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ABSTRACT

Based on their initial relative VO, max, assessed by
means of a progressive cycle ergometer test, 33 male subjects
were ranked in descending order. Subsequently they were
subdivided in three groups and were submitted to 12 weeks of
physical training on cycle ergometer. In addition, a group of
six male subjects served as non-exercising controls (CG).

The first group (VIG) trained continuous.y at the
ventilatory threshold two (VI2). The second (BVIG) group trained
continuously at 15% below the VT2. The third group (ITG)
exercised intermittently (l:1) at 100% of the V02 max. The
total amount of work done per training session was equated in
the three groups.

The experimental groups (pre, mid and post) and the CG
(pre and post) were submitted to a protocol of anthropometric
measurements, which included weight, seven skinfolds and the
determination of body density.

During the course of the study a nutritional assessment
was conducted in all experimental groups, by means of recall
diaries.

The results of the study showed that power output at
maximum  exercise  capacity  increased significantly in all
training groups but decreased in the CG. At VI2, power output
significantly increased only in the VIG.

The absolute VO, max increased significantly in the VIG
and ITG, but did not change in the BVIG and ITG groups. All

v



training groups significantly increased VO, max relative to
body weight.

Both the relative and absolute Voz at VT2 significantly
increased in the VIG and ITG, but did not change in the BVTG.

Changes in VO, at max and at the VT2 were not related
in all training groups (for individual groups or pooled data).

Body density increased significantly in the BVIG, with no
significant changes in the other experimental groups. Changes in
body density seemed to be due to training, since the subjects
did not alter their nutritional intake during the twelve week
training  program. A significant reduction In the sum of
skinfolds was observed in the BVTG, but this change was not
related to the alteration in body density.

Changes in blood lactate and FFA concentrations during
training did not seem to be related in any of the experimental

groups.
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CHAPTER I

STATEMENT OF THE PROBLEM

I. INTRODUCTION

It has been suggested that under normal circumstances,
adult humans tend to increase body weight up to the age of sixty
(Parizkova, 1974). This increase in body weight is due mainly to
an increase in the body fat compartment rather than an increase
in lean body mass (Brozek and Keys, 1953). In western societv,
the average 35-year-old male tends to experience an increase of
approximately 0.2 to 0.8 kg of fat each year (Parizkova, 1974).
Fat-free weight remains either unchanged or decreases with age
(Brozek, 1952; Norris et al., 1963; Forbes and Reina, 1970;
Novak, 1972; Forbes, 1976). Exercise (Thompson et al., 1956;
Thompson, 1959; Skinner et al., 1964; Oscai and Williams, 1968;
Ribisl, 1969; Pollock et al., 196%; Moody et al., 1969; Carter
and Phillips, 1969; Wilmore et al., 1970; Boileau et al., 1971;
Wilmore et al., 1980; Depres et al., 1985) and exercise combined
with food ‘restriction (Passmore et al., 1958; Buskirk et al.,
1963; Sprynarova and Parizkova, 1965) has been shown to be
effective in reducing body weight and/or body fat.

Several exercise modes have been reported to cause
changes in body composition of male and female non-athletes.
Among these are walking/jogging/running (Oscai and Williams,

1968; Carter and Phillips, 1969; Pollock et al., 1971;



Wilmore, 1973; Getchell, 1975; Zuti and Golding, 1976; Pollock
et al., 1976), bicycle/cycle ergometry (Johnson et al., 1972;
Pollock et al., 1975; Smith and Stransky, 1976; Girandola, 1976;
Wilmore et al., 1980) and circult training/circuit weight
training/weight training (Fahey and Brown, 1973; Girandola and
Katch, 1973;Brown and Wilmore, 1974; Wilmore, 1974; Wilmore et
al., 1978; Garfield et al., 1979).

Among competitive athletes, activities such as
basketball, hockey, football, tennis and swimming have been
shown to both decrease and increase body fat and/or weight
(Thompson et al., 1956; Thompson, 1959; Katch et al., 1969;
Wilmore et al., 1980 ).

Very few studies have made use of interval training
methods (Bhambhani et al., 1987; Thomas et al., 1984), as a
specific stimulus for body weight and/or fat reduction exercise
training programs. These studies however, did not assess the
nutritional intake of the subjects during the course of the
training program.

Exercise-induced changes in body composition vary
directly with the frequency, duration, and intensity of the
activity (Wilmore, 1983). The American College of Sports
Medicine Position Statement (ACSM, 1978) recommended that in
order tc reduce body fat, individuals should exercise at a
minimum intensity of 50 & of the maximal oxygen consumption
(V02 max) or 60 % of the maximum heart rate reserve (HRR max).

It was also recommended that each training session should last



session should last at least 20 minutes and be of a sufficient
intensity and duration which would elicit an energy expenditure
of approximately 300 kilocalories. This session should also be
repeated a minimum of three times a week.

Exercise training prescription has traditionally been
based on a relative percentage of VO, max and/or maximal heart
rate (HR max) (Durnin, 1960; Jackson, 1968; Sharkey, 1970; Nupp,
1970; Davies, 1971; Fox, 1973 and 1975). The use of this
approach may not always be appropriate since transition from
aerobic to anaerobic metabolism is a very individual phenomenon,
and depending on the intensity at which the subjects are
training, different stress could be placed on the
cardiorespiratory and metabolic systems. This individuality is
demonstrated by the different responses to the same type of
training in groups with similar initial levels of fitness
reported by several authors (Ekblom et al., 1968; Kilbom, 1971;
Pollock, 1973). Bhambhani (1982) in a review of 21 research
articles observed that the percentage of the VO, max at the
point of transition from aerobic to anaerobic metabolism ranged
from 44.6 % (sedentary males) to 86.0 % (elite endurance
runners).

The point of transition, or the shift from a primary
dependence on aerobic metabolism to a transitional period of
aerobic-anaerobic metabolism, has been commonly referred to as
the anaerobic threshold (AT) (Wasserman and McIlroy, 1964;

Wasserman et al., 1967; MacDougall, 1977; Reinhard «t al.,



1979). Reinhard et al. (1979) and Hagberg et al. (1982) observed
that during a graded exercise test two metabolic thresholds
exist, instead of one, as reported earlier. The first threshold
occurs at an exercise inténslty at which the level of blood
lactate increases significantly above the resting value. At this
intensity, no significant decrease in blood pH is observed
(Reinhard et al., 1979; Hagberg et &l., 1982). This is explained
by the fact that most of the lactate produced is buffered by the
sodium bicarbonate buffering system in the blood. As a result,
an additional increase in expired 70, is observed.

The second threshold, which Reinhard et al. (1979)
referred to as the "threshold of decompensated metabolic
acidosis (TDMA)", occurs at an exercise intensity at which the
lactic acid concentration increases disproportionately. This
increase is due to the fact that the buffering capacity of the
blood is exceeded. A significant decrease in the blood pH is
also observed. In an attempt to compensate for this metabolic
acidosis, the ventilation is stimulated resulting in a large
increase in the volume of CO, (VCO,) expired.

The two thresholds described above can be identified by
continuously monitoring selected respiratory gas exchange
parameters (Wasserman et al., 1973; Davis et al., 1976; Yoshida
et al., 1981; Davis et al., 1982; Bhambhani and Singh, 1985).
The first threshold (VT1l) can be detected at the power output or
the oxygen consumption at which the Vg/V0, ratio and the

FEOZ reach a minimum (Reinhard et al., 1979; Bhambhani,

ey



1982; Bhambhani and Singh, 1985). The second threshold (VI2) can
be detected at the power output or the oxygen consumption at
which the Vg/VCO, reaches a  minimum and the FpCO,
reaches a maximum (Reinhard et al., 1979; Bhambhani, 1982;
Bhambhan! and Singh, 1985). As suggested by Hughes et al.
(1982), the term "ventilatory threshold" should be preferred
instead of the metabolic terms ‘"aerobic and anaerobic
threshold". The terms VTl and VI2 as ptoposéd by Bhambhani and
Singh (1985), will be utilized in this study, denoting

ventilatory threshold one and two respectively.

II. THE PROBLEH
A. Training and Changes in Body Composition

As shown in an extensive review of the literature by
Wilmore (1983), it is well established that exercise can be very
effective in reducing body fat either singularly or in
combination with a controlled nutrition program.

During light and moderate exercise, 50 & of the energy
requirement is contributed by fat, with the other half by
carbohydrates. As the duration of exercise Increases,
carbohydrates become depleted. Fat contribution (mainly FFA) may
increase up to a total contribution of 80 & of the energy
required.

Interval training (IT) methods have been excluded in
favor of continuous training (CT) as an exercise stimulus to

promote modifications in body composition (Wilmore, 1983).



However, tﬁere is evidence in the literature which has suggested
that IT methods might be as effective as CT In utilizing fat as
a substrate.

In an acute substrate utilization study, Essen et al.
(1977) reported that FFA oxidation increases during the recovery
period of intermittent exercise, and this increase is maintained
until the subsequent exercise bout. It has also been
demonstrated in animals that FFAs are utilized during
intermittent work of high intensity (Snow et al.,1983). Essen
(1977) offered the following explanation based on the work of
Parmeggiani and Bowman (1963):

Elevated citrate concentration was found at
the end of the rest period supporting the
suggestion that high citrate concentration
might have an inhibition effect on the rate
of glycolysis at the PFK level thus
facilitating an enhanced lipid oxidation
(p.40).

The acute responses to interval exercise are supported by
the training data of Thomas et al. (1984). These investigators
observed significant reductions in the percentage of body fat
for both males and females that were submitted to IT (running)
for 12_weeks.

IT programs have been shown to be as effective as CT in
improving aerobic power (Roskamm, 1967; Fox et al., 1969 and
1973; Eddy et al., 1977; Gregory, 1979; Cunningham et al., 1979;
Bhambhani et al., 1983; Thomas et al., 1984) and, it is likely

that they might also be just as effective in inducing fat loss.

In addition, IT is very appealing due to the fact that an



indlvidualA training at high intensity can usually accomplish a
higher total amount of work, as compared to CT, before
experiencing localized fatigue. There is an evident need to
further investigate the effects c¢f IT on body composition and

fat metabolism.

B. Training an’ Fat bistribution

Another aspect of interest is whether exercise induced
body fat reduction is homogeneous throughout the body, and what
is the relationship between total fat reduction and
distribution.

There is some evidence in the literature which suggests
that adipose tissue is not a homogenous entity. Animal models
have shown that genital fat depots are specifically responsive
to sex hormones (Krotkiewski and Bjorntorp, 1976;
Steingrimsdottir et al., 1980). In humans, there is some
indication in the literature that men treated with estrogen for
cancer of the prostate showed significant enlar~ueiit of gluteal
fat cells ‘(Krotkiewsky and Bjorntorp, 1978). When men were
treated with corticosteroids, effects on specific regional
adipose tissue were observed (Krotkiewsky et al., 1976). Studies
have also shown differences in the metabolic activity and
hormone responsiveness of adipose cells from different fat
depots of the body (Hamosh et al., 1963; Goldrick and
McLoughlin, 1970). This was confirmed by Smith et al. (1979) who

showed that the fat cells from the abdominal subcutaneous regior



were . more. hormonally responsive and metabolically active than
the ones from the gluteal-femoral region. Obesity related
disorders such as hypertension, diabetes, hypertriglyceridemia
and insulin resistance have been shown to be associated with
abdominal obesity (Kissebah et al., 1982; Krotkiewsky et al.,
1983). Fat-cell size of the abdominal region has also been shown
to be associated with the concentration of plasma insulin and
triglycerides (Krotkiewsky et al., 1975).

Very few studies have looked at preferential subcutaneous
fat reduction as a result of continuous aerobic training (Glick
and Kaufman, 1976; Rognum et al., 1982; Bjorntorp, 1983; Despres
et al., 1984 and 1985). The lack of similarity of exercise
intensity, the utilization of fat biopsy in only one region, and
the small number of subjects are among the reasons for the lack

of conclusive results.

C. Substrate utilization during exercise

It is well documented in the literature that the
oxidation of free fatty acids (FFAs) serves as the major source
of energy for muscular exercise (Gordon, 1957; Fritz et al.,
1958; Carlson and Pernow, 1959; Friedberg et al., 1960; Bosu et
al., 1960; Friedberg and Estes, 1962). Depending upon the
intensity and duration of the exercise, the primary substrate
utilized will vary. During prolonged exercise of low intensity,
the FFA will supply most of the energy required to perform the

activity (Havel, 1971), and at this intensity very low levels of
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lactate ére usually observed (Pruett, 1970). Havel and
associates (1967) as well as Pruett (1970) observed that a high
level of arterial lactate was associated with low levels of FFAs
in men exercising at high work loads.

It has been reported that the accumulation of lactate
during exercise has an antilipolytic effect. Issekutz and Miller
(1962) were the first to report a decrease in plasma FFA as a
result of lactic acid (LA) Infusion in humans. Subsequent
studies on animals confirmed that the decrease of plasma FFA was
caused by the inhibition of the rate of release of FFA from the
adipose tissue by high levels of LA (Miller et al., 1963;
Issekutz et al., 1965b; Houghton et al., 1971; Issekutz et al.,
1975). Issekutz et al. (1965a) reported a negative correlation
between the exercise-induced rise in FFA turnover and that of
plasma LA. In vitro studies on the isolated epididymal rat fat
pad (Bjorntorp, 1965; Dieterle et al., 1969), and on the in
situ perfused subcutaneous adipose tissue of the dog (Fredholm,
1971) have demonstrated a similar antilipolytic effect of LA. In
man, Cobb and Johnson (1963) suggested an inverse relationship
between plasma lactate and FFA. Boyd et al. (1974) reported that
the release of FFA and glycerol was inhibited by the high levels
of plasma lactate or pyruvate, or both.

Brooks and Fahey (1984) suggested that :

During short-term, high intensity exercise,
lactate accumulates as the result of
greater lactic acid production than
removal. At physiological pH, lactic acid,

a strong organic acid, dissociates a proton
(h*)... High circulating HY levels will



inhibit hormone sensitive lipase activity
in adipose tissue, thereby limiting the
release of FFA into the circulation
(p.707).

The wutilization of fat as the main energy source takes
place when exercise is being performed at a low to moderate
inteﬁsity. Increaces in VO, max are observed as a result of
training ét intensities greater than 50 % of VO, max (Davies
and Knibbs, 1971; Pollock, 1973; Hirsch, 1977; ACSM, 1978;
Lipson et al., 1980; Allison et al., 1981). It is documented
that the arterial LA levels start to rise once the oxygen intake
reaches 50 % to 60 % of the maximal power (Hollman, 1963;
Astrand and Rodahl, 1970; Davis et al., 1976). As a result, it

appears that endurance training is performed at slightly

elevated arterial lactate concentrations.

III. PURPOSES OF THE STUDY

The purposes of this study were:
1. To find the most effective training intensity - among two
continuous and one intermittent - that simultaneously promoted a
significant increase in body density and an increase in V0,
max in an active non-athletic male sample.
2. To compare which of the three training intensities was the
most effective in increasing oxygen consumption at the VI2.
3. To observe the relationship between changes in VO, at VI2

and changes VO, max as a result of training at different
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exercise intensitlies.

4. To observe how does the size of the subcutaneous fat layer at
selected sites of the body responded to the three training
programs, and how this change wasrelated to alterations in body
density.

5. To observe the interrelationships between the FFA and LA
concentration in the blood during training, and changes in body
density which resulted from the three training intensities.

The subjects in this study trained at a power output
(kpm/min) requiring an oxygen uptake that was similar to the one
observed at either the ventilatory threshold two (ventilatory
threshold two group - VIG), at 15 % below ventilatory threshold
two (below ventilatory threshold group - BVIG), or at 100 & of
VO, max (interval ttaining group - ITG). The subjects in the
ITG exercised at work:rest intervals of one minute each. The
total smount of work per training session was equated for the
three experimental groups.

A group of active non-exercising male subjects were
utilized for comparison purposes (control group - CG). The

training program lasted for 12 weeks.

IV. HYPOTHESES

The following hypotheses were examined:
1. There 1is no significant difference between the three
experimental groups, as a vresult of the three training

intensities for the following dependent variables:
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a) .Sum of seven skiﬁfolds (in mm), namely: triceps,
Jleeps, subscapular, suprailiac, abdominal, front thigh,

and medial calf;

b) Body density (g.ml'l);
There is a significant difference between the control and the
three training groups,.as a result of the training program, for
éhe dependent varlabies listed above.
2. There is no significant difference in the magnitude of the
reduction of the subcutaneous fat at the various storage sites,
as a result of training at the different training intensities.
This was studied by changes in skinfo!d thickness at the
different sites measured.
3. There is no significant difference between the experimental
groups, as a result of training, for the following dependent
variables:

a) VO, max (in 1.min! and in ml.kg.min “lsTpD);

b) VO, at VI2 (in l.min'l and in ml.kg.min'l STPD);

¢) Vg/VO, ratio, and Vg/VCO, at the VO, max;

d) VE/VOZ ratio, and VE/VCOZ at the at VT2;

A e) Power output (in kpm/min) at the maximum exercise
capacity (MEC);

f) Power output (in kpm/min) at the VT2.

There is a significant difference between the control and
the experimental groups for the variables outlined above.
4. There is no significant difference between the experimental

groups, for the following dependent variables:



a) Changes in levels of circulating FFA (qu.l'l) in

the venous blood measured at the tenth and twentieth
minute;
b) Changes in levels of venous blood lactate (mHol.l'l)

measured at the tenth and twentieth minute.

V. LIMITATIONS OF THE STUDY

This study was subjected to the following limitations:
1. Variations in the measurements due to the calibration of the
measuring equipment;
2. Subject attrition during the course of the study;
3. Subject life-style, including non-systematic physical
activity;
4, Subject motivation during the maximum exercise capacity
tests;
5. The assumption that all human adipose tissue has a density
value within the range of 0.92 to 0.96 g.ml'l;
6. The assumption that the density of the human body falls
within the range of 0.93 to 1.10 g.ml"L;
7. The assumption that the two compartment model - Fat Free Mass
and Fat Free Weight (Behnke, 1954) - accurately describes the
human body composition.
8. The assumption that the nutritional assessment indicated the

actual energy intake of subjects, throughout the study.

13



VI. DELIMIfATIONS OF THE STUDY

The delimitations of this study were:
1. The participation of a sample of 33 male volunteers from the
Royal Glenora Club (Edmonton) and 6 college students, within the
age range of 25 to 50 years;
2. The duration of the training sessions, three times a week for
12 weeks; and

3. The three training intensities.

VII. DEFINITION OF TERMS
The following are definitions for key terms appropriate

to this study:

1. Absolute Maximum Oxygen Consumption (VO, max) - the
maximum amount of oxygen that can be utilized (in l.min'l,
STPD) during exercise.

2. Relative Maximum Oxygen Consumption (VO, max) - the

maximum amount of oxygen that can be utilized relative to body

weight (in ml.kg.min'l, STPD) during exercise.

3. Maximum Carbon Dioxide Production (VCO, max) - the
maximum  amount of (€O, that can be produced (in l.min'l,
STPD) during exercise.

4. Ventilatory Equivalent for Oxygen (Vp/VO,) - the ratio

between the volume of air expired (VE in l.mln'l, BTPS) and
the volume of oxygen consumed (VOp, in l.min'l, STPD) at a
particular exercise intensity.

5. Ventilatory Equivalent for Carbon Dioxide (VE/VCOQ) -
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the ratio between the volume of air expired (in 1.min"1, BTPS)
and the volume of carbon dioxide produced (in 1.min°1, STPD)
at a particular exercise intensity.

6. Ventilatory Threshold Omne (VIl) - the power output (in
kpm/min) or the oxygen consumption (in l.mln'l, STPD or in %
of VO, max) at wvhich the Vg/VO, ratio and Fp0, reach a
minimum.

7. Ventilatory Threshold Two (VI2) - the power output (in
kpm/min) or the oxygen consumption (in l.min'l, STPD or in &
of VO, max) at which the Vg/VCO, ratio reaches a minimum
and the Fg0O, reaches a maximum.

8. Anaserobic Threshold (AT) - the exercise intensity or oxygen
consumption (in l.min'l, STPD or #& of VO, max) at which the
level of blood lactate increases significantly above the levels
observed at rest.

9. Maximal Exercise Capacity (MEC) - the power output at which
the maximal oxygen consumption is attained or the subject is
unable to continue exercising at 60 rpm, during a progressive
exercise test on a cycle ergometer.

10. Oxygen pulse (0 pulse) - the volume of oxygen extracted

per heart beat (ml.beat'l) by the peripheral tissues.

15



CHAPTER II

REVIEW OF THE LITERATURE

I. ANAERDBIC THRESHOLD: TRE ORIGIN OF THE CONCEPT

As early as 56 years ago, W. Harding Owles (1930)
confirmed previous works by Christiansen et al. (1914) and
Douglas (1927) which noticed that above a particular exercise
intensity muscles start producing lactic acid above the levels
observed at rest. They also observed that this increase in
lactate concentration in the blood was accompained by an
increase in ventilation volume and in carbon dioxide production.

In the late fifties and early sixties, a group of German
investigators headed by W. Hollman (1959, 1961, 1963) observed
that when subjects were submitted to graded cycle ergometer
exercise, with workload increments each three minutes, there was
a point where the pulmonary ventilation would increase at a
greater rate than oxygen consumption. This point was termed
"point of optimal ventilatory efficiency", because pulmonary
ventilation changes coincided with changes in arterial blood
lactate. In the early sixties, Wasserman and McIlroy (1964)
introduced the term "threshold of anaerobic metabolism" or
simply "anaerobic threshold", that can be considered analogous
to Hollmann’s point of optimal ventilatory efficiency.

The term "anaerobic threshold” (AT) has been defined as

the exercise intensity at which the level of lactic acid in the
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blood increases significantly above the resting levels
(Wasserman and McIlroy, 1964; Wasserman et al., 1973). This
first significant Increase in lactste levels coincides with
non-linear increases in ventilation, respiratory quotient and
production of CO, (Wasserman and Mcllroy, 1964; Wasserman et
al., 1973; Wasserman, 1978).

Since it wa§ introduced by Wasserman and McIlroy (1964),
the term and the concept of anaerobic threshold have been
extensively investigated by exercise physiologists. The
threshold hypothesis has probably gained as many supporters
(Davis et al., 1979; Matsumura et a., 1983; Caiozzo et al., 1982
and Powers, 1983), as non-supporters (Brooks, 1985; Hagberg et
al., 1982; Hughson and Green, 1982; Green et al., 1983 and Yeh
et al., 1983).

The concept of anaerobic threshold seems to have several
important practical applications. Among them are:

l. The possibility of predicting the highest
metabolic rate which can be maintained for long
periods of time;

2. A more precise form of prescribing exercise. When
attempting to equate work for different subjects,
most of the investigators tend to use the same
percentage of VO, max as the equating factor.
Considering that 658 of the VO, max could be above
AT for one subject and below AT for the second one,

it is expected that the physiological response to the
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lacclviCy performed at the same percentage of the
VO, max will be different;

3. As compared to other physiological variables such
as VO, max, percentage of slow-twitch muscle
fibers, running economy, and percentage of body fat,
the AT has been shown to best correlate with long
distance or endurance events (Farrel et al., 1979;
Powers et al., 1983; Rumagai et al., 1982);

4. AT can be used as a qualitative indication of an
increase in lactate production (Wasserman et al.,
1976), particularly in patients who may show a low
(abnormal) cardiac frequency response to exercise,

which could consider them as fit as a normal sub fect.

II. DETERMINATION OF ANAEROBIC THRESHOLD

The determination of AT has suffered a series of
modifications since the initial work by Wasserman and McIlroy
(1964). A review of the most common invasive and non-invasive

methods follows.

A. INVASIVE DETERMINATION OF AT

Invasive techniques for detecting AT are very common
in the literature. The AT is commonly identified at an exercise
intensity where there is an increase in blood 1lactate
concentration, with a simultaneous decrease in blood pH and

bicarbonate concentration. Since a great number of studies that
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utilized bicod analysis to determine AT use the term "Lactate
Threshold (LT)", both terms will be used interchangly.

The lack of standardization of the protocols used and
the subjective criteria to identify the threshold have weakened
the comparison of the results from different studies. Blood
samples have been collected from different sites such as
arteries (Wasserman et al., 1973; Yoshida et al., 1981; Yeh et
al., , 1983), capillaries (Rindermann et al., 1979 and Reinhard
et al., 1979), the pulmonary artery (Weber et al., 1982), and
from veins (Davis et al., 1976; Stanford et al., 1978;
Pendergast et al., 1979; Ivy et al., 1980; MclLellan et al.,
1981; Caiozzo et al., 1982; Conconi et al., 1982; Hagberg et
al., 1982; Yeh et al., 1983). The following are some of the
criteria commonly used to determine AT:

1. Onset of an exponential rise in venous lactate

(McLellan et al., 1981);

2. Slight increase in capillary lactate concentration

(Kindermann et al., 1979);

3. Nonlinear Increase in venous lactate (Pendergast

et al., 1979);

4. Abrupt increase in venous lactate (Davis et al.,

1976);

5. Increase in lactate above resting values

(Wassermann et al., 1967);

6. Raise of lactate to an absolute value such as 2 or

4 mmol.1"l (Mader et al., 1976a, 1976b; Kindermann
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et al., 1979; Stegmann and Kindermsnn, 1982) or

similar measures (Skinner and Mclellan, 1980 and

Stegmann et al., 1981);

7. Rate of change of lactate [d(La)/dt] shows a sharp

increase (Pessenhofer et al., 1981).

Yoshida et al. (198l) found that Lt determined by a
venous blood lactate break point was systematically high~r than
the arterial blood lactate break point. An uptake of lactate
from the forearm muscles before the blood reached the venous
sampling site was explained by the authors as the possible
reason for the differences encountered. Activity of the forearm
was not reported to be controlled.

