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This docrasent analvzes the problezs encountered by
the obese individual and the effects of regular exercise on weight
,loss and fat reduction. Part one compares the psychological traits of
"obese-children with age groups of normal weight and discusses the
organic disorders and social attitudes which plagne the overvelght
individual. Part two states that caloric intake and genetic and
environsental factors are the major causes of abesity. Part three
‘offers Several methcds of deternlnlng -obesity including the
followings (a) 3ge-Height-Weight Tab1e5° (b) Mevedith's
Age-Height-Weight Charts; {c) the Hetzel Grid; (d) Adipose Tissue
"Medsurement; (e) Hydrostatic Welghlhg,\and (f) use of a voluaeter.
Part four cites a varlety cf studies concerning the physical activity
habits of the obese and compares these activities to those of
nonobese individuals. Part five. studles‘the relationships becween
exercise, excess fat, and weight, Part six adalyzes several physical
conditioning studies conducted wlth aduIt men from college age
————————*hrough middle age and older. Part séven traces the effect of
exercise upon fat reduction in females from fifth grade through
middle age. Part eight illustrates'the effects of welght training
experiments male and ferale physicdl conditions. Part nine evaluates
spot reduczng and its lack of sxgniflcant effects. Part ten -
semparizes the article and offers sngqestlons fer research. A llst of
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. Excess fat on the body, cormonly_referred to as obesity, is-a-problem that
concerns both children and adults, Frequently in today's society, fat Teduction is
undertaken_for aesthetic reasons by those with such excesses. Howgvéf;’ihere'are
many vital reasons for doing so; complications associated with obesity -are far-
reaching, being associated with seriuus organie impairments and shortened life, with
psychological maladjustments, with unfortunate peer relationships ( especially among
children);  with inefficieney of physical movement, and with ineffectiveness in motor
ang athletic activities. Obesity is consistently encountered as a cause of physi-
cal unfitness among boys and girls, men and women; these individuals score low on
physical and motor tests, a result encountered universally by school and college 3
physical educators. '
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The President's Council en Physical Fitness and Sports has shown concern for
weight control, as evidenced by the pamphlet, Exercise and Weight Control, produced
by the Council and the Committee on Exercise and Physical Fitness of the American
Medical Association in cooperation with the Lifetime Sports Foundation.

‘ " Disadvantages of Obegig : LN

Organic Disorders

Excessive weight places an additiora' burden upon the circulation, respiration
and’ kidneys, so that obese persons are prune to develop disorders of these organs
and systems. Mayer (22, chap. 8) indicated that at least transitory abnormalities
of almost every body function have been reported in obese persons. Ipportant and
frequent among these abnormalities are respiratory difficulties. Fat people have
less exercise tolerance, greater difficulty in hormal breathing, and a higher fre-
quency of respiratory infections than do people of normal weight. Even more seriously,
perhaps, obesity is related to the prevalence of high blood pressure and atherscle-
rosis (hardening of the arterieq) » generally closely related to high blood cholesterol.
- k-
Armstrong and associates (2) contrasted the mortality rate of overweight persons
S limited to substandard life insurance policies with persons accepted for standard
insurance. The mortality rates were 79% for men markedly overweight and 42% for men
\_ moderately overweight above the standard risk group; comparable percentages for
Qs women were 61 and 42, respectively, The excess mortality rates were due to a greater
number of deaths from degenerative diseases among obese people. From an analysis of
Q 3,000 clinical records, Joslin and associates (18) founfi that 67% of females and
!& 63% of males showed evidence of overweight at the outset of diabetés. From a survey

-

of 74,000 industrial workers, Master and associates (20) found that average blood
pressure increased with body weight for a given height for both 'sexes at every age.

! =:§’~i by H. Harrison Clarke, Ed.D. * Research Consuitant'to the PCPFS « University of Oregon, Eugene, Ore. 97403




Sccial Attitudes .-
3 . » *

Fat'boys and girls have been subjected to ridicule by their unthinking Deers.
"Tubby," "fatty," "fats," "fatso" and other unkind nicknames have accompanied them
through their school years. Fat adults have been Jerided in literature and on the
stage. Such comments, endlessly repeated, cannot but- result in hurt feelings,
inferiority complexes and social withdrawals by the rec1p1ents

In a study of high school seniors in the Bosten area, Mayer and associates
(22, p. 91) found a strong discrlminatlon against college admissions of obese boys
and girls. Everything else being equal, including high school grades, intelligence
quctients, entrance examination scores and teachers: recommendetions, obese girls had
only one-third of the chances of nonobese girls of being admitted to colleges; with
obese boys, this chance was better, two-thirds, but the bias still bxisted. Meyer
suggests that the obese girl is thus likely to fall in socioeconomic status; and, a
decreased likelihood of advancing socially through marriage is a penalty which the
obese girl has to pay.

Psychological Traits

Mayer and Monello (22, 119) contrasted the psychological traits of adolescent
girls attending two summer camps on Cape Cod. One hundred girls were from a camp
for obese girls, conducted to help them reduce their weights; 65 girls were from a
_camp of "normal" campers, i.e., not selective in regard o obesity. The mean weights
" were 169 pounds for girls from the obese and 118 pounds for those from the other
cump. All girls were given three projective-type psychological tests: word asso-
ciation, sentence completion end picture story. ISome of the findings follow. .

Word association: The girls in both camps responded with three words to each
- of the following words: outdoors, sugar, time, boring, freedom, worry, picnic,
flying, dates and camp. Contrasted with the nonobese girls, the obese girls indi-
cated a larger nusber of words such as calories, diet, reducing fattening, fat, -
. heavy and overweight. The frequent and spontaneous mention of the weight references
" irdicated a predccupation with "overweight" similar to a heightened sensitivity
/toward status found among ethnic and racial minorities reported by others when apply-
ing the .same test.

-

Sentence completion: For this test, the girls completed 10 incomplete sentences

in any way they wished. Generally, the obese girls responded with "passive" and the
' noncbese girls with "active" expressions. Exarples of responses to three of the -
| incomplete sentences are given: "When things get too hard for me, I M
| "When I am feeling bad, I ."-and "When'my mother left, I . More
obese girls compl°ted these sentences with such words as cry, sleep, sit and sulk,
and feel lonely; whereas more of the nonobese subjects gave work harder, try my best,
talk to someone, visit friends, do my homework and clean my room. These results show
a greater dependency on their families by the obese girls, interpreted as an effect
of social pressure on the obese.

Picture story: This test consisted of showing nine pictures about which the
subjects were asked . write stories: four pictures were family scenes, two were
peer groups, one was 8 man &and a women, and two were single figures. A4s for the
sentence completion test, .the responses generally were "passive" and "active" in
nature, respectively, for\the ohese and nonobese girls. Some examples follow.
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When shown a picture.of some girls walking while another gifl walks behind them, all .
nonobese subjects said.that the lone girl was catching up with her friends, but 60%

- of ihe obese wrote that the lone girl was being excluded from the group. Both obese’
and nonobese girls described a picture of a woman facing a boy whose arm pointed out
a doorway as a boy leaving ris mother or returning to her. But the obese pictured s
passive boy asking permission or being scolded, ordered, or addressed by a dominant .
inother, whereas tke nofiobese pictured an assertive boy telling his mother what he
was about to do or had just done.

In discussing the results of the psychological lesting, Mayer (22, p. 123) .

_stated: “Clearly, it is not far-fetched to say that obese persons in the United
States may form a‘minority group which suffers from prejudice dnd discrimination.

The exact nature and extent of these prejudicial attitudes against obesity, the
myriad effects they have on the nonobese as well as on the obese, and the possible
role tnese attitudes may play on the perpetuation of obesity, are questions that
remain to be answered. At the very least, the heavy. burden of inferiority and seif-
blame imposed by society on obese adolescent giris (and to an only slightly lesser
extent, boys) 1s a matter to be remembered.”

Causes of Obesity ‘ A

Obesity-occur§ when the individual's diet produces more fuel then is needed to,
maintain body functions and to meet the energy requirements of daily activities, and. .
this excess is stored as fatty tissues throughott the body, gradually increasing to
an Undesirable amount. It would seem from this Mefinition tinat avoiding obesity
is just a matter of controlling the diet to the point of balancing caloric intake
with body requirements; and that fat reduction is merely to reduce this intae below
such requirements 3o that existing fat is burned off in order to supply the full
energy needs. Certainly, such dietary considerations are essential and they have
been the focal point of efforts io control weight, especially the fat content. of
weight. However, the cause of obesity is not limited to improper diet; other causes
exist, usually forming a complex of interacting factors with more than one operating
on the organism for a given individual. ’ ’

Obesity runs in families, vhich may be due to both genetic and environmental
factors. In studies of Massachusetts children reported by Masyer (22, p. 124), only
10% of the children of normal weight parents were obese; the proportions rose to 40%
if one parent was obeSe and to 80% if both parents were obese. A propensity toward
such body fatness may be related to hereditary hormonal factors acting on the fat
producing "mechanism," However, it could also be due, in part at least, %o provid-
"ing a festive board in the home and permitting high caloric between-meal snacks and
the 1ike. Further, lack of exercise in the family could be g vital contributing
influence. The "battle of the bulge" seems to be a lifetime effort for those who
are fat prone, while all sorts of dietary excesses do not seem to affect fat accumu-

‘lation by those who are not so prone.

