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ABSTRACT

. The purpose of this study was to investigate the effects of high
and low relative intensi?ies of exercise on body campogition changes
of women. Another purpose was to examine the effect of *raining at
high and low relative intensities on resting and post exercise glucose,
lactate and FFA concentrations.

Thirty-four female subjects were ranked according to percent
body fat and 002 max and were randomly assignéd to either a high
intensity group which worked at 807 of maximum heart rate, a low
intensity group which worked at 657 of maximum heart rate or a control
 group who maintained their normal exercise and eating habits. The
training program consisted of three training sessions per week for
nine weeks. Groups were equated on total power output of 12,000 kpm
for four weeks after which it was increased to 14,000 kpm.

Both the high and low intensity groups showed a significant

>

decrease in perce;t body fat (p <0.05) and an increase in fat free
weight (p<0.05) whilé the control group showed no significant changes,
There was no difference (p 70.05) between the high and low intensity
exercise groups in changes in percent body fat and fat free weight,
The low intensity exercise group lost 2.9 1b of fat (p (0.05) while
the high intensity group lost 2.4 1b cf fat (p20.05). There was no
decrease (p 7..05) in total body weight for any of the g roups. Vo

2
‘max did not change significantly (p?70,05) in any of the groups.

Resting lactate levels remained the same for all groups from pre

to post training. Post training lactate values of the tgained

-~

subjects remained the same as pre trainigg levels but were p%oduced




at a higher tota! power output. The control groups produced more
lactate than the exercise groups post training (p €0.05).

Both the high and low int#hsity exercise groups showed similar
decreases in resting and post exercise levels of FFA after trainzng
(p <0.05).

Resting glucose values were lower after training for both the
high and low intensit: exercise and control groups (p $0.05). The

high and low intensity control groups had decreased post exercise

glucose values from pre to post training tests (p<0.05).
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CHAPTER i

INTRODUCTTON

Kepeated aerobic exercise is assocliated with adaptations in bady
/

7

composition which are reflected in decreased bhody fat alkﬂiuaw(fn-u'orni—
tant increase in tat free weight (Parizkova, 1963; Moody et al., 1969;
Moodv et al., 1972: Smith, 1975; Bjorntorp, 1975: Zuti, 1976; Smith,
19765 Novak, 1978). Changes in body composition are dependent on fhc
separate effecty of repeated exercise sessions on muscle, adipose
tissue and metabolism., It may well he that metabolic and endocrine

PR
adaptations occur first and are later reflected in body compositign/
changes, In order to prescribe exercise as an effective part of a
weight reduction program, the physiological adaptations caused by

specific exercise programs must be considered.

Phyvsic . training produces a decrease in body fat which implies

S

that training altered adipose tissue metabolism towards increased
lipid mobilization and/or decreased lipid assimilation (Kral, 1974;
Holm, 1977).  Exercise increases the need for fuel to supply energy
for muscular contractions. During aerobic exercise, the increase in
fuel supply is met from a combination of carbohydrates and fat. The
mixture of fuels used will dependvupon the fitness level and prenutri-
tion of the subject as well as the intensity and duration of exercise
(Christensen and Hansen, 1939; Issekutz, 1963; Havel, 1971; Astrand,
1977; McCafferty and Horvath, 1977; Wahren, 1977; Vranic and Berger,
1979). During moderate intensity exercise in which there ig little

increase in blood lactate levels, the utilization of FFA as a fuel may



provide 25907 of the energy produced (Paul and Holmes, 1975; Sutton,
1978). Fxercise \uuses an increase in FFA turncver rate, the amount
being dependent on the intensity of exercise relative to the individual's
titness level (Pruett, 1970). As exercise becomes more severe in
relation to the individual's \"(),) max, a larger proportion of energy f{s
derived anaerobicallv and the mobilization of FFA is depressed by high
lactate concentrations (Pruett, 1970; Bovd et al., 1974). Thus, it

would appear that intensitv of exercise is a key factor affecting FFA

mobilization,

The Problem

Adjustments in metabolism and body compesition which result from
exercise form the feasibility of phvsical training as a means of .
therapy in obesity. From a practical point of view, it is desirable
to know what quantity of exercise 1s needed to produce body composition
changes. Several researchers have indicated that intensity of exercise
is a key factor in producing metabolic chunges which iﬁ turn affect
rdipose tissue depots (Parizkova, 1963; Bjorntorp, 1976; Girandola,
o Pollock, 1977). Many studies have examined the effect of aerobic
ex. .se on the body composition of women but few attempts have been
made to quantify the intensity or total power output of work required
to produce changes in body composition. Smith (1975) found no differ-
ence in body composition changes of women produced by low and high
intensity endurance training. Giranuola (1976) found low intensity
exercise to result in body composition changes while high intensity
exercise produced no changes. The effect of intensity of exercise on

body composition is not clearly defined. Therefore, the problem of



this studv was to determine the effects of training at high or low
relative intensities on body composition changes of women. Another
problem was to examine the effect of training at high and low relative
intensities un glucose, lactate and FFA concentrations at rest and

immediately after exercise.

Definition of Terms

Maximal oxvgen uptake (602 max): a temm referring to the maximal
volume of oxygen which can be consumed per minute (litres/minute
or ml/kg/min)

Maximal heart rate: the highest heart rate recorded during a maximal
stress test

Power output: refers to performance of work expressed per unit of
time (e.g., kpm/min)

Training program: refers to a nine week period of exercising three
times per week

Training session: refers to one exercise period

High intensity exercise group: refers to a group of subjects who
trained at 80% of maximal heart rate ;

Low intensity exercise'group: refers to a group of subjects who
trained at 657 of maximal heart rate

High intensity control group: subjects did not participate in the
training program but performed a high intensity exercise session
at the beginning and end of the training program

Low intensity control group: subjects did not participate in the train-
ing program but performed a low intensity exercise sesﬁion at the

beginning and end of the training program



Fat free weight: sum of all the " i:sues of the-body minu- the total

bodv fat A

Percent body fat: 1is the bercont of total body welght expressed as
fat

Body composition: the combination of bone tissue, musculature and

fat layers of the human body
ry: a lifestyle which involves very little regular physical
tivity
Pre exercise: 1in a resting state before the start of exercise
Post exercise: during the recovery period after a training session
Pre training: refers to the time period before the start of the
training program
Post training: vrefers to the time period immediately after the
training program
Respiratory Exchange Ratio (RER): the ratio of the volume of carbon
Aioxide expired per minute (VCOZ)‘to the volume of oxygen con-
sumed during the same time interval (QOZ)
ANQOV: analysis of variance
Kilopond meter (kpm): 1is a unit of work. A FiIOpond is the force
required to maintain a 1 kg mass against gravity and is equal to
9.8 Newtons

Watt (W): a unit of power equal to Joules/sec

Limitations
1. Residual volume was predicted from vital capacity.
2. Diet was not controlled. It was left to the cooperation of the

subjects to maintain their normal diet and exercise patterns.



3. The control group served as a double control group as they per-
formed both a high and low intensity work session pre and post

training to obtain resting and post exercise blood samples,

Delimitations

1. Thirty-four female subjects from the university community who
ranged in age from twenty-one to thirty-four years (i = 24.90 +
3.73) participated in a nine week study.

2. Two intensities of exercise were studied,

Hypotheses

The following null hypotheses were tested for significance at
the 0.05 level of probability:

1. Tﬁere 1s no difference in the effect of high and low relative
intensities of exercise equated on total power output on the
body composition changes of women.

2. There is no difference in the effect of high and low relative
in;enéities of exercise equated on total power output on resting

and post exercise levels of glucose, lactate and FFA,



CHAPTER TI

REVIEW OF LITERATURE

There are many aspects to the effect of training on body compo-
sition and metabolism which will be presented under the following
headings: the effect of exercise on body composition, the interrelation-

ship of FFA and glucose as a fuel, FFA, glucose, lactate.

The Eff -t of Exercise on Body Composition .

Obesity is the end result of an energy imbalance between caloric
intake and energv expenditure. Intake is the function of food consump-
tion while enery: e:enditure is the sum of basal metabolic rate,
specific dynamic action ad the energy involved in voluntary muscular
work (Garrow, 1974). Basa! cnergy needs account for a large percentage
of total caloric requirements in sedentary individuals. Although energy
imbalance results .when calori. " ike =2vceeds physiological need,

research indicates that the eneruv inrbalance leading to obesity is due

to lowered activity levels rather thar . 24 - ° Zood intake, Studies
on obese adolescent males (Stefanik, 1v . delescent females
(Johnson et al., 1956), and obese adult > (Blcom, 1967;
Curtis, 1971; Keys, 1970; Mayer, 1968) show: ‘se subjects =4
lower activity levels but equivalent or icwer . ta when
compared to non-obese controls., Physic.1 act ~tant

factor in producing energy balance,
By comparing trained to untrained individual:s »f Tio4ve tage
weight and height, it was found that the trained individva. 1ad . grer

body density and a lower percentage of body fat than the untra‘ --d

6



individuals (Parizkova, 1963; Bjorntorp, 1975; Novak, 1978). It was
concluded from these studies that lean body mass and fat depots are in
a dynamic state of equilibrium which reflects changes in energy output
and balance. During increased muscular activity, lean body mass hyper-
trophies while body fat decreases.

Duddleston (1970) investigated the effect of diet and exercise on
obese women. The six week exercise program consisted of exercising
one hour on a bicycle ergometer or treadmill four times per week.
Twelve female subjects were divided into four groups. The exercise
and diet group lost 15.3 pounds, the diet group lost 14,5 pounds and
the exercise group lost 3.5 pounds. It-Wis concluded that the combina-
tion of exercise and diet was most beneficial in promoting weight loss.

Johnson (1972) studied the effect of a ten week exercise program
on dietary intake and body composition, Subjects pedalled a bicycle
ergometer five times a week for thirty minutes with the intensity of
work being determined by each individual. There was no significant
decrease in body weight (p 70.05); however, there were significant
decreases in all skinfold measurements (p<0.05), a significant
increase in estimated body density a~1 a decrease in eétimated body
fat of 2.2% (p €0.05). Mean daily caloric incake decreased 167 Kcal
(p €0.05).

Kenrick (1972) evaluated the addition of exercise to a weight
reduction program of twelve matched obese subjects who were on a
1000-1500 calorie diet. Six participated in a thirty minute exercise
program for six months. The program included exercising on a treadmill
at a heart rate of 120 to 140 beats per minute. The exercise group

had a significantly greater fat weight loss than the nonexercised group.



lewis (1976) investigated the effect of a seventeen week physical
activity program on weight reduction in obese middle-aged women. Body
composition was determined by hydrostatic weighing., The women partici-
pated twice a week in an exercise program which congisted of Qeveral
minutes of flexibility exercises followed by nineteen minutes of walk-
jogging. The intensity of exercise was maintained at 807 of the age

\
adjusted maximum heart rate. An additional two days per week involved
one hour sessions in body mechanics classes during which calisthenicg,
stretching and flexibilityv exercises were performed. Diet was modified.
Significant décreases were obtained in total body weight (p< 0.001), fat
body weilght Q)(0.00I), perc<§} body fat (p €0.001) while body density
increased as did lean body mass (p 7 0.05). Approximately 60% of the
total energy deficit was attributed to a reduced caloric intake.

Zuti (1976) compared the effect of exercise, diet or a combination
of exercise and diet on weight reduction of young women. Body composi-
tion changes were determined by hydrostatic weighing. The diet group
reduced caloric intake by 500 calories per day; the exercise group
increased caloric expenditure by 500 calories per day; the combination
group reduced caloric intake by 250 calories per day and increased
energy expenditure by 250 calories per day. The exercige program
involved an hour of exercise equal to 250 calories (type not specified)
five days per week. The exercige group wag teated to determine the
energy ;ost of walking and were prescribed a walking program equal to
250 calories. The average weight losses for the three groups were 11,7,
12.0 and 10.6 pounds, respectively,with there being no significant

difference between groups (p 70,05). The three groups showed an

increase in body density (<0.01). The women in the exercise and



combination groups had a greater increase in bodv densgity than the

diet group (p <0,05) but there was no ditfference hetween the two groups
(p70.05). The diet group lost lean tissue, whereas the women in the
other groups showed a slight gain (p 70.05).,  The exercise and combina-
tion groups lost more pounds of fat than the diet group (p<£0,05), It
was concluded that if a person exercises during weight loss, fatr loss
is {ncreased as well as lean bodv mass,

Exercise plays an important role in welght control programs by
promoting optimal changes in bodv composition which result in a decrease
in body fat and an increase in lean bodv mass. Some studies have
researched the effects of specific exercise programs on body composi-
tion,

The effect of intense exercise on the body composition of compet-
itive gvmnasts was studied by Parizkova (1963). After stiteen weeks of
intense training, body weight remained the same but the amount of
subcutaneous fat decreased while lean body mass increased. Skinfold
measurements were used to predict body density. Following a fifteen
week period of relative inactivity, body weight increased reflecting
an accumulation of fat. It was concluded that intense training caused
an increase in the proportion of lean body mass with a concomitant
reduction in total body fat and the opposite eff cecurred with the
cessation of training, Changes in body composition are more marked in
athletes involved in endurance sports than in normal individuals pur-~
suing activitigs involving average amounts of muscular activity,

Moody (1569) researched the effect of an eight wéek exercise
program on body weight and skinfold thickness in overweight college

women on an ab libitum diet. Energy expenditure of walking and jogging



wag detemmined and then an tondividualized program which required

500 Keal. day was prescribed.  Body weight decreased 2.4 kg (p<0,001);
percent body tat decreased 10.17% (p €0,01) while lean body mass
increased 2.9 kg (p<0.001). Because the subjects lost more weight
than would be expected from the calculated energyv expenditure, (L wasg
concluded that skinfolds alone are not a valid meany ot measuring
hody compogition changes,

Moodv (1972) studied the effect of a jogging program on obese and
nenobese teenage girls.  The exercise program fnitially consisted of
jogging and walking one mile in equal portions and was increased to
three miles of 757% jogging. The obese group showed an increase in
density and lean body weight. Percent body fat and body weight de-
creased (p<0.05) in the obese girls. The nonobese giris followed the
same trend although the changes were not significant.

Gwinup (1975) studied Ehe effect ol exercise on obese women over
a cne yvear period. Subjects selected an activity of their choice and
increased their activity time to at least one half hour per day. The
average weight loss for the group after a one year period was twenty-
two pounds. It was concluded that exercise alone can produce substan-
tial and sustained weight loss in individuals who exercise on a regular
basis.