Another issue of concern is the fact that the
determination of LT can be possibly affected by the exercise
testing protocol. Ramp test protocol, as proéosed by Whipp et
al. (1981), has been used to show differences in LT when fast
and slow increments are used (Hughson and Green, 1982). Using 25
watt increments, Wasserman et al. (1973) observed similer LT
values, when workloads were increased either at one or four
minute intervals. Yoshida (1985) duplicated the study by
Wasserman et al. (1973) and found no significant differences
between AT values as result of one and four minute increments.
Buchanan and Weltman (1985) reported that cycle ergometer tests
performed at 60 rpm in competitive cyclists resulted In
different LT values when compared to tests performed at 80 and

120 rpm. This study supports the suggestion made by Boning et
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al. (1984) that the determination of LT on cycle ergometer

depends on the pedaling rate.

In summary the determination of lactate threshold seems
to lack of a standardized protocol. With this shortcoming in
mind, one should be extremely careful when comparing the results

from the different studies.

B. NON-INVASIVE DETERMINATION OF AT

The existing evidence of a relationship between endurance
performance and AT (MacDougall, 1977; Farrell et al., 1979;
Sjodin and Jacobs, 1981; Kumagai et al., 1982; Karlsson and
Jacobs, 1983; Powers et ai.; 1983; Rhodes and McKenzie, 1984;
Tanaka and Matsuura, 1984; Reybrouck et al., 1986), and the
possibility of using non-invasive techniques to determine this
threshold (Whipp and Wasserman, 1972; Wasserman et al., 1973;
Davis et al., 1979; Moritani and de Vries, 1980; Davis et al.,
1982), are probably the most attractive aspects of the concept
of the anaerobic threshold, for exercise physiologists.

The use of respiratory gas exchange measurements is
probably the most used method to determine AT during an exercise
test. Two additional methods, the use of oxygen uptake kinetics
(Whipp and Wasserman, 1972) and integrated electromyography
(IEM%) (Moritani and de Vries, 1980) have been proposed, but
none of these have been widely used by investigators.

Recently, Droghetti et al. (1985) proposed the use of the

*"deflection velocity (Vd)" as an alternative noninvasive method
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to determine AT. It was based on the relationship between
running velocity (V) and heart rate (HR). The authors reported
that in all athletes examined,

...the linearity of the V-HR relationship

was maintained up to a submaximal speed

(vd), beyond which the increase in work

intensity exceeded the Increase in HR

(p.299).
Correlation between Vd and AT determined by blood lactate
concentration was .997 (p<.00l) for a group of cross-country
skiers, cyclists, roller-skaters, rowers, walkers and runners.
As the IEMG method, this approach is yet to be fully tested by
other investigators.

As mentioned previously, the use of gas exchange
measurements is the most utilized method for the detection of
AT. In their introductory paper on anaerobic threshold,
Wasserman and McIlroy (1964) suggested that:

...the onset of anaerobic metabolism during
exercise could be detected in three ways:
(1) as an increase in the lactate
concentration in blood, (2) as a decrease
in arterial blood bicarbonate and pH and
(3) as an incresse in the respiratory gas
exchange ratio (p.844).

Their suggestion was based on the evidence that the
lactic acid produced during anaerobic metabolism was
predominantly buffered in the blood by the sodium bicarbonate
buffering system, with a reduction of bicarbonate levels. The
carbonic acid formed was then dissociated into water and carbon

dioxide increasing the partial pressure of carbon dioxide in the

blood (De Lanne et al., 1959; Issekutz and Rodahl, 1961; Naimark



et al., 1964). They also reasoned that in patients with heart
failure when submitted to exercise, the excess CO, observed
was released from bicarbonate when lactic acid was being
buffered. The buffering of lactate by the bicarbonate buffer

system and the excess of COp described above, can be further

explained by Equations 1 and 2.

CﬂchOHCOOH + NaHCO3 --> CH3CH0HCOONa + HyCO4 Eq.1

Lactic Acid + Sodium --> Sodium Lactate + Carbonic
Bicarbonate Acid

HZCOJ LEEE D4 ”20 + 002 Eq.2

Carbonic ----- > Water + Carbon Dioxide

Acid

The authors suggested that the AT could be easily
detected by analyzing the respiratory exchange ratio (RER)
breath-by-breath as described by Naimark et al. (1964) with RER
calculated from end-tidal gas concentrations as follows:

R = FaC0y/1.26 FaN, - 1 + FaN,

where:

FaCOz is the end-tidal 002 concentration

R = FaC0,y/1.26 FaN, - 1 + FaN,
where:
FaCO, is the end-tidal CO, concentration and
FaN, is the end-tidal N, cencentration
breath-by-breath.
Several studies followed the original work done by
Wasserman and McIlroy on the concept of AT. They not only

confirmed that AT could be detected by monitoring selected
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respiratory gas exchange measurements, but also refined the
technique, established its reliability and validity (Davis et
al., 1976; Weltman et al., 1978; Davis et al., 1979; Reinhard et
al., 1979; Weltman and Katch, 1979; Rusko et al., 1980; Sady et
al., 1980).

The use of respiratory gas exchange measurements is
becoming more popular each day particularly because of the
increasing availability of fast response microprocessor
controlled gas analyzers and integrated units such as the MMC
Horizon System (Sensormedics, Anaheim, USA). Although the gas
measurements are collected very accurately (Jones, 1984) with
practically no interference of the investigator, the varied and
subjective criterion used to identify AT has made the comparison
of different studies practically impossible.

Hughes et al. (1982) suggested that when AT is determined
noninvasively by means of respiratory gas exchange measurements,
the term "ventilatory threshold (VT)" should be preferred
instead of "anaerobic threshold."

An extensive review of the studies that utilized gas
exchange measurements to identify AT is summarized in Table 1
(Appendix A).

In summary, as in the case of the determination of
lactate threshold, there seems to be very little agreement, not
only in the methods used for the determination of the VT, but
also in the terminology that should be used to describe this

physiological phenomenon. It is also evident from this review,



that the VT can be used as an important tool in the prescription
of exercise tralning Intensity for athletic and non-athletic
populations, and as important predictor of performance in middle

and long distance events

III. OXYGEN FLOW AND LACTATE PRODUCTION

In 1924, Hill and co-workers observed that during
exercise, lactate Iincreased above resting values. They
postulated that this increase in lactate was to provide a
supplementary anaerobic source for energy generation when 0,
was reaching critically low values in the exercising muscle.
This mechanism would permit exercise to proceed at high work
intensities for a short time, despite an O, shortage.

The hypothesis that lactate formation is dependent on
O, availability has been supported by several studies (Hogan
and Welch, 1986; Hughes et al., 1968; Katz and Sahlin, 1987;
Linnarson et al., 1974; Lundin and Strom, 1947; Rowell and al.,
1984; Tirnay et al., 1971 and Woodson et al., 1978).

Brooks (1985b and 1986), in two review articles,
questioned the threshold hypothesis on the basis that there was
no conclusive evidence that during submaximal exercise (at 50 to
60 % of V02 max) the muscle tissue becomes anaerobic.

The use of [140]1actate tracer technique in different
studies (Jorfeldt, 1970; Brooks et al., 1985a and 1985b) have
led Brooks (1986) to conclude among other things that: a) during

both rest and exercise, lactate production is not necessarily
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associated Ato muscle anaerobiosis; b) during sustained exercise,
there appears to be both production and removal of lactate
within an active muscle bed.

Studies such as the ones by Jobsis and Stainsby (1968),
Donovan and Brooks (1983) and Cornett et al. (1984) have shown
that lactate increases despite "good" 0, supply. On the other
hand, several investigators have observed that altering O,
flow to the exerclsing muscles above a specific work rate
affects blood and/or muscle lactate levels.

An increase in blood lactste has been observed as a
result of: (a) decreased fraction of oxygen in the inspired air
(F105) (Lundin and Strom, 1947; Hughes et al., 1968); (b)
Linnarson et al., 1974); (c) acute isovolemic anemia (Neil et
al., 1964; Woodson et al., 1978); (d) acutely binding hemoglobin
sites for 0, transport with carbon monoxide (Tirnay et al.,
1971; Vogel and Gleser, 1972); (e) low cardiac output to a given
work task (Harrison and Pilcher, 1930; Twentyman et al., 1981;
Wasserman and Whipp, 1975); and (f) reduced circulating blood
volume (Christensen and Christensen, 1978; Fortney et al.,
1982).

A decrease in blood lactate has been observed as a result
of: (a) increased F{0, (Lundin and Strom, 1947; Perret,
1960; Hughes et al., 1968; Banister et al., 1970; Welch, 1977;
Gautier et al., 1978); and (b) increased cardiac output response
to exercise in cardiac patients (Siskind et al., 1980).

The so called "lactate shuttle" proposed by Brooks



(1985), suggests that a significant part of the lactate
metabolism during exercise, is produced in fast-twitch
glycolytic fibers and oxidized in fibers with a higher capacity
for oxidation. In a recent review paper (Katz and Sahlin 1988),
the authors concluded that "... data underlying the conclusion
that lactate production during exercise is not 0, dependent

were found to be 1) questionable, or 2) interpretable in an

alternative manner " (p.509).

IV. VENTILATORY THRESHOLD (VT)

The existence of two instead of one metabolic threshold,
during a progressive exercise test, has been observed by several
investigators (Kindermann et al., 1979; Reinhard et al., 1979;
Skinner and Mclellan, 1980; Hagberg et al., 1982; Bhambhani et
al., 1983; Bhanbhani and Singh., 1985a, 1985b). Both thresholds
can be identified very objectively by means of continuous
monitoring respiratory gas exchange measurements (Reinhard et
al., 1979; Bhambhani and Singh, 1985a).

The first "ventilatory threshold" (VIl), is analogous to
Wassermann and McIlroy’s AT (Wassermann and Mcllroy, 1964;
Wassermann et al., 1973). Kindermann et al., (1979) and Skinner
and McLellan (1980) call this point "aerobic threshold (AeT)".
As described in the previous section, this threshold has been
identified at an exercise intensity at which Vg, VCO,, and
RER increase non-linearly (Wassermann and McIlroy, 1964;

Wassermann et al., 1973; Wassermann, 1978), and a non
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significanﬁ decrease in blood pH is also observed because most
of the blood lactate produced‘ is buffered by the sodium
bicarbonate buffering system (Reinhold et al., 1979; Hagberg et
al., 1982).

The second "ventilatory threshold" (VI2) is analogous to
what Kindermann et al. (1979) and Skinner and Mclellan (1980)
defined as the "anaerobic threshold", and Reinhard et al. (1979)
termed as "threshold of decompensated metabolic acldosis
(TDMA)". At VT2, there is a disproportionate increase in the
production of lactic acid that exceeds the buffering capacity of
the blood, and a significant decrease in pH (Reinhard et al.,
1979).

Both VIs can be identified very objectively by using
ventilatory equivalents for 0y and (COy (Vg/VOy  and
Vg/VCO,), as well as the fraction of expired 0y, and COy
(Fg0, and Fgl0,). VIl can be detected by the exercise
intensity at which VE/V02 ratio and Fg0, reach minimum,
while VI2 can be identified by the exercise intensity at which
Vg/VCOy ratio reaches a minimum and FgCOy reaches a

maximum (Figure 1).

A. RELIABILITY OF VENTILATORY THRESHOLD

Several studies have linvestigated the reliability of
either VIl or VI2 (Davis et al., 1979; Rusko et al., 1980;
Nemoto and Miyashita, 1981; Whiters et al., 1981), but very few

have looked at the reliability of both VTs (Aunola and Rusko,

28



o)
) VT2 . o
- ~ o /.-,’ :d
0 A - L
~ - /
= 4 A / [ 3
o / -9
A - \ ./ -O-
r // \ /7 8
~ (2] /\ -3 w
2 24 i o 7\ S W
N o s e t : / A | o
% { \ F © %
1 e
(P L’ \ :g.
2] P4 \ L ©
[To I — - -~ N
- Lo ~ - \
o N e,V e ~—al@
- ~ - o
i [ ©
0 [ o
<+ L »
- Ty Ty T T Ty rrrrrrrrrrrryrrproey e q
S 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 ©
POWER OUTPUT (KPM/MIN)
o. _o
s <
//'
y"""
@ " . ©
V4 "
/A
g_ 7
d -9 o
S ananna Ve /VCO, " o
>u')_ s s e 2y ¥7i Q
S e
) A - N
b4 o 7] S
Sp— — A 1 -8 >
Q. ~ Y ¥/
Lg ] \h__‘_‘.‘”‘a /
VT2 e <
0 - K
N = -~ AL
\'—— hanli 4
o L
~ Ty vy rryrrvryrrrrryrerrryrrrryyjrvergpuoryra
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
POWER OUTPUT (KPM/MIN)
Fig. 1 - Determination of the ventilatory threshold one and two

by means of gas exchange measurements,
exercise capacity test on cycle ergometer.

during a progressive

29



1984; Prud‘homme et al., 1984).

Test-retest reliability coefficients have been reported
by Davis et al. (1979) to be as high as 0.94 (pre-training) and
0.95 (posttraining) for VIl (referred as AT) expressed in terms
of VO, (l/min). These values are somevhat higher than a
coefficient of 0.74 reported in a earlier study (Davis et al.,
1976).

Rusko et al. (1980) found values of 0.95, 0.88 and 0.80
when the reliability of VIl (referred as AT) was expressed in
terms of 1l/min, ml/kg/min and percent of VO, max.

Conflicting results were presented by Yeh et al. (1982)
who observed a high degree of variability in the identification
of VTl (also referred as AT).

Foster et al. (1986) concluded that both the ventilatory
and lactate thresholds were not reproducible.

In a study by Prud’homme et al. (1984) the test-retest
reproducibility as well as intertester reliability were
investigated using two cycle ergometer and two treadmill tests.
The authors concluded thst both thresholds "...can be determined
with a satisfactory level of reproducibility with the cycle
ergometer protocol”. They also concluded that the treadmill
protocol produced reliable results for the VI2, but
unsatisfactory for VTl. They suggested that the VI’s should be
assessed by "...two dependent evaluators performing the
determinations followed by a conference to resolve differences

and to yield a single estimate for each threshold".
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Aunola and Rusko (1984) reported values of 0.94 and 0.96
for VTl and VT2 respectively, when the threshold was expressed
in terms of Vo, (l/min).

The discrepancy in the assessment of reliability in the
various studies is probably the result of the absence of a
standard criteria to identify both VIs, as well as to variations
in the samples used (homogeneity or heterogeneity of variance).
Table 1 (Appendix A) summarizes the different criteria used to

identify the thresholds.

V. EFFECTS OF TRAINING ON THE THRESHOLD

As evidenced in a previous segment of this chapter,
several terms have been used to describe the threshold of
anaerobic metabolism. Studies reviewed in this section were
referred to by the term used in the original investigation. The
reader should also consider that different methods were utilized
to iaentify the threshold.

Davis et al. (1979) were probably the first to observe
changes in VO, at AT as a result of training. After nine weeks
of continuous training (5 days/week for 45 minutes/session) on
cycle ergometer, a group of nine male subjects showed
significant increases in VO, at AT, as well as V0, max.
Training intensity was set to a target heart rate corresponding
508 (four weeks) and 70% (five weeks) between AT and VO, max.
Yoshida et al. (1982) found 'similar results when their

experimental group exercised on cycle ergometer for eight weeks

31



(15 min/séssion, 3 days/week) at an exercise Iintensity
corresponding to 4 mMol of arterial lactate concentration. Denis
et al. (1984) observed significant improvements in VO, at the
"onset of blood lactate accumulation" (OBLA) in a group of 12
subjects training continuously on cycle ergometer at 80-858 of
maximum heart rate (3.5 sessions/week, 60 min/session) for 20
weeks. The olderl subjects showed significantly higher
improvements in VO, at OBLA as compared to the younger ones.
Becker and Vaccaro (1983), studying a group of 1l nine year old
children also observed significant increases in VO, at AT. In
this study VO, max increased in both the exercise and control
groups.

Ready and Quinney (1982) exercised a group of 12 male
subjects (4 days/week, 30 min/session) at 80% of their V0, max
for 9 weeks and found a significant increase of 74 & in VO,
(1/min) at AT. Significant Increase in VO, max was also
reported by the authors.

Gaesser et al. (1984) also found no significant
improvements in the ventilatory threshold of 6 male subjects
training for 3 weeks (6 days/week, 30 min/session) on cycle
ergometer, at 708 of the VO, max. Significant changes in VO,
max were observed at the end of the training period. No control
group was used for comparisons.

In another study lacking of a control group, Tanaka et
al. (1986) added two exercise sessions to a normal training

program of 20 middle-distance runners. The additional exercise



sessions were performed at an intensity corresponding to the AT
(or slightly above). The authors observed significant
improvements in VO, max and VO, at AT after &4 wmonths of
training.

Using a test/retest procedure instead of a control group,
Sjodin et al., (1982) observed a significant lnc?ease in VO,
at OBLA in a group of 8 middle and long-distance runners, as a
re§u1t of training at OBLA on a treadmill (once a week, for 20
minutes, for 14 weeks). This weekly exercise session was in
addition to their regular training program. No improvements in
Vo, max were observed as a result of this additional
continuous training.

Turcotte et al. (1985) exercised a group of males and
females for 10 weeks (3 sessions/week) on an eight station
hydraulic resistive exercise circuit. Initially, subjects
performed 3 sets in each station, with each set consisting of 20
sec. of maximum effort followed by 40 sec. rest. After six weeks
sets were Iincreased to four. Training did not produce any
changes in LT and 4 mMol point for both groups.

Improvements in VO, max, and VO, at AT seemed to be
independent of the training intensity in a study carried out by
Gibbons and associates (1983). A group of 29 females was
submitted to a training program on a treadmill lasting 8 weeks
(4 sessions/week, 20 min/session). Subjects exercised at an
intensity eliciting a heart rate at AT, { (AT HR) + 40% * (MAX

Vo, HR - AT HR)), or ((AT HR) - 40% * (Max VO, HR - AT HR)}.
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No controligtoup was used for comparisons.

Golden and Vaccaro (1984) found no improvements in either
Vo, max or VO, at AT as & result of training at intensities
corresponding to the AT or 50% between AT and VO, max.
Training sessions were carried on to groups of 6 male subjects,
on cycle ergometer, 3 times a week (30 min/session) for 8 weeks.

Rivers et al. (1980) submitted a group of 24 female
swimmers to 6 weeks of Interval training, where the subdjects
trained either at approximately 84 (designated HITG group) of
their best performance time or at the AT (4 mMol of lactate -
designated ATG group). The authors reported significant gains in
maximal aerobic, maximal alactic, and maximal lactic capacities
as assessed by a tethered swimming test. Gains in the HITG group
were significantly higher than the ATG group in all capacity
variables.

Robinson and Suec (1980), Bhambhani et al. (1983), as
well as Poole and Gaesser (1985) were the only investigators to
compare the effects of interval and continuous training on AT.
In the first study the authors exercised 16 active males for 12
weeks, running on a track. The continuous training group ran at
approximately 85% of their VO, max, while the interval
training group ran at an intensity equivalent to approximately
125%¢ of their VO, umax. The training groups were compared to a
non-exercising control group, but total amount of work was not
equated between groups. Both groups Iincreased VO, max and

Vo, at AT, with the interval group showing higher increase in
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AT expressed as a percentage of V0, max. The continuous
training elicited higher gains In VO, max as compared to the
interval group. No statistical significance was mentioned for
both comparisons.

Bhambhani et al. (1983) iIn a more controlled study
compared 3 training intensities in a group of low and high fit
subjects. The total amount of work performed per session was
equated for all groups that trained three times per week for 8
weeks on cycle ergometer. Subjects trained continuously at
either 10%¢ above AT (designated AT group), 50% between AT and
maximal exercise capacity (designated ATG group) or
intermittently (1:1) at 100% of VO, max (designated ITG
group). Both fitness groups responded similarly to the three
training intensities. All training groups increased power output
and VO, at AT, threshold of decompensated metabolic acidosis
(TDMA) and maximal exercise capacity. The only exception was the
no significant increase in VO, at AT for the ITG group.

Poole and Gaesser (1985) observed somewhat similar
findings in a group 17 male subjects craining at either
continuously at 50% of the VO, max for 55 min, continuously at
708 of VO, max for 35 min, or intermittently (2:2) at 105% of
VO, max. The results of the study showed a significant
increase in voz max for all the groups, with no statistical
difference between groups. LT increased similarly in all groups.
VI also increased in all groups, but significantly more in the

interval training group.
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VI. ADAPTATIONS TO CONTINUOUS AND INTERMITTENT TRAINING

Basically two training models have been utilized by
investigators in order to study the physiological adaptations to
physical training. When exercise is performed uninterruptedly
during a training session is referred to as "continuous” (CT).
When intervals are Interspersed with rest or recovery periods,
it is called "interval" (IT).

Several authors have looked at the adaptations to CT and
IT, but most of the studies have presented serious
methodological problems. The most common problems usually were:

1. The total amount of Qork performed by the training

groups not equated;

2. The training regimen based on percent of maximal heart

rate, percent of VO, max, or best time to cover a

particular distance;

3. The lack of a control group;

4. The pre- and post-test carried on a particular

equipment while the training is done on a different one;

5. The training programs carried out for only a short

period of time;

6. The small number of subjects;

7. The initial fitness level of the subject not taken

into consideration;

8. The lack of reassessment and reassignment of workloads

to subjects after three weeks of training. It has been

shown that in order to further Increase V02 max, the



training stimulus should be increased after three weeks

of training (Hickson et al., 1981);

9. The inadequate statistical analysis.

One example of methodological problems is the study by
Dolgener and Brooks (1978) who observed no significant
differences in improvement between CT and IT in terms of VO,
max or time in the mile run, after six weeks of training.
Fourteen subjects were pre- and post-tested on cycle ergometer
but performed their training run on a track, with the exercise
being prescribed on basis of 80% of maximal heart rate
(designated CT group) or maximal effort (designated IT group) .
The CT group trained over a distance of one mile, with the
running speed increasing weekly in order to maintain the desired
intensity. The IT group trained over a distance of 220 yards,
starting with eight repetitions on the first day and increasing
to ten and twelve in the following days. This last increase in
repetitions was kept constant throughout the rest of the study.

In spite of the fact that most of the studies comparing
IT against CT were not very well controlled, there is enough
evidence in the literature to suggest that if total energy
expenditure and/or total amount of work performed per training
session are equated between the experimental groups, both
training methods will produce similar results in improving
aerobic capacity (Eddy et al., 1977; Cunningham et al., 1979;
Gregory, 1979; Bhambhani et al., 1983; Thomas et al., 1984).

Both methods seem to elicit significant improvements in VO,
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max (Eddy et al., 1977; Cunningham et al., 1979; Gregory, 1979;
Bhambhani et al., 1983; Thomas et al., 1984; Gaesser et al.,
1985), as well as in VO, at the VT2. (Bhambhani et al., 1983).

As discussed, IT program can be as efficient as CT in
improving VO, max. The fact that an individual can accomplish
a higher total amount of work as compared to CT, before
experiencing local fatigue, makes IT a very appealing form of

training.

VII. ADAPTATIONS IN BODY COMPOSITION AS A RESULT OF TRAINING

The effects of physical training on the body composition
of humans have been one of the major concerns of exercise
physiologists. The specialized literature is abundant in reports
utilizing techniques that range from very expensive and
sophisticated computerized axial tomography, nuclear magnetic
resonance, use of scintillation counters to count the emission
of Potassium - 40 (40K), to very accessible and somewhat
simple underwater weighing, volume displacement, and
anthropometry (including the use of skinfolds).

The use of underwater weighing technique to predict body
fat and lean body mass based on density, has become a normal
routine in most of the exercise physiology laboratories and is
probably considered as the standard method. This technique is
based on Behnke’s two-component model - fat mass and fat-free
mass (Bhenke, 1942). The assumptions behind this model were

discussed by Wilmore (1983):
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First, the densities of the fat and the lean

components are known. Second, the densities of

the components are relatively constant between

individuals. Third, the density of the

individual tissues of lean component, e.g.,

bone and muscle, are constant within and among

individuals, and their proportional

contribution to the density of the lean

component remains constant. Finally, the

individual ©being assessed differs from the

standard "reference man", upon which a given

equation Iis based, only in the amount of depot

fat (p.22).

Some of these assumptions have been challenged by more
recent studies, such as the one conducted by Martin and
co-workers (198l1). They observed variations in the density of
the lean components as well as proportion of the components of
the lean body mass after analyzing 12 cadavers.

The use of skinfolds to predict body fat, as e&n
alternative to the underwater weighing procedure has become very
much used by exercise physiologists. Regression equations are
usually formulated in order to predict body density. Since the
first equations were introduced by Brozek and Keys (1951),
several investigators have proposed either generalized or
population specific equations (Jackson and Pollock, 1978;
Jackson et al., 1980).

A review of the literature on studies looking at the
effect of training on the body composition of male adults is
summarized in Table 2 (Appendix A). It is evident from that
review that exercise training programs can be effective in

reducing body fat. The magnitude of this reduction seems to be

related to the type, intensity, and duration of the activity.
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Probably, the major limitation of most of the training studies
is the lack of information on the changes in energy intake

during the training program.

VIII. EXERCISE AND FOOD INTAKE

In order to maintain body weight, the energy input should
equal energy output in the "energy balance equation". The
reduction in body weight can be accomplished by altering either
one or both sides of the equation.

Most of the training studies reported in the literature
fail to consider the possible changes in energy intake of the
subjects involved in the program. Changes in body composition
resulting from physical training, cannot be attributed solely to
the training stimulus if one does not consider the possible
changes in total amount of energy consumed by the subjects
throughout the training program. In other words, most of the
training studies have considered only one side of the equation.

In reviewing the literature Titchenal (1988) observed
that the majority of the studies dealing with the relationship
between energy expenditure and intake were not interested in
changes in body composition as a result of training, but in the
change in the energy intake itself.

The knowledge of the amount and/or composition of the
nutrients being consumed by participants of training programs is
of wvital importance in drawing conclusions regarding the

observed modifications in body composition.
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McGowan et al. (1986) observed no significant changes in
energy intake of men running 12.5 to 20 miles per week, when
these changes were doubled or when running was stopped for
l-wveek periods. When sedentary controls were compared to active
men (Montoye et al., 1976; Blair et al., 1981; Tremblay et al.,
1985), the active subjects were found to consume more calories.