I3

The concept that obesity is solely due to ovefindulgence in focl has been refuted , _

ty such investigators as Mayer, Kraus, Raab and others. Repeated studies by such
nutritiocnists and pnysicians have shown that the great majority of adolescents eat
less than the nonobese adolescents of the same sex. The physical inactivity of the -
obese adolescent easily accounts for the calories which permit fat deposits. The

.
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purpose of this Physical Fitness Research Digest is to concentrate on studies .

]




pertaining to the effev:t of exercice on fat reduction. It ic aot intended to rele-
‘gate dietary considerations to & minor role, to negate the need for medicel treat-
reunt when glandular and cther todily malfunctione are causative factors, to ignore
the p*esence of heredltary influentes in the situatiom, or to disregard the possi-
bilities of psychological and emotional involvements in the obese complex. As

. pointed cut above, more than one causative factor may confrunt a given cbese person
who is desirous of reducing fat deposits throughout the body. Studies on hHumans only
are included in this report, sc no attempt was made to review relevant studies on
animals.

Determination of Obesity

Determination of obesity is not solely a matter of identifying an overweight
condition, since body weight consists of many components, especially tne skeletal
frame, the viscera, the musculature and the amount of fat. The proportions of these
components varies among 1nu1v1duals Thus, ihe determination of obesity is not a
simple matter. The strengihs and weaknesses of various methods for determining the
presence and amount of obesity should be understood

Ageuﬂelght—ﬂelght ggplgg ,

)

For rany years, age-height-weight tables have been used as an indicator'of nuiri—_

ticnal ctatus. As early as 1900, life insurance companies prepared such tables to
Jetercine the weighte of men end women ‘who were accepi&bi"for life insurance policies.
The schools used such tables to identify children who were under Ight and overweight.
The usual policy has been to ccnsider as undernourished those who were seven to 10%
below the average weight fcr their sex, age and height; as obese, those who were 15
to 20% above the average, Recent researchec, however, have cast considerable doubt
on the reliance on this form of rawmtritional assessment, largely because body —~uild
and the preportions of tone, muscle and fat are nct considered in making nutritional
determinations. For example, for-two boys of the scme age, height and weight, one
may Le muszular with little fat, while the other may have a weak muscular development
and generous smcunts of adipose tissue; and, numerous combinations exist in betwegnl

R A

Expressing this situation differently, .the respective physiques of three men
may be endomorrhic, mesomeorphic and ectomorphic; certainly, they should not all be
held tc the same weight standards. William H. Sheldon, the originator of the soma-
tetype system of physique typing, in his Atlas of Men, provided an age—helght—welght
table for each of 88 basic somatetypes, ages 18 to 65 years,

Behnke ard Wilmore (3, p. 130) have discussed overweight when related primarily
to well-develcred msculatures. They show that the weight of a lean, muscular ath-
‘ete may well exceed by 30% ihe average weight for stature iristandard tables. Muscle
is primarily responsible for the greater lean bulk, but bone may also be ancillary,
as revealed by thickened cortices of long bones. Weightlifters show some.remarkable
examples cof muscular hypertrophy. Wilhelm end Behnke (44) dramatized this situation
during World War II by showing that, "according to height-weight tables, the majority
of football players could be unqualified for first-class insurance by reason of over-
weight." Otviously, cverweight in these men is largely due to nonfat components of
the body.

Some tables have been proposed based on “appropriate" weight for the individual's
sex, age, body build and height. _These weight tables are superior to those based on

L
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sex, age and height only. However, some difficulty may be encountered 1; differen-
tiating bOdJ build. Two ap‘roaches to appropriate weights of boys and giyls up to
18 yedrs of age are based on rowth these tests are presented here.

Meredith's Age—Helght—Welght Charts (24}. MEredlth developed charts of height ¢
and weight for boys and girle separately for the American Medidbl Association. Each
chart ¢ontains growth curves of height and of weight for ages four to 18 years; the
chart for each sex at all ages has five zunes for height, short to tall, and five

‘zones for wéiéﬁt light to heavy. When a girl's or boy's height and weight points

dc not lie in correspondirg zones, the discrepancy should be studied to determine il
it is due to a normal ‘slenderness or stockiness of build or reflects an undesirable

state of health. For example,. if a boy's scores fall in average height and,moderately
heavy weight’ zones, the. dlseimllarlty may indicate ruggedness of build, or it may be
related to obesity. “Generally, the child's height and weight curves should follow

the same zones during the growth period, unless otherwise cortraindicated; this pro-
cedure gives some idea as to whbther he or she is growing and developing satisfactorily.
These charts are available through the American Medical Association, 535 North Dear-

born Street, Chicago. IL 60610. . ’ * '

¥

Wetzel Grid (43). The Weizel Grid wes devised as a direct reading control
chart on the quall,y of growth and developmeni of individual boys and girls. It is’
divided into nine physique channels, de81gnated as follows: AA’ obese; Aq and Ap,
stocky; A M, and B 12 good; Bs, fair; B,, borderline; and B,, poor. The child's
position on the grld is plotteg from hlS or her age, height d weight. From this
1>tiing, the developmental level and the age schedule of development are determlned
peated plottings indicate the direction of growth“nd development. If the child's
growth is "normal," he will stay in the same channel as time goes on, moving upward
rog”eSSIVely A crucial po;nt in this determination is need for assurance that an
age-nelgh*—welsht copbination is an adequate index of physique when initially placing
the child in his channel; if not correct, an improper growth channel may be perpet-
wvated, The Wetzel grida has been widely used and has been the subject of considera-
ble research. Grids may be obtained from: Newspaper Enterprise Association,

1200 West Third Street, Cleveland, OH 44113. -

\

Adipcse Tissue -

7/

BroZdek (6) proposed that the individual's relative leanness-fatness may be
obtained directly from adipose tissue measurements, inasmuch as a large proportion
of total fat, placed at 50% by some investigators, is contained in the subcutaneous
deposits. Amocunts of adipose tissue may be measured either by the thickness of skin-
folds externally with calipers, cr by the actual fat layer internally with X-rays.
The use of the skinfold-caliper approach is obviously the more practical for routine
use; further, frequent X-ray exposure is considered undesirablle,.

Specifications for skinfold calipers have been established: amount of pressure
applied to the skinfold, 10 grams per square millimeter; contact surface, varies
from 29 to 40 square millimeters depending on the shape of the contact surface.
(6, p. 10) The skinfold sites generally accepted for determination of body fat are
at the'back of the upper arm over triceps muscle and at the subscapular position on
the back; a third site is also suggested in the abdominal, region, on the mid-
axillary line at the level of the umbillicus. Through his vesearch and that of
others, Mayer (22, p..32) indicated that the triceps (back of arm) skinfold is most
representative of the total body fat of obese individuals. Based on this belief,

5




Le afd Selzer {37) developed minimum triceps thicknesses indicating obesity for males
ard females of different ages; these thicknesses appearlin the accompanying -table.
Minimum thickness was placed at one standard deviaticn above mean skinfold at each
age; thus, 16% of the population would be designated as obese. The standard for
obesity over age 30 was taken at 30 years on the assumption that weight gain after
adult size has heen reached is usually excess fat. ' +

Thé directions'for the back of arm, or triceps, skinfold test follow: The
skinfold is taken over the muscle at a point halfway between the tip of the .shoulder
and the tip of the elbow. The p01nt is located with forearm flexed to 90 degrees;
in making the measurement, however, the arm hangs free, The skinfold.is 1ifted
parallel to the 1ong axis of the arm by pinching the skinfold between the thumb and
index finger about 1 cm. from the site at which the caliper is to be applied. The
amdunt of the skinfold should include two thicknesses of skin with intervening fat,

but excluding muscle; to isolate this thickness, the subject may tense the underlying n

muscles. ‘the caliper is applied above the fiagers holding the skinfold all Jneasure-
"ments are made to the nearest millimeter.