Wallace (1975) studied the effect of cardiovascular training on
the body composition of college women. The sixteen week training
program consisted of running and walking ten to twenty minutes three
times per week at 807 of maximum heart rate. Body composition was
estimated by skinfold measurements. The group lost a small amount of

weight (p 70.05) and a small percentage of body fat. (p>0,05),
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h}ﬁh intensity group alternately exercised and rested for one minute

A short term jogring program at two different subtmaximal fotensd-
ties produced 4 decrease In perveent body fat (p <0.05) for both intensitiayg
ag measured by skintold measurements but showed no difference between
the groups (p “0,05 (smith, 1979, Neither total hodv weight or lean
body weight changed signiticant Ly (p 70.0%). The w-on jouged a
distance of 1,75 miles at 80-857 or T0-757 of their pred {cted maximum
heart rate for nine wecks,

tirandola (1976) researched rthe effect 9( high and low intensity
cxercise on the hodv composition of women. Training congisted of

riding a bicvele ergometer three Uimes per week for ten weeks. The

intervals working at 840 kpm per minute for a period of five minutes.
The low intensity group exercised continuously at 420 kpm/min for ten
minutes. Training times were increased to seven and one half miqutes
and fifteen minutes by the seventh week of training. Body composition
was estimated by hydrostatic weighing. After training, the high
intensity group showed a slight increase in percent body fat, total
body weight and lean body mass (p 70.05). The low intensity group
lost 1.1% body fat (p <0.05), had a slight fﬁcrease in lean body mass
(p20.05), and a small decrease in total body weight (p 20,05 It
was concluded that low intensity work was the most effective type of
exercigse to promote body composition changes.

Smith (1976) examined the effect of seven weeks of training and
seven weeks of raining on the body composition of young women, Body
composition was analyked by skinfolds. The exercise program consgigted
of riding a bicycle ergometer for sixteen minutes at 757 of waximum

\

heart rate three times per week, Body weight}and lean body weight
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increaned following training (p<0,01),  Body tat decreased 0,37

(p>0.0D 0 fean body weight decreased followlog detvalning (p 40.01)..

Davies (1977) studled the effect of three fifteen minute sessions
per week of calisthenics and running on women.  Body compdaitiom was
measured using skintfolds, Intensity of exercise was in:  ly 607 of
age predicted maximum heart rate and after three weeks was increas !

, o
to BOZ maximum heart rate, Body weight did not change (p70,0%9)
although the sum of skinfold measurements decreagsed (p<0,05),

Shirve (1977) compared the effects of high and low resistance
bicvele ergometer training on body compusition., The mean totsl mechan-
ical resigtance was the same for the high and low resistance}cxercise

J
groups, No =ignificant changes were found in body composition as
predicted from skinfold measurements,

Following a twelve week fitness class of calesthenics and endur-
ance activities, voung women lost 0,727 fat ip 70.05) but shywed no

decrease in total body weight (White et al., 1978). Body density wa

estimated from skinfold measurements.

Summa ry

Submaximal exercise perfbrmed on & regular basis varying from
three to six times per week has been shown to produce changes in body
composition éésulting in an increase in fat free weight with a concomi-
tant decrease in percent body fat., Short temm perlods of e;ercise
(six to ten weeks) usually result in no change in body weight due to
changes in body composition. A decrease in body weight may occur with
training periods of longer.duration such as six months to one year.

The capacity of muscle mass to hypertrophy is limited and at some time

2]



is overcome by a fat decrease which result in a net bady weight decrease.

Decreases in body fat seem to occur without any voluntary restric-
tion of energy intake; however, training effects on body composition
are more pronounced if combined with caloric restriction, FExercise or
a combination of diet and exercise promote a more optimal change in
body composition than diet alone.

The changes in body composition which occur from exercise are
dependent upon the intensity, duration and frequency of training., The
type of exercise used in most training programs is aerobic work. It
has not been egtablished which combinatibn of intensity, duration and
fréquency of training are required to produce optimal changes in. body

composition, although intensity may be a key factor.

The Interrelationship of Glucose and FFA as Fuel

During aerobic exercise, a combination of both carbohydrates and
free fatty acids (FFA) are oxidized to meet energy needs (Felig and
Wihren, 1975; Astrand, 1977). Early research suggested that carbohy-
drates were the only fuel oxidzed by the muscle (Chagveau, 1896).
Measurement of the respiratory exchange rate (RER) in dogs and man
implied that both fats and carbohydrates served as muscular fuel
(Anderson and Luck, 1917; Cathcart and Burnett, 1925; Krogh and Lindhard,
1920). Lehninger (1946) established the oxidation of free fatty acids
in skeletal muscle by detemining the uptake and degradation of 14C-
labelled fatty acids. The relative contribution of carbohydrates and
FFA as a fuel depends upon the intensity of exercise, the duration of
work performed, the degree of training and pre-nutrition of the subject

/J(Christensen and Hansen, 1939; Issekutz, 1966; Havel, 1971; Astrand,

{
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1977; Mccafferty and Horvath, 1977; Wahren, 1977, Vranic and BRerger,

1979).

Fat is available to tissue 1n several forms - free fatty acids
(FFA), triglycerides, and kctone bodies with FFA being the major
supply (Paul and Holmes, 1975; McCafferty and Horvath, 1977; Newsholme,
1978). FFA originate primarily from triglycerides stored in adipose
tissue (Gordon and Cherkes, 1956; Dole, 1956) although both intra-
muscular a. e~xtramuscular fat depots may provide FFA for oxidation
(Paul and ilolres, 1975; Essen, 1977). Triglycerides are hydrolvzed to
produce ¥FA and glycerol which are released from adipose tissue in
response to hormonal and neural stimuli (Hagenfeldt, 1979).

Human FFA fraction carried in the blood is composed of a variety

of saturated and unsaturated acids with chain lengths varying from 12

to 22 carbor ms (Vihko et al., 1973). Palmitic and oleic acid
make up Dros. iy 60% of total FFA (Hagenfeldt, 1979), FFA are
insolubtic - s and a carried in the blood as a lipid albumin

complex. Because FFA depend: on albumin for transport, an upper limit
of > mM/1 of FFA can be carried at any one time (Gollnick, 1978).
Fasting resting levels of FFA range from 0.13 to 1.21 mM/1 (Dole,

1956; Gordon and Cherkes, 1956; Foster, 1978). The use of oral contra-
ceptives causes a decrease in resting FFA levels (Briggs, 1976). Both
resting and exercise levels of FFA are affected by diet. Plasma FFA
are higher after a high fat, low carbohydrate-diet and, conversely,
lower after a high carbohydrate diet (Astrand, 1977; Maughan et al.,

1978). On a low carbohydrate diet plasma FFA concentrations increased
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gignificantly more than on a normal or high carbohydrate diet during
“

both exercise and recovery (Maughan et al,, 1978). ' R

N
The FFA pool in the blood is small and FFA have/a hall £ 1116\02\
\

1.8 to 3.9 minutes (Eaton et al., 1969). 1In order to mee& the nc*dQJ

/ .
of the cells, FFA have a rapid turnover rate (Armstrong//1961). “FFA)
turnover rate consists of: -

1. release of FFA from adipose tissue

2. plasma concentration of FFA

3. uptake by cells

4. utilization (Rottini et al., 1971; Newsholme, 1978),.

Changes in the concentration of FFA indicate only an imbalance between
rate of release of FFA from adipose tissue and rate of removal by
working muscle (Issekutz et al., 1966). Measurement of plasma FFA
turnover rate was determined by the infusion of 14C-labelled fatty
acids. Ammstrong (1961) established that turnover rate of FFA was
related to {ts plasma conc ation and entered celles “v a mass action.
affect, i,e., the greater the concentration of FFA thc _reater the
turnover rate,

It was found thaf plasma FF.: levels were elevated during prolonged
endurance exercise (Friedberg, 1963; Isskutz, 1966; Paul and Holmes,
1975). Measurement of FFA turnover rate and oxidation of isotopic FFA
led to estimates that FFA could accoun; for 25% to 907 of the total
exercise metabolism (Havel, 1971; Issekutz, 1963),

FFA are oxidized to acetyl CoA in the mitochondria of the cell
by the process of beta oxidation (Stryer, 1975). The rate of oxidation
1s dependent on the concentration of FFA to which the mus-les are

i

exposed, the ability to transport FFA into the mitochondria and the
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capacity of the cell to oxidize FFA. Uptake of FFA by the muscle is a
function of arterial FFA concentration. When the metabolic rate is

\
constant (at réét‘or during steady state exercise), the rate of fat
oxidation increases with increasing FFA concentration (Armsfgong, 1961;
Holloszy, 1977). It appears that the availability of FFA to the mito-
chondria is the rate limiting factor for FFA oxidatién at any given
oxygen uptake (Wenger and Reed, 1976). Once in the cell, FFA must be
esterified with carnitine for transport into the mitochondria. The
concentration of carnitine and the rate of transfer of FFA into the
mitochondria may limit the quantity of FFA used in aerobic energy
production (Wenger and Reed, 1976; Holloszy, 1977).' Endurance training
leads to the overall enhancement of the aerobic potential of the cell.
Increased oxidation of fat in the trained state could be due to the
adaptive increase in muscle mitochondria and the increase in mito-
chondrial enzymes involved in the oxidagion of FFA (Holloszy, 1977;
Saltin et al.,.l977),

At any given concentration of FFA, the rate of oxidation is highest
in the muscles with the greatest capacity to oxidize fat. Heart muscle
oxidizes fat more readily than slow oxidative muscle fibers (SO) and SO
fibers more readily than fast glycolytic (FG) muscleﬁfibers (Holloszy,
1977).

Work increases the rate of energy consumption and thus, increases
the rate of e.i.c. vv production so that the rate of ATP formation can
equal that of utilization (Newsholme, 1978; Wenger‘and Reed, 1976).

The metabolic pathway producing ATP will depend on the intensity and

duration of work. FG fibers rely primarily on anaerobic glycolysis for

energy production whereas SO fibers rely on aerobic oxidation for energy
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supply. During high intensity short duration work, FG fibers are
recruited. During low intensity long duration work, 50 fibers are
primarily recruited and produce energy by aerobic oxidation of fat,
glucose and glycogen (Wenger and Reed, 1976).

The rate of FFA mobilization from adipose depots and FFA uptake
by muscles are higher during exercise than at rest for any equivalent Vo
FFA level (McCafferty aA& Horvath, 1977)., After an initial decrease
in plasma FFA concentration, FFA levels increase during moderate sub-
maximal exercise and also in recovery from exerciEEB Peak values in
recovery occur after three to six minutes of rest’ (Hagenfeldt and
Wahren, 1975).

Studies which measured RER show that both fat and carbohydrates
are used jointly in different relative proportions by SO fibers
(Christensen and Hansen, 1939; Astrand, 1977). The relative importance
of fat or carbohydrate as a fuel ig related o the intensity and
duration of wdrk. At rest and exercise of low intensity, long dura-
tion, FFA are the primary fuel used (Havel, 1971). Pruett (1970)
showed that the direction of change in plasma FFA levels during work
was dependent on the relative severity of work as measured by'oxygen
uptake. Well trained subjects exercising at 50 to 707 of 602 max
showed increasing levels of plasma FFA as exercise progressed. At
85 to 907% 602 max, FFA concentration fell after the start of work and
did not increase until] recovery. FFA mobilization continued for
several hours after exercise,

The relative amount of carbohydrate and fat utilized at different
wquloads also deperds on the level of physical fitness with FFA oxida-

tion being a more important source of energy in the trained than the
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untrained (Holloszy et al., 1971). The most marked difference between
trained and untrained individuals in metabolic responses to the same
relative work intensity is the proportion of fat and carbohydrate
utilization, Trained subjects have lower plasma FFA concentrations

both at rest and during exercise (Rennie et al., 1974; McCafferty and
Horvath, 1977; Holloszy, 1977; Holloszy, 1978; Oscai, 1978; White et al.,
1978; White et al., 1978, Bransford, 1979). The lower plasma FFA levels
of the trained subjects during exercise could be related to either a
depressed rate of lipolysis or to an elevated rate of uptake and
utilization of FFA by the working muscle. Lower RER of trained‘subjects
at similar relative loads as untrained subjects supports the concept of
elevated extraction and oxidation following training (Christensen aﬁd
Hansen, 1939; Holloszy, 1977; Saltin, 1977; “"ransford, 1979). Sutton
(1978) compared trainéd and untrained subject: working at identical
absolute power outputs., The subjects worked’hfjan absolute power out-
out of 750 kpm/min which was equal to 857% 60 max for the untrained and

2

39.5% 002 max for the trained. The fit group showed greater increases
in FFA levels during exercise than the untrained subjects.‘

Exercise produces increased levels of lipolytic hormones - epin;-
phrine, norepinephrine, cortisol, growth hormone, glucagon and adreno-
corticotrophic hormone with a decrease in insulin levels (Pruett, 1971;
Hartley et al,, 1972; Bloom et al., 1976; Astrand, 1977; Sutton, 1978).
Norepinephrine is the most powerful stimulator of FFA mobilization
(Astrand, 1977) while growth hormone caﬁsed increased mobilization of

FFA which lasted several hours during recovery from exercise (Pruett,

1971; Astrand, 1977).
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Physical training is followed by a decrease in body fat and fat
cell size (Bjorntorp, 1976) which implies that adipose tissue metabolism
is altered towards increased mobilization and/or decreased lipid
assimilation. Holm (1977) investigated the effect of exercise on fat
cell metabolism. Fat cell biopsies were taken before and twenty-four
hours after exercise at 70% éOz max. Increased basal rates of lipid
mobilization were found in the fat cells after physical exercise,

These metabolic findings may show the initial changes in lipid metabo-

lism produced by exercise which may lead to diminished fat depots.

Glucose

Resting blood glucose values vary from 69.38 to 108.12 mg %
(Ahlborg et al., 1974; Wahren et al., 1971; Johnson and Rennie, 1973;
Foster, 1978; Gollnick, 1978; Maeﬁlum et al,, 1978). Glucose levels
determined using blood plasma are considerably highé% (approximately
20 mg %) than glucose levels determined from whole blood (Foster, 1978).
Glucose values are lower in the morning than the afternoon (Schlierf and
Raetzer, 1972). Oral contraceptives do not effect resting glucose
levels (Briggs, 1976). The greatest variability in plasma glucose
levels of women are seen during the menstrual period (Soutﬁag and
Gonzaga, 1965). The type and quantity of carbohydrate eaten affects
resting glucose levels (Christensen and Hansen, 1939; Crapo et al,,
1976; Thompson et al., 1978; Hultman, 1978);

Carbohydrates are stored in the body as glycogen in the liver
(80-90 grams) and the muscle (300-400 grams) (Wahren, 1979). Muscle
glycogen 18 used t; meet thé energy requirements of thf muscle in which

it is contained. Liver glycogen is a source of blood glucose which can




be mobilized to maintain blood glucose homeostasis in response to
exercise. The size of liver and muscle glycogen stores varfes depend-
ing on diet. When a high carbohydrate diet is eaten after a period of
a low carbohydrate diet, there 1s an increase in liver glycogen content
(Hultman, 1978). Except for starvation in which the kidney produces
glucose, the liver is the sole site of glucoJZ production., At rest
the rate of hepatic glucose produétion is 150 mg/min of which 757% is
produced by glycogenolysis and the remainder by gpuconeogenesis from
lactate, pyruvate, glycerol and glucogenic amino acid (Wahren, 1977).

