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ABSTRACT

The purpose of this study was to investigate the effects of
body weight variations on heart rate during exercise and recovery
periodsy,

The subjects utilized in the study were twenty-scven male
students from Louisiana State University at Alexandria, Louisiana.
The data were collected during November and December of 1970 and
January of 1971.

The study was divided into an exercise and a recovery period.

The exercise period consisted of stepping up and down onto a step

bench until a heart rate of 180 beats per minute was registered on a
cardiotachometer. The recovery period was of ten minutes duration
and began immediately after the exercise period ended. The heart rate

was recorded at the end of each minute,

The study was also divided into five conditions based on
variations of body weight, Each subject participated in both the
exercise and the recovery periods under each of the five conditions.
The conditions were:

1. Normal body weight minus 3 percent

Z. Normal body weight minus 1.5 percent

3. Normal body weight

L, Normal body weight plus 1.5 percent

5. Normal body weight plus 3 percent



The normal body weight of the subject was established over a
two=week period prior to participation in the study. The body weighl
was decreased by means of partial dehydration brought about by
exposure to a dry heat room or sauna. The body weight was increased
by the addition of lead weights to a belt around the waist of the
subject,

Each subject participated on alternate days in order to deter
one condition from influencing the succeeding condition,

Analysis of variance in a randomized block design was utilized
to examine the effects of body weight variations on the exercise time
before the onset of fatique. Orthogonal comparisons were computoed to
further analyze the data,

A second analysis of variance in 5 x 10 split=-plot design
was camputed to examine the effects of body weight variations on
recovery heart rate patterns, Orthogonal comparisons were computed
to further analyze the data,

The findings of this study were:

1. The time needed to produce a heart rate of 180 beats per
minute decreased as the body weight increased from normal
weight minus 3 percent to normal weight plus 3 percent.
The trend was primarily linear with some deviations from
linearity around the condition of normal body weight,

2, The mean pulse rate during recovery from the standard

exercise decreased as the weight of the subject increased



between the limits of normal weight minus 3 percent to
normal weight plus 3 percent. The trend was linear in
n2ture.,

No significant interaction was found to exist between the
body weight condition and the recovery heart rate pattern.
The mean pulse rate during recovery decreased as the
recovery period progressed from minute one to minute ten.
The trend was primarily linear with some deviations from
linearity. This trend existed regardless of the body

weight condition,

Within the limits of this study, the following conclusions

were drawn:

1.

Weight loss induced by partial dehydration in amounts of

3 percent or less of normal body weight is an advantage in
activities involving cardiorespiratory enpdurance,
Additional body weight in amounts of up to 3 percent of
normal body weight is a disadvantage in activities
involving cardiorespiratory endurance.

Partial dehydration in amounts of 3 percent or less of
rormal body weight has no affect on the pattern of recovery
heart rate,

Additional body weight in amounts of up to 3 percent of
normal body weight has no effect on the pattern of recovery
heart rate.

i



CHAPTER |

INTRODUCTION

Body weight is an area of concern which has attracted
considerable attention from many authorities., This topic has been
the focal point for a wide variety of articles, conferences, and
research studies, Not only are physical educators concerned with
body weight and its effect on the performance of humans, but doctors,
coaches and the general public also demonstrate a growing interest in
this subject,

Literature which examines the effects of body weight on
overall health and longevity is common today. The effects of body
weight on physical performance have also been examined by numerous
authorities. The effects of short-term weight losses and/or weight
gains on physiological responses have not been well researched,

Due to rule interpretation in many athletic contests rapid
weight loss is almost a prerequisite to successful participation in
these events, Activities such as wrestling, judo, boxing and welght
lifting often require an individual to lose weight rapidly in order
to be eligible for certain weight classes. In other athletic
contests the added weight of protective equipment or of aquipment
essential to participation may produce some effects on the performance
of the contestant,