QOther Measures

More sophisticated methods for determination of body composition, especially for
differentiation between lean and fat tissues, are available but require 1aboratory
facilities and apparatus, so are not practical for routiné use in schools and in
offices of physicians. These methods range from the "relatively simple" mea..urement
of body volume to the complex biochemical measurements of isotopic dilution or inert
gas absorption. These methods are described and diseussed by Behnke and Wilmore. ——
(3, chap, 2) Two of the "simpler" methods, which have been used widely in research,
will be mentioned here, so that they will be understood when ehcountered in studies
cited later in this Digest.

Hydrostatic Weighing. A widely used method for assessing hody volume is hydro-
static weigning, oased on Archimedes' physical principle that a body immersed in
fluid is acted on by a buoyancy force which is evidenced by & loss of weight equal
to the weight of the displaced fluid. Thus, when an individual is weighed totally
subrerged under water, his total body volume is equal to his loss of weight in water,
corrected for the density of the water corresponding to the water temperature at the -
time of "the.weighing. The equations used provide for measures of body volume and
specific gravity; amount and percentage of fat and lean body weight may be determined.
The actual weighing of the body under water is usually accomplished by having the
subject sit in a chair, supported by a weight scale, which is lowered into a tank of
water, " .

Body Volume. A second method of assessing body . volume determines water dis-
placement with a volumeter. The technique is the same as for hydrostatic weighing
except that the volume of water displaced by the person is measured rather than loss
of weight in water. The water displacement is determined by submerging the subject
.under water and then measuring the increase in the water level of the tank by using
& fine bore burette connected to the tank; the burette is calibrated for the size of

the tank used. It has been estimated that this technique is less precise than.hydro-'

static weighing becauze of the difficulties in distinguishing changec in the volume
of the tank. However, the method does work especially well when the purpcse is to
assess separaté segments of the body. .
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. (Millimaters) ) ' o
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v Age in Years Males Females
5 . 12 ! 14 // . )
6 2 . 15 .
' 7 . 13 16
’ ) - 14 AR ¥ .
9 15 18
10 16 ' 20-
11 ’ " 17 .. 21
S 127 - 18 22 ~ ;o
' 13 .18 23 ‘ )
a 14 . 17 23 p ’
15 16 . ' 26 / .
. . 16 15 25 . .
* 17 14 26
' 18 15 . .21 f .
19 : 15 . 27
i 20 . \ A 16 ‘ . 28
' 21 17 28
. 22 18 ' T 28 ‘
23 18 28 '
2 - 19 ' 28 . . .
25 ) 20 29 - -
26 - 20: 29 .
. 27 21 29
AN 28 . . 22 ' 29 . \
. : 29 22 29 \
30-50 23 -~ 30 ?
! - Ve , g
From: -Selzer, C. C., and J. Mayer, "A Simple "

Criterion of Obesity," Postgraduate Medicine,
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- .- Physical Activity of the Obese.. - | : -

«

Mayer has pointea out that In recent years the role of exercise in weight con-
trol has been minimized,- if not ridiculed by a number,of health and physica}l educators
~and some physiecians, As an investigator of international repute, he has successfully
refuted this concept. Furthermore, he effectively supported the contention that
physical inactivity is the single most important facior explaining the increasing
frequenxy of overwe.ght pecple’in modern.Western societies. He states: "Natural
selection, operating for-hundreds of thousands of years, made men physically active,
resourceful creatures, well-prepared as hunters, fishermen and agriculturists. The
regulatidn of food intake\yas never designed to adapt to the’ highly mechanized seden-
tary conditions ‘of modern life, any more than animals weré Wade to be caged." (21) .
Kraus and Raab (19) also mfintain that lack of exercise is the most commoen cause,of
, overweight and that prescription of exercise is important in its medical treatment. .

i .Many studies support these assumptions; several Q? which will be mentioned here.

Over 20 years ago, Mayer and Johnson (22, pP. 76) determined the ¢aloric intake.
and physical activity of' two groups of high school girls. ~One group was overweight .
and the other was normal weight but matched for age and height. Generally, the obese -
girls ate less than the normal-weight girls; yet, they dlso exercised considerably
- less. "Sitting" activities were emphasized much more than walking and sports. Watch-
ing television consumed four times as many hours for the obese as for the nonobese
‘group. 9 - ' : /? o i
A more recent study by Mayer, Bullen and Reid (22, p. 126) demonstrz/ated that
during periods of exercise, obese children spent far less time in motion than did
. nonobgse youngsters of the salme age and social background. Motion pictures of obese
and nonobese children swinming or playing tennis or volleybal® revealed that the
Obese were actually physically active for much less time than were *he nonobese., For
girls ir. summer camps, overweight girls were essentially motionless for 65% of the
time in tennis, 80% in volleyball, and for an gven higher percentage, in swimming.

, Bruch (7) studied the activit§ habits of 140 obese boys and girls ages two to
14 years, most being between six and 12 years: 66% of the boys and 68% of the girls ..
were physically inactive. Few of the obese children in school made use of the oppor-
tunities for exercise provided by the school. Marked delay in ability and willingness
to take care of themselves in early life was observed|in 77% of obese children.
Further, 50% were both inactive and without playmates; 74% did not take part in active
games; and 65% had marked difficultie$ in social contacts. )

Chirico and Stunkard (9) compared the physical activities of 15 obese and 15 noh-
~hese women and “7 obese ar | .. no.obese men; the wcms# and men groups, respectively,
were matched . - . ~zcvupa..trn and socioeccnomic¢ status. The women were housewiggs,
secretaries, .« -+, i, Ppists and scrub worien; the men were medical students, painters,
clerks, t.acliers ahd unemployed persons. Physical activity was the distance the body,
was moved as measured by means of a pedometer for one week by the women and two weeks
for the men. The mean distances per day by the women were 2.0 miles for the obese

¢ 4.9 miles for the noncbese. For the men, the mean distances per, day were 3.7 and
6.0 miles by the obese and nonobese groups, respectively. When a coefficient of
.activity, which takes into account the body weight moved, was calculated in order to
allow a rough comparison of caloric expenditure, the difference between matched pairs
of obese and nonobese women remained significant at the .0l level. For the men,
howeVer,'t?e difference was not significant. . ’ )
9 .
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Reviews

A 1962'a>tic1q by Wells, Parizkovgfland Jokl (42) discussed the relationships
betwqen exercise, excess fat and weightj their studies and those by others were
reviewed. Among their conclusions were/jthe following:
a. Body weight measures give'no indication of tissue composition. Spe-

cific _gravity or weight of tissude per unit volume provides a truer

index of praper weight through.measures of léan tissue and excess fat.

b. Intensive physicéi training.causes a depletion of excess fat and.an
Increase of specific gravity; inactivity has the opposite effect.
, " N \

In the reference}‘the nature of the statiEfical relationship between skinféld measure-
. ments and specific gravity is detailed and an amount is presented of the -theoretfical

bases for the computation thus rendered possible, of excess fat and lean Kissue.
A : % ' . ‘ ‘;‘ -

- In' the Behnke-Wilmore research monograph (3, chap. 9), a chapter’ is devoted to
alterations in body composition with physical activity. They reported that exercise
does mediate a basic change in body composition. Increase in lean body weight was
attributed to muscular” hypertrophy, which is possibly the consequence of an increase:
in the level of serum-human growth-hormorie, since it has been shown to rise during
exercise. This substance is considered q protein anabolic hormone; in animals
receiving growth hormone, the increased deposition of protein is accompanied by a

*1losd of carcass fat. This latter findin could be related to the loss of fat which

 was a consistent finding in the studies jeviewed. The loss of body fat is asso-

ciated with an increased expenditure of calories. However, the caloric equivalent
of the amount of exercise actually performed is less than that ‘necessary to gecount
for the fat loss ih some studies. The authors suggested that this result could be
due to a concomitant decrease in caloric intake with exercise, which results in a
caloric imbalance of the mdgnitude necessary to explain the fat loss. They supported
this concept from the work of Mayer, which showed that exercise up to one hour in’
furation tends to suppress the appetite.
- '] . . N

A recent Tesearch review of various aspects of the role of exercise in weight
‘control was reported by Oscai (28). Four broad topics were presented: 'effects of
eXercise on appetite, body growth d&nd composition; factors which control body fat;
‘the role of exercise in the possible prevention and therapy of obesity; and the role
of exercise in maintaining normal weight. Some conclusions'that_may be drawn from

this review relative to exercise and fat redudtion are:

1

a. Exercise can affjct the body composition of young, growing humans by

lowering or preventing an increase in body fat and by increasing lean
tissue. L -

-~

b. Similar results may be obtained with adults, which; of course, is
desirable since their increase in body fat usually accounts for

¢ their”gains in body weight. .
‘c. Exercise does have favorable effects on body composition with or with-
out a change in body weight. . \
A } T . .
.y 40 L.
1 “
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d.. It is possible to increase caloric expenditure sufficiently by means
of regularly performed exercise alone to produce a marked decrease in
body weight; as muchees, 78% of weight loss occurring in exercising
obese rats///s/been due to loss of fat. . ‘ e
e. Exercise combined with foéd restriction may be the sensible approach
. to weight reduction for obese individuals whg desire to lose weight
st a fairly rapid rate but cannot ‘tolerate severe caloric restriction
. or prolonged, strenuous efercise
® )
f. Demonstrated in animals én observed in human- beings, the grossly
obese are considerably leds physically active than the nonobese; further-
more, although caloric in ake is often greater in a grossly obese than

7 in a nonobese-person, obesity often car; be traced directiy to physical
3 inacti ty without an abnormal increase .in food intake{™ -
‘ w [N
- “i{ ) ) “ hd
_Adult Men . - T D .

