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reported by MeKay et al. (1942). Nine subjects who were pre-conditioned
for 15 days to the diet of the experiment made average daily retentions
during three balance periods of 0.741 gm. nitrogen, 0.098 gm. caleium,
and 0.038 gm. phosphorus on intakes of 10.87, 1.120, and 3.,21;{) grams of
nitmgaa; éah}i&m, and piws@hams, mggwtiveiy. These retentions indi-
cate a probable growth of some non-fat soft tias&éa as well as the
skeleton. _ | v | : ,

S The importance of a gnad diet in building up body stores for child-
bearing alsc should be considered at this age. BEbbs {1941}, in a study
of 4,00 Toronto women has wx&f’imé and ;ggxtwéeﬁ the work of Macie and
co-workers on the influence of prematal diet on the mother and child. In
the chapter on this subject in the American Medical Assoeciation's "Hand-
book of Nutrition®, Ebbs (1943) opens with the statement: "The ideal
normal 'auﬁﬁtimal state for pﬁmvsy would be one in which the maternal
body was endowed with the proper mutritional elements before, during,
and aff.ar‘ the pregnancy . .. o , ‘

Ebbs showed that those women, who elither by eé;ucatian‘ or food
supplementation received dists which could be evaluated as "Good" there
were less complications affecting the mothers snd infants than among the
gmu;; whose diets throughout pregnancy were &?&lnatéd‘ as "Poor".

The food requirements for pregnancy found by Ebbs, as well as those
agﬁm upon by the Food and Nutrition Board of the National Research
Council (194l), are considerably g?aataxf than non-pregnant requirevents
for the same individuals. When all of the practical difficulties
encountered in the adjustment to pregnancy itself are considered it would
seem foolish to forget the importance of a éiat not only to provide for
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current needs but, as far as possible, for ‘body stores, at that period

- Purther evidence of the failure to provide women of this age with

of life which mmny precedds child-

sufficient nutriment may be found in the high incidence, among this
~ group,of diseases associated with poor nutrition, This is exemplified
in the number of deaths resulting from tuberculosis. In spite of
drastic reduction of tuberculosis deaths for all ages and sexes in
recent yéara » the rates for the two sexes in 1940 were about the same up
to 14 ym of age (Metropolitan Life Insurance Company, 1942). Between
14 and 2% years there is a rise in the rate for both sexes but the
incerease for yénng women is smmch grester than that for men. In the next
10 year period the rates for men .ﬁgaix& reach those for women. This
difference in the sexes at the 14 to 2§ year age period points to poorer
nutrition of the female due pesrhaps to lack of provisien for the physio-
logieal strain of menstruation and child-bearing. | ;

The obvious method to bring about weight reduction and at the same
time insure an inteke of essential nutrients, other than calories, for
the current and near-future needs of the college woman, would be education
concerning nutritive needs and how they may be met in foods. However,
more knowledge is needed concerning the s@men#a of a satisfactory
reduction diet for post-adolescents. In weight reduction the aaérgy
requirements are of prime importance. An imbalance of energy intake and "
| output has been assumed to be the cause of cbesity {Hewburgh, 191&2), Can
the caloric provisions which have been found suitable for weight reduction
éf adults be used for college women without i_.gtnri’aring with the speclal
metabolic requirements of  subjects of this age? Are there any differences
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other than ecslorie in the food requirements. during reduction of the obese
college women as compared with the woman of normal wedght?

The work of Brueh (19392) on the growth pattern of obese children
pointe to a difference in needs for growth of an individual depending
upon previous growth rete. Bruch concluded that obese children are pre-
eocious in growth and sexusl tﬁﬁtéz@my as well as in weight gain. Conse-
quently the slowing snd eventual cessation of grw&hﬁhiah takes place |
 following the menarche msy tske place st a chromologically earlier age.
Ageordingly, a girl who has been obese since childhood may have less than
the average nutritive needs for growth whm she reaches college age. How-
ever, such a theory imk# objective pmi. ‘

~The literaturs is fairly sbundant in papers describing physiological
¢ individuals, but the evidence for the

differences ig;m” and non-obes

ently is unconvinein

validity of the conclusions drawn frequ
differences real or are they artifacts due to processes of experimentation?
A confusing point in the litersture is that much of the work on obess
individuals has been done during periods of weight reduction. 4is a ﬁesnit.,
tﬁemia no way of knowing whether the abnormality found in the obese was
due to the obese condition or to the condition of subsistence on a low
caloric diet sﬁpfgéi@mmaé'f?sy xxtiliaaﬁm of éy tissue, Purthermore, few
control studies or normal individuals using the same experimental plan

have accompal ied reduction studles.

It has been the object ’e’f this study to imestigats“wm phases of
energy, nitmgm, and caleiunm metabollism of cbese college women in such
a way that requirements of these mﬁg?iams; during weight reduction will
be demonstrated. A pre- and & mtﬁ&éwtim period have been studied not

only as control for the reduction period but to evaluate the maintenance
requirements of an obease subject both before and after weight loss.
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evidence that fat droplets msy occur in the cell through the conversion
of glycogen granules which have been deposited thers (Maximow and H
1943).

The origin of the fat-storing cells, inm
of their relation to hec}y i’uneti,am; was discussed by %}.la {1940). He

portant to an understanding

stated that the concept that adipose tissue is merely ordinary comneetive
tissue in which fat had been deposited was unchallenged until about 1870.
At that time the theory was amrwﬁa& that the fatty tissue a£ mammals ls
a specific organ, entirely distinet from the connective tlssues, and that
it is derived from special primitive fat organs, characterized by the
formation of highly vascular lobular structures in which a special type
of cell exists, with the function of storing and giving up fat in
acecordance with the supply and &mﬁ.:

About 1910 other workere contended that adipose tissue was derived
from primitive connective tissue but that there :wmgﬁa kinds of fully
éw&am fat cells, one arising from ordinary connestlivo tissue cells
laying on fat, and the other from the transformation of @mm
tissue cells to rounded or polygonal cells with abméam eytoplanm, which
ings before beginning %o take on fat.

cells are eollected in lobular grou
It was stated by another that perirenal fst came from a fat orgen, while
buman subcutaneous fat v,asv ~m§ derived from preformed lobes, but he
believed that tmnsitiaml forms between the two classes might exist.
According to Wells (1940) and Maximow and Bloom (1943) Wassermann's
work (1926-1933) seems to have provided the most conclusive evidence of
non-fibroblastic ar:igiz;_ of adipose tissue. He and hkis associates had
#ghown more clearly the relation of the priﬁﬁtiﬁ fat organ to the small



o

vessels and its % from %ﬂ»ﬁ&ﬁg mesenchymal nmﬁwm relsted to the
reticulum® {Wells, 1940). Wells developed wg idea, pointing out that |
according to Wassermann's theory fat organs are formed from the same
%ﬁ»ﬁ elements as lymph nodes, namely, capillaries and reticulum cells
of the vascular adventitia, which relationship is sttested by the tendency
for lymphoid tissues to sometimes replace fatty ,wwusmay and conversely,
especially as seen in the &gm. This also aﬁ@wwu&m, the close relation-
ship of bone marrow and adipose tissue,and the extra-medullary hemopolesis
in the latter, | |

faxizow and Bloom (1943} have taken the rather conservative view that
dus 1o the close association of adipose and connective tissue slements no
sharp limit can be drawn between the two tissues. However, they stated
| that though smell droplets of mneutral fat may occur in any gga«»ﬁw
tissue cell, there are mwgghmwsgg m&wwa,w scattered singly or in
mwé@? auwwawrww% elong blood vessels. New %@w ¢ells aww#caambw any
time in aﬁgwqm tissue of an adult, as seen in tissue cultures.
However, the fibroblastic nature of the cells has mot been proved con—
clusively; they may arise from undifferentiated mesenchymal mawwu s &
fact which is substantiated by the evidence that new fat cells appear
along the small blood vessels as one finds = in the embryo. Alsc, in
starvation the fat droplets become small, cytoplasm sends out tapering
processes and the gwwa regain the appearance of fibroblasts, but as
peculiar, sharply ocutlined, spherieal or oval elements,

Wells criticiased www theory of the connective aw.mwaa origin of fat
‘on the basis that since connective tissue cells in some areas never take

up fat regurdless of the extent of ﬂﬁw%é gain, the taking up of fat
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1. Above and behind the shoulders, just at and below the
base ef tha mck,.

2. ©Omn tha haak and upper pari; of the ams, including the
large part of the posterior aspect of the delioid
muscle and the upper half or two-thirds of the triceps

3. Over and above the trochanters,

a. from almost the height of the milim and axzcnﬁing
from the vertical level of the axillary line, down-
ward and backward over the area of m—m gluteus maxi-
mus and the back part of the gluteus medius,

b. Jjuet below the area described sbove from the anterior
superior spine downward and diagonally backward to
the part of the thigh just below the gluteal fold.
This pad lies over the greater trochanter and some—
ﬁ&m@ga extends cquite a distance on the cutside of the
thigh.

4, Over the inside and outside of the thigh itself.
5. Ovar the sbdomen,starting from just above the umbilicus

and extending to the pubis, and outward almost to the
vertical level of the anterior superior spines.

Even distribution of fat throughout all of the fat pads may take
'place, but MeCloy stated that females seem to develop abdominal pade less
and hip pads more than males. This tendency has been noted by Wells
(1940), Rener (1941) and many other clinicians.

The particular condition of fatty tissues extending the entirs length
of the leg was discussed by Allen and Hines (1940) as "Lipedema of the
Legs". 1In this case the obesity is complicated by edema. They believed
that the aedema is due to lack of tone of the adipose tiassue. | When a
person assumes erect posture there is a filtration of fluid from the
m:zméls of the :’w#a to the extravascular aspaces. HNormally, ckm to thia
filtration and to decreased @iwxﬂau@n while in the upright position,
the extravascular pm&sﬁ::e becomes greater than that within the vessel
within about 30 minatgs»; an eguilibrium of fiuié passage results and no
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edema of the tissue develops unless standing is prolonged. Allen and
Hines have sﬁgigﬂatm that in lipedema, the incresse in extravascular
pressure does not take place due to low tone of the adipose tissue of the
legs. Since egullibrium does not take place, an edema occurs ‘uhieh is
_ﬁat abmrw even éariﬁg a ?mng pwieé apsm; in the horisontal position.
These maatigawm have mpwtaﬁ thaiz waight ra&tmtian and the ordinary
methods af wmbatirxg edema were not beneficial :irz cases of lipedemsa of
the legs. The question of igctora other than fat, such as the nutritional
ons, mght be raisaﬁm explain the production of low tissue tone.

ir aeémhﬁ:«i@n of fat rs-prewxﬁw ‘merely storage of fat droplets in
Mdi:mry eells s the ravarsa}. of a@eumulaﬁim ucmm aeen 0 be simply an
aﬁ,}asmnﬁ of energy balance, not involving @ﬁhet changes in metabolism.
‘However, if aéiyme tissue is composed of specialised cells the process
of weigm radms’bian may be expected to be attended by other changes
, dapanding on tha functions of these cells.

B. Faehmm of Easrgy mh&zaga ﬁwtrihw&ing to the Melemrxh
af Obesity, Its ﬁain% 1;, and Its Reduction

‘rhwa Imvae been several axaal%ant rwi&ms in the recent literature
‘eamng tim energy exchangs in obesity {ﬁrnﬂh, 1939a, 1939b, 1940a,
1940b; ,Msa»ga, 1942; wilder, 1932). The trend of current thought
- g;;apearsy t§ be that {3.} there is i‘iiﬂy general acceptance of the principle
that 913%1"&3* is the result of an intake of energy in the form of food
greater than ‘tm energy output, {2) the basal metabolism of the obese is
normal or greater than mmal, ai&d {3) by sufficient reduction of energy
intake, welght reduction will take place. In the field of physiological
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regulation of obesity it agaWE that the endoerine factors have been
overemphasized while the factor of tissue tone whiech is controlled by
the sympasthetic nervous system and its cranial nuclel, especially those
in the bypothalamic region, is receiving increasing at&t&ntian. |
Newburgh (1942) has simplified his analysis of the subject into the

doctrine thel "obesity is invarisbly caused by an inflow of energy that
exceeds the outflow and that this disproportion is brought sbout by
abnormality of the apy&tﬁa*. This conclusion, in addition to the results
of weight reduction reported from Newburgh's cliniec,are likely to cause
the prospective investigator to consider the subject of obesity a
~ finished chapter except for a possible physiological explanation for the
abnormal appetite. However, there are some fizz&i.mga in the literature -
which remsin unexplained. | | o

| One factor which has led to nttaéiemry reports in t;im J.imrataré
is the fallure, as mentioned éiwm s to distingulsh petween the stat.és of
(1) weight gain, (2) maintenance of obesity, snd (3) reduction of obesity. -
Bruch (1940a) pointed out that most obsse adults, after reaching a certain
weight, tend to keep that weight sa constantly as normal persons. The
basal energy requirements of these individuals appears to be somewhat
higher than normal, the food intake :i;s high, ‘though not conspicuously so.

During the period, howsver, when the condition is developing and the body
accumulating progressive amounts of fat, the energy inflow must be above
nermal. This phenonemon si’ weight gaiza followed by maintenance of
obesity rather than long continued weight gain slso has been emphasized
in the sesrch for the e@.@rﬁi‘ obesity which will be discuesed later.
Intake and output of snergy by m}.l»ga.womn will be reviewed.



Reports of both agﬁg and adults will be considered since studies of
the college age, specifically, are extremely limited, and as has been
pointed out in the preceding pages, while growth is slow during this

- period, the eollege age woman cannol be considered physically mature.

1. En rgy intal e.

Food intake and wgmw@aw develonment of a large group of obese

~ children, two to thirteen years of age, were studied by Bruch (1940s).

The intake of these subjects, previcus to dietary gmgﬁ was estimated
" to be 2500 to 4000 scalories per day. In 80 per gent of the children the
intakes wers regarded as large when compared to Lhe amounts recomaended by
the pediatrie .nga in which Bruch was practicing.

The most valuable information geined from Bruch's distary study was
the trend in composition of the dists. The chief overemphasis was on
starchy food; the list ,m& preferred foods being headed by wga ﬂmwa..w

ice gresm, and candy. Macaroni m%&@wwgwaw were relished by the
Itallan children, and sour cream by obese Jewish children. High on the
list of preferred foods ﬂaﬁu, aasv#« Strange as this seems in & list of
high calorie foods,it bears out Bruch's thesis that it is nct a preference
for nﬂ&gww&ww% or high caloric foods, mﬂmawwwggh so much as mw
carryover of an infantile liking for bland, @ﬁmwwa awg% %mammw which
~ influences the selsctions of these children. HNo child in the .wﬁww Was
wwawmww to be eating a %«nw well-balanced uwmw» The dietary histories

| . ﬁ,, obese children, n&ﬁ@d«am_w% ¥ulier and Wﬂwﬁﬂ. {1934), were similar in

respect to quantiiy and quality to those of Bruch. Likewise in adults,
awm preponderance of carbohydrate in the dists of obese subjects has been
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noted; Dunlop and Lyon (1931l) reported this as the outstanding character-
‘istic of the dletary histories of about 500 obsge subjects. |
'~ The especially interesting feature vai-‘,thsqﬁrwh {193%a) work is the

study of the advancement of other phases of development which usually are

correlated with weight. The subjects were advanced in stature, and
average or someblmes accelerated :‘Ln skeletal maturity. ZEarly sexual
maturity ua@ the rule for girls and was not xmwmmn for the boys.