The production of short-~term weight loss in athlietes is not a



new idea, For years various publications have offered a variety of

me thods designed to produce weight losses over a short time period,

The fact that many different methods can produce a rapid weight loss is
well established, The most commonly accepted method of producing a
short=term weight ltoss is dehydration. Methods used to induce a
dehydrated state are: (1) curtailment of water intake, {(2) exercise
under conditions conducive to profuse perspiration, (3) exposure to a
dry heat room, and (&) combinations of the preceding methods,

Many studies have been published which indicated that
physioclogical responses were not adversely affected by short=-term
weight losses, Other authors have concluded that short-term weight
losses are detrimental to physiological performance particularly if
the weight loss is above approximately 5 percent of the normal body
weight,

The reason most often cited for the detrimental effects of
dehydration is the loss of vital body salts brought about by excessive
perspiration., According to some sources! a disturbance In water
balance (excessive perspiration) is usually accampanied by a change in
the balance of sodium, potassium, and chloride in the body. Unless
these elements are replaced, heat cramps and/or heat exhaustion may
result,

The concern with total weight of athletes has been equally

evident in the area of protective or necessary sport equipment also,

‘Man, Sweat and Performance (Rutherford, New Jersey: Becton,
Dickinson and Company, 1969), p. 15.
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Football and ice hockey protective equipment as well as shoes, helmets,
and similer equipment necessary in other sports has been lightened
drastically through the years. Concern with both short-term weight
gains and short-term weight losses is clearly evident, Therefore, the
variation of the total weight of the individual and the effects of
this variation on physical performance may be considered important in
many activities, Because of this interest, there exists a need for
research in the area of short-term weight gains and losses. This
research is particularly needed in order to determine what effects, if
any, the variation of weight has on physiological responses during

practical sport sjtuations,
STATEMENT OF THE PROBLEM

Does variation of body weight by means of thermal dehydration
and mechanical (physical) addition affect the heart rate of an indivi-

dual during standard exercise and recovery periods?
PURPOSE OF THE STUDY

The purpose of the study was to determine the effects of the
reduction of body weight by means of thermal dehydration in amounts of
1} purcent and 3 percent of total body weight on heart rate during
exercise and recovery periods., A second purpose was to determine the
effects of the physical addition of lead weights equal to 1% percent
and 3 percent of total body weight on heart rate during exercise and

recovery periods.



NEED FOR THE STUDY

The subject of body weight variations has attracted considerable
interest in the past few years, New diet methods, the sauna (both the
dry heat chamber and the "belt' or '"sult" types), and new exercise
programs all offer the public a means of reducing the body weight.
Most of these methods offer claims of rapid weight loss with resulting
improvement in physical performance and physical appearance., The
public interest has led to a wide variety of scientific studies which
examine the effects of body weight variations on the physiological
responses of the body,

Most authors were in agreement that there exists an inverse
relationship between the amount of weight added to the body and the
performance on physical tasks. The authors of studies which examined
the effects of short~term weight losses (usually induced by partial
dehydration brought about by exposure to the sauna and/or curtailment
of water intake) showed less agreement.

Some studies of short-term weight loss revealed no signifi-
cant changes in performance measures (muscular strength, reaction
time, muscular endurance, and circulorespiratory endurance). QOther
authors have offered results which showed that a reduction of body
weight, particularly by means of partial dehydration, was detrimental
to physiological performance. Usually these effects became apparent

only after a certain percentage of weight had been lost. The



authorities disagreed on exactly what percentage of body weight must
be lost before the deleterious effects appeared,

A third group of authors offered findings of significant
improvements in physiological performance after short-term weight
losses induced by partial dehydration, Quite often the authors
reported the existence of these improvements at the same levels that
other authors found a decrease in performance.

