change in rhythm of movement such as
from walking to running resulted in a change in the slope of
the curve which graphlically 1llustrated oxygen consumption
plotted sgainst work performed was found in 1934 by Ogasawara
(41). The change in slope of the curve was attributed to the
fact that more muscular movements were necessary in walking
because the length of the stride was less. It was also found
in this study that oxygen requirement was less when the sub-
Ject wore 1light rubber shoes rather than leather shoes.
Muller (36) described walking as a "natural activity" with a
speclial pattern of movement to whibh the body has had mény
thousands of years to adapt itself. This was not the case
with the many "odd movements snd positions" required of the
body during the performance of dally work. Recent experiments
involving a change in rhythm of movement were reported in

1961 by Michael and Hutton (42). Prolonged exercises using
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a bicycle ergometer, or walking on a treadmlll indicated that
higher heart rates occurred during the bicyeling than while
walking when oxygen uptakes were equivalent. When pulse rate
was plotted against oxygen uptake, a change in the slope of
the curve occurred when & change was made in rhythm of move-
ment.

A change in pulse rate with a change in the position of
the subject's head while the body was maintained in 1ts same
position was noted by Steiner and Mueller (43) in a report of
research related to the 'man in space' program. There was no
change in the cardlac rate dﬁrlng the time the sublect was 1ln
& neutral position (fully supine). The heart rate increased
20% with the head elevated, and decreased 16% with the head
depressed. Changes in rate were produced by altering the
position of the carotid baroreceptors in relation to those
located in the trunk. It was suggested that these changes in
rate might be caused by alterations produced by acceleration
forces in the profusion pressures in the csrotid arteries.

The validity of the prediction of energy expended in the
dally roﬁnd of activities from relationship of pulse rate
(beats per minute) to metabolic rate expressed as Calories
per square meter of surface area per hour was investigated
by Booyens and Hervey (44) in 1960. Activities of ascending
order of rates of work were performed by six subjects; After

a steady pulse rate had been found in two successive counts,
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expired air was collected for a perliod of 1lO-minute intervals
for each activity. During the collection of air, the pulse
rate was counted three times at 3-minute 1ntervals; Pulse
rates were usually counted by palpation of the radial pulse
for l-minute periods, timed with a stop watch. When suqh
counting was lmposslble as during walking and cyeling out-
doors, the first 10 beats immediately after cessation of the
activity were timed. An electronic pulse rate meter also was
used for some of the measurements. Although a good linear
relationship could be established for pedalling the bicycle
ergometer at three levele of work, the activities of lying,
8itting, and standing did not give a relationship with as
true a linearity. The slope of the line for the "quiet occu-~
pations" was steeper than the slope of the line for pedalling.
Booyens and Hervey concluded that this method was not useful
as a meéns of measuring the energy expenditure from a pulse
rate record of "daily round! activities but might be valid
for the higher level of activities if factors that influence

pulse rate were controlled.
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STATEMENT OF PROBLEM

A technique for the use of & continuous record of palse
rate to determine the energy expended by women was investi-
gated. The assumption was made that pulse rate lncrements
during activity might have a predictive velue for the estima-
tion of energy expenditure 1f the pulse rate varied linearly
with oxygen consumption during activity. The experimental
approach was used to: (a) study the relationship of incre-
ments in pulse rate to increments in energy expenditure;

(b) study the extent to which variations among individuels
might influence the linearity of the regression of pulse rate
on energy expenditure; and (c¢) investigate the problems en-
countered in obtaining a 24-hour pulse record of a woman while

she performed her customary activities in her own home.
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METHOD OF PROCEDURE

A series of activities was selected which would require
a range in energy metabolism from the resting state to the
energy expendlture for active exerclse. The subjects were
8ix women who performed standardized activities in the lab-
oratory. Measurements of oxygen consumption and of pulse rate
were made during each of the actlvities. The energy expendi-
ture for each activity was calculated from the oxygen consump-
tion. Statistical analyses were made to investigete the
linearity of the relationship between the pulse rate and the
energy expendlture of the subjects.

A continuous record was obtained of the pulse rate of one
subject, and her daily energy expenditure was predicted from
the data using the predicting equation which had been deter-
mined for the regression of pulse rate on energy expenditure

during the laboratory activities.
Measurement of Pulse Rate

Selection of equipment

The customary clinical procedure of radial palpation for
the determination of pulse rate was rejected since a technique
was deslred which would not restrict the movements of the sub-
Ject, which would detect small differences in pulse rates

associated with intermittent activities of women of sedentary
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nature, and which might also be satisfactory for use 1in
‘obtalning continuous records of the pulse rate over a perlod
of time.

An investigation was made of the availability of equip-
ment which could be used as a device for sensing character-
1stics of the heart beat and transmitting them to a recorder.
Limiting factors in the selectlion of such an instrument in-
cluded the interference of movement of the subject, the noise
of the treadmill used in activities in the laboratory, dis-
turbance from stray electricel fields, and the initial cost
of the apparatus.

Although telemetering of the heart beat by radlo offered
the most promise for obtaining continuous records of the pulse
rate without undue restriction of the movements of the sub-
Jeet, no commercially available unlt was found which would
be satisfactory for use. The development of an instrument
for radlo telemetry of the heart beat was 1n progress on this
campus in another department but it was not considered* that
the instrument was ready for experimentsl use.

Since a digltal cardiotachometer®* had been used suc-

cessfully for trensmitting the pulse rate of subjects

*Victor W. Bolie, Ames, Iowa. Information on an in-
strument for radio telemetry of the heart beat. Private
communication. 1961.

*#Diglital Cardiotachometer, Model 120, Gilford Instrument
Laboratories Inc., Elyria, Ohio. ,
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performing on a treadmill, this instrument waes selected for
use desplte the fact that a lead ﬁire from the subject to the
apparatus was required. Pick-up units for the electrocardio-
gram and for the change in opacity of the skin which accom-
panies the pulsation of blood were avallable for.use with the
cardiotachometer. The change in opacity of the skin of the
plnna of the ear caused by the flow of blood at each pulse

of the heart was selected as the characteristic for measure-
menf. A small clip which contained a photoelectric cell was
used as the sensing element. The clip was attached to the
pinna of the ear, and the response of the photoelectric cell
to the change in the opacity was transmitted to the cardio-
tachometer. A rectilinear recorder® with adjustable speeds
recorded graphically the frequency of response in impulses

per‘minute.
Subjects

Six subjects particlpated in the study. Four of the
subjects were women who had participated in Part I. The fifth
subject, who was from a small town, volunteered to complete
the laboratory tests and also to be the subject for the

recording of the 24-~hour pulse rate records. These five

*tpecti/riter' Recorder, Model PRR 1M-A16, Rectilinear
Recording Milliammeter, Texas Instruments Inc., Houston, Texas.
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subjectg were in the sixth, seventh, and ninth decades of age.
Three of the subjects lived in the urban ares, the fourth
lived on an acreage just outside the urban district and the
fifth lived on a farm, the house of which was now in the city

limits. The sixth subject was a woman 21 years of age.
Procedure for Activity Tests

A series of activities were chosen for the laboratory
tests which were of the type and degree of strenuousness that
the women performed each day. The activities were performed
in series frém the least strenuous to the most strenuous. The
tests were as follows: basal test, lying quietly after eét-
ing, sitting with arm movements, standing with some zrm end
body movement, and walking on the treadmill at increments of
speed and grade. The degrees of work performed on the tread-
mill were selected according to the physical capacity of each
subject.

In preparation for the tests, women in the sixth to ninth
decades of age were given a cardiac checkup by the physician
in charge of the Iowa State University Hospital to verify
that they were all physically able to undergo the tests on
the treadmill. To avold nervous stimulation of the heart, no
test was undertaken that the subject seemed dubious about
doing comfortably.

The subjects were brought to the laboratory singly and



83

by appointment for the tests. No test was scheduled 1f a sub-
bect had symptoms of a cold or other illness. The laboratory
tests were carrled on during the months of January to Msy.

The women were requestéd to wear comfortable clothes and low-
heéled walking shoes when they came for the tests. For the
basal metabolism test, they were instructed to eat their
usual meal on the night before the test ahd consume no food
or beverage except water after the meal. They were also in-
structed to obtéin at least 8 hours of sleep or rest in bed

. and to quagelin no physical activity on rising other than
the minimum amount that wés Fequired for dressing. They were
asked %o drink no coffee and not to smoke any cigargttes
before the test in the morning. The subject was brought to
the laboratory by automobile as soon as possible after rising.
She rested on a bed in a quiet comfortable atmosphere.for
50-45 minutes before the test.

The temperature of each subject was recorded upon her
arrival at the laboratory for the basal metabolism test.
I;mediately followlng the basal metabolism test, the subject
was welghed. No correction was made for the welght of the
clothing. The height of the subject was measured when she
was standing with her béck against a rigid vertical upright
to which standard meter sticks were attached. The subject
was required to stand with the head held comfortably erect,
the shoulders, buttocks, and heels touching the upright, and
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the feet parallel. The hardwood triangle 1ln contact with the
'upright was brought down to touch the subject's head, and the
reading was taken at that polnt, parallel to the contaect. The
subject was then served a breakfast of orange julce, egg,
toast, butter, jam, milk, and coffee. The tests were con-
tinued after a brief interval of time given the subject for

a rest perlod. At this time, the subject was asked to recall
the menus of the meals she had eaten on the previous day, and
a record was made of the foods and quantities as they were
recalled.

For afternoon tests, the subject ate lunch at home and
was brought to the laborstory by automobile. Before the first
test, she rested quiétiy on a bed for 30 minutes. All subse-
quent tests were preceded by a minimum rest period of 5 min-
utes whlle the subject relaxed in a chair. Wherever possible,
each test was performed in duplicate by the subject. A maxi-
mum of six different activities was performed during one test-
ing period. In some cases the fallure of the equipment or
the fatigue of the subject made it impossible to complete all
the tests. |

During each test a continuous record of pulse rate was
obtained simultaneously with the collection of expired zir.
The total volume of expired sir was determined by the differ-
ence of the reading of the meter before and after testing.

The recorder was adjusted to give a recording of the pulse
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rate of 6 inches per minute on the chart paper. At this speed
an interpretation of the pulse rate was made every 7 1/2 sec-
onds Quring the period the explred air waé collected. The
dupliéate test was performed under conditione as nearly iden-
tlcal as possible to those of the original test. The instru-
ments were callbrated at the beglinning of each test period and
also at intervals between individual tests. The procedure
used in calibrating the instruments was as follows: The car-
diotachometer was turned on one hour before the calibration
period. After equllibration, the calibration dial wes set for
the zero reading and the ink record was made. The dial was
then turned, in succession, to the readings of 60, 120, and
240 and a recording was made of the position of the pen on the
chart for each reading. Since this was a linear progression,
the reading of any position between zero and 240 could be
determined from a scale fitted to the progression. To obtain
the zero reading for the calibration between individual tests,

the ear clip was removed from the subject before calibration.