Glucose ugtake by working muscle increases two to thirty-five
times basal level with the increase being a functiom of both intensity
and duration of wérk (Wahren,\197l; Ahlborg et al., 1974). The
increase in glucose utilization by the muscle is met by increased
splanchnic output of glucose. Exercise at 65W, 135W, 200W caused an
increased splanchnic output which increased progressively with intensity
to two, three and five times basal level after forty minutes of exer-
cise (Wahren et al., 1974). The increased output was mainl; the
result of glycogenolysis. Gluconeogenesis decreases from 25-30% at
rest to 15% after forty minutes of mild to moderate exercise to less
than 5% after the same period of heavy exercise (Wahren, 1979). At
low workloads for extended periods of time, the uptake of gluconeogenic
precursors 1s of quantitative importance in maintaining glucose out-
put (Hultman, 1978) by contributing to 45% of the overall hepatic
glucose output (Wahren, 1979).

Blood glucose levels reflect the balance between splanchnic glucose
output and its peripheral utilization. During exercise splanchnic

glucose output increases to meet increased glucose uptake by the
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muscles. When exercise continues for an extended period of time,
splanchnic glucose output fails to keep pace with peripheral glucose
utilization resulting in decreased serum glucose levels. In order
for an increase or decrease in serum glucose levels to be significant,
it must be at least a change of 10 mg 7 (Udassin et al,, 1977).
Changes in blood glucose levels during exercise depend upon
intensity and duration of exercise as well as the fitness level of
the subject. Wahren (1971) measured the glucose concentration during
exercise of forty minutes duration at 400, 800 or 1200 kpm/min on
subjects who were not training regularly. Blood glucose levels did
not gsignificantly change during mild exercise at 406’me/min. Work-
loads of 800 and léOO kpm/min elicited a gradual rise in glucose
concentration which was more pronounced at the heaviest workloads.
Mo;t researchers have found similar results of no change in blood
glucose levels of untrained individuals during moderate intensity
exercise (Rottini, 1971; Johnson and Rennie, 1973; Udassin, 1977;
White et al,, 1978; Sutton, 1978), Bloom (1976) found blood glucose
to increase in untrained subjects at 30% 602 max. Felig and Wahren
(1979) showedwgfﬁfgnificant increase in Elood glucose levels of un-
trained subjects auring exercise of 55-657 002 max. Pruett (1970)
found blood glucose levels to decrease at 50-70% of 902 max in trained
subjects. During high intensity work, most researchers have found
blood glucose levels to,rise (Pruett, 1970; Wahren, 1971; Bloom et al.,
1976; White et al., 1978; Sutton, 1978): The increase was found to

be greater in trained than untrained subjects (Bloom et al., 1976;

White et al., 1978).
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Plasma insulin levels have been observed to decrease during acute

exercise and heavy, pra%onged exercigse in spite of increased glucose
utilization (Whité et al., 1978). In the complete absence of insulin,
glucose uptake does not increase during work (Vranic and Wrenshall,
1969) suggesting that insulin may exert a permissive effect on exercise
induced glucose uptake (Wahren, 1979). The hormonal response to the
end of work is an increase in insulin levels within 2 to 10 minutes
(Pruetr, 1971; Felig and Wahren, 1975).

Exercige causes an increase in plasma glucagon. Glucagon may
inhihit insulin secretion and increase substrates for exercising
mus- by increased glycogenolysis and lipolysis (Wahren, 1971;

Luyckx et al., 1978). 1Increases in glucagon are more pronounced when

exercise is prolonged or severe (Wahren, 1979). Glucagon remains high
after exercise and méy contribute to increased hepatic uptake of glu-

conzééenic precursors (Felig and Wahren, 1975). Glucagon and insulin

play an important role in glucose homeostasis., Glucagon appears to be
mainly respo?sible for hepatic glucose output while insulin regulates

peripheral glucose uptake,

Catecholamines indirectly affect glucose uptake. An increase in
catecholamines results in Increased FFA mobilization and increased gly-
cogenolysis which both decrease glucose utilization (Vranic and Berger,
1979). Issekutz (1979) blocked the effect of catecholamines in exer-
éising dogs which produced a decreased turnover of FFA and decreased
glycogenolysis. This resulted in increased glucose utilization by
the muscle,

Increased elevation of plasma glucose and insulin prior to exercise

result in increased carbohydrate metabolism during exercise (Costill,

22
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1977). The type and quantity of carbohydrate eaten determine resting
g lucose and insulin levels (Christensen and Hansen, 1939; Pruett, 1971;
Reaven and Olefsky, 1974; Crapo et al., 1976; Hultman, 1978; Thompson
et al., 1978). Thompson et al. (1978) showed that sucrose containing
diets produced significantly lower insulin concentrations than corn
syrup co‘?hining diets. A low fat, high carbohydrate diet resulted in
Increased resting glucose and insulin levels (Reaven and Olefsky, 1974;
Maughan et al., 1978). The insulin levels were elevated out o' pro-
portion to the rises in plasma glucose concentrations. After a high
carbohydrate diet, blood glucose increased more during recovery than
on a normal mixed diet (Maughan et al., 1978). High fat, low carbo-
hydrate Q}ets result in decreased resting insulin and glucose levels
(Pruett, 1971) which increase the oxidation of FFA durihg exercise
(Christensen and Hansen, 1939). The oxidétion of lipids can never
fully replace the use of glucose by contracting muscles even in trained

g

individuals,

Lactate

The relative intensity of work dictates the change of plasma FFA
levels as well as the amount of lactate formed (Hermansen, 1971;
Pruett, 1970; Wenger and Reed, 1976). High lactate levels inhibit FFA
mobilization during exerciée (Miller et al., 1963; Issekutz et al.,
1966; Boyd, 1974). |

Issekutz and Miller (1962) found an inverse relatiqnship between
plasma FFA levels and lactate production which indicated that lactate
may function as a physiological inhibitor of FFA mobilization during

severe exercise. Subsequent studies showed that decreased FFA levels




tegulted from increased lactate levels which inhibited fat mobiliza-
tion from adipose tissue while FFA uptake continued in the exercising
muscle (Miller et al., 1963; Isgsekutz et al., 1966). Although FFA
release from adipogse tissue is inhi" ‘ed by high lactate concentra-
tions, glycerol release is stimulated (Dieterle, 1977) indicating

that lactate may cause {ncreased re-esterification of FFA (Astrand,
1977). Boyd (1974) found that lactate concentrations of 6 to 8 mM/1
produced decreased FFA levels. Thus, there is a critical lactate con-
centration which when exceeded will inhibit fat mobilization and
decrease FFA levels.

The rate of energy production during exercise determines the
metabolic pathway used to produce energy which in turn determines the
formation of Iactate. During high intensity exercise of short dura-
tion, lactate i{s formed primarily in FG fibérs by anaerobic glycolysis
(Fox and Matﬁews, 1976). FG fibers contain high concentrations of
LDH-M which facilitates the formation of lactate from pyruvate
(Wenger and Reed, 1976; McGrail, 1977). Lactate diffuses from the
muscle to accumulate in the blood (McGrail et al., 1t977). During
light to moderate intensity work, energy production is met almost
eXclusively by the aerobic oxidation of glucose or FFA in SO fibers
and lactate levels remain near resting levels (Hermansen, 1971).

The intensity of exercise at which lactate production increases
depends on the type of activity as well as the participant's fitness
level. Karlsson (1971) found a marked increase in lactate production
at 50-60% of éOz max in relatively fit subjects. Pruett (1970) found
that lactate levels remained low in well trained athletes at /0% VOZ

max., At increasing intensities of 80-90% VO2 max, lactate levels were

24



elevated. Bloom et al. (1976) found mild exercise of 307 QOZ max to
cause a significant rise in lactate levels of untrained subjects.
Brandsford and Howley (1979) studied untrained women and found that
lactate levels remained at or slightly above resting levels during
exercise which required 557 of &Oz max, As exercise becomes more
severe in relation to the subject's VOZ max, a larger proportion of
enef$y is derived anaerobically., The mobilization of FFA is depressed
as fgng as blood lactate levels' remain high.

Blood lactate concentrations are lower in trained than untrained
subjects working at the same absolute workload (Sutton, 1978) and at
the same relative workload (Co b and Johnson, 1963; Hermansen, 1971;
Hartley et al,, 1972; Rennie et al., 1974; Bloom et al., 1976). After
training, reduced blood lactate concentrations at a given submaximal
workload result because the muscles have adapted to training with an
increased respiratory capacity (Saltin and Karlsson, 1971; McGrail et
al., 1977; Holloszy, 1978). A higher intensity is needed to attain
the same rate of lactate production in the trained as compared to the
untrained muécle. .Saltin and Karleson (1971) found that twelve weeks
of endurance training resulted in significant ;écreases in lactate at
a given submaximal workload and that after twenty-eight weeks of train-
ing lactate production was ;ignificantly reduced at:the same relative
workload. It cgé be seeh that intensity of exercise is an important

factor in a weight reduction training program as it affects both FFA

mobilization and .lactate formation,




CHAPTER II1

HTHODOLOGY

Subject Selecrlon and Orientation

: A
i

, Fifty female volunteer subjects were screened to meet the
AY

following requirements: 25% or greater body fat, weight stable for
at least two months, heélthy sedentary person not involved in regular
phvsical activity, non-smokers, not currently usiné medications other
than oral contraceptives, less than thirty years old. During the

i

screening procedures, subjects were required to complete a\que%tion-

{

naire (Appendix 4), were hydroatatically weighed and were orientated

to the procedures involved in stress testing (i.e., pedalling a

. Monarck bicycle ergometer at increasing workloads while breathing

through a rubber mouthpiece attached to a Rudolph valve). Subjects
were required to sigh an informed consent form which was approved by
the faculty ethics committee (Appendix I).

All subjects did not meet the above criteria, However, thirty-
four subjects ‘who best met the criteria were selected so that there
woﬁld be enough subjects for each group. They ranged in age from
nineéeen to thirty-four years (i = 23.9 years SD = 3,4 yeé}s); Ruring

. . 4
the study, subjects were asked to refraiq from any regular vigorocus
physical activity ;ther than that associated with the experiment and

to maintain their usual eating patterns.
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Tedting Procedures

/

‘Maximal Stress Test

002 max for each subject was detemmined using a Quinton electric
bicycle ergometer. Prior to each test, subjects clad in T-shirts and
shorts were weighed on a balance scale., Heart rate and electrocardio-
gram (ECG) patterns were monitored on a Sanborn 500 Viso-Cardiette.

A qualified cardiac nurse was present to interpret the ECG patterns
and to establish maxiﬁum heart rate. Subjects were fitted with a nose
clip and a rubber mouthpiece attached to a Rudolph valve which enabled
measuremeﬁt and analysis of expired gases ty a Metabolic Measurement

Cart (Beckman Instruments, Inc., Illinois). Calibration of this

instrument was conducted befor. aind after each test.

A four minute warm up was performed at a power output of 200 or

400 kpm/mihute depending on body size and previous activity level of

the subject., Speed of cycling was maintained at 60 revolutions per
minute, Power output was increased by 200 kpm/min at the beginning of
the fifth minute, again at the seventh minute and then by 100 kpm/min

at the ninth minute and every minute thereafter until volitional

exhaustion or 902 max had been reached.

The criteria used to determine 602 max was a levelling off of

002 max as indicated by less than 150 ml/min increase in 602 over the

previous power output (Taylor, 1955).

Hydrostatic Weighing

A rectangular tank six feet in height, four ~et width, and ten
feet in length was used for hydrostatic weighing. Within the tank, an

aluminum chair was sugspended from a load cell which was connected to a
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Sargent recorder (model SR). Prior to each test, the recorder was
calibrated and water temperature wa: measured and recorded. Tempera-
ture of the room was not controlled but remained within a range of
28°¢ to 32°C.

Hydrostatic weighing sessions were conducted in the morning with
subjects in a postabsovptive state after fasting for twelve hours.
Before entering the tank, subjects dressed in swim suits and were
weighed on a balance scale to the nearest one quarter of a pound,

Upon entering the tank, subjects were seated in the chair and a twenty
pound diver's weight belt was placed across the thighs. Vital capacity
was measured using a Collins 9 litfe spirometer with the subject seated
in the water to neck level. The largest volume of three trials was
assumed to be the best estimate of vital capacity.

The technique for hydrostatic weighing was as follows:

1. airi bubbles were dislodged from hair and body

2. the subject maxi;ally inhaled and closed the nasal passage

3. subject leaned forward Yrom the waist until the body was

completely submerged.
This procedure was repeated until two similar cha;t readings were
obtained; the recording that indicated the greatest inhalation was
lused_as the hydrostatic weight (Moyer, 1971).
Residual volume was estimated as 25% of the vital capacity

(Comroce, 1966). Per cent body fat was calculated according to the

formula of Brozek (Brozek et al,, 1963).

Subject Grouping for Blood Metabolite Measurements

Blood samples were taken pre and post exercise during the first

and last training sessions of the high intensity exercise group and
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the low intensity exercise group. Each control subject was randomly
asgigned to a high or low intensity exercise session. Three days
later, each control subject completed the second workout of opposite
intensity so that all control subjects did both a high and low inten-

sity exercise session.

Blood Sampling Procedure

Blood samples were taken to determine pre and post exercise
values for free fatty acids, glucose and lactate. Subjects reported
to the laboratory after fasting for twelve hours. Blood samples were
taken at rest and after three minutes of recovery from exercise,
Approximately 5 ml of blood were drawn by a qualified technician using
a‘22 guage venoject blood collecting needle (Terumo) with a heparinized
vacutainer. 0.2 ml of blood were immediately pipetted into 7% per-
chloric acid and 0.1 ml of blood were pipetted into 4% perchloriéfgkis.
’Blood samples were refrigerated until test completion at which time \
all samples were centrifuged at 3600 rpm for ten minutes. Samples
werce frozen at -7O.OOC until analysed, A colorimetric method was
used to as$say the serum for FFA (Falholt, Lund, Falholt, 1973).
Lactate concentrations ugzsvdetermined by a gpectrophotometry assay
(Mohme- Lundholm, 1965). Glucose evels were determmined by the assay of
Bergmeyer (Bergmeyer, 1974). All samples were analyzed in triplicate,
7 _

A Unicam SP 1800 Ultraviolet spectrophotometer was used to measure

optical densities.