In view of the interest exhibited in body weight variations
and the lack of agreement present in the literature which related to
short=term weight losses, it was felt that a need existed for a study
which would examine body weight variations in both positive and
negative directions, The majority of the studies reviewed either
examined weight gains or weight losses. Rarely were variations in
both directions studied at the same time and under the same set of con-

ditions,

DELIMITATIONS OF THE STUDY

The study was limited to the effects of weight reduction by
means of thermal dehydration and the effects of weight increase due to
the physical addition of lead weights, The study involved only one
type of exercise {(stepping up and down from the floor to a twenty inch
high bench.) The subjects selected for the study were twenty-seven
mature males taken from the basic physical educatlion program at

Louisiana State University at Alexandria,



DEFINITION OF TERMS

Thermal Dehydration., A weight loss induced by exposure to

high temperature (190-19 degrees Fahrenheit) in a closed chamber
containing dry (approximately 10 percent reltative humidity) air.

Sauna Bath. A closed chamber containing dry (approximately
10 percent relative humidity) air at a temperature of 190 to 195
degrees Fahrenheit.

Short-term Weight Loss. A weight loss due to dehydration

which is completed in & time period of less than two hours,

Normal Body Weight. The average body weight established over

a two-week period of daily weight checks,



CHAPTER 11
REVIEW OF RELATED LITERATURE

To aid in presenting the review, this chapter was divided into
two major areas. These were: (1) Literature related to the effects of
weight variations on physical performance and (2) Literature related
to the effects of heat and dehydration on physical performance,.

LITERATURE RELATED TO THE EFFECTS 0? WE IGHT
VAR IATIONS ON PHYSICAL PERFORMANCE

The effects of weight and weight variations on physical per-
formance were a major concern in this study. Several authors have
stated that weight is a factor in many areas of physical performance,
Morehouse and HlllerI stated that maximum skill achieved by an indivi-
duat is limited by five factors. These factors were: (1) body weight;
(2) body height; (3) timing; (4) accuracy of movement; and (5) muscular
tension. The effect of body weight on skill was outlined as the
heavier the weight of a person in relation to his musculature, the
greater the limitation of his physical skill, A reduction of inactive
tissue will aid in improving performance of a skill exercise, accord-

ing to the authors.

"Lawrence €. Morehouse and Augustus T. Miller, Physiol of
Exercise (5th ed.; St. Louls: C. V. Mosby Company, 1967), p. EE.



8

Riendeau and others2 reported similar conciusions in a study
designed to determine the effects of body fat on motor fitness test
scores, The test battery consisted of the 75 yard dash, the 220 yard
dash, push ups, sit-ups, squat thrusts, and the standing broad jump.
it was found that the skills most affected by fat were those involving
horizontal movement of the body; i.e. the standing broad jump and the
75 and 220 yard dashes, Significant negative correlations were
obtained between performance on the test battery and percent of body
fat. The correlation of weight, without regard to body fat, to speed
in the 220 yard dash was significant and negative,

Klotz3 analyzed vertical jump height as affected by variations
in weight and strength. The author concluded that vertical jump
height was an inverse )inear function of the load. Klotz used lead
weights for positive loads and coil springs designed to exert an
u ward pull on the subject for negative loads.

The increase in weight brought about a decrease in vertical
jump height of approximately | percent for each percent that the total
body weight was increased by the welight jacket. The decrease in
weight by the negative loads increased the height of the vertical jump

in similar proportions,

ZR. P. Riendeau and others, 'The Relationship of Body Fat to
Motor Fitness Test $Scores,' The Research Quarterly, XXIX {May, 1958),
200-203,

3Donald D. Klotz, "A Mechanical Analysis of the Vertical Jump
as Affected by variations in Weight and Strength* (unpublished Doctor's
dissertation, State University of lowa, |1948),
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Carterh conducted a study of the relationship of positive and
negative loads to vertical jump performance. The loads used by Carter
were designed much the same way as those used by Klotz and his conclu-
sions supported those of Klotz,

McCloy and Young5 reported the findings of Carter and Klotz
but commenied that the relationship expressed In the studies would not
necessarily remain the same if actual body weight had varied. The
authors felt this change would be due to the increased strength
developed during the period of weight gain. They felt, however, that
if an overweight person decreased his weight, he would also increase
the height of his jump proportionately,