Studies on female (Parizkova and Poupa, 1963) and male
(de Wijn et al., 1979) athletes have shown that during periods
of training, the athletes increased their energy intake by 950
kcal/day as compared to periods of no training or reduced
activity.

Kiens et al. (1980) observed changes in energy intake in
sedentary middle-aged men when participating in a 1l2-week
exercise program. Similar results have been reported for women
(Blair et al., 1981; Smith et al., 1982 and Reggiani et al.,
1984). “

In contrast with the studies mentioned above, Dempsey
(1964) reported no change in energy intake when young men were
involved in a 13-week exercise program. Middle-aged men
participating in a 9-month marathon training program showed
similar results (Titchenal, 1986).

The lack of conclusive studies could be due to the
methods used to assess nutritional intake. In recording food
diaries it is likely that subjects will change their nutritional
habits. Acheson et al. (1980) believes that subjects tend to

under-report food intake due to the difficulty in recording
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their intake at the time of consumption.
Titchenal (1988), admits that food intake can be
under-reported, but concluded that if this is consistent during

repeated assessments, relative change could still be observed.

IX. FAT REDUCTION AND DISTRIBUTION

The size of the fat depot in the adipose tissue is
determined by the fat cell number and their lipid content. It
has been well established, in both animals and humans, that the
adipocyte number is determined prior to maturation (Hirsch et
al., 1966; Hirsch and Han, 1969; Hirsch and Knittle, 1970;
Hollemberg et al., 1970; Hubbard and Mathew, 1971; Johnson et
al., 1971). Further changes in the adipose tissue, after
maturation, are usually associated with changes in the size of
the adipocyte rather than the number of cells (Booth et al.,
1973; Palmer and Tipton, 1973).

There is some evidence in the literature to believe that
adipose tissue is not a homogenous entity. Animal studies have
indicated that genital fat depots are more responsive to sex
hormones (Kroktiewski and Bjorntorp, 1976; Steingrimsdottir et
al., 1980). In humans, it has been reported that men treated
with estrogen for cancer of the prostate showed significant
enlargement of gluteal fat cells (Krotkiewsky and Bjorntorp,
1978).

Effects on specific regional adipose tissue were also

observed when men were treated with corticosteroids (Krotkiewsky
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et al., 1976). Studies by Hamosh et al. (1963) and Goldrick and
Mcloughlin (1970) have reported differences In the metabolic
activity and hormone responsiveness of adipose cells from
different fat depots of the body.

Smith et al. (1979) observed that the fat cells from the
abdominal subcutaneous region were more hormonally responsive
and metabolically active than the ones from the gluteal-femoral
region.

Studies by Kissebah et al. (1982) and Krotkiewsky et al.
(1983) on obesity related disorders such as hypertension,
diabetes, hypertriglyceridemia and insulin resistance have been
associated with abdominal obesity. A typical example is the
association of increased fat-cell size of the abdominal region
and the elevated «concentration of plasmz  insulin and
triglycerides (Krotkiewsky et al., 1375).

Weight reduction studies, on obese patients, have shown
that energy-reduced dietary regimen lead to a greater change in
adipocyte size in the abdominal region than other sites
(Bjorntorp et al., 1975; Kral et al., 1977). Smith et al. (1979)
suggested that ". . . several mechanisms may be responsible for
these regional differences in fat cell size such as differences
in blood flow, innervation and/or responsiveness to hormonal

stimuli” (p.331).

X. EFFECTS OF PHYSICAL TRAINING ON FAT DISTRIBUTION

Wilmore (1983), indicated in an extense review of the
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literature that:

...exercise training appears to result in
moderate losses in total body weight,
moderate-to-large losses in body fat, and
small-to-moderate increases in lean body
weight. The magnitude of these alterations
varies directly with the frequency,
intensity, and duration of the activity
and the duration of the study (p.29).

Although there is enough research data demonstrating that
exercise training can be very effective in reducing body fat,
there are only a few studies that have looked at the relative
contribution of deep and subcutaneous fat depots, or to the
changes in fat distribution as a result of continuous or
intermittent aerobic training. Most of the information dealing
with fat distribution or reduction at different sites has
emerged from studies carried out either on animals or with obese
patients.

Earlier reports have shown that the morphology of
subcutaneous fat is related to total body fatness and that
increasing body fat mass seems to be associated with large fat
cell sizes of different subcutaneous sites (Salans et al., 1973;
Kirkland and Gurr, 1979; Bjorntorp, 1980; Clarkson et al., 1980;
Chumlea et al., 1981).

Studies by Mole et al. (1971) and Costill et al. (1979)
have indicated that adaptation to exercise training is present
not only in the muscle, but also in the adipose tissue. The
observation of small fat depots in endurance athletes (Leo et

al., 1979; Wilcox et al., 1981; Depres et al., 1983) supports

this indication and maybe confirm the fact that adipose tissue
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is the source for the free fatty acid mobilized during exercise.

Despres and associates (1985), observed no preferential
reduction in body fat after an aerobic program carried over a
period of 20 weeks in a group of 13 sedentary male subjects.
Significant reductions were found in percent body fat, sum of
seven skinfolds, and suprailiac fat cell size. The correlations
between skinfolds and percent body fat were not altered as a
result of the training program. Changes in skinfold thickness
were correlated to their initial level, with the exception of
biceps and calf skinfolds. Although preferential fat reduction
was not observed, the authors reported that trunk subcutaneous
fat stores (sum of subescapular, suprailiac and abdominal
skinfolds) showed a reduction of 22% as compared to 12.5% of the
extremity stores (sum of triceps, biceps, thigh and calf
skinfolds). Two other similar studies by Despres and associates
(1984a,b) confirmed these findings.

Leon et al. (1979) studying a8 group of obese young men
submitted to 16 weeks, 5 days per week, of vigorous walking,
observed significant reductions in body fat. In addition, they
reported significant decreases in the sum of 7 skinfolds, as
well as in 5 out of the 7 sites measured. No indication of
preferential reduction was given.

Rognum and associates (1982) investigated a group of 12
male cadets of the Norwegian Military Academy who participated
in a 107 hour combat course, which consisted of frequent,

simulated combat activities. All subjects decreased body fat
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values and the result of the biopsy analysis showed the gluteal
and abdominal subcutaneous regions with the most significant
reductions.

A group of 129 newly recruited male subjects submitted to
a training program in an army camp, was studied by Glick and
Kaufman (1976). The subjects were analyzed In three groups based
on the sum of three skinfold sites. They were grouped into small
(21 mm or less), medium (25-35 mm), or large (50 mm or more).
After 6 weeks of training, the guthors observed an increase for
the small group, no significant difference for the medium group,
and significant reductions in the skinfold values for the large
group.

In a study looking at the acute effects of & 23 mile run
on long distance runners, Wilcox et al. (1981), contrary to
their expectations, found an enlargement in the size of the fat
cells of the abdominal and gluteal region. The elevated values
of serum FFA and the enlargement of the fat cells demonstrated
that the mobilization of fat from the adipose tissue did not
occur. Another explanation could have been the mobilization of
fat from depots of different regions.

| Besides the lack of conclusive studies looking at
preferential fat reduction as a result of training, there is a
surprising lack of information on comparison of different

training regimen and their impact on body composition.
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CRAPTER III1

METHODOLOGY

I. SUBJECTS

Thirty-three male subjects, members of the Royal Glenora
Club, in Edmonton (Alberta), in response to an advertisement,
volunteered to participate in this study. Six college students
voluntgered to serve as controls.

The objectives of the study, the testing and the training
procedures, as well as the potential hazards of being involved
in an exercise testing and training program, were explained to
each candidate.

All volunteers were asked to answer the Physical Activity
Readiness Questionnaire - PAR-Q (sce Appendix E) to the best of
their knowledge. Only the subjects who answered negatively to
all the questions in the PAR-Q questionnaire, were considered
for participation in the study.

None of the participants were under medical treatment or
under any type of medication. They were physically active, but
none was involved in any kind of systematic training program.
All participants were also asked to sign an informed consent
form which contained all the details of the study, which had

been previously explained (see Appendix F);
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II. EQUIPMENT AND GENERAL PROCEDURE
A. Gas Analysis
An  auvtomated Horizon Metabolic  Measurement Cart,
hereafter i 2ferred to as the MMC (SensorMedics, Anaheim, CA) was
used for the analysis of the expired gases and computation of
the metabolic variables under consideration. The instrument was
interfaced with a Zenith microcomputer tnrough a serial port,
and was programmed to output data every 30 seconds. The MMC was
calibrated, as per instructions of the manufacturer, prior to
each testing session for temperature, volume, and partial
pressures of oxygen .and carbon dioxide. A'compleCe description
of this equipment and its validation has been published
elsewhere (Norton, 1982; Jones, 1984).
The following parameters were recorded by the MMC:
l. Duration of measurement interval in seconds (time in
sec);
2. Expired volume in liters per minute, ATPS (Vg in
l.min'l);
3. Fraction of expired carbon dioxide (FpC0,%);
4. Fraction of expired oxygen (Fg0,%);
5. Temperature of expired gas as it passes through the
volume transducer, in degrees Celsius (°G).
The following physiological parameters were derived by
the MMC:
l. Ventilation volume in liters per minute, BTPS_(VE

in l.min'l);
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2. Absolute oxygen consumption in liters per
minute, STPD (VO, in l.min"%);
3. Oxygen consumption relative to body weight in
milliliters per minute per kilogram of body weight,
STPD (ml.kg.min"1);
4, Carbon dioxide production in liters per minute,
STPD (VCO, in l.min"1);
5. Respiratory exchange ratio (RER).
Based on the physiological parameters computed by the
MMC, a posteriori calculations provided the following ratios:
1. Ventilatory e 'valent for oxygen (Vg/VO,) -
the ratio between the volume of air expired (VE

in 1l.min"l BTPS) and the volume of oxygen

consumed (V02 in l.min'l, STPD);

2. Ventilatory equivalent  for carbon dioxide
(VE/VCOZ) - the ratio between the volume of air
expired (VE in l.min'l, BTPS) and the volume of
carbon dioxide produced (VCO, in l.min'l,
STPD).

B. Heart Rate Recording

Heart rates were monitored continuously during the
exercise testing sessions (at rest, during exercise, and at
recovery) using a portable electrocardiograph (Hewlett-Packard
Model 1500 B, U.S.A.), interfaced with the MMC. Heart rates were

displayed every 15 seconds, but recorded for 30 second periods.
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The electrodes were placed at the CM5 lead position. During the
training sessions, heart rate was continuously monitored (during

exercise and recovery) by means of a Sportester model PE-2000

(Polar Electro, Finland).

C. Ergometry

Two  electromagnetically  braked cjcle ergometers -
Quinton Uniwork Ergometer Model 845 (Quinton Instruments,
U.S.A.) were used for both testing and training sessions. All
ergometers were calibrated periodically according to the

procedures recommended by the manufacturer.

D. Exercise Testing Session

During the course of the study all subjects were tested
on two occasions: in week zero (Pre) and thirteen (Post).
Subjects in the three experimental groups, in addition to the
Pre and Post tests, were submitted to the same procedures three
more times during the study in order to have their power outputs
re-assessed. These testing sessions were carried out in weeks
three, six and nine, which corresponded to training sessions
nine, eighteen and twenty-seven respectively (see Table 3).

In order to avoid variations in the testing situations,
which could confound the results, all subjects were provided
with the following written instructions prior to each testing
session:

1. Refrain from ingesting food, and any type of
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nutrients for at least two hours prior to the
exercise testing;

2. Do not exercise or participate in any kind of
vigorous physical activity 24 hours prior to
testing session.

Upon arrival at the laboratory the subject was weighed as
described in the anthropometry section. Immediately after, they
were fitted with electrodes for monitoring the heart rate. A
mouthpiece connected to the free end of the MMC was placed in
the mouth of the subject, while a nose clip was used to prevent
the subject from breathing through his nose. Expired gases
during exercise were continuously monitored by the MMC for
analysis. After adjusting the seat of the cycle ergometer to the
most comfortable and efficient position of each subject, the
subjects were seated and rested for ten minutes, before
commencing the test. During this period, an explanation of the

test protocol was once again given.

E. Exercise Testing Protocol

The exercise test was initiated with the subjects
pedaling at 60 rpm with no resistance for a four minute period.
Workloads were then increased every second minute by 200 kpm/min
(33 watts), until the subjects reached their respective maximal
exercise capacity (MEC) or could no longer maintain the pace of
60 rpm. The subjects were verbally motivated in order to carry

on the exercise until the MEC was attained.
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F. Detection of Ventilatory Threshold Two (VT2)

The VI2 was determined as the VO, (in l.min'l) and
the power output at which the VE/VOZ ratio reached a8 minjimum
and FpCO, reached & maximum, during the incremental exercise

test as described above (Figure 1).

1. Reliability of VT2

Seven active males subjects, who were not part of this
training study, were tested twice, a week apart, in order to
establish the test/retest reliability of the VI2. The exercise
test protocol was identical to the one described above. The VT2
was determined in both occasions by the same investigator, based
on the criteria described previously as suggested by Reinhard et

al. (1979) and Bhambhani and Singh (1985).

G. Anthropometry

All subjects were submitted to the anthropometry protocol
on two different occasions: at week zero (Pre), and at week
thirteen (Post). The experimental groups, in addition to the Pre
and Post, went through the same protocol at week six (Mid).

In order to minimize error, all measurements were taken
by the same technician, who was certified in Kinanthropometric
techniques by the International Working Group on
Kinanthropometric Techniques. The subjects were asked to come
for the testing sessions dressed in swimming suits to facilitate

the technician in taking the measurements. Subjects were also
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asked to come in the morning, before the first meal and after
voiding, and at least eight hours after their last meal.

The anthropometric measurements described below are part
of the protocol recommended by the International Working Group
on Kinanthropometric Techniques, endorsed by the Research
Committee of the International Council of Sport and Physical
Education - U.N.E.S.C.O.. The protocol is based on the
deliberations of a Leon and the Korner Foundation study group
and specifications by Ross et al. (1976). An in depth
description of the following measurements has been published by

Ross and Marfell-Jones (1982).

1. Standing Height

Using a stadiometer, the measurement was taken with the
subject standing erect, barefoot, heels together, arms hanging
naturally by the sides, and the heels, buttocks and upper back
touching the wall. The measurement is defined as the maximum
distance from the floor to the vertex of the head. The vertex is
technically defined as the highest point on the skull when the
head is oriented on the Frankfurt plane (imaginary horizontal
line joining the anatomical landmarks orbitale to tragion). The

measurement was recorded to nearest 0.1 cm.

2. Body Weight
The measurement was obtained by using a beam-type

balance, previously calibraved and capable of readings to the
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nearest 0.1 kg. The subject was weighed in the swimming suit
while standing still on the center of the balance platform,

facing opposite to the weight scale.

3. Skinfolds
All skinfold measurements were taken on the right side of

the subject, with the exception of the abdominal skinfold. In
each testing session this protocol was repeated three times,
with the average of the two closest values being used for the
computations. A Harpenden skinfold caliper (British Indicator
Ltd., Hertfordshire, England) with a constant pressure of 10.0
g/mm2 of the caliper face at all thicknesses, was used to
measure subcutaneous fat at predetermined sites, while the
subject was standing unless indicated. The skinfold measurements
were taken as described below:

a) Triceps - vertically at the midpoint between the

anatomical landmarks acromiale and radiale, on the

posterior face of the subject’s arm;

b) Biceps- vertically at the midpoint between the

anatomical landmarks acromiale and radiale, on the

anterior face of the subject’s arm;

c) Subscapular - at an angle of 45 degrees from the

horizontal at a point beneath the inferior angle of

the scapula;

d) Suprailiac - at a point seven centimeters above

the anatomical landmark iliospinale on an imaginary



line that extends to the axilla. This skinfold
extends downwards and inwards at an angle of 45
degrees from the horizontal;
e) Abdominal - vertically at a point adjacent to the
left of the anatomical landmark omphalion;
f) Front thigh - with the subject seated, the
measurement is taken on the anterior face of the
thigh along the vertical axis of the femur. The leg
is flexed at a 90 degrees angle at the knee joint.
The skinfold is measured at a point estimated as the
half distance between the inguinal crease and
anterior patella;
g) Medial calf - with the subject seated, the
measurement is taken vertically on the medial calf at
the estimated greatest circumference.
In all skinfold measurements the caliper was applied to
the fold, one centimeter below the grasping fingers - left thumb
and index finger - with the measurements recorded to the nearest

one millimeter.

H. Hydrostatic Weighing

All subjects were administered the hydrostatic weighing
protocol on two different occasions: at week zero (Pre) and at
week thirteen (Post). In addition to the Pre and Post, the
subjects in the experimental groups went through the same

protocol on week six (Mid).
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The same technician administered the procedure in all the
sessions in order to minimize error. The subjects were informed
to come for the testing sessions dressed in swimming suits. They
were also asked to come in the morning, before the first meal and
after veiding, and at least eight hours after their last meal.

The hydrostatic weighing procedure uses a tank filled with
water in which a metal chair is suspended by means of cables
which are connected to a strain gauge or load cell, which in
turn, is connected to a Sargent recorder. The following is the
protocol used:

Before the subject arrived:

1. The recorder was turned on and left in "standby"
position for about 45 minutes;

2. With the recorder in "pen" position the recorder
was calibrated to zero on the paper;

3. The weight belt (8.17 kg) was placed across the
chair and the recorder calibrated to an arbitrary
value of "75", keeping the recorder on 10mv span;

4. The recorder was then left in "standby" position.

When the subject arrived:

1. Body weight of the subject was recorded as
described previously;

2. Water temperature was recorded for the purpose of
correcting to specific density (see Appendix G for
correction);

3. Subject was seated on the chair in the water with



the head above the water level;

4. The subject was asked to submerge his head and
shoulders and remove air bubbles that might be
trapped in the hair;

5. Residual volume was then predicted as described in
the next section;

6. With the weight belt placed on the subject’s
thighs, the subject was asked to take a deep breath
and submerge. The subject remained as stationary as
possible and held his breath;

7. While the subject was submerged, the recorder was

"

turned into "pen" position for recording. A signal
was then made for the subject to rise;
8. A minimum of five recordings were done, with the

lowest chart value being used for the calculations.

I. Prediction of Residual Volume

The residual volume (RV) was predicted as a percentage of
the forced vital capacity (FVC) of the subject.

The VC was measured with the subject inside the tank,
with the water up to the subject’s chin. The measurement was
taken using a 13.5 liter wet spirometer (Collins, U.S.A.). Each
subject was measured several times, until three measurements
differing less than 100 ml were obtained. Subjects were verbally
encouraged to perform to the best of their ability. The average

of the three values was use for computations.
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The RV was predicted based the following criteria
(Comroe, 1966):
1. Age = 16 to 34, RV (1) = VC X .250
2. Age = 35 to 39, RV (1) = VC X .305

3. Age = 50 to 69, RV (1) = VC X .445

J. Determination of Body Density
Body density was determined according to Archimede’s
principle, as described by McArdle et al. (1981).
One subject either submerged or floating in
water is buoyed up by a counterforce that
equals the weight of water displaced. This
buoyant force helps support the submerged
object against the downward pull of the
gravity. (p.372)
The following procedure (Sloan et al., 1962) was used to
calculate body density:
Density = Wa / Volume - (R.V. + G.I.)
where:
Wa - Weight in the Air;
Volume = Weight in Air (Wa) - Weight in Water (Ww) /
Density of Water (Dw);
G.I. - Gastro Intestinal Volume of Gas = 100 ml;
substituting in the formula:
Densicy (in g.ml'l) =Wa ) (Wa - Ww / Dw) - (R.V. +
100 ml1).

A sample of the calculation of body density is given in

Appendix H.



K. Prediction of Body Fat

Percent body fat was predicted based on calculations
derived from body density using the equation derived by Brozek
et al. (1963). The equation follows:

Percent Fat = ((4.570 / Body Density) - 4.142)) x 100

Body fat weight (in kg) was calculated as:

Body Fat = (Body Weight x FAT %) / 100

Lean Body Mass (in kg) was derived as:

Lean Body Mass = Body Weight - Body Fat

A sample of the above calculations is given in Appendix

L. Blood Sample

Twice during the study, at weeks two and twelve, during
the training session, blood samples were taken from all subjects
in the experimental groups. Subjects were asked to come early in
the morning after fasting for twelve hours. Blood samples were
drawn from an antecubital vein, at rest, at mid exercise, and

immediately after the cessation of exercise.

1. Preparation for Lactic Acid Assay

Immediately after the blood sample was taken, 0.5 ml of
fresh blood was added to 2 ml chilled 8% perchloric acid. After
deproteinizing the blood, the sample was centrifuged for ten
minutes at approximately 1500 x g. The supernatant was then

stored in the freezer at -20 C. to be analyzed later on for
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lactate concentration using the enzymatic technique (Tietz,
1976). Sigma kits were used in the preparation of these assays,
with all samples analyzed in triplicate with the average value

being used for computations.

2. Preparation for Free Fatty Acid Assay

Immediately after the blood sample was taken, 1.0 ml of
serum was transferred to a tube containing heparin and
centrifuged at 3000 x g. The supernatant was then stored in the
freezer at -20 C. to be analyzed later for free fatty acid
concentration. All samples were analyzed in triplicate.

This method requires the preliminary manual chloroform
extraction of free fatty acids from a phosphate buffer medium to
eliminate the phospholipids interference. These chloroform
extracts are then reacted with cupric nitrate reagent and the
resulting chloroform soluble copper soaps formed complex with
sodium diethyldithiocarbamate. The optical density of the
resulting solution was measured at 440 nm. The detection limit
of this assay is 2 qu.l'l and the coefficient of variation at

50 ukq.1"l is 0.6 8. (Wang et al., 1987).

M. Nutritional Assessment

During the course of the study a nutritional assessment
was conducted on all subjects by means of nutritional recall
diaries (Appendix I). Total caloric intake was assessed with the

data being analyzed by an experienced nutritionist utilizing the
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Kelloggs/University of Alberta database (Appendix J).

In order to establish a baseline, all subjects were asked
to record their dietary intake twice, for three consecutive days
(Thursday, Friday and Saturday) in the two weeks preceding the
study. In order to make comparisons, at week six (Mid) and week

twelve (Post) the same procedure was repeated

III. RESEARCH DESiGN
A. Assignment of Subjects to Groups

Based on their initial relative maximal oxygen uptake
values (assessed by means of a progressive cycle ergometer
exercise test), the subjects were ranked in descending order.
The individuals in the three experimental groups were then
matched for initial V0, max using the following randomization
procedure.

The 33 subjects were subdivided according to their rank
order into 11 groups of three subjects each. From each of these
11 groups the subjects were randomly assigned to one of the
three experimental groups. As a result, a stratified random
sample of three groups of eleven subjects each were formed.

For comparison purposes, six physically  active
volunteers, noct involved in any kind of systematic physical

training, served as controls.

B. Experimental Groups

The experimental or training groups were submitted to a
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regular physical activity program with a8 duration of 12 weeks.
Training sessions were carried out three times a week with a

minimum of a 24 hours rest between training sessions.

C. Ventilatory Threshold Two Group (VIG)

Subjects in this training group trained continuously at a
power output (kpm/min) requiring an oxygen consumption similar
to that observed at the VT2 identified previously in a

progressive maximal cycle exercise test.

D. Below Ventilatory Threshold Two Group (BVIG)

Subjects in this training group trained continuously at a
power output (kpm/min) requiring an oxygen consumption which was
158 below that observed at the VI2 identified previously in a

progressive maximal cycle exercise test.

E. Interval Training Group (ITG)

Subjects in this training group trained intermittently at
a power output (ipm/min) requiring an oxygen consumption similar
to the maximal oxygen consumption (1008 of VO,max) identified
previously in a progressive maximal cycle exercise test. The
work:rest intervals were of one minute each. The subjects

continued to pedal with no resitance during the rest period.

F. Equating the Total Work per Session

The total amount of work performed per training session
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was equated in the three experimental groups. Each subject in
the VIG group exercised for 20 minutes every training session.
The total amount of work performed for each subject was
calculated by multiplying the power output in kpm/min times 20
minutes. The duration of cthe training for the subject of the
same rank order in the BVTG and ITG groups was calculated by
dividing the total amount of work of the subject in the VIG by
the power output at which the subjects of the same rank order in
BVTG and ITG were supposed to train. Table 4 illustrates this
procedure.

At training sessions nine, eighteen and twenty-seven, all
subjects in the experimental groups were reassessed by means of
a progressive maximal c¢ycle exercise test (described
previously). This was done, in order to adjust the training
loads to their new physical conditioning. As a result, all
training loads and training times were recclculated based on the

new values obtained.

IV. EXPERIMENTAL DESIGN

The study comprised the following experimental designs:
1. A two-factor design in which Factor A had four levels, namely
the control, and the three experim:ntal groups, and Factor B had
two levels namely the Pre and Post training values of selected
physiological variables:

a. V0, max (l.min'l);

b. VO, max (ml.kg.min");
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. VO, at VI2 (l.min.'l);
. VO, at VT2 (ml.kg.min"1);
. Body density - BD (g.ml'l);

. Sum of seven skinfolds (mm);

h. triceps skinfold (mm);

m.

n.

. biceps skinfold (mm);
. subscapular skinfold (mm);
. suprailiac skinfold (mm);

. abdominal skinfold (mm);

anterior thigh skinfold (mm);

medial calf skinfold (mm).

2. A two-factor design in which Factor A had three levels,

namely

the three experimental groups, and Factor B had three

levels namely the PRE, MID and POST training values of selected

physiological variables:

a.

b.

J.

Body density - BD (g.ml'l);

Sum of seven skinfolds (mm);

. triceps skinfold (mm);

. biceps skinfold (mm);

. subscapular skinfold (mm);

. suprailiac skinfold (mm);

. abdominal skinfold (mm);

. anterior thigh skinfold (mm);

. medial calf skinfold (mm);

Total energy intake (kcal).