ﬁ&th@ugh Bruech did mﬂ. study the mental devslopment of these children,
she suggested ‘i'«‘ilat mental development, as expressed by the intelligence
guotient, frequently is advanced in obese children, It le apparent from
these findings that obese children may differ quantitatively in their
]’v‘patﬁern' of dwa@lqwh although the weight imrmmﬁ iﬁ' exagegeratad,

i’t is paradexical to the present writer that these children had made
such advanced growth records not only in weight gain but in general
| ghyaiea}. snd possibly mental development in the face of such poor food
habits, 1Is there a facpor in the high caloric diet of the obese child
which investigators have falled to recognize? Has the current emphasis
on early introduction of fruits and vegetables with consequent miégatian
of high energy foods to a distinetly second place of importance diminished
the amount of growth yrmthag substances in the diet, or do these high
caloric diets carry more growbth-promoting factors than have been recognized?
Obesity is obviously not desirable but stimulation of growth and develop-
ment certainly has been considered a primary seasure of good nutrition,

In the college age mm, little information of food intake as a
factor in the development of obesity is found in the llterature.

| Increase of height in the college girl was noted by Donelson st al.
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(1943); between the first and second yesrs of eollege the increase was
1.2 em. while that of the following years was O.4, O.4, and 0.5 cm.,
respaectively. Welght increased during the first year of study but was
variable in subsequent years.

| Height and weight increments reported by Barber snd Stone (1936) and
Gould (1930) are included with those of Donelson in Table 1.

Table 1. Height &nd ﬁeigi;t Inaremats of Wmm dmﬁ.ng
. Their First Year of Qollege

| o | ~ Ratie of imight
Investigator Welight Helght ' increment to
increment increment meight increment

kg. em, em. kg.
ponelson (1943) o.48 120 1: 0w
gould (1930) - 0.67 - 0.2 | 1t 1.6
Barber and Stone (1936)  1.15 0.40 11 2.9 |

Evalustion of Lthese figures brings up the question of the normal
weight increment which accompanies an increment of a unit efﬁheﬁgb:& at an
age when axmasive fat asccumulation is found only in amnpai@ml individuals.

Puring some g}eriaéa of active gmyth t%m rat&a of height and veigh’h incre—

ments is relatively constant {E@mten, 3.93?} For ages 10 to 13, Boynton
reported weight inecrements in girls avwaging 463 kg, and height s.mrmmta ”
6.10 em. per year, an increase of 0.8 kg. in weight for each centimeter of
growth in height. On thia_-ba;ai‘s no faﬁh accumulation would be expected in
the group studied by Donelson but some would be sxpected in those studied

by Gould and Barber and Wﬁm Mﬁr the fat accumulation would be very
small siaes even in the Barber and Stone study the average annual ma&.g&aﬁ
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increment waas only 0.85 kg. greater than that which would be sxpected to

auy the reported height increment.

Comparison of the calorie intakes of these same groups of students
would have provided & valusble statistic of the energy necessary for fat
accumulation in the eellnge age woman. In the absence of this informtian;
the caloric intskes of different groups of ccllege women, unselected as to
average weight for haiig!ét, will be considered. BEight reliable studies
frém the literature and two from their own investigations were reported by
Pittman et al. (1942). From these, it is found that the average total
calorie intake per day for the groups studied ranged from 18035 to 2698
&1@:&&3. Fﬁé those studies in which the weights of the subjects were
known, Pittman et al. caloulated that the average daily calorie intake
per kilogram of body weight ranged from 31.9 to 47.7.

' Xf it can be assmmed that intakes of 1805 and 2698 calories are
characteristic of the college woman it will be evident that accumulations
of fat at such a range of caloric intake will be minimal.

Exact studies of the caloric intakes of individual college age women

are few and widely scattered through the literaturs. Some of the varia-
tions of experimentation whieh disqualify studies for this classification
ares

1. Reguest that a subject select a diet equicaloric to her
previous one but from 2 menu of different food consti~
tuents. The inability of subjects Lo select egquicaloriec
dists from menus of widely different food constituents
was demonstrated by Harrington (1930).

2. Expectation that an obese subject who already is calorie-
conscious will select a taat diet equicaloric to her
usual food Iintake,

3. Failure to record weight changes during the observation
period, or selection of an observation period which is too
short to bring about weight c¢changes.
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Such exact records of ecaloric intake of young women of norsal weight
as were found in the literature are reported in Table 2.

Table 2. Caloric Intakesof I&éiviﬁaal College
Age Women of Hormal Welght '

Worker and __ Days of diet Av. cal. Av. cal. mgm. change
m;wt amlyais ‘ méﬁy per day dnrmg study

total per kaz. kga
ﬁﬂm &w

(1.9&2) |
56, wmmﬁm 2045 35.6 ~1.8
R : w .- 2314 33.1 -1.5
. " L 2093 50.0 0.4
0. K. é? » intermittent z? 99 &19 1 1.2
B.¥W. - " over 6 months 2292 404 -0,5

" Coons & Schief~

elbush (1931) - : :
19 42, consecutive 2565 Ly, ©

20 : " # 1953 34.0 0.0

~ With intakes of 35.6 and 33.1 calories per kilogram, respectively,
subjects "Lu* and "R" lost weight. At 41.]1 calories per kilogram, subject
n0.M.% gained. With the exception of subjects number 19 and 20, the find-
ings ra;mﬁeﬁz here would indieate that the calories necessary for mere
welght mairntenance in a' college jagzeb. woman of normal gmperkiam,m about.
40 calories per kilogram of body weight, which is the aiﬁpam of the range
for groups of mllﬁ,g# women rapwtsd‘ above. Undoubtedly, the caloric
requirenents for igight maintenance are greater or less for some individuals |
as the records of subjects number 19 and 2& illustrate.

The inteke of 34 calories per kilogram, without loss of weight, of

subject number 20 varied farthest from the responses of the other subjects.
It may be significant that she was described as Yordinarily finds difficulty
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in preventing obesity". Since the subject was normal in weight when the
study was being made, it might easily be inferred that she previously had
been limiting her diet over a long pericd. It is interesting to compare
the records of this subject to one reported by Harrington (1930) whose
subject, after many weeks of weight reduction by low caloric diet, main-
tained her weight for four weeks on a diet of 28 calories per kilogram of
body weight, Since the subject was still about 20 pounds above average
weight, her intake per kilogram of average weight would be 32 calories.
Since neither of these subjects had symptoms of hypothyroidism it might be

vinferrad that prolonged restriction of calories was &ﬁaaciataﬁ,:ﬁt least
temporarily, aith a low sahsiatgﬂaé'&eval. |
Caloric intakes of obsse college age women are presented in Table 3.

Table 3. Individual Caloric Intakes of Cbease
College Age Women

S
Pl

Worker and  Deviation of wk. Av. cal./kg. Av. cal./kg.
subject from ideal wh. of body wt. of ideal wt.

per cent

Pittman et al.
MR 26 29 36

Coons and Schiefel~
© busch (1931)
1 32 27 36
2 2  ® 36
Harrington (1930)

Period 1 93 22 12
Period 2 93 25 49

The results for two perlods of study of Harrington®s subject previocus to
weight reduction are included. No weight change took place during the
periods reported. Except for this case, welight changes during periods of
observation of c¢aloric intake were nol reported.
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In suwomarising the very limited information eoncerning food .m.m of
obese college age women, it may be said that during accumulation of fatty
tissue food intake probably is relatively high; during maintenance of
obesity it may or may not be eonspioucusly high; and that following welght
- reduction it would seem to be relatively low.

2. Energy output,

The mlaiiomhiy of esnergy output to obesity has been subjected to
more investigation zm that of energy intake in spite ai‘ the fact that |
the total output of aﬁergy,mah would appr%:ﬁmata the subject's normal .
output,is a much

more diffieult thing to measure than the intake,

Total energy output has been determined by (1) direct measurement of
heat loss, (2) caleulation from the quantity of oxygen used at a specific
respiratory quotient, and (3) calculation of energy exchange from the loas
of manaib}.es weight. All of these techniques have been criticized but
each m served a useful purpose. | “ |

Newburgh (1942), who used the method of insenaible wgight loaa, found
nothing unusual about the total metabolism of obese subjects except that
the total energy mandiﬁm of the more active individusls was large com-
parad to that of mml saﬁ;}a@m

Basal metabolism, as a possible factor in t@al energy metabolism,
has been studied extensively. The logic of this lies in the assumption
that there is a constant minimsl rate of energy output, an assumption
which is not warranted (Du Bois, 1936, p. 184-188; Young, 1940). In
college age women, Young found the total inter-individual waxé.a’bmﬁy was

2.41, as expressed by standard deviation in calorles per square meter per
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Boothby and Sandiford (1922a) found that estimation of surface area
by the Du Bois formula, corrected for sge, was satisfactory for comparing
the basal metabolism of 861} subjects since small deviations from the
average of the series were found. Talbot (1937) and Lewis (1937) demon-
strated that for children of average body composition formulas based on
weight and age gave the most satisfactory predictions of the basal

- metabolism. |

In subjects of abnormal body build such as obesity, the validity of
the Du Bois and cther formulas as means of estimating surface area is not
wholly acgeptable. The mumber of the subjects who were actually wmeasured

for the preparation of sirface area formulas and the varieties of body
build represented were comspleucusly limited. It may not be impartant,

that the value determined by the Du Sois formula be a measure of surface
area, however, it is important that it be a measure of the property of the

| body which is responsible for basal metabolism., Exactly what property is
measured by the esﬁimtﬁmﬁ of surface area by mesns of the height and weight
measurements of obese women of eollege age is questionable.

Assuming that the linear formula of Du Beis is valid ss a measure of
the metabolie activity of the obess, the basal calories per 24 hours would
increase with an inorease in body weight and surface avea, and would
decrease during weight reduction. The latter was confirmed experimentally
by Strang and Evans (1928), wha found that the total ealories produced per
2l hours by obese individuals were greater than those produced by individuals
of the same height but of normal weight. During weight reduction the value
sgain approached that of persons of average body mmpegiti@m However,

sxpressed as calories per square meter of surface area, basal metabollsm
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of the obese would appear normsl.

~ As an explanation for the elevated #total resting metabolism®™ in
obesity, reported by Strang and Evans, the deductions of Short and
Johnson (1936) are interesting:

: It is evident from the foregeing that in obesity there
is an increase in the total metabolism. Since fat is compars—
tively inert, this inorsased heat production must be brought
about. by an ,S‘.mrmmé m@iﬁ%y of the muscle and gland tissues
of the body. It ls impossible to state the extent o which
the fet tissue mtizipgias in this indreased activity m it

~is probably only to a z‘aiatiﬁly amall degree. . . .

The questlon naturally arises as to the modus operandi of
the increased metabolism in obesity. Since the thyroid gland

is known to be one chief regulator of the metabolic rate, it
would seen .'maim to assume that it might play a part in this
connection. Certain indirect evidence of incrsased thyroid '
ackivity has been adduced in addition to the gimple fact of
increased M&Mﬁ%; Inereased pulse rates and blood pressures,
frequent dis don of dextrose tolerance and a general upward
tendency of the basal metabolisms with increasing weight are
all sumﬂtwc..

&trang and Bvans {1928) proposed that in the axpmaimx of the

basal mmanm af obese inéﬁxi&aa:ta the ! dard of reference be an

individual of the same height and -fa;ga but of normal weight. Por cbese
ehildrm, Bruch {1939b) found aemp&ﬂmn to children of the same height
and aga preferable to %haam of the same weight and age hmm the gsmral

,c_}ewla puent of obese ahi}.drm s&m&é mnore szlmaly mrmh&aﬁ with height

than with waight.,‘ Eﬂlier and ‘fﬁsaper (1934) used sitting height and age
as the basis of #em@ariamm Use of these proposed methods assumes that
resting metabolism of the obese should be referred to the active proto-
pla&niu mass of the non-fat tissmm

staﬁmd to the evidence of the inactivity of ﬁdipﬁﬁﬁ tiasue is that

of wWells {1‘3‘} and others quoted above who emphasized the probability of

greater than average metsbolic funetions of fat cells, indicated by the



large amount of protoplasm within the ¢ell and its peeunliar relation to
the vascular and nervous elements of the tissue,

Basal metabolism of obese subjects, expressed with reference to
surface area calculated on the basis of absolule height and weight, has
‘been shown to be within 10 to 15 per cent of normal in 76 of 94 cases
(Boothby and Sendiford, 1922b). Strouse, Wang, and Dys (1924) and
nunerous other investigators have aﬂmmwﬂmﬂmm ﬁwma mwmmwm%; By expression
on the basis am abgolute wmwmw@ wmw %&m&w x@w%ww , adult obese subjects
have been shown to have "total resting %m«wg.&.m@ ¥ sbove normal in pro-
portion to their &@@mﬁea from normal weight (Strang and Evans, 1928;
Short and Johnson, 1936). | .

w&naw (1929b) end Mulier and ﬂ«%ﬁﬁ, mw@mﬁ found thet on the basis of
w_mwwg and age ﬁw@ gww metabolism of %&mﬁ awwwnwg was grester than
that of children of average body composition.

In & study of obese and normal college age women from the same
geographical area, Coons (1931) found ag,w,.wg ,%wwmmw basal metabolism
of the obese, expressed as gﬁ»@m per _wanm&a meter, was within three
per cent _&. ag& for normal subjects; expressed wu_ calorles per centimeter,
was 17 per cent higher; expressed as calories per kilogram, was 10 per
cent lower. Remington and Culp ﬁ@m@n using surface area as a basis of
gﬁ%ﬁeﬁ found w aw&m&gwam of two per cent between obese and normal
student nurses.

aﬁwww&mw%mm .weu. mw&ﬁmw method, the conventional "ealories per square.
meter” calculated from absolute guww% and 3wmwf or the modified methods
of Strang and Evans, or Bruch for the expression of the basal metabolism

of obese college age women, remains open. The results of the former indicate
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nam basal metabolism, the latter, a metabolism elevated in proportion
to the obesity. The evidence that an elevated "total resting metabolism®
in the obese college aga woman is an indication of excess thyroid produc-
tion rests upon the choice of the standard of reference. |

An increase in basal metabolism referred to surface area incident to
increase in food intake, the "luxus consumption" Lheory of Grafe, has been
d&aaraditéﬂ by Newburgh (1942) on the basis of Grafe's cbservation of
increases in metabolism following welght gain were noted but it would
appear thaet the inerease was dwa to & previocus decrease due to undernutri-
tion. 1In an abnormally thin person, Newburgh reported that the only
" increase i:i metabolism incident to a 2000 calorie increase in diet was
such an amount as would be expected with the observed meraase in weight
and surface area of the subject and increase in the specific dynam;.e
action of food.

The effect of a low caloric dist in decreasing basal metabolisa of
subjects of normal body composition was demonstrated by Benediet (1919).
An attempt to differentiate between the lowering of the basal calories per
24, hours in undernutrition and that observed in weight reduction of obese
subjects was made by Strang and Evans (1928). They showed that the ratio
of decrease in basal energy oubput to decrease in surface ares was greater
in the namgl subjects than in the obese. However, even in the obese they
found that the rate of decrease of basal calories was one and one-half times
'as great as the rate of decrease in surface srea. The present author can-
not agree with Strang and Evans' conclusion that, since during weight redde-
tion the "total resting metabolism® of the obese was depressed at a lower
rate than in the normals and z;éver below the standard for height and age,
it is a different metabolic process than that operating during the energy
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depression of undernutrition in normal subjects.

A decrease in the 2i-hour oxygen consumption, during reduction of
the obese, but only in proportion to the éawma in surface aree,was noted
by Haster et al. (1942).

Energy expenditure to support activity usually is caleulated as the

- between the total and the basal metabolism. Many techniesl
diffienlties ars encountered in the Mmrmt. In addition to the

difficulties encountered in the use of the equipment, control of the

subject, and consideration in the calculation of all of the factors
inveolved, are difficultles in interpretation of the results.