Eckert6 attempted to determine the effect of added weights on
the action of certain joints during the vertical jump. The weights
used were zero, six, twelve, and eighteen pounds and were attached
around the subject's waist, Clinematographic records of the four jumps
were examined in order to determine what changes, if any, in time of
action, angular velocity and range of motion occurred as the weight

increased, The author noted that decreases in maximal angular

ll'Francis H. Carter, '"A Mechanical Analysis of the Relationships
of Positive and Negative Loads to Performance in the Vertical Jump"
(unpublished Master's thesis, State University of lowa, August, 1945).

5Charles H. McCloy and Norma D, Young, Tests and Measurement
in Health and Physical Education (3d ed,; New York: Appleton-tentury-
Crofts, Inc., 19%84), p. 70.

6Helen M. Eckert, '"The Effect of Added Welights on Joint
Actions in the Vertlcal Jump " The Research Quarterly, XXXiX (December,

1968), 943-947.
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velocity and increases in range of motion and time of the joint
actions of the hip, knee, and ankle occurred with increasing amounts
of weight., The velocity over time ratio at the hip and knee joints
decreased with increasing amounts of weight,

Weight, in relation to strength, has also been the subject of

7

several investigations, Morehouse and Miller’ noted that in general,
the lighter man is stronger in proportion to his body weight than the
heavier man, The authors proposed a concept of strength per pound of
body weight as being more meaningful than that of total strength,
Morehouse and Rasaha reported that a study of weight lifters
indicated that generally the smaller, lighter man was as strong or
stronger in proportion to his body weight than was the heavier man,

3 reported that in examination of weight lifters it

Karpovich
was found that when absolute strength of muscles was compared with
body weight the relative force is greater in lighter men than in
heavier men,

Keeneylo conducted a study designed to testi the validity of

the observations which had been made on strength per pound of body

?Horehouse and Miller, op. cit., p. 55.

8Lawrence E. Morehouse and P, J, Rasch, Sports Medicine for
Trainers (Philadelphia: W, B. Saunders Co., 1963), p. 16,

gb. V. Karpovich and Wayne E. Sinning, Physiology of Muscular
Activity (7th ed.; Philadelphia: W. 8. Saunders Co., 1971}, p. 23,

IOClifford E. Keeney, 'Relationship of Body Weight to Strength
Body Weight Ratio in Championship Welghtlifters,! The Research
Quarterly, XXVI (March, 1955), 54.




weight. The author used weight lifters of championship caliber as
subjects in the study., Keeney found the lifters in the lighter weight
classes to be stronger in proportion to body size than those in the
heavier classes. The relationship was finear in nature for subjects
between 132 and 198 pounds,
LITERATURE RELATED TO THE EFFECTS OF HEAT AND
DEHYDRATION ON STRENGTH AND PERFORMANCE
The researchers in this area often differed quite markedly in
their findings and conclusions. GroseII reported that the initial
strength of @ local muscle group did not change significantly after
immersion in water of 118.4 deqgrees Fahrenheit for eight minutes,
Grose further concluded that the immersion in hot water did increase the
rate of fatique of the muscle group significantly. He used the muscles
involved in elbow flexion in his study,

Hellsl2 studied the effect of external temperature changes on

13

performance on the Tuttle Pulse-Ratio Test, |t was concluded that
physical efficiency as measured by this test was not atfected by
showers varying in temperature from 65 to 105 degrees Fahrenbheit.