3. A three-factor design in which Factor A had three levels,
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namely the three experimental groups, Factor B had two levels,
namely the two testing sessions, and Factor C had two levels,
namely the tenth and twentieth minutes of exercise when the
blood samples were collected. The following dependent variables
were analyzed:

a. Lactic acid concentration - lLac (mmol.l.'l);

b. Plasma FFA (uEq.1.°1).
4. A two factor design in which Factor A had three levels,
namely the three experimental groups, and Factor B had five
levels, namely the five testing sessions. The following
dependent variables were analyzed:

a. V0, max (l.min'l);

b. VO, max (ml.kg.min'l);

c. Vo, at VT2 (l.min"1);

e. VO, at VT2 (ml.kg.min'l);

V. STATISTICAL ANALYSIS

The computer program "Statistical Package for the Social
Sciences -SPSS X" (SPSS Inc, 1986), with the user procedure
UANOVA written by the computer analyst (unpublished) at the
University of Alberta, was utilized for the analysis of the
data.

In addition to the variables specified in the design
section, several other statistical analyses were carried in
order to obtain additional information. The following

computations were performed:
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1. A two-way Anova with repeated measures on the second factor
(4 X 2) (Winer, 1962; Keppel, 1973) was be used to compare the
three treatment and one control groups at the two testing
occasions. The following dependent variables were analyzed:

a. Vo, (l.min'l) at MEC;

b. vo, (ml.kg.min'l) at MEC;

c. Vg (l.min'l) at MEC;

d. Vg/VO, at MEC;

e. RER at MEC;

f. P.O. (kpm/min) at MEC;

g Vo, (l.min'l) at VT;

h. VO, (ml.kg.min"1) at vr;

i. Vg (L.min'l) at vr;

. Vg/V0, at VT;

x

. RER at VT;

1. P.0. (kpm/min) at VT;

m. Body density - BD (g.ml'l)

n. Body fat (%)

o. Body fat (kg)

p. Lean body mass (kg)

G. Sum of seven skinfolds (mm);

r. Individual skinfolds (mm)
2. A three-way Anova with repeated measures in the last two
factors (3 X 2 X 2) (Winer, 1962; Keppel, 1973) was used to
compare the three treatment groups, at the two testing

occasions, at two data collecting points. The following



dependent variables were analyzed:

a.

b.

Lactic acid concentration - Lac (mmol.l.'l);

Plasma FFA (qu.l.'l).

3. A two-way Anova with repeated measures in the second factor

(3 X 5)

(Winer, 1962; Keppel, 1973) was be used to compare the

three treatment groups at the five testing occasions. The

following dependent variables were analyzed:

a.

b.

k.

1.

vo, (1.min"1) at MEC;
vo, (ml.kg.min'l) at MEC;

Vg (1.min"1) ac MEC;

. Vg/V0, at MEC;
. RER at MEC;

. P.0. (kpm/min) at MEC;

. V0, (l.min'l) at vr;

. Vo, (ml.kg.min"l) at VT;
. Vg (l.min'l) ae vr;

. Vg/V0, at VT,

RER at VT;

P.0. (kpm/min) at VT,

4. A two-way Anova with repeated measures in the second factor

3 X 3)

(Winer, 1962; Keppel, 1973) was be used to compare the

three treatment groups at the three testing occasions. The

following dependent variables were analyzed:

a.

b.

Body density - BD (g.ml'l)

Body fat (%)

. Body fat (kg)



d. Lean body mass (kg)

e. Sum of seven skinfolds (mm);

f. Individual skinfolds (mm)
5. A two-way Anova with repeated measures in the second factor
(3 X 4) (Winer, 1962; Keppel, 1973) was be used to compare the
three treatment groups at the four testing occasions. The
following dependent variables were analyzed:

a. Training P.0. (kpm/min);

b. Training time (sec).
6. Intraclass correlation coefficients and paired "t" test for
selected physiological variables measured at the ventilatory
threshold (test/retest reliability):

a. V0, (l.min'l);

b. P.O. (kpm/min);

¢. Time (sec);

d. VO, (% of VO, max);

e. H.R. (bpm);

f. H.R. (% of H.R. max).

The .05 level of significance was considered for all
ANOVA computations. When a significant F-ratio was observed, a
post-hoc Duncan multiple range test (Winer, 1962) was applied to
locate the specific differences. The .05 level of significance
was also considered for post-hoc comparisons.
7. Pearson correlation coefficients for selected physiological
variables, measured at the beginning and end of the study:

&. Change in lactate concentration at MID exercise with
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change in FFA concentration at MID exercise;

b. Change in lactate concentration at POST (POST - PRE)
exercise with change in FFA concentration at POST (POST -
PRE) exercise;

c. Change in lactate concentration at POST (POST - MID)
with change in FFA concentration at POST (POST - MID).

The correlations were computed for both the pooled and

group data, for each condition, at either the beginning or end

of the study.
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CHAPTER IV

RESULTS

I. CHARACTERISTICS OF THE SUBJECTS

Thirty-nine subjects completed the initial testing
sessions. Thirty-three were distributed among the training
groups (n=l1 in each group), the remaining six subjects served
as controls and were not involved in any systematic physical
training. The physical characteristics of these subjects appear
in Table 5 (Appendix C). Height, weight and VO, max
(ml.kg.min'l) were not significantly different among the four
groups. The CG was significantly younger than the BVIG and ITG.
The summary of the analysis of variance 'F’ ratios appear in the
Appendix K. The initial relative VO, max values for individual
subjects in their respective strata are displayed in Figure 2.
Mean values for each group, including the control, are presented

in Figure 3.

A. Attrition Rate

Eight subjects, all from the the training groups, were
forced to drop out of the study at different times. Five of
these eight subjects experienced medical problems not associated
with the training program. The other two did not complete the
study for other reasons, also not related to the program. The

subjects who dropped out were ranked 2, 4 and 8 in the VIG, 2 in
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the BVIG, and 5, 7, 8 and 10 in the ITG. The characteristics of
the subjects (age, height, weight, and VO, max relative to
body weight) that remained in the study, appear in Table 6
(Appendix C). There were no significant differences among the
groups for the variables height and relative VO, max. The CG
was significantly younger than the B8VIG and ITG, and
significantly lighter than VTG and BVIG. The analysis of

variance 'F’ ratios are summarized in the Appendix K.

II. RELIABILITY OF THE VENTILATORY THRESHOLD

The characteristics of the subjects that participated in
the reliability study appear in Table 7 (Appendix C).

Intraclass correlation ‘r’ values, coefficient of
determination, as well as 't’ probability for the test/retest
conditions for selected variables are summarized in Table 8
(Appendix C). The most reliable of the variables at VI2 was the
power  output (r = .96) and the least reliable was VO,
expressed as a percentage of Vo, max. Other correlation
coefficient values were .87, .69, .88, and .78 for V02
(l.min'l), Vo, (8 vo, max), heart rate (bpm) and heart
rate expressed as a percentage of HR max respectively.

From these results, it seems that the VT2 can be

reproduced with a high degree of reliability.
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III. TRAINING VS CONTROL GROUPS
A. Physiological Adapatations at MEC

Tables 10 to 14 (these and all subsequent tables appear
in Appendix D) show the Duncan post-hoc comparisons for the
physiological variables studied at this intensity.

No significant differences were observed among the groups
on the pretest for all the physiological variables studied at
this intensity.

Both the VTG and ITG showed significant increases in both
absolute and relative V02, as well as in 02 pulse. There
were no differences between these groups. The BVIG showed a
significant increase in the relative VO,.

The CG at postest, showed significant decreases in the
Vg/VO, and Vg/VCO,. A significant increase in Vp was
observed in this group.

All three training groups significantly improved the
power output attained at the MEC, but with no significant
difference among them. A non-significant decrease was observed
in the CG.

Significant changes were observed in the RER for the ITG
(decrease) and CG (increase) groups.

Both the VTG and ITG were significantly different from

the CG at postest for the variables Vp/VO, and Vg/VCO,.

B. Physiological Adaptations at VI2

Tables 15 to 19 show the Duncan post-hoc comparisons for
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the physiological variables at this threshold.

None of the variables examined at this Intensity were
significantly different on the pretest. At postest however, Vp
values for the BVIG and ITG groups were significantly lower than
those of the VIG. No significant changes were observed for the
CG group.

At postest, the VIG showed & significant Increase in
Vo, (both 1.min"! and ml.kg.min'l) at the threshold, which
was attained at a significantly higher power output. The ITG
showed a similar result for VO, (ml.kg.min'l), but with no
significant change in power output.

The VTG also showed significant increases at postest, for
Vg, V€0,, HR, Vg/VO, and 0, pulse. O pulse was also
significantly increased for the ITG as a result of training.

The C€G did not show any significant change in the
physiological variables measured at this condition, with the

exception of a significant increase in RER.

C. Changes in Body Composition

Tables 20 to 24 show the Duncan post-hoc comparisons for
the effects of the three treatment on body composition.

As compared to the Pre test, Post test values for BVIG
showed significant decreases for body weight, body density,
percent body fat, weight of fat and sum of seven skinfolds. The
CG presented significant increases in body weight and sum of

seven skinfolds.
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Both the VTG and BVIG were significantly different from
the CG at Pre, in body weight , body density, percent fat,
weight of fat and sum of seven skinfold (only the BVIG). With
the exception of sum of skinfolds and body weight, these
differences were also observed at Post. The IIG was
significantly different from CG at Pre for body fat, but showed
no difference at Post.

There were no significant differences between the
training groups both at Pre or Post for these variables.

The analysis of the individual skinfolds showed
significant decreases over time for triceps, subscapular,
suprailiac, abdomen (BVIG). Significant increases wrre observed
for biceps (VIG), suprailiac (ITG), subscapula and suprailiac
(CG). As in the sum of skinfolds, the BVIG was significantly
different from the CG for both triceps, subscapula and thigh

skinfolds, at PRE. These differences did not exist at POST.

IV. THE TRAINING GROUPS

This section outlines the differences between the three
training groups throughout the study. It is divided in two
subsections: (a) chronic adaptations and (b) acute responses.
Section "a" is subdivided into: (1) physiological adaptations at
MEC; (2) physiological adaptations at VI2; (3) adapatations in
body composition; and (4) changes in energy intake. Section "b"
is divided in two subsections: (1) changes in blood lactate and

FFA concentrations during training; and (2) relationship between
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blood lactate and FFA concentration.

During the study, in addition to the initial cycle
ergometer test (Tl), where training workloads were established
for each individual, all subjects were reassessed after each
eighth training session. As a result three new training
workloads were prescribed throughout the study (T2, T3, T4).
ANOVA results showed significant changes in training power
output for all training groups over time. At T4 all groups
showed significant differences from Tl and T2. The VTG also
showed increased power output at T4 as compared to T3 and at T3
as compared to T1. At T3 the ITG showed significant improvements
in power output in relation to Tl and TZ (Table 9).

In contrast, there were no significant changes in the

duration of the training stimulus in any the groups.

A. Chronic Adaptations
1. Physiological Adaptations at MEC

Duncan post-hoc comparisons, given in Table 10, showed
both the VIG and ITG groups to increase their absolute VO, max
over time. T2, T3, T4 and T5 were significantly different from
Tl. These consecutive measurements though, were not different
from each other. When VO, max was expressed relative to body
Qeight, all three experimental groups showed significant
improvements in comparison to Tl (T4 and T5 different from Tl).
Changes observed in the BVIG were due to the significant

reduction in body weight. Both VIG and ITG showed the same trend



as observed in the analysis of the absolute VOy max. Once
again the consscutive measurements did not show any statistical
difference.

When comparing Vp at MEC (Table 11), both the VIG and
ITG groups showed significant higher values as compared to the
initial test (T1). All subsequent tests were significantly
higher than T1, but there was no significant difference between
T2, T3, T4 and T5.

V002 values compared over time (Table 11), revealed T5
to be significant different from Tl for the VIG and ITG groups.
The VIG also showed T5 to be different from T3, and T2 from Tl.
The ITG group in addition of T5, T4 and T3 were also different
from Tl. The BVIG showed no statistical difference over time,
with the exception of the comparison of T4 and T3.

The effect of the three treatments on RER, given in Table
12, showed no consistent trend over time. At T3, both the VIG
and BVIG differed from Tl. The IIG group at T5 and T2
significantly reduced their RER values in comparison to Tl.

At T5, all groups seemed to be able to exercise up to a
higher heart rate, but only the VIG showed statistically
significant higher values as compared to Tl (Table 12).
Significant differences were also observed for the ITG group, at
T5 and T4 (different from T1l).

As a result of training, all experimental groups
significantly improved their maximum power output (Table 13). At

T5 and T4 all groups were statistically different from Tl and
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T2. At T3, both the BVIG and ITG power output values increased
in relation to T2 and Tl. The VIG at T3 was also higher than T2,
but not statistically different from T1.

The Vg/VO, results presented in Table 13, showed no
measurable differences over time in any of the groups studied.
The same cannot be said for the Vp/VCO, displayed in Table
14. Although there was no consistent trend in those changes,
differences were observed for both the BVIG and ITG in relation
to Tl. Values measured at T5, T4 (only for the ITG), T3, and T2
were significantly different from Tl1. The BVIG also showed
differences between T4 and T3.

The VIG (from T2 ¢to 7T5) and ITG (at T5 and T4) showed
significant changes in 0, pulse as a result of training. These
values were significantly different from Tl, but no differences

were observed between T1, T2, T3, and T4 (Table 14).

2. Physiological 4daptations at Vr2

Duncan post-hoc comparisons for VO, at the VT for the
three experimental groups are presented in Table 15. A similar
trend was observed for both absolute and relative VO,. The VIG
showed a consistent and significant increase in VO, with time.
Somewhat similar increases were observed for the ITG group,
although these changes seemed to be of a lesser magnitude. No
modifications were observed for the group training below the

ventilatory threshold, for either absolute or relative VO,.

The effects of the three different treatments on the



physiological variables Vp and VCO, are given in Table 16.
In both cases, the VIG demonstrated a significant increase at TS5
and T4 in comparison to Tl and T3, and at T2 in comparison to
Tl. No significant changes were observed for these variables in
the two other experimental groups (BVIG and ITG), with the
exception of the ITG group at T2 being significant higher than

Tl for VE'

The RER comparisons given in Table 17 showed an
inconsistent trend from Tl up to I3. At T4 all groups showed
significant higher values than T3. The VIG values, in addition,
were significantly higher than Tl and T2. All groups
significantly decreased RER values at T5, but none were
statistically significant.

Heart rate responses at this submaximal exercise
intensity, showed both Iincreases and decreases throughout the
study, but only the group that trained at the ventilatory
threshold point (VIG) showed significantly higher values at T4
(different from Tl) and T5 (different from Tl and T3). These
comparisons are presented in Table 17.

In comparison to the initial test (T1l), only the VIG
reached the ventilatory threshold at significant higher power
outputs. As shown on Table 18, the VIG at both T5 and T4, had
significantly higher values than Tl and T2. There were no
differences between T4 and T5.

The Vg/VOj, measured at the threshold did not change

as a result of training, for either the BVIG or ITG groups. The
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VIG though, at T5 and T4, showed a slight but statistically
significant increase in comparison to Tl (Table 18).

The Vg/VCO, showed a similar trend for all training
groups, which was an initial increase (T2), followed by a
decrease (T4), and a post training increase at T5. Although the
trend, presented in Table 19 was similar, the statistical
analysis found both BVTG and ITG at T4 to be significantly lower
than T2 and T3, and T2 (and T3 for the BVIG) to be significantly
higher than Tl. The VIG values at T2 and T3 were statistically
higher than Tl, T4 significantly lower than T2.

The O, pulse measured at the ventilatory threshold,
slightly increased with training in both the VIG and ITG groups.
Mean values at T2, T3, T4, and T5 were found to be significantly
higher than Tl (and T3 for the VIG only). At T3, these values
were significantly lower than T2. No changes were observed for
the BVTG with the exception being at T2 which was higher than Tl

(Table 19).

3. Adapatations in Body Composition

As mentioned previously, body composition was assessed
three times (PRE, MID, POST) during the course of the study.
ANOVA summary tables for all variables studied are given in the
Appendix K.

Tables 20 to 24 display the mean comparisons for all
anthropometric variables, for the three experimental groups,

over the three test conditions. It is evident from these results
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that the BVTG, was the only group to present significant changes
in the variables analyzed. Body weight at both MID and POST was
significantly reduced from the initial PRE tegt. No differences
were observed between MID and POST. In contrast, body density at
POST, was significantly higher than the MID and POST
measurements.

Percent body fat (Table 20), derived from the density
values, body fat in kg (Table 21), and the sum of seven
skinfolds (Table 21) showed the same trend as body density, with
values at POST being significantly lower in the BVIG than at MID
and PRE. No changes were observed for the VIG and ITG groups.
Lean body mass was also unchanged throughout the study (Table
21).

The analysis of individual skinfolds (Tables 22 to 24)
showed no change in the thigh and calf sites for any of the
groups studied. The BVIG at POST, had a significant reduction in
triceps, subscapula (also different from MID), suprailiac and
abdomen, when these skinfolds were compared to PRE values. The
VIG significantly increased the thickness of biceps skinfold at
POST . The same happened to the IIG group for suprailiac
skinfold.

4. Changes in Total Energy Intske

During the course of the study, all training groups
presented a similar trend. Energy intake slightly decreased at
the midpoint (MID) of the training program. At the end of the

study (POST) a slight increase was observed for all groups.



These changes were higher in magnitude for the BVTG,
nevertheless none were statistically significant (Table 25).

ANOVA summary tables are given in Appendix K.

B. Acute Responses
1. Changes in Blood Lactate and FFA Concentrations

The acute changes in plasma lactate concentration during
the training session at the beginning (BEG) and at the end (END)
of the study for the three exercising groups, are given in Table
26. There were no significant differences between these acute
responses at the BEG and END for the three training groups for
the REST, MID and POST conditions.

There were no significant differences between the groups
at REST for the BEG and END data. All groups significantly
increased at MID for both the BEG and END. The ITG group at MID
showed significantly higher values than both the VIG and BVIG at
both the MID and END occasions. The VIG was also significantly
higher than the BVIG at MID exercise, at the END occasion.

POST values were found to be significantly higher than
REST, for all groups at the two occasions (BEG and END). At POST
exercise, the ITG group values were also significantly higher
than MID, at both BEG and END. These values were also
significantly higher than the ones observed in both the BVIG and
VTG (different from BVIG) groups.

Plasma FFA comparisons are given in Table 27. No

differences were observed between these acute responses at the



BEG and END occasions in all groups for the REST, MID and POST
conditions. No significant differences between groups at REST
and at MID were observed at both the BEG and END occasions. At
the POST condition, the BVIG showed significant increases in FFA
concentration as compared to REST and MID. These changes were
similar for both the BEG and END occasions. The BVIG was also
significant different from the VIG at this condition, dut only

at the BEG occasion.

2. Lactate/FFA Relationships

The relationship between increases in lactate and FFA
concentrations for the pooled, as well as for group data, are
given in Tables 28 and 29. No significant correlation
coefficients were observed in both BEG and END occasions, for

either the pooled or group data.
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CHAPTER V

DISCUSSION

I. METHODOLOGICAI. CONSIDERATIONS

The discussion is the place where the investigator
attempts to point out to the reader the differences between the
results of his/her study and those found in the research
literature, and explain the reasons for these differences. It
should be emphasized that these comparisons should be viewed
with some skepticism, due to the fact that although some studies
carry  somewhat similar objectives, the differences between
methods, samples, statistical analyses, and different styles in
reporting the results are usually a confounding factor.

The discussion is also the place where the researcher
indicates to the reader if the present findings agree/disagree
with theoretical expectations. The relationship between the
purpose of the experiment, as stated in the introduction, and
the decisions based on statistical or other methods, as reported
in the results section, should also be handled in the
discussion. The reader should keep in mind that "significance
tests" have basically the sole purpose to establish whether a
difference does or does not exist (Ahrens, 1971). These tests
have the purpose to establish whether or not an observed
difference could have arisen by chance alone (Gold, 1958). The

importance of a difference should not be based only on the
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statistical significance, since it only tells you that a
difference exists (Savage, 1957; Beshers, 1958; Morrison and
Ramwon, 1969). A difference may be of substantive importance
without any  statistical significance, which is common
particularly in small samples.

Another issue that should be considered, is how should
the data be analyzed. In a training study such as the present
one, it is common that the investigator would tend to test for
significance of the "difference scores" (i.e. post minus pre).
This "difference scores" would represent a change in the
dependent variable under scrutiny.

In this study raw data was preferred instead of the
difference scores. As suggested Lty Kerlinger (1973) the use of
analysis of variance for difference scores should be used if the
experimental effects are expected to be substantial. Kerlinger
also states that difference scores are usually less reliable

than the raw data from which these scores were derived from.

II. RELIABILITY OF TRE VENTILATORY THRESHOLD TWO (VT2)

It has been shown that during an incremental exercise
test, two thresholds instead of one, exist (Reinhard et al.,
1979; Hagberg et al., 1982). The first threshold is
characterized by a significant increase in lactic acid in the
blood, with no significant decrease in blood pH, because most of
the lactate being produced is buffered by the sodium bicarbonate

buffering system. The second threshold, is usually observed at a
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higher exercise intensity and percentage of the VO, max, and
is characterized by a disproportionate increase in lactate
production. At this point, a significant decrease in blood pH is
observed, probably because of the inability of the blood to
buffer the lactic acid being produced. This threshold, also
called the "threshold of decompensated metabolic acidosis”
(TDMA), can be objectively identified at the power output at
which  the Vp/VCO, reaches a minimum and the FgCO,
reaches a maximum (Reinhard et al., 1979; Bhambhani and Singh,
1985).

Prior  to the beginning of the training study, the
test/retest of the VI2 was investigated. The results of the
present study showed the VT2 to be highly reproducible. The
variables V02 (l/min), power output (kpm/min), time (sec),
V02 (¢ of V02 max), heart rate (bpm) and heart rate (3% heart
rate max), all measured at the VT2 point, showed no significant
difference when paired t-test was used to compare test and
retest conditions. The VI was identified objectively in all
subjects (Table 8).

Intraclass correlation coefficients for VO, (l/min) at
VI (.87) were in agreement with the work by Prud’homme et al.
(1984) which observed a value higher than .84 when the threshold
was determined during a cycle ergometer (n=21) and treadmill
(n=20) tests. The precise "r" values were not reported, and the
threshold was determined by either three independent or three

dependent  investigators. An  lidentification of a second
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disproportionate increase in V,/VO, plotted against VO,,
was the criteria used by the authors to identify the threshold.
The VO, at VI was higher for both the cycle ergometry (2.82
l/min or 86.2 % of VOj max) and treadmill (3.70 l/min or 85.6
§ of vo, max) as ‘compared to the present study (test = 2.61
l/min or 59.6 & of VO, max and retest= 2.55 l/min or 57.6 % of
V02 max) .

The present VO, data is also lower than the 2.75 l/min
(77.0 & of VO, max) observed by Aunola and Rusko (1984) in a
sample of thirty-three men aged 19 to 50 years of age, tested on
cycle ergometer. These investigators determined the threshold in
the same way as Prud’homme et al. (1984), and found the
threshold to be highly reproducible (r = .96).

The present study also showed highly reproducible values
for power output (.96) and heart rate (.88) at the VI. These
results are also in agreement with the findings of Aunola and
Rusko (1984).

Bhambhani and Singh  (1985) examined the use of
respiratory exchange variables to identify the two metabolic
thresholds reported by Reinhard et al. (1979), and observed
lower VO, values at VI when expressed in liters per minute
(2.16), but higher than the present study, when expressed as a
percentage of the VO, max (68.8).

As suggested by Reinhard et al. (1979), the threshold
where decompensated metabolic acidosis occurs, can be easily

identified by means of gas exchange measurements, without the
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necessity of using breath-by breath measurements. In additien,
the study by Aunola and Rusko (1984) investigaéed the
relationship between the threshold determined by the gas
exchange and lactic acid criteria. Correlation coefficients were
.92 and .93 for the test and retest respectively.

It appears, based on the results of the present
investigation, that the use of VE/VCOZ and/or FECOZ can be
used to identify this threshold with a high degree of

reproducibility.

III. EFFECTS OF PHYSICAL TRAINING ON PHYSIOLOGICAI, PARAMETERS

The effects of training on the cardiorespiratory fitness
of humans has been a constant research topic for exercise
physiologists. Although the ultimate goal has often been the
same, to find the cptimal training program to improve aerobic
power, the methods employed have varied extensively. The maximum
amount of oxygen that can be utilized per unit of time during
exercise, has becn used as the best indicator of aerobic power.

Although the approaches have varicd, most of the studies
have dealt with the interaction between intensity, frequencyvand
diration of training. The ACSM position statement is that when
exercise 1is performed above a minimum threshold, the total
amount of work accomplished is the most important factor in
improving cardiorespiratory fitness (ACSM, 1978). In a more
recent review on this topic, Wenger and Bell (1986) reinforced

the belief that the alterations in cardiorespiratory fitness are
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directly associated with the length of the training programme,
the exercise intensity and duration, the frequency of tiie
sessions, and the initial fitness level of the subjects. They
also concluded that the siﬁgle most important factor was the

intensity of the exercise.

A. Adaptations at the Maximum Exercise Capacity (MEC)

In this study, maximal exercise capacity (MEC) was
operationally defined as the power output at which the maximal
oxygen consumption was atcained or the subject was unable to
continue exercising at 60 rpm, during a progressive maximal
exercise capacity test on a cycle ergometer.

This section discusses the adaptations that occurred at
MEC as a result of three training intensities, two continuous

and one intermittent.

1. Power Output, Absolute and Relative Vo, max

Power outpui significantly  increased in the three
experimental groups (VIG, BVIG, ITG), but decreased in the
control group (CG), with this decrease not being statistically
significant (Table 13). A closer analysis showed that the
changes in powef output for both VIG, BVTG and ITG did not occur
until the third assessment which was carried out after six weeks
of training. Similar increases in power output with training
iiave been shown by other investigators which used either

continuous or intermiitent training (Bhambhani et al., 1983), or
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continuous type of exercise (Golden and Vaccaro, 1984; Denis et
al., 1984; Gaesser et al., 1984). In contrast, Eddy et al.
(1977)  reported no changes in power output at VO, max
following a seven week training program in which subjects
exercised continuously at 70 % of VOp max or intermittently at
100 & of VO, max.