Interpretation of the recording

A scale was prepared from the section of the graph paper
where the graduations from zero to 240 had been callbrated by
the digital cardiotachometer. Finer divisions of the scale
were calculated and marked to fit the linear progression. The

scale was taped to the bottom of an open-end frame that could
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be moved along the chart over the ink record of the pulse
rate. A magnifying or readlng gless with an electric light
attachment was put on top of the frame to enlarge and brighten
the area of the record and the scale to be read. Division
lines on the chart paper divided 1t longlitudinally into spaces
3/4 inch in length. An interpretation was recorded for each
of these division lines. Since the speed of the recorder wes
set at 6 lnches per mlnute for the laboratory tests, eight
intérpretations were made of the pulse each minute or one
every 7 1/2 seconds. The interpretations were totaled per
test and the average per minute was taken as the average pulse
rate for the test. The speed of the recorder was zdjusted

for 3 inches per minute for the 24-hour continuous record of
pulse rate made in the home. This record was interpreted

four times o minute or once every 15 seconds for the entire

24-hour period.
The 24-Hour Pulse Records

The 24~hour records of the pulse rate were taken in the
home of one subjJect on two days that were separated by an
interval of six weeks. This lapse of time was for the repair
of the equipment that had falled to function properly. The
laboratory tests to establish the slope of regression of the
pulse rate to Calories per minute for this subject were con-

ducted on three different days during this six-week period.
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‘The digital cardiotachometer and the recorder were taken
to the home of the subject for the purpose of making the 24-
houﬁ pulse record. Electric extenslon cords were used to
permit the equipment to be moved as the sublject moved from
room to room. Her home wasg a one-floor house that had a room
arrangement suitable for the use of the equipment.

The first record was started in the morning and completed
at the same hour the next morning. The second record was
started in the evening and continued until the same hour the
next evening. The ear clip was attached to the ear of the
subject and held in place for the entire 24-hour period. For
the first record, it was held in place by a head band especlal-
ly designed for that purpose. Thls was uncomfortable for the
subject before the 24 hours were completed. Therefore, for
the second record, a hair net was used whlch was moré com-~
fortable for the subject than the head band.

The author watched the two instruments continuously dur-
ing the 24-hour recording period and made frequent notations
in pencil on the chart of simultaneous readlngs of the cardlo-
tachometer dial. The time at half-hour intervals was written
also on the chart paper. These notations were made to assist
in ah accurate interpretation of the completed record at a
later time.

The chart paper moved at the rate of 3 inches per minute.

The instellation of a new roll of chart paper required
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1 minute and 40 seconds. A calibration of the instrument was
made before the recording of the pulse record was continued.
Other calibrations were made easch time the equipment had beeh
moved to follow the subject in her work.

The author kept a timed diary of the activities which the
subject performed during each 24-hour period. The Calories
of energy expended for each period were calculated by factors
based on total body weight, Calories per kilogram per hour,
and by factors based on the effective metabollc body weight,
Calories per kilogram to the 0.73 power per hour.

Measurement of Oxygen Consumption at Rest
and During Activity

The oxygen consumption was determined by the gas analysis
of the air expired during each test of an activity. The
explred alr was measured by a Kofranyl-Michaells respirometer
which provided also for a continuous sampling and collection
of the expired air. The Welr formula was used for calculation
of the Calories of energy expended per minute. The walking

tests were performed on a treadmill.
Treadmill

The treadmill® was adjusted for the speed and the per
cent of grade desired for each test. The Kofranyi-Michaelis

*A. R. Young, Power Transmission Engineers, Indianapolis,
Indiana.
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respirometer was hung on the frame of the treadmill. The
subject did not wear the respirometer at any time during the
laboratory tests. The subject took her position on the tread-
mill and grasped the frame with one hand to meintaln her feel-
ing of security. She used the other hand to steady the tubing
which connected the mouth plece and the respirometer. The
mouth piece and nose clamp were ad)usted to fit comfortably

and checked for leaks before the treadmill was started.

Resplrometer

The resplrometer developed by Kofranyl and Michaelis* was
used in this study. The instrument consisted of a small gas
meter that measured the totai volume of alr exhasled and at
the same time collected 0.6 per cent of the expired air in a
rubber collection bag for analysis. The respirometer could
be used to collect exhaled alr for extended periods of time
because of this method of sampling. The metef counter could
be read accurately to 0.1 liter. The respirometer and the .
accessgory straps welghed approximately 8 pounds so 1t could be
worn by the subject. However, in this study, the respirometer
was.placed on the table or hung from a support beside the
subject.

In preparation for the study, the resplrometer was fitted

*Des Max Planck-Instituts fur Arbeitsphysiologie,
Dortmund, Germany.
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- with new rubber diaphragms between the piston pump and the
collecting tubes, with new rubber coliection bage, and was
then calibrated to establish correction factors for these new
fittings. The procedufe used in the respirometer calibration
was as follows: The Tissot spirometer was filled with room
air. The alr was metered through the respirometer at differ-
ent volumes per unit of time selected to correspond to the
range of values observed in the tests. Initial and final
readings were recorded of volumes and temperatures of air in
the Tissot, volumes and temperatures of alr metered through
the respirometer, and of the amblent barometric pressure.

The correction factors were calculated from these data for
various rates of gas flow through the respirometer. These

correction factors are listed in Table 12.

Table 12. Calibration factors for the Kofranyl-Michaelis

respirometers
Respirometer No. 0.986 Respirometer No. 1.000
Correction Correction

Liters/minute factor Liters/minute factor
7.0 - 11.9 1.048 7.0 - 11.9 1.031
12.0 - 16.9 1.034 12.0 - 16.9 1.045
17.0 - 21.9 1.061 17.0 - 21.¢ 1.076
22.0 - over 1.013 22.0 - over 1.030
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The rubber collection bags were callbrated for the change
in concentration of oxygen and carbon dloxide by the standard
method used at the Iowa State University Nutrition Laboratory
as reported by Langford (19, p. 42).

A Douglas bag of 150 liters capacity was filled
with expired alr. The contents were mixed by gently
kneading the closed bag. The composition of this
alr was determined by sampling for analysis directly
into Balley gas sampling bottles at the teginning
and end of the metering periods. Air from the
Douglas bag was metered through the Kofranyi-

Michaelis respirometer at different volumes per

unit of time according to the range of values ob-

8erved in the tests. Palpitatlon of the bag by hand

was done to slmulate the rhythmic pattern of suc-

cessive explirations. Samples of air were taken

from the rubber collection bags and analyzed for

oxygen and carbon dioxide.

The changes in the concentrations of oxygeh,for the
rubber collection bag No. & is given in Table 13.

The respirometer was made ready before each test as
follows: The parts of the connection valve were assembled
and fltted snugly in one end of the rubber tube which was
attached to the respirometer. Exhaled air was passed through
the apparatus for several minutes and adjustments were made
until the check showed that the action of the meter counter
was satisfactory. The rubber collection bags, which were
kept with some expired asir in them at 8ll times, were rinsed
three times with portions of the operator's expired air.
These portions of alr were expelled as completely as possible
by rolling the bags tightly into a roll. The collapsed bag

was connected to a two-way glass stopcock attached to the
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Table 13. Calibration factors for concentration of oxygen
of expired air in respirometer bags

Rate of flow Bag No. 5 Bag No. 6%
liters/minute Oxygen Oxygen

For 8 minute

collection periods % of original ~ % of original
3 102.2 101.0
4 101.5 101.0
5 101.0 ' 101.0
6 101.0 101.0
7 101.0 100.8
8 101.0 100.3
] 101.0 100.0
For & minute :
collection periods % of original
~11.5 101.0
12 ' 100.9
13 100.8
14 ) 100.6
15 100.4
16 100.0

8Bag 6 was not used in the study.

respirometer. The rubber mouth pleces were soasked in dis-
tilled water to lncrease thelr softness and pliabilitj. Just
tefore measuring the expired alr of a subject, the rubber
mouth piece was adjusted on the connection valve and the sub-
Ject then inserted the mouth plece inside her mouth but out-
side of her teeth. If a subject with dentures preferred to
remove them, she was permitted to do so, as in the case of

subject No. 34. The subject assisted in the check to
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eliminate leaks and in the adjustment of the mouth plece for
maximum comfort. A clemp was placed on the subject's nose
and adjusted to insure that no leakage was present. The sub-
Ject then exhaled through the respirometer'and a sample of

8 liters of the explred air was collected in each rubber bag.
The meter counter was turned off, the glass stopcock was
closed, and the rubber bag was removed. The bag was massaged
with the subject's'exhaled aif,'rolled tightly to completely
expel the air, and then in the collapsed state was re-
attached to the respirometer. The equipment was then ready

for the actual test.

Chemical Analysis

Gas anglyses

The samples of explred air were analyzed for oxygen.
Immediately after collecting the sample in the rubber bag,
aliquots were transferred to Bailey* gas-sampling bottles
for storagé over mercury until analyzed. The analysis®*¥* was
completed within 24 hours of the collectlon period. The

samples were analyzed in duplicate using the electronic

*A. H. Thomas Co., Philadelphla, Pennsylvania.

##Appreciation is expressed to Duane Hougham for the
oxygen analyses made with the Beckman Oxygen Analyzer.
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analyzer manufactured by Beckman.* This instrument determined
the‘oxygen partial pressure of an alr sample by measuring the
magnetic susceptibility with a magnetic torsion balance.

Since oxygen 1s relatively paramagnetic, oxygen concentration
can be measured in practically all gases. Thls anslyzer was
calibrated on test days with oxygen free nitrogen gas and also
with a sample of water-saturated outside air. The barometric
reading of the laboratory was recorded on the days of the
experiments. Aliquots of the samples 2lso were analyszed for
oxygen concentration using the Haldane-Henderson method,
Peters and Van Slyke (45, pp. 86-91), to check the accuracy

of the results from the Beckman Analyzer. The analyses were
accepted when two check samples ghowed an agreement within
0.06 per cent of the duplicate sample determinations using

the Beckman Analyzer.
Calculation of Data

The caloric equivalent of the oxygen consumption was
determined from the data on oxygen uptake collected with the
Kofranyi-Michaells respirometer. All gas volumes were reduced
to standard conditions: temperature of zero degrees Celsius
and pressure of 760 millimeters of mercury, dry. The formula

of Welr (46) was used for the calculation of the Calories of

*Beckman Oxygen Analyzer, Model B, Beckman Instruments,
Inc., Fullerton, California. ,
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energy. Fig. 5 1a a copy of the data calculation sheet used
in the study.

The slope of regression of energy expenditure on pulse
rate was determined by the regression formula of Wert et al.
(47, p. 227). The F-value was determihed to test for sig-
nificance of regreesion, Wert et al. (47, p. 233). The data
that presented two different slopes of linezar regression were
subjected to the F two-tall test, Snedecor (48, p. 96), and
also the t-test, Steel and Torrie (42, p. 173) were used to
test the significance of the difference between the two
slopes.