The importance of the basal m&ahaiim datun as the base line in
the calculation of work energy frequently has been stressed. In experi-
ments involving small amounts of additional energy exchange, an elevated
base line on the day of the test may cause a large error in the calcula-
tion of the energy attributed to the factor being studled. However,
denial of the mm&ty of an elevated base line, because it is not within
an empirically determined percentage of the ususl basal metabolism of the
subject, is not in accord with the findings reported on variation by

Young, and Du Bois. _
The validity of the total metabolism,determined by the method of

oxygen consumption st a given respiratory quotient, msy be impaired by
fallure to take into account oxygen debt due to ‘anaerocbic oxidstions
during exercise and the following recovery period. Dill et al. (1933)
have pointed out that this phenomenon takes place when activity reaches
a certain intensity and the extent and duration of both oxygen debt and

compensation vary with the efficiency of the subject. Errors in the



determination of the respiratory guotient may arise from several sources
but the effect of the maximum error on the metabolic rate, calculated from
the accepted caloric values éf oxygen at different respirstory Q;ietiama
_(ﬂu Bois, 1936, p. 34), reveals that the error cannot be more than six per
cent and would seldom be nearly that grest.

A review of experisents on controlled muscular activity revealed no
greater conservation of energy by the obese than by normal subjects (Bruch,
1940b). In faet, the Gﬁﬁ‘ﬁ# frequently were found to be less .‘erticmat than
normal ones (Lauter, 1926; EKommerell, 1931; and Wilder, 1932). In studies
of exercise following high fat dists which simalated the metabolic condi-
tions of chesity durlng weight reduction, Krough and Lindhard (1920) found
that efficienecy of work was a straight line function of the respiratory - |
qmtiant » in inverse relationship. It should be noted that Krough did not |
c‘orr@% for anaerobic emidaﬁm, which correction would probably further
lessen the caloulated efficlency at the lower respiratory @himﬁa, ~ This
work suggests that the difference in the efficiency of obese subjects from
normal ones may be dependent on the metabolic mixture oxidized. It e
reasonable to assume that the effort of moving the excess weight of the
body and the clumsiness resulting from so much weight would further
decreass the efficiency of the cbese in some a#tivi%iaa.

Reports of energy expenditures in periods fanawﬁég exercise are contro-
versial. Bernhardt {1930) found "negative phases®, i. 8., periods of
_decresased metabolic rate of one or more hours, which occurred moest notice-
ably in times following light muscular work and after the intake of food.

He stated that the sum of periods of decreased heat production during
sleep and the "negative phases™, could result in a total daily heat pro-



dmﬁen near or even Jess %%m& the value caleculated from a basal test te
be the 24-hour mtﬂ.ng metabolism.

In an attempt to duplicate _Eamhar&fs work, Wilder et al. (1932)
failed to find long ”mgativé phases"® sixw# the rate of energy e:xzshaﬁgﬁ
returned to the base line within 15 minutes of the ceasation of exercise.
Small errors involved in determinastion of the base line or compensation
for oxygen debt could account for the difference in the results of the
two iwubigatarég |

The coneept of a metabolic rate lower than ha:sa;, other than during
sleep, conflicts with tha‘wiwla theory of basal metabolism, however, such
‘& state, one in which muscle mass is more relaxed than under the rather
arbitrarily defined basal conditions, is not inconceivable to this writer.
That any ﬁadiv%.ﬁaal would be so inactive as to remain in such a state for
‘aaj‘gaar&mi of hours does not seem plausible.

’?alié:%&y of Bernhardt's work had been suggested by the low rate of
weight reduction of certain obese subjects when a diet eguivalent to the
subject's theoretical basal metabolism was employed. Firat, the accuracy
of the food intake might be questioned. However, granting a reasonable
wvéarae:; in the execution of the distary prescription, the difference
_between total and basal metabolism would still be small. Either the basal
metabolism is a poor measure of the base line from which to calculate
energy expenditure for a-ﬁtiﬁtes. or the energy expended for activitles in
these subjects is exceedingly small, |

é decrease in the usual activities of some obese subjects has been
pointed out as a cause of elther gain f::ixa welght or failure to lose while
ingesting low calorie diets. Greens {1939) found inactivity due to long
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The saving of energy by the obese through protection from ecold by the
subcutaneous body fat and through relatively low body temperstures have been
mentioned in the literature. Swift { 1931) found that in subjects exposed to
cold temperatures the metabolic rate was, in a general way, inversely
proportional to the amount wm subcutaneous fat. Lee et al. (1941) showed
that the temperature at which gwwgwmus rises in response to cold is
influenced by the extent of wool covering and suboutaneous fat. The
question of maintenance of average body temperature in the obese has not
been well investigated. However, Howell (1940) has stated that tempera-
ture control may be interferred with by lesions in the hypothalamus; the
midbrain, in some cases, has been shown to regulate the accumulation of
fat. ‘
 In general, it might be concluded that in the accomplishuent of
specific amounts of work, obese subjects seem to use at least as much
energy as normal ones, and that zgww becausz of a high ratic of fat in the
metabolic mixture, the respiratory quotient falls below that of normal
»&&.qw%gny the obese use more energy than normal. EBnergy output of the
obese below average is not unusual bub must be atiributed to & decrease
below average of w@&wﬁﬁ.&m or movements for activities, except as conser—
vation of heat is provided in cold w,aﬁwagwmw@m_ by wﬁgﬁwﬁgag adipose

tissue.

.. Control of the iml ce between energy intake and cutput.

It would appear, although without much experimental evidence, that there
is an imbalance bstween energy intake and output when weight gein iskes
place. Desire for food appears to be the obvious cause, but there would
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seem to be physiological and/or psychological bases for the desire which
does not occur in all persons. Newburgh (1942) and Bm&h (1940a) both
comment on the appetites of obese subjects.

Appetite; according to Brach, is related to nrevious sensations of
taste and gmil of food. A physioclogical response of appetite is the
initial secretion of gastric juice, as akaiﬂ by the work of Pavleff (1910),
but at present no evidence is available iﬁﬁiaating that any other specific
hm_s,ﬂy change underlies the appetite sensation,

 EBvidence that the stimulus is one of appetite rather than hunger has
baen shmr'n by determinations of blood sugar concentration in the obese
(Mewburgh, 1942). Furthermore, Newburgh (1942) and Hubbard and Beck
{1939) found that & mild degree of hyperglycemia, observed in many obese
subjects, changed t0 normal when weight was reduced to normal. Hnbbard
and Beck (1939) confirmed the association of hyperglycemia with obesity by
miﬁtanm of normal concentrations of sugar in the klémi during post—
reduction periods in whieh 200 to 250 grams of carbohydrate were added to
the reduction diets. | '

In the study of appetibte. satisty, tm adjunct to appetite, must be
mentioned. Overeating in some of the subjects described by Bruch and New-
burgh appears 1o be due to constant appetite and in others to lack of
satiety at meal times. | -

Correlation of the nervous system with control of obesity has both
a physiological and a gsyaﬁolagi@l basis. The experimental evidence of
the physiological basis follows two paths of investigations. First, the
classic work of Smith (1930) differentiated the syndromes due to removal
of the pituitary with and without injury to the hypothalamus. Smith
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found that obesity was preéaeeﬁ only when the hypothalamus was injured.
Using rats, Ransom et al., (1938 and 1‘3‘39), were able to confirm Smith's
results but when mnkm; cats or guinea pigs served as subjects, obesity
failed tc occur in cases of kmﬁzi lesions of the hypothalamus. The results
of the work of Hansom st *i‘a;l. throw some doubt cm the &sseciation of obesity
and th&l@e Maiaas in human subjects.

Newburgh (1942} and Bruch {2.9&@&} mvimé the lim’ﬁara aetweming
‘the oscurrence of obssity following mmghnliﬁ,a, a emé.itim involving
irritation of the midbrain. The findings were not uniform; obesity
acssm in some cases but méigﬁm; in others. Bruch (1940e) found only
one subject in a group of 142 obese children who had suffered from enceph-
alitis. In no other case did she succeed in establishing the dlagnosis
of an organic lesion at ths base of the brain. However, she stated: "Hany
children. . ‘. exhibited vsgutati@ "aymm;, such as slight disturbances
in temperature regulation, in perspiration and in vasomotor gm‘ral,‘, all
of which might be re.fsr;wé to some functional disorder in the autonomic
centers. More impressive were changes in the behavior which s cmstimes
closely resembled the behavior of children after encephalitis.”

The second line of i;wes‘biga&;im is @nmrﬁed with the neural
re,gu}.gt&m of fa‘t; &sgeaihs in connective tissue. Independently, Bemnak
and Hasch (1937), and Hausberger (1934) demonstrated that demobilization
and storage of fat in rats, cats and rabbits both were decreased by uni-
lateral sectioning of the sympathetic nerves to fat accumulations in the
connective tissus. Since the ﬂmhﬁin&ti&n was retarded more than the
mobilization, large masses of fat m&mulam on the operated side of
the animgls. This line of investigation is related to the first one aince
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some impulses which are discharged through sympathetic nerves are
initiated in the hypothalamus.

wilder (1938) expressed the opinion that hereditary hyper-irritsbility
of the subcutaneous region offered a plausible explanation for obesity.
Huch-quoted is the Ba;:ferth report of evidence of the role of heredity in
the continuance of obesity in a strain of yellow mice.

Evidence for a hereditary factor in the occurrence of obesity in
human subjects has been reported by Wilder (1938) and Gurney (1936).
However, Wilder notes the warning by ésa‘s},ia agalhst boo much confidence
in heredity studies in which sating habits are involved lest environment
~ rather than heredity be the real factor. MNewburgh (1942) criticised the
‘Danforth conclusions on the basis that the mice were victims of hersditary
bulimia.  Of the human studies, he comments: "Body bulld is inherited;
obesity is not.®

The psycholagical basis for the relation of the nervous system to |
obesity, according to Bruch, lies in the general recognition during the
last decads of the fmth&l role of the hypothalamic functions in
transforming psydwulogic experiences into somatic menifestations. However,
evidence for this hypothesis in rega;rd to appetite takes the form of case
histories rather than atatistics due to the wide variation of conditions
eneountéreﬁ. Bruch (1940a), Newburgh (1942), and Harrington (1930) have
prasented detailed case studies of periods of emotlional stress asﬁaci&ted
with excessive eating. Bruch describes the case of a child sent to live
with his aged grmdfathsr who gave him no time for ordinary social contacts.
Another child was baﬁly fr_ightenad by his mother's attempt to break up a
bad habit. Newburgh described the case of a young woman whose love affair
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was thwarted by her father, another whose husband continually made unreason—
able demands upon her. Food or drink appears to give relief from the emo-
tional strain to this class of subgeéta.

0Of less spectsocular nature is the emotional strain over food in the
mother-child relationshiv. Bruch (1940a) has shown that at some time food
has had exaggerated amatieﬂal sigﬁifiagnae for certain dependent obese
children which has been satisfied by the consumpltion of large amﬁgﬁts of
food. - Fallure to make the transition from infantile to normal adult food
habits also nay reflect earlier eéﬁfl&ets,

1s this impulse to eat a result of hypothalamic stimulation evoked kby
certain ematianal'expariﬁncas}whi&h‘3imulganaaasly»stimnlata'ths autonomic
center, which in turn influences fat storage? |

Uther tﬁmérms of ébmmalitias in appetite which indirectly may be.
;!elat.aci to the central nerﬁwa system. alao have been presented. As referred
to above, Strang and -gﬁﬁlugégéi21?31§3 suggested that since the specific
ﬁynamiﬁ action of food occurs near the end of a mesl, delay in the produc-—
tion of specific dynamic action cobserved in obese subjects might account
for lack of satiety and desire to continue to eat more then appetite
normally would have dictated. ‘

Strang and an associate (1336) also found differences in skin tempera-
tures of obege and normal subjects following a test meal.. In the subjects
of normal weight the e}.wsﬁim of skin temperature began shortly after ihe
start of the meal and reached a maximum in about 60 sminutes. The investi-~
gators believed that this also might be associated with the diminished
satiety in the ohese it was diminished and delayed. |

- The literature concerning the effect of glandular disturbances on
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adipose tissue has recently been reviewed by Conn (1944). The evidence
which he presented points to.the fact that endocrine disturbances may
affect the distribution but not the quantity of adipose tissue.

L. Respirabtory guotient and ketosis.

The diet used to bring abﬁﬁt weight reduction is low in caloriss in
order to force oxidation of body fat. The respiratory gquotient in obesity
is of interest because it is an indication of the extent of oxidation of
fat. Many investigators, finding 3.@%?’ respiratory guotients, have inter-
preted them as an anomaly of the cbese; #hssy might better be interpreted
as a characteristic of the high fat catabolism found during weight loss.

In most mea of low respiratory quotients the previous diets have not been
reported but Lyon et al. (193R) mentioned low caloric diets in all such
cases studied by them. Furthermore, when two grades of caloric intake
were employed for the same subjects, these investigators found a lower
ms;ﬁ.rawry guotient dm-iag the period of lower food intake. With calories
unchanged but the carbohydrate of the diet decreased, the résyirawry o
quotient was reported to be still lower. Restricted food intakes and use
of body fat may be suspected in other obese subjects in whom low respiratory
quotients have been found. Hagedorn's report (1927) that follewing a high
carbohydrate dist the respiratory quotients of the cbese were lower than
thgs-g of nomixal subjects may have been related to failure to prescribe
the quantity as well as the muality of the diet,

 In normal subjects under basal conditions, Krough and Lindhard (1920)
found respiratory quatignts between fes?as and 1.00 folowwing several days of
high carbohydrate diet, and between 0.71 and 0.80 following ingestion of a
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high fat diet. The respiratory quotient during work was f ound to decresse
if the basal respiratory quotient had been high for that day, and increase
if the basel gquotient had been low. This relation of working to resting
reapiratory quotients was confirmed by Wrightinfton (1942). The respira-
tory quotient during work failed to rise above 0.7h4 in the one of Krough's |
subjects in whome weight losses were t aking place,

A high rate of oxidation of body fat is desirable during reduction as
long as it é’w;a not interfere with body tum%iens; however, there &pﬁeﬁéﬁ
to be a limit beyeuﬁ which ketosis and ketonuria occur. The asscciation
of low respiratory guotients with ketonuria may be acceptable in a general
way but Lyon g& al. (1932) found only aaa’:asianal ketonuria in obese sub-
Jects whaga'h&sﬁl'myiratery quotients ranged from 0.68 to 0.78 and the
correlation was not high within this range. Evidence that the cbese may
tolerate highly ka‘mgmia. metabolic mixtures without ketosis was presented
by Du Bois (1936, p. 259). However, in a study by MeClellen et al. (1928)
the ketogenic-antiketogenic properties of several diets were ecual, but
the obese subject in whom ketonuria was low had been receiving 25 grams
of mmhymw in his diet while t&é normal subjects with marked ketonuris
had received only 5 to 10 grams. This would indicate that total carbo-
hydrate rather than sither proportion to fat or accomodation of the body
was the important factor in ketonuria. Newburgh's report (1942) of acute
acidosis occasioned by unusual aetivity in an obese subject who had been
well adjusted to her diet demonstrated mraiaé as another faetor in pre~
cipitating ketosis.