Significant  increases in absolute VO, max (l/min),
were observed for both the VIG and ITG (Table 10), with no
alterations being shown for either the BVIG or the CG (Figure
3). Increases in V0, max were first observed after three weeks
of training. Although VO, values had a tendency to increase
during the subsequent MEC tests, these changes were not
statistically significant. These initial VO, max changes
should be viewed with caution since the subjects may have not
reached V0, max in the initial test. The BVIG showed
consistently lower VO, values throughout the testing sessions,
although in none of them these differences were statistically
significant.

Modifications in VO, max relative to body weight were
similar to the changes observed in power output. The three
training groups significantly increased their relative VO,
max, while the CG showed a non-significant decrease (Figure 6).
When the experimental groups were observed through their five
MEC tests (Tl to T5), both the VIG and ITG significantly altered
their VO, max after three weeks of training. The group

training at the lowest intensity (i.e. BVIG), did not experience
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any change in V02 max until nine weeks of training. Although
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some changes were observed between the testing occasions, these

differences were not statistically significant.

When comparing the present results with previous studies
in the literature (see summary in Table 30), it seems that the
majority of the reports tend to show that exercising
continuously above 60 8% or intermittently at 100 8 of the VO,
max, significantly increases aerobic power. These changes also
seem to be related to the initial fitness level of the subjects.
It is important to note though, that some studies have compared
different training intensities, without taking into
consideration the total amount of work performed per session, in
the different experimental groups.

The present results are in partial disagreement with the
ones reported by Bhambhani and Singh (1985). In their study,
subjects  trained continuously at either 10 % above the
ventilatory threshold one (TG) or at 50 % between ventilatory
threshold one and VOZ max (ATG), or intermittently at 100 8
VO, max (ITG). Similar to the present investigation, the
authors in that study equated the total amount of work per
training session among the groups. All groups were reported to
have shown a significant increase in absolute VO, max,
probably due to their lower initial VO, values (Table 30). The
present study had also higher final VO, max values as compared

to those reported by Bhambhani and Singh.



2. Vg, VE/Voz, HR, and 0, Pulse

The physiological values recorded at the point considered
to be the subject’s MEC were the ones used for comparisons.

Pre/post comparisons showed a significant increase in
Vg (l/min) in the VTG and ITG, as well as in the CG (Table
11). Increases in Vg max have been reported by other authors,
as a result of continuous or interval training (Pollock et
al.,1976; 1972; 1969; Lesmes et al.,1978; Ready and
Quinney,1982), which substantiate the present findings.

Since Vg/VO, was unchanged in any of the training
groups, it implies that the changes in Vp and V0, were
proportional to each other (Table 13). These results are in
agreement with those reported by Bhambhani (1982), but in
contrast with other reports (Milic-Emili et al., 1962; Jirka and
Adams, 1965; Adams et al., 1974; Girandola and Katch, 1976;
Davis et al., 1979; Bradley et al., 1980; Ready and Quinney,
1982), which observed significant decreases in the oxygen cost
of ventilation at the MEC, as a result of endurance training.

When posttraining HR max values were compared to values
measured at the beginning of the study, no significant changes
were observed for the BVIG, ITG and CG. Significantly higher
values were observed only for the VIG as a result of training.
When the experimental groups were analyzed over time (Table 12),
significant increases were observed for both the VIG (T5 from
Tl) and ITG (T4 and T3 from T1). Similar results were olbserved

by Getchell and Moore (1975), which exercised twelve middle-aged
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sedentary males for ten weeks, three to four times a week.
Subjects in this study ran or jogged for twenty minutes at an
intensity of 75 to 85 8 of the predicted HR max.

It is well accepted that HR max is not affected by
training despite the fact that the maximal power output is
significantly increased (Astrand and Rodahl, 1986). Experimental
studies have shown no changes in HR max (Girandola and Katch,
1973; Davis et al., 1979; Wilmore et al., 1980; Yoshida et al.,
1982; Poole and Gaesser, 1985), but a close inspection of the
related literature indicates that seyeral authors have reported
significant decreases in HR max as a result of continuous or

interval training (Pollock et al., 1969; Fox et al., 1972;
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Pollock et al., 1972; Knuttgen et al., 1973; Fox et al., 1975;

Pollock et al., 1975; 1976; Cunningham et al., 1979; Gettman et
al., 1979). It is common not to attain maximum heart rate
(predicted for age) during an incremental exercise test in cycle
ergometry due to localized fatigue. Since subjects usually:
experience a local adaptation due to the training stimulus
higher heart rates would eventually be reached. Since the
subjects trained on cycle ergometer, this would seem to be a
possible logical explanation for the increases observed in HR
max in the present study. It should be noted though, that some
of the studies that reported changes in HR max as a result of
training, were carried out on a treadmill (Pollock et al., 1969;
1972; 1976; Gettman et al., 1979).

At the end of the training program O, pulse values were



significantly higher in the VIG and ITG groups. No differences
were observed for either the CG or the BVIG (Table 14). These
findings are in agreement with previcus studies iIn which
subjects were exercised continuously at 80 and 90 8 of HR max
(Pollock et al., 1972) or intermittently at a non-specified
exercise intensity (Pollock et al., 1969). In another study,
subjects jogged between 5 and 7 miles, three times a week for
twenty weeks. At the end of the training program, significant

increases in O, pulse were reported (Pollock et al., 1976).

B. Adaptations at the Ventilatory Threshold (VT2)

The VT2 was operationally defined as the VO, (in
l/min)  at the power output at which the Vg/VCO, ratio
reached a minimum and FpCO, reached a maximum, during an
incremental cycle exercise test.

As there are very few training studies that utilized VT2,
comparisons were made with reports that quite often used
different methods and terminologies, such as anaerobic threshold
or lactate threshold. Considering that there can be significant
differences between the variables measured at these different
points, the reader should refer to Table 31 for the terms and
definitions used in this discussion. As has been suggested,
"thresholds should be named based on the parameters used to
measure them" (Walsh and Banister, 1988 citing Bhambhani and

Singh, 1985 and Hughes et al., 1982)
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1. Pover Output, Absolute and Relative VO,

At the end of the training program, the VIG was the only
group to show a significant increase in power output (20.9 %),
although the two other experimental groups attained VI2 at a
slightly higher power output. These increases were in the
magnitude of 4.3 % and 2.6 % for the BVTG and ITG respectively.
No significant changes were observed in the CG (Table 18). The
lack of significance (BVIG and ITG) can be explained by the fact
that during the lincremental exercise test power output was
increased by 200 kpm/min every two minutes. This could have
misrepresented the determination of the power output at the VT2.

Initial V02 (l/min) values were similar to the ones
reported by other authors for a nonathletic sample (Denis et
al., 1988; Smith and O’Donnell, 1984), but lower than the study
by Bhambhani et al. (1983). The present VOZ data were higher
than those observed by previous investigators using different
criteria (Hill et al., 1987; Poole and Gaesser, 1985; Ready and
Quinney, 1982; Yoshida et al., 1982; Davis et al., 1979). Table
32 summarizes the training studies which looked into the
physiological <changes at the threshold (using different
criteria).

The absolute and relative oxygen consumption at the VT2
(Figures 7 and 8) increased significantly as a result of
training continuously at VT2 (27 %) or intermittently at 100 %
of the VOZ max (12 %), but did not alter in the BVIG. The

nonexercising controls did increase their VO, values by
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12.0 8, but this change was not statistically significant (Table
15). With the exception of one study (Golden and Vaccaro, 1984),
all the studies reviewed showed significant changes in Vo, at
the threshold. In these studies different criteria were used to
identify the threshold. Percent increases varied from 70.4
(Ready and Quinney, 1982) to 18.5 (Poole and Gaesser, 1985).
Bhambhani et al. (1983), using the same criteria as the present
study, observed significant changes of 12.8 % (continuous
cycling at the VI1l), 51.1 % (continuous cycling at 50 % between
VIl and MEC), and 24.2 % (intermittent cycling at 100 % VO,
max). In another study using the same criteria (Deni: et al.,
1988), observed changes (26.3 &) were somewhat similar to the
present investigation. The authors exercised college students
continuously on cycle ergometer at 70-80 8 of the VO, max,
four days a week, one hour a day, during a 20-week training
program.

When VO, at the VI2 was expressed in % of V(, max, it
ranged between 60.2 (CG) to 68.3 8 (BVIG) at the beginning of
the study, and 63.4 (ITG) to 72.4 % (VIG) at the end of the
study. When compared to other investigations, depending on the
criteria used to identify the threshold, these values could be
anywhere from much lower than the reported values (Poole and
Gaesser, 1985), similar (Becker and Vaccaro, 1983), to much
higher (Ready and Quinney, 1982) than the present values.

Changes in VO, max did not seem to be related to

changes in VO, at VI2. Correlation coefficients calculated for
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each separated experimental group and with all subjects pooled
together (Figures 9 and 10), did not show a high degree of
association. Table 33 presents a summary of the correlations and
their coefficients of determination. This dissociation in
changes in VO, at VI2 and VO, max have been shown by several
other investigators (Henritze et al., 1985; Gaesser et al.,
1984; Smith and O’Donnell, 1984; Denis et al., 1982).

The dissociation in the changes in VO, at VI2 and at
MEC, may be an Iimportant factor to be considered for training
purposes. As has been shown by Issekutz et al. (1975),
increasing levels of blood lactate may interfere with free fatty
acid utilization, and thus progressively reduce the capacity of
the body to utilize fat as energy substrate. Alterations in the
ventilatory threshold could mean a delay in the increase in
lactate concentration. Another  important aspect of the
dissociation between improvements in VO, at the VI2 and MEC is
the fact that performance in long distance running events seems
to be related to the individual’s VI2 (Kumagai et al., 1982)
rather than the VO, max. The ability to prescribe a specific
training intensity that will elicit changes specifically at the
threshold point should be considered by exercise physiologists.

Gaesser et al. (1984), observed a nonsignificant increase
in VO, at VTl after exercising six male subjects on cycle
ergometer for three weeks (six days a week), for thirty minutes,
at 70 & of the pretraining VOy max. The authors reported that

this could be partially explained on the basis that activities
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of skeletal muscle oxidative enzymes do not change significantly
during the first two weeks of training (Houston et al.,1979;
Henrickson and Reitman,l977; Ericksson et al.,1972). The present
data indicates significant increases in V0, at VT2 after three
wieks of training continuously at the VI2 or intermittently at
100 8§ of the ‘V02 max, which does not support the explanation
by Gaesser et gl. (1984). It should be noted however, that when
exercise intensity is prescribed based on percent of the Vo,
max, subjects may very well be exercising at different metabolic
intensities (i.e. above or below the threshold). This could
explain the nonsignificant changes observed by Gaesser and

co-workers.

2. Vg, Vg/V0,, HR, and 02 Pulse

Changes at the VT2 as result of training were more
pronounced in the VIG group than in the two other experimental
groups. As the VIG attained VT2 at a higher power output,
parallel increases in VE’ V02, VE/VOZ' HR and 02 pulse
were also observed (Tables 16 to 19). Although changes in 0,
pulse were observed as a result of the interval training
regimen, these changes seemed to be due solely to an increase in
VO,, because HR at this threshold was unchanged. In contrast,
the improvemments in 0, pulse in the VIG were attributed to an
increase in VO, which was accompained by an increase in HR at
this threshold. These changes were also related tc the

significant increase in power output at VI2 for the VIG (20.9 %
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higher than the pretest), in contrast to a nonsignificant
increase for ITG group (2.6 8).

These findings are in agreement with the report by
Bhambhani (1982), which found significant increases in power
output and Vp (and VO, as well) In the three experimental
groups, although no changes were observed in Vp/VO,. In that
study subjects trained continuocusly on cycle ergometer either at
the VTl or 50 % between VIl and MEC, and intermittently at 100 %
of the VO, max.

The present results on 0y pulse could not be compared
because of lack of published data. It should be mentioned that
VI2 &8s a result of training was attained at approximately the
same power output (exception for the VIG which increased) and
that 0y pulse significantly increased in the training groups
(not significantly in the BVTG). This indicates that training
increased the volume of 0, per heart beat, extracted by the
peripheral tissues at submaximal exercise. The same was observed
at MEC.

0, pulse at VT2 prior to the training program, reached
82.0, 85.2 and 73.4 & of the values observed at MEC for the VTG,
BVIG, and ITG groups respectively. As a result of training, the
VIG group consistently increased O, pulse reaching 87.0 % at
the last testing session. No consistent trend was observed in

the BVIG and ITG groups.
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IV. CONTINUQUS VERSUS INTERVAL TRAINING

Data on maximum oxygen uptake measured at the end of the
training program indicated that training continuously at the VT2
(i.e. VIG) or intermittently at 100 8 of the Voz max (i.e.
ITG) elicited significant changes in the participant's aerobic
power. The BVIG did not show any significant change in the
absolute V0, max (4.6 8). Observed changes for the VIG and ITG
were in the magnitude of 10.9 and 14.6 § respectively. These
percentages are well within previous reported values of 5 to 22
¢ (Bhambhani and Singh, 1985; Eddy et al.,1976; Fox et al.,1974;
Knuttgen et al.,1973; Costill,1970; Sharkey,1970).

Although there have been conflicting reports on which
training method is more suitable for increasing VO, max
(Bryntesow and Sinning, 1973; Pollock et al., 1969; Roskamnm,
1967; Cotes and Meade, 1959), the present data did not find
significant differences between continuous and interval training
methods, for subjects exercising at an intensity requiring a
VO, similar to their ventilatory threshold or higher. Eddy et
al. (1976) found similar results, when their subjects trained
continuously at 70 8 or intermittently at 100 & of their VO,
max (1:1 work/rest ratio).

The conflicting results observed in the literature are
probably the result o»f: (1) the different fitness level of the
subjects prior to the beginning of the training program; (2)
lack of equating the total amount of work per training session

for the groups being compared; (3) prescription of exercise
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intensity based on percent of maximum heart rate or VO, max;
(4) lack of reassessment of the training intensity, after four
weeks of training; (5) data on males and females treated as one
group; (6) training device different from the equipment used for
test.

It has been suggested that 50 % of the observed increase
in VO, max as a result of training, can be attributed to
enhanced 02 transport, with, the other 50 8 due to a possible
enhanced 0, extraction at the tissue level (MacDougall and
Sale, 1981; Scheuer and Tipton, 1977; Rowell, 1974).

Interval training seems to be the most suitable method to
elicit the greatest degree of muscle hypoxia. The present blood
lactate data support this. At the end of the training session,
blood lactate concentrations were significantly higher in the
ITG group as compared to the VIG or BVTIG (Table 26). It is
believed by many physiologists that the reduced O, levels in
the muscle during training, will promote an increase in muscle
capillary density (Brodal et al., 1977), an increase in
myoglobin (Pattengale and Holloszy, 1967), and an increase in
either mitochondrial enzyme activity (Holloszy, 1975) and/or
mitochondrial number and size (Hoppeler et al., 1973). The
changes in VO, max observed as a result of exercising
intermittently at 100 % of the subject’s VO, max scems to be
supported by the fact that muscle PO, significantly decreases
when exercising at this intensity. Muscle PO, values drop to

gbout 2 & of the values observed at rest, at sea level, when
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exercising intermittently at 100 8 of the VO, max (Astrand and
Rodahl, 1979; Saltin et al., 1968; Rahn, 1966). When the
intensity is increased to 125 8 of the VO, max, the PO,
value does not significantly éhange (HacDougall and Sale, 1981).

| Although intérval training using work:relief ratios of
3:3 have been shown to be better for improving VO, max
(MacDougall, 1981), the 1:1 ratio was selected because of
practical reasons. Subjects, particullarly the older ones, seem
to feel more confortable with short intervals.

As discussed by MacDougall and Sale (1981) and MacDougall
(1977), training continuously at an exercise intensity slightly
below the anaerobic threshold (involving a large muscle mass)
seems to be the most efficient way of increasing oxygen
transport. This would promote a significant alteration in
cardiac cutput, which is the most important factor affecting the
ability to transport O0,. The present data support this line of
thinking, since the group of subjects that exercised at the VT2
showed a significant increase in their final VO, max. The same
was not true for the subjects training continuously below this

threshold.

V. BODY COMPOSITION ADAPTATIONS AS A RESULT OF TRAINING

Changes 1in body composition as a result of training, have
been extensively examined by exercise physiologists. A 1983
review of the literature by Wilmore indicated that although

physical training could be considered an important part of a
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weight reduction program, changes in body fat were minimal when
exercise alone was the independent variable being manipulated
(Wilmore, 1983).

Significant alterations 1in body composition (body weight

and | density, percent fat, absolute fat and sum of seven
skinfolds) were observed as a result of training continuously at
an intensity below the ventilatory threshold (Tables 20 to 24).
Body weight was reduced by 1.60 kg (1.90 %), body density by
0.00558 gm.ml'l (0.54 &) (Figure 11), percent fat by 2.30
percent points (8.71 &) and sum of <even skinfolds by 9.02 mm
(7.46 %).
The observed modifications in body composition could be
associated with an elevated metabolic rate after the training
session. As reported by Chand and Wenger (1988), VO, values
during the post-exercise phase increases with time (i.e. the
duration of the training session).

The changes in body composition in the present study are
within the values reported in the literature as reviewed by
Wilmore (1983), for a wide variety of exercise modes.

The present data supports previous reports that exercise
alone can reduce body fat (Bjorntorp, 1980; Thompson et al.,
1982; Leon et al., 1979; Glick and Kaufmann, 1976; Wilmore et
al., 1970), with no necessity of controlling over caloric
intake.

Exercising intermittently at 100 % of the VO, max and

continuously at the ventilatory threshold did not promote any
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significant changes in body composition.

110

Considering that there were no significant changes in

total energy Iintake (Table 25), the observed modifications in
body composition can be attributed to the training program in
which the subjects were enrolled. A close inspection of the data
showed both the VIG (8.89 8) and ITG (1.05 8) groups to have
reduced non-significantly their total energy intake, while the
subjects exercising below the ventilatory threshold group
increased non-significantly (4.12 %) their intake. These values
were within the normal range recommended for Canadians in the
same age group, by the Committee for Revision of the Canadian
Dietary Standard, Health and Welfare Canada (Goodhart and Shils,
1980). The present data is also within the range recommended for
the North-American population in the same age group, by the Food
and Nutrition Board of the National Research Council, Washington
D.C. (Goodhart and Shils, 1980).

Pollock et al. (1969) found similar alterations in body
composition in a group of middle-aged males as a result of of
running/ jogging/walking for 30 minutes, 4 times per week, for 16
weeks. No changes were observed in total caloric intake as a
result of training. Conflicting results were reported by Johnscn
et al. (1972). In their study, an increase in body density was
accompanied by a decrease in total energy intake when a group of
women exercised on cycle ergometer for 30 minutes, 5 days per
week, for 10 weeks.

Some cross-sectional studies indicate that active



individuals tend to eat more calories as compared to sedentary
ones (Tremblay et al., 1985; Blair et al., 1981; Montoye et al.,
1976). Longitudinal studies have shown an increase (Kiens et
al., 1980; de Wijn et al., 1979; Parizkova and Poupa, 1963), no
change (Titchenal, 1986; Katch et al., 1969; Dempsey, 1964) and
decrease (Johnson et al., 1972) in energy intake as a result of
a change in the habitual level of physical activity.

As discussed by Titchenal (1988) "energy intake of humans
is generally increased or unchanged in response to exercise.
When energy intake increases in response to exercise it is
usually below total energy expenditure, resulting in negative
energy balance and loss of body weight and fat. Thus, if energy
intake is expressed relative to energy expenditure, appetite is
usually reduced by exercise" (p.l44).

When comparing results from previous reports, it should
be noted that most of the studies that looked into the changes
in body composition as a result of training, did not assess the
subject’s total energy intake prior to and following the
exercise program.

Glick and Kaufmann (1976) studying a group of male
military recruits, observed that changes in body fat (assessed
by means of skinfolds) were related to the initial skinfold
values. Subjects with higher initial subcutaneous fatfold
measurements underwent a larger reduction of body fat at the end
of a 6 week training program. Despres et al. (1985) observed a

similar relationship between changes in skinfold thickness and
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initial size in a group of subjects exercising on a cycle
ergometer for 20 weeks.

On the contrary, Dempsey (1964) found that neither fat or
weight loss was dependent upon initial degree of obesity, when
subjects were submitted to 8 weeks of daily training, followed
by 5 weeks of normal activity, followed by another 5 weeks of
daily activity. There was no control over the amount of physical
activity to which the subjects were submitted to, and no
assessment of the subjects’ energy intake.

The results from the present study, although limited to a
potentially biased sample - individuals intere;ted in physical
activity - tend to support the very well known fact that
exercise induced weight loss (and/or fat loss) has advantage
over dieting induced weight reduction programs since the latter
is usually accompained by a reduction in 1lean body mass
(Thompson et al., 1982). No changes in LBM were observed in the
present data (Table 21).

Considering the fact that the use of skinfold

measurements have become very popular among fitness enthusiasts,
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it seems that it is important to question whether such

measurements are sensitive to detect changes as a result of
training.

The use of generalized equations as opposed to population
specific equations to predict body fat from skinfolds has been
extensively discussed in several reports (Sinning et al., 1985;

Pollock and Jackson, 1984; Jackson and Pollock, 1982).



Independent of what approach one decides to use, there seems to
be a good relationship between the sum of selected skinfolds and
body density (Lohman, 1981; Pollock, Smith and Jackson, 1980;
Jackson and Pollock, 1978; Durnin and Womersley, 1974; Forsyth
and Sinning, 1973; Katch and McArdle, 1973). For the purpose of
this discussion the linear model will be addressed, although
some authors consider the quadratic regression model a stronger
one (Pollock and Jackson, 1984; Jackson and Pollock, 1982).

Pre as well as posttraining data showed high correlation
coefficients between the sum of seven skinfolds and body density
(-.840 and -.825 respectively) which accounted for approximately
68 to 75 8% of the variation (Figure 12). When correlation
coefficients were calculated for changes in body density versus
changes in the sum of the seven selected skinfolds, a very low
‘r’ value was obtained (-.215), which could account for only 11
%8 of the variance between the variables (Figure 13). In summary,
changes in body density did not seem to be related to changes in
skinfold thickness. When the same correlations were calculated
using the sum of the four skinfolds that signifcantly changed
(triceps, subscapula, suprailiac and abdomen) with training, the

same was observed.

A. Alterations in Subcutaneous Fat Distribution and Total
Body Fat as a Result of Training
Training at an intensity below the ventilatory threshold

resulted in significant changes in the sum of the seven
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skinfolds measured at selected locations (Figure 14). Specific
site modifications were observed at the triceps, subscapular,
suprailiac, and abdominal areas (Figure 15). These alterations
were not related to the magnitude of the pretraining values.
Both the experimental groups exercising either continuously at
the VI2 or intermitte:tly at 100 8 of the VO, max did not
demonstrate significant modifications in either the sum of seven
skinfolds or at any specific site.

Despres et al. (1985) observed significant changes in the
sum of seven skinfolds (same sites as in the present study), as
well as in specific sites (abdomen, suprailiac and calf).
Percent body fat derived from density measurements was also
significantly reduced as a result of training. Percent changes
in individual skinfolds (Table 34) in the present study were
much lower than the ones reported by Despres et al. (1985). In
that study a group of 13 sedentary male subjects exercised
continuously (for 45 minutes, at 85 % of the HRR) for a period
of 20 weeks, in contrast to the 12 weeks of the present study.
Measurements were taken on the subject’s left side of the body
following the techniques described in International Biological
Programme (Weiner and Lourie, 1969). The current training data
was obtained on the subject’s right side of the body, as
recommended by the International Working Group in
Kinanthropometric Techniques (Ross and Marfell-Jones, 1982;
Ross et al., 1976), and used in the Montreal Olympic Games

Anthropological Project - MOGAP. Despres and co-workers (1985)
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also reported that the observed modifications were related to
the initial level of the fatfold.

In order to compare changes in subcutaneous adiposity
with the total body fat, a ratio between the sum of seven
skinfolds divided by percent fat (derived from body density) was
calculated. The same ratio was also calculated with a correction
for the double skin layer which is equal to 4 mm (Allen et al.,
1956). A total of 28 mm were subtracted from the sum of the
seven skinfolds measured. Although in the BVTG a significant
reduction in body fat was observed, no changes in the
uncorrected or corrected ratios (Tables 35 and 36) were observed
in the three experimental groups (the QG increased
significantly). These observations seem to be in agreement with
the findings by Despres et al. (1985) for the uncorrected ratio,
but in contrast with the results for the corrected one.

The present results suggest that exercise alone can be
effective in reducing total body fat, as shown by changes in
body density. The reduction in body fat seemed to have happenad
also at the subcutaneous fat stores as shown by changes in the
sum of skinfolds, although these changes did not seem to be
related to the changes in total body fat. This was evidenced by
the fact that the ratio of the sum of seven skinfolds over %
boay fat (derived from density) did not show any significant
change. Other evidence was the fact that changes in body density
did not correlate highly with changes in the sum of either seven

or four skinfolds.
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As "has been shown by Borkan et al. (1982) and confirmed
by Davies et al. (1986) there is a variability between internal
and subcutaneous fat. The report from Davies et al. (1986)
indicated that subcutaneous and internal fat masses correlated
poorly for both men (r = .05) and women (r = -.0l). Changas in
body fat observed as a result of reduction in subcutaneous
skinfolds, and predictions of body fat based on measurements of

fatfolds should be viewed with skepticism.

VI. BLOOD LACTATE AND FFA CONCENTRATIONS DURING TRAINING AT
DIFFERENT EXERCISE INTENSITIES

One of the purposes of this study was to observe the
interrelationship between blood lactate and FFA concentrations
during different exercise intensities and changes in body
density resulting from training at those intensities.

Twice during this study, venous blood was collected at
rest, midway and immediately after the cessation of a training
session. Blood samples were analyzed for both lactate and FFA
concentrations.