The chart of the 24-hour pulse rate records was inter-
preted for each 15 seconds of time during the 24 hours. The
recorded rates were summarized in four different ways, namely,
for the average pulse rate of each 10-minute interval, for
the averége pulse rate of each l1l5-minute interval, for the
average pulse rate of each interval of 1 hour, and for the
average pulse rate for the entire 24-hour period. The cal-
orlc equivalent for each time interval was calculated from
the pulse rate according to the regression equation predicted
for this subject from the data obtained under controlled
laboratory conditions. The energy expendlture was calculated
for each 24-hour period from the four pulse rate summaries and
comparisons were made. The energy expenditure also was cal-

culated for each 24-hour period from records of activities
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CALCULATION OF ENERGY EXPENDITURE

WEIR METHOD
Subject Date Test No.
Weight, kg ; kg.'73_____Height Age
Activity
Time of Day Length of Test
Meter No.____Meter Factor_ ___ Bag No.___ Bag Factor
Temp. Barometer STP Factor
(calculations)
Alr Expired, liters Air Expired, corrected
% Oxygen determined % Oxygen corrected
WEIR Formula:
1.046 - 0.05 (% O, corrected) = ___Cal./liter Alir exp.
(Cal./liter Air) x (Alr exp. corr.) = Calories
expended
Cal. expended _ Calories per minute

length of test

Fig. 5. Data calculation sheet
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using Calorie factors based on Cal./kg./hr./activity and
Cal./kg.o’75/hr./act1vity. The energy expenditure for the
two 24-hour periods as determined from the pulse rate records

and from the activity records were compared.
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RESULTS AND DISCUSSION
Relationship of Pulse Rate to Energy Expenditure

The relationship of pulse rate to Calorles of energy
expended per minute durling the performance of controlled

activities was studled for six subjects in the laboratory.

Subjects

The physical description of the subjects is given in

Table 14. Five of the subjects were women who ranged in age

Table 14. Physical description of the subjects

Subject No.

100 59 35 34 18- 14
Age 1n years 56 21 58 83 52 63
Weight, kg. 70.1 60.9 61.6 51.7 59.5 69.8
Welght, kg.0'™ 22.2 20.1 £0.2 17.8 19.7 22.2
Helght, cm. 173.0 167.0 167.5 160.2 165.5 166.0

from 52 to 83 years. The sixth subject was a woman, 21 years
of age, who assisted in the nutrition laboratory. All of the
subjects were of desirable weight for their height and sge

and all appeared to be in good health. The women of the sixth

to ninth decades were given a cardisc examination by a
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physiéian at the University Hogpital prior to thelr pérticipay
tion in this study. Four of the sublects had participated in
energy studies that had been conducted in the laboratory pre-
viously and were somewhat familiar with the laboratory and

the apparatus used 1ln energy expenditure studiés.

Evaluation of food recall records

Each subject was asked to recall the food eaten on the
day previous to her tests in the laboratory. These records
of the food were evaluated for the grams of protein andlthe
number of Calories. The tables of compoéition of food in the
Yearbook of Agriculture, 1959 (50, pp. 245-266), were used for
the calculations. The analysis is presented in Table 15. The
mean energy value of the diets ranged from 1805 to 2350

Table 15. Analysis of food recall records

Subject No.

100 Q29 35 34 18 14
Gms. protein in
day's menu 55.6 3.7 66.3 43.0 49.0 54.8
Calories in
the proteln 222 296 265 172 196 219
Calories of
daily intake 2086 2350 1954 1618 1805 1848

% of total
Calories in . .
protein 10.8 12.6 13.6 10.6 10.9 11.9
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Calories per day for five of the subjects. These values
exceeded the mean of 1735 Caleries per day reported by Swanson
et al. (51) from & survey of the food intakes of 1072 women
in Iowa. The subject whose dlet suppllied a mean of 1614
Calories per day was 83 years of age. The grams of protein
in the menus rangéd from 43.0 to 73.7. When this was evalu-
ated for the per cent of the Calories ln the diet which was
furnished by proteln, the range in per cent was 10.8 to 13.6.
Thus the protein supplied from 10 to 15 per cent of the Cal-
ories, the accepted standard for use of the Weir Formula for
the calculation of Calories of energy expended from the per
cent of oxygen in the expired air sample.

Welr (46) reported a formula, K = 1.046 - 0.5 Og, that
he had worked out to simplify the calculation of the caloric
value from samples of explired eir which included the effect
of protein metsbolism. This fbrmula will correct for the pro-
tein in the diet when it comprises 12.5% of the Calories con-
sumed in the daily diet. The use of this formula eliminates
the need for the collection of the urine sample and the
eanalysis for nitrogen. It also eliminates the need of anal-
ysls for carbon dioxide. ’

The Welr formule was used by Durnin and co~workers (15)
and (11), by Richardson and McCracken (23), by Keiser and
Weaver (52), and by McCracken and Richardson (22) in energy

expenditure studies. A comparison was made of values calcu-
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lated by the Weir method and values calculated on the basis

of the heat equivalent of the non-protein respiratory quotient
by Duane F. Hougham.* The data were from studles of nine
women who performed seven types of activities. He found good
agreement between values obtained by the two methods of cal-

culation.

The activity tests

The results of the activity tests for all the subjects
are glven in Table 16. Each value i1s the average of dupllicate
tests performed on the same -day except for instances when a
duplicate test could not be obtained because of a failure in
the equipment or some indisposition of the subject.

Six subjects completed duplicate tests on two different
days for the activities of lying quietly after eating, sitting
and standlng. The pulse rates of the subjects in these posi-
tions were not related to their ages. Subject 99, who was 21
years of age, and Subject 14, who was 63 years of age, had
pulse rates of 60.0 and 60.5 respectively for lying quietly
after eating; these were the lowest pulse rates for this
actlvity. The 56 and 58 year old subjects had the highest

pulse rates of the group when lying awake after a meal. These

*Duane F. Hougham, Ames, Iowa. A comparison of methods
for determining energy costs. Personal communication. 1962.



Table 16.

Pulse rate per minute to Calories per minute, average of duplicate
tests, AM

Test _Subject #100 Sublect #99 Subject #35

- day Pulse Cal./ ©Pulse Cal./ Pulse Cal./

Activity no. rate/min. min. rate/min. min. rate/min. min.
Basal 1 78.5 0.88 75.5 0.80
Basal 2 756.5 0.84 ' :
Basal 3 71.0 0.8

Tegts after a meal

Lying quietly 90.0  1.13 60.0% 0.97%  85.0  0.98
Lying quietly 88.5 1.08 60.5% 0.83 78.5 0.80

Sitting quietly
Sitting quietly
Sitting quietly

Sitting,

63.5% . 0.96%
56.0% P g.74%

M UNHFWNMHNDH

sifting 94.5 1.31 b p 84.5 1.18
Sitting, sifting 95.5 1.27 73.0%:° 1.13%:° 80.5 1.09
Sitting, sifting 88.0 1.23
Sitting, typing 99.0 1.35
Sitting, writing 62.55  0.98%5
Standing, relaxed 69.5 0.986
Standing, relaxed 79.0% _ 0.95%
Standing, sifting 86.0%,P 1,122,P
2Afternoon.

bSingle test.

20T



Table 16. (Continued)

Test _Subject #100

Subject #99

Subject #35

day Pulse Cal./ Pulse Cal./ Pulse GCsal./
Actlivity no. rate/min. min. rate/min. min. rate/min. min.
Standing, dusting 2 _ 87.0 1.23
8tanding, dusting 3 b b
S8tanding, sweeping 1 114.0 1.42
Standing, sweeplng 2 118.0 1.50
Standing, vacuuming - 2 95.0 1.59
Standing, vacuuming 3 107.5 1.54
Walk, 1 mi./hr., no grade 2 : 96.0 2.10
Walk, 1 mi./hr., no grade 3 98.0 2.02
Walk, 1 mi./hr., 4% grade 3 101.5 2.38
Walk, ) 1/2 mi./hr., no grade 3 a a
Walk, 1 1/2 mi./hr., 4% grade 1 86.5_ . 2.70
Walk, 1 1/2 mi./hr., 4% grade 2 81.0% P 2,398,P
Walk, 2 mi./hr., 4% grade 1 111.5 3.35 :
Walk, 2 mi./hr., 4% grade 2 113.0 3.00 102.5 2.45
Walk, 2 1/2 mi./hr., 4% grade 1 ' 100.02 b 3.37% b
Walk, 2 1/2 mi./hr., 4% grade 2 95.0%:° 2.80%
Walk, 3 mli./hr., 4% grade 1 120,5 4.42 '
Walk, 3 mi./hr., 4% grade 2 120.5 4.04

eoT



CPulse pick-up from llttle finger.

Table 16. (Continued)
Test _Subject #100 Subject #99 Subject #35
day Pulse Cal. Pulse Cal./  Pulse Cal./
Activity no. rate/mln. min. rate/min. min. rate/min. min.
Basal 1 66.0 Q.60 63.0  0.82 . 56.5 0.72
Basal 2 64 .5 0.48
Basal 3
Tests after a meal
" Lying quletly 1 78.0P 0.77° w%2.0® 1.22®* 60.5% o0.76%
Lying quietly 2 73.0 0.60 76.0 1.18 68.0 0.84
Sitting quietly 1l
Sitting quietly 2 a.c a.c
Sitting quietly 3 78.0°°% 0.72% a a a a
Sitting, sifting 1l 83.0° 1.12 81.0 1.46 69.0 0.80
S81itting, sifting 2 82.0 0.91 80.0 1.43 77.0 1.06
S8itting, sifting 3
Sitting, typing 3
Sitting, writing
Standing, relaxed 1
Standing, relaxed 2
S8tanding, sifting

70T



Table 16. (Continued)

Test _Subject #100 Subject #99 Sublect #35
day Pulse Cal. Pulse Cal./ ©Pulse GCal./
Activity no. rate/min. min. rate/min. min. rate/min. min.
Standling, dusting 2
Standing, dusting 3 88.0 1.09 a a
Standing, sweeping 1 g8g.0b 1.27P 85.0%2 1.548%  71.5% 0.98
Standing, sweeplng 2 88.0 1.46 80.5 1.29
- 8tanding, vacuuming < b b
Standing, vacuuming 3 93.0 1.32
Walk, 1 mi./hr., no grade 2 b
Welk, 1 mi./hr., no grade 3 100.0° 1.59
Walk, 1 mi./hr., 4% grade 3 b
Walk, 1 1/2 mi./hr., no grade 3 101.0% 1.64° g a o
Walk, 1 1/2 mi./hr., 4% grade 1 102.0 1.96 98.0 2.92% 84.0 1.77
Walk, 1 1/2 mi./hr., 4% grade 2 92.0, . 2.52_
Welk, 2 mi./hr., 4% grade 1 100.0%:P 3.25%:° g3.0 2.84
Walk, 2 ml./hr., 4% grade 2 b b o
Walk, 2 1/2 mi./hr., 4% grade 1 104.0%:° 3,49%P 92,02 2,44
Walk, 2 1/2 ml./hr., 4% grade 2 94,0 2.91
Walk, 3 mi./hr., 4% grade 1
Welk, 3 mi./hr., 4% grade 2 104.0 3.92

G0l
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two subjects (Subjects 100 and 35) had basal pulse rates of
71.0 and 75.5; there was a difference between their pulse
rates of 20 beats per mlnute during the'standing sctivitles.
Subjects 18 and 34, who were 52 and 83 years of age, had basal
pulse rates of 63 and 64.5 respectively, but the pulse rates
for the two subjects increased wlth approximately equsl incre-
ments to a pulse rate of 88.0 beats per minute for both sub-
Jects during the standing activitles.