At least three investigators have found significant changes in

IIJoel E. Grose, 'Depression of Muscle Fatigue Curves by Heat
and Cold,' The Research Quarterly, XXIX (March, 1958), 19-31,

lzﬁeorge Wells, '"The Effect of External Temperature Changes on
Blood Pressure, Physical Efficiency, Respiration, and Body Temperature,''
The Research Quarterly, IV (March, 1933), 162-172.

|3H. W. Tuttle, *'The Use of the Pulse-Ratio Test for Rating
Physical Efficiency," The Research Quarterly, 11 (May, 1931), 5-17.
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performance as a result of the effects of heat, Carlilelh investigated
the effect of a preliminary passive warm-up (by means of an eight minute
shower of 105 degrees Fahrenheit) on swimming performance. The author
concluded that the passive warm-up significantly improved the speed of
swimmers in the 220 yard swim,

15

Wright = made a study of the factors influencing variations in
grip strength. The author found that a positive correlation existed
between grip strength and body temperature., {immersion in hot water
until a 2 degree Fahrenheit rise in body temperature was recorded
caused a8 significant increase in grip strength. Attempts to raise the
body temperature still higher decreased the grip strength of the
subjects,

NeubergerI6 examined the changes which occur in body status and
physica! performances that take place following a twenty minute full-
body whirlpool bath at 105 degrees Fahrenheit. The author tested the
sixteen subjects on a test battery of eleven different items before

and after the bath. Neuberger concluded that leg strength, speed of

movement and reaction time were significantly improved following the

hForbes Carlile, "Effect of Preliminary Passive Warming on
Swimming Performance,' The Research Quarterly, XXVIl (May, 1956), 143~
Ist.

ISVerna Wright, "Factors Influencing Diurnal variation of
Strength of Grip," The Research Quarterly, XXX (March, 1959), ik,

‘6Thomas €. Neuberger, 'Effect of a Whirlpool Bath Upon
Physical Status and Performance,' The Research Quarterly, XXXIX
{October, 1968), 812-814,
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whirlpool bath, Body weight was also significantly reduced as a result
of the bath,

Investlgations of the physiological effects of short-term
weight loss caused partly or wholly by thermal dehydration have
resulted in differing conclusions., Several! studies have revealed no
deleterious effects on physiological responses to work loads. Both

17

Jones and Nlcholsla reported no deleterious effects on a variety of
physical tasks when groups of wrestlers were subjected to the usual
rapid weight reduction methods of heat, hard exercise, and curtailment
of water and food intake,

Byramlg found that body weight reduction up to a mean of 11,04
percent of total body weight had no detrimental effects on measures of
muscular strength, muscular endurance, or the circulorespiratory
endurance of varsity wrestlers, The reduction in body weight was

brought about by means of exercise and curtailment of water intake,

Tuttle20 studied the effects of rapid weight loss on the

I78yran D. Jones, '""The Effect of Weight Reduction on the
Physical Condition of High School Wrestlers,! (unpublished Master's
thesis, State University of lowa, 1960),

|8Harold J. Nichols, "The Effect of Rapid Weight Loss on
Selected Physiologic Responses of Wrestlers,' (unpublished Doctor's
dissertation, University of Michigan, 1956).

Ighoward Marian Byram, '"€Effects of Weight Reduction on Strength
and on Muscular Endurance,'" {(unpublished Master's thesis, State
University of lowa, 1953).

ZDU. W. Tuttle, '"The Effect of Weight Loss by Dehydration and

the Withholding of Food on the Physiologic Responses of Wrestlers,'
The Research Quarterly, Xtv (May, 1943), 158-166.
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physiological responses of a group of thirteen wrestlers., The losses
in body weight were accomplished by means of thermal dehydration,
exercise, and reduction of food and water intake. The author
concluded that total body strength as determined by a strength index
was not significantly affected by weight losses of up to 5 percent of
the total body weight, The reaction time of the subjects showed no
significant change as a result of the reduction in weight.

KuntzlemanZI studied the effects of diet restriction and partial
dehydration on neuromuscular and cardiovascular performances. Twenty-
five college males were subjected to a vigorous conditioning program,
The twelve best conditioned were chosen to participate in the study and
were divided into four groups, The groups were:

A, Normal diet,

B. 1200 calorie basic food diet with a twelve ounce water

limitation,

C. 1200 calorie liquid food diet with a twelve ounce water

limitation.