Assigmments of Subjects to Training Groups

Following pre-training tests, subjects were ranked according to

per cent body fat, age and 602 max and then were randomly assigned to
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one of the following:
1. high intensity exercise programvdesigned to maintain 807% of
pre training maximum heart rate (N = 12)
2. low intensity exercise program designed to maintain 65% of
pre training maximum heart rate (N = 12)

3. control group instructed to maintain thelr same diet and

activity pattern during the training period (N = 10).

Training Procedure

The training program consisted of pedalling a Monarck bicycle
ergometer three timés ber week on alternate days for nine week:
A warm up consisted of pedalling for three minutes at 50% of maximum
heart rate for the Jow intengity group and 65% of maximum heart rate
for the high intensity group, Workloads were adjusted to produce
either 65% or 807% of maximum heart rate for the duration of each
session, Thebgime involved in each session depended on a predetermined
total power output. Total power output was set at 12,000 kpm for the
first four weeks and then wasg %ncreased to 14,000 kpm for the,remaiﬁder
of the program. Thus the length of each individual's training session
depended on tﬁe intensity of exercise and their physical condition with
times generally varying from twenty to forty minutes. Subjects pedalled
at a rate of 60 rpm and heart rates were monitored on a Cardiometer

(Cardionics ab. Stockholm, Sweden). Cardiometers and bicycle ergometers

were calibrated on a weekly basis.

Diet and Exercise Recordg

In order to determine if usual dietary and exercise patterns were

maintained,‘subjects were ingtructed to fill out a one week diet record



and a three day exercise record prior to the commencement of the study
and twice during the study., When discrepancies were noted, personal

interviews were conducted to further establish dieting patterns.

Statistical Analysis

The statistical analysis of the results involved a two way analysis
of variance on repeated measures for 7, fat, pounds fat, fat free weight,
body weight, &OZ max and a three-way analysis of variance with repeated
measures on the last factor for the blood parameters of FFA, glucose
and tactate, The statistical computations were made using ANOV 23 and
ANOV 30 (DERS programs). Post hoc procedure, where appropriate, were
performed using a Scheffé test for determining significant mean differ-
ences. Significant differences were accepted at the alpha level p is
less than 0.05 where p is the probability that no difference exists

between means.

Experimental Design

The study consisted of two parts:

1) the effect Af t}ainilg on body composition, and

2) training effects on blood metabolites,

The experimental design for the effect of training on body composi-
tion was a 2 X 3 factorial design with repeated measures on the last
factor; the independent variable was intensity of exercise. The depen-
dent variables of the study were changes in body composition, body
weight and 602 max, A diagrammatical representaéion of the desiga is
presented in Table 1.

The second part of the study investigated the effect of trafning

on regting and post exercise levels of free fatty acids, glucose and




lactate. The experimental design was a 2 X 2 X 2 factorial design

with repeated measures on the last factor. Factor A was the group of

subjects (exercise, control)., Factor B was intensity of exercise

(high,'low). Factor C was the repeated measure on the following:

(a) pre-pre - pre training resting values
(b) pre-post -~ pre training post exercise values
(c) post-pre - post trainingiresting values

(d) post-post - post training post exercise values.

The dependent variables were FFA, glucose and lactate levels., Table

2

represents a diagrammatical description of the design.

TABLE 1

EXPERIMENTAL DESIGN OF THE TRAINING PROGRAM

Pre Tests Treatment 9 Weeks Post Tests
Group 1 X High Intensity Training X
Group 2 X .. Low Intensity Training X
Group 3 X No Training ' X

32



TABLE 2

EXPERIMENTAL DESIGN FOR BLOOD PARAMETERS

Trials
Pre-Training Post Training
Pre-Exercise Post Exercise Pre-Exercise Post Exercise
B1 (High Intensity) C1 (pre-pre)
(pre-post)
Exercise A1
82 (Low Intensity) C2 (post-pre)
(post-post)
B1 (High Intensity) C1 (pre-pre)
Control A2 (pre-post)
B2 (Low Intensity) C2 (post-pre)

(post-post)




CHAPTER 1V

RESULTS

Complete data were collected on thirty of thirty-four subjects who
participated in the study. The characteristics of these subjects are
described in Table 3. No statistical difference (p.» 0.05) was shown
to exist between control and exercise groups on pre training percer’
body fat, GOZ max and age. =

The effects of training on body composition and 002 ma§ are de-
scribed in Table 4. A two-way analysis of variance showed no signifi-
cant (p70.05) "A" main effects on percent body fat, pounds‘fat, fat

free weight or 002 max indicating that there were no differences between

groups. Body weight showed a significant "A" main effect (p£0.05).

TABLE 3

CHARACTERISTICS OF THE SUBJECTS

High Intensity N=10 |[Low Intensity N=10 Contrcl N=10

S

Weight X+SD  127.70 + 9.89 | 124.10 + 12,73 | 138,53 ¢ 17.37
(1b) Range (111.00 - 140.50) |(110.25 - 145.50) [(112.50 - 173.00)
VO, max X+SD  36.92 + 5.15 36.75 +  4.59 36.56 + 4.83

(N}
[

43.10) (30.00

(m?/kg/min) Range (31.20 43.50) | (29.70 to 44.70)

Age X+SD  24.90 + 3.73 24.60 +  3.47 22,20 +  2.53
(in years) Range (21 - 32) (18 - 31) (18 - 26)
7, Fat X+SD  27.39 + 3.60 27.22 + 3.19 | 27.80 + 5.8°

Range (21.53 - 34.19) | (20.37 - 32.61) | (19.79 = 37.33)

34
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' TABLE 4

. *
THE EFFECT OF TRAINING ON BODY COMPOSITION AND VO2 MAX

High Intensity Low Intensity Control
Pre Post Pre Post Pre Post
% Fat . 27,39+  25.44+ 27,22+ 25.29+ 27.80+ 28.11+
3.60 2.66 3.19 3.32 5.80 5.01
lbs Fat 35.07+  32.63+ 34,12+ 31.22+ 38.44+ 40,15+
5.71 4,27 6,17 6.83 10,43 11.49

Fat Free Weight 92,71+  95.48+ 91.54+ 94,91+ 99.63+  99.96+

(1bs) 7.66 7.63 9,04 8.92 10.80  10.40
Body Weight 127.7+  128.20+ 124.10+ 124,41+ 138,53+ 139,56+
(1bs) 9.89 9.47 12.73 13.28 17.37 16.51
VO, max 36,92+ 39,51+ 36.75+ 38.51+ 36.56+ 34,05+
(mi/kg/min) °  5.15 2.13 4. 59 3.89 4.83 4.16
* -— .
Values represent X + SD )ﬁm

‘X

Significance (p<£0.05) was shown, however for "B' main effect (treat-
ment effect) and "AB" interactions (different slopes of improvement)
(Appendices B-1,-B-2, B-5, B-7, B-9).
| After training,. the high intensity exercise group showed a decrease

(p €0.05) in percent body‘fat from 27.39% to 25.447, a change of 1.95%
(Figure 1). The low intensity exercise group showed a decrease in the
average percent body fat from 27.22% to 25.297% (p£0.05), a change of
1.93%. The control groué showed a non-significant increase in percent
body fat from 27.87% to 28.11% (p» 0.05) (Appendix B-2). ™~

From pre to post training, the low intensity exercise group showed
an average deérease of 2.9-pounds of fat (p<0.05); the high intensity

exercise group showed an average decrease of 2.44 pounds of fat
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(p70.05); and the control group showed an average increase (p> 0.05)
of 1.71 pounds of fat (Figure 2). Both the high and low intensity
exercise groups had fewer poundd of fat than the cogﬁrol group prior
to and following training (p< 0.05) (Appendix B-4).

The'high intensity exercise group gained 2.78 pounds of fat free
weight after training (p<0.05); the low intensity exercise group
gained 3.37 pounds of fat free weight (p<0.05) and the control group
showed no change (p> 0.05) (Figure 3). Both the hf&h and low intensity
exercise groups had lower fat free weights than the dbntrol group
prior to and following training (p<0.05) (Appendix B-6).

No decrease in body weight accurred in any of the groups (p>0.05)

[

(Figure 4). A two-way analysis of variance showed an "' main effect
between the groups (p< 0.05) (Appendix B-7). Howe .r, when post hoc
comparisons were made using the Scheffe procedu: - :o gignifican:
diffgrenceq in body weight between groups were ob:ained (Appendix B-8).

There were no significant increases (p>0.05) in VO. max for any

2
of the groups (Figure 5). However, post training values for both the
high and low intensity exercise groups were greater than those of the
control group (p<0.05) (Appendix B-10).

A three-way analysis of v&riaﬁce was used.to determi;é the effect
of training on resting and post exercise lactate values (Appendix C-1,
C-2). The results are summarized in Table 5; |

There were no significant differences (p? 0,05) betweén high and
low intensity exercise or control groups for resting levels of lactate

pre and post training (Figure 6).

The high intensity groups prodﬁced a greater amount of lactate

)

after exercise than the low 1ntensiéy groups both pre and post training -

37
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(p €0.05) (Figure 7). The high intensity control group had signifi-
cantly higher concentrations of lactate than the low intensity control
group after exercis.e both pre and post training (p<0.05). The high
intensity and low .i-nt:ensity exercise groups followed the same trend
(p>0.05) (Appendix C-?). : L_\_

The high intensity control group produced more lactate (p<€ 0.05) [
than the high intehsity exerci;e group both pre and post training //‘
(Figure 7). There were no differences (p>0.05) between exercise and
control groups lfor post lactate exercise values prior to training
\Figuvre 7). Following training, the control groups produced more
lactate than the exercise groups (p £0.05).

A three-wéy analysis of variance waé used to determine the effect
of training on resting and posﬁ exercise FFA values. The results are
summarized in Table 6. |

The effect of training on resting FFA levels yielded a signifi-
cant ''C" maiin effect (Appendix C-4) indicating a decrease (p <0.05) in
resting FFA levels from pre to post training for the exe:cise groups
while no différence (p>0.05) occurred in the control gticups‘ (i”]igure
8). There was no -difference (p>0.05) between high and low exercise
groups in the decrease of resting FFA levels (Appendix C-5).

Plasma concent>rations of FFA were higher in the exercise groups
than the control groups (Table 6) fojlowing the initial exercise
session (pf0.0S). There was no difference (p> 0.05) between high and
11:ow intensity groups in the amount of FFA mobilized after exercise
(‘Figure 9). The exercise groups showed lower concentrations of FFA

.

after the final exercise session (p{0.05) while the controls had

concentrations similar to pre training values (p?70.05). The low
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intensity exercise group had lower post exercise levels of FFA after
traihing (p<0.05). The high intensity exercise group had lower post
exercise levels of FFA after training although the change was not
significant (p 20.05 ) (Appendix C-6, C-7).

A three-way analysis of variance was used to determine the effect
of training @R resting and post exercise glucose values. The results
are summarized in Table 7,

The high intensity groups had lower pre training resting glucose
levels (p<0.05) than the low intensity groups (Figure 10) indicating
a "B" main effect. Resting glucose values (Figure 10) were lower
after training for both the high and low intensity exercise and control
groups (p<0.05) indicating a "C" main ef%ect (Appendix C-8, C-9).

The high inten;;ty exercise group had lower posg exercise glucdée
values (p <0.05) than the high intensity control group both pre and

post traininé‘(Figure 11). Aigh intensity and low intensity control

groups showed decreased post exercise glucose values (p<0,05) from

pre to post training (Figure 11). The low intensity groups showed a

decrease (p<0.05) in post exercise glucose values following training

(Appendix C-10, C-11).

- 8
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CHAPTER V

DISCUSSION

Prior to training, percent body fat of the three groups ranged
from 27,22% to 27.39% which fall within the range of 20.737% to 38,607%
fat reported in other research on sedentary young females (Young et
al., 1961; Katch .and Michael, 1968; Wilmore and Behnke, 1970; Johnson
et al.,, 1972; Mood; et al., 1972; Pollock et al., 1975; Smith, 1975;
Jallace, 1975; Girandola, 1976; Smith, 1976; Shire, 1977; Novak, 1978;
»1ite, 1978). Obesity in women has been defined as greatér than 307% N
body fat (Franklin et al.,, 1979). Thus, the women in this‘study were
not obese but they were overweight. o
After éraining, both' the high and low intensity exercise groups
showed significant decreases of 1.95% fat and 1,93% fat respectively.
Similar decreases in percent body fat after training have been reported -~ .
by Smith (1975), Johnson (1972), Girandola (1976), White (1978), and '
Massicotte et al. (1979).
There was no significant difference between high intensity and
low intensity exercise groups in the decrease of percent body fat,

i Aed
Very few studies have examined the effeot of intensity of exercise on

body composition changes of women and conflicting tresults have been
reported, Girandola (1976) equated high and low intensity exercise

groups on total power output, The high intensity group showed a small

but insignificant gain in percent body fat while the low intensity
gféup showed ‘ecrease (p<0.05) of 1.1% in body fat. The high
intensity group interval trained at a high intens?ty,?or a total of

five ﬁinutes. Because it was anaerobic work of a short duration,
- -
53 ’



it appeared to have little effect nn energy expenditure. Smith (1975)
found that a high .ntensity exercise group showed a greater decrease
in nercent body fat than a low intensity exercise group although the
difference was not significant. Body density waws predicted from skin-
fold measures. The results of this study are in agreement with
Smith (1975).

The decreagse in percent body fat represented an average loss of
2.9 pounds of fat in the low int;nsity group (p <0.05) and an average
loss of 2.44 pounds of fat in the hiéh intensity group (p>0.05)., The
control group showed a noﬁéignificant gain of 1.71 pounds of fat.
Other studies have <hown similar decreases in body fat after tralning
periods of approximately the same Iength (Sﬁire et al., 1977} Mnodg
et al., 1972; Smith et al,, 1975). The period of training promoted
a decrease in tonal body fat of the ‘exercise groups and prevented a
fat gain as seen in the controls, Although the changes in body fat
of both the high and low intensity exercise groups are similar, only
the low intensity group showed a statistically significant decrease
after training ("B" main effect). There was no significant difference
between high and low intensity groups on post training body fat which .