Variations from day to day The results of the tests

for three actlvitles performed on separate days were compared

for the subjects as listed in Table 17. There were 14 tests

Table 17.. A comparison of results of three activities for
flrst day and last day of the tests

Difference

SubjJect 1C¢
Activity No. Age Pulse/min. Cal./min.
99 21 +0.5 -0.14
18 52 +4.0 -0.03
Lying 100 56 -1.5 -0.05
35 68 ~6.4 -0.17
14 63 +75 +0.07
34 83 -5.0 -0.17
18 52 -1.0 -0.03
Sitting, 100 56 -6.5 -0.08
sifting 35 58 -4,0 -0.09
14 63 +8.0 +0.26
34 83 -1.0 -0.21
Standing, . 18 52 +3.0 -0.01
sweeping 100 56 +4.0 +0.07
14 63 +9.0 +0.31
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which were carried out by three or more sublJects on different
days. Some were performed on the first and second test days.
Others, as indicated in Table 16, were carrlied out on three
different days and some on the second and third test dsys.
In 11 of the tests, a positive br negative change in Calories
per minute of energy expended occurred with a change of sim-
ilar nature in pulse rate. There were 10 values for the
second day of tests that were below the values of the first
day.

Variations in duplicate tests per day The differ-

ences between the duplicate tests for all of the activitles
performed by Subject No. 100, who was the subject for the two
24-hour continuous pulse records, are given in Tagble 18. The
smount of work performed or nature of the activity did not
appear to influence the reproducibility of values for measure-
ment of elther the pulse rate or of energy expenditure. The
largest difference between duplicate tests for the measure-~
ment of energy expenditure wes on the first day of walking on
the treadmill at 3 miles per hour and a 4% grade. The dif-
ference was 0.45 Calories per minute. However on the second
day, the values for duplicate tests differed only by 0.01
Calories per minute. Duplicate determinations of basal metab-
olism agreed within + 0.10 Calories per minute. The largest
difference between duplicate tests for the interpretation of

pulse rate was 6 beats per minute while sitting typing. The

differences of pulse rate and of Calories per minute varied
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Table 18. Differences between duplicate tests for Sublect

No. 100
Pulse rate/minute Calories/minute
Test
Activity day Difference Difference
Basal 1 -1.0 +0.01
2 +1.0 +0.10
3 -2.0 -0.09
Lying (after eating) 1 -2.0 -0.08
2 -3.0 +0.03
Sitting, sifting 1 -3.0 -0.04
(rice from sugar) 2 +3.0 -0.10
3 +2.0 +0.06
Sitting, typing 3 -6.0 -0.14
Standing, sweeping
(hand electric 2 -2.0 +0.07
with extension)
Standing, vacuuming
(upright beater type) 3 -3.0 +0.11
Ireadmill
Walk, 1 mi./hr.,
no grade 3 0.0 -0.12
Welk, 1 mi./hr.,
4% grade 3 +3.0 -0.16
Walk, 2 mi./hr., 1 -1.0 +0.10
4% grede 2 +2.0 +0.02
Walk, 3 mi./hr., 1 +5.0 +0.45
4% grade 2 +3.0 +0.01

directly in nine and inversely in seven of the duplicate tests

on the same day of testing.

As was shown in Table 16, the mean values for pulse rate

and energy expenditure for duplicate activities were corre-
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spondingly higher or lower from day to day except in the case
of two of the activitlies performed on the treadmill. Mean
values for both pulse rate and energy expenditure for Sub-
Jects No. 34 and No. 18 during the treadmill walking at 2
miles per hour and 4% grade were lower on the second day
than the first day of testing. In general the variations

in duplicate tests and the variations in tests from day to
day wefe similar in nature for values for pulse rate during
activity and for energy cost of activity.

Relatlonship of energr expenditure to pulse rate In
studylng the pattern of relationship of energy expenditure to

pulse rate for the individual subjects, the first approach
was to test the llnearity of the regression of the data for
the total range of observations for each subject. The linear-
1ty of regression was significant at P< 0.01 for each subject,
thus indicating an increment in pulse rete for a corresponding
increment in Calories per minute (Table 19). The next
approach was to examine the individual graphs to determine

1f the single straight line relatlionship was the best fit for
the data. Booyens and Hervey (44) had found two lines of
slope where activity changed from quiet occupations to ergo-
meter work. All of the activitles of the tests were self-
directed except for the treadmlll walking. The coefficients

of regresslion for each of these two kinds of activities for
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Table 19. Tests of significance

Tests of — Subject No. :
significance 34 35 100 . 14 18 99
Totel activities
F-value 141.73 70.29 21.19 58.62 "71.50 28.77
P=0.01 9.66 12.26 8.53 1l2.25 10.04 Q.65
Low level

activities
F-value 81.00 24.98 40.8% 7.57
P45 0.01 , 10.04 16.26 16.26 12.68
Treadmill walking
F-value 47.57 104.21 28.24 12.68
P< 0.01 21.20 28.42 34.12 18.51
Two-tail

distribution
F-value 2:36 0.86 3.22 1.04
P<£0.05 8.84 39.29 14.92 39.35
t-value 2.40 1.56 1.18 1.12
P<£0.05 2.14. 2.36 2.31 2.26

each subject were tested for significance.

Data for Subjects No. 35 and No. 34 indicated no change
in slope and were significant at P<0.01 as a single linear
regreseion for each subject (Fig. 6 and Fig. 7). Data for
Subjects No. 18 and No. 99, shown graphically in Fig. 8 and
in Fig. 9, indicated a posibility of two slopes of linear
regresslon for each of the two subjects. For Subject No. 18
the slopes of regression for self-directed activities and
for treadmill walking were each significant at P<0.0l.

However, the difference between the two slopes was not



Fig. 6. Relationshlp of pulse rate to Calories per minute
for Subject No. 34
a Regression formula of total activities
x Average of duplicate tests per day per activity
o Single tests per day per activity

|
\
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Fig. 7. Relationship of pulse rate to Calories per minute
for Subject No. 35
a Regression formula of total activities
x  Average of duplicate tests per day per activity
o Single tests per day per activity
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Figo 8.
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Relationship of pulse rate to Calories per minute
for Subject No. 18

a Regression formula for total activities

b  Regression formula for treadmill tests

¢ Regression formula for self directed activities

X  Average of duplicate tests per day per actlvity

o Single tests per day per activity
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Fig- 9.

RN

Relationship of pulse rate to Calories per minute
for Subject No. 99

a Regression formula for total activitles

b Regression formula for treadmill tests

¢ Regression formula for self directed activities
X Average of dupllicate tests per day per activity
o Single tests per day per éctivity
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significant. For Subject No. 99 the slope of regression for
total activities waé the only slope of regresslon that was
significant at P4 0.01. The difference between the slopes
ol regression of treadmill walking and of other activities
was not significant although the plot of the points on the
graph indicated a possibility of two lndependent slopes rather
than a single slope. Additlonal tests of activities of faster
speeds of treadmill walking and also of activities of a min-
imum of energy use providing a greater number of degrees
of freedom asre needed to determine whether the pulse rate-
energy expenditure relationshlp for the self-directed activ-
itles 1s simllar to or different from that of the treadmill
walking.

The slopes of regression of total activities, of tread-
mill walking, and of the self-directed activities wére each
slgnificant at P« 0.01 for both Subject No. 100 and for Sub-
Ject No. 14. Fig. 10 and Fig. 11, respectively, present
graphically the date for these two subjécts. The difference
between the slopes of regression of treadmill wélking and of
self-directed activities was significant at P< 0.05 for Sub-
Ject No. 100 but was not significant for Subject No. 14.
However, as was suggested above for Subjects No. 18 and No.
99, results from additional testing of both levels of activ-
1ty for Subject No. 14 might indicate significantly different

. 8lopes for the two areas on the graph.



Fig. 10. Relationship of pulse rate to Calories per minute
for Subject No. 100

b

c

Regression formula for treadmill tests
Regression formula for self directed activities
Average of duplicate tests per day per activity
Single tests per day per activity
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Fig. 11. Relationship of pulse rate to Calories per minute
‘ for Subject No. 14

b Regression formuls for treadmill tests
¢ Regresslon formula for self directed activities

X Average of duplicate tests per day per activity
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The coefficient of regression of pulse rate on energy
expenditure for the total activities was 26.305 for Subject
No. 34, who was 83 years of age. This was the largést coeffi-
cient of any of the subjects. The coefficlent of regression
for all activities for Subject No. 100 was 10.271. The co-
efficients of regression for the other subjects ranged from
12.178 to 14.759 for the total range of actlvities.

The coefficients of regression of pulse rate on energy
expenditure for the treadmill activitlies ranged from 9.026
to 19.332 for Subjects No. 14, 18, 99, and 100. Of these
subjects, the largest coeffliclent of regression for both the
work on the treadmill and self-directed activities was for
Subject No. 99, who was 21 years of age. The range of coeffi-
clents of regression for the four subjects was from 31.696 to
58.165 for self-directed activities. Although the differences
between slopes for the self-directed activities and for tread-
mill walking were not statistically different for Subjects No.
100, 99, 18, and 14, data on the graph for individual subjects
suggest that the data were not continuous for the entire
series of activitles. The area of uncertainty appeared to be
with activities in which the pulse rate was high in relation
to the energy cost of the activity. Subject No. 100 had pulse
rates of 114 and 118 for energy expended of 1.42 and 1.49 Cal-
ories per minute for self-directed activlity of standing sweep-
ing. During treadmill walking this same subject had pulse
rates of 113 and 120 for energy expended of 3.35 and 3.00
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Calories per minute. Similar results were obtained for Sub-
Jjeet No. 99. During standing exercises this subject had pulse
rates of 79 and 86 with Calorles per minute of 0.95 and 1.12
respectively but during treadmill walking pulse rates of 81
and 86.5 were recorded with energy expenditures of 2.39 and
2.70 Calories per minute, respectively.

Subjects No. 18 and 14 did not have as high a pulse rate
for the self-directed exercise of standing sweeping as was ob-
served for Bubject No. 100. The pulse rates for these two
subjects were 88 and 80.5 and the Calories per minute were
1.46 and 1.29, respectively. At the same speed of treadmill
walking for which éubject No. 100 had pulse rates of 111 and
113, Subjedts No. 18 and 14 had pulse rates of 100 and 93 with
corresponding Calories per minute of 3.25 and 2.84. Although
a similar number of Calories per minute of energy were ex-
pended for the same zctivity by these three subjects, the
accompanying pulse rates were different.

The change in activity from standing, where the muscles
must maintain the upright position, to the controlled,
rhythmical walking on a treadmill, where the upright position
was supported by hand on the treadmill framework may eccount
for some of the change in slope of the energy expenditure to
pulse rate relationship. Michael et al. (42) reported higher
heart rates with a bicycle ergometer than with welking on a
treadmill with equivalent oxygen uptake.