It has been previously suggested that training at an
intensity below the anaerobic threshold would likely increase
the utilization of FFAs as the main fuel source (Tanaka et
al.,1987). The FFAs are mobilized from adipose tissue and plasma
triglycerides and then oxidized by the working muscles in
relation to their concentration in the blood. When exercise is

performed at a higher intensity (i.e. above the anaerobic
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threshold) there is a tendency towards the inhibition of the
release of FFA from 1lipid depots, thereby supressing their
oxidation and increasing the relative rate of the utilization of
carbohydrates. [Exercising above the anaerobic threshold is
usually accompanied by a significant increase in lactate
concentration in the blood. The classical explanation is that
the contracting muscle is 0Oy deficient and therefore part of
the energy requirement must be supplemented through increased
lactate production (Hill et al., 1924). Numerous studies support
that lactate formation in dependent on O, availability (Katz
and Sahlin, 1987; Hogan and Welch, 1986; Rowell et al., 1984;
Woodson et al., 1978; Linnarsson et al., 1974).

As shown experimentally in man by Boyd et al. (1974),
"during exercise a rise in arterial levels of plasma lactate or
pyruvate, or both, inhibits the release of FFAs and glycerol
from the adipose tissue" (p. 539). Decreases in plasma FFAs have
been show as a result of sodium lactate infusion in the resting
dog (Miller et al., 1963; Issekutz and Miller, 1962), and on
the fasting rat (Houghton et al., 1971). Cobb and Johnson
(1963) showed that there was an inverse relationship between the
level of lactate produced and the level of circulating FFAs.

Lactate concentrations at the beginning of the study
significantly increased in all groups during exercise with post
values being significantly different from resting
concentrations. The final lactate concentration in the ITG was

significantly higher than the VIG and BVIG, with the BVIG being
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significantly different from the VITG. At the end of the study
similar increases were observed by all groups. No differences
were observed for the three groups, at the different conditions,
when values measured at the beginning of the study were compared
to the postest (Figure 17). The lack of difference between pre
and posttest due to training, was not surprising since subjects
at the end of study did exercise at a higher power output when
compared to the beginning of the training program.

Samples taken at the beginning of the study showed FFA
to increase significantly at the end of exercise in the BVIG
(different from VIG also), but did not change in the VIG and
ITG. End of the study samples showed the same trend, but with no
difference between the groups at the three conditions. No
differences were observed between the beginning and end of the
study data (Figure 18).

Lactate and FFA concentrations observed during training
at the different exercise intensities were well within previous
reported values (Ribeiro et al., 1986; Schnabel et al., 1982;
Stegmann and Kindermann, 1982).

The results of the present study did not show any
relationship between the changes in blood lactate and FFA during
all three training intensities (Tables 28 and 29). This is in
aggreement with the report by Ribeiro et al. (1986) which
exercised eight male subjects at exercise intensities below and
above the anaerobic threshold. Schnabel et al. (1982) exercised

12 Physical Education students at their individual anaerobic
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threshold (IAT) for 50 minutes and observed that increase in
lactate concentration did not result in depression of the level
of circulating FFA in the blood. IAT was defined as the maximal
exercise intensity that was tolerated without a progressive
lactate accumulation.

FFA values in the study by Schnabel et al. (1982) and
Ribeiro et al. (1986) should be viewed with caution since
subjects fasted for only three and eight hours respectively.
Ideally subjects should fast for ‘at least 12 hours prior to
testing time, and should avoid drinking beverages containing
caffeine if FFA determinations are to be made. Most of the
studies reviewed have use a 12 to 18 hour fasting period
(Blatchford et al., 1985; Ahlbcrg et al., 1976; Boyd et al.,
1974; Havel et al., 1967).

No significant relationships were observed between the
increase in FFA and changes in body density in all training
groups at pre and posttest (Table 37). Correlation coefficients
between changes in FFA concentration and changes in the sum of
seven skinfolds were also low (Table 38), with the exception
for the BVTG at pretest (r = .788).

Tanaka et al. (1987) observed significant changes in
percent body fat a a result of training at the lactate threshold
for 60 minutes. VO, at the lactate threshold and VO, max
were also significantly increased as a result of the training
program which was maintained for four months. During the

exercise session FFA was reported to have increased linearly at
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pretest. A slight decrease below resting values up to 30 minutes
of exercise with a subsequent increase at 60 minutes in the
posttest condition was observed. Surprisingly, no values were
reported. Lactate concentration was maintained at very low
levels (1.2 to 1.6 mmol.l'l).

Yoshitake et al. (1987) also observed low lactate values
(2.01 =+ 0.93 mmol.l'l) with a twofold increase in FFA
concentration when 16 healthy females exercised at an intensity
reported as being at the lactate threshold level.

Data from Tanaka’s and Yoshitake’s studies have to be
interpreted with restrictions, since the authors did not provide
enough methodological detail, such as how many hours of fasting
the subjects had prior to the testing session, or how the data
was analyzed.

In summary, the results from the present study do not
support that elevated levels of lactate may inhibit FFA turnover
as has been demonstrated experimentally by others (Issekutz et
al, 1975; Boyd et al.,1974). As mean lactate values at the end
of exercise were not over 8 mmol.l.'l, a possible explanation
would be that FFA is not depressed unless lactate concentration
reaches a critical 1level. This critical level may also be
individually different.

FFA concentrations did not show an abrupt increase during
exercise, particularly in the VIG group, which was exercising
below the ventilatory threshold. Since lactate concentrations

were not over 4 mmol.l'l in the BVIG, the failure Iin
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increasing FFA to higher levels can only be speculated. As
discussed by Ribeiro et al. (1986) an "... increase in serum
glycerol without changes in serum FFA concentration may reflect
stimulation of muscle lipolysis and utilization of endogenous
triglycerides as fuel, since hepatic uptake of glycerol is
increased at higher exercise intensities, despite reduction in

hepatic blood flow" (p.219).
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CHAPTER VI
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

I. SUMMARY

The objectives of this study were: (1) to find the best
training intensity - among two continuous and one intermittent -
that promoted a significant increase in body density and an
increase in V02 max in an-active non-athletic male sample; (2)
to observe which of the three training intensities was the most
effective in increasing oxygen consumption at the VT2, and how
it related to modifications in the V02; (3) to observe how
subcutaneous fat (skinfolds) at selected sites of the body
responded to the three training programs, and how this change
was related to the alterations in body density; (4) to observe
the interrelationships between the FFA and LA concentrations in
the blood during training, and changes in body density which
resulted from the three training intensities.

Thirty-three individuals were subjected to an initial
progressive maximum exercise capacity test on an
electromagnetically braked cycle ergometer. Throughout the
exercise test gas exchange measurements were continuously
monitored. The ventilatory threshold two (VT2) was determined as
the VO, (in 1/min) at the power output at which the Veg/VO,
ratio reached a minimum and FgC0, reached a maximum. Prior

to the beginning of the study, the test/retest reliability of
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the ventilatory threshold two was found to be highly
reproducible, when a group of active male subjects were tested
twice, a week apart.

Based on the initial maximum exercise capacity test the
subjects were ranked in descending order according to their
relative V0, max (ml/kg/min). They were then randomly assigned
into three experimental exercising groups: (1) VIG - which
trained continuously at a8 power output requiring an oxygen
consumption similar to that observed at the ventilatory
threshold two; 2) BVTG - which trained continuously at a power
output requiring an oxygen consumption which was 15 % below that
observed at the ventilatory threshold two; and (3) ITG - which
trained intermittently at a power output similar to the maximal
oxygen consumption (100 % VO, max). The training intensity was
established during the initial exercise testing. This resulted
in a stratified random sample with eleven subjects in each
group. In addition, six volunteers were submitted to the same
testing protocol and were assigned to a non-exercising control
group.

All  subjects were then submitted to a protocol of
anthropometric measurements which included the following: (1)
height; (2) weight; (3) seven skinfolds measurements (triceps,
subscapula, suprailiac, abdomen, biceps, thigh and calf); and
(4) measurement of body density. All measurements were taken by
the same investigator.

The same exercise testing and anthropometric protocol was
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repeated at the end of twelve weeks. In addition to this, the
experimental group was submitted to the anthropometric protocol
at week eight.

The three experimental groups exercised for twelve weeks,
three times a week, for at least twenty minutes. The total
amount of work per training session was equated among the
groups. The training intensity was reassessed every ninth
training session, at weeks three, six and nine.

During the course of the study a nutritional assessment
was conducted in all experimental subjects by means of
nutritional recall diaries. Total caloric intake was assessed
with the data being analyzed by an experienced nutritionist
utilizing the Kelloggs/University of Alberta database.

The study comprised the following experimental designs:
(1) a two-factor design in which Factor A had four levels,
namely the control, and the three experimental groups, and
Factor B had two levels namely the Pre and Post training values
of selected physiological variables; (2) a two-factor design in
which Factor A had three levels, namely the three experimental
groups, and Factor B had three levels namely the Pre, MID and
Post training values of selected physiological variables; (3) a
three-factor design in which Factor A had three levels, namely
the three experimental groups, Factor B had two levels, namely
the two testing sessions, and Factor C had two levels, namely
the tenth and twentieth minutes of exercise where the variables

were collected; (4) a two-factor design in which Factor A had
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three levels, namely the three experimental groups, and Factor B
had five levels, namely the five testing sessions. The computer
program "Statistical Package for the Social Sciences -SPSS X"
with the user procedure UANOVA written by Terry Taerum
(unpublished) at the University of Alberta Computer Services,

was utilized for the analysis of the data.

II. CONCLUSIONS

Based on the findings, and within the limitations of this
study, the following conclusions were drawn:
(1) Power output (kpm/min) significantly increased in the three
experimental groups (VIG, BVIG, ITG) but decreased in the
control group (CG). Changes in power output did not occur until
six weeks of training.
(2) Absolute VO, max increased significantly in the VTG and
ITG, but did not change significantly in the BVIG and CG. When
VO, max was expressed relative to body weight, all training
groups  (VIG, BVIG and ITG) showed significant increases.
Relative VO, max in the VIG and ITG was significantly altered
after three weeks of training, but only changed for the BVIG
after nine weeks.
(3) Power output at the ventilatory threshold two (VT2)
significantly increased only in the VIG.
(4) VO, (1l/min or ml/kg/min) at VI2 significantly increased in
the VIG and ITG as a result of training, but changed in the

BVTG.

130



(5) Changes in V02 max were not correlated to changes in V02
at VI2. This dissociation was observed when correlations were
computed for each individual group or to the pooled data (all
groups).

(6) The BVIG showed significant alterations in body composition.
Body weight, percent body fat, absolute fat (in kg), and sum of
seven skinfolds were significantly reduced as a result of
training. Body density was significantly increased in the same
group. Both the VIG or the ITG did not show any modifications in
body composition as a result of training.

(7) Changes in body composition seemed to be due to the exercise
program since  subjects did not alter significantly their
nutrition iIntake (kcal) during the the twelve weeks of the
training study.

(8) Although changes in subcutaneous as well as total body fat
were observed in the BVIG as a result of training, these changes
did not seem to be related.

(9) Changes in subcutaneous fat were more pronounced in the
triceps, subscapula, suprailiac and abdominal areas, in the BVTG
group.

(10) Changes in blood lactate and FFA concentration were not
related, when subjects exercised at the different exercise
intensities.

(11) No significant relationships were observed between the
increase in FFA concentration during training (pre or posttest)

and changes in body density.
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(12) A significant correlation between FFA concentration and
reduction in the sum of skinfolds was observed in the BVIG at

pretest but not at posttest.

III. RECOHMENDATIONS

It is recommended that effects cof training on body
composition should be studied in both males and females over a
longer period of time. Both interval and continuous training
modes should be studied, at different intensities and durations.
Changes in subcutaneous fat should be investigated with the aid
of more sophisticated techniques, such a fat biopsy or nuclear
magnetic resonance in order to more precisely answer questions
related to the type of changes occurring as a result of training
(i.e. change in size and/or number of fat cells). The
relationship between blood lactate and FFA concentration should
be further investigated by taking additional blood samples after
the cessation of exercise (i.e. immediately after, five, ten,

twenty, thirty and sixty minutes after cessation of exercise).
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APPENDIX A

Table 1 - Summary of studies that utilised gas exchange measurements
to identify AT.

STUDY CRITERIA FOR MEASUREMENT TERM
DETERMINATION
Wasserman and - Increase in RER Measured bxb AT
McIlroy, 1964 with the last

30 seconds of
workload used

Wasserman et - Deviation from bxb AT
al., 1973 linearity for VCO,

and Ve when compared

to rate of VOZ

increase
Davis et - Point of departure Measured AT
al., 1976 from linearity in every 15

Ve and V602 and seconds

abrupt increase in RER
- Abrupt increase in

FGOZ
Davis et - Systematic increase bxb AT
al., 1979 in VE/VO, without

increase in VE/VO,

- Systematic increase
PetO, without
decrease in PetCO,

Reinhard et - At: VE/VOZ’ Fe02 Mean values AT
al., 1979 reaches minimum for each and
- TDMA: V002 reaches minute TDMA
minimum
Weltman and - Nonlinear increase Measured AT
Katch, 1979 in VE every minute
Ivy et al., - Nonlinear increase Measured LT
1980 in Ve every minute
Rusko et - Nonlinear increase Measured AT
al., 1980 in Vg every 30
seconds
Note: AT (Anaerobic Threshold), AeT (Aerobic Threshold), LT (Lactute

Threshold), TDMA (Threshold of Decompensated Metabolic Acidosis), Alge
(Gas Exchange Anaerobic Threshold), VT (Ventilatory Threshold), VAT
(Ventilatory Anaerobic Threshold), ATve/vo? (V/vo2 Anaerbic
Threshold), ATve (VE Anaerobic Threshold), VT1 (Ventiqatory Threshold
One), VI2 (Ventilatory Threshold Two), bxb (Breath by Breath).
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STUDY

CRITERIA FOR
DETERMINATION

MEASUREMENT

TERM

Davis and
Gass, 1981

Ivy et al.,
1981

Whiters et
al., 1981

Yoshida et
al., 1981

Caiozzo et
al., 1982

Hughes et
al., 1982

- Systematic increase
in Vg/V0, without
systematic increase in
Vg/VCO,. Point of
departure was
determined from lowest
FeOy by a

progressive increment
in F602

- Nonlinear increase
in VE

- Increase in VE/VOZ
with no increase in
Vg/VCO,

- Systematic lIncrease
in Vg/VO, with no
change in Vp/VCO,

- Abrupt increase in
FeOz, RER, and
nonlinear increase in
Vg and VCO,

- Comparison of
several indices:

a) Nonlinear increase
in Vg,

b) Nonlinear increase
in VCO

c) Abrupt systematic
increase in RER

d) Systematic increase
in Vg/V0, without a
concomitant increase
in VE/VCOZ

- Nonlinear increase
in Vg when plotted
against work rate
assessed by 2 referees

Measured
every minute

Measured
every 30
seconds

Measured
every 15
seconds

Measured
every 30
seconds

Gas collected
at second
minute of
each workload

AT

LT

ATge

vr
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STUDY CRITERIA FOR MEASUREMENT  TERM
DETERMINATION
Kumagai et - Nonlinear increase AT

al., 1982

Mickelson and
Hagerman, 1982

Orr et al.,
1982
Ready and

Quinney, 1982

Becker and
Vaccaro, 1983

Bhambhani et
al., 1984

in Vg and veco,

- Abrupt increase in
FeO

- Agrupt increase in
RER

- Systematic increase
in VE/VOZ with no
change in Vg/V0,

- Nonlinear inflection
in VE and VCOZ

- Sudden decrease Fe02
differences

- Determined by
multiple linear
regression program

- Determined by four
investigators using
point of departure
from the best line
drawn for Vp vs VO,

- Systematic increase
in Vg/VO, without
increase in VE/VCOZ,
determined
mathematically

- Changes in Vg,

FeOy and R in
relation to power
PetCO,

Averaged over AT
one minute
intervals

Calculated AT
every 15
seconds

Measured AT
every 30
seconds

- Increase in VE/VCOr, bxb AT

‘without increase in

VE/VCOZ
- Increase in PetOz
without decrease in
PetCOz

- Point whereVE/VOZ
reached minimum

- Point where
Vg/VCO, reached
minimum

Measured AT
every 30 and
seconds TDMA
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STUDY CRITERIA FOR MEASUREMENT TERM
DETERMINATION
Davis et - Systematic increase Measured AT
al., 1983 in Vg/VO, without every 30
concomitant increase seconds
in Vg/VCO,
Dwyer and - VE’ VE/VOZ, VCOz, Averaged over AT
Bybee, 1983 RER depart from 30 second
linearity in relation intervals
to 02
Fairshter et - Abrupt and Gas collected AT
al., 1983 systematic increase in bxb and
Vg/VOy without reported for
increase in Vg/VCO, 15 second
periods
Gibbons et - Nonlinear increase Measured AT
al., 1583 in Vg every 30
- Nonlinear increase seconds
in VCO,
- Increase in %
Pet0, without
corresponding decrease
in RER
Green et al., - Initial breakpoint Calculated VAT
1983 in Vg/V0, determined for two
by computer algorithm consecutive
technique employing 15 second
multisegmental linear periods at
regression the end of 30
seconds of
workload
Yeh et al., - Systematic increase Measured bxb AT
1983 in Vgp/V0, without with average

increase in VE/VCOZ

- Systamatic increase
in Pet0, without
decrease in PetCOZ

of 4 breaths
used
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STUDY

CRITERIA FOR
DETERMINATION

MEASUREMENT

TERM

Aunola and
Rusko, 1984

Black et al,
1984

Gaesser et
al., 1984

Golden and
Vacarro, 1984

- AeT: first nonlinear
increase in Ve and
VCO, as compared to
Vo,

- AT: point where the
linearity in Vg/V0,
and VE/work rate
curves markedly
disappears usually for
the second time.
Assessed by 2
investigators

- When higher number
of points were
obtained.

a) increase in
Vg/V0, without
increase in FeCO, =
3;

b) decrease in Fe02
without decrease in
FeCOy = 3;

c) progressive
increment of VE/VCOZ
- 2;

d) moment precedinf
the breaking point in
Vg = 1;

e) RER started to
increase steeply = 1

- Systematic increase
in VE/VOZ without
increase in VE/VCOZ

- Departure from
linearity for V

- Increase in VE/V02
without increase in

Vg/VCO,

Collected bxb
with values
displayed
every 30
seconds

Measured
every 30
seconds

bxb

Measured
every 12
seconds

AeT
and
AT

AeT

VT

AT
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STUDY CRITERIA FOR MEASUREMENT  TERM
DETERMINATION
Nikolic and - Nonlinear increase Vg was AT
Todorovic, 1984 in VE measured
every minute
and VO, max
was predicted
by the
Astrand-Rhyming
nomogram
Powers et - Determined by single Values AT
al., 1984 blind two evaluators: recorded for Vg/voz
a) Systematic increase the last
in VE/V02 with no minute of
change in Vg/VCOy; each workload
b) Nonlinear increase
in VE;
A third investigator
arbitrated in case of
difference
Prud’Homme et - Identified as the bxb VT1
al., 1984 first and second and
nonlinear increase in vr2
Vg relative to VO,
- Identified as the
first and second
nonlinear increase in
Vg/VOZ relative to
Assessed by three
investigators
Rhodes and - Excess VCO, curve Measured AT
McKenzie, 1984 [VCOZ-(RER*VOZ)] every 15
seconds
Smith et al., - Disproportional Measured at AT
1984 break point in Vg and last minute
the simultaneous rapid of each
decrease in FeC0, workload
- Disproportional
increase in VE/VOZ
Bhambhani and - Vg/V0, and FeCO, Measured AT
Singh, 1985 reaches minimum every 30 and
seconds TDHA
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(Table 1 - Continued)

STUDY CRITERIA FOR MEASUREMENT. TERM
DETERMINATION
Gladden et - Nine evaluators used Measured AT
al., 1985 the method discussed every 15

by Davis et al, (1976) seconds
and Caiozzo et al,
(1982)

- V. vs time was
analysed by computer
generated linear
regression. AT was
identified as the
first intersection
point of the
appropriate lines

McLellan, 1985 - VT1: Measured VTl
a) First increase in every 30 and
Vi/V0, with no seconds VT2

change in Vg/VCO,;

b) Estimated by plots
of excess C0, vs VO,

- Vr2:

a) VE vs V02 and
increase in VE/VCOZ;

b) change in pattern of
response of In Vp/VCO,
when plotted against VO,

Neary et al., - Nonlinear increase Measured vrT
1985 in Vg vs VO, every 30
determined by a linear second
regression
Neary and - Nonlinear increase Measured vT
Wenger, in Vg determined by every 30
1985 a,b,c linear regression seconds
model
Pocie and - Systematic increase bxb VT
Gaesser, 1985 in VE/V02 without

increase in VE/V002
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STUDY

CRITERIA FOR
DETERMINATION

MEASUREMENT

TERM

Reybrouck et

al.,

1985

Anuola and
Rusko, 1986

Bunc et al.,

1986

Foster et

al.,

1986

- Nonlinear increase
in VE

- Nonlinear increase
in Vco,

- Systematic increase
in VE/V02 without
concomitant increase
in VE/VCOZ

- Progressive increase
in Fe02

- Excessive rise in RER

- AeT: nonlinear
increase in Vg and
V002

- AT: second nonlinear
increase in Vg and

vVco

- Mathematically
identified by V-SLOPE
method

- Also identified by 6
investigators:

a) increase in VE/V02
change or decrease in
b) PetCo, slowly
rising or constant
with increase in
Pet02;

¢) more positive slope
of RER/wcrk rate curve

- Increase in Vg and
V€O, determined by a
two-part discontinuous
linear model

- Point where the
relationship between
YOZ and Vp began to
increase exponentially

Measured
every minute

Measured bxb
with 30
period values
used

Measured
every 30
seconds

Measured at
the last
minute of
each workload

VAT

AeT
and
AT

AT

vr
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STUDY CRITERIA FOR HEASUREMENT  TERM
DETERMINATION
Reybrouck et - Nonlinear increase Average of vr
al., 1986 in Vg one minute
- Systematic increase intervals
in Vg/V0,
- Nonlinear increase
in V602
- Excess rise in RER
Rusko et al., - Determined visually Measured AeT
1986 by two investigators. every 30 and
AeT: first time change seconds AT

in linearity in the
VE/VOZ and VE/Power
output curves,;

AT: when linearity
disappeared for second
time
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Table 2 - Summary of studies dealing with body fat and or weight
reduction in adult males as a result of training

STUDY AGE PROGRAM SESSION  FREQUENCY MODE PRE  POST

DURATION DURATION (D/WK) * WEIGHT WEIGHT

(WEEKS) (MIN.) 8 FAT SFAT
Thompson et 21 - - - 5 81.1 80.2
al., 1956 9.2 7.7
Thompson et 21 - - - 6 71.6 71.2
al., 1956 8.4 6.9
Thompson et 21 - - - 7 88.8 87.3
al., 1959 8.2 6.5
Skinner et 42 26 40 6 1.379.6 79.7
al., 1964 20.0 17.5
Oscai et 37 16 30 3 1 79.5 77.1
al., 1965 23.3 21.1
Oscai and 35-46 16 30 3 1 88.1 8:.6
Williams, 1968 26.8 23.¢
Carter and 39-59 104 60 2-3 1 80.3 77.0
Phillips, 19.8 18.6
1969
Kilbom et 40 8-10 - 2-3 1.377.9 78.2
al., 1969 24.5 24.8
Pollock et 28-39 20 30 2 1 80.2 80.3
al., 1969 18.0 18.9
Pollock et 28.39 20 30 4 1 79.7 76.8
al., 1969 19.6 18.6
Pollock et 37 16 30 4 1 79.4 78.5
al., 1969 20.7 17.4
Pollock et 37 16 30 2 1 80.6 79.8
al., 1969 22.8 23.2

*Mode: (1) walk, jog, run (2) cycle ergometer (3) calisthenics (4)
weight training (5) basketball (6) hockey (7) football (8) tennis
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(Table 2 - Continued)

STUDY AGE PROGRAM SESSION  FREQUENCY HODE PRE  POST

DURATION DURATION (D/WK) * WEIGHT WEIGHT

(WEEKS) (MIN.) $ FAT SFAT

Ribisl, 1969 40 22 35 3 1.3 84.4 81.9
21.4 20.7

Wilmore et 33 10 20 3 1 79.6 78.6
al., 1970 18.9 17.8
Boileau et 18 9 60 5 1 122.4 119.2
al., 1971 38.5 34.5
Boileau et 18 9 60 5 1 67.6 66.6
al., 1971 15.1 12.1
Pollock et 49 20 40 4 1 77.6 76.3
al., 1971 22.0 20.9
Kollias et 18 9 - 5 1 67.7 67.0
al., 1972 14.4 11.5
Kollias et 18 9 - 5 1 122.4 119.2
al., 1972 38.5 34.6
Pollock et 39 20 45 2 1 81.3 80.4
al., 1972 23.3 22.9
Pollock et 39 20 45 2 1 79.4 78.7
al., 1972 22.9 22.1
Girandola and 21 9 - 2 4 77.2 76.9
Katch, 1973 16.9 15.9
Misner et 38 8 30 3 1 84.7 83.9
al., 1974 27.9 25.4
Misner et 38 8 30 3 4 86.2 87.2
al., 1974 25.9 23.1
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STUDY AGE PROGRAM SESSION  FREQUENCY MODE PRE  POST

DURATION DURATION (D/WK) * WEIGHT WEIGHT

(WEEKS) (MIN.) 8§ FAT SFAT
Wilmore et 20 10 40 2 4 72.9 73.3
al., 1974 13.2 11.9
Fahey et - 9 - 3 4 76.6 77.1
al., 1975 15.1 14.1
Pollock et 38 20 30 3 1 84.7 83.4
al., 1975 21.7 20.4
Pollock et 38 20 30 3 1 85.2 83.9
al., 1975 22.4 19.4
Pollock et 38 20 30 3 2 84.1 82.9
al., 1975 21.0 19.8
Pollock et 55 20 30 3 1 79.1 77.9
al., 1976 21.4 19.8
Gettman et 21-35 20 45 3 4 85.4 85.9
al., 1978 24.4 22.7
Gettman et 21-35 20 45 3 1 82.1 81.6
al., 1978 21.7 19.1
Wilmore et 20 10 25 3 4 71.9 71.9
al., 16.8 16.4
Garfield et 23 12 15-33 3 4 77.6 76.9
al., 1979 13.5 11.6
Gettman et 29 16 25 3 1.4 80.5 80.1
al., 1979 20.2 18.7
Wilmore et 29 20 30 3 8 88.3 87.4

al., 1980 21.9 21.8
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(Table 2 - Continued)