Quantitatively, katsnaria in obesity usually has been reported t¢ be
non-significant; Lyon et al. (1932) found no values above 0.5 mg. The
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15 subjects by providing 90 grams of protein, 1200 calories, and 60 to
150 grems of earbohydrate. In three subjects small negative bwawamcﬁ
balances took place during periods of 28 to 70 days of diet. However, many
clinicians prefer diets of lower caloric content. Strang et al. (1931)
found nitrogen losses of 2 to 6 grams per week during the first few
wﬁawa of .ﬁawwuﬁ wmamwﬁﬁwaz.&% four subjects whose diets contained 60 grams
of protein, 336 calories, and 10 grams of carbohydrate. The one subject
for whom the mmw&wwmﬂ@mm mnﬁ@ of earbohydrate were 4Lk and 30, respec—
&u%&m._w ‘aw.ma;w@nw, nitrogen from the body. After a time awa lossesn
diminished indicating that some physiclogical adjustment was being made.
In all cases negligible losses or slight gains continued for 2 to 25
weeks but in the one subject who continued on the diet for 37 weeks,
larger ,am.ng@g losses again mgﬁug after the 28th week., A decrease of
nitrogen losges ﬁ»&& time was not observed in a study .aw weight reduction
of non-cbese mﬁgg_@a (Benedict, 1919).

The importance of the carbohydrate content of the diet was demon-
strated by the work of Jansen (1917). In six normal subjects a nitrogen
loss of 0.3 to 2.7 grams occurred in a six day period of low calorie diet
and weight reduction. The addition of 500 calories in the form of carbo-~
hydrate brought the subject practically into nitrogen equilibrium; when
900 n&&vew%%ﬁg calories were subitracted from the diet there was about
two grams per day additional nitrogen loss.

From the evidence avallable the calorie and carbohydrate content of
reduction diets which would prevent nitrogen losses are not clearly indi-~
' cated. Several c¢liniclans have pointed to the evidence of Strang et al.
ﬁwwwwu as proof vm uwga@aﬂ&ﬁéwwﬁﬁ during indefinite periods of
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retentions, especially at intakes below 0.2 grams, than the subjects on
self-selected diets, Analysis of the cause of the difference in retentions
in the two groups was not made dut it was inferred to be related to a
betbter balanced dietary.

One factor of the diet which night be expected to influence calcium
retentions during waight reduction 1s the occurrence of kelosis. ihen
this takes place, calcium may be execreted in the urine as the salt of the
keto-acids. From the diecussion above it would appear that if the produc—
tion of ketone bodies takes place during weight reduction it ordinarily
would be in small degree, Moreover, in a review of the literature, Knopp
(1943), found the svidence contradictory for increased urinary calcium
during ketosis,

The low fat allowance which is a characteristic of reduction diets,
suggests the possiblility of good absorption of calcium from the gastro- —
intestinal track since f?ag fatty acids would be present in minimal amounts
to combine with the calciun, High fat in the diet often results in the
farmﬁimn of insoluble salts of caleium which are excreted in the stool
(uarriott, 1941). |

There is not much reason to qm@ian the adeguacy of 1.0 gram of
calcium per day in reduction diets unless the diét is ebvinasly poor in
other respecis or the subject is one of those individuals in whom calcium
intake must be high ‘i‘or retentions to taksa plac_a. However, the inclusion
of less than 0.8 gram of calcium in the reduction diets of a college age
woman might not be expected to bring about the small retentions of caleiua

which appear to be desirable for a subject of this age.
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E., Reduction Diets

Since it freguently has been emphasized that regardless of the regu~
1;%:*3 operating in individual csses, ‘the chief qﬁaliﬁagtian of & diet for
welght reduction is that the calories esten be l@a‘ than the snergy output,
5t would be expected that reduction diets would be quite individusl in
nature, However, in tﬁe dists ‘s.ma‘s:wnlyx ;msm,m certain trends in
caloric value and other constituents may be noted. Table 4 stsiem rines
thess trends, |

The most outstanding e:haraéwriatis of the diets for the adults is
the extent of restriction of calories below the subject's probable energy
expenditure. Calories accompany protein, minerals and vitamins in food,
and so, when total calories are drastically restricted there is a limit
to the intake aﬁ' all of the various nutrients which will be included in the
food. The result in mr@' cases hﬁs been the inclusion of the bare minimal
requirements rather thaz; the allowances recommended by the National Research
CGouncil. |

Although  the psychological effect of rapid weight loss may be good in
respect to 'gaining cooperation during reduction, diets of less than 1000
calories per day can &a-» eriticized further sinee they do not educate the
subject in fublure eating habits. ‘

Other practices of @t}abhf&l yalue in f.‘heseﬁ diets are the aamplét&
omission of foods such as potatoes, an excellent source of potassium and
other minerals, and of whole gramnmmal » 8 valuable source of the B
complex vitamins. &lsa; the use of vitamin émman-tratas in situations

where it would appear that food could be employed to ;;ravida the same



| fruo . (rE61)
18 ~ym s1qelef0p PITUD oY oz oY fxeddo],
€~z 93¢ Loy we B YUY FuNol  seTJOTRD JO JU80 J8d Teseg 3. JOTTOHR

009T (roM6T)

uSUTWRITA pUR STRISUTH 99EnDOPE 09 UOTIUGIYV 08-09  -000T fyonag

usIpIIyd o
059 (L261)
§1~4 ér-£e  -002 ‘uoge)N
(1e61)
00ST fuoxyq
09-01 06 -002T § uojesy
J99q90q | (T€6T)
I% 019 _ : 06T-09 O%-02 oL 0ss ‘aeousdg
- | Eﬁv
| | ¢8 of-0z  S€T  oOTL  ‘aeneg
eTeIoUTH uyyered (e€61)
‘a uywesta 20 94TUR ¢ sueAl
“qses] R 1 “ ~83e e suow QY Moy 114 0§ % Bueagg
Xo1duico mex Jey . Lquo %9 B € : (z461)
§ upweqrq  ouou  -exd 7 ‘ez T ¢ 4 oo ¥ 6 09 os%  ‘udanquen

| - e5Thpy |

e0TTs Supades  Surates Suyares ~ md *ul rwd

| o | | C eage IR goy UBTOTUTTS
Teyoeds  peedqd  4nay a1qeqede) ‘qeen XTP  ORD  3ed  Upejedd &35 Jo swel

eIngBae YT oU3 U peqlodey ey
899T(] wOTIONPaY Jo squsngyieuc) ATTRQ JoJ suoyepusmNesRY Y 9TqRl



nutrients seams questionable to this investigator.

Emphasis on the improvement of poor food habits by attack on the
paychological causes underlying them appears well chosen. Newbwrgh (1942)
has advocated treatment of obese children by that methéd alone, on the
assumpbtion that with this aarrecﬁian growbth will bring sbout reduction of
the obesity. While one ca%ﬁat depend upon growth to produce reduction of
the adult, still, maintenance requirements of ﬁitrﬂgaa; minerals and
vitamins must not be neglected, and minimal allowances would not be more
acceptable in reduction diets than in other ones. Furthermore, moderste
reduction of easlories allows the prescriﬁtian of a diet to be béth interest—
ing in varietj of f@@éﬂﬁuffs-énﬁ.&deQaate in terms of accepted nutritional
standards. If the obese individual has infantile food tastes as was
inferred by Bruch (1940a), surely food education needs to be a part of a
reduction reﬁtineﬁ

Whether obese women of college age should be ireated as children or
as adults in the cholee of dieb far;w3ighi reduction remains a question;
perhaps the extent of maturity should be the deciding factor, but without
adequate laboratory siady, maturity is hard to evaluate.

The rate of weight reduction produced by the diets prescribed by
different cliniclans also follows certaln trends. These are noted in
Table 5. | |

In the course of welight loss certain irregularities are met. The
chief one has been related to temporary water retention. From the results
of his own investigations, Hewburgh (1942), has worked out an explanation
of this phenomenon which he has presented in the form of a balance sheet.

The factors included in the two si&as~0f the balance sheet are:



Water available Water excreted

In food . In urine
In drink In stools
By oxidation ; , Insensible water
From previous hydration of body
tissues oxidiged

The water of oxidation should not be overloocked since it is known that
- 3.07 gm. of water is obtained when one gram of fat.-is oxidizmed. The water

Table 5. Average Rate of Weight Beduction
Reported in the Litsrature

o Av. wt. " Prescribed
Name of : No. of loss, caloric
cliniedan ~ subjecta lbs, wit. intake

Newburgh (1942) . Long series 3~5 450
Strang &n& Bvans (1931c) " * 3~5 450
Spencer (1928) " » 1.5 750
Keeton and Dixon (1931) 9 2.2 1200 - 1520
Mason (1927) V 5 3.5 200 ~ 600
Bruch (1940a )% 0.6 1000 - 1600
ﬁﬂlﬁﬁ? and Topper (1934) | 0.7 Basal eaiorié&

“ﬁa weight loss ée&iréé sxcept faélvéry @Sasﬁ #hii&;
of oxidation factors for protein and ééybahydraﬁa are 0.4 and 0.6, respec—
tivglf. The weter of hydration factors for protein and fat are approximstely
3.0 and 0.1, respectively. The insensible loss af_water as the means of
removal of 25 per cent of the total heat loss also is not an insignificant
proportien of the water balance.

| Pailure to lose or even gain in weight frequently has been reported
during the use of dists of caloric content far below the estimated onergy
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dissipation, but, according te Hewburgh, "whatever the darﬁtien, it always
gives way to a subsequent rapid loss of weight greatly in excess of the
welight of the tissue destroyed”. Irregularity in weight losses frequently
have been noted by ét.her workers when the subject seemed to ba consuning
a fairly eonstant ﬂiat:.; |

F. Problems Suggested by the Literature

It hgs been augga#téd that fat cells éﬁ.ffarénti.&he when fat ié taken
up, bﬁmé more active ,‘ and ﬁhézz revert to their former state when fat is
lost. For this reason changes in qmtiw of body fat may involve
metabolic changes related to the poorly understood functions of the fat
cells. The cause of the accunulation of baéy fat 1s agreed to be an
excess of energy 'i:itak» wer mrgy output but the drive which precipi-
tates increased food intake has not besn éx@iaiasé. The a}aaalahg mainte~
nance energy raq,uimﬁg of obese women both before and following weight
raduetpian need study. Investigations of dietary procedures designed to
meet the rather specialized nutritive needs of weight reduction in the
college age woman have not been made. It was to add to the available
facts concerning the problems nf. obase young women that this study was

undertaken,



III. PROCEDURE

A. General Plan of the Experiment

Obese college girls who desired to lose weight volunteered to serve
as subjects of the awMt. Each subject's caloric reguirement for
weight msintenance was estimated by study of her self-selected diet
before weight reduction was initisted. Then each subjsot was placed on
a diet which would provide about 400 to 500 calories less than mainte-
nance. When the subject was reduced to optimal weight for height and body
build, food calculated to provide about aal@ieﬁ was added to her
_diet. The pre-reduction period has been designated Peried I, the reduc-
tion, Period II, and the post-reduction, Period III.

Energy metabolism during the three periods was studied by basal
metabolism tests and by a series of teste taken on the same day. Hach
series consisted of (1) a test under basal conditions, (2) a test two
hours after a preseribed breskfast and just preceding exercise, and (3)

a test méiamly following exercise.

Nitrogen, calcium and phosphorus balances were mr.iud out in Period
I for subjects five to eight; in Period II for all subjects; and in
Period III for the last six subjects. Herman reported the phoaphorus
balances (1944). a |

The study has m partly exploratory in nature. B8ince it was carried
out for two subjecls ab a %im, the results of the sarlier studies suggested

some changes in the procedure vhich were incorporated as the work developed.
“Both the master plaaané the changes which were made will be mresented.
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B. Subjects

Bight girls, all earrying full college schedules and living in the
college dormitories, were selected for study ;' weigixh; previous health
record and estimated abiiity to cooperate detwmi#ﬁag 'tha selection. The
degree of obesity of the subjects was limited becsuse it was desired to
mpz.ata' each experiment, or if possible two experiments, in a single
lmportant to include some

school year. Fuarthermore, it was conaidered
girls vith émsiéﬁr‘-&f limited degree because they seem to form a considerable
- number of the girls who carry out more or less unsupervised reduction
regimens,

The health vecords of the subjects were free from serious illnesses
- and as far as possible free from suggestion of gian&uiar abnémality. It
was felt desirable to avold the possibility of such complications in a
preliminary paper. All .cf ﬁm subjects had been examined by the college
physician since their entrance to college and were reported to be normal
except for one who had never menstruated, The resulis of basal metabolism
tests, made on all except one of the subjects before reduection were within
the range previously determined to be normal for this locality (Pittman
et al., 1943). No determination was made for the one subject but there
was nothing in her physical report to indicate any abnormality. The exact
values are presented in Table 1A and will be discussed later.

Ability té cooperate was very lmportant in these subjects since 't.hay
were free to participate in normal social agtivities with their friends
except at meal times. "

The weight, haight,‘ age and extent of cbesity before reduction 1s
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recorded in Table 6. The distribution of fat in the subjects previocus
to reduction may be found in Table 7. 4 brief protoeol of the history

of each subject is inecluded in the sppendix to this Daper.

Table 6. Height, Age and Weipght of Subjects Before RHeduction

e A e i S O O AR R P YA YN et Sl A 1S P S

* Actual . Estimated

Subject Age Height welght optimal weight Overweight
years iﬁeheg pounds , - pounds per cent
1 22 6.3 Im i 32
2 19 63.8 138 123 ' il
3 18 62.3 156 130 20
b 19 63.3 164 130 26
5 20 65.0 165 130 ' 27
6 19 66.0 170 140 21
7 20 - 67,0 179 150 19
8

i3 61.6 137 120 14

It may be seen that the subjects varied in extent of obesity,
body build, distribution of fat, and origin of obesity.

C. Diets

All of the subjects ate their meals at a sunervised metabolism table
at the éellegé hospital. The diets were prepared under the direction of
a dietitian. Treined attendants weighed the individual portions of food
and supgrvi&ed the diet table. Chattillon dietetic scales were used for
weighings and complete records of the food eaten were kept at the time of

the meal.



Table 7. BEvaluation of Fat Distribution in the Subjects Studied

Subject Upper back | Upper arm ibdomen  Trochanter ?high ' Gonment
no. . |
1 marked marked moderate marked = marked and —
estends low
2  —  — moderate moderate I chubby, juvenile
: figure
3 — slight ' marked marked warked marked lipedema
4 below knee
'y R marked marked marked moderate B
5 | ————— moderate .  moderate moderate moderate ——
é —— moderate moderate marked parked wked lipedema
' below knee
7 - marked moderate moderate moderate e
8 ——— moderate marked moderate slight chubby, juvenile

figure

- -
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faloric intakes during Period I were estimated in order to destermine
the amount of foed to be allowed during Periods II and IXI. Calories
were caleulated by the use of food tables (Thompson and Oblson, 1942;
Waller, 1938). |

All of ’hi:;ﬁ' subjects were ?Gqﬂﬁﬁﬁﬁé Lo try to eat t&s same quantity
ef food during Peried I as they had been @E‘&mg before the experiment,
being especially careful not to decrease the amount. Subjects one and
two were provided a diet of simple foods which could be a#cuéately
analyzed by use of food tables, However, this eliminated concentrated
mixtures and so wade a bulky, low caloric diet‘ unless large amounts of
bread and butter or simple sweets were ingested. mmaac&' in food of
this character apparently was too contrary to the psyﬁe:ixal&gg of the pre~

reduction subject and é.mz::réiagly, these two girls ate less calories than
mre#stimatéd from records of their previous diets in the dormitory.
Therefore, in spite of the probable inaccuracies i;{: the calculation éf the
calories, the foods which were offered to the other subjects, were the ones
served to the hospital staff, which ,izi@};udné more concentrated mixtures
such as pastries, dressings, etc. The caloric evaluation of this diet
was ch@cﬁ«d in the last subject by serving in a late control period a
diet of simple foods equicaloric to the average intake of the subject
while eating the self-selected diet. Table 8 summarizes the calculated
caloric value of the diets used in all periods.

| The diets of subject one and two were reduced to 1000 calories
because the invaﬁiigatar found that with less calories it was very |
difficult to provide a palatable diet, adeq&xdta in all known nutrients.
Also, the ba#al diet of McKey et al. (1942) which had been extensively
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used for research with college women provided about that amount of
calories if no ad libitum foods were included. Since in the other subjects
the self-selected caloric intakes were greater, the diets for Periods II
and III were greater also. Some uniformity in the diets was necessary

to limit the amount of preparation.