The change in body position may be another factor in the

change in relationship of energy expenditure to pulse rate.
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‘Schneider and Truesdell (53) reported an average increase of
17.9 in pulse rate of men during & change of activity from
lying to standing. 1In a later study (54) these same workers .
noted an average lncrease of seven in pulse rzste from reclin-
ing to standing. These workers also reported that no dlurnal
change occurred in this pulse rate increasse. Knox (55) like-
wise found an asverage increase of seven in standing pulse rate
over that of sitting. Knox attributed this increase to the
dynamic movement of standlng up and also to the\steady grevi-
tational factor when erect. Subject No. 100 éxhibited a
greater rise of pulse rate on standing than did either Subject
No. 18 or Subject No. 14. (These three subjects showed the
greatest change in the slope of the relationshlp of energy
expenditure to pulse rate relationship for the six subjects
in this study.) The increase in pulse rate from sitting
exercises to standing exercises for Subject No. 100 (Table
16) mey result from the pooling of the blood in the lower
areas of the body with a change to upright position as sug-
gested by Asmussen and Nielsen (37).

The ectivity of eating resulted in & rise in pulse rate
~ for Bubject Nq. 100. This elevatlon of pulse rate occurred
a8 she began to eat each meal and continued for nearly an
hour after the meal was finished. The pulse rate elevation
continued during either a sitting or lying position meintained
by the subject following a meal. Work activities had an addi-

tilve effect on the elevation of the pulse rate. Passmore and
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Ritchie (56) found an increase of energy expendlture for a

, pefiod immediately following eating which, they reported,
lasted for spproximately 45 minutes to one hour. Buskirk
et al. (57) also reported increased oxygen consumption after
ingestion of food. Schneider and Truesdell (54) found an
‘inerease in pulse rate after ingestion of food which showed

no dlurnal effects.

Prediétion of Dailly Energy Expenditure from a
Contlnuous Record of the Pulse Rate

If the relationshlip of pulse rate to energy expendlture
1s constant for an individual within a given period of time,
changes in the pulse rate durlng dally activity would provide
a basis for estimatlion of the daily energy expenditure of the
individuel. The applicability of this approach to the esti-
mation of energy expenditure wse studied for one of the sub-
Jects, No. 100, in her home environment. Continuous records
of the pulse rate of SubjJect No. 100 were obtalned from two
24-hour periods within six weeks. ‘Since it was necessary to
have the pulse rate pick-up connected by wire to the cardio-
tachometer and recorder, the movements of the subject were
restricted by the length of the cord. However the subject
pursued her customary activities of food preparation, light
housework, dlishwashing, and work performed in a sitting posi-

tion.



122

Anglysis of the pulse rate record

The 24-hour continuous record of the pulse rate was
analyzed to determine the mean pulse rate per minute for suc-
cesgive intervals of time. The time units were 10 minutes,

15 minutes, l'hour, and 24 hours. The data for Day 1 are given
in Table 23 of the Appendix and the summaries of the time

units of 15 minutes, 1 hour, and é4 hours are shown graph-
ically in Fig. 13. Data for Day 2 are given in Table 24 of

the Appendix and the summaries of the time units of 10 min-
utes, 1 hour, and 24 hours are shown graphlecally in Fig. 14.

The records on Day 1 were begun at 8:00 A.M. and observa-
tions were made for a 24-hour period. The mean pulse rate for
hourly intervals varied from 62.6 to 69.6 during the night
hours. The lowest pulse rate was at 5:00 A.M. The highest
mean pulse rate for a one-hour period was 104.2 beats per
minute. During this time the rate varied for 10—m1nﬁte
perlods from 85.0 to 114.9. The average pulse rate per minute
for the 24-hour period was 80.2. |

Records for the second day were begun at 9:20 P.M. and
contlnued for a 24-hour period. The pulse rate at night
varied from 68.1 to 73.9 counts per minute when averages were
calculated for successive hours. The'highest mean pulse rate
for a one-hour perliod was 107.0 counts per minute. During .
thlis time the pulse rate for successive 10-minute periods

varied from 103.8 to 111.4 counts per minute. The average



Fig. 12. Pulse rate record for Day 1

Summarized by aversges of l5-minute intervals
Summarized by averasges of l-hour intervals — —— — — —

Summarized by average of 24 hours
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Fig. 13. Pulse rate record for Day. 2

Summarized by averages of 10-minute intervals
Summarized by averages of l-hour intervals — — — —
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pulse rate per minute for the 24-hour period was 72.2.
During the laboratory studies of pulse rate and energy
expenditures for various activities, the pulse rate of Subject
No. 100 ranged from 71.0 to 120.5. The pulse rate of the
subject in the bassl state averaged 78.5, 75.5 and 71.0 on
three different test days. Thus the pulse rate observed under
controlled conditions was hlgher than the pulse rate during
sleep for both test days. The range of pulse rate for the
self-directed activities under laboratory conditions was from
71.0 to 118.0. Bince this range exceeded the upper limits of
pulse rate of the subject on the two test days, the predicting
equation for the self-directed activitlies was used first to
interpret the pulse rate data obtained during the two 24-hour

periods in the home. The equation was

Cal. per min. - Rulse 22?865 £8.08 Equation 1

On thls basis, the total energy expenditure was calculated as
1368 and 1354 Calories per day for Day 1 and Day 2, respec-
tively.

Since the predicting equation for the linear regression
of pulse rate on energy expenditure during the self-directed
actlvitlies was influenced by postural effects and did not in-
clude the metabolic cost of activity when work was performed
by movement of the body, the daily energy expenditure estimated

on this basis undoubtedly represents an under-estimation of
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daily energy expendlitures.

The linearity of the regression of pulse rate on energy
expenditure was statistically significant when the data 1ln-
cluded all of the activities studled in the laboratory. How-
ever this relationship apparently was weighted heavily by the
relationship of pulse rate to energy expenditure during the

work on the btreadmill slnce the equations were:

(1) For all data: Y = 10.271 X + 79.911 Equation 2
(2) For work on
the treadmill: Y = 9.608 X + 72.736 Equation 3
X = energy expenditure in Calories per minute

Y
An artifact would be introduced by use of the predicting

1]

pulse rate 1n counts per mlnute

equation celculated for the data from all of the activities
since the proportion of time spent by the subject during the
24-hour period in lying, sitting and standing positions was
conslderably greater than the time spent in movement corre-
sponding to the work on the treadmill.

The application of Equations 1 and 3 to periods of activ-
1ty corresponding in nature to the laboratory activities for
which the data were obtained appeared to be the most relisble
basls for interpretation of the records of pulse rate for the
two 24-hour periods. The dieries of activity of the subject
on the two test days were analyzed for periods of activity
corresponding in nature to the activities from which Equations

1 and 3 were derived. The pulse rates of the subjlects corre-
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sponding to the various time perlods of the two types of
activity were tabulated. A summary of the data 1s‘given in
Table 20.

The daily energy expenditures were calculated using Equa-
tions 1 and 3 for activities of low energy expenditure and

for the treadmill work, respectively. Since the pulse rate

Table 20. Mean pulse rate and time period for two types
of activity

low energy expenditure Treadmill work
Average ' Average

pulse rate Total time pulse rate Total time

min, min.
Day 1 77.08 1141 28,73 299
Day 2 77.88 1156 87.61 284

durlng sleep was below the pulse rate for the basal, the Cal-
ories per minute expended during the basal state was assumed
for calculating the energy of all pulse rates that were below
the basal pulse rate. On this basis, the energy expenditures
for Day 1 and Day 2 were 1613 and 1583 Calories per day,
respectively.

The energy expenditures of Subject No. 100 were calcu-
lated also from the dleries of activity for the two test days
by the use of the factors summarized in Table 3 of Part I.

The energy expended for the two days as calculated on the
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basis of Calories per kilogram per hour was 1860 Calories and
1863 Calories. The energy expended for the two days as cal-
culated on the basis of Calories per kilogram to the 0.73 power
per hour was 1768 Calories and 1758 Calories.

The estimated energy expenditures of Subject No. 100 on

Day 1 and Day 2 are summarized in Table 21.

Table 21. Estimation of daily energy expenditure by two
methods

Method ~ =~ 7 Day 1 Day 2
Cel. Cal.
Interpretation of pulse rate
Equation 1 1368 1354
Equations 1 and 3 16135 1583
Calculation by factors
Cal./kg./hr. 1860 1863
Cal./kg.0 O /hr. 1768 1758

The daily energy expenditure calculated on the basis of
' metabolically active body welght exceeded the dally energy
expenditure predicted by Equations 1 and 3 by © per cent for
Day 1 and 11 per cent for Day 2.

The lack of any method for determining directly the
energy expenditure of a person in his customary work and home
environment without restrictlion on movement makes it difficult

to assess the reliability of indirect methods of estimation of
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energy expenditure. Although the estimetlon of energy ex-
penditure for the two test days by ilnterpretation of the pulse
rate using Equations 1 and 3 is 1ln relatlvely good agreement
with the estimation of energy expenditure by calculation using
factors based on Kg.o'75 of body weight, both methods may be
biaged by the same factor, 1.e., the subjectlive interpretation
of a record of activities. The btias 1s lessened by the fact
that the two methods necessltate different kinds of analyeils
of the activity records. Nevertheless both are dependent upon
the rellabllity of the record of activities. If in the pulse .
rete record eleveted pulse rates accompany certsin activities
which require relatively low energy expenditure or reflect
nervous stimulation, the use of & predicting equation for
aregs of the pulse rete record would be limited 1h application
by the record ofvactivity performed. If extended studles
furnished better understanding of the area of the graph where
the slope of regression of pulse rate on Calories per minute
for self-directed activities approached the slope of regres-
slon of pulse rate on Cslorlies per minute for treadmill
walking, the values of the plotted curve might provide a

besis for estimation of the energy expended. If the rela-
tionshlp of the pulse rzte to energy expenditure was estab-
lished for a subject during selected activities in the home
rather than from controlled tests performed in the labora-

tory, 1t 1s possible that the data then would have greater
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reliability for prediction of delly energy expenditure from
continuous pulse rate records.

Energy expenditure values estimated from factors based
on Calories per kilogram to the 0.73 power are influenced by
the rellabllity of this calculated heaSure of effective
metabolic tissue for an individual sublect.

A comparison of the methods of estimation of energy
expenditure can be made only when applled to the same subject
because of the variations among individuals that affect the
Ttotal energy expenditure.

Technical Difficulties in the Determination
of Oxygen Consumption

Certain problems are inherent in the determination of
oxygen consumption by a sublect. One of the problems encoun-
tered most frequently was that of a mouthplece or face mesk
which could be worn comfortably by the subject during exerciséd
for a desired period of time. Partial or complete dentures
interfered with a mouth plece and the pull of the hose and
mouth piece was uncomfortable for some subjlects. Face masks
which were avallable commercielly either caused uncomfortatle
pressure or did not filt snugly enough to prevent leakage of
explred air.

In preparation of equipment for this research problem,
the author participated in the designing, modeling, and

testing of 2 new rubber face mask for use in energy studies.
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The mask was designed with a cup-shape to fit down under the
chin and also to exténd up to cover the nose and mouth area.*
A pneumatic ridge under the outer edge of the mask caused 1t
to cling to the cheeks and nose. The area over the nose was
rigid in shape. The mask wees comfortable to wear and facil-
itated swallowing which is difficult for some subjects when
they wear & mouth plece and nose clip. Initial tests for
calivration of the mask with the regular mouth plece gave
excellent results. The mask was not completed in time to be

used in this study, but will be ready for later research.