0. Control-normal diet and normal water intake,

Each of the three experimental groups were subjected to each
of the three diets for one week, The subjects were trained for one

week and were tested on measures of cardio-vascular endurance, reaction

2]l:h.ilrles T. Kuntzleman, 'Effects of 1200-Calorie Diets and
Partial Dehydration on Selected Neuromuscular and Cardiovascular
Performances of Well-Conditioned College Men,' Proceedings Annual
Meeting, National College Physical Education Association for Men (69th
ed.; Minneapolis: National College Physical Education Association for
Men, 1966), 122-126,
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time, grip strength, leg strength, arm strength, and total body movement
time,

The author concluded that a 1200 calorie diet with water
restriction does not adversely affect the neuromuscular and cardio-
vascular performances of well-conditioned men, The subjects continued
to improve their level of fitness during the training program, The diet
and water restrictions were sufficient to cause a significant decrease
in body weight.

Doscher22 reported no significant difference on four measures
of physical proficiency (chins, dips, squat thrusts, and the standing
broad jump) before and after rapid weight reduction by means of curtail=
ment of food and water intake. One hundred and ten college students were
used as subjects in his study,

Singer and Hei5523 examined the practice of weight reduction in
wrestling and its effect on various physiological responses of the
wrestlers. The purpose of thls study was to add to the knowledge in the
area of rapid weight reduction and its effect on setected anthropometric,
physicat, and performance measures.

The subjects lost weight for five consecutive days by means of

curtailed food and water intake, thermal dehydration, and exercise.

22Nathan Doscher, ''The Effects of Rapid Weight Loss upon the
Performance of Wrestlers and Boxers, and Upon the Physical Proficliency
of College Students,' The Research Quarterly, XV (December, 1944),
317-324,

23Robert N. Singer and Steven A, Weiss, '"Effccis of Weight
Reduction on Selected Anthropometric, Physical and Performance
Measures of Wrestlers,” The Research Quzicerly, XXXIX (May, 1968), 361-
369.
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Each subject was tested every day on a total of eighteen anthropometric,
physical and performance measures, Total weight losses during the
period ranged from 6 percent to 9 percent of body weight,

The authors concluded that a wrestlier may lose up to 7 percent
of his body weight without adversely affecting the anthropometric,
physical and performance measures which were under study. Response
times were found to be significantly faster at reduced weight levels,

Schusterza examined the actual wrestling performance and
endurance of college age males subjected to weight reduction by means
of restricted food and water intake, thermal dehydration, and exercise,
He found no significant differences in the wrestling and endurance
performance of wrestlers who had reduced their body weight by 7
percent in a seven day period,

25

Crowder examined the effects of exposure to a hot environment
on cardiovascular efficiency, The author divided his subjects into
four groups for the purposes of his study, One group, which served as
a control, engaged in no formal program. The second group trained by
running for fifteen minutes each day, The third group trained by

sitting in a sauna for sixteen minutes each day. The last group

trained by running for fifteen minutes followed by a sixteen minute

21*Abn\ilham Schuster, "The Effects of Rapid Weight Reduction on

the Endurance and Performance of Wrestlers,' {unpublished Master's
thesis, Pennsylvania State University, 1954).

25Vernon R. Crowder, ‘A Study to Determine the Effects of the
Sauna Bath on Cardiovascular Efficiency," (unpublished Doctor's
dissertation, Louisiana State University, May, 1969).
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saund, The subjecls were tested by means of the Harvavd Step Test bolh
before and after the six-week training period, The author concluded
that running, sauna, and running plus sauna will result in a signifi-
cant improvement in cardiovascular efficiency. There was no signifi-~
cant difference between the experimental groups in the improvement of
cardiovascular efficiency.