STUDY AGE PROGRAM SESSION FREQUENCY MODE PRE  POST

DURATION DURATION (D/WK) * WEIGHT WEIGHT
(WEEKS) (MIN.) § FAT S$FAT
Wilmore et 37 20 30 3 2 85.7 85.3
al., 1980 21.2 19.6
Wilmore et 36 20 30 3 1 79.8 77.9
al., 1980 17.8 17.8
Thomas et 18-32 12 30-32 3 1 - .
al., 1984 16 14
Thomas et 18-32 12 30-32 3 1 - -
al., 1984 14.0 12.0
Thomas et 18-32 12 30-32 3 1 - -
al., 1984 17.5 13.0
Toriola, 1984 24.1 12 15-20 3 1 - -
16.8 15.8
Toriola, 1984 24.1 12 22-28 3 1 - -
16.5 15.7
Toriola, 1984 24.1 12 28-35 3 1 - -
17.0 15.6
Depres et 23.4 20 40-45 5 2 55.9 56.7
al., 1984a 23.2 20.6
Depres et 26.3 20 40 5 2 72.3 69.4
al., 1984b 18.8 15.6
Depres et 24.3 20 40-45 4-5 2 72.1 69.7
al., 1985 17.3 14.6




APPENDIX B

Table 3 - Schedule for exercise testing and training sessions
(numbers in Activity column denote training days)

:
3

PRE TESTING 0
1 2 3 1
4 5 6 2
7 8 9 3
10 11 12 4
13 14 15 5
16 17 18 6
19 20 21 7
22 23 24 8
25 26 27 9
28 29 30 10
31 32 33 11
34 35 36 12

POST TESTING 13

Note: weeks 0 and 13 are reserved for Pre and Post Tests for all
subjects. Days 9, 18, und 27 are reserved for reassessment of
workloads for the experimental groups. No training will take
place on these days. In days 6 and 36, blood samples will be
taken during the training session.
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Teble 4 - Method of equating the total amount of Work
performed by each subject in the same rank

TRAINING TRAINING DURATION OF EXERCISE TOTAL  WORK

GROUP POWER  OUTPUT (min:sec) PERFORMED
(kpm/min) (kpm)
VTG 1400 20:00 28000
8TVG 1000 28000 / 1000 = 1000 X 28:00 =
28:00 28000
ITG 1600 28000 / 1600 = 1600 X 17:30 =
17:30 28000

Note: Training Power Output was determined by means of a
progressive maximum exercise test. All calculations were based
on the Ventilatory Threshold Group (VIG).
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Table 5 - Characteristics of the subjects at the beginning of
the study (complete sample , n=39)

GROUP AGE HEIGHT  WEIGHT Vo, MAX |
(yr) (cm) (kg) (ml.kg.min™*)
VTG Mean 34.20 177.90 84 .44 42.11
(n=11) sd 7.33 5.99 9.97 6.81
Sem 2.21 1.81 3.01 2.05
Max 47.00 188.00 111.40 53.20
Min 25.00 169.50 71.90 22.70
BVTG Mean 41.641 175.94 84.41 40.28
(n=11) sd 9.38 4.18 8.08 7.90
Sem 2.83 1.26 2.43 2.38
Max 54.00 185.50 103.00 51.30
Min 23.00 170.50 72.20 25.80
176 Mean 28.801 177.10 83.30 41.34
(n=11) sd 5.15 7.55 12.08 7.73
Sem 1.55 2.28 3.64 2.33
Max 48.00 191.00 101.50 55.30
Min 29.00 168.50 59.40 29.10
CcG Mean 27.83 178.58 78.52 45.33
(n=6) sd 5.96 6.45 3.97 5.59
Sem 2.43 2.63 1.67 2.28
Max 39.00 186.00 86. .. 55.30
Min 20.00 169.50 73.20 38.70
VIG - ventilatory threshold group

BVTG - below ventilatory threshold group

ITG - interval training group
cG - control group
1 - sig. different from CG (p < .05)



181

Table 6 - Characteristics of the subjects with crmplete data,
at the beginning of the study (n=31).

GROUP AGE HEIGHT  WEIGHT Vo, MAX
(yr) (cm) (kg) (ml.kg.min™ ")
VTG Mean  36.14 180.86 87.861 40.97
(n=8) sd 7.24 4.56 9.93 7.12
Sem 2.56 1.61 3.51 2.52
Max 47.00 182.00 111.40 53.20
Min 26.00 172.50 81.50 29.70
BVTG Mean  42.401  175.38 84.351 39.28
(n=10) sd 9.51 3.98 8.47 7.59
Sem 3.01 1.26 2.68 2.40
Max  54.00 185.50 103.00 51.30
Min 23.00 170.50 72.20 25.80
ITG Mean  39.861  172.79 77.43 41.60
(n=7) Sd 7.55 3.10 9.66 9.44
Sem 2.85 1.17 3.65 3.57
Max  51.00 177.00 90.00 55.30
Min 29.00 168.50 59.40 26.00
CcG Mean  27.83 178.58 78.52 45.33
(n=6) sd 5.96 6.45 3.97 5.59
Sem 2.43 2.63 1.62 2.28
Max  39.00 186.00 86.10 55.30
Min 20.00 169.50 73.20 38.70
VIG - ventilatory threshold group

BVTG - below ventilatory threshold group
ITG interval training group
cG control group

1 - sig. different from CG (p < .05)
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Table 7 - Characteristics of the subjects that participated in
the test/retest reliability of the ventilatory
threshold two study (n=7).

AGE  HEIGHT WEIGHT Vo, M Vo, at Y{Q

(yr) (cm) (kg) (1.min™*) (I.min"*%)
Mean 23.14 180.86 76.10 4,391 2.611
Sd 5.94 8.06 6.55 0.591 0.499
Sem 2.24 3.05 2.47 0.223 0.189
Max 35.00 193.00 86.20 4.989 3.412

Min 25.00 166.00 67.00 3.234 1.788




Table 8 - Test/Retest reliability of the ventilatory threshold
(Mean, * sd), correlation coefficient, coefficient of

determination and t-test (n=7).

VARIABLE TEST RETEST r t

(prob.)

Vo, 2.61 2.55 0.87 .76 0.54

1.min"! (0.54) (0.42)

POWER OUTPUT 1142.86 1200.00 0.96 .93 0.17

kpm/min (299.20) (230.94)

TIME 919.00 927.29 0.98 .97 0.47

sec (154.51) (143.54)

vo, 59.65 57.62 0.69 47 0.48

(% V02 max) (9.75) (7.26)

HEART RATE 141.29 139.00 0.88 .79 0.54

bpm (15.04) (19.35)

HEART RATE 76.02 75.41 0.78 .61 0.75

(% max) (5.56) (7.64)

obs.: all variables measured at the ventilatory threshold two.
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Table 9 - Training power output - P.0. (kpm/min) and Time

(min) for the exercising groups throughout the

study.
P.O. TIME
(kpm/min)
GROUP T 1 T 2 T 3 T 4
VTG 1075.00 1150.00 1225.00% 1325.008b¢
BVTG 960.00 960.00 1020.00 1060.003P
1716 1685.71 1771.43 1885.718b 1942.863P
TIME TIME
(min)

GROUP T 1 T 2 T 3 T 4
VTG 20.00 20.00 20.00 20.00
BVTG 22.66 24.40 23.90 24.54
ITG 13.14 13.29 13.57 14.86

a - sig. different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
¢ - sig. different fromT 3 (p < .05)



Table 10 - Effect of three treatments on selected physiological
variables measured at the maximum exercise capacity.

vo TIME
(1.min%L)
GROUP T 1 T 2 T 3 T 4 TS5
VTG 3.351 3.6948 3.7023  3.718° 3.718%
BVTG 3.233 3.288 3.263 3.376 3.383
ITG 3.175 3.4698 3.5028 3.6552 3.6382
cG 3.592 3.435

Vo 2 TIME

(ml.kg.min"1)
GROUP T 1 T 2 T 3 T 4 T 5
VTG 38.80 43.472 42.934 43.522 43.398
BVTG 39.00 39.74 39.64 41,212 41.248
ITG 41.56 45.018 45.832 47.462 47.11%
cG 45.33 42.874

a - sig. different fromT 1 (p < .05)
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Table 11 - Effect of three treatments on selected physiological
variables measured at the maximum exercise capacity.

v TIME
E.
(1.min"1)

GROUP T1 T 2 T 3 T 4 TS
VTG 129.9 150.52 144.78. 145.89 149.88
BVTG 133.1 140.8 136.9 136.2 140.1
176 125.9 143.78 146.82 151.92 148.6%2
CcG 141.1 105.18

veoy TIME
(l.min"*)
GROUP T I T 2 T 3 T 4 TS5
VTG 3.862 4.223% 4.043 4.2508 4.2918¢
BVTG 3.861 3.797 3.624 3.870°¢ 3.801
ITG 3.823 3.978 4.01620  4.3082 4.1662
cG 4.032 3.932
a - sig. different fromT 1 (p < .05)
b - sig. different from T 2 (p < .05)
¢ - sig. different fromT 3 (p < .05)
2 - sig. different from CG at T5 (p < .05)
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Table 12 - Effect of three treatments on selected physiological
variables measured at the maximum exercise capacity.

RER TIME
GRGUP T 1 T 2 T3 T 4 TS
VTG 1.15 1.13 1.09% - 1.13 1.14
BVTG 1.19 1.15 1.118 1.14 1.15
ITG 1.22 1.158 1.16 1.18 1.15%
CG 1.13 1.20%

HR TIME

(bpm)
GROUP T 1 T 2 T 3 T 4 TS5
VTG 172.5 177.6 177.2 177.9 179.52
BVTG 176.1 173.3 176.6 178.0 177.4
ITG 175.0 179.6 185.12 183.9% 181.6
cG 181.5 181.3

a - sig.

different fromT 1 (p < .05)
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Table 13 - Effect of three treatments on selected physiological
variables measured at the maximum exercise capacity.

P.O. TIME

(kpm/min)

GROUP T 1 T 2 T 3 T 4 TS5
VTG 1775.0 1750.0 1850.0° 1950.03P¢ 1925 03D
BVTG 1622.2 1622.2 1822.23b  1822.23D 1844 .48b
ITG 1685.7 1714.3 1914.33% 1942 93P 1942.93b
cG 1700.0 1600.0
Vg/V0, TIME

GROUP T 1 T 2 T 3 T 4 T5
VTG 38.6 40.7 38.8 39.2 40.0
BVTG 41.3 42.7 42.1 40.8 41.62
ITG 39.9 41.7 42.4 41.8 41.3%
cG 40.2 31.14
a - sig. different fromT 1 (p < .05)

b - sig. different fromT 2 (p < .05)

c - sig. different from T 3 (p < .05)

2 - sig. different from CG at T5 (p < .05)



Table 14 - Effect of three treatments on selected physiological
variables measured at the maximum exercise capacity.

Vg/VCO, TIME
GROUP T 1 T 2 T 3 T 4 TS
VTG 33.5 35.4 35.6 34.2 34.6
BVTG 34.6 37.28 38.12 35.7¢ 37.182
ITG 32.9 36.32 36.5% 35,42 35.882
cG 35.2 27.78

0,PULSE TIME

(ml.beat'l)

GROUP T 1 T 2 T 3 T 4 TS5
VTG 19.4 20.84 20.98 20.92 20.8%
BVTG 18.3 18.9 18.4 18.9 19.1
ITG 18.2 19.3 18.9 19.92 20.0%
cG 19.9 19.1
a - sig. different fromT 1 (p < .05)

c - sig. different fromT 3 (p < .05)

2 - sig. different from CG at T5 (p < .05)
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Table 15 - Effect of three treatments on selected physiological
variables measured at the ventilatory threshold two.

vo TIME

2.

(l.min 1)

GROUP T 1 T 2 T 3 T 4 TS
VTG 2.139 2.5592 2.341P 2.5964¢ 2.6938¢
BVTG 2.207 2.315 2.180 2.283 2.200
ITG 2.062 2.4108 2.165P 2.211 2.308%
cG 2.161 2.412

vo

2 1 TIME

(ml.kg.min ")
GROUP T 1 T 2 T 3 T 4 TS
VTG 24.67 30.078 27.11° 30.16%¢ 31.60%¢
BVTG 26.41 27.79 26.37 27.62 26.80
ITG 26.86 31.392 28.21°  29.20 30.002
cG 27.12 30.23
a - sig. different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
¢ - sig. different fromT 3 (p < .05)
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Table 16 - Effect of three treatments on selected physiological
variables measured at the ventilatory threshold two.

14 TIME
E
(l.min'l)
GROUP T 1 T 2 T 3 T 4 TS
VTG 52.4 67.38 60.7 68.5%¢€ 71.58¢
BVTG 58.7 63.0 57.7 60.8 58.62
ITG 50.3 60.22 53.4 55.1 57.32
cG 52.1 59.20
Vo, TIME
(l.min™*)
GROUP T 1 T 2 T 3 T 4 TS5
VTG 2.019 2.4298 2.188 2.6228¢ 2.6518¢
BVTG 2.121 2.169 1.981 2.237 2.060°
ITG 1.944 2.204 1.953 2.153 2.148
cG 2.000 2.421%

a - sig., different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
2 - sig. different from VIG at T 5 (p < .05)
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Table 17 - Effect of three treatments on selected physiological
variables measured at the ventilatory threshold two.

RER TIME
GROUP T1 T 2 T 3 T 4 TS
VTG 0.94 0.95 0.93 1.018bc 0.98
BVTG 0.98 0.96 0.93 1.00¢ 0.95
ITG 0.94 0.92 0.91 0.97¢ 0.94
CcG 0.92 1.002

HR TIME

(bpm)

GROUP T 1 T 2 T 3 T 4 TS
VTG 132.7 142.0 136.6 145.59 148.78¢
BVTG 138.0 133.0 133.6 138.0 135.3
ITG 140.9 142.9 137.9 137.7 139.0
CcG 134.5 146.2

a - sig. different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
c - sig. different fromT 3 (p < .05)
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Table 18 - Effect of three treatments on selected physiological
variables measured at the ventilatory threshold two.

P.O. TIME
(kpm/min)
GROUP T 1 T 2 T 3 T 4 TS5
VTG 1075.0 1150.0 1225.0 1300.03P 1300.0%P
BVTG 1044.4  1088.9  1088.9 1133.3 1088.9
ITG 1085.7  1171.4  1142.9 1142.9 1114.3
cG 1000.0 1100.0
Vg/V0, TIME
GROUP T 1 T 2 T 3 T 4 TS5
VTG 24.5 26.4 25.9 26.78 26.62
BVTG 27.2 27.6 26.9 27.3 27.1
ITG 24.3 25.0 24.7 25.0 24.9
cG 24.5 24.9

a - sig. different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
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Table 19 - Effect of the three treatments on selected
physiological variables measured at the ventilatory
threshold two.

Vg/VCO, TIME

GROUP T 1 T 2 T 3 T 4 TS
VTG 26.1 27.78 27.82 26.4P 27.1
BVTG 27.6 28.8 28.92 27.4b¢ 28.5
ITG 25.8 27.3% 27.2 25.60¢ 26.5
cG 26.5 25.1
0,PULSE TIME

(ml.beat'l)

GROUP T T 2 T 3 T 4 TS5
VTG 15.9 18.02 17.18b 17.72 18.13€
BVTG 15.6 16.72 15.9 16.2 16.1
ITG 14.6 16.82 15.73b 16.18 16.52
cG 16.2 16.6

a - sig. different fromT 1 (p < .05)
b - sig. different fromT 2 (p < .05)
c - sig. different from T 3 (p < .05)



Table 20 - Effect of the three treatments on body composition.

GROUP VARIABLE PRE MID POST

VTG WEIGHT 87.71 87.3 87.5
(kg) 1

BVTG 84.3 83.32 82.78

ITG 77.4 77.5 77.7

cG 78.5 79.4%

GROUP VARIABLE PRE MID POST

VTG DENSIT 1.043591 1.04578 1.04349°

(gm.ml™*)

BVTG 1.03725% 1.03836 1.042838b2

ITG 1.05040 1.05044 1.05356

cG 1.06542 1.06595

GROUP VARIABLE PRE MID POST

VTG FAT 23.8! 22.9 23.92
(%)

BVTG 26.41 26.0 24.18b2

ITG 20.9 20.9 19.6

cG 14.8 14.6

a - sig. different from PRE (p < .05)

b - sig. different from MID (p < .05)

1l - sig. different from CG at PRE (p < .05)

2 - sig. different from CG at POST (p < .05)
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Table 21 - Effect of the three treatments on body composition.

GROUP VARIABLE PRE MID POST

VTG FAT 21.41 20.4 21.4%
(kg)

BVTG 22.6! 22.0 20.38b2

ITG 16.51 16.6 15.6

cG 11.6 11.6

GROUP VARIABLE PRE MID POST

VTG LBM 66.3 66.9 66.2
(kg)

BVTG 61.8 61.3 62.4

ITG 61.0 61.0 62.2

cG 56.9 67.8

GROUP VARIABLE PRE MID POS?T

VTG SUM 7 105.76 108.04 108.09
(mm) 1 b

BVTG 120.96 118.19 111.948

ITG 96.68 97.10 100.29

cG 69.0 75.468

a - sig. different from PRE (p < .05)

b - sig. different from MID (p < .05)

1 - sig. different from CG at PRE (p < .05)

2 - sig. different from CG at POST (p < .05)



Table 22 - Effect of the three treatments on body composition.

GROUP VARIABLE PRE MID POST
VTG TRI 12.61 12.26 11.99
(mm) 1
BVTG 13.64 12.94 12.70%
ITG 11.59 11.04 11.06
CG 8.50 8.54
GROUP VARIABLE PRE MID POST
VTG ssc 18.46 18.93 18.27
(mm) ] b
BVTG 23.20 22.93 21.428
ITG 16.49 16 .83 16.57
CG 11.40 12.40%
GROUP VARIABLE PRE MID POST
V16 SI 17.79 18.81 18.94
(mm)
BVTG 19.03 18.06 17.08%
ITG 16.10 14.94 16.97°
CcG 10.14 12.262

a - sig. different from PRE (p < .05)
b - sig. different from MID (p < .05)
1 - sig. differen from CG at PRE (p < .05)
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Table 23 - Effect of the three treatments on body éomposition.

GROUP VARIABLE PRE MID POST
VIG ABD 26.70 26.10 26.76
(mm)
BVTG 29.37 28.39 26.16%
ITG 22.16 23.07 24.49
cG 16.82 18.74
GROUP VARIABLE PRE MID POST
VTG BI 5.89 6.10 6.402
(mm)
BVTG 6.79 6.73 6.78
ITG 5.33 5.51 5.53
cG 4.30 4.40
GROUP VARIABLE PRE MID POST
VTG THI 13.64 15.03 15.09
(mm) ]
BVTG 18.22 18.61 17.74
ITG 14.96 15.97 16.24
cG 10.92 12.20

a - sig. different from PRE (p < .05)
b - sig. different from MID (p < .05)

1 - sig. different from CG at PRE (p < .05)
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Table 24 - Effect of the three treatments on body composition.

GROUP VARIABLE PRE MID POST

VTG CAL 10.70 10.81 10.61
(mm)

BVTG 10.72 10.56 10.03

ITG 10.07 9.73 9.47

cG 7.14 6.88
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Table 25 - Changes in total energy intake.

GROUP . TOTAL INTAKE PRE MID POST
(Kecal)

VTG 2770.4% 2513.17 2524.16

BVTG 2882.75 2529.27 3001.62

ITG 2536.72 2348.37 2510.07

PRE - baseline value measured before the beginning of the study,

and based on average of two three day questionnaires.
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Table 26 - lLactate concentration (mmol.l.'l) during

training at different exercise incensities at the
beginning and at the end of the study measured at
rest, mid exercise and immediately efter exercise.

CONDITION
GROUP REST MID POST
VTG BEG 0.998 4.4661 4.599{
END 0.906 4.8291 4.045%
VTG BEG 0.829 3.303% 3.44218
END 0.721 3.32312 3.288%
ITG BEG 1.281 5.9691ab 7.19712ab
END 1.009 6.2871ab 7.58012ab

1
2

a
b

obs.:

sig. different from REST (p < .05)
sig. different from MID (p < .05)

there were no sig. differences between BEG and END in all
groups for the PRE, MID or POST conditions.

sig. different from VIG
sig. different from BVIG (p < .05)

(p < .05)
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Table 27 - Free fatty acid concentration (ukq.l.
during training at different exercise intensities at
the beginning and at the end of the study (measured

.1)

at rest, mid exercise and immediately after).

CONDITION
GROUP REST MID POST
VTG BEG 404.36 412.33 440.94
END 598.98 607.40 667.61
BVIG BEG 412.31 430.03 527.7512a
END 588.01 525.26 743.1512
ITG BEG 494.38 411.01 570.962
END 506.00 499.60 488.27
1 - sig. different from REST (p < .05)
2 - sig. different from MID (p < .05)
a - sig. different from VIG (p < .05)
obs.: there were no sig. differences between BEG and END in all

groups for the REST, MID or POST conditions.
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Table 28 - Interrelationship between increases in blood lactate
and free fatty acid concentrations during training at
different exercise intensities, at the beginning and
at the end of the study. Correlation coefficients
calculated for pooled data.

BEGINNING OF STUDY END OF STUDY
(n=24) (n=20)
La 1 La 2 La 3 La 1 La 2 La3
FFA 1 -.057 .185
p=.396 p=.217
FFA 2 .252 .086
p=.118 p=.360

FFA 3

La 1 = mid exercise - rest
La 2 = end exercise - rest
La 3 = end exercise - mid exercise

FFA 1 = mid exercise - rest
FFA 2 = end exercise - rest

FFA 3 = end exercise - mid exercise

P - sig. level



204

Table 29 - Interrelationship between increases in blood lactate
and free fatty acid concentrations during training at
different exercise intensities, at the beginning and
at the end of the study. Correlation coefficients
calculated for group data.

GROUP BEGINNING OF STUDY . END OF STUDY
VTG (n=8) (n=7)
La 1l Lla 2 La 3 La l La 2 La3
FFA 1 442 | .501
p=.136 p=.126
FFA 2 -.345 .379
p=.201 p=.201
FFA 3

La 1 = mid exercise - rest
La 2 = end exercise - rest
La 3 = end exercise - mid exercise

FFA 1 = mid exercise - rest
FFA 2 = end exercise - rest

FFA 3 = end exercise - mid exercise

P = sig. level



Table 29 - (Continued)
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GROUP BEGINNING OF STUDY END OF STUDY
BVTG (n=9) (n=9)
La l La 2 La 3 La 1 La 2 La3
FFA 1 -.249 -.164
p=.259 p=.337
FFA 2 407 .492
p=.139 p=.089
FFA 3

La 1 = mid exercise - rest
La 2 = end exercise - rest
La 3 = end exercise - mid exercise

FFA 1 = mid exercise - rest
FFA 2 = end exercise - rest
FFA 3 = end exercise - mid exercise

P = sig. level
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Table 29 - (Continued)

GROUP BEGINNING OF STUDY END OF STUDY
ITG (n=7) (n=4)
La l La 2 La 3 La 1 La 2 © La3
FFA 1 .551 -.263
p=.100 p=.368
FFA 2 .199 .792
p~.335 p=.104
FFA 3

La 1 = mid exercise - rest
La 2 = end exercise - rest
La 3 = end exercise - mid exercise

FFA 1 = mid exercise - rest
FFA 2 = end exercise - rest
FFA 3 = end exercise - mid exercise

P = sig. level



207

Table 30 - Studies published in the last two decades on the effects of
training on maximum oxygen consumption of male subjects.