*Pilar Garcia, Assoclate Professor of Foods and Nutri-
tion, Duane F. Hougheam, Associate in Foods and Nutrition,
and Andrew J. Wunderlich, Instrument Msker, Instrument Shop,
particlpated in development of the mask.
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GENERAL DISCUSSION

The lack of & direct method for the determination of
daily energy expenditure means that there is no absolute
reference for establishing the validity of indirect methods
of estimation of energy expenditure. Comparlison of findings
of various 1ndire¢t methods may give confidence to the ex-
perimental findings 1f the results are in close agreement.

The present study was concerned with the development and
modification of methodology for two procedures of indirect
estimation of energy expendliture. The first procedure wes
concerned with analysis of dlarles of activities by tebles of
Calorie values. The second procedure dealt with analysis of
pulse rete/oxygen consumption records. Data for one subject
observed for two 24-hour periods gave a basls for determina-
tion of the various sources of errors in the two procedures
and discloséd areas for future study.

A linearity of pulse rete increment to increment in
energy expendlture was shown to exist for each of six sub-
Jects. For four of the six, a possibili;y existed that the
slope of the regression of pulse rate onlCalories per minute
differed between self-directed asctivities and treadmill walk-
ing or, for two of the subjects, that the relationship might
be curvilinear. Rellability of the prediction of energy
expenditure from pulse rate records is dependent upon the

linearity of relationship between the pulse rate increment
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and increment of Calories per minute for the total range of
activities. The natur> of the relationship should be investi-
gated further to determine the effect of self-directed sctiv-
ity at high rates of energy expenditure in the usual environ-
ment versus the effect of controlled activity such as tread-
mill walklng in the laboratory. The influence of variable
factors suchvas-deviation from desirable welght or degree of
physical fitness should be investigated. Further study is
needed also to interpret varliations in pulse rate with activ-
ities which require relatively low energy expenditures. Dif-
ferences among the subjects of this study indlcate that the
relationéhip of energy expenditure to pulse rates should be
determined for the ihdividual in order to have predictive
value for activities over a 24-hour period.

Rellabllity of field study results will be increased when
the pulse rate record can be made without hindrance of equip-
ment to the subject during usual activities but with freedom
of movement both indoors or outdoors, in vehicles of trans-
portation, or in peculiar positions of work.

Problems involved in the prediction of energy expendi-
ture from the dlarlies of activitlies are related to the exact-
ness of the record and the appropristeness of the values of
Calories per kilogram per activity per hour used in the esti-
metion of the record. The exact timing of fhe duration of

each activity may involve error even with the use of a stop
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watch. Another possibility of error lies in the estimation
of the level of work performance of the individuwal. Training
for the workx, purposeful movement during the work, and nervous
tension created during the work cen affect the muscle involve-
ment by dlfferent individuals performing the same task.

Close agreement in estimates obtained by use of the
retrined methods of the two procedures of this study when com-
pared for many subjects, may serve as & relisble reference of

energy expendlture.
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SUMMARY

Part I of this study was designed to estimate energy
expenditure from Z24-hour records of activities using Calorie
factors based on two measures of body welght, namely, total
body weight and metabolically effective body weight.

The subjects were 46 women who ranged in age from 33 to
85 years. Twenty-seven of the women were over 50 years of
age. The subjects had a weight deviation range of -6.4 to
+33.2 kilograms from the desirable welght range. Sixteen of
the women were of deslirable weight. The greatest weight
deviation occurred in the 40 to 60 age group.

Each subject kept two 24-hour records of her activities
that were typlcal of a light-work day and a strenuous-work
day. These records were analyzed for the energy expended by
tables complled from avallable literature of energy costs of
activities based on Calories per kilogram per hour per activ-
ity end Calories per kilogram to the 0.73 power per hour per
activity.

The difference between results obtained by these two

methods of calculation of energy expenditure increased direct-

ly with an increase in deviation from.desirable body weight.

The mean dally energy expenditures estimested on the basis

of metabollically effective body weight when compared to the

mean dally energy expendiftures estimated on the basis of total

body welght resulted in the following differences; namely,
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152 Calories less for subjects 20% or more overweight, 86
Calories less for subjects not exceeding 20% overweight,
only one Calorie less for subjects of desirable weight, and
134 Calories more for the one subject who was 10/ under-
welght.

The average dally energy expendlture was studled with
relation to the followlng varlables: age, body welght, health
status, family members, house size,‘temperamént, efficiency,
and strenuous activity in homemaking. The relationships were
evaluated in terms of energy costs based on the metabolically
effective body tissue since this basis appeafed to give =
more valld estlmate of average energy expenditure.

A decrease in mean energy expenditure occurred, but not
uniformly, with an lncrease in age of the women. The average
expenditure of energy for the two days of activities by women
of desirable weight from the fourth to the eighth decade was
2041, 2007, 1763, 1761, and 1735 Calories, respectively.

Some women in the 60 to 72 year groups listed sctivities of

a strenuous nature that made their day's energy expenditure

as great as that of women in the 30 year group. These strenu-
ous activitles lncluded canning, gardening, cerrying coal,
feeding chickens, and washing on the board. Only one of the
younger women reported outdoor activity.

An increase in mean energy expenditure occurred with an

increase in the weight of the subjects. Within each age
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group, the mean energy expenditures of women who were 20% or
more above the range of desirable welght for age and helight
were correspondingly higher than the mean energy expendi--
tures of women classed as moderately oﬁerweight. Overwelight
was one of the factors used in rating the subjects for health
status. There was apparently little relationship between the
health status and the mean energy expenditure other than that
which might be related to the condition of overwelght.

Women who lived alone in houses of one floor in size
expended, on an average, 1994 Calories of energy. Women with
families who lived in two-story houses expended an average
of 2300 Caleries. It made very little difference in the
daily expenditure of energy if the famlly members were adults
only, or if they were asdults and children.

The women who were rated "averasge' in temperament had
higher dally energy expenditures than women rated "tense-
nervous" or "placid". The women who were rated “average".in
efficlency expended less energy daily than subjects who
were in the "high" efficiency group. However the effects
of temperaments or efficiency could not be isolated from
the influence of other factors on total energy expenditure.

The women recorded a "light" day and a "strenuous"

day of homemaking. The difference in energy expenditures
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between the two days varied widely for the subjects. Seven
women reported days that differed less than 50 Calories and
nine women reported days that differed more than 500 Calories.
The range of dally energy expenditures was 1720 to 2485
Calorles per day and 1487 to 2512 Celories per day for the
two groups, respectively.

In Part II, a study was made of the estimation of energy
expenditure of women as related to the pulse rate. The pulse
was taxen by a photoelectric cell ear-plckup connected by
a lz-ft. extension cord to a digital cardiotachometer. The
record was made by an ink recorder.

Six women served as laboratory subjects for a series
of controlled activities. The relationship of the increment
in pulse rate to the increment in Calories of energy expended
per minute in the performance of the series of activities
was established py linear regression. One of the 8lx women
served as the subject for the two 24-hour continuous pulse
rate records.

Three patterns of linear regression were evident. The
pattern of regression for Subjects No. 34 snd 35 indicated a
linear regression that was significant at P& 0.01. The
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pattern for Subjeécts No. 18 and 99 indicated a different
coefficient of linear regression for the two levels of activ-
Aity, namely, self-directed activities and treadmill walking.
However, the difference between the two slopes of regression
was not significant. The pattern for Subjects No. 14 and 100
indicated a simllar difference in slopes of linear regression
for the two levels of activity. The difference between the
two slopes of regression was significant at P=0.05 for Sub-
Ject No. 100 but not significant for Subject No. 14.

Two 24-hour continuous pulse rate records were taken of
Subject No. 100 as she performed usual activities in her home.
A record of her activities was made simultaneously with the
pulse record. The time was written on the pulse rate record
at one-half hour intervals throughout the day of recording.
The interpretation was made later at every 1l5-second time
interval of each 24-hour record. |

The pulse rate of the subject fell below the basal rate
for 8 hours of sleep on Déy 1l and for 7 hours of sleep on Day
2. This decrease amoﬁnted to as much as 0.16 Calories per
minute. A rise in pulse rate océurred as the subject began
to eat each meal and the pulse remained eleveted for nearly
one hour after the meal was finished. Work activities fol-
lowing the meal increased the level of the pulse rate still
more.

Four summaries of the pulse rate records were made,
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namely, lO-minute, 15-minute, l-hour, and 24-hour unit inter-
vals. The energy expended for each of the two 24-hour periods
was estimated by two different analyses of the pulse record.
‘The first estimatlon used the average pulse rate for each of
these units of time and Equation 1, the relationship of pulse
rate to Calories per minute for the self-directed activities.
The second estimation evaluated the pulse rate record as it
related to the activity record by use of Equations 1 and 3,
the relationships of pulse rate to Calories per minute and
the minutes of time and pulse raté levels attributed to each
equation.

Subject No. 100 was the only subject whose dally energy
expenditure could be calculated by all methods, namely, total
body welght, metabolically effective body welght, pulse rate
by the first estimation, and pulse rate by the second estima-
tion. Her average dally energy expenditure as estimated by

these methods was as follows:

Total body weight 1862 Calories
Metabolically effective body weight 1763 Calories
Pulse rate, Equation 1 13561 Calories
Pulse rate, Equations 1 and 3 1589 Calories

The daily calorific requirement for Subject No. 100 esti-~
mated according to metabolically effective body weight and the
pulse rate second estimation were within 9-11% agreement. The
pulse rate estimations were 300 to 500 Calories below the
estimations of daily energy expendlture made by the factors

based on total body weight.
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RECOMMENDATIONS

The author suggests that the pulse rate method of deter-
'mining energy expenditure be investigated further in regard
to the following:

The relationship of increment of pulse rate to increment
of Calories per‘minute in regard to high rate energy expendi-
ture in self-directed activity in contrast to controlled
treadmill walking.

The effect of the status of physical fitness or deviation
from desirable weight and influence of cardiac output on the
regression of the increment of pulse rate to increment of
Calories per minute during activities.