2

Quite a number of phy81cal gndltioning studies have been conducted with. adult N
men from college age through middlé age and older, in which meagures of Tody comﬁoe :
sition are included. Several of fhe studies presented here were neported in the July
1974 Physical Fitness Research Digest, su ce they were primarilyﬂuoncerned with the
use of exerecise in the improvement of cirgulatory—respiratory endurance. These. ) -
studies also included body composition and skinfold measures; emphasis in this Digest
. is directed toward the effects of the con tioning programs,on‘fai reductiqnﬁ Dietary
controls were not employed in the studies unless indicateﬁ , PPN . o
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P‘jiock, Cureton and Grueninger (30$§formed two eyPerimentaT groups and d con-
trol grog of men between 28 and 39 yearsyof age. For the experimental groups,
Group I exercised two days a week end Group II exercised four days a week. for 20 1
weeks. The training program was the same for both groups, consisting of, approxi-
mately 30 minutes of continuous’ runping, jogeing dnd walking with increasing inten- J
sity as exercise toleranqe improved. ,Body composition assessment’ .consisted of body 1
weight and sum of six' skinfold measures obtained over chest, axilla, triceps, .
abdomen, supra-iliac and front thigh. The results in termsnof the sum of tHe six !
.skinfold tests showed that: the control group became ‘fatter (322 to 135 mnm.); |
* the twice-a-week group remained about de shme; and the four-times-a-week group |
lost appreciably (131 to 108 mm.). Body weight also significantly decreased for the-
four-day-a—week group*{79.7 kg. to 76.8 kg. §>, .

oy
\

"In order to further gstudy twice—a-Week,conditioning programs, a control ‘and two
experimentel groups of middle-aged men between' 30 and 45 years of age, 11 to 12 men
in eacl group, were formed by Pollock and aSsociates (31). The experimental groups
trained at 90%.and 80% of maximum heart rate, respecpiveiy, for 20 weeks. Exercise
sessions were nDnitored on a quarter-mile track with total distance being equal for
both groups, fhe two groups averaged 4.2 miles and 56% kilocalories per exercise
seceion. Grpup I trained 44.4 minutes per day at 9% maximum heart rate (173
beats/min.) and Group il trained 47 minutes at 80% m m heart rate (161 beats/min.).
As for the previous study, body weight and the sum of the same’ six skinfolds were
used for evaluation of body composition; the anthropometric measures of chest expan-
sion and abdominal, gluteal and thigh girths were also applied. The 90% group recorded
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u significant reduction in skinfold fat {149.to 138 mm.), which was aleco signifi-
cantly greater than for the 80% group. Changes in the other measures, including
body weight were not significan* ’ * .

Bl

A \vﬁeCentla Pollock and 3&—worhers (33). conducted a third study in the above
sequence; this time, a further investigation'of the feur-dayna-weez Jogeing-runnirng
programi. In the 1ninial‘atudy, the intensity fes. at a high level, 90 to 95% of

" maximum heait rate, which may not bespractizal (or desirable) for fiany adults.
subjects in this study were nige healthy .sedentary men, 28 to, 47 years of age,
cofitrol group) of 10 men was also employed. The conditioning was 30 minutes each
session, four times a week for 20 weeks. Initially, the ubJects walked and jogged
equal 11l-yard segments and progressed gradually ic a conitinuous run. The walking
segment of training was held constant at 3.75 aph; the jogging varied from 5.6, to

7.5 mph, depenﬁing on each subject's condition. . The body composition measures were
weight, sum of six skinfolds, and abduminal, glutaal and thigh girths. The control
group did not ehange significantly ¢n any of the.meagures. The experimental group
showed signffiennt reducticne on &ll measures When compared ta the control group.

The gluteel and:thigh girth differences, however, were due more to an increase on
these tesis Ly the contrcl gxqu;, rather than ap appreciable lObS by tne experimental
.group, ° 1 \

\

The ,

3

Sixteen sedentary ﬂ%n between 40 and 56 years of dée trained hy walking foux
times per week for 20 weeks in a study by Pollock angd ‘others (32). The walking was
v1gorous, ty the las} weekn, the ;men averaged 4.7 miles per hour (3.23 miles for a
séssion of 40 minutes) uignificant reductions in body weight and the sum of six
skinfclds resulted. Inasmuch as circulatory-respiratory endurance measures also
improved, it was demonstrated that igorous walking can be an effective adult train-
ing activity. TFurther, the investigators observed that walking seemed to elicil a .
lower incidence of leg problems and less general discomfort during exercise than
does running, especially fqr those who are beginning exercise regimens after years
of sedentary 1iv1ng

-

«
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Studies by Others \

)

Tocshi (40) formed one control and three'experimental groups, each cantaining
eight tc nine men, 27 to 45 years :f age. The experimental groups participated five
days a week for 20 weeks in a ;rogrissive training program considting of rusmti
Jogeging and walking. For the three gri.ugs, the programg differed\nnly in vir: ngii

'participation each day. 15, 30 and 45 minutes, The 45ﬂ@inute training regimen pro-
duced a significant reduction in serum cholesterol level and total body fat, while
the others did not. The investigator concluded that expenditures of less than 630
caleries during exercise sessions were insufficient tc cause significant charges ih
the messures used, which also included cardiovascular tests. . \ ’
P g
Cureton and Phi}iips (12) studied physical fitness of men ao a result of two
8-week training programs separated by eight weeks of nontraining. Six volunteer
participants were contrasted with four ncnparticipants (controls); the ages of the
men renged from 28 through 47 Yyears, all of whom had led sedentary lives for seversl
years. The conditioning periods, conducted six days per week, were gradually pro-
gressive In nawurej*and consisted of approximately 15 minutes of calistheniecs, 30
to 40 minutes of efObs-country running, and 30 winutes of handball or squash. Sig-
nificant changes occurred in reducing abdominal girth, surface area and totel fat.
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 Total fat was measured by skinfolds and by specific gravity through hydrostatic
“welghing. The greatest reductions occurred during the seccnd training period, the
last elight weeks, - \ ST
Skinver, Holloszy and Cureton (38) studied the effects of a program of endurance

exercises on physical work capacity and on fat reductions of 15 middle-aged men, all
of whois had teen sedentary for at least tnree years. The exerasise program was con- ,
ducted’ at noon, six days a week for six months; average atiendance was 3.35 times per
week, On three days each week, the progyam consisted of Cureton's progressive rhyth-
mlc-endurance training regimen, of rhythmic calisthenics interspersed with walking,
running and stretching, and accompanied by deep breathing. On the other three days,
the mén ran,on an indoor dirt track. For the first month the exercise sessions
lasted .30 miretes; subsequently they.increased ta three-quarters of an hour. Mean
specific gravity of the body by hydrSstatic weighing increased significsntly; abdomi-
nel, chest and buttocks girths decreased significantly, as did the sum of six skin-
foXd measurep. 'Among the conclusions of the investigators: "a vigorous exercise
prograin is ‘feasible for active@y;auplqyed, middle-aged professiondl men, and such-a
program produces changes in functional capacity and body composition that run counter
to éﬁe érend usually seen with aging.” .

.

/ i - i .

| Elder (15) sindled the effects upon -cardiovascular fitness, flexibility and fat
reduction from participation in conditioning exercises, 35-45-minutes per day, three
days per week for three months, The subjects were men between the ages of 25 and .
73 years. The conditloning program followed the continuous rhythmic procedures pro-
.posed by Cureion, except for shorter workoute, greater emphesis on jogging, and . -
fewer performances of ‘rhytimic exercises. In generdl the jogging progressed so that

eighth wedk and two miles in 20 minutes or lesé by the end of the program. Fai reduc—
tion was determined by Use of skinfold tests at ike following six sited: cheeks,
sbdomen, hips, gluteals, front thigh and reer thigh. The only skinfold measure that
did not show a significant reduction was at the gluteal site. The 1 rativ for the

- sum of the six skinfblds was 3.48, signiffcant beyond the .01 level.