)

would indicate that the two intensities of exercise had a similar

4
I

effect on‘adipose depots.
X
The high and low intensity exeroise groups exgerienced signifi-

cant gains of 2,78 and 3.37 pounds of iatggree weign\\aéfér training
i

while the control shoged.no change, There was no statistical differ-.

ence between the groupe in fat free weight gain indicating that the

two intensitiea,affectéd nuscle hypertrophy in a similar manner.
T S - :

Most studies on womet have shown slight but nonsignificant gains in

i ’/\E r g I

\‘/ g 0
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lean body mass (Smith, 1975; Girandola, 1976; Zuti, 1976; Shire, 1977).
Moody ;t al., (1972) found a significant increase in the fat free

weight of obese subjects but not in ;ormal weight subjects involved

in the same program, Smith (1976) found fat free weight of sedentary
subjects to increase 2,42 pounds (p <0.71) after endurance training;
however, body density wae predicted from skinfold measures, A possible
explanatien for the increase of fat free weight in'the present study

is that the women worked “against increaaing.workload using tﬁe large
muscle mass of‘the legs. The everlnad principle was incorporated

<

i o the training program - as training heart rate adapted to a work-

1615; the workload was increased to maintain the same relative in-

tensity. Wilmore (1974) found lean body weight of women to increase
ﬁp:<0.05) 2,33 pounds'after.a ten week weight tfagning program which
Jesulted in significant gains in 1eg strength, In the present study,

<

work against. increasing teaistances may have resulted in increased

J,y

muscle hypertnophy oﬁ,iqbg legf ‘uscieg.* The increases in fat free

weight are .gmig‘r than thm : i ed on women but compare with fat

- free wei.ght gaiﬁs of men aﬁ@;n et al., 1974).
- W&

& o significam; ch,

"‘g’r&pa. A s:l.gn fcan!:'-‘
"‘1;' th;lt ﬂere w&i ‘a difﬁirgm:e between groups on body weight. However

. » ,_J\_.!u.
%Scheffe pnep hoc comparison failed to show where the difference

“!; v N LR
"g - e Q

dccurte&._ 'lixia may h&e occurre¢ because’ the "A" main effect just

8’ il,ﬁ pody weight occurred in any of the

‘" miin *ect was obtained and indicated

b

-
o

'J"' rea dﬂ"mibgnificance -and because the Sgheffe method was used as it

i@ p&!‘e‘ d,goroun‘ glan other multiple compariaon methods with regard

4"
T,

’fxfg%etgulon, 1976). By exgminins the data (Table 4),

;ig would a;mr tjflt the control group was heavier than either exercise
1_¢~~*a-‘f; g vtw oA
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group both pre and post training.

The shift of ‘body compartments masked‘a change in body weight as
fat free weight has a greater density than fat, A decrease in body
fat was offaet by a concomitant increase in fat free ;eighr. Studies
of gimilar durations haQe also shown no change in body weight although
body fat and fat free weight changed (Moody ;c al,, 1972; Cunningham
and Hill, 1975; Wallace, 1975; Smith, 1975; Girandola, 1976, White,
1978). Thus, in exercise weight control programs it is’essential to
measure body composition by an accurate method such as hydros*tatic
weighing so that changes in body fat and fat ffee weight can “e seen.
‘The purpose of weight reduction 1s to reduce body fat and not weces;
sarily body weight. '

&02 max of untra.ned sedentary females, twenty to thirty years
of age range from 29.5 ml/kg/min to 41.5 ml/kg/min (Kilbom, 1971;
Edwards, 1974; Flint et al,, 1974; Kearney et al., 1976; Rosentswieg,
1977; Lesmes et al., 1978; Novak et al,, 1978; Pedersen and
Jorgenseﬁ, 1978; Rosentswieg and Burrhus, 1978; Massicotte et al.L
1979). 60 max of the groups in this gtudy ranged from 36,56 to

2

36.75 ml/}gimgnﬂandqfell within‘the upper part of the reported range.
. ) ..: o < .{_;(}i‘x \“e , . . ‘ ‘
- Although tbg'gﬁkjéétéﬁwere‘sedentary,'they had moderate fitness
levels. - - ‘;“‘i . B ' ' .
- » ‘-, i’ : o
Both high;iﬁ%‘low intensity exercise groups showed a alight but

nonsignificant increase in VO2 mdx. Edwards (1974) trained sedentary
females at a high intenaity”which corresponded to a heart rate of

.t - .
145 peats per minute and a low intensity which corresponded to a

‘ 5 heart rate of 125 beats per minute., Both groups showed significant

, max following training. The heart rates used were
e R

5l ’igq;eases’in Vo

-

m
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approximately the same as were used in the present study (Appendix E);
however the subjects had initially very low fitness levels reflected
in an average QCk,hax of 26.18 ml/kg/min. Becguse the gubjects in-

volved,im thif\atudy had relatively high VO max for sedentary o~

-

-,

N

subje&!ﬁ higher intensities, lqnger duratton of training sessions
or mof!“frequent training sessiona giy have been heeded to produce
stgaificant changes in 002 m4x. Rosentswieg (1977) trained sedentary

females for fifteen mingtes thre® times per week at a heart rate of

160 beats/min and found a siight but nonsignificant increase in 002

.max after two months of training. By increasing the length of train-

ing to five times per week, significant changes in 602 max occurred

after two months of training. In the present study, the low inten-

’

sity group trained at an average heart rate of 125.6 beats per minute
(657% of maximum heart rate). It would appea- nat the intensity was
not great enough to result in changes in 902 max, The high intensity
group trained at an average heart rate of 155.2 beats per minute
\80% éf maximum heart rate) for approximately fifteen to twenty
minutes three times per week, Possibly the durati?n of traikfng
segsions was not long enough or frequentwenough to cause significant
changes in éoz max for subjects of moderagﬁifitneaa levels,

There was no significant difference between groups on. resting

lactate levels pre and post training. Values ranged from 19. R to

27.22 mg % which aze higher than the range of resting levels of 3,63

to 12,71 mg % reported in other studies (Boyd et al., 1974; Maughan

et al., 1978; Foater, 1’78) Onebpossible'3xplanation.for the high

g

.. lactate values is that the. subjects rushedzhp stairs to the labora-

tory to make early morhing appointments on tihe.
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The high i;tensity exerclse groups produced more lactate after
eiercise than the lc tensity exercise groups . -e and post
training (Figuré 7). The high lactate values indicate that the high
intensity exercise resulted in a greater recruitment of FG fibers and
increased energy production by anaerobic glycolysis (Fox and Mathews,
1976). Pre training low intensity lactate levels ranged from 32.42 ”
to 34.39 mg 7 while high intensity posﬁ exercise mean lactate con-
centrations ranged from 37.76 to 45.47 mg %. The values are similar
to those of Kilbom (1971) measured on sedentary women at similar low

and high intensities. .sody et al. (19{)) found that lactate levels of
A

v54.48 to 51.72 mg % inhibited FFA mobilization. It would appear that

high intensity exgrcise did not result in high enough lactate levels
to inhibit FFA mobilization,

Ther® was no significant differencé between exercise and contrgl

v

groups for pdst exercise actate values pre training, Following.
training, the exercise groups showed an adaptation to submaximal
exercise as they produced significantly less lactate than the control
groups ‘p<0,05). The high intensity control group produced signifi-
cantly more lactate than the high intensity exercise group. The
lactate levels of the high intensity control group reached 55.74 mg i
which may have been high enough to inhibit FFA mobilization.

Initial post exeréise lactates were measured after the completion

of a total power output of 12,000 kpm whereas post training lactates

, were meagsured after the completion of a total powerJoutpu; of 14,000

kpm, Fgllowihg training, therg was a slight but nonsignificant
decrease in post exercise Iéctate levels in both exercise groups, , An

increased total power output was needed to cause the same increase in
>

s

ol

<
[
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lactate production'and reflected a training adaptation of muscle to
submaximal exercise (Saltin and Karlsson, 1971).

There was no difference between the exercise and control groups on
pre training resting FFA levels which ranged from 0.530 to 0.698 mM/1

(Al

- ® gpd fell within the range found by Dole (1956), Gordon and Cherkes
E??}.rpﬁf€;§56)‘@nd Foster (1978). Post training resting FFA levels decreased
.ﬂ%kaaignifichntly in both the high and low 1ﬁfenaify exercise groups
while thg FFA levels of the control groups remained the same. Several
_ researchers have reported similar decreases in resting FFA levels of
trained subjects (Rennie et al., 1974; Bloom et al., 1976; Holloszy,
1977;‘H01108zy,'1978; Bransford, 1979).

Prior to training, both exercise groups had higher FFA concentra-
tions after exercise than the control groups. There was no difference
between the high and low intensity groups on FFA concént;ations which
would indicate that both intensities had a similar effect on FFA
mobilization and uptake, A .

Following training, exercise resulted in elevated FFA levels in
all the groups; however, both the exercise groups had significantly
lower post exercise FFA concentrations than the control groups.

Other studies have found trainkd individuals to have lower FFA con-

centrations during exercise than untrained eubjects (Rennie et al,,

1974; MQCafferty and Horvath, 1977; Holloszy, 1977; Holloszy, 19;8;,
.Oscai, 19%8: White et al., 1978; Bransford, 1979). Changes in FFA |
concentrations indicate‘an imbalance -between rate of release of FFA

from adi%ose tissue and rate of removai By working muscles‘(Issekutz
ot al., 1966). Some researchers héve found that trained subjects

x

have lower RER than untrained'subje¢ while working at the same
Rw Y -
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relative intensity which suggests an increased oxidative use of FFA

(Christensen and Hansen, 1939; Holloszy, 1977; Saltin, 1977; Bransford,
1979).

Post exercise FFA concentrations of the low intensity exercise
group decreased significantly from .901 mM/1 to « 520 %géé ggilowing
training while FFA levels of the high intensity groﬁp zécreased from
74, mM/1 to ,500 mM/1 (§>(L05). The low intensity exercise group
produced a greater change than the high intensity exercise group from
pre to post training levels due to a higher pre training value. The
FFA concentrations of both groups post training, post exercise are the
same and indicate that the two intensities affected the mobilization
and uptake of FFA by the cell in a gimilar manner. This may imply

i A

that there was increased oxidation of FFA in the trained individual,

.. Further research is needed to measure FFA turnover rate to determine

uptake and utilization of FFA in the cell,
Mean resting glucose levels ranged from 65.78 to 76.03 mg % and
are in agreement with studies which determined glucose levels on whole

blood (Wahren et al., 1971; Johnson and Rennie, 1973; Ahlborg et al,,

1974; Foster, 1978; Mashlum et al., 1978). Average values for resting

»

blood glucose levels determined on blood plasma are 88 to 90 mg %
<. - _

P

(Foster, 1978; Gollnick, 1978), RN

Pre training restin@‘éluéﬁ&e levels ofifhewhigh intensity groups

g

were statistically lower than those of the low inten¥ity groups,

.l')'/ .

However, when the values of 70.32 mg 7 ag comﬁh%gﬁ to 74,87 mg 7 are

-

congidered in ph&éidlogical terms, the difference is not significant,
A difference of at least 10 mg % is needed in order for it to be con-

AN
sidered significant physiologically (Udassin et al., 1977).

- 'AA\
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Resting glucose values were lower after;training for both the
high and low intensity exercise and control groups. Because there
was no control of diet and the decrease occurredvin both trained and
untrained subjects, 1t 18 likely that the type or quantity of carbo-
hydrate intake varied from pre to post tests and resulted in a slight
but significant decrease in resting blood glucose (Thompson et al,,
1978), Gollnick (1978), Bloom et al. (1976), Rennie et al, (1974),
Sutton (1978), and Massicotte (19795 have found resting blood glucose
levels of trained and untrained individuals to be the same,

Both high and low work intensities resulted in slight but non-
significant decreases in blood glucose levels following exercise both
Pre and post training with the exception of the high intensi%ﬁfcontrol

- group which showed an increase in pre training, post ékercise;%zlues.
The response of the low intensity groups agree with previous research
which has shown no significant change in bipod glucose levels of
-untrained individuals during moderate intensity exercise (Wahren,
1971; Rdttini et al,, 1971; Johnson andRennie, 1973; Udassin, 1977;
White et al. \ 1978; Sutton, 19l78) DATing high intensity work, most
studies have shown blood glucose levels to rise with the increase
being greater in trained than untrained subjects (Pruett, 1970;
Wahren, 1971; dloom et al., 1976; White et al.,.i978; Sutton, 1978).
In the present study, the high intensity exercise group had lower
post §xercise glucose values than the high;intengity control group
both pre and post training, "The high intensity control group showed
a slight increase 'in post exercige preAtraining glucose levels,

These results contradict the findings reported in the Iiterature.

However high intensity eq;rcise at 80% of maximum heart rate may not

e »
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have been great enough to result in increased glucose levels.

Wahren (1971) foun’ ihatvpowe; outputs of 800 to 1200 kpm/min
resulted in increased glucose levels with the greatest increase at
the highest power output, Typical power outputs for the high inten-
gity group ranged from 450 to‘9QO kpm/min (Appendix G). Very few
of the subjects could maintain the higher power outputs for extended
periods of time.

By examining the*results of FFA, 1t. can be seen that ther& was
1ittle difference between'high and low intensity exercise groups on
the metsbolid response to exetcise. The same could ‘apply to the
effect of exercise on glucose and thus, would explain why glucose
levels of the high intensity groups did not indrease.

Post exercise glubqse levels sere measured three minutes after
theicessation of exeicise. Insulin levels have been found to increase
rapidly within two to ten ninutes after exercise is terminated
(Pruett, 1971; Felig and Wdhren, 19755: high rebound insulin levels
could have contributed to decreased glucose levels,

‘ The measurement of glncose, FFA-and‘lactate help to explain why .
there was no significant difference between high and low intensity
exercise groups on changes in body fat. Although ‘lactate levels
were higher in the high intensity exercisé _groups, they were not high
enough to inhibit FFA mdbilization. Resting and post exercise FFA
concentrations decreasea to similar levels in both the high and low .

intensity exercise groups indicating that ‘the two intensities resulted

in similar adaptations in FFA mobilization and uptake,



CHAPTER VI
SUMMARY AND CONCLUSIONS
Ly ' . ' !

The purpoée.of the study was to determine the effects of train-
ing at high or lg; relative intensities on body composition changes
of women. Another purpose was to examine the effect of training at
high and low relative inténsifies on glucose, lactate and FFA con-
centrations at rest and immediately after exerciée.

Thirty-four female subjecta were ranked according to percent body
fat and VO2 max and were randomly @ssigned to either a high intensity
group which worked at BOZ of maximum heart rate, a low intensity'group

which worked at 65% of maximum heart rate or a control group which

maintained their usual exercise and eating habits. The training pro-

e ¥

gram consieteq of three training sessions per weekvfor nine.weeks.
Groups were equated on total power output of 12,000 kpm.for four weeks
after which it was increased to 14,000 kpm,

Changes in body composition were measured by hydrogtatic weighing.
Blood samples ‘were taken pre and post exergise during the first and
last training sessions, . A two-way analysis of variance was used to
analyse data on body composition and 602 max, A tﬁr;eeway analysis

-

of variance was used to deteymine differences in pre and post training
.
glucose, lactate and FFA concentrations.