The use of pulse counters or telemetered pulse rate
records to obtain dally energy expenditure for a greater

number of subjects.
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Table 22. Conversion table, kg. to kg.O® o

kg. kg0 kg,  Kg.0"™® Kg. Kg.0""
38.6 14.40

40.0 14.77 44.0 15.84 48.0 16.88
40.1 14.80 44.1 15.87 48.1 16.90
40.2 14.83 44,2 15.89 48.2 16.93
40.3 14.86 4.3 15.92 48.3 16.95
40.4 14.88 44.4 15.94 48.4 16.98
40.5 14.91 44.5 15.97 48.5 17.01
40.6 14.94 44.6 16.00 48.6 17.03
40.7 14.96 44.7 16.02 48.7 17.06
40.8 14.99 44.8 16.05 48.8 17.08
40.9 15.02 44.9 16.07 48.9 17.11
41.0 15.04 45.0  16.10 49.0 17.13
41.1 15.07 45.1 16.13 - 42.1 17.16
41.2 15.10 45.2  16.15 49.2 17.18
41.3 15.12 45.3 16.18 49.3 17.21
41.4 15.15 45.4 16.21 49.4 17.24
41.5 15.18 45.5 16.23 49.5 17.26
41.6 15.20 45.6 16.26 49.6 17.29
41.7 15.23 45.7 16.28 49.7 17.31
41.8 15.26 45.8 16.31 49.8 17.34
41.9 15.28 45.9 16.33 49.9 17.37
42.0 15.31 46.0 16.36 50.0 17.39
42.1 15.34 46.1 16.39 50,1 17.41
42.2 15.36 46.2 16.41 50.2 17.44
42.3 15.39 46.3 16.44 50.3 17.46
42.4 15.42 46.4 16.46 50.4 17.49
42.5 15.44 46.5  16.49 50. 5 17.51
42.6 15.47 46.6 16.52 50.6 17.54
42.7 15.50 46,7  16.54 50.7 17.57
42.8 15.52 46.8 16.57 50.8 17.59
42.9 15.55 46.9 16.59 50.9 17.62
43.0  15.57 47.0  16.62 51.0 17.64
43.1 15.60 47.1 16.64 51.1 17.66
43.2 15.63 47.2 16.67 51.2 17.69
43.3 15.65 47.3 16.70 51.3 17.72
43.4 15.68 47.4 16.72 51.4 17.74
43.5 15.71 47,5 16.75 51.5 17.77
43.6 15.73 47.8 16.78 51.6 17.79
43.7  15.76 47.7 16.80 51.7 17.82
43.8 15.79 47.8 16.83 51. 17.84
43.9 15.81 47.9 16.85 51.9 17.87
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Table 22. (Continued)

Kg.. Kg.o-75 Kg. Kg.0-73 Kg° Kg‘O-,?S
52.1 17.92 56.1 18.91 60.1 19.89
02.2 17.94 56.2 18.94 60.2 19.91
52.3 17.9% 56.3 18.96 &0.3 19.94
52.4 17.99 56 .4 18.98 60.4 19.96
52.5 18.02 56.5 19.01 60.5 19.98
52.6 18.04 56.6 19.04 60.6 20.01
2.7 18.07 56.7 18.06 60.7 20.03
2.8 18.09 56.8 19.08 60.8 20.06
52.9 18.12 6.9 19.11 60.9 20.08
53.0 18.14 57.0 18.13 61.0 20.10
53.1 18.17 57.1 19.16 61.1 20,13
83.2 18.19 7.2 19.18 61.2 20.15
853.3 18.22 7.3 19.21 6l.3 20.18
53.4 18.24 o7.4 19.23 6l.4 20.20
53.95 18.27 57.5 19.26 61l.5 20.22
63.6 18.29 57.6 19.28 61.6 20.25
53.7 18.32 57.7 19,31 61.7 20.27
53.8 18.34 57.8 19.33 61.8 20.30
53.9 18.37 o7.9 19.35 61.9 20.32
54.0 18.39 58.0 19.38 62.0 20.34
4.1 18.42 8.1 19.40 62.1 20,37
54.2 18.44 58.2 19.43 62.2 . 20.39
4.3 18.47 58.3 19.45 62.3 20.42
54.4 18.49 o8 .4 19.47 62.4 20.44
54.5 18.52 8.5 19.50 62.5 20.46
54.6 18.54 88 .6 19.52 62.6 20.4°
54.7 18.957 58.7 19.565 62.7 20.51
54.8 18.39 58.8 19.57 62.8 20.54
54.9 18.62 58.9 19.60 62.9 20. 56
55.0 18.64 59.0 19.62 63.0 20. 58
55.1 18.67 9.1 19.65 63.1 20,61
85.2 18.69 59.2 19.67 63.2 20.63
955.3 18.71 59.3 19.69 63.3 20.65
556.4 18.74 99.4 19.72 63.4 20,68
556.5 18.76 59.5 19.74 63.5 20.70
55.6 18.79 59.6 18.77 63.6 20.73
55.7 18.81 58.7 18.79 63.7 20.75
55.8 18.84 59.8 19.81 63.8 20,77

56.9 18.86 o52.9 19.84 63 .9 20.80



153

Table 22. (Continued)

Kg Kg.o’73 Kg. Kg.0'75 Kg. Kg.o'73
64.0 20.82 68.0 21.76 72.0 22.69
64.1 20.85 68.1 21.79 72.1 22.71
64.2 20.87 68.2 2l.81 72.2 22.74
64.3 20.89 6843 21.83 72.3 22 .76
64 .4 20.91 68.4 21.86 7244 22.78
64.5 20.94 68.5 21.88 72.5 22.81
64 .6 20.96 68.6 21.90 72.6 22.83
64 .7 20.99 6847 21.93 2.7 22.85
64.8 21.01 68.8 21.95 72.8 22.87
64.9 21.03 68.9 21.97 72.9 22.90
65.0 21.08 69.0 22.00 73.0 22.92
65.1 21.08 69.1 22.02 73.1 22.94
65.2 2l.1l1 69.2 22.04 73.2 22.97
65.3 21.13 63.3 22.07 73.3 22.99
65.4 21.15 69 .4 22.09 73.4 23.01
65.5 21.18 69.5 22.12 73.5 23.04
65.6 21.20 69.6 22.14 73.6 23.06
65.7 2l.22 69.7 22.16 3.7 23.08
65.8 2l.25 69.8 22.18 73.8 23.10
65.9 21.27 69.9 22.21 73.9 23.13
66.0 21.29 . 70.0 22.23 74.0 . 23.15
66.1 2l.32 - 70.1 22.25 74.1 23.17
662 2l.34 70.2 22.27 4.2 23.19
6643 21.36 70.3 22.30 4.3 25.22
66.4 21.38 70.4 22.32 74.4 23.24
66.5 21.41 70.5 22.34 74.5 23.26
66.6 21l.44 70.6 22.37 74 .6 23.29
66.7 21.46 70.7 2239 74.7 23.31
66.8 cl.48 - 70.8 22.41 74 .8 23.33
66.9 2l.81 70.9 22.44 74.9 23.35
67.0 21.53 71.0 22.46 75.0 23.38
67.1 21.55 71.1 22.48 75.1 23 .40
67.2 21.58 71.2 22.51 75.2 23.42
'67.3 21.60 71.3 22.53 75.3 25.45
67.4 21.62 71.4 22.55 75.4 23.47
67.5 21.65 71.5 22.58 75.5 23.49
67.6 21.67 71.6 22.60 75.6 25.61
87.7 21.69 71.7 22.82 75.7 23.54
67.8 21.72 71.8 22.64 75.8 23.56
67.9 2l.74 71.9 22.67 75.9 23.58



Table 22. (Continued)

Kg.  Kg.0'73 Kg.  Kg.0+73 Kg.  Kg.0*™
76.0 23 .60 80.0 24 .50 84.0 25.39
76.1 23 .63 80.1 24.53 84.1 25.42
76 .2 23.65 80.2 24.55 84.2 25.44
763 23 .67 80.3 24 .57 84.3 25.46
76.4 23 .69 80.4 24,59 84.4 25.48
6.5 23.72 80.5 24.62 84.5 25.50
76.6 23.74 80.6 24.64 84 .6 25.53
6.7 23.76 80,7 24 .66 84.7 25,55
76.8 23.79 80.8 24,68 84.8 25.57
76.9 25.81 80.9 24.71 84.9 25.59
77.0 23 .83 81.0 24,73 85.0 25.61
7.1 23 .85 8l.1 24.75 85.1 25.64
77.2 23.88 8l.2 24.77 8565.2 25.66
773 23.90 8l.3 24.79 85.3 25.68
77.4 23.92 8l.4 24 .82 85.4 25.70
7765 23.94 8l.5 24 .84 85.5 25.72
77.6 23.97 8l.6 24 .86 85.6 25.75
7.7 23.99 8l.7 24 .88 85.7 25.77
77.8 24.01 8l.8 24 .91 856.8 25.79
779 24 .03 81.9 24 .93 85.9 25.81
78.0 24,06 82.0 24.95 86.0 25.83
78.1 24 .08 82.1 24.97 86.1 25.85
78.2 24.10 82.2 24.9¢ 86.2 25.88
783 24.12 82.3 25.02 8643 25.90
78.4 24.15 82.4 25.04 86,4 25.92
78.5 24.17 82.5 25.06 86.5 25.94
78.6 24.19 82.6 25.08 86.6 25.97
78.7 24.21 82.7 25.11 86.7 25.99
78.8 24 .24 82.8 26.13 86. 26.01
78.9 24 .26 82 . 25.15 86.9 26.03
79.0 24 .28 83,0 25.17 87.0 26,056
79.1 24 .30 83.1 25.20 87.1 26.07
79.2 24.33 83.2 295.22 87.2 26.10
78.3 24 .35 83.3 25.24 87.3 26.12
7.4 24 .37 83.4 25.26 87.4 26.14
79.5 24 .39 83.5 25.28 87.5 26.16
79.6 24 .41 83.6 25.31 87.6 26.18
79.7 24 .44 83.7 25.33 87.7 26.20
79.8 24 .46 83.8 25.35 87.8 26.23
79.9 24 .48 83.9 25.37 87.9 26.25
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Table 22. (Continued)

Kg. Kg.0'73 Kg. Kg.0'75 Kg. Kg.0'73
88.0 26.27 82.0 27.14 96.0 27.99
88.1 26 .29 g2.1 27.16 86.1 28.01
88.2 26.31 92.2 27.18 96.2 28.04
883 26 .54 92.3 27.20 96.3 28.06
88.4 26.36 92.4 27.22 ©6.4 28.08
88.5 26 .38 92.5 27 .24 96,5 28.10
88.6 26 .40 92.6 27 .27 96.6 28.12
88.7 26 .42 92.7 27.29 86.7 28.14
88.8 26 <44 82.8 27.31 ©6.8 28.16
88.9 26 47 92.9 2733 96.9 28.18
89.0 26 .49 893.0 27.35 97.0 28 .21
89.1 26.51 93.1 2737 97.1 28.23
89.2 26.53 93.2 27 .39 7.2 28.25
89.3 26.585 93.3 27.42 7.3 28.27
89.4 26.57 93.4 27.44 97.4 28.29
89.5 26 .59 93.5 27 446 7.5 28.31
89.6 26.61 83.6 27.48 97.6 28.33
89,7 26 .64 93.7 27.50 97.7 28.35
89, 26.68 93.8 27.52 97.8 28.38
89.9 26 .68 v3.9 27.55 97.9 28 .40
90.0 26.71 ©4,0 27.87 88.0 28.42
80.1 26.73 94.1 27.59 98.1 28.44
90.2 26.75 94.2 27.61 98.2 28.46
90,3 26.77 94.3 27.63 98.3 28.48
90,4 26.79 94.4 27.65 98.4 28 .50
90.5 26 .81 C4.5 27.87 98.5 28,52
20.6 26.84 94.6 27.70 c8.6 28.54
20.7 26.86 04.7 27.72 98.7 28.67
90.8 26 .88 4.8 27.74 88.8 28 .59
20.9 26.90 %4.9 27.76 28.9 28 .61
91.0 26.92 95.0 27.78 99.0 28.63
91.1 26.94 95.1 27.80 99.1 28.65
91.2 26 .96 95.2 27.82 99.2 28.87
91.3 26.99 95.3 27.84 -99.3 28.69
91l.4 27.01 95.4 27 .87 99.4 28.71
91.5 27.03 95.5 27.89 99. 28 .74
91.6 27.05 95.6 27.91 g8.6 28.76
91.7 27.07 95.7 27.93 g9, 28.78
91.8 27.09 95.8 27.95 99.8 28.80
91.9 27.12 856.9 27.97 99.9 28.82

100.0 28.84




Table 23. Summaries of 24-hour continuous pulse record for Day 1 of Subject

No. 100
Summary by 10-minute intervals Summary by 15-minute intervels Av.