Table 8. Caloric Intakes Used for Periods II and III
and the Estimated Intakesof Perdod I

‘ Welight é%iaﬁges in
Subject Dlet pre- Period I Diet Dist post-
reduction par 30 days reduction reductlion

1 1227 -1.0 . 1000 e
2 ia238 0.0 ‘ 1000 PR
3 1736 - 0.0 1200 1570
A 1834 -1.2 1570
5 1780 -l O 1200 1570
6 2000 ~1.5 a 1200 1570
7 1960 0.0 1200 1570
1800 0.0 1200 a 1200

b 1150

¢ 1100

4 1025

The basal diet list éi‘ HcKay el al. was used as the basls of the
aiets of Pericds II and III. The food 1list consisted of specific
amounts of certein readily available meats, cersals, fruits, and vege-
tables to be included in a five day period. The quantity of milk was the
variable in the study of McEay et al. The quantities of milk used in the



- B0 -

present study are included in the list of foods for Periods IT and TII,
presented in Table 9. HeKay's subjects added foods low in nitrogen,
caleinm, and phosphorus to provide sufficient calories for weight main-
tenance, Without these foods but with the inclusion of 500 milliliters
of milk, the five day diet was estimated to contain 1000 calories per day.
By furtheér addition of 200 milliliters of milk and several servings of
fruits anﬁ,veg&taﬁl&s, an estimated 200 calories were added. The addition
of calories chiefly in the form of protein in Period III was suggested by
the rather flabby skin and muscle tone of subject four, the first subject
for whom a post-reduction stuéy'waaréaﬁa, Although all of the other sub-
Jects seemed to have good muscle tene,tha procedure used for subject four
seamed advisable for the others eince 1t was not possible Lo complete the
nitrogen analyses for the reduction period and thereby have a specific
indication of the nitrogen mstabolism of the subjects before the post-
reduction period began. Also, it was desirable to use uniform treatment
of the subjects to simplify interpretation of the results, and to limit
thﬁ ampunt of food preparation.

A diet in which the calories were the same but largely in the form of
earbohydrate was used for ggbjeeﬁ five in a peried following the high
protein diet. Por this purrose the foods added to the diet of Perdod II

were as follows:

butter ‘ 20 graus
bread ' 60 "
graham cracksr 10 =
10 per cent fruit

or vegetable ico =»
sugar 15 #

This group of foods was estimated to contribute 62 grams of carbohydrate,

18 grams of fat and 7 grams of protein.
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Table 9. Five-~Day Food Houtine

Past-rn&uatiaa
maintenance period

e P . e et b e A A Ay A P S A4 P A A S A ey o1 S A e Ve

Reduction period
January 1942-June 1942 © June 1943-April 19kh

go. | gun. - e

Orange juice 200 ~ e 300 300
Whole orange——— - 100 ——m- —— 100 e 100
Tomato julce E e 200 : : 100 f 100
Tomato seu@~cagaﬁntrsta 70 e e - 30 30
Grapefruit . 100 S, o S — 200
Peaches, canned 100 105 e 200
Pineapple, canned 80 — : e 110 , 110
‘Banana- 100 e 100 . 100
String beans, canned—- 70 - e 70 170
Beets, canned--- 70 - ' 20 s GO
Cabbagee— ’ ~- 100 —=- 100 v : 100
Garrots— e 100 , . 100 —— 100
Lettuce~w—— e 100 - - 100 - 100
Oniong-—- — 10 Rutabaga, raw—————m= 20 o 20
Celery e - 50 o - 110 110
Tomato— b Kt . e 190 ' 190
Peas, canned 70 ~ 160 —- 360
Popatoes, white —— GO0 600 : 600
" Squash, winter®— 100 100 100
Bhole wheat bread————m 250 - 250 e 310
Whole wheat cereal, dry 100 - ‘ 100 -- - 100
Bacon~— 20 - 20 ' 20

Lean meat : 40O : T— LOO ' LOO
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Table 9. Continued

oot
o

o
v

—————

Reduction period

January 1942-June 1942

June 1943-April 194k

“Post-reduction
maintenance period

&ne

&a. gn.

Salmone— 90 90 90
Eggs, whole-- 150 - 150 650
M3 Lo o 24500 3140 ’ 3140
Pear, canned e 100 100

Apple = 230 230

20

Total calorieg—w——w—e1000

Protein - 68
Fat — — 37
Carbohydrate——— 125

Pill pickle 20

Graham cracker-—— . 5

1200 1600
68 100
37 54
150 175

l‘Wkwn available, 100 gm. orange juice were substituted.

2

When available, 80 gm. carrots were substituted.

Calories, protein, fat, and carbohydrate were calculated from food

intakes except in cases where the protein could be estimated from Lhe

determined nitrogen values.

employed for this caleulation,

Phe -usual -

conversion facbor, 6.25, was
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Menus wers planned for five days dlviding the prescribed feoods as
equally as possible and yet providing a maximua of variety in preparation.
The same set of menaa'were used throughout an experiment., Limitations of
the market sometimes required substitutions in the menu but the toteal
caloric content was kept the same. The menus which were used for the 1200-
calorie diet may be found in the sppendix.

The subjects éere raquireé'to eat &1l of their diet and nothing was
permitted ad libitum except black aﬁff@e and plain tea. Small amounts of
lemon juice, vinegar, and such seasonings which would not orovide appreci-
able calories were permitied. Brasakfast and suppee for ﬁﬁﬁégy‘wera weizghed
anﬁ.?aakaé by the attendants so that they could be eaten éaay from the
hospital. The subjects were p&?ﬁiﬁ%&d‘tﬁ leave town during school vanétianﬁ
and not more than one @thér weekend during the experiment. ﬁgggaéticﬁs were
made for the cholce of food while away from the hospital bat no food records
were recuired; the welght records give evidence of the behavior during these
periods. Absence from agg other meal was veserved for special occasions
and was requested rarely. ﬁﬂﬁ&aiﬂﬁai guests were permitted at the diet
table, especially iﬁ‘%&a cagse of visiting narents. By this policy it
was hoped to gain a high degree of cooperation throughout the progress
of the experiments. | | ‘

The subjects were weighed weekly on ﬁhe same day of the week at the
same time of day. The weekly weights may be found in the protocols for

each individuzl in the appendix.
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D. Energy Metabolism

l. General procedure.

The energy metabolism series, consisting of & basal test, a pre-
exercise basé‘-lina test, and an activity test were carried out during
the reduction period only for subjects one and ima‘ For all of the
other ‘aubjwtls the series was perforued during each dietary periad. In
8ll of the tests for the series the open ecircuit method was used.
Periodic basal metabolism tests only, to determine fitness for participa—
t;ian in the study and to check on the progress of the subject, were made
by the closed circuit method.

2, Technigues for basal metabolism.

The naéa}. conditions for basal metabolism were observed (Du Bois,
1936, p. 124). Details of the procedure followed by the subjects of
this study were as follows: a subject in the post-absorptive state
who had had her usual amount of sleep came to the laboratory imeéiataly»
after rising, walking a maximum éiﬁiian¢$ of one mile. At the laboratory
the subject lay comfortably covered on a bed in a room ventilated to the
subject's taste, Conditions were eantral‘led to avoid strong light or
other forces which might disturb the subject. The test was made 30 to
45 Mutsa later, the time depending :m the extent of exercise en route
to the laboratory. , , ‘

?ar- the open circuit method a Tissot spirometer, connected to an
euhuiae air intake was used. The period for collection for the basal
| test was fifteen minutes. Samples of the expired air collected during
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the test periéé?s were analyzed for oxygen and carbon dioxide in a Haldane
apparatus. By 'qmﬁ-iﬁétive comparison of the components of the inspired
and expired gas mixtures the 'ﬁxygm absorption and the respiratory guotient
were determined and from these values ths caloric exchanpe was calculated.
 Methods for these calculations have been described by Peters and Van Slyke
(1932, p. 198-199, 2&%29?); In Table 10 analysis of outdoor air, a gas

of standard proportions at the location of the &x@@mﬁ, are presented,

Table 10. Analyses of Outdoor Air for Oxygen
anéd Carbon Dioxide

volumes per cent

1 | 0.02 20.92
0.02 120,92

2 0.03 20.91
0.02 20.93

Theoretical :
value .03 1 20.93 X2

A sample of the calculation sheet used will be found in the appendix.
A Benedict-Roth portable machine was used for the closed circuit
determinations. Two eight minute tests were made with a brief rest period

between them on each day of the test.
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3. Techniguss for the energy exchange in activity.

'fham 12 to 14 haur pogb-absorptive a-t,aﬁe was not deemed & normal one
for the performance of exerciss. Therefore, the fﬂ@mnt}y ﬁss&l—‘ procedure
of bé&temimiﬁ;gj the cost of activity mmiateiy fellowiﬁg a basal ;f@tabalﬁ.sm
taat was not followed. The p}.&m d@iﬂed uporn was exploratory in nature.

A basal test was made under the ususl standard conditions. Then the pre—
scribed breakfast of Period II, mﬁaﬁsﬁmg of 100 gramaaf orange or grape—
fruit, 12 grams of toast, 20 grams of dry whole wheat cereal and 150 grams
of mﬁ.lk was given, regardless of the éiatary pariad.. The subject was free
to take part inlighﬁ activities for an hour and & quarter. She then
returned :t‘éx* rest in bed for three-fourths of an hour before the second
test. It was believed that the second test would be a reliable base-line
for the calculation of the increased energy expenditure of the exercise
period on the assumption that forces which would influence the m&t&h@.ﬁsm
at the time of the base-line test would be likely to continue through the
short exercise period to follow. |

The exercise consisted of pumping a stationary bicycle in which
ﬁame resistance had been placed for a period of elight to 12 minutes depend-
ing on the apparent fatigue of the subject, bzx% in all cases the same
amount of exercise for the same subje&t wag used during each experimental
perfod. The rate of bicycling was maintained by timing with & controlled
source of march music. |

Due to the limitations of the laboratory equipment, the collection of
the expired gas while the exercise was in progress did not seem posaible.
However, it was believed that the stimulation of the exercise would inorease

the metabolism for some time following, and therefore the gas collection



was made in the period following the exerciss. | The article of Dill et al.
(1933) discussed in the review of literature unfortunately had not come

to the attention of the experimenter before most of the work was completed,
therefore adequate allowance for the complications of oxygen debt were
not made in the plan of the experiment. During the work on the first four
subjects there was no marked hyperventilation at the termination of the
exercise, However, in the later subjects this was encountered and the
collection period was delayed or pplit in an atbempt to get & collection
period free of pbyperventilation.

E. Nitrogen and Calcium Determinations

Kitrogen and caleium intake, excretion and mt.azmién during the
different dietary periods were studied by the balance technique. The fre-
quency and timing of the balance periods is recorded on the weight charts
and in the protocols which may be found in the appendix.

Seven-day sampling periods as recommended by Cox et al. (1942) were
aalectaﬁ}i‘er eagh of the dietary periods. The foods ‘a‘nd iiquida were
sampled by the customary procedure of securing an aliquot as the food was
a&w@ﬂ‘ These .&}.i‘e:gumt# were pmsmw and pooled for the 7-day period.
Feces, marked by carmine, were pooled for the same period. Alicuots of
urine for the 7 days were also preserved. All of the samples were digested
with HCL, aiovad; and made up to & convenient volume for analysis at a later
date according to the method of Stearns (1929). HNitrogen was determined by
the macro-Kjeldahl method. A webt ash was made for calcium determinations
using the method of Stearns (1929). A modifiecation of the McCrudden method
as described by Stearns (1929) was used for calcium determination. Recoveries
of known amounts of ﬁiimgen are reported in Table 11, those of calecium in
Table 12.
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Table 1l. Recovery of Hitrogen from Standard Solutions

Materisl Date

ﬁitragen

an
sanple

Eitﬁegan

regovered

Per cent of
nitrogen
recovered

mg.
30.20
30.20
30.20

95.9
97.7
97.9

Average

97.1

(18, )50, 5/13/ ks

30.20
30.20
30.20
30.20

15.10
15.10
15.10
15.10

97.0
96.2
97.3
99.9

97.0
95.8
97.2
96.0-

Average

97.1

Creatinin 5/12/4L3

19.73
19.73
19.73
19.73

96- 5
95.8
96.4
98.2

Average

96.7
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Table 12. Hecovery of Caleium from Standard Calcium
Acetate Scolution and frem an Unknown

oty S Ry 2P e At 7 T et 0 S

| ‘Calefum in Calcium Added Added
Date _ aliquot of added - calelum caleium
‘ . digest o | recovered recovered

Bg. ng. BE. per cent
5/11!&-3 r— O 565 ) O 556‘ 98&2

6/ 9/bk 0.703 0.226 0.223 98.6
; . 0.703 0.226 0.228 . 100.6
83.703 0,226 0.227 100.4

Average 99.3




F. Urinary Ketones

Urinary ketones were &eterﬁin&ﬁ by Van Slyke's gravimetric method
with Deniges' reagent (Psters and Van Slyke, 1932, p. 626-629). For the
' later subjscts blank dstaiminatiaﬁs were made on the urine sample after
the ketones had been §artially oxidized and volatilizmed, a procedure

recommended for samples with small amounts of ketones (Van Slyke, 1917).



IV. HESULTS AND DISCUSSION

A. TWeight Reduction

Graphs drawn from weekly weight records are presented for each of
the eight subjects in Figures 1 to 8. The dotted portions in the curves
indicate periods for which there were no welghed food records. The times
at which various tests were made during the course of the experiments have
been recorded on the charts to facilitate identification throughout the
discussion., Detailed records of the weekly weighings may be found in
the protocels in the appendix.

Period I, the period af‘aelfwaalwated diet, as may be seen, was
characterized by weight maintenance or insignificant losses in all of the
subjects except number five. At the point of each curve where the reduc—
tion diet began the curve drops ah&rply.f/bnring the course of reduction
the slopes of the curves decrease in var;iﬁg amounts, and in the case
ef~aabjeﬁt eight, weight losses ceased after lz[weeks on the reduction
routine. In all cases the regularity of the slopes of the curves are
unusual for curves of weight t&daﬂtian by dietary restriction. The
regularity of weight loss is believed due to the constancy of the con-
stituents of the riv§~éay diet and thus the commonly encountered changes
in water balance apparently were avolded. As a result tha‘aurvas
probably ?epres&nt lasags‘sf body tissue more satisfactorily than those
usually obtained. Welght losses &ravsammarisgé.in Table 13.