Canclusions - _

Within the limits of this study the following conclusions were
drawn:
*1, There was no d;fference in the decrease of percent body fgr or the ' e

-
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- increase in fat free weight produced by training at relative
intensities of 657 or 80% of maximum heart rate equated on total
power output.

2. Both the low and high intensity exercise programs resulted in a
reduction of body fat, and therefore, giiher intensity could be
used as an effective part of weight reduction programs for women
with similar percent body fat and fitness levels.

3. Changes in body composition did not alter body weigh;.m

4. "Training at relative intensities of 65% or 80% of maximum heart
rate showed no stati;tically.significant change in 602 max,

5. There éls no difference between the lowered restiﬁg FFA-leve%s
produced by training at relative intensities of 65% or 807 of
ma&imum heart rate. :

6. Training at x‘ative intensities of 65% or 80% of maximum heart
rate resulted in similar decreases in post exercise FFA levels.

7. An increased total power outputNQas needed to attain the same

rate of lactate production in the trained as compared to the -

wntrathed state.

Recommendations
1. *The FFA assay ié a very long and complicated process with many
steps which have the potential to lead to errors. Five to six
.. months is néedéd_fo become proficient at the assay. Researchers
should be aware of this before using the assay as part of a

study. _ IS

2. More regearch is needed to examine the effect of different‘intensi-'

iﬁg ~ ties of exercise on body composition. - . .
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P 3. The probability level for metabolic adaptations should be set at
'&‘ a higher level than P <0.05 in order'to establish some physio-
logical changes occurring,
4,

Because diet is an important factor affecting body composition,

diet should be monitored more closely,

‘
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SCREENING QUESTIONNAIRE
. NAME:
" AGE: ' _ HEIGHT: WELGHT:
ADDRESS Q R
- T ——t ,,
¢
- ‘*; ] ) ( . ? B .
PHONE 2 HOURS TO AVOID
{
1. Has your weight changed significantly in the past 2 months? o
a) Yes b) No .  If (a), how much weight did you i ¢~
gain or lose? _- . - , o “"’ '
Any significant reasorin.known for the change ,(eg., il],ness, di‘»gm’& ' ®.
ctes : B
2. Do you smoke: w : B D
- a) SYes b) No ' -
3. ng.\?ften are you im}oJ‘.vsd ;‘n strenuous physigal activity? ’
a) - daily b)' 3-4 times/week , ) once a ‘week
d) 1 or 2 times per month - e) less than once a menth’ }
Type ‘ ) : - . d: <
Duration: __ - - . -
4, Have.you had a medical examination within the last year? 3 “ ’ ,
: a) Yes ' b) No ' g} ’
'ﬁ ':&P’. f' -~ '
i:S.‘f"é?Bo gou take any medicines, drugs, vitamins, etc.? ! s
&) Yes . b) No, not at all - . -
’ If (a) specify: 1, regularly . = T ‘ 5
T 2. within past 3 days
_“ ~ 3. occasionally ° .
. 'I'ranquilizers l . ‘ .
'T\, Sed&t:l.ves or hypnotice o
| S . - - .
.// Antib:[ptica \ L S P
S _Anti-c&nvullann oche’t than dilantin T
/ A o 0
Dill!lt . S R ‘ k -
Antt- ttonlivu : : e Te T ’
~ ’ : “; - ‘_“. :
\ A J K - "fcy -
bt £3 ' 2 ;"- ) ’ =
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Anti-coagulants
Cardiac Medication
(eg. digitalis, xylocaine, atropine)
Appetite depressants '
/ 4@ Amphetamine, dexedrine, or
. ? other CNS stimulants
. ﬁ_Dimetics
o~ gg Cholesterol-depp’essants
X "3E Anti-diabetic agents “ .
' _' Thyroid . . '
‘g Anti-thyroid preparations
o , &
Oral contraceptives ‘ ) : e
i.‘ Hofmones
o ' 4 .
Vitamins , _Type - u. s
Other medications, including injections: ' _ )
* b4 . . ’ ’ -

- . - ' RN . - N . .

- Common gense is your best guide in answering thege few guestions, . ‘
“Please read them carefully and check v/ Yes ‘opposite the’ question k" 2 , b
if it applies-to you, o P : :

Yes o : ! ( . . T
6. Has your doctor ever said you.have haart trouble? i
7., Do you frequently have painé in your ‘hé”art' and chest? . 2,
"8, Do you often feel faiht or have spells of severe dizziness? . e
9. - Has a doctor ever said your blood pressure was f,oq high? . - y
10. . Has your ‘doctor evgr' told you that you have a bone or ‘joint g.
: problem such as arthritis that has been' aggrevated by . Ck
N SR exercise, or might be made worse with gxetcisa\/ . :éjsk
= "1l "' Is there a good physical reason’hot mentioned here why you ’ "‘f"}_
v~ +shoild not follow an activity program even if you wanted to? S
; N . . . ,‘ ,. - '7 - . . N . ) .
".,w‘_,/ T ‘, L e
« , : - Ly
& T |
. a 6 1 o
- ’ »
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. . '7‘.&5 ' R Coa “§ A" . “
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NUMMY

COURCE OF
VARIATION

Setween Subject s

Maia Eltects

l[\'

Subiiecta Within

{ I'Hllp,‘i

within Subiecty

"R Madin Bttects
"ARRY Interaction
"’' x Subjects

Within Croups

Stenificant

p< 0,05

APPENDIX

OF  TWO-WAY

ANOV

g

g

30

ro
~I

-
el
N PERCENT RODY FAT
My

17.0.7 O, 578

10, 504
Sl 467 7.0 18
8,418 Y.9249

AN

81

0, 568064949

%
O.01 11848

0.07059%01]



APPENDIX B-

SCHEFFE COMPARISON FOR PEROEFNT FA.

A B ( N
L3 AR 27,080 R UV
\ YT 0 (O, 29 0 "A‘) t ,4*
R PR 0 0, 56 5,02
C27.80 0 a,
D509 0
! 25.29
Foo28.11

Foo=6.70
*p0.05

Y

3
) J8L1
.
1 H (a0
“
.71 1.1,
A
10, o N
%
N, 03 10,47
0 11,80
0
,,,,,,,,, ,A,,A\
L 4
| 3



SOURCE OF
VARTATITON

Hetween Subfect s
'A' Main Lifects

Subjects Within
Groups

wWithin Subjects

"BY Main Effects
PAYRY Interact Ton
[

X Subjects

Within = —oups

Siy <

HEHM

’

'

\
APPENDIX B-3

IMMARY OF TWO-WAY ANOV ON POUNDS FAT
NN 1y MS !
3742, 188 A
499, 180 R 250, 540 TLOTR
243,000 27 120,11
28 .n/5 30
21,800 1 J1.836 4,078
Hh4. 453 ’ Yo, 227 6.019
44,563 27 5. 354

p<0.05

"
0, 0534652

Y. 0068918



v 07
B34, 12

( I8, 44
D 3201

t 11.22

F 40,15
Fl = 6,70
* p €0.05

APPENDIX R-¢4

I

SCHEFFE COMPART SON FOR

B t

{j .12 I8, 44
N . B -

8 10, 61
- *V

W 17.44

@]
\

POUNDS

0

FA
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APPENDIX B-»

SUMMARY OF TWO-WAY ANOV ON FAT FKEE WEIGHT

SOURCE OF

VARIATION So DF MS F P
Retween Subjects 4908, 438 AN
'A' Main Effects 509,492 . 254, 7406 1. %04 0,2277662

Subjects Within

Groups 4399,0673 27 162,928

Within Subjects 225,006 30

'yt Main Effects 69. 88 ! 69.883  14.598  0.0007106
"A*RB! Intera;fion 27 289 7 13.145- 2.746 0.0821260

"B' x Subjects
Within “roups 129. 250 27 4.787

*
Significant p<G,05



A 92,70
B 91,54
C 99,63
D 95,48
E 94,91
F 99,96
1
F = 6,70

APPENDIX B-6

SCHEFFE COMPART SONS FOR FAT FREE WELGHT

A B C D 3 F
92,70 91. 54 99, 63 95,48 94.91 99. 96
” T Tt * T T*“_‘“'““_’——;”
- - 50,16 8.07 - 55.05
* * * *

- 68, 37 16.21 11.86 74.76

* *
- 17.99 23.27 -

*

- 20. 96
*

- 26, 64




APPENDIX B-7

SUMMARY OF TWO-WAY ANOV ON WEIGHT IN POUNDS

-
SOURCE OF
VARIATION

totween Subjects
"A' Main Effects

subjects Within
Groups

Within Subjects
LFifects

'B' Main

"A*B' Interaction

'B' x Subjects
Within Groups

Ss DF M3 F P
1;1‘78.688 29 7
*
2380.625 2 1190.313 3.281 0.05
9796. 500 27 362.833
121.563 30
5.000 1 5’?000 1. 169 0.2890769
1. 250 2 0.625 0. 146 0.8646815
115.438 27 4.275

ke
Significant p € 0.05
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APPENDIX B-8

SCHEFFE COMPARISON ON WEIGHT IN POUNDS \

A B C D E F
127.70 124. 10 138. 60 128. 10 124. 40 139. 60

A 127.70 0.00 0.18 1. 64 0,00 0.15 1.95
-~

B 124,10 0.00 2.90 n, 22 0.00 3.31

C 138.60 0.00 1. 52 2.79 0.00

D 128.10 0.00 0.19 1.82

E 124,40 0.00 3.18

F 139,60 0.00

et - 6,70
* p £ 0.05




APPENDIX B-9

SUMMARY OF TWO-WAY ANOV ON \'/o2 MAX

SOURCE OF

VARTATION 5SS DF MS
_;;tween Subjectgy 758,813 29 o
'"A'" Main Effects 75.977 2 37.988
Subjects Within

Groups 682.813 27 25,289
Within Subjects 327.250 30

'B' Main Effects 6.055 1 6,055
"A*B' Interaction 76.211 2 38.105
'B' x Subjects

Within Groups 244,938 27 9.072

F P
1.502 0.2406778
0.667 0.4211029

*
4.200 0.0258058

*
Significant p €0,05
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F

36.

36.

36,

39,

38.

34,

75

56

08

51

0s

6,70

* p < 0.05

APPENDIX B-10

SCHEFFE COMPARISON ON VOO MAX

A];—‘Ap—' B é__——’v D I
36.42 36.75 36. 56 39.08 38.51
0.00 0.06 0.01 3.89 2.t;1
0.00 0.02 2.99 1.71
0.00 3.50 2.10
0.00 0.18
0.00

3.47
*
13,95

*
10.97
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c-7.
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SUMMARY OF THREE-WAY ANOV ON RESTING LACTATES! -
PRE AND POST TRAINING o w2

SUMMARY OF THREE-WAY ANOV ON POST EXERCISE
LACTATES PRI. AND POST TRAINING

POST HOC CONTRASTS ON POST EXERCISE TACTATES
PRE 4D POST TRAINING

SUMMARY OF THREE-WAY ANOV ON RESTING FFA LEVELS
PRE AND POST TRAINING

POST HOC CONTRACTS ON RESTING FFA LEVELS
PRE AND POST TRAINING

SUMMARY OF THREE-WAY ANOV ON POST EXERCISE FFA
LEVELS PRE AND POST TRAINING

POST HOC CONTRASTS ON POST EXERCISE FFA LEVELS
PRE AND POST TRAINING

SUMMARY OF THREE-WAY ANOV ON RESTING GLUCOSE
LEVELS PRE AND POST TRAINING

POST HOC CONTRASTS ON RESTING GLUCOSE LEVELS
PRE AND POST TRAINING

SUMMARY OF THREE-WAY ANOV ON POST EXERCISE
GLUCOSE LEVELS PRE AND POST TRAINING

POST HOC CONTRASTS ON POST EXERCISE GLUCOSE
LEVELS PRE AND POST TRAINING
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APPENDIX -1
SUMMARY OF THREE-WAY ANOV ON RESTING LACTALES
PRE AND rOST TRATNING

SOURCE S¢& DF MS F P

Between Subtécts 1381.426 39
© A 112.773 1 112,773 1.27 0. 267
B 0.801 B 0.801 0.01 0.925
AB 79.910 1 79.910 0. 90 0. 348
Subjects Within
Group 3187.941 36 RH. 554
Within Subjects 2903.914 40
c 227. 125 1 227.125 3. 90 0.056
AC 0.547E-01 1 0.547E-01 0.00 0.978
BC 27.160 1 27.100 ©  0.38 0. 540
ABC 39. 660 1 39. 660 0. 56 0.460

C x Subjects ‘
Within Group 2559.972 36 71.110
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APPENDIX (-2
SUMMARY OF THREE-WAY ANOV ON POST EXKRCISE LACTATES
PRE AND POST TRAINING
SOURCE S8 DF MS K 13
A s s e et e e e e — e - —— i ek ——— -
Between Subjects ' 9063.062 1Q .
*
A 1496. 562 ] " 1496, 562 10.48 0.003
*
1981. 750 1 1981. 75Q 13.87 0.001
. i =
/ AR 442,500 1 242, 500 3.10 0.087
Subjects Withip
Croup 5142.250 36 - 142,840
Within Subjects 4844. 500 40
e 159.875, 1 159, 875 1.35  "0.252
\ .
AC . 297.500 | . 1 297.500 ©  2.52 Yo.121
./
BC 64.563 1 64. 563 0.55 0.465
ABC 67.813 ] 67.813 0.57 0.454
C x Subjects
Within Group 4254, 650 36 118. 188
"p€0.05
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FOST HOC

Poat-hoc contrasts among levels

CELL %
(Fxer-High)
| B

(Fxer- low)
1 2

CELL
(Control-Nigh
2 1

(Control-low)
a 2

CURTRASTS ON

APPENDIX -

POST FXFRUISE LACTATES I'HE ANO Fool ixA N

of A for plven levels of B Table AR

MEAN DIFEF  MFAN SO, DE] Dl 3 P
.
11,38 142, 84 1. 16, 1o, uns AR
-1.95% 142, 84 1. Vi, 1,090 ANERR]

Fost-hoc contrasta among levels

CELL Vs
(Fxer-High)
1 1
(Control-1igh)
2 1

—_ — —_——— _————
of B for given levels of A° Table AN

CHLL MEAN DIFE  MFAN sQ. byl D2 3 I3
(Excr- Low)
1 2 5.25 142,84 1. Yo. 1.9 [N IR
(Control-low) .
2 2 14, 66 142,34 1. 6, 15,401 0L o000
,,,,, -~ ———— e e .