Wilmore and co-workers {46) determined body composition changes of 55 men
between the ages of 17 8nd 59 years as a result of a 10-week jogging program. At
each session, the 3ubjects were encouraged either to increase the distance each day
or to decrease the time for a given distance. .No subject Jogged more than 24 minutes
a day or mare than three times a week. Over the 10-week period the mean rate of
Jogging was 7.5 mph; the mean overall distence covered during the study was 51.75
-miles in a mean time cf 6.9 hours,

The body composition tests were body density by hydrostatic weighing, seven
skinfolds,.and two girths. Small but significant alterations in body composition
occurred from this moderaie jogginf program. The significant changes were: (a) Body
weight "decreased sbout 1 kg, while lean body weight remained esBentially. unchanged.
indicating a lods in totel body fai; (b) body density increased and the percentage
of body fat decreased; (c) four of the seven skinfolds decreased, at the following
sitea: inferior angle of the gcapula, the chest just sbove and medial to the axilla,
midaxillary at level of fifth rib, and froni of thigh; and (d) decresses of abdomi~
nel girth, made laterally midway between the lowest lateral ptrticn of the rib cage
and the iliac crest and anterlarly, beiween the xiphold process of the sternum and

, the wrbilicus,
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‘The chehges in the various skinfold dnd circumference measurements wexe not '
highly correlated to chan%es in body fat and body density., Consequently, the authors
questioned the validity o single skinfolds to estimate alterations in body
composition; the sum of several skinfolds was recommended instead.

.

College-Age Men ! T ‘ i

~

v \’ \ {1‘ i . _,,

With sedentary college men as subjects, Boileau (4) formed two groups based on
their relative fatness, as follows: obese, 25-46% fatness (N = 8); lean, 10-20%
fatness (N = 15). All subjects walked or ran on a motor-driven treadmill, 60 minutes
per day, five days per week for nine weeks, The approximate energy expenditure pre-
seribed was 600 kilocalories per day of physical conditioning. During the physical
econditioninz program, significant decrements in body fat and increments in fat-free¢
body weight were found for both groups by anthropometric, densitometric and hydro-
metric analysis of body composition. The sum of 10 skinfolds decreased; body /
density increased. Relative ;otal body water increased while extracelluiar water
remained fairly constant, spggesting an increase in the intracellular water compart-
ment. Total blood volume and plasma volume did not significantly change. While
changes in the various méasures were generally significant for both groups, .they were
greater for the obese/ 1bjects. i

In a study by ﬁemnsey (13),- seven men 18,to 28 years of age, who differed

kedly in their initial degree of obesity, underwent daily training for eight weeks,
followed by ncrmal activity for five weeks and then five additional weeke of daily
traeining. The training sessions were one hour in length and’ consisted of "maximum
movement" exercises (calxsthenics, interval running, circuit treining), progressive ;
resistance exercises {weight training, isometries), and individual and dual sports
( swinming, squash, bandball). Selected aspects of body composition were appraised
through measurements of body density, subcutaneous tissue and fat~corrected limb
circumferences. (All subjects w0 were initially fat experienced losses in body
weight and in subcutaneous ahd total body fat and increases in fat-free body weight .
and muscular mass. Ceins in fat-free weight, hOWBVer, shozed some relation to the
amount of excess.fat being ~arried oot .

-

»

In a second study, Dempsey (14)iﬁubjected 35 healthy but inactive young men
{0 measures Qf gross body weight, relative body weight (percentasge of standard from
height-weight tables), height, percentage of body fat, fat-free body weight, and the -
Balke tést of treadmill performance. A -multiple regression enalysis of the data
indicated that 52.2% of the total interpersonal variance in tréadmill performance :
was acgounied for by the anthropometrical varigbles employed. Body fat, fat-free |
body weight and relative body weight accounted for 38.9, 9.7 and 1.7%, respectively, “
of the total variance. A decline in these relationships for seven subjects under- o
going training indicated that treadmill performance had improved somewhat inde-
pendently of changeq,in body composition or body mass, . )
Anderson (1) equally divided 86 collegg men into control and experimental groups.
The experimental group participated in a vigorous program of calisthenics, isometric )
exercises, weight training, sports and ing, three days a week for nine weeks.
The tests adpinistered were body weight and skinfolds at three sites. Body .density ,
s estimatéd from the three skinfolds, using a formula by Brozek and Keys. The -
exyperimental group experienced significant decreases in fat for all ee tests and
increasea in body density; the control group did not change significantly on any
tegt.” B/;h/groups lost weight, but not significantly. .
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. ducted with middle-aged and older subjects., For women, the preporderance of such
- sfudles was with ‘college women.. '

Middle-Aged Women ’

. 11 women each were formed; the subjects were between the ages of 25 and 45 years, pre-

.

tion only; Exercise Group, exercise requiring 500 calories, no change in regular

‘groups were not significant. However, significant chenges in body composition did - -

Girls and Women

- A\l

For males, most studies on the effect of exercise upen fat reduction were con-

3
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£

An espzeially interestiﬁﬁ‘étuhy pertaining to fat reduction by middle-aged women
was conducted by Zuti (47] over a period of 16 weeks. Three experimental groups of

menopausal, in general good health, and from 16 to 40 pounds overweight. The tests
given were body weight, 13 skinfolds, 15 trunk and limb girths, somatotype assess-
ments, body density by hydrostatic weighing, predicted working capacity at a heart
rate of at least 170 beats/minute on a bicycle ergometer (PWC 70), and blood limpid
determinations. Programs for the threé groups were designed to achieve a .reduction
of 500 calories per day over normal activities, as follows: Diet Group, diet reduc-

diet; Diet-Exercise Group, 250 caloric reduction in diet and 250 caloric loss through -

exercise, The exercise regimen consisted of walking,' jogging-running, bench stepping
and calistheniecs, ’ : .

In the Zuti study, all groups lost weight, but the differences between the Jl,f

¢ccur, as shown in dhe following tabulation, given in pounds: - -

S B

. * Body Vieight = Body Fat ;Leah/Body Tissue

Diet Group -11.7 - 9.3 " 2.4
Exercise Group -10.6 -12.6 ' +2.0
Exercise—Qiet Group~ -12.0 -13.0 +1.0

i

‘Both exercise groups showed greater body fat reduction than did the Diet Group..
The loss.in lean body tissue by the Diet Group is undesirable, as it involves muscle
tissue. A1l trunk and limb girth meesures showed significant reductions as a result
of weight loss, but were unaffected by the method used to create weight loss. Both
exercise groups increased their circulatory-endurance PHC 7o scores, while the Diet
Croup did not. Cholesterol and phospholipids were signif%cantly reduced as a result
of welght loss;ithe differences between the groups, howsver, were not significant,

College Qomen

»
Focd

The effecté of a moderate exercise program on body weight and skinfold thickness
of 11 obese college women was reported by Moody, Kollias .and Buskirk (25); the program
was conducted six days per week for eight weeks., Five welk-jog patterns were formu-

. lated, each equaling a 500-kcal expenditure, ranging from 50% of the distance walked

at three mph and 50% jogged at five mph, to 100% jogged at five mph. The adtual
selection of the run-walk ccmbination each day was left to the participant.’ Thg
average s8'.bject completed 70% of the planned program. The measures applieﬁ were weight
and the sum of 12 skinfolds. Over the period of eight weeks, body weight and skinfolds
decreased significantly. According tc calculations based on loss in body weight and

skinfold thickness, total body fat decreased and fat-free weight increased.
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The effect of diet and physical activity upon 15 obese college women enrolled in
a weight control class, which met for 35 minutes three times a week for a semester,
was investigated by Tufts (41). The diet appiied was the "1000-Calorie Exchange
Plan", established by the ‘American Dietetic Association. The physical activities
were varied from day to day, but consisted of calisthenies, rhythmies, folk dancing,
badminton, basketball, hiking, jogging, bicycling s.d circuit training. Among the
tests employed were body weight, 11 skinfolds, arm girth, volumetric displacement in
water of each arm, strengths of elbow flexors and extensors, and the "Q Test for
Body Image and Moyement Concept.” Sighificant improvements of this semester of diet,
weight control instruction end exercise were: reduction of body weight and 10 .skin-
folds; increase in strength of elbgw extensor muscles of both arms; and improvement
in body image. Arm volume did not change, whic. may be attributed to a balancing of
fat loss and muscle enlargement.’ g * . )

,

Zwiren (48} formed an experimental group of 10 and a control group of four over-
weight college women. The experimental greup participated in an 8-week physical |
education course one hour & day, five duys a week. The exercise consisted of a walk-

Jog program of 500 kcal energy expenditure daily, as adapted to eacn subject. -Both - .
_____the exercise and control groups lpst/significant amounts of weight.” However, only
T the experimental group had a significant loss in the total of 13 skinfolds: the pre-
"~ and postexercise amounts were 381.8 and 340.2 mm, a loss.of 41.6 mm or 11%. The
experimental group also had a significant decrease in percentage of body fat, while
the control group did not. The i.vestigator cautioned sbout making comparisons
between the two groups, since the control group was congiderably heavier tnan the
experimental Iroup at the start of the study (100.70 kg and 78.88 kg, respectively),
and>the control group also lost weight, the reason for which was not known.