Miettinen and Karvinenz6 investigated the effects of physical
performance and heart rate response to work of adult males after a
sauna bath, The subjects were exposed to the sauna for one hour at a
temperature of approximately 187 degrees Fahrenheit at 7:00 p.m. At
8.00 the following morning, the subjects performed on the bicycle
ergometer and were tested for grip strength, back lift, and vertical
jump. The findings suggested that performance in those events which
required rapid circulatory adjustments (the bicycle ergometer) might be
improved by exposure to the sauna,

Other studies have concluded that rapid weight loss does have
deleterious effects on various physioclogical responses to work.,
Buskirk?! and others used dry heat to bring about weight losses of 5%
percent of normal body weight of three groups of men at two different

times. During the interval between the two occasions of dehydration,

26Hatti Miettinen and Esko Karvinen, '€Effect of Sauna Bath on
Physical Performance,' The Journal of Sports Medicine and Physical
Performance, |11 (December, 1963), 225,

27E. R. Buskirk, P. F. lanpietro, and D. E. Bass, 'Work
Performance after Dehydration: Effect of Physical Conditioning and
Heat Acclimatization,' Journal of Applied Physiology, Xii (March,
1958), 189194,




one group was acclimatized to heat and physically conditioned, tLhe
second group was physically conditioned, and the third group remained
sedentary. |t was found that all groups showed an elevation in pulse
rates and in body temperature during work and recovery after dehydra-
tion, but tnhe elevation was less in the first two groups than in the
sedentary group. The authors concluded that physical conditioning was
associated with enhanced work performance under conditions of dehydra-
tion. However, it was noted that overall, dehydration apparently
limits man's ability to work.,

Blythe and Burt28 utilized eighteen males to determine the
effects of dehydration and super-hydration on the duration of all-out
runs on a treadmill at a temperature of 120 deqgrees Fahrenheit, The
subjects were classified as athletes or non-athletes, The subjects
were tested under three conditions of water intake: (1) normal; (2)
super-hydration, as a result of drinking two liters of water thirty
minutes before the test; and (3) dehydration, resulting from the
curtailment of water intake for twenty-four hours prior to the test,
The subjects were further dehydrated by sweating in a hot room until
3 percent of the body weight was lost., It was concluded that
dehydration lowered endurance in both athletes and non-athletes
while super-hydration increased endurance in athletes and decreased

endurance in non-athletes,

280. S. Blythe and J. J. Burt, '"Effect of Water Balance on

Ability to Perform in High Ambient Temperature,' The Research

Quarterly, XXXt1, 1961, 301,
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Wilson stated that the loss of water through sweat production
by means of an outside heat source was not detrimental to performance,
However, the author felt that the loss of considerable quantities of
salts during sweat production could cause a weakened physiological
condition, Wilscn stated that because the bodily system is dependent
on closely controlled concentrations of salts, the upsetting of this
balance by means of dehydration can impair performance, The author
further stated that severe dehydration may reduce the greater metabolic
capacity which is achieved through training.

30

de Vries stated that the practice of causing weight losses

of approximately 10 percent in high school athletes could cause changes
in kidney and cardiovascular function and should be condemned in the
strongest terms. de Vries felt that for secondary school athletes a

5 percent weight loss was the outside limit of prudence, and that even
this amount might be too great for some subjects.

3 found that weight losses by dehydration caused no

saltin
significant difference in oxygen intake and in maximal {sometric
strength of the knee extensors from results at normdl body weight.

There was, however a marked increase in heart rate and a decrease in

2qiilliam Wilson, "Control of Body Weight and Nutrition in the
Wrestler," Journal of Physical Education, LXVil, 4 (March-April, 1970},
too-10t, 11T,

30Herbert A. de Vries, Physliology of Exercise for Physical
Education and Athletics {(Dubuque, lowa: W, C, Brown Co,, l§5§5. p. 240,

3lBengt Saltin, '"Aerobic and Anaerobic Work Capacity After
Dehydration," Journal of Applied Physiology, XiX (November, 1964),
334,
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blood lactate level at submaximal work loads after dehydration. The
ability of the subjects showed their ability to perform work after
dehydration was less affected than was the poorly-trained individual's
ability.