Fost-hoc contrasts among levels

of A for given levels of Table Al

:\.\

CELL Vs CELL MEAN DIAFF MEAN SQ, Dr1 Vv hr2 3 !
(Fxer-Pre) {Control-tre)
H ) 1 2 1 -4.79 130,51 1. A 1.760 0,189
(Exer- Prst) ((‘,ou(rnl».ﬁ'n() M .
1 2 7‘. 2, -12.51 130. 51 .98, [ENEAIERT
Post-hoc contrasts among levels of ¢ for Blven levels of A cable M
CELL vs CEIL MEAN DIFF  MIAN SQ. DF1 DY ¥ vy
(Fxer-Pre) (Exer-Post) |
1 1 1 2 1,03 118,19 1. 36, 0.090 0,766
(Cor.irol-Pre) (Control-tost)
2 1 2 ? -6,69 118.19 1. 16, 3.782 0,060
Post-hoc contrasts among Lewls of b for given levels of Ce Table BC
CELL - Vs CFLL MEAN DIFF MEAN SQ. DF1 DF2 F P
(High-Fie) (Low- Pre) .
1 1, 2 1 8.l16 130. 51 1. 72. 5.099 0.027
z J
(High-Post) (Low- Post) .
1 2 ? 2 ‘{1.75 130.51 1. 72. 10. 579 0.002
Foat-hoc contrasts ar~ng levels of C for given levels of B: Table BC
CELL Vs CELL MEAN DIFF MEAN SQ. DF1 DF2 F ?
(ii{gh-Pre) (High-Post)
1 1 1 2 -4,62 118,19 1. 36. 1.810 0.187
(Low-Pre) (Low-Post)
1 2 2 -1.03 118.19 1. "36. 0.09%0 0.766
& 1 - o
*
p <0.05

St



APPENDIX -3 (Continued)

CELI, MEANS TABLE AR

Column 1 2 3
Exer-High rxer-low
Row 1 37,222 31,972 34,597
Control-High control-low
Row 2 50. 577 35.918 473,248
Row 3} 43,900 L9485 38.923

CELI MEANS TABLE AC

Column 1 2 3
Exer-Pre Exer-Post
Row 1 | 35.112 34.083 34. 597
Control-Pre Control-Post
Row 2 39.905 46.590 43,248
Row 3 37.905 46. 590 43,248

CELL MEANS TABLE BC

Column 1 2 3
High-Pre High-Post
Row 1 41.587 46,212 43.900
Low-Pre Low-Post
Row 2 33.429 34.461 33.945
Row 3 37.508 40,337 38.923

3



APPENDIX -y

SUMMARY OF THREE-WAY ANOV ON RESTING FFA LEVELS
PRE AND POST TRAINING

SOURCE SS DF MS F
Between Subjects 1.487 39
O, 153E-03 1 0. 153E-03 0,00
R 0.351E-03 1 0.351E-03 0.01
AB 0. 565E-03 1 0. 505E-03 0.01

Subjects Within

Group 1.486 36 0.%13E-01
Within Subjects 2.607 40
C 0.329 1 0.329 0,08
AC 0.284 1 0. 284 5.25
BC 0.249E-01 1 O.249E—Ol 0..5
ABC 0.702E-01 1 0.202E-01 0.37

C x Subjects
Within Group 1.949 36 0.541E-01

K

p<0.05
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APPENDIN .5

POST HOC CONTRASTS o RESTIRG Sb A LRVEDS PRE AND oS T IRALN T

Fost-hoo contrases among levels of A fog plven fevels ot n Table Al
CHLL Vs CHLL MEAN DIFE MPAN 50 DE | npr r I
thxev-tigh: (Control-Highy
1 1 J 1 0,00 0, 04 1. 16, a, 002 (SRR
(Fxer-Tow) (Cant 1ol -Towd
1 N N 2 -0 0. 04 1. 36, (AR [Tt
Post - hoec (ontrasts dnong levela of B o far oflven levels ot A Tabile AR
CHLL Vs CHLL MEAN DIFF  MFAN 50, Dl DE2 I3 P
CEsar -4t e (bxer Low)
1 ! 1 2 V.01 0,04 1. Jo, 0,0 0, 8R3
(Cont1ol-Hiph) (Control-law)
¥
2 1 N 2 -0, 00 0.04 1. 6. L0600 0,988
Pestfhoo contraats among levels of A fo, Riven levels of « Table A(
CELL VS CELL MFAN DIFF  MEAN 5Q. DEY DEY ¥ P
(Fxer-Pred (Control-I're)
1 1 ? 1 0,12 0.05 1. 72. 2.805 0, nue

‘ontrol-Post)

(Exer-Poxc)

1 2 2 2 -0,12 0.05 1. .
Post-hoc contrants anong levels of ¢ for given levels of A dable
CFLL - CELL MEAN DIFF  MEAN sQ, DF1 DF2

(Exer-Pie) (Fxer-Fost)
1 1 1 2 0.25 0.05 1. 36.

(Cont10l-Pre)

(Control-Post)

2 1 2 N 0.01 0.05 1. a6,
Post-hoc cortrascs awnong levels of B for given levels of C: Table
CELL CELL MEAN DIFF MEAN sQ. DF1 DF2
(High-t're) (low-Pre)
1 1 2 1 0.0% 0.05 1. 72,
(igh-Post) (Low-Post)
1 2 2 2 -0.03 0.05 1. 72.
Fost-hoc contrasts among levels of r for given levels of ®: Table
CELL CELL AN DIFF  MEAN sQ. Dri DF2
(High-Pre) (High-Post)
1 1 1 2 0.16 0.05 1. 36.
(low-Pre) (low-Post)
2 1 2 2 0.09 0.05 1. 36.
*
p €0.05

)



APPENDIX (-5 (Continued)

CELL

CELL MEANS TABLE AR

Column 1
Exer-High
Row 1 0. 560

Control-High

Row 2 i. 558

Row 3 0.559

CRLL MEANS TABLE AC
Column 1
“xer-Pre
Row 1 0.679
Control-Pre

Row 2 0. 563

Row 3 0.621

MEANS TABLE BC

Column 1
High-Pre
Row 1 0.641
Low-Pre
Row 2 0.601

Row 3 0.621

2
Exer- Low
0.551
Cont rol-Low

0. 559

0. 555

2
Exer-Post
0.432
Control-Post

0.554

0.493

2
High-Post
0.477
Low- Post
0.508

0.493

0.558

0.557

0.558

0.557

0.559

0.555

0.557

100
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APPENDIX C-6

SUMMARY OF THREE-WAY ANOV ON POST EXERCISE FFA LEVELS
PRE AND POST TRAINING

SOURCE SS DF M I P
Between Subjects 2.633 39
A 0.442E-01 1 0.442E-01 0. 64 0.431
B 0.151 1 0. 151 0.22 0. 644
AB 0.708E-01 1 0.708E-01  1.02 0.320
Subjects Within
Group 2.503 36 0.695E-01
Within Subjects 3.775 40
c 0.699 1 0.699 9.30 0.004"
AC 0.323 1 0.323 4.29 0.046"
BC 0.267E-01 1 0.267E-01  0.35 0.555
ABC 0.185E-01 1 0.185E-01  0.25 0.622

C x Subjects
Within Group 2.708 36 0.752E-01

*
p €0.05



APPENDIX C-7

POST HOC CONTRASTS ON POST EXERCISE FFA

Post-hoc contrasts among levels of A for Riven levels of B:

102

LEVELS PRIDAND POST TRAINING

Table AR

CELL Vs CELL MFEAN DIFF MFAN Q. DF1 DF2 F F
(Excr-High) (Control-High)
1 1 2 1 -0.01 0.07 1. 36, 0.022 0,882
(Excr-Low) (Control- Low)
1 2 2 2 o011 0.07 1. 16, 1.611 0.210
Post-hoc contrasts among levels of B for glven levels of A: Tatle AR
CELL Vs CELL MEAN DIFF MEAN 5Q. DFL DE2 F r
(Exer-High) (Fxer-low) )
1 1 1 2 -0.09 0,07 1. 36, 1.089 0,104
(Control-High) (Control-Low)
2 1 2 2 0.03 0.07 I. Yo, 0.1247 0,703
Post-hoc contrasts among levels of A for given lcvels of C: Table AC
CELL Vs CELL HMFEAN DIFF MEAN sQ. DFl DF2 F P
(Fxer-Pre) (Control-Pre)
1 1 2 1 0.17 0.07 1. 72, 4,183 0.044
(Exer-Post) (Control-Post)
1 2 2 2 -0.08 0.07 1. 72, 0.884 0.350
Post-hoc countrasts among levels of C for given levels of A: Table AC
CELL Vs CELL MEAN DIFF }MEAN SQ. DF1 DF2 F P
(Exer-Pre) (Exer-Post) .
1 1 1 2 0.31 0.08 1. 36, 13.109 0.001
(Control-Pre) (Control-Post)
2 -1 2 2 0.06 0.08 1. 36, 0.479 0.493
——— —— T
Post-hoc contrascs among levels of B for given levels of C: Table BC
CELL Vs CELL MEAN DIFF MEAN SQ, DF! DF2 F P
(High-Pre) (Low-Pre)
1 1 2 1 -0.06 0.07 1. 72, 0. 566 0.454
(High-Post) (Low-Post)
1 2 2 2 0.01 0.07 1. 72, 0.011 0.916
. —_—
Poust-hoc contrasts among levels of C for given levels of B: Table BC
CELL vs CELL MEAN DIFF MEAN sQ. DF1 DF2 F P
(H{gh-Pre) (High-Post) ;
1 1 1 2 0.15 0.08 1. 36. 3,012 0.091 ¢
(Low-Pre) (Low-Tost) . i
2 1 2 2 0,22 0.08 1. 36. 6.642 0,014

*
p<0.05



APPENDIX C-7 (Continued)

CELL MEANG TABLE AB
Column 1
Exer-High
Row 1 0.623
Control-High
0.636

ro

Row

Row 3 0.630

CELL MEANS TABLE AC

Column 1 )
Exer-Pre
Row 1 0.824
Control-Pre
Row 2 0.650
Row 3 0.737

Ck.. M .ANS TABLE BC

Coilump 1
High-Pre
Row 1 0.954
Low-Pre
Row 2 d. 74

Row 3 0.73y

2
Exer- Low
0.710
Control-Low

0. 604

0,657

2
Exer-Post
0.510
Control-Post

0.590

0. 550

2
High-Posgt
0.477
Low-Post
0.545

0.550

. 667

0.620

0.643

0. 667

0.620

0.643

0.559

0.657

0.643

103
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APPENDIX C-8

SUMMARY OF THREE»WAY ANOV ON RESTING GLUCOSE LEVELS
PRE AND POST TRAINING

SOURCE SS DF MS F P
Between Subjects 1652.350 39
A 4.312 1 4,312 0.11 0.743
B 173.250 1 173.250 4.40 0.043*/)
AB 58.000 1 58.000 1.47 0.233 -
Subjects Within
Group 1416.812 36 39.356
Within Subjects 1662.625 40 )
C 504. 188 1 504. 188 16.42 0. 000"
AC 6.250 1 6.250 0. 20 0.655
BC 42,563 1 42,563 1.39 0. 247

ABC 4.125 1 4,125 0.13 0.716

C x Subjects
Within Group 1105. 500 36 30.708

*
p<0.05



POST HOC CONTIASTS ON RESTING GUICOSE 1

Post-hoc contrasts among levels of A for glven levels ot B:

CELL Vs CELL
(Exer-High) (Control-High)
1 1 2 1
(Exer-I,Hw) (Control- Low)
1 2 2 2

Post-hoc contrasts among levels

AIPENDIX C-9

MEAN DIFF MEAN 5Q.

-1.27 39.36

2,15 39, 36

of B for given levels

FVELS PRE AND POST TRAINING

Table AB

DF1 DF2 F P
1. 36, 0.411 0,525
1. 36, 1.175 0,286

of A:  Table AB

CELL Vs CELL MEAN DIFF MEAN 50, DF1 DF2 F P
(Exer-High) (Exer- Low) R

1 1 1 2 ~4.65 39.36 1. 36, 5,495 0.025

(Control-High) (Control- Low) .

2 1 2 2 -1.23 39,36 1. 36, 0.383 0. 540
Post-hoc contrasts among levels of A for given levels of C: Table AC

CELL Vs CELL MEAN DIFF MEAN SqQ. DF1 DF2 F P
(Exer- Pre) (Control-Pre)

1 1 2 1 1.02 35.03 1. 72, 0.297 0. 58"
(Exer-Post) (Control-Post)

1 2 2 2 -0.14 35.03 1 72 0.006 0. 940
Post-hoc contrasts amorg levels of C for glven levels of A: Table AC

CELL Vs CELL MEAN DIFF MEAN sq. DF1 DF2 F P
(Exer-Pre) (Exer-Post) .

1 1 1 2 5.60 30,71 1. 36. 10,210 0.003

(Control-Pre) (Control-Post) .

2 1 2 N 4,44 30.71 1. 36. 6.414 0.016
Post-hoc contrasts among levels of B for glven levels of C: Table BC

CELL vs CELL MEAN DIFF MEAN SQ. DF1 DF2 F P
(High-Pre) (Low-Pre) .

1 1 2 1 -4,41 35.03 1. 72, 5. 544 0.021
(High-Post) (Low-Post)

1 2 2 2 -1.47 35.03 1. 72. 0.618 0.434
Post-hoc contrasts among levels of C for given levels ot B: Table BC

CELL vs CELL MEAN DIFF MEAN £Q, DF1 DF2 F P
(High-Prc) (High- Post) .

1 1 1 2 3. 55 30,71 1. 36, 4.106 0.050
(Low- Pre) (Low-Post) .