-

Prentiss (34) conditioned 21 obese college women on a program of exercise utili-
zing a bicycle-type exerciser during the winter and spring quarters of the same year.
The exercise regimen each day consisted of a 15-minute ride with three 30-second
work periods evenly spaced during the ride. As each individual progrgsééd end a
platean of work accomplished was reached, the number of work periods for the 15-
minute ride was gradually increased. Work accomplished for each 30-second work period
and for total work from the three 30-second periods were recorded in metrocycle units.
Among the pre- and post-tests administered were: body weight; arm, forearm, waist,
hip, thigh and calf girths; abdominal, subscapular, back of arm, and hip skinfolds;
modified Harvard Step Test; and a control ride on the exercycle. The significant
results were: reduction in body weight, seven pounds; ioss in fat, especially at
back of arm and hips; reduced girth measures, especially at waist and hips; gains in
endurance, as measured by the Harvard Step Test and by the exércycle control ride,

' For the control ride, the heart rate on the final ride was less than on the ride at
the start of the experiment in spite of a highly significant increase in total work.

during a semester of physical education as related to the courses the cliose. The
greatest average weight losses were: 4.15 pounds in slimnastics and 2.0Q, rounds in
talance and posture classes. Weight gains were recorded fo.’ the follow classes: .
tennis, 2,95 pounds; archery and badminton, 2.48 pounds; ani volleyballs; 1.55 pounds..
No appreciable mean weight changes were recorded in basketball and gymnastics clagses
and for a nonactivity group. It is not clear from this report whether significant
differences in mean weights among :he groups were present at the start of the study.
Stated more pointedly: did the hemvier girls choose the slimnastics and posture
classes and the leaner girls the sports classes?

i With 172 college freshnan women, Thréneberry (39) studied thelr weight loss
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With college women as subjects, 20 in an experimental and 24 in a control group,
Bowes {5) studied the effects of specific exercises on body weight, skinfolds and
girths. The following skinfold sites on the right side and the girths at these sites
were: p¢gterior surface of upper arm, iliac crest on the midaxillary line, and medial
side of thigh opposite superior ridge of the patella. The experimental subjects were
enrolled in a physical education class for women which met for three l-hour periods
per week for 10 weeks. Thirty minutes per period were devoted to exercises, which
conisisted of body mechanics exercises for the first five weeks and modern dance
teckniques, composition, and lectures for the second five weeks. The differences
between the experimental and control groups on all tests were not significant at the
start of the study. For the experimental group, significant losses of arm skirfold
and arm and knee girths oceurred, mostly during the second five weeks (modern dance
activity) Change in body weight was not significant. The investigator suggested

‘that the results of her study should be considered with some csution due to some
. _uncontrolled condltlons.

. Gulyas {16) reported on the effect of a body conditioning program upon the body
composition of 70 college women. Body composition was measured by hydrostatic

~weighing with subsequent calculations of tody fat and body density. Details on the
conditioning progiam in which the subjects participated are not given in the report;
nor is it clear whether the subjects were obese or nonobese. However, significant

,differences did occur in body composition, as evidenced by decreases in percent and
total body fat and increases in total body density and lean body mass.

High School Girls -

o Body composition changes in 40 normal and obese high gchool girls were assessed

. by Moody and associates (26) following participation in a jogging program four days
- . & week. Of the total sample, 12 girls were classified as ndrmal and 28 as obese,.
'using 30% body fat as an arbitrary division between the two groups. All subjects

participated in the program for one semester {15 weeks) of walking and jogging; of
" the obese .£irls, 19 elected to continue for a second semester (total of 29 weeks).

he progran started with the girls jogging and walking. one mile in equal proportion

d was gradually increased until the daily distence was between three and three

d ere-half miles with at least 75% of the distance Jogged. The body composition
tests were: body density, lean body w¢ 1t, and fat percentage, by hydrostatic
we ghingJ sum of 12 skinfolds; and sum of eight girths, The obese girls demcnstrated
significant reductions in body weight and percentage of fat and increases in body
dengity and lean body weights; subcutaneous fat, as measured by the skinfolds,
decreased’ markedly. For the obese girls in the program for 29 weeks, & significant
decr§§8e in the girth measures also occurred; the greatest changes on all measures
for these girls occurred during the first 15 weeks. The only significant change in
the normal group was a reduction in skinfolds. : N

Elémentary School Children : :
i e ,

Although a study by Cogbih and Pletcher (11) does not show the effect of exer-
cise on fat reduction, it does provide information about the activity patterns of
obese and nonobese fifth grade children (boys and girls combined). The subjects
were divided into four groups on the basis of .triceps skinfolds. Those with a skin-
fold of 17 mm or more were classified as obese (N = 11); the remaining pupils were
divided into three groups of about the same size in acQOrdance with skinfold. amounts.
Seven-day diet records for eac h child were obtained from parents. Activity patterns

~ -~




"Eighth Grade Pupils ",

were studied by filming the children during games of high and low organizatién and
during free play; indices of duration and intensity of activity were derived from
these analyses. . ’

The obese group was significantly less active than at least one of the nonobese
groups in all activity situations. The intensity of the activity of obese children
more nearly approximated that of nonobese children when the activity was more highly
organized. In unorganized activity, all three nonobese groups were significantly
more active than the obese group. Also, the obese group was active a significanily
lesser percentage of time than the nonobese. The obese group consumed fewer calories
of food than any of the three nogohese groups;. however, the differences between the
groups were not significant. Further, the differences between the four g oups were
not significant for amounts of proteins and carbohydrates consumed. The correlations
between skinfold measures and various activity indexes for all groups combined were
negative, significant at the .01 level and beyond. The correlations between calories
-and activiiy were not significant, The authors' conclusion agreed with Mayer, as
reported eaxlier in this Digest: inactivity may be as important or,more important
than excessive caloric intake in the development and maintepance of. childhood obesity.

\ .

Johnsoh§(17) compared the effects of participating daily in physical education,
and participating two or three days a week, on the fitness, skill, adipose tissue and
growth of eighth.grade boys and girls over a period of two years. Of the 743 pupils
included in the' study, 284 (151 boys, 133 girls) had physical education daily ang
460 (221 boys, 239 girls) had pliysical education two or three times per week. The ‘
program was identical for all subjects in terms of the number of weeks spent in the
various physical eduecation activitiés. Near the end of the second year, a motor
fitness test battery of six items for boys and four for girls, a skill test battery y
of four items for boys and two for girls, and the triceps skinfold were given. Longi-
tudinal growth curves were based on biannual héight and weight measures from grades
one through eight. The results indicated that the 5-day subjects were significently
superior in motor fitness and activity skills and had significantly less fat than did
the 2- and 3-day-a-week subjects. Body density was obtained from the triceps skin-
fold using the formulas for boys and for. girls developed by Parizkova; the differences
in lean body mass heavily favored the 5-day pupils. No sighificent difference in
growth curves was found., . : ~

Weight Training ‘ .
G ~ ' L 4

As can be geen so far in this Digest, thg‘bulk of studies on the effects of
exercise on fat reduction have employed various walk-jog-run regimens of physical
activity. As reported here, some investigators have used progressive weight train-
ing as *the means of inducing exercise. " In these studies,°the amount of weight for
weight training regimens is designated usually as the amount that can just be lifted
a given number of times. Thus, 10- RM is the weight possible for 10 repetitions.