The individual losses were fairly uniform with the exception of



PFigure 1. Weight Graph for Subject One



in Pounds

WEIGHT

180 T
Subject | !
17k ~— ubjec o . /
£ £ Y /
£ h
170 2 3 ] /
° * " !
0 > /
eS|~ 3 Y £ /
o 0
I = = /
. ) o
teo |- 0 0 /
T 0 /
0 “',' l
155 |- 5 £ /
1 Y g
150} E /
v v $
0 c [
£ Wy &
145 |
> 0 / s
g /
140} 9 c /
+ .
v £ B
£ 20 0
135 |- = - c -
o o)
Poof g
v E
130} T v -
u I> I Balance
125 - S elf- Vacation Self-selected
-+ s e\ ected »1*nofood #1= Reduction diet >1o—diet no—=
diet record food record
120
s L1 L I Y W N NN NN N N NN HR N NN N N N S B S
17 262 9 16233010 \7 2431 7 1421287 14 2128 4 11 1825 2 9 16 23 30 ot
Nov. Dec. Jan. Feb. Mar Apr. May Apr:
194 | 1942 1044



Figure 2. Welght Graph for Subject Two
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Figure 3. Weight Graph for Subject Three
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Figure L. Welght Graph for Subject Four
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Flgure 5. TWeight Graph for Subject Five
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Figure 6. Welght Oraph for 3ubjmt Six
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Figure 7. Weight Graph for Subjeet Seven
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Figure 8. veight Graph for Subject Eight
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subjects two and eight. They were the smallest girls and also the ones
wvhose juvenile figures suggested that growbh still was taking place. The
average weeskly weight loss of subject three also appeared to be small but

was complicated by a weight goin during the Christmas vacation and another

Table 13. Weight Losses during Reduction

Subject reduction weight weight loss
period loss per week
weeks pounds pounds

1 20,0 36 1.8
2 18.0 19 1.1
3 18.0 23 : 1.2
5 12.5 25 2.

6 12.0 21 1.7
7 4.5 27 1.9
8 11,0 13 1.1

near thﬁ end of Period II which was not explained although it was sus-
pected that some additional food haﬁkhaén obtained. If these periods
which were not characteristic of the ?aéaggiﬁﬁ routine are omitted in
calculation of the mean, the average weekly loss of subject three is
1.8 pounds, a value withiﬁ the range for the other subjects.

aning Period III welght was maintained in some of the aubjects
but not in~all and a longer period would appear o have been desirable.
Losses took place in subjecits five and six coincident to mild diarrhea.
These weight losses probably could be atﬁribu%ed to water rather than fat
loss, Tha‘sasané\ugighz loss in subject five occurred during a state of
unusual mental atiain at the time of final examinations, HNo explanation

can be suggesatsd for the weighﬁ-irragulariﬁy'af subject seven. It is
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svident that a longer time for Period III would have established whether
or not these weight losses reflected the caloric intake used or were due
to temporary changes in water balance, However, by the time the routine
tests had been completed in Period I1I, some subjects were finding the
five~day repetition of the dist monotonous and the motivation for weight
loss was gone. Extension of Period III, although desirable, was not

feasible in most eases,

B. Inergy Exchange

The basal energy exchange of thafaahjagté of the study was compared
to a standsrd for Iowa State College women {Pit%man.g&gg;,, 1943) in order
to establish the normaley of the experimental group (Table 14). Both
actual and ideal weight were ﬁs&d in estimating surface area (Strang and
Evans, 1928). The values reported in Table 14 are the mean for all of
the basal determinations made by both thefagan_and elosed circuit
methods . during any given garied of study uhless the test appeared to be
invalid before caleculation (Young, 1940).

The results show that before reduction the basal metabolic ratse,
caleulated by either method of computing surface area, was within twelve
per Qant of norsal for each subject of this study.

During Perieds II and III values below the Iowa State Goilsge “norms"
ware found frequently in subjects three, six and seven,

When ideal weight was used in the calculation of surface area the
basal metabolic rate appeared higher during obesiiy than when figured by
the conventional method. However, ths results of this study never were

alevated more than 10 per cent above normal as was reported by Strang et
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al. (1928), but the lesser degrse of obesity seen in this study may
exzaiain m;e difference.

It was believed that the relation of basal metabolism to weight
reduction could be more accurately evaluated by comparison of the 24~hour

Table 14. Basal Hetabolic Rate of Seven Subjects
during Bach Period of Study

| Period III
Sub~ Actual Ideal No. of Actual Ideal No. of Actual Ideal MNo. of

ject weight weight deter~ weight weight deter-~ weight weight deter~
ming~ :

\ mina- mina-
tions tions . %ions
1 -9 ~h 1 -9 -7 1
3 -4 6 3 -13 -9 2 -21 ~19 1l
L =9 4 2 1 3 7 6 2 2
5 -3 & b4 -G -7 ) 4 - -6 2
6 -5 b kL -3L -28 1 ~15 -13 1
7 ~12 ~ly 3 ~19 -13 2 -15 ~12 1
8 - -1 3 — ——— — i

-0 -9

li"im basal metabolic rate was ecalculated as a percentage deviation from the
Pittman standard (1943) with surface area estimated on the basis of (1)
actusl weight and (2) ideal weight. No basal metabolism tests were done
on subject 2.

énergy exchange of the same subject, during periods of reduction and weight

maintenance, than by the comparison of the subject with a standard for

normal subjects, involving an arblirary estimation of surface area as report-
ed in Table 1i.

Therefore the mean i;asal metabolism d&ring each dietary period, |
expressed as calories per 24 hours,is .pr'eéemeé in Table 15. The means
for the periods include only those aaﬁjec‘bs for whom there were tests
for esach period. During weight reduction, the mean 24 hour metabolism
for the period decresased from the prs-rmf:tim values. Except for sub—



Table 15. Mean Basal Calories, Pulse, Respiration and Oral
Temperature before, during and after Weight Reduction

——— s = e : —
Period Sub ject Calories Pulse Respiration Tanpsrature
X X 1471 T 1z 98.4L
3 1379 - 60 15 97.1
& 1358 62 13 97.7
5 1481 6i, 8 97.8
6 1498 68 19 97.3
7 1387 60 12 97.5
8 1270 &8 iL 97.6
Average¥ 1421 6l 13
iI 1 1262 65 12 976
3 1176 58 14 98.0
4 1363 57 11 97.5
5 1260 56 8 97.6
6 996 €0 17 97.2
7 123k 52 9 e
Average® 1175 56 14
11X 3 1039 59 13 B
b 1289 55 10 97.2
5 1274 54 i2 97.3
é 1217 : 52 17 97.0
7 1262 33 11 e
8 1178 60 17 7.3
Averageh 1216 5h 13

*sverages of values for subjects 3, 4, 5, 6, and 7.
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Ject four whose basal metabolism was unchanged, each subject had a lower
basal metabolism after some weight losses had taken place and the
depression continued into Period III.

It may be noted from iLhe weight charts thai the energy determinations
during Bs:i&ﬁ I1 were made many weeks after weight reduction had begun,

a pfaeadars employed in order to obtain the effect of & fairly prolonged
reduction period. &n even greataf depression of basal snergy expenditure
at the bagi.m‘zing of welght reduction might have been expected from the
results of Strang and Evans-{1928) although the rate of weight losses
recorded would not support such an hypothesis. _

The mean basal metabolism for Period III and the mean for each
individual subject during this peried remained depressed except for
subject six whose metabollsm showed high variabllity from test to test.
The failure of the bassl ma%&bol&aa to rise during Fariod,III is sur-
prising in view of the large increase in protein of the diet. Likewise,
in the subject for whom determinations were made only in Perieds I and
IIt, the mﬁtsbaliaﬁxin ?eiiad III was lower than that in Period I.
Evidence of decressed metabolism following

periods of weight reduction
was suggested by the report of Harrington {1930) whose subject maintained
her welght on a relatively low caloric intake following prolonged weight
reduction. : ‘

| It is imérgsting to note (Table 15) that the basal pulse rate also
was decreased during weight reduction,which seems to confirm the work of
8hort and Johnson (1936) although in their subjects the change was a

| reduction te normal from a previously elevated rate, while in this study

the rate appears to be deprsssed irom normal to below. The mean basal
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pulse rate for 1lli Iows State College women a&s calculated from the data
of Young {1940) was &7, a value similar to that of Period I of this study
and greater than Perlods II and IIl. -

‘The mean respiration rate for @aﬁhvof the three periods, 13—14 per
minﬂte, was Galy slightly less than 15, the mean for the 114 Iowa State
College women, calculated fram zbang {1940),

The oral temperatures alsc reported in Table 15 appesr to be
essentially normal when compared to those of the larger étudy repﬁrbedv
above in which the mean oral tamparaﬁéra was 97.7 degrees Fahrenheit with
a atandard.daviatiﬂn of 0.3. _

In ;he'astimatiaa of the eaeggy requirements for activity the impor-
~ tance of a base line has been discussed. The energy exchange aséﬁr basal
conditions and that found for the ze#%iﬂgrsﬁ@&gjtﬁe hours after thé pre-
seribed breakfast are nresented for comparison in Table 16, Iﬁ génaral,
there was an increase in the metabolic rate, oxygen consumption and respir-
atory quotient in the metabolisa édtaiminad two hours after breakfast. |

?he.dirférenea in the ealoric axg&adituéea, which appear %o be fairly
uniform for the three periods, may be summarised as follows:

1 test was more than 10 per cent below basal

13 tests were within L - 4 "

4 tests -were 11 to 20 per cent above basal
3 tests were 21 to 35 n » "

1l test was more than 35 LI " "

One can only ape@qlata upon the cause of the inaféasa-or decrease of
the base line éeterminatians.a§e§ the b&éa; ones. Since the food ingested
and the timing always was the sane,a more uniform, specific dynamic effect
would be expected although reports in the litﬁratnre suggest considerable
intra-individual variation. Activity during the two and one-half hours
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between tests consisted in going to é&arah, reading, writing and s mexi-
mum walk of one-half mile, always followed by one-half hour of bed rest
before testing. The increases noted could be atiributed to stimulation
from these factors or to increase or decrease of muscle tone or glandular
activity. | 1 |

Changes in the respiratory quotient appear to be more related telthe
dietary treatment since tﬁé respiratory quoltient increases in every case
during Periods 1 and III, while decreases were found in half of the deter-
minations for Period II although ahﬁy‘waré minimal in amount.

‘Since the b&a&l»mﬁt&balie rate has been assumed by others to
continue unchanged for short periods, the resting metabolism as determined
here, preceding exercise, should be acceptable as a base 11#& for evaluat-
ing the exercise: which followed immediately and was so used.

Table 17 expresses the cost of activity in terms of the increases in
the rate of oxygen consumption over that of the base line. Oxygen con~
sumption rather than calories expended was chosen because it appeared to
be less complicated by factors such as the carbon dioxide output. Even
80, uncontrolled factors, other than the base line requirement, may con-
tribute to the oxygen intake following exercise (Dill et al., 1933) and |
the post exercise stimulus to metabolism which it was desired to measure,
probably was complicated by the presence of some oxygen debt. However,
since the exercise was kept conﬁt&mﬁ for the same subject, and since the
experimental days were too far spart to provide training, both of which
might hais affected oxygen consumption, it was thought that the experi-
mental situation was sufficlently uniform for each subject during the

different dietary periocds, that comparison of the periods on the basis
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Increase in Oxygen Consumption During the Recovery
Period Following Exercise

Period - Oxygen o] RQ Time of air
and Date consumption following basal collection after
subject inerease over exearcise exercise ceased
base line
 ec./min, min.
I 6  2/28 88 1.21 0.82 1- 8
3 19/18 82 0.92 0.75 1-11
6 3/28 78 0:94 0.81 1-11
8 10/31 &5 1.09 0.80 - 6
5 3/21 43 1.09 0.85 2-12
& 1/ 1. 11 0.85% - 1-13
7 1wW/10 3 1.25 0.83 1-14
1T 4 12/1 L5 0.80 0.83 1-13
' 7 12/ 4 43 0.84 0.77 é~17
L 12/ 6 40 0.80 0.76 1-16
3 3/20 37 0.91 0.91 1-11
6 &6/ 2 - 34 0.99 0.82 1-11
5 6/20 32 0.83 0.80 L~16
1IIx 3 L/ 5 99 0.98 0.83 1-13
8 2/ 5 68 1.11 0.76 - 6
5 7/18 52 1.06 0.83 3-15
5 8/15 L6 1.14 0.83 2-12
6  7/1 39 0.97 0.78 1-13
7 3/ 4 5 0.95 0.81 1-32
Subjects for whom results were obtsined only during Period IX
I 1 5/31 61 0.94 0.84 1-13
2 5/1h 26 0.97 —— 1-16




of oxygen conswaption was valié, It will therefore be conaidered that
the oxygen consumption during éetivity was the total result of ﬁhe same
stimulation in each pericd and the differences found with the changes in
diet were due to physiolagicél conditions. Evidence for the wvalidity of
the assumption mgﬁ ?s seen in the uniformity of the oxygen iaurﬁasea of
a singie subjeet during the same distary perioed on different days, as
subject six in Period I, three and four in Period II, and five in Period
III.

It was expected that at the tarminatiaa of exercise the oxygen
consumption would decrease sharply and then gradually approach the baae
line; the rate of decrease teking place more slowly with increases in
intensity and duration of exercise and with decrease in efficiency of
the subject. The respiratery'quatiant, at two to three minutes after
the termination of exercise, was expected to rise to & peak as high as
2.0 followed by an irregular downward course most of which would lie
within a range between 1.0 and the pre-exercise base line.

Since &uriﬂg the period staﬁieﬁ both the oxygen consunmption and the
respiratory quotient may be expected to decrease with extension of time after
the termination of exerclse, lower values were exgeéteﬁ in samples taken
at longer times from the terminatlon of the exercise.

Inspection of Table l? shows that the changes in oxygen comsumption
of the individuals from one dietary period to another were not uniform
although it may be seen that the results in Perlods I and III were
similgr for four of the sixiaubjeﬁtsm There were no marked changes in
the results during the three dietary periods in subject five, and none
in the two periods, I and III, for which there is data for subject eight.
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losses can be disregarded the recorded intakes shwlé be valid indications
of the previous food aanamﬁ;;tion of these subjects, unless either %ar both
of the factors mentioned above have complicated the experiment. There
should be no possibility thatr oxidation of body fat was taking place but

Table 18. Caloric Intakesof Subjects during Pericd I

Subject ﬂa&n Days of ’ﬁ‘h, ah&ngn Cial /kg. cal./kg.
calories  Period I in Period I {aatual wt.) (ideal wt.)
gzmzmis

1 1227 3  -1.0 153 20.5
2 S I=38 18 . 0.0 19.3 21.8
3 1736 - 2k 0.0 2h.4 3.1
L 1834 19 : -0.8 - by 32.2

5 1789 30 =40 25 G 30.2
g 1 17 0.0 33;14 27.9

26 0.0 29.0 32.7

was not measured as weight loss be&amé of water ratmtian, gince the
pericds of study in general were la#gar than 18 days (ﬁa‘wburgﬁ, 1942} .
Examination of the weight curves of thesec subjects confirms this conclu-
sion since the ‘dwmas:asin weight at the beginning sa’*tf Period II, although
grz@ater- than later in the treatment, are no greater than would be expected
from the diet offered (Table 5, p. 24 and Table 7, p. 47). Subject eeven
is the only one whose weight losses during the first days of Perlod 11
agggust water retention in the pre~reduction period.