Intervals Intervals per
10 nin. 10 20 30 40 50 60 15 min. 15 30 45 60 hour
AM 8:00 99.29 98.6 98.0 94.2 ©94.7 96.6 AM 8:00 98.0 98.6 94.7 95.6 97.0
9:00 965.8 ©93.0 93.6 90.6 ©98.2 104.2 9:00 95.2 93.1 9l1.8 103.9 96.0
10:00 102.8 103.4 992.8 90.3 80.3 92.3 10:00 103.6 100.4 86.4 B88.7 94.8
11:00 83.8 89.6 96.6 83.0 90.4 84.0 11:00 82.7 96.4 86.6 85.0 87.7
12:00 85.0 100.2 104.1 109.8 114.9 111.4 12:00 88.9 104.0 110.8 113.5 104.3

PM 1:00 107.2 89.2 84.9 86.3 82.6 81.9 PM 1:00 102.3 85.6 85.0 82.2 88.8
2:00 83.4 78.0 77.3 82.5 84.5 77.3 2:00 81.2 77.0 83.7 78.1 80.2
3:00 79.4 178.8 87.5101.2 101.0 ©93.9 3:00 78.1 85.6 101.4 95.4 90.1
4:00 ©93.6 101.8 88.2 80.3 79.1 83.2 4:00 96.1 ©3.0 7.4 8l1.8 87.6
5:00 8l.2 8l.3 82.0 72.7 77.6 76.2 5:00 80.8 8l1.8 79.2 76.6 79.6
6:00 77.2 B89.9 88.0 S4.0 ¢©¢5.8 ©4.0 6:00 79.4 90.8 ©24.92 94.1 89.8
7:00 85.3 82.0 8l.2 8l.2 80.2 78.0 7:00 84.4 8l.2 72.4 72.2 81.0
8:00 80.0 80.7 82.5 B8l.2 78.1 8l.4 8:00 80.3 81.9 79.8 80.7 80.7
2:00 76.6 77.1 78.6 78.4 71l.6 68.6 9:00 76.3 78.4 77.1 68.8 75.2
10:00 70.7 79. 71.9 70.5 71.0 70.7 10:00 76.2 73.2 70.2 71.3 72.5
11:00 73.4 71.2 69.1 69.5 68.2 65.5 11:00 773.2 68.8 69.5 66.6 69.5
12:00 65.8 68.0 69.2 69.3 68.4 67.0 12:00 66.1 69.0 68.6 68.0 67.9

AM 1:00 68.3 66.3 67.4 67.5 67.5 66,9 AM 1:;00 67.6 67.1 68.3 67.1 67.5
2:00 67.4 65.8 65.4 63.5 64.4 83.5 2:00 66.9 65.1 63.8 8l.5 69.3
3:00 66.1 62.8 66.8 70.7 69.0 66.4 3:00 66.7 68.3 70.1 67.5 68.1
4:00 64.1 65.7 63.7 65.0 65.0 64.8 4:00 64.5 64.4 64.7 65.0 64.6
5:00 63.2 6l1l.0 62.7 62.6 63.3 62.6 65:00 63.0 62.1 62.7 63.1 62.7
6:00 63.1 64.1 6b5.2 68.5 64.7 64.0 6:00 62.7 64.4 67.6 63.8 64.6
7:00 64.1 64.1 83.0 102.8 95.6 103.4 7:00 63.9 76.9 98.6 102.5 85.6

Summary for 24-hour interval average, 80.2
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Table 24. Summaries of g4-hour continuous pulse record for Day 2 of Subject

No. 100

Summary by lO-minute intervels Summary by lS5-minute intervals  Av.

Intervals Intervals per
10 min. 10 20 30 40 50 60 15 min. 15 30 45 60 hour
PM 9:20 71.9 74.5 86.7 75.8 72.8 77.2 PM 9:20 72.7 82.6 75.5 76.4 '76.8
10:20 69.5 66.1 67.5 67.0 68.0 70.3 10:20 68.8 66.6 66.8 70.1 68.1
11:20 73.2 72.0 73.7 74.7 "73.6 72.9 11:20 72.6 73.1 74.6 72.9 73.3
AM 12:20 73.6 75.8 75.1 76.1 73.0 62.8 AM 12:20 773.8 75.9 "76.2 69.8 73.9
1:20 70.9 73.9 67.6 67.9 71.1 70.2 1:20 71.0 71.1 68.2 70.5 70.4
2:20 70.9 70.5 "73.7 68.6 68.3 67.8 2:20 7.8 72.6 68.6 68.0 70.0
3:20 67.6 66.8 66.9 68.2 70.2 71.6 3:20 67.6 67.1 68.7 71.2 68.6
4:20 77.5 68.2 70.5 70.9 68.6 68.1 4:20 ©74.6 69.1 70.2 67.9 70.4
5:20 69.5 70.6 62.1 69.5 69.8 67.9 5:20 69.7 62.7 69.8 68.5 69.4
6:20 69.1 73.7 96.9 956.2 92.0 106.2 6:20 68B.3 B82.7 ©3.3 106.7 89.5
7:20 109.5 107.4 111l.4 104.2 106.0 103.8 7:20 109.3 108.6 105.3 104.0 107.0
8:20 101.4 99.4 97.9 100.3 96.7 84.7 8:20 100.6 ©98.6 98.3 88«4 96,5
9:20 82.4 80.5 82.1 81.1 80.0 92.0 9:20 82.4 81.0 80.2 88.5 83.0
10:20 89.4 72.9 83.0 66.3 66.2 9l.2 10:20 87.2 81.0 65.6 83.5 179.3
11:20 97.7 ©93.56 92.2 87.0 ©9l.8 ©4.6 11:20 ©96.6 92.2 88.7 93.6 22,8
Pk 12:20 90.8 105.3 102.1 103.2 ©99.8 ©90.6 PM 12:20 95.2 108.4 104.5 91.8 100.0
1:20 88.4 77.6 79.1 '71.8 73.0 76.4 1:20 B84.4 77.7 74.3 74. 77.8

2:20 78.2 8b.5 100.9 93.2 8l1l.2 "75.6 2:20 79.8 ©96.7 91.0 83.3 87,
3:20 80.7 "77.9 72.6 69.7 89.0 87.9 3:20 80.1 74.0 74.0 90.4 7.6
4:20 8l1l.6 70.6 7z.2 73.4 91.7 89.8 4:20 77.7 71.9 79.1 90.8- 79.9
5:20 88.2 76.5 73.0 74.4 68.9 70.8 6:20 84.6 73.2 74.1 71.1 75.9
6:20 "74.0 89.1 82.6 77.2 76.2 "74.8 6:20 756.3 88.6 77.1 74.9 79.0
7:20 70.l 66.6 62.5 67.1 65.6 64.8 7:20 68.6 68.9 66.4 65.3 67.3
8:20 63.2 63.4 63.0 67.7 66.4 68.5 8:20 63.9 62.9 67.4 67.9 65.5

Summary for 24-hour interval average, 79.2
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Table 25. Diery of asctivities for Day 1, Sublect No. 100

Time Activity Minutes
AM 7:585 . Stand and walk in house 5
8:C0 Washing dishes 45
8:45 Clean refrigerator and work in kitchen 75
10:00 Standing cooking 36
10:35 Sit, read, and talk ' 10
10:45 Eat popcorn, sitting 15
11:00 Sitting vislting 15
11:15 Standing cooking 15
11:30 81t and read 13
11:43 Stand and cook 3
11:46 Sit and read 22
PM 12:08 Walking 2
12:10 Egting dinner 20
12:30 Walking and standing 5
12:35 Washing dishes 30
1:05 Standing and walking 5
1:10 Lying down reading 95
2:45 Sitting visiting 45
3:30 Welking in house, standing around,
4 times up and down steirs 45
4:15 Vacuuning rug with Hoover 5
4:20 Sitting resting 35
4:55 Sitting telking 80
6:15 Walking around house 15
6:30 Eating 15
6:45 Sit and talk 5
6:50 Stand and walk 1in house 5
6:55 Sitting reading and watching TV 195
10:10 Undressing, ready for bed S
10:15 In bed, lylng awake 60
11:15 Asleep 224
AM 2.59 Go to bathrcom 3
3:02 In bed 241
7:03 Awake, lying in bed 25
7:28 Got up and dressed 5
7:33 Ate breskfast 16
7.48 Stand and walk in house 6

7:85 End of 24-hour period
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Table 26. Diary of aetivities for Day 2, Subject No. 100
Time Activity Minutes
PM ©9:20 81t and read 25
9:45 Walk in house and prepare for bed 5
9:80 Sit eand watch TV 22
10:12 Go to bed . D
10:15 In bed 505
AM 6:40 Got up and went to bathroom 5
6:45 Started eating breekfast, sitting eating 15
7:00 Finished breskfast, sitting 2
7:02 Stand up to dress and wash up 8
7:056 Walked to bedroom
7:10 Moving machine to kitchen, washed dishes 45
7:565 Clean refrigerstor and move about kitchen 45
8:40 Clean and peel vegetables 20
2:00 Clean in kitchen 10
9:10 Typing, and sitting at intervals 65
10:15 Making coffee, preparing meal, and
moving around slowly in kitchen 10
10:25 Sit and talk and drink coffee 17
10:42 Moving about and standing 8
10: 50 8it and read : 20
11:10 Clean - dust and Hoover vacuum 30
11:40 Prepare lunch, standing working 15
11:45 Sitting telking 5
12:00 Cooking, standing 5
PM 12:05 Eating dinner 25
12:30 Washing dishes 30
1:00 Stand and walk in house 6
1:06 _Sit and visit 17
1:23 Go to bath room 2
1:25 Rest lylng down 65
2:350 Dressing etc. 7
2.37 Mede bed 6
2:43 Stand and visit 17
3:00 S8it and visit 5
3:05 Up and down 3 steps stairs 2
3:07 51t and read 53
4:00 Vacuum dining room 6
4:06 Standing about 19
4:25 51t and read 30
4:565 Prepare meal 20
5:156 Eat supper 10
5:25 Read and wateh TV 68
6:33 Go to bathroom 2
6:35 Read, watech TV, sit end visit 1656
9:20 End of 24-hour period
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