In an experiment by Wilmore (45), 47 women and 26 men volunteered to participate
in a 10-week period of intensive weight training; the average attendance was itwo days
per week, 40 minutes per session. After five minutes of general warmup exercises,
each subject completed two sets each of the following lifts: half squats or leg
presses, toe raises, two arm underhand curls, standing press, bench press, bent arm

)
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pull-overs, bent rowing and side bends. Each exercise was performed with a starting
weight of 7-9-RM; when this weight could be lifted 14-16 times, weight was added to
‘reduce the number of repetitions back to the initial number.

The body composition measures used were lean body weight and absolute and rela-
tive body fat by hydrostatic weighing, seven skinfolds, and 17 and 15 girths res-
pectively for the men and women. Both men and women substantially increased their
lean body weight and decreased their absolute and relative body fat.- Significant
reductions in five of the seven skinfolds occurred for the women, but only in one
skinfold for the men. Signifieant gains were found for both sexes in shoulder,
chest, deltoid, biceps flexed and extended, and foreuarm girths, although the gains
exhibited by the men were substantially greater. The author noted, however, that
the girth gains, while statistically 31gn1f1cant were small; the greategt such gains
were .25 and .40 inches for women and men respectively,

From 105 college male volupteers, Pencek (29) formed an experimental g§oﬁp of 68
and a control group of 37. The control group attended a sSports lecture class, which
did not involve physical activity; this group was found tc have greater body density
and amounts of fat than did the experlmental group at the start of the study. 'Wpe
. experimental group participated in progressive weight training for 35 minutes three

times per week for six weeks; 35 ese men continued weight training for anotﬁé
seven weeks. Weight training consistéd of seven barbell exercises and three exer-
cises with body weight as the resistapce media (floor pushups, situps and pullups).
For barbell exercise, the loads started 6-RM; when 12 repetitions were reached,

weight was added to force a return to the initial number of repetitions. ,

The body compositior: measures were: girths of ths upper arm relaxed and fiexed- )

tensed, waist and chest; skinfolds at hips, two locations on chest, and back of upper
arm; body den31ny,ies*:ma$:d from skinfolds by use of the equation by Pascale and co-
workers. Both groups showed significant reductions in the arm skinfold, while only
the experimental group had 81gqif1cant fat reductions at the hip and chest locations;
the weight training group also had significant increases in the chest and both arm
girths an& in body density. During the gdditional seven weeks, the experimen' 1
group continued signlficantly to lose body fat and inerease body dens1ty and arm
girth ) .

Earlier at the same university, Clements (10) conducted a study with essentially
the same experimental design as the preceding one by Pencek. Three skinfolds were
administered Percentage of body fat was estimated from the skinfolds by use of an
equation proposed by Keys and Brozek. A significant decrease in body fat OCCurred as
a result of the welght trainlng When further analyze , a fat-plus subgroup lost
3.6% of body fat in 14 weeks of weight training; a fatsminus subgroup gained six
pounds during the same period. The investigator observed that faiter men lose very
little Weight although the amount of fat seems to changg. The thin boys gained
weight. Any expected gain in the fat-plus subgroup's b dy weight because cf muscle
developmenﬁ does little more than equal their weight lo sggue to fat decrease in six
weeks. In 14 weeks, the weight gain in the fat.-plus subgidup seemed ‘to compensate
for the poundage of fat loss.. .

Mayhew and Gross (23) evaluated the effects of high resistance weight training
.on the body, composition of 17 college women; 10 others served as_ nontraining controls.
Body composition was assessed by seven skinfolds, eight muscular girths, four skele-
tal diameters, and total body potassium (40K sclntillation) From the potassium test,
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measures of lean body mass, fat weight and fat percentage were computed. The weight
trainirg group exercised 40 minutes per session, three times weekly for nine weeks, ..
employing a circuit weight training routine. Exerclises were modified to employ the
Universal Gym Machine; two sets of the following exercises were performed each session:
biceps curl, military press, supine bench press, latissimus pull, situps, forearm
curl, bent-over rowing, bent-arm pull-over, wrist roll, seated leg’ press and heel
raise. Fach subject employed the 10-RM technique; when able to complete 15 lifts
with a given weight, the weight was increased to establish a new 10-EM. .
Significant increases in total body potassium, lean body mass, flexed biceps and
forearm girths, und shoulder width occurred. Relative fat and chest depth were sig-
nificantly decreased. _ Skinfold thickness and body weight were unaffected. Over the
9-week period, the sedentary control group did not show a significant change on any
.tesu The authors concluded ‘that high resistance weight training can enhance® femi-
nine body ¢omposition without concomitant masculinizing effects or marked changes in
body weight. o

r

Spot Reducing

A claim made by some exercise device manufacturers, exercise leaders and diet
book proroters is that a particular program will help the individual "spot reduce.”
That is, the device, a specifitc exercise, or diet, can help burn off fat from prac-
tically any area of the body and that area only. Research has cast doubt on the
validity of these claims. This section of the Digest will present studies .on bpot
reducing as affected by exercise. . !

Schade, Hellebrandt, Westerland and Carns (36) divided 22 overweight university
women into two groups; one group received spot reducing and the other participated
in general exercise designed for weight reduction. Exercise programs were conducted
for 45 minutes, three times a week for six weeks. Exercise for the spot reduction
group .concentruted on the hip and abdominal areas; for the generalized group, the
concentration was on the musculatures of the upper back, shoulder girdle and extrem-
ities. A set of nine exercises was planned for each group; three of{the exercises

were common for both groups; they empvhasized stretch, contraction and compression.
" The same ﬁutritlonally balanced diet was served to all subjects in the university's
student umibn.

\ .

\\For evaluation, standardized photographs in the rear and profile positions were
tak with a planimeter, the surface areas were determined for the leg, thigh, com-
bine hip and abdominal region, and the upper trunk, the latter including the upper
arms., Small bu%“Slgnificant losses in weight occurred for both groups, but the
diffeqence between the’ groups was not significant. In every instance, except the leg,
.greater decreases in surface area were found for the spot reducing group; however,

the differences were not significant. The investigators concluded that reductions in
hody segments are most significant where fat accumulations are most conspicuous,
regardl ss of the type of exercise. . /

H

In an earlier study, Carns and coworkers (8) compared genergi and localized exer-
cise effeets on'gegmental volume of 33 women who engaged in exercise three times a
week for eight weeks. Segmental volumes were determined by water dicplacement. Both
groups lost in body weight and in volume from the twelfth ridb to the greater trochan-
ter of the femur. However, no noticeable differential effect was attributed to spot
_ reduction.

. , 19 .
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. 'gﬁith 15 college men as subjects, Roby (35) investigated changes in skinfold
" thickness over an exerzising muscle; the triceps musdéle of one arm was exercised, .
while the skinfold over the other, unexercised, triceps served as a control. Each
_ exercise session for tHis purpose was 10 minutes in length, conducted three times a
week for 10 weeks. A dumbbell was used with a 10-RM load; three sets of this.exer-
cise were completed during each exercise session. When a subject was able to com-
Plete 15 repetitions, the weight of the dumbbell was increased again to 10-FEM. Skin-
\ folds were taken over both triceps muscies. Skinfolds significantly decreased over
both the active and inactive triceps; the difference between the two triceps, however,
was nqt significant. The investigator attributed the skinfold iogses G some weight
reductions by both groups during the period of’the study. In addition, +hz -exercised
triceps gained significantly in strength, while the unexercised triceps did not..
The investigator concluded that the findings did not support the postulate thut sub-
cutaneous fat is reduced in localities where muscles are active .and in proportion to
their aciivity. . -0 )
Olson -and Edelstg}n (27) employed 32 'high school boys to determine if triceps
skinfolds taken over &an.exercised arm would decrease more than skinfolds on the oppo-
site arm after a 6-week period of weight training. The exercises consisted of three
sets of 1-arm curls and l-arm triceps extensions with a dumbbell; three minutes rest
was allowed between sets. The starting load for each exercise was 7-RM on the first
set; when seven repetitioqs could be performed .on all three sets, the load was
increased, again to a 7-RM on the first set. The tests administered were triceps
skinfold, flexed-tensed upper arm girth, and elbow flexion &nd extension strengths.