That the caloric intakes of ‘ali of these subjects were low ézay be seen
by comparison with normal girls of eﬁllgge age. From the review of the
literasture it was concluded £hat 40 calories per kilogram of body weight
was average for weight maintenance for this age g&a&g. Comparison of the
subjects of this study, even on the basis of ideal weight shows that thep



- 90 -

were eating far less than the average. The possibility that by long-
continued restriction of calories insufficlent in amount to cause marked

, iawmg loss, the energy requirements of these subjects had been depressed
prior to the experiment, is suggested by the findings of Coons and mwww%&.t
busch (1931). ‘

If the depression in metsbolism reported above can be w.mmﬁmaa to @a
progressive it would explain the gradual flattening seen in all of the
weight curves. The deecrease in rste of welght loss began between 9 and
14 weeks after t he beginning of the reduction diet except for subject
wwmw& in which the ,aw»mww loss began to decrease after § weeks. The
diets chosen appeared to be mwwmwwwaw@uﬁ for the desired rete of weight
. wa«w except in the case of subject eight. In subjects .9_3 and &,&uﬂ s more
u.wmu.»&. u..&sawwem might have been desirable from the subject's point of 3&!%
however, considering the indications of E%wanﬁwm shown by their body
contours, a conservative regimen of weight reduction appeared to be indi-
cated. The diet m% subject two had not been reduced far below her record
for Period I but the diet of subject eight had been reduced by 600
calories, furthermore, the accuracy of the ealculation of the diet of the
latter for Period I had been cheeked by a period on & diet of similar
caloric content but composed of simpler foodstuffs. This case has been
difficult to explain on a basis of the laws of conservation of energy.

In view of the above, the case of subject eight might be reviewed
briefly. For six weeks weight reduction took place at ﬁww same u.ﬂ.r.w as
that for the other subjects., At this time the subject left for the
Christmas vecation. Small weight losses lmmediately after the subject's
return were explained on the basis of readjustment to the five-day diet.
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However, the weight losses could not be induced again in spiie of decreases
in the diet. The basal metabolism record was decreased from that of
Period I and the test in February was 100 calories below the calorie
intake while the results in April and May were 100 ealories above the

- intake, and appeared to be normal in comparison to the Iowa standard.
An-inaraase of 40O calories was made in the diet without change in weight
during two weeks,

Finally, with the permission of the college physieian, 1 grain of
thyroid was given daily. Welight losses of a pound & week took place
until the experiment had to be terminated, two weeks later, |

'The effect of the increased diet in Period III is not very well
deponstrated by the short period éf sﬁaﬁy ahiah was possible, ?have’wera
no weight gains observed, a rather surprising fact in view of the smsll
weight losses taking place in some subjects previous to the dietary addi-
tiana.aﬁé therfgilaré of the basal mstabolism to rise again to the pre-

reduction values.

C. HRitrogen and Calcium Exchange

The effect of weight reduction on nitrogen and calcium metabolism
may be seen in the intakes, excretions and retentions of these substances
during the three e nental periods of this study. |

The values for nitrogen exchange for the individual subjects are pre-

sented in Table 19. The means of the nitrogen intakes for Periods I, II and
III were 12.71, 10.78 and 15.97 grams per day, respectively. HMean values
were caleulated from all of the determinstions except 5b and 8 of Period III
in mhiaﬁ the diets were essentlally different from the atksrs of that
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Table 19. continued
Period IX1. Controlled Maintenance Diets Following Reduction

o e Subjects |
3 b om0 e 6 1 8
| gn./dey gn/day gu./day gu./day gu./dey gn./day gm./dey gn./day
Food 13.20 1213 13.3%  13.82 © 8.03  13.82 1249 .99
Urine 2 4,57 15,29 L3k 1345 10.63 .6k 1591 8,26
Menstrual discharge P - 009

Total ocutput 15.84 15.91 15.41 14.52 11.83 15,48 16.72 . 8.91

Retention 0.06  -0.9%  0.98  2.33  -0.89  L37  -L26 L3

*{:6"‘

¥Estimated.
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period. As may be seen, the iniakas in Periods I and III were more than
12 grams, the allowance recommended by the | Food and Hutrition Board of
the National Research Council; the intske in Period II was somewhat lower.
However, the latter was well above & grams, the amount found by McKay

et al, (1942) to provide nitrogen eguilidbrium in a majority of the college
age women studied by them. 7 “

The caleium intakes and outputs may be found in Table 20. The means
of the intakea for Periocds I, II and III were 1.397,; 1.121 and 1,217 grams
per day, respectively. The mean of Period I was skewed hy'sabﬁwt six who
“drank an unusual quantity of milk., The mean intake for the other subjéats
during this period was 1.274 grams per day. The mean calcium intake for
each of the pericds was greater than the daily allowance of 1.0 grams,

' “mcm@mdad by the National Research Gﬁmcil; and endorsed by the authors
of the McKay study. | |
The figures of the most ilmportance in the interpretation of the
results of this study are the i&tantiam of nitrogen and calcium. These
might be mhmtéd by a comparison of the records of t.hs‘ individuals of
of the group during the different dietary treatments. However, since the
intakes of t}hia study have not been the same for each dietary period, the
results have been compared to those of HeEay et al. (1942) in which diets
of similar nitrogen and calcium intake were used (Table 21). The McKay
study included 110 subjects ealing self-selscted diets and nine subjects
consuming cant;nlleti diets at different levels of milk intake. The con~
stituentg of the contrclled éia‘ha of the MeKay study and this study were
the same except for calories and total number of servings of fruits and

vegetables.



Table 20, Calcium Retentions
Period I. Self-selected Maintenangs Diets Before Reduction

Tt et S e S O e e A et St e et

T Subjects
5 6 7 8

| | gn./day gu./day gm./dey gu./day

Food ’ 0.39h  0.347  0.462  0.422

Liquids | 0.83  1.i83 0.831  0.813
Feces j ' 0.735 1.655 1.030  0.849

Total intake © 1.230  1.830  1.293  1.235
Total output ' 0942 1781 1231 1.060

Retention | 0.288 0.049  0.062  0.175

Period II. Low-caloric Diets During Weight Reduction

e e e O e e e e T NS

1 22 0B 3 b 5 6 1 8

gn./day gm./day gn./day gm./day gu./dsy gn./day gm./day gm./day gm./day
Food 0,320  0.330  0,33% 0.368 0,305 0.398  0.398  0.306  0.306
Licuids 0.59L  0.63,  0.623 0.873 0,782 0.825 0.778 0.775 0.7
Urine 0.119 0,135 0,100 O.145 0,200 ©.176  0.229 0,202 0.181
Feces Q. 7‘&7 0. héh 0. 67@ 0. 935 0. 869 Oe thv 1. G% Gu 837 ) 6’_ 832

Total intake 0,923 0,964 0.957 1,241 1.087 1.223 1.176 1.081 1.077
Total output 0.866 - 0,599  0.770 1.080 1,069 1,070 1,263  1.089 1.013

Retention 0,057 0,365  0.187 0.161 0.018 0.153 -0.087 ~0.008 0. 064,




Table 20. continued

Period II1. Controlled Haintenanse Dietz Following Etedwsﬁian

o _ ﬁ&bmﬁ:_ « B
3 kA sc 6 7 8

gn./day gn./day gm./day gm./day gm./day gn./day  gm./day

Pood 0,570  Ou324  O47L  0.330  0.429  0.426  0.256
Liquids 0755 GJ727 0137 0726 0.835 0912 0.770
Urine 0.249  0.280  0.327  0.277  0.175  0.30hk  0.29%

Total intake 1,225 1.051 1,208 1.054 1,264 1339 1,026
Total Qﬁ%mﬁ 1. 365 X 131 l»}s’?ﬁ 1.201 3,1 24 1.3&5 . ?53

Retention ~0.140  -0,080 0,033 ~0.147 0,050  ~0.006 0.268
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acidosis was confirmed by the determination of ketones in the urine which
always was less than 100 milligrams per 24 hours, a figure well within
the normal range (Shaffer, 1922),

S8everal possible explanations for the comparatively lower nitrogen
ret@nti@ns of Period 11 can be made. The most obvious is the competition
for calories, It is possible that some protein in preference to body fat
was used for energy because of greater ease of mobility. From the litera- |
ture it was seen that niﬁregea losses during reduction freguently were
decreased to an insignificant level after a few w&ek;# but in some cases
per»sistgd intermittently and in other cases regularly with nitrogen
intakes of 1L gm. per day. The importance of the carbohydrate content of
the diet, especially, was emphasized by Jansen (1917} but in this study,
the sarbohydrate intake was relatively liberal. '

An explanation which may be offered involves the results of the study
of the phosphorus intake and output for the same subjects which were
reported by Herman (l%&},a Marked increases of excretion of phosphorus
in the feces were found daéing Periods II and 11I. S8ince phasphdms wes
not being absorbed it may be 'pe-saihla that nitrogen was not being retain-
ed for lack of phosphorus with which it freguently is associated in the
body.

The retentions of f’éria& 11l were most unexpected. Both in the
. amount retained and in the number of subjects retaining, the results of
Period IIT were far less satisfactory with respect to both nitrogen and
calcium than those of the McKay study at similar intakes of these nuirients.
The major changes in the diet from Period II to Period III were the addi-

tion of meat and eggs, increasing the nitrogen per day from ll to 16 grama,
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aﬁd the addition of one serving of fruit or v@getéble. It is difficult
to explain poorer retention of nitrogen since, in young women of normal
weight, the balances of this nutrient were highly correlated with intake.
| There also had been no real reason to expect a difference in the
use of calcium in Period IIXI. However, the mean retention of Period II
changed to & loss in Period III and the namﬁﬁr‘ﬁf subjects retaining
decreased from 100 to 40 per cent. - '

In an effort to explain the findings of Period IIT the form of
excretion was studied. Table 22 presents the means of the &@térmimatiams
for aitragen‘ané calcivm of the rﬁéea and urine during Periods II and III
for subjects three, four, six and aeven, for whom the intakes of nitrogon
and calcius were comparable for both periods.

A  As may be aaen, the increased nitrsgen aﬁ the éiat was excreted
| almost qguantatively in the urine, the nean ingraase in intake being 5.13
grams and that in th@ urinary outpub, 4.88 grams.

The explanation concerning the phosphorus relationship, offered
ébove, would appear to be the chief explanation for the even poorer
nitrogen retentionz of Period III ahiah‘aagampaniad poorer ratauéimn of
phmaﬁhorag,ain@u the use of nitrogen for calories did not seem to be a
faetor here, as subjects five, six and seven ware‘lﬁﬁing ﬁeight but three
and four wméa not. | ’ ’
| The inaémaa#u in calcium excretion &ay be seen (Tabls 22) to be
divided between the urine and faces.‘ The increase in the feces was small
and might be attributed to the bulk in the diet which Herman (1944)
caleulated and found to have increased from Period II to Period III. In
four out of the five suﬁjéﬁta whose intake to excretion relationships
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lipedema. The failure to remove this condition suggests that it ias not
an uncomplicated fat acceunulation.

The subjects were in excellent health throughout the experiments.
Subject two had one 'nWerev unper respiratory infection, and subject four
had a mild one. Other than that there were no illnesses during the five
or seven months of treatment. |

Henstruation was iﬁtsrrﬁpted for a period of two months at the end
of the emy’i@mﬁ in subjects four, six and subject eight. No direct expla~
aa%iaa for this ecan be gi?aﬁ except that from both the energy aé& ‘balance |
studies it would appear that the Iiweriag of the basal metabolism aigh*h
have been & factor, at 1%3% in sub} ‘act eight.

The testh of the subjects did not seem to be affected during the
experiment except for the éaveiapmant of one éavi‘&y in subject eight,
However, this subject had been in gwsitiva galeium balance at each time
studied. | |

Skin eruptions clesared in the two subjects in which they had been
present at the beginning of the expsriment. The probable improvement in
the nutritive value of the diet from the ones previously ingested was
believed to be a factor in the lmproved condition of the skin.

The dletary habits of the ;ﬂhjé@ts previous to the experimnt had not
been thoroughly in%eaﬁigat«& » however, comments on learning to like foods
during the course of the experiment gave some indication of the past
habits, Subject three had not drunk milk since childhood but it became
one of her favorite foods. The number of foods included in the diet
was not as extensive as it would have been if education of the subject's
appetite had been the primary objective of the experiment. However,



almost every subject encountered certain foods which were not favorites
but nevertheless had to be eaten, and in almost all cases it was done
pleasantly. | |

The long time resulis of treatmeni were investigated by a brief
questionnaire sent to each subject from 9 to 24 months after the end of
the experimﬁnta' The present waight,as re@artad;hag been presented as
the last point on the weight graphs. Three of the seven subjaets’had
gained weight bét only one to her earlier weight level. Of the three
whose welght had not changed, two admitted having to omit desserts from
their diets but the restriction was not annoying to them. The third was
subject five who was the only subject to have marked weight loss during
Periods I and 11T and it is possible that her energy requirements were .
higher than the others. Table 23 summarizes the information obbtained from

Table 23. Caloric Intskes and Weight Changes since
. Leaving the Experiment

e e

:3ubje§t “Calories Welght change Time since leaving

; } experiment
pounds ' nonths
1 1900 + 45 24
2 2400 0 2k
3 1500 + 9 15
b 14500 o 15
: 1500 - 0 10

2700 + 13 9

the questionnaire. 7
Farther details from the reports which the subjects have made subse-
quent to ending the experiment will be found in the protocols in the

appendix.
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study. Two possible explanations for the decrsased nitrogen retentions
during weight reduction mey be (1) competition for calories and (2)
failure of absorption of sufficient phosphorus to combine with the
nitrogen. The latter explanation is the only one which would account
for the increased losses of nutrients in the third period when weight
changes were minimlg , ’

It also is possible to explain the increased urinary ealeium during
the period of inereased diet following reduction as due to a lack of
phosphorus for the formation of caleium-phosphorus compounds. The
increased caleium of the feces might be at&r&b&t@ﬂ to decreased gbsarptian
resulting from the relatively high bulk which wes estimated to be present
in the diet. The increased losses of caleium in both the urine and the
stool resulted in negative retentions in the post-reduction maintenance
period. |

From the clinical point of view, the results of reduction were
satisfactory; excess fat pads were sliminated and the subjects wem well
both during and following the reduction routine.

 Half of the subjects who have been followed for a year or more after
reduction have maintained their weight at the reduced level; one subject
regained her former weight and two subjects soon after leaving the dietary
%;ahle; gained § and 13 pounds, respectively, but were maintaining the
increased weight withowt further gains.
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Vi. CONCLUSIONS

1, Weight reduction of obese women of college age to average weight
~ for height can be accomplished at the rate of 1.1 to 2.0 pounds per
week by the use of controlled diets caleculated to provide 1000 to
1200 calories and liberal amounts of all of the other known
essential nutrients. ,

2. During reduction the general health of the subject may appear to be
exceptionally good but the basal metabolism may be expected to be
depressed below the average for women of this age.