32 studied the effects of dehydration and rehydration

Palmer
on certain physiological responses, The procedure used in his study
involved a pre-test at normal weight on factors of body temperature,
exerclse and recovery heart rates, oxygen consumption, respiratory
quotient, oxygen pulse, and ventilatory volume and efficiency during
submaximal exercise on a treadmill. The subjects were dehydrated in
a steam cabinet until 5 percent of the body weight was lost. The test
of responses was repeated one hour after the weight loss was completed,
The subjects were then rehydrated to normal body weight over a five
hour period by administration of sugar sweetened water and retested.
The author concluded that weight loss by dehydration of approximately
5 percent and above will impair physiological performance. This
impairment was primarily marked by a failure of the body to recover
from exerc’.e as rapidly when dehydrated as when at normal weight and
by an increase In mean exercise heart rate over that obtained at
normal body weight.

33

A study by Kight”” of weight and its effect on the vertical

3ZHarren K. Palmer, 'Selected Physiological Responses of Normal
Young Men Following Dehydration and Rehydration,' The Research
Quarterly, XXXiX (December, 1968), 1054-1059,

33Carl Ray Kight, '"The Effects of Experimentally Induced
Variations in Body Weight Upon Power,' (unpublished Doctor's disserta-
tion, Louisiana State University, May, 1967).
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jump involved dehydration by means of both wet and dry heat. He

reached the following conclusions. The vertical jumping ability of a
person can be significantly improved by reducing the body weight by
means of thermal dehydration, A second conclusion indicated that within
the limits of 3 percent over normal body weight and 3 percent under
normal body weight, there appears to be an Inverse relationship between
vertical jumping ability and body weight.

b

Carison and Johnson concluded that the human body was much
more efficient in dissipating heat when exposed to dry heat than when
exposed to wet heat. |In 3 chamber containing dry air, a person could
tolerate temperatures of up to 212 degrees Fahrenheit for short

periods of time, I{f the chamber were saturated with moisture,
preventing the evaporation of sweat, the body temperature rose rapidly,

Collapse occurred in some cases by the time the temperature of the

chamber reached 90 degrees Fahrenheit.
SUMMARY OF THE LITERATURE

The ltiterature was rather limited in that few studies were
available which had examined the effects of rapid weight loss on
performance in physical tasks,

The auvthors investigating the relationship between weight and

performance were in general agreement that an inverse relationship

JhAnton J. Carlson, Victor Johnson, and H, Mead Cavert, The

Machinery of the Human Body (5th ed.; Chicago: The University of
Chicago Press, 1961), p. 383.
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existed between the amount of weight added and the performance. There
was less general agreemen: between the results obtained from studies
relating to the effects of hest and/or denydration on strength and
performance. Some authorities found significant increases in
initial strength after heat and/or dehydration but the majority
found no difference.

The studies relating to the effects of dehydration were
divided on the issue of whether or not dehydration caused deleter-

ious effects on physiological responses to work loads,



CHAPTER 111
PROCEDURE FOR THE STUDY
OVERVIEW OF PROCEDURES

Twenty~seven male subjects were selected to participate in
the study. An attempt was made to select subjects of a similar
body build in order to avoid having an interaction between body
weight and response to work confuse the results of the study. The
study was divided into an exerclse and a recovery period.

The exercise period consisted of each subject stepping up and
down on a twenty-inch high bench at a cadence of thirty steps per
minute, This exercise was performed until! the subject's heart rate
reached 180 beats per minute,

The recovery period was of ten minutes duration and began
immediately after the heart rate of the subject reached 180 beats per
minute, The subject was seated and instructed to remdin Inactive
for the ten minute period. The heart rate throughout the recovery
period was monltored and recorded at each minute., A cardiotachometer
was used to monitor heart rate during both the exercise period and the
recovery period,

The study was also dlvided into five different conditions based
on variations of body weight, E£ach subject participated in both the
exercise and the recovery periods under each of the five conditions,

The conditions were:
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