2 1 2 2 6.49 f0.71 1. 36. 13.701 0.001

* p €0.05

N

105



106

APPENDIX C-9 (Continued)

CELL MEANS TABLE AB

Column 1 2 3
Exer-High Exer- Low
Row 1 68.057 72,707 70.382
Control-High Control- Low
Row 2 69. 329 70. 557 69. 943
o
Row 3 68,693 71.632 70.162

CELL MEANS TABLE AC

Column 1 2 3
Exer-Pr Exer-Post
Row 1 73.182 67,582 70.382
Control-Pre } Control-Pogt
Row 2 72.162 67.724 69. 943
" Row 3 72.672 67.653 70. 162

CELL MEANS TABLE BC

Column 1 2 3
High-Pre High-Post '
Row 1 70.468 66. 197 68.693
ng-Pre Low-Post

Row 2 74.875 68. 389 71.632

Row 3 72.672 67.653 70. 162



APPENDIX C-10

SUMMARY OF THREE-WAY ANOV ON POST EXERCISE GLUCOSE LEVELS
PRE AND POST TRAINING

SOURCE SS DF MS F
Between Subjects 2577, 188 39
A 112, 500 1 112. 500 1.84 . 184
B 22.750 L 22.750 0.37 . 546
AB 238.938 1 238.938 3.90 .056
Subjects Within ‘
Group 2203.000 ‘36 61.194
Within Subjects 1646,812 40
c 273.875 1 273.875  7.30 010"
AC 10. 188 1 10, 188 0.27 . 605
BC 12.563 1 12.563 0. 34 . 566
ABC 0.375 1 0.375 0.01 .921
C x Subjects f
Within Group 1349, 813 36 37.495

*
p<0.05
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AVPPENDIX (-]
POST Tux CONTRASTS ON POST EXtReoE LEVELS PRE AND POST TRAINING
Post-hoe contraats among levels ot A far plven fevel s ot n: Table AR
CELL Vs CRLT MEAN DIFF MEAN 5q), DFL g2 I3 r
et -High) (Control-tigh) .
1 2 1 -5.8) 61. 1. Yo, 9,550 G020,
(Exer- lyw) (Cont ral- Low)
1 3 ? 2 100 61.19 1 Yo, 0,19 0,662 ¢
Fost-hoe contrasts awong levels of B foy klven levels of A Table AR o
CELL Vs CELL MELN DLFF MEAN SQ. Dri DE2 F P
(Execr-Highy {Fxer-low)
1 1 ] 2 -4, 52 61,19 1. AN 3.337 0,076
(Contral-itigh) (Contiol-low)
B 2 2,40 61, 19 1. 36, 0,90 0, 139
Post-hoc contrasys smony, levels of A for fiven levels of ¢ iable AC
CHLL VS CFRLi MEAN DIFF  MEAN SQ. DF1 hp2 ¥ P
(Exer-Pro) (Cont v ]- Pre)
1 2 1 -3.09 49,34 1. 72, 1.239 0. 168
(Exer-Post) (Con(ml-l‘ost) !
1 ? 2 2 -1.65 49,34 1, 72, 0. 59 0,461 \
T e T e el —_— . ;
Post-Luc contrasts among levels of C for piven levels of A Tablg AC . o /
\\\ -
CELL s CKELL MEAN DIFF  MEAN SQ. bEl DE2 F r
(Exer-Pre) (Exer-Post)
1 1 1 2 2,97 37.49 1. 36, 2,360 0.133
(Control-Pre) (Control-Post) ' »
2 N 2 4,42 37.49 L. 36, 5.216 .
— e T —— S -

Post-hoc contrascy among levels ot B for given levels of C: Table BC

CELL Vs CELL MEAN DIFF MiAN sQ. DF1 DF?2 F P
(Mgh-Pre) (Low-Pre)

1 1 2 1 -1.86 49,34 1. 72, 0.70) 0.404
(‘1igh-Post) . {Low-Post)

1 2 2 2 -0.26 49,34 1. 72. 0.013 0,908
—_— ———— T — e
Post-hoe contrasts among levels of C for Biven levels of B: Table EC

CELL vs CELL MEAN DIFF MEAN Q. DF1 DF2 F P
(Nigh-Pre) (i gh-Post)

1 1 1 2 2,90 37.49 1, 36. 2,237 0.143
(Low- Pre) (Low-Post) .

2 4.5Q 37,49 1. 36. 5.404 0.026

2 1 2 .
——— ————— T
——— ] _—

*
p £0.05



APPENDIX ¢-11 (Continued)

CELL MHANV' TABLE AR
Column 1
Fxer-Hivh
Row 1 63,770
Control-High

Row ()9. 598

Row 3 b6, 684

crl.l, MEANS TABLE AC
Column 1
Exer-Pre
Row 1 67.517
Control-Pre

Row 2 70.010

Row 3 ~9.064

CEZLL MEANS TABLE BC

Column 1
Hi gh-Pre
Row 1 08,132
Low-Pre
Row 2 £9.995
Row 3 ' 69.064

109

2 ) 3
Fxer-low .
68. 289 K 6o, 030
Control-lLow
t7.200 68. 399
6b7.745 67,214
\
\
2 3
Ekxer-Post
64,542 66.01%0
Control-Post
667188 68. 399
. //‘
65,365 67.214
2 3
High-Post
65,236 66, 684
Low-Post
65.494 67.745
65.365 67.214



APPENDIX D

APPENINX D-1. RAW DATA FOR THE HIGH INTENSITY GROUP ON
% FAT, POUNDS FAT, FAT FREE WEIGHT, WEIGHT,
VO, MAX
2
APPENDIX D*2. RAW DATA FOR THE LOW INTENSITY EXERCISE GROUP
ON % FAT, POUNDS FAT, FAT FREE WEIGHT, WEIGHT,
VO, MAX
2
APPENDIX D-3. RAW DATA FOR THE CONTROL GROUP ON % FAT, PO .

FAT, FAT FREE WEIGHT, WEIGHT, VO2 MAX
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APPENDIX D-1

RAW DATA FOR THE HIGH INTENSITY EXERCISE GROUP ON % FAT,
POUNDS FAT, FAT FREE WEIGHT, WEIGHT, \/O2 MAX

Test Pounds Fat Free Weight VO max
(ml/Rg/min)

Time % Fat Fat Weight (lbs)

to
.

4

0.

104,05

pre 25. 90 36.45 140. 50 41,80
post 24,59 34.89 107.01 141. 90 38. 20
pre 31.78 43.85 094. 14 138. 00 39.00
post  23.95 32.19 102. 21 134,40 41. 30
pre 27. 30 36.72 097.78 134. 25 38. 60
post  26.60 35.67 098. 13 133. 80 39.00
pre 257 35.67 098. 59 134. 25 28.10
post  24.29 32,33 100. 27 133. 10 37.20
pre 24. 54 31.35 096. 40 127.75 36. 30
post  23.53 29.71 096. 55 126. 26 38. 50
pre 21. 53 25.30 092. 20 117. 50 37.50
post 22,07 26. 04 091.95 117.92 37. 20
pre 34,19 42,57 081.93 124. 25 31.20
post 31,78 41.41 088.88 130. 24 38.90
pre 25.68 28. 50 082. 50 111.00 31.40
post  27.04 30.39 082.02 112,42 39.40
pre 29,05 34,06 083. 19 117.25 43.10
24,90 29.17 087.89 117. 04 41,40

27.34 36.22 096.27 132.00 42.20

. 2560 34.52 099. 90 133.00 44 . 00
pre X 27.39 35,07 092.05 127. 70 36.92
SO 3.60 5.71 7.66 9.89 515
post X 25.44 32.63 095.48 128. 20 39. 50
SO 2.66 4.27 7.63 9.47 2.13

-



APPENDIX D-2

RAW DATA FOR THE LOW INTENSITY EXERCISF (,ROUP OF 7 FAT,

POUNDS FAT, FAT FREE WETGHT, WEIGHT, VO2 MAX
Test Pounds Fat Free Weight VO, max
Time 7. Fat Fat Weight (1bs) (ml/&g/min)
11. pre 20.37 22.45 087.79 110. 25 32,30
post 20,08 21.79 086,71 108, 52 44,40
12, pre 26,11 32,93 101. 67 119.00 43,30
post 27.68 30. 53 107.13 116.93 42,20
13. pre 26.74 38.91 106. 59 145, 50 32.00
post 27.77 41,91 109,01 150. 92 34.30
14, pre 29.44 35.11 084, 14 119,25 39.30
post 22,16 26.72 093.88 120. 60 36,30
15. pre 26.53 33.76 093.46 127,25 38.60
post 24.08 30.46 096. 04 127.60 38.10
16. pre 28.37 38,58 097.41 136.00 37.40
post 26.15 35.09 099.11 134,20 35.40
17. pre 32.61 45.74 "094, 51 140,25 35.20
post 30.17 41.76 096. 65 138.38 33.30
18. pre 28. 54 31.47 078.78 110. 25 43,50
post 24,08 27.28 086.02 113.30 41,00
19. pre 25.13 30.47 090,78 121,25 30.00
post 99 24,04 093.71 120,12 37.10
20. pre <8,37 31.77 080. 2: 112,00 35.90
post 28.75 32.63 080,87 113,50 43,00
pre X 27.22 34.12 091. 54 124,10 36.75
SD 3.19 6.17 9.64 12.73 4,59
post X 25.29 31.22 094,91 124,41 38,51
SD 3.32 6.83 8.92 13.28 3.89
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APPENDIX D-3

RAW DATA FOR CONTROL GROUP ON 7 FAT, POUNDS FAT,
FAT FREE WEIGHT, WEIGHT, VO, MAX

2

VO max

Test Pounds Fat Free Weight
Time 7, Fat Fat Weight (1bs)  (ml/Rg/min)
21 pre 20.29 30. 13 118,37 148, 50 36,40
post 20.87 30.78 116.72 147.51 32.60
22. pre 28.11 38.93 099.57 198 50 37.20
post 25.68 36. 44 105,46 141. 90 34,50
23. pre 28. 54 42.81 107.19 150. 00 39,
post 30.61 47.89 108. 57 156. 46 37. 50
24, pre 21.78 24. 50 087.99 112. 50 44,70
post 22.41 24,74 085. 66 110. 44 39.90
25. pre 19.79 24,53 099. 46 124.00 39.40
post 22.70 28. 62 097. 44 126,06 32,20
26. pre 29.31 40,48 097.55 138,00 40, 30
post '28.37 39.63 100.07 139. 70 35.70
27. pre 29.01 35.68 087.32 123.00 30.00
post 30.09 38.06 088. 44 126. 50 27.30
28. pre 37.33 59.02 108. 84 173.00 35, 80
post 35.16 64. 58 108. 84 167.86 39.10
29. pre 28,93 42.96 105.53 148. 50 29.70
post 30.87 45,23 101,29 146,52 29,00
30. pre 34.94 45.33 084. 44 129.75 32.20
post 34,32 45.53 087.13 132. 66 32.90
pre X 27.80 38.44 099. 63 138. 53 36. 56
sD 5,80 10. 43 10. 80 17.37 4,83
post X 28.11 40.15 099.96~ 139. 56 34,05
s 5.01 11.49 10.40 16. 51 4. 10
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APPENDIX E-1,

APPENDIX E-2.

APPENDIX E-3.

APPENDIX E-4,

APPENDIX E

ON RESTING AND T EXERCISE LACTATE, FFA AND
GLUCOSE LEVELS PR ND POST TRAINING

@
RAW DATA OF THE LOW INTENSITY EXERCISE GROUP
ON RESTING AND POST EXERCISE LACTATE, FFA AND
GLUCOSE LEVELS PRE AND POST TRAINING

RAW DATA OF THE INTENSITY EXERCISE GROUP
S
A

RAW DATA OF THE HIGH INTENSITY CONTROL GROUP
ON RESTING AND POST EXERCI SE LACTATE, FFA AND
GLUCOSE LEVELS PRE AND POST TRAINING

RAW DATA OF THE LOW INTENSITY CONTROL GROUP

ON RESTING AN POST EXERCISE LACTATE, FFA AND
GLUCOSE LEVELS PRE AND POST TRAINING
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APPENDIX F

TRAINING HEART RATES OF THE LOW INTENSITY EXERCISE GROUP AT 657 OF
MAXTMUM HEART RATE AND THE HIGH INTENSITY EXERCISE
GROUP AT 807% OF MAXIMUM HEART RATE

)
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APPENDIX F

TRAINING HEART RATES OF THE LOW INTENSITY EXERCISE GROUP AT 657, OF
MAXIMUM HEART RATE AND THE HIGH INTENSITY EXERCISE
GROUP AT 807 OF MAXIMUM HEART RATE
7

Low Intensity Exércise Group High Intensity Exercise Group
125 162
ii6 155
129 151
129 , | 163
119 146
126 152
133 150
129 _ 158 %
125 158
125 , 156
X 125, 60 “ | 155. 10
SD 5.02 5.40

o



" APPENDIX G
EXAMPLES OF CHANGES IN THE AVERAGE Kp LOAD TO ELICIT A RELATIVE

INTENSITY HEART RATE OF 65 OR 80% MAXIMUM HEART RATE
FOR EACH WEEK OF TRAINING
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APPENDIX ¢

EXAMPLES OF CHANGES IN THE AVERAGE Kp LOAD TO ELICIT A RELATIVE
INTENSITY HEART RATE OF 65 OR 807 MAXIMUM HEART RATE

FOR EACH WEEK OF TRAINING

Week Subject A (65%7) Subject B (80%)
1 ; .89 1.75
2 .79 1.72
3 .99 1. 86
4 .98 1.95
5 1.04 1.92
6 1.00 1.99
7 .99 1.99
8 1.03 1. 84
9 1,15 2.12
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APPENDIX H b

EXAMPLES OF CHANGES IN THE AVERAGE TRAINING TIME IN MINUTES PER
WEEK FOR HIGH AND LOW INTENSITY EXERCISE GROUPS AT RELATIVE
INTENSITIES OF 65 OR 807 OF MAXIMUM HEART RATE »
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APV ''DIX H

EXAMPLES OF CHANGES IN THE #v®R

WEEK FOR HIGH AND LOW INTE

'E TRAINING TIME IN MINUTES PER

"Y EXERCISE GROUPS AT RELATIVE
INTENSTTIES OF 65 OR 5U% OF MAXIMUM HEART RATE

124

Week Subject A (657) Subject B (807%)

1 36. 67 19.83
2 ) 40.83 24.33
3 | 31. 83 18.00
4 | 35.33 18.00
5 : 36.33 19. 50
6 : 40,67 19.83
7 38.67 19. 83
8 37.00 19. 17

19. 00

9 | 35.00

)



APPENDIX I

INFORMED CONSENT FORM
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Consent For Exercise Tests

T, , hereby
agree to undertake an exercise stress test, administered twice,
designed to determine my maximal oxygen consumption. The test will
be conducted in the presence of a cardiac nurse. Heart rate will '
be monitored throughout the test., 1T understand that I will perfomm
a relative workload test during which blood samples will be drawn
before and after exercise by a qualified technician., Heart rate
will be monitored throughout. I utderstand that body composition

will be determined by hydrostatic weighing.

Every effort will be made to conduct the tests in such a manner as
to minimize discomfort and risk. However, I understand that with
any type of exercise test there are potential risks, and at any time
during the test that 1 experience unusual discomfort, T will ask to
discontinue the test.

In agreeing to such an examination, I waive any legal recourse
against the University of Alberta from any and all claims resulting
from this fitness test.

DATE SUBJECT

Signature

WITNESS