3. The nitrogen retentions may not be expected to be as great as they
are in non-reducing subjects eating essentially the same diet except
for calories and the number of servings of fruits and vegetables,
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IX. AFPENDIX

A+ Protocols

For each subject a calendar of the individual experiusnt, a
weekly record of weights, and & brief history of the subject is

presented,



Subject #1

Date

1/17/61 - 12/15/42
zf/tzéfﬁ eV Fe
11/17/61 - 1/16/42

1/11/42 - 5/30/42
1/23

/;
1/27
36
3/i8
b/15 |
&/28 - k4
5/31
5/30/40 - - =
Date
11/17/81
11/25
12/ 2
12/ 9
12/16
1/10/k2
1/17
1/24
1/31
2/ 7
2/4,
2/21
2/28
3/ 7

- 17 -

CALEEDAR OF THE EXPERIMENT

Notes

Self-selected diet

Vacation, no food record

Baergy metabolism series

Thyroid medication by doctor's prescription

Reduction diet
Hemoglobin
Vitamin C

- Hemoglobin

Hemoglobin ‘
Hemoglobin & vitamin C
Nitrogen and caleium balance
Energy metabolism series

Self-gelected diet, no food record

Weekly Weight Record

155 3/4

Pounds Date Pouads
177 3/1h/42 153 1/2
175 3/21 152
176 3/28 150
174 IV 149
176 L1 1k6
17 /18 145
17 L/25 i)
168 5/ 2 12 1/2
166 1/2 5/ 9 151
164 1/2 5/16 140
163 5/23 139
160 5/30 138
157 1/2

b/ 1/hd 185
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CALENDAR OF THE EXPERIMENT

Subject #2
Date Yotes
12/ 1/41 - 12/18/42 Self-selected diet
12/19 -~ 1/10 Vacation, no food record

1/ u/az 5/3.8/#2 Reduction diet
2/17 2/23 Nitrogen and calcium balance

3/ 6 Hemoglobin

3/20 Hemoglobin & vitamin ¢

L/15 Hemoglobin

k28 - &/ & Nitrogen and caleium balance

5/14 , - Energy metabolism series

5/19/42 ~ 5/31/k2  Increased diet |
6/ 1/h2 - ~ = Self-selected diet, no food record

Weekly Weight Record

Date Pounds Date " Pounds
12/ 1/41 TN ] 3/22/42 127
12/ 8 41 3/29 126
12/15 BR T A Y L/ 5 125 1/2

T 12/18 141 n/12 124 1/2

1/10/k2 - 139 /4 4/19 123

1/18 138 L/26 122

1/25 135 1/2 5/ 3 120

2/ 1 134 1/2 5/10 119 1/2
2/ 8 134 1/k 5/17 120
2/15 132 1/2 5/24, 119 3/4
2/22 130 5/31 120

3/ 1 129

3/ 8 128 1/2 L/ 1/44 123

3/15 127
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CALENDAR OF THE EXPH

Subject g 3
Date " HNotes

9/28/L2 - 10/21/42 Self-selected diet
0/ 1 ' Basal metabolism

10/ 9 | Hemoglobin
/9 Basal metabolism
10/18 : Energy metabolism series

lo0/22/42 - 12/ 8/k2 Reduction diet
11/28 | | Energy metabolism series
12/ 9 - 1/ 3/k3 Vacation, no food record

1/26/43 - 2/ 1 Hitrogen and ealeium balance
/4 - 3/ Reduction diet

2/23 Hemoglobin & vitamin C

3/20 Energy metabolism series
3/22/43 - 4/ 3/43 Increased diet

3/26 - &/ 1 Hitrogen and calcium balance
& & . Energy metabolism series

L/ /43 Self~selected diet, no food record

Weekly Weight Record

Dats Pounds . Date Pounds
9/28/k2 156 2/ 3/k3 137
10/21 156 2/10 135
10/28 153 2/17 133
11/ &4 150 2/25 131 3/4
11/11 148 3/ 3 130 3/4
11/18 147 3/10 131
11/25 145 3/17 133
12/ 2 143 3/20 133
12/ 9 1 ‘ 3/24 133

1/ 3/43 143 3/31 133

i/ 6 143 L/ 133
1/13 141 /2

1/20 140 L/ bfkk 143
1/27 138
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CALENDAR OF THE EXPERTMINT

Subject #L
Date Hotes
10/21/42 - 11/ 8/h2 Self-selected diet
10/28 Basal metabolism
10/30 Basal metabolism
11/ 1 Energy metabolism series
11/ 9/42 - 12/15/42  Reduction diet
11/19 : Basal metabolism
11/27 Basal metabolism
12/ 3 Basal metabolism
12/ 6 Energy metabolism series
12/16  ~ 1/ 5/43 Vacation, no food record
1/ 6/43 - 2/23 Reduction diet
1/27 =~ 2/ 2 Nitrogen and csleium balance
2/ 3 Basel metabolism
2/10 Basal metabolism
2/1h Energy metabolism series
2/24/43 - 3//k3  Increased diet
2/25 Hemoglobin & vitamin C
3/ 7 : Energy metabolism series
3/ 8 - 3/14 Nitrogen and calcium balance
3/ - - - Self-selected diet, no food record
8/ 8/43 Energy metabolism series
Weekly Welght Record
Date Pounds Date Pounds
10/21/h2 165 1/2 2/ 3/43 138
11/ 9 ,1&, 2/3 2/10 136 1/4
11/11 2/17 136
11/18 1&2 1/2 2/24 135
11/25 3/ 3 134 1/4
2 15? 3/10 134
12/ 9 155 1/k 3/14 133 3/4
12/16 155
1/ 6/43 16 1/2 8/ 8/43 132
1/29 L2 4/ 1/bk 132 1/2
1/27 139 1/2
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Subject four had a large bony framework which fairly well concealed
the excess might distributed in the hips, walst and large pendant
breasts. Only fair muscular structure was indicated from tests of
strength. The skin was clear, the current mouth condition good but
there were many f£illings prmnt in the teeth., Menstruation was
uneventful and regular, and bagan at the 13th year, The subject, daughter
of & pmapams‘ ;;hysiﬁim, mparwﬁ ample early feeding insiuéing.m:&
liver oil. éhesé since early childhood, the subject had always been
favored by the parents because of a congenital hip defect which although
essentially corrected had required extensive hospitalization of the
subject between one and three years of age and limited activities fu.r
some tims after that, The condition of the hip was so improved by the
weight loss during £he experiment that a second ag‘érs.tism,uhish had
been planned for the near future, was pronounced unnecessary by the
surgeon in ehérga. —

Weight has ﬁe@h maintalned at the reduced amount only by a poliey of
no salad dressings, no butter except on toast, milk for a filler if the
dormitory menu is high calorice, and black mf&e, only, between meals."
Excesses in eating, having brought about temporary weight gains; have been
abandoned. |



CALENDAR OF THE EXPERIMENT

Subject #5
Date Hotes
2/21/43 - 3/23/43 Self-selected diet
2/21 Energy metabolism series and basal metabolism
3/11 Hemoglobin and vitamin ¢
3/8 - 3/14 Nitrogen and calcium balance
3/21 Energy metabolism series
3/24/43 - 6/28/43  Reduction diet
L1 - & & Vacation
6/18 - 6/ Nitrogen and ealecium balance
&/20 Energy metabolism series
6/29/43 - 8/20/43 Increased diet
7/ b - 7/10 Nitrogen and caleium balance
‘?/1.8 Energy metabolism series
719 - 7/22 Nitrogen and calcium balance
7/13/43 -~ 7/16/L3 Nitrogen and caleiuim balance
-8/15 Energy metabolism series
8/13 Final examination
8/20/L3 Self-selected diet, no food record
- Weekly Weight Record
' Pate Pounds Date Pounds
,2/21/43 169 . 6/9/u3 4L 1/2
3/ & 171 6/16 40 1/2
3/24 165 6/23 139
3/31 161 é/z‘i* 138
IV 16l (A 138
4734 157 1/2 'ma 134 1/2
L/21 155 1/2 7/21 133 3/4
4/28 153 3/L 7/28 136
s/ 5 152 8/ & 136
5/12 150 8/11 134 1/2
5/19 148 8/19 129
5/26 45 1/2
6/ 2 142 1/2 &/ L/ib 135
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CALENDAR OF THE EXPERIMENT

Hotes

Self-selected diet
Energy metabolism series
Basal metabolism

Ritrogen and calcium balence
Energy metabolism series

Reduction diet

Hemoglobin & vitamin C

10 gm. butter sdded daily
Energy metabolism series
Nitrogen and caleium balance

Increased éiet
Nitrogen and caleium balance

Energy metabolism series

Self-selected die%, no food record

Weekly Weight Record

Subject #6

Date

3/ /43 -~ L/ /43

&52

3/ 3

3/22 - 3/z28

3/28 )

b/ 5/&3 - 6/29/43

i/ 8

5;24

6/18 - ~ 6/24

6/30/43 ~ ?/13/&3

U b - 7/10

7/11

7/1/43 - - -
Date Pounds
3/ 1/43 in
3/ 8 171
L5 169 1/2
L/12 165
4/19 162 1/2
L/26 163 1/2
5/ 3 161 1/2
5/10 159 1/2
5/17 157 1/2
5/24 157 1/2

Date
5/31/43
6/ 1

é/u
6/21
&6/28
77 5
7/12

4/ 1/

Pounds

154 1/2
154 1/2
152 1/2
3.5@ 1/2

148 1/2
1 3/4

158
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Subjegt ﬁz
Date .
9/28/43 - 10/15/43
10/ 4
0/ 8
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CALENDAR OF THE EXPERIMENT

Botes

Self-selected diet
Basal metabolism
Basal metabolisn

0/ 9 ~ 10/15 Nitrogen and calcium balsnce
10/10 Energy metabolism series
10/16 | Hemoglobin & vitamin C
10/16/43 - 12/16/43 Reduction dist
11/ 5 : Basal metabolism
11/29  -12/ 5 Nitrogen and calcium balance
12/ 4L Energy metabolism series
12/17 - 1/ 5/kk Vacation, no food record
1/ 6/kh - 2/18 Reduction diet
2/19/k5 - 3/1/hi Increased diet '
2/29 - 3/ 6 Nitrogen and calcium balance
3/ & N Energy metabolism series
3 2 Hemoglobin & vibamin G
3/1hfhly - - - Self-selected diet, no food record
Weekly Weight Record
Date Pounds Date Pounds
9/28/43 179 2/ 8/L4 155
10/ 5 179 2/15 153
-10/12 178 1/2 2/22 153
10/16 178 1/4 2/29 154
10/19 175 3/ 7 151
10/26 172 3/ 9 152
11/ 2 170 3/10 153
11/ 9 168 3/11 153
- 11/16 166 1/2 3/12 153
11/23 164, 3/13 153
12/ 7 16l 3/ 153
12/14, 160 3/15 154
7 162 3/16 153 1/2
1/18 158 |
1/25 157 6/ L/hh 152
2/ 1 156



- 130 -

Subject seven was a tall girl with well developed bone and muscle
structure which was enhanced by perfect carriage. Heavy bone and muscle
structure as well as excess fat was suggested. The skin was clear. The
teeth were in excellent condition as there were only two £illings and
those of recent date. The subject was the second of five children, all
living and well. The parents, in their early fifties, were living and
well. Reared on an lowa faﬁa, tim subject had imitzlgeé in & great variety
of outdoer exercises and had been supplied with an abundance of faed?
Always above average in heightr but never obviocusly obese, the subject
was the frequent recipient of health prizes. Menstruation began at 12
years of age, was regular and moderate in duration and amount.



Subject #8

Nate

10/12/43

10/1%

10/31

10/31 =~ 11/ 6/43

11/ 7/h3 - 12/14/43
11/29  -12/5

3/12 - 3/

- 131 -

CALEEDAR OF THE EXPERIMENT

Botes

Controlled maintenance diet
Basal metabollism

Energy metabolism serles
Nitrogen and calcium balance

Reduction diet '
Hitrogen and calcium balance
Yacation, no food record
Reduction diet

Hemoglobin & vitemin C
Energy metabolism series
Decreased diet ~ 50 calories
Decreased diet - 50 calories
Basal metabolism

Decreased diet - 75 ecaloriea

5/16 Basal metabolism
s/17 - 5/24 1 gr. thyroid |
5/2, -~ 5/31 1 1/2 gr. thyroid
6/ 1 1 gr. thyroid
Weekly Welght Record
Date Pounds Dale
10/12/43 137 2/15/u4,
10/19 137 2/22
10/26 137 2/29
11/ 2 137 3/ 7
11/ 6 137 3/14
11/ 9 135 1/2 3/21
11/16 134 3/28
11/23 132 Y
11/30 130 5/11
2/ 7 128 1/18
12/14 127 4/25
1/11/ kb 127 4/30
1/18 126 5/17
1/25 126 5/2k
2/ 1 125 1/2 6/ 1
2/ 8 125 1/2

Pounds

125

12&
125
124

124 Y,
24 1/2
o3
2& 1
1/4

m 1/4
124 /4
123 1/4
122



Subject eight had a small, chubby, juvenile figure. Husculsture
was moderately well developed, skin clear, and teeth excellent. The
subject had always been slightly chubby but only recently become over-
weight to the present extent. The father, of Scandanavian descent, was
a ia,rga man; the mother, of English extraction, had a small trim figure
which, however s ®Was Mintaim&é chly h& some r:eatriatfmn of diet. The
one brother was of the father's build, two sisters and the subject mﬁa
very like the mother. Rﬁpﬁ:rﬁ_cf early fss&ing specified the use of cod
liver oil and an abundant and well chosen diet. Menstruation began at
the age of 12 and was regular and moderate at all times except for two
months during the previous summer when th@ subject was unusually active
and losing weight. During the first year of college, although the sub-
Ject continued to eal at home, she noted an inecreased appetite which she
satisfied completely, believing anarggv expenditure had been equally
inereased as & result of additional walking. A gain of 17 pounds during
the year prompted the subjeect to apply for weight reduction,
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Be 65-Day Wenus for Weight Reduction

. Breakfasts
Fruit: .
Wt in gms,

Grapefrult juice or 100

Orange juice 100
Cereal:

Oatmeal or : | 100

¥Whole wheat prepared cereal 20
Whole wheat bread 12
(may be tossted) ‘
Milk 130

Fruit juices are alternated when both are aveilable.



B. 5-Day Menus for Weight Reduction
Welght in Weight in
Lunch grams Dinner grams
Bacon (cooked) 20 Meat 80
Tomato (raw) &0 Salad
Whole wheat bread 60 Cabbage 50
Celery curls 30 Celery 30
Peaches 75 Mashed potate 100
Milk 200 Carrots (cooked) 80
Custard
Hilk 120
Egg 1/2
Hamburger 20 Meat 70
Bun 40 Baked Potato 100
Lettuce 30 Green Beans 70
Pill Pickle 20 Baw carrots 10
Peas 70 Celery curls 10
Orange 100 Baked spple 100
Milk 200 Milk 200
Fish salad
Fish 30 Tomate juice 100
Bgg 1l Heat 80
Celery and lesttuce 90 Potato - 100
Pickled Deets 20 Baked squash 100
Tomatoes (raw) 80 Pineapple 70
Raw carrot 10 Hilk 200
Whole wheat bread 30
Apricote 15
Milk 200
lieat 50 Heat 70
Tomato concentrate 30 Potato 100
" Peas 90 Beets 70
Lettuce 60 Raw rutabaga 20
Raw apple 100 Whole wheat bread 15
Whole wheat bread 30 Hilk 200
Milk 200 Custard
. Millke 120
Egg 1/2
Scerambled egg 1 Fish 60
Potato 100 Potato 100
Lettuce 20 Stewed tomato 70
Pear 100 Cabbage (raw) 50
Hilk 200 Mixed fruit 100
¥Whole wheat bread 15
Milk 200
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B-383 C. Porm for Recording the Metabollism Tests
Subject ' Date
Problem

Barometer , . Casom factor
| ‘Pemps gasom, 0. Casom difference
‘ Total expired air at lad
‘ (Bnd om. conditions
G;:m % Shurts - em' Correction factor
{ Corrected voluge expired air
(piss, . Vol. expired air/min.
Duration of test_ min. 0, absorbed/min.
COn expired 0y absorbed/hr.
COp inspired Cal. value Oy at observed R/Q
€Oy produced Cal./nr. (total)
iﬁg,w inspired, corr, Surface area gubject
03 expired Cal./hr./sq. M. observed
Og absorbed Cal./hr./sq. M. normal
COn produced
Op absorbed

R/Q Deviation from  Ditf,
' normal basal formal

WRW W W W W®W N

Difference

i

Gas Analysis by _ _ Gas Anslysis by
¥ol. Burette Final Vol.  DBurette Final

meas. Corr. vol. meas. corr. vol.

Total Total

After COp After COy
absor. 7 - absor,

Diff. COp _ Diff. CO,

After Op _ After
absor. ) absor.
Diff. Oy _ | | Diff. Oy
Diff. COp - bife. co % GO
Vol,.sample Vol.sampls

Diff. On 3 02 £. O

Vol,.samplie