The triceps skinfold for the exercised arm decreased significantly during the 6-
week training period, while the gkinfold‘for the unexercised arm increased, but not
significantly. The mean skinf¢ld on the nonexercised arm was significantly lgss'
(.05 1level) than the mean of the éxercised arm prior to th. training pericd; at the
end, the order was reversed (.01 level of significance). Both the exercised and
unexercised arms increased in girth. The only significant increase in strength was
for elbow extension of the exercised arm. The authors concluded that hard exercise
in a specific area of the arm will Tesult in a reduction of subcutaneous tissu~ in
that area. ' ’

Summary. and Implications

The purpose of this issue of the Physical Fitness Research Digest is to present
the value of exercise in fat reduction and to indicate the forins of exercise and their
applications in numerous research studies. In concentrating on exercise, it is not
intended to present exercise as a panacea, or cure-all., Other essential factors are
obviously involved in weight control, including dietary considerations, medical treat-
ment when glandular and other bodily malfunctions are causative factors, hereditary
influences, and psychological and emotional involvement§. .More than cne causative
factor may confront a given obese person who is desirous of reducing fat deposits
throughout the body. Studies on humans only are included in this report, so no
attempt was mede to review relevent studies on animals. Summarizations of the results
from the studies reviewed follow, with some implications for physical fitness prac-
tices that, may be drawm from them.

1. For this report, obesity occurs when the individual's diet produces more

. .fuel than is needed to maintain body functions and to meet the energy

1 requirements of daily activities, and this excess is stored as fatty tiseue
throughout the body, gradually incregsing to an undesirable amount.




. The disadventages of ohesity were presented as contributing 1o gesthetic .

disfigurement, organic disorders, social refection, psychological mal-
adjustments and emotional prohlems. .

The causes of ohesity were considered as: fuel intake through the diet in
excess of daily needs, lack of exercise, hereditary and cther familial con-°
siderations, glandular and other bodily malfunctions, and psychological,
social and emotional problems. Certainly, an effectlve approach to fat
reduction for a given individual may well involve any or various comblnatlons

‘of these causative factors.

The determlnation of obesity. is not confined solely to the identification of
an overweigltt condition based on sex, age and height, since body weight con-
sists of many'components, especially the skeleton, viscera, musculature .and
fat. Thus, the glaring weaknesses of the common age-height-weight tables
were shown. Weight tables on growth considerations were presented, with

special reference to Meredith's'Age-Height-Weight Charts and the Wetzel Grid.

Adipose tissue measurement by skinfold caliper was presented as a more
acceptable means of determining obesity. The triceps (back of u ’Qper arm)
measure was considered the single best skinfold for this purpose, although
the evidence suggests that the sum of several skinfolds is more desirable.
However, obesity standards for the trlcepts skinfold are available and pre-
sented in this Digest, so this test deservés attention in identifying obese
persons under field conditions. Other measures of assessing body composi-
tion were eonsidered, especially hydrostatic weighing and body volume;
these measures; however, are confined to fhie research labaratory.

While weight has been included in studies of evercise and fat reduction,
the significant measures relate to body composition. The prevalent measures
are the sum of several skinfolds and hydrostatic weighing. From these
measures, formulae are available to compute lean body weight {mostly muscu-
lar tissue), total fat and percentage: of fat. -

. The most ‘frequent physical activity utilized in studies on the effect of

exercise in fat reduction is some regimeit bf walk~jog~-run. This form of
acfivity, too, as seen in the July 1974 Physical Fitness Research Digest,

is commonly used in research on the improvement of circulatory-respiratory
endurance; in fact, sevéral of the studies reported here were designed pri-*
marily to evaluate C-R improvement, but also includad body composition items.
However, weight training was also utilized in fat reduction investigations,
as were Cureton's progressive rhythmic endurance training regimen, circuit
training arrangements and others.

For males, the bulk of fat reduction studies were conducted with middle-aged
end older men as subjects, For females, the prepondsrence of ztudies ware

with college women.

" Intensive physical eonditioning causes a depletiep of excess fat ani an

increase in lean body weight. In fact, some studies resulted in no appre-
ciable’ change in body weight, but body composition did change wit. a decrease
in body fat and a balancing increase in muscular tissue.
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10. Caloric iniake was not controlled in most of the fat reduction studies \
reported; cammonly, the subjects were admonished to continue with their
usual dietary practices. Still, obese persons without &aloric restriction
did significantly decrease fat and, as a bonus, increased lean body mass
through exercise. Usually, control groups Were employed in the studies;
generally, these groups remained essentially constant on the body composi-
tion measures employed. Thus, it is possible to increase caloric expendi-
tur: sufficiently by means of regular exercise alone to produce a marked ¥
dzcrease in fat However, exércise combined with dietary reg?lation is the™
nore. desirable &pproach to fat reductien, .

[N
-

1. Demons+rated in animals and observed in humans, the grossly obese are more
s2detitary thari the nonobese. Furthermore, although caloric intake is often
greater in a grossly obese than in a normal person, obesity can often be
traced to a lack of physical activity without an abnormal increase in food *
" intdke.

12, Fat reduction resulis achieved from exercise egimens not only depend on the®, -

“nature of the exercise but upon the manner a given regimen is applied. How :

a regimen is conducted is dependerit. upon its frequency, duration and inten-

sity, all of which are explained in the studies reported. To illustrate:

In one series of studies adult men participating in the samé walk-jog-run

program lost fat significantly when participating four times a week, but

did not change on & two-day-a-week program. However, when the exercise pro-

gram was intensified, significant improvements did. occur with a twice

weekly group. In another study, three groups of middle-aged men partici- .

pated in the sdme walk-jog-run regimen for 15, 30 and 45 minutes, respec~

tively. The 45-minute training group produced a significent reduction in
total body fat and in serum cholesterol ‘level, while the others did no%+

This investigator concluded that expenditures of less than 600 calories-

during exercise sessions were insufficient to cause significant changes in

the measures employed. - .

13. In one study, vigorous walking produced ihe usual desirable body composi-
tion changes in adult men. The intensity Qf the walking may be judged by
the fact that the average rate was 4. # miles per hour after training four
days a week for 20 weeks.

. , ; 4.

14. In a study of middle-aged women, diet, exercise, and diet-exercise groups, .
all gearrd to achieve a reduction of 500 calories a day, lost between 10.6 .
and 12.0 pounds of weight over a 20-week period;. the differences between
the groups were not significant. However, both groups engaging in exercise
had greater average losses In fat and gains in lean body tissue as con-
trasted with the diet only group. The two exercise groups had about the same
loss in body fat, but the exercise only group gained more~in lean body
weight; the gains were 2, Q end 1.0 pounds.,

15. A bicycle-type exerciser proved effective In reducing body welght, fat, and
the girths of waist and hips, and in improving the circulatory-respiratory
endurance of college women. The exercise regimen consisted of & 15-minute
ride interspersed with 30-second work periods.




: 16, Intensive progressive weight training programs resulted in desirable,;
changes of body composition in six to 10 weeks of time. These changes were®,

- reflected in skinfold reductions, in decreases in absolute and relative fat,
: in iqcreases in arm, shoulder gnd chest girihs, and in increased lean: body
) weight. . .

L

" 17. Most fat reduction studies have been conducted with sedentary indiviou&ls
& Ag ¢ conseguence, alr,investigators have used a progressive approach; in
applying exercise, starting gradually and increasing &ystematically as each
individual's condition improved.~fThis approach is essential, as condition-
ing programs "should be regulated to’each individual's physical status.

Three bdsic concepts in conditioning sedentary men and women, boys and
girls, are:

. b
a. Exercise tolerance. The exercise tolerance of an individual is his or
her ability to execute a given series of exercises or activities involv-
_ing endurance in accordance with a specific dosage without undue dis-
comfort or fatigpe. With unfit persons, the tolerance will be low; they
should not be pushed into competitive situations, whether it be with.
others or against scoring charts, until their condition warrants.

B

8 b. Overload In overloading, the individual's exercise is fhereased in
intensf%y or extended for a longer time than normally Thus, the Parti-
" cipant should be encouraged to,perform beyond his customary performance,
but still within his exexcise tolerance.

c. Progression. ProgreSsion is intinately involved with the first two
principles: overload progressiVely, keeping pace with increased exer-
cise tolerance. . .

-
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-

18. The possibilily of spot reduction thr6ugh eXercise is not clear from find-
ings of the limited research so far conducted, as these studies have pro-
duced conflicting results. Perhaps the following statements are presently
Justified as at least a partial answer: Reduction of fat in body areas is
most likely where'fat deposits sre most conspicuous, regardless of the exer-
cise format used. Thus, both general and localized exercise of the muscles
underlying vronounced fat locations wixl result in fat reduction of these
deposits, Hovever, a different reasoq:for recommending general rather than
localized (spot reduction) exercise, yhich is warranted~from the studies
reviewed, stems from the fact that exercise improves muscular tissue as well
as reducing fat. Thus, general, overall exercise would logically spread
this Benefit throughout the musculagure of the body, certainly a desirable

- Tesult., ’, / \
* /

A CORRECTION: An error in the January/i975 Physical Fitness Research Digest appears
on page 14, fourth 1ling under "Motor Fitness Tests": the last word
should be "skill," not, "speed." .
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