STUDY PRE VO, POST VO, PRE VO, POST VO, TYPE
(l/mlng (l/mln) (ml/kg/min) (ml/kg/min)
* *

Denis et al. 2.94 3.41 46 .4 54.4 cc
(1988) (30.48) ($0.50) (18.30) (£7.90)
Moore et al. 2.77 3.37* cc
(1987) (#0.36) (£0.33)
Moore et al. 3.52 3.54 cc
(1987) (#0.42) (30.35)
Rotstein et al. 54.2 58.6* IR
(1986) (£3.67) (+3.85)
Sharp et al. 52.8 57.1% IC
(1986) ($0.08) (#2.13)
Bhambhani and Singh 3.11 3.49% cc
(1985b)
Bhambhani and Singh 3.00 3.34% cc
(1985b)
Bhambhani and Singh 3.35 3.76% IC
(1985b)
Poole and Gaesser 30.5 34.9* cc
(1985) (+2.70) (#2.11)
Poole and Gaesser 32.1 38.6* cc
(1985) (#1.85) (£1.66)
Poole and Gaesser 37.6 43.3* IC
(1985) (#2.01) (*¥1.61)
Gaesser et al. 3.69 4.06* cc
(1984) (#0.17) (30.18)
Smith and O’Donnell 51.3 58.2 CR
(1984) (£2.20) (+2.90)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;

IT - interval/treadmill; IR - interval/running or walking
significant different from pretest
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Table 30 - (Continued)

STUDY PRE V0O, POST V02 PRE V02 POST V02 TYPE
(l/min (1/min) (ml/kg/min) (ml/kg/min)

Gaesser and Rich 2.99 3.47* 43.3 50.1* cC
(1984) (20.21)  (%0.11) (22.4) (+1.5)
Gaesser and Rich 2.71 3.05% 37.7 42.5% cc
(1984) (20.11)  (20.10) (£1.6) (#1.4)

Thomas et al. 4.10 4.30 53.8 55.8 CR
(1984) (20.60)  (20.60) (+7.00) (#4.00)
Thomas et al. 3.60 3.90 51.7 56.1 CR
(1984) (+0.50)  (20.60) (+4.40) (+4.50)
Thomas et al. 3.90 4.20 51.7 56.8 IR
(1984) (#0.40)  (%0.30) (+4.40) (+3.00)

Denis et al. 3.49 3.72% 48.5 52.2% cc
(1984) (+0.40)  (%0.40) (+3.20) (3.20)

Denis et al. 3.57 4.15% 49.8 58.8% cc
(1984) (#0.38)  (%0.35) (+52.2) (+3.60)
Golden and Vaccaro 44 .8 47.3 cc
(1984) (+6.70) (+5.30)
Golden and Vaccaro 42.9 43.6 cc
(1984) (+8.10) (#5.40)

Ready and Quinney 3.46 4.73% 45.7 64.2% cc
(1982) (20.70)  (#0.70) ($8.40) (#9.50)

Denis et al. 3.40 3.62 cc
(1982) (#0.43)  (%0.37)

Yoshida et al. 2.72 3.10% 43.7 50.0% cc
(1982) (#0.14)  (#0.18) (£1.80) (22.3)

Sjodin et al. 4.54 4.64 68.7 69.9 cT
(1982) (#0.39)  (%0.29) (+2.60) (+3.80)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;

IT - interval/treadmill; IR - interval/running or walking
significant different from pretest
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STUDY PRE VO, POST VO, PRE VO POST VO,  TYPE
(1/min) (l/min) (ml/kg/min) (ml/kg/min)

Smith and Wenger 51.5 52.0 cc
(1981) (+1.30) (21.20)
Smith and Wenger 49.4 56.9% cc
(1981) (+1.50) (+1.30)
Smith and Wenger 48.9 49.9 IC
(1981) (31.8) (#1.70)
Smith and Wenger 50.8 52.3 IC
(1981) (+1.90) (#1.90)
Hickson et al. 3.12 3.85% Ic
(1981) (20.21)  (#0.20) cc
wilmore et al. 3.12 3.45% 39.2 44.5% CR
(1980)
wilmore et al. 3.09 3.56% 37.2 43.1% cc
(1980) . .
Gettman et al. 3.43 3.78 42.5 47.2 CR
(1979) (20.36)  (40.28) (+4..00) (2.10)
Cunningham et al. 1.90 2.29% 36.8 44.7% cc
(1979) (#0.11)  (#0.12) (+1.80) (2.10)
Cunningham et al. 2.03 2.50% 36.6 44.6% Iic
(1979) (20.07)  (#0.12) (#0.80) (1.60)
Davis et al. 2.77 3.47% 31.1 40.0%" cc
(1979) (#0.22)  (+0.20) (+2.40) (22.30)
Dolgener and Brooks 2.60 2.93% 35.5 40.8 CR
(1978) (+0.19)  (#0.15) (£2.44) (+2.63)
Dolgener and Brooks 2.72 2.99 39.3 43.6 IR
(1978) (20.17)  (#0.13) (+1.38) (+2.21)

CC - continuous/cyle ergometer; CT - continuous/treadmill;
CR - continuous/running or walking; IC - interval/cycle;
IT - interval/treadmill; IR - interval/running or walking

significant different from pretest
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Table 30 - (Continued)

STUDY PRE VO, POST VO, PRE VO, POST VO,  TYPE
(l/mlng (l/mln) (ml/kg/min) (ml/kg/min)

Eddy et al. 2.78 3.01% cc
(1977) (20.34)  (20.39)

Eddy et al. 2.66 2.87F IC
(1977) (#3.90)  (20.33)

Fox et al. 52.7 55.1% IT
(1977) (#4.50) (+5.10)

Fox et al. 51.5 55.6F IT
(1977) (+4.60) (24.7)
Pollock et al. 2.47 2.90" 31.0 36.8° CR
(1976) (+0.35)  (20.40)

Getchell and Moore 2.78 3.428 CR
(1975) (#0.13)  (20.15)

Davies and Sargeant 3.06 3.20 cc
(1975) (£0.52)  (20.44)

Fox et al. 3.19 3.53% 43.5 48.0" IR
(1975) (£0.44)  (20.49) (+4.7) (+4.5)

Fox et al. 3.16 3.45% 44.2 48.7% IR
(1975) ($0.45)  (20.46) (+4.9) (#5.5)

Fox et al. 3.06 3.45% 43.2 49.2% IR
(1975) (#0.17)  (%0.23) (+4.80) (#4.10)

Fox et al. 3.16 3.58% 41.9 47.7% IR
(1975) (#0.61)  (20.50) (#4.30) (+2.7)
Pollock et al. 2.74 3.00% 32.6 36.1% CR
(1975) (#0.36)  (40.42) (+4.02) (4.70)
Pollock et al. 2.74 3.04% 32.4 36.5% CR
(1975) (#0.18)  (%0.24) (3.12) (#2.55)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;
IT - interval/treadmill; IR - interval/running or walking
significant different from pretest
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STUDY PRE VO, POST VO, PRE VO POST V0,  TYPE
(1/min (1/min) (ml/kg/min) (ml/kg/min)

Pollock et al. 2.72 3.34% 23.1 40.9% cc
(1975) (#0.19)  (%0.39) ($4.26) (+4.79)
Girandola and Katch 3.49 3.72% 45.9 49.0% 0
(1973) (20.58)  (20.50) (+8.35) (+7.49)
Knuttgen et al. 3.07 3.56* 45.8 52.6% IR
(1973) (20.10)  (%0.10) (+1.20) (+1.00)
Knuttgen et al. 2.86 3.59% 43.1 53.4F IR
(1973) (#0.14)  (20.14) (+1.90) (+1.80)
Knuttgen et al. 3.18 3190* 46.4 57.0% IR
(1973) (20.17)  (#0.15) (+2.30) (+2.40)
Pollock et al. 2.84 3.36% 36.0 40.1% CR
(1972) (20.28)  (20.41) (#3.00) (#3.50)
Pollock et al. 3.11 3.52% 38.5 44.0% CR
(1972) ($0.38)  (#0.41) (+42.8) (+3.90)
Fox et al. 3.20 3.49% 45.4 49.0% IR
(1972) (#0.30)  (#0.21) (+5.80) (+3.30)
Fox et al. 3.23 3.39% 45.8 48.2 IR
(1972) (#0.52)  (#0.51) (+6.00) (+7.40)
Fox et al. 3.26 3.50% 4b.4 48.4% IR
(1972) (+0.38)  (#0.40) (£5.30) (+5.90)
Davies and Knibbs 47.0 46.7 cc
(1971) (+4.80) (+5.40)
Davies and Knibbs 50.8 52.5 cC
(1971) (+2.50) (#3.60)
Pollock et al. 2.30 2.90% CR
(1971) (#0.40)  ($0.40)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;

IT - interval/treadmill; IR - interval/running or walking; O - other
significant different from pretest
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Table 32 ‘- Studies published in the last two decades on the effects of
training on oxygen consumption at the anaerobic threshold, or lactate
threshold or ventilatory threshold in male subjects.

STUDY PRE VOZ POST V02 PRE VOZ POST V02 TYPE
(l/min) (1/min) (% of max) (% of max)

Denis et al. 1.90 2.40% 60.0 70.0% cc

(1988) (20.30)  (%0.40) (+3.0) (6.0)

Denis et al. 2.20 2.80% 74.0 80.0%* cc

(1988) (20.30)  (20.30) (24.0) (35.0)

Hill et al. 1.64 2.05% 58.6 65.5% 1c

(1987) (#0.08)  (#0.09) (+1.9) (+1.7) cc
CR

Poole and Gaesser 1.19 1.41% 39.8 41.1 cc

(1985) (+0.07)  (*0.06) (22.8) (#3.0)

Poole and Gaesser 1.42 1.82* 43.7 47.2 cc

(1985) (20.15)  (#0.11) (+2.5) (+1.8)

Poole and Gaesser 1.53 2.23% 40.9 51.3% ic

(1985) (#0.14)  (20.15) (+4.4) (+3.9)

Smith and O’Donnell 2.27 3.00%* 62.3 73.0% CR

(1984) (30.17) - - .

Golden and Vaccaro 2.20 2.23 65.8 63.2 cc

(1984) (20.29)  (20.43) (#7.1) (+10.5)

Golden and Vaccaro 2.08 2.11 66.0 66.2 cc

(1984) (20.27)  (#0.21) (4.1) (£7.5)

Gaesser and Poole 1.68 1.77 45.5 45.1 cc

(1984) (#0.11)  (#0.12) (£2.0) (22.6)

Bhambhani et al. 2.42 2.73% 74.9 75.4 cc

(1983)

Bhambhani et al. 1.90 2.87F 60.4 70.4 cc

(1983)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;

IT - interval/treadmill; IR - interval/running or walking
aignificant different from pretest



Table 32 - (continued).
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STUDY PRE VO, POST VO, PRE VO POST VO,  TYPE
(l/m1n§ (l/mln) (8 of max) (% of max)
Bhambhani et al. 2.31 2.87% 69.5 73.7 Ic
(1983)
Sjodin et al. 85.3 86.6 CcT
(1982) (33.2) (#3.8)
Denis et al. 74.0 81.0 cC
(1982) (24.0) (4.0)
Ready and Quinney 2.13 3.63% 64.9 77.5% cc
(1982) (#0.37)  (20.46) (+14.4) (+11.0)
Yoshida et al. 1.00 1.37F 37.4 44.1 cc
(1982) (#0.03)  (%0.15) (22.2) (+3.6)
Davis et al. 1.36 1.96F 49.4 57.0% cc
(1979) (#0.10)  (%0.10) (22.60) (22.10)

CC - continuous/cyle ergometer; CT - continuous/treadmill;

CR - continuous/running or walking; IC - interval/cycle;

IT - interval/treadmill; IR - interval/running or walking
aignificant different from pretest
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Table 33 - Relationship between changes in VO, max and VO,
at the ventilatory threshold two.

GROUP CHANGE FROM r ré
VTG TEST 2-1 0.397 0.158
(n=8) 3-2 0.189 0.036
4-3 0.442 0.195
5-4 0.506 0.256
5-1 0.059 0.004
BYTG TEST 2-1 0.306 0.094
(n=10) 3-2 0.7408 0.548
4-3 0.297 0.088
5-4 0.548 0.300
5-1 0.314 0.099
ITG TEST 2-1 0.212 0.045
(n=7) 3-2 -0.600 0.360
4-3 0.406 0.164
5-4 0.312 0.098
5-1 -0.499 0.249
ALL GROUPS TEST 2-1 0.397P 0.158
(n=25) 3-2 0.223 0.050
4-3 0.183 0.034
5-4 .0.422P 0.178
5-1 0.162 0.026
4significant at .05 (critical value = .632)

significant at .05 (critical value = .396)

obs.: TEST 2-1 = VOZ max from TEST 2 minus VO, max from
TEST1 versus V02 at VT2 from TEST 2 minus V02 at VT2 from
TEST 1



Table 34 - Effects of training at different exercise intensities
on skinfold measurements (percent change from pre
training). Data from the present study and from
Despres et al., 1985.

SKINFOLD VTG BVTG ITG DESPRES ET AL.

1985

TRICEPS -3.85 -7.52 -2.85 -11.0

SUBSCAPULA -0.15 -6.67 +0.13 -12.0

SUPRAILIAC +7.32 -10.64 +3.20 -18.0

ABDOMEN +2.20 -11.53 +13.30 -13.0

BICEPS +9.38 +2.24 +5.17 -9.0

THIGH +10.80 -2.87 +8.82 -13.0

CALF +1.39 -4.75 -2.63 -7.0

obs.: data from Despres et al. was measured on left side of the

body according to the International Biological Programme, while
in the present study measurements were taken on the right side
according to the techniques recommended by the International
Working Group on Kinathropometric Techniques.
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Table 35 - ‘Ratios of subcutaneous fat to total body fat ( 7SKF/
¢ body fat) as a result of training at different
exercise intensities. Pre, mid, and post training
values from the present study, and pre and post
training data from Despres et al. 1985.

GROUP PRE MID POST

VTG 4.57 4.78 4.65

' (1.20) (0.92) (0.81)

BVTG 4.57 4.59 4.66

(0.80) (0.63) (0.55)

ITG 4.58 4.64 5.08

(1.01) (1.03) (1.16)

CcG 5.53 6.50

(0.87) (1.50)

DESPRES ET AL. 5.30 5.30

1985 (0.70) (0.80)
obs.: data from Despres et al. was measured on left side of the

body according to the International Biologiczl Programme, while
in the present study measurements were taken on the right side
according to the techniques recommended by the International
Working Group on Kinathropometric Techniques.
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Table 36 - Ratios of subcutaneous fat corrected for the skin
thickness to total body fat (( 7SKF - 28 mm) / $ body
fat) as a result of training at different exercise
intensities. Pre, mid, and post training values from
the present study, and pre and post training data
from Despres et al. 1985.

GROUP PRE MID POST

VTG 3.21 3.35 3.25

(1.38) (1.17) (1.10)

BVTG 3.48 3.47 3.45

(0.54) (0.59) (0.58)

ITG 3.20 3.24 3.59

(1.09) (1.08) (1.27)

cG 3.17 3.63

(1.18) (1.06)

DESPRES ET AL. 3.20 2.90

1985 (1.50) (1.30)
obs.: data from Despres et al. was measured on left side of the

body according to the International Biological Programme, while
in the present study measurements were taken on the right side
according to the techniques recommended by the International
Working Group on Kinathropometric Techniques.

Correction of skinfolds is based on the assumption that the
thickness of a double layer of skin equals 4 mm (Allen et
al.,1956). As seven skinfolds were measured, the correction was
28 mm.
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Table 37 - Relationship between changes in FFA concentration
during training at different exercise intensities
and changes in body density.

GROUP TIME r ré

VTG BEG -0.378 .143
(n=8) END -0.149 .022
BVTG BEG -0.224 .050
(n=10) END -0.525 .276
ITG BEG -0.278 077
(n=7) END 0.185 034
ALL GROUPS BEG 0.107 .011
(n=25) END 0.103 011

obs.: BEG - FFA concentration measured

END - FFA concentration measured

training

training

in the first week of

in the last week of



Table 38 - Relationship between changes in FFA concentration
during training at different exercise intensities
and changes in the sum of seven skinfolds.

GROUP TIME r rt

VTG BEG 0.564 0.319
(n=8) END -0.374 0.140
BVTG BEG 0.788 0.621
(n=10) END 0.276 0.076
ITG BEG -0.218 0.048
(n=7) END -0.353 0.124
ALL GROUPS BEG -0.069 0.005
(n=25) END -0.374 0.140

obs.: BEG - FFA concentration measured in the first week of
training

END - FFA concentration measured in the last week of
training
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APPENDIX E

PAR-Q is designed to help you help yourself. Many health benelits are associated with reqular
exercise, and ths complation of PAR-Q is 8 sensible first step to take it you are planning to
incresse the amount of physical activity in your life.

For most people physical sctivity should not pose any problem or hazerd. PAR-Q has heen
designed to identify the small number of adults for whom physicsl activity might be inappropriste
or those who should have medical advice concerning the type of sctivity most suitable for them.

Common sense is your best guide in answering these few questions. Please read them
carefully and check (/) the O YES or O NO opposite the question if it applies to you.

YES NO

1. Has your doctor ever said you have heart trouble?

2. Do you [requently have pains in your hearl and chest?

. Do you often feel faint or have spells of severe dizziness?

4. Has a doctor ever said your blood pressure was 100 high?

ooooao
goooa

5. Has your doctor ever told you that you have 8 bone or joint problem such
a5 arthritis that has been aggravated by exercise, of might be made
worse with exercise?

a
a
o

. Is there 8 good physical reason not mentioned here why you should not
{oltow an activity program even if you wanted to?

. Are you over age 65 and not accustomed to vigorous exercise?

s !

YES to drie or NO 1o all'questions
it you snswered PAR-Q sccurately, you have
ragsonsble sssurance of your present guitabllity

for:

e A GRADUATED EXERCISE PROGRAM - A
gradusl incresse in proper exercise pro-
motes good fitness development while
minimizing or eliminating discomfort.

o AN EXERCISE TEST - Simple tests ol fitnets
(such as the Canadian Home Fitness Test)
or more complex !ymmybommton

# you so desire.

!
AN

i you have not recently done 80, consult with
your personsi phyddmbyuwmorhpom
BEFORE increasing your physical activily and/or
taking 8 fitness test. Tell him what questions you
answerad YES on PAR-Q, or show him your copy.

evalustion, avice from your
Wubmmm
e unrestricted physicst ectivity, probatly on &

graduslly incressing batie.

o restricted or supervised sctivity to maet your
specific needs, at fesst on an initial basis.
Check in your community for epacisl programs or

#f you have & temporary minor iliness, such as 8
common cold.

[T 1 1 | N Lo . Fe, o N . h 1 : . i Ay
* Developed by the Buitish Columbis Ministry of Haaith, € tiged snd iqued by t.e M i y Advisory Bosd on Exercise (MABE).
Teanslation, reproduction and use in its entirely s encoureged. Modifications by written permission only. Hot to be used for commercisl
n ordet 10 SOKCH Dusiness from public.
Retersnce: PAR-O Validstion Repont, British Colombis Ministry of Hesith, 1976.
* Produced by the Bretish Columbia Ministry of Hesith 8nd the Depertment of Nations! HesWh & Weltare




APPENDIX F

CONSENT FORM

I, hereby
agree to volunteer in a study titled, *Effects of Continuous and
Intermittent Training on Body Composition and Selected
Physiological Parameters”.

I understand that I will be required to:

1. Perform a minimum of two (for subjects in the Control
Group) or a maximum of six (for subjects in the Exercising
Group) graded exercise tests on a bicycle ergometer
designed to determine my Maximum Exercise Capacity.

2. Undergo a minimum of two (for subjects in the Control
Group) or a maximum of six (for subjects in the Exercising
Group) tests designed to determine my percent body fat by
the hydrostatic method.

3. Undergo a minimum of two (for subjects in the Control
Group) or a maximum of six (for subjects in the Exercising
Group) anthropometric protocols in order to assess the
amount of fat in different sites of the body.

4. Train on a bicycle ergometer three times a week for a
period of 12 weeks, at either a submaximal or maximal work
capacity (for subjects in the Exercising Group). Each
training session will last a maximum of 30 minutes. During
two of these training sessions, a 5 ml blood sample will
be withdraw from my cubital vein prior to the beginning of
the training, after five minutes of exercise and after
fifteen minutes of exercise. The samples will be analysed
for lactate and FFA concentration.

It is my understanding that:

1. All training and testing sessions will be supervised by
qualified and experienced technicians, which are familiar
with the guidelines for terminating a graded maximal
exercise test.
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2. Blood samples will be withdrawn by an experienced lab
technician.
3. If at any time during the tests or training I experience

unusual discomfort, I will be allowed to discontinue the
activity. I will also be allowed to opt out of the study
at any time during Iits course without any obligation of
offering an explanation.

I have completed the Physical Activity Readiness
Questionnaire (PAR-Q) and the information provided is accurate to
the best of my knowledge.

By agreeing to participate in such a study, I waive any
legal recourse against the University of Alberta or |its
representatives, from any and all claims resulting from the
study.

Subject:

Witness:

Investigator:

Paulo Sergio Chagas Gomes

Date: January , 1987
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APFENDIX G

THE DENSITY OF WATER AT VARIOUS TEMPERATURES

TEMPERATURE C° DENSITY
20 .9982
21 .9980
22 .9978
23 - .9976
24 9973
25 .9971
26 .9968
27 . .9965
28 . .9963
29 .9960
30 .9957
31 .9954
32 : .9951
33 .9947
34 .9944
35 .9941
36 9937
37 ' .9934
38 .9930
39 .9926

40 9922



APPENDIX H

CALCULATIONS FOR UNDERWATER WEIGHING

MEASUREMENTS:
1. Weight in aif coocececcrecnnons (lbs)*
2. Vital capacity ..oceceeeces Jliters)® x 6102 = .eeerenneneens cu.in.
3. Residual volume .....cccceevecsascncesd cu.in.
(30% - males, 25% - females of the V.C. in cubic inches)
4, Volume of the gastro-intestinal track = JURUTY X1 ) PR cu.in.
S. Weight in water =
[tchart reading® x bell Wi}/ 75] - belt WL = .cccicisiniinnnnnnnee
CALCULATIONS:
6. Total Body Air =
V. C. crrecvnnncrnsanenes (cu. in.) (from #2)
+R.V. creecrecnncnneee (cu. in.) (from #3)
+Gl. .......7.0L....... (cu. in.)
LT e ceeveree X 00362 = .ccverenceninires (1bs)
7. True weight in water = wt in water + total body air
E 3. JESOO 4 #6.cercerssereoene = sveececccrssessrenees lbs
8. Bodyvolume=wtinair-tmewtinwawt
#1 ...... 98O - #7 e09ee00s0COOSS = ‘.‘..'CI..‘..OIOOJM
9. Body density = [wt in ait/ body volume] x density of water®
| €2 WS 7 ¥8iereneieenn cecenene | [ SO P PR
10. Fat % = [{4.570 7 body deusity] - 4,142] x 100 = cceeerreernns %
11. Lbs of fat = [% fal .cceccreeeceees X Wt i QT ceeceecienrene ] 7 10 =
................. lbs
12.

E- 3 LU | R = ceeereeeossenes LBW



APPENDIX I

Directions For.Dally Menu

© The purpces of INs study Is (o discover sverthing
YOU 0OASUME during ¢ three dey pariod. 1t ls
mportent to record sk foads snd beversges «
om g full course family dinner ot hame (o » quick
aup of aollee of work Delere you begin to record
n your dlsry, however, plesse resd the following
direciions snd examing closely the semple dey.

There e 9 seciion for every day. ’
The day be broken Into 8 consumption periads:

Morning Meast
Hidmorning Snech

Middey Maee!
Alterncon Sneck

Evening Moot
Evening Snack

Foods snd baversges consumed swgy from
home - ot worly, st ¢ resteursnt, or when vislling
triands ~ 819 lust 99 Importent o9 those esten st
home. Therelore, ¥ s Importent thel your record
YOur eniries 6¢ 800N sher esting o possibie. The
Gllowing entries thouild be Included in you!
mcarding

1. Wenu ltem Column: Entgr In Ihls column
ol foods, beversped, elc. consumed during
the meal or enack. ¥ your lemlly eats two
kinds of 'cereels or has savers! different
toee of ssndwiches lor exsmple, pleses
record ¥he oorrect type. .

Enles in the same block a9 the menu llem ot

tooninge or Sdditives used on the meny ltem

ot the time of ealing (syrups, gravies, butter,

milk, sugs’, eic). Please by speclic Inyouw

;4:'4« = maple syrun, 2% lowfet mill; orepe
, 916 o

2. UnR of Hessure Column: For every meny
Rom and every tapoing or sddilive. enter (n
INs column olther the wont “Aumber®, .
‘eup’, "ounce®, “teaspoon®, “tadblosbaon”,
Not only the menu ltem, byt the topoing or
odditive 88 well, must have Ity own unt of

3 Number of Units Column: In this ere,
record the number of units consumed.
Include the emount of the meny llem end
the amount &f 1o0pinge or edditives
consumad. An estimste of the unit 1y
sallsfactary. Actus! messuring is unnecesssry

.unless Ihe esact wolght, ¢0. mest, Is known,

4.’ Doscription Column: For over meny ftom
plesse Include In thly column:

= the brand (Il known)

= the type end ligvour (If spolicabla)
Le. homemadae, strawberry welifles

= the method of cooking ( epoticsbie)
Le. scrambiod, beked, Ired

fi ls not necessary 1o descitye the topoinge
or sdditives, only the menu ltem.

8. “Whare Zeten” Cotegory: llems consumed

© sway itom home are Just a8 importent g
those items consumed st home. All
consumetion should be recorded !t 1g o
importent, st the end of sech mesl, 1o check
whaere thet mes! was consumed. R

For example st the moming mesl, one of the
theee categories below must be checked:

Ealon st home o
Eoton sway from home *
Oldnoloat ~ ~*°

6. Delly Cheok: / ter YU haye Nnlsved your
rocording for the day, 0o beck over your
sniries and make swre (1t for every entry
(svery meny ltam, snd 10poing of sddiive).
there Is an eperopriaie unit of messure end
the comesponding nmbers ‘sre given. Alss
check 10 409 thal st the end of sech meal,

* the sporoprisie catlegory Is checked.

What you set and drink everyday Is Importent and
YOur eniry should be se sccurate se possiile.

TNAAK you for your participeticn and co-operation

. Inheking to produce & delelled qusbly study,
- Pigsse examing osrelully tho Sample dey belore
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UENLU (TEL

UNIY OF WEAS.

BEGCRIPTION OF MENU IYEM

Enter of 10008, DevVereges. otc
consumed 88 meny Kemi.
For every manu Hem, include
ony Lonpings or sdditives sdded
1o the menu Kem e the time of eeting

Enter the Word
“eup”

“ounce”
“aumber”
“lesepoon”
“tabiespoon”.

Units

Ho. ot

Yype of
Flsvour

Wethod of
Cooking

Brend

r>m2 0Z2—~-2302

Meny ttem
.-

Teomingt o
Add|tives

B bbbt

R it addiaddin

- -

R e Db

e —.———- R L B T R R

derrormnecheecrcnceducccece-

uov:: m_m_ -
Toppinge of
Additives

R S

- - - -

- - P R L T R

B R R R N

= o - - - - s = o =]
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- -

Y L L

P R ] sttt

B T L R

Meny ltam
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AddNives

T e L T R

- - -

s helelebahatdndy Realadd

. T L L R Y L XX X
E

thenu ltam
[ e bttty

R e diahakatndal

———— -

P et bt
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R R L R R

[ s il

P ke

B B it T

Jewrcecmcrbh e rmdecnc -

Eaten g: Your Home

Eston Awey From Your Home

DayOne

Did Not Est

UNIT OF MEAS.

OESCRIPTION OF UENU ITEM

any topoinge
10 the many ikem f the tims of eeting

EM.'_NWM

Ho. of
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Type of
Flavour
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Moy tem
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UENU ITEU

UNIT OF UEAS.

OESCRIPTION OF MERU ITEM

Enter sk foods. heversges, eic.
congumed 8- many Hems.
For every menu em, include
sy LpEings of additives sdded
10 the menu Hem gt the time of eating

€nter the Word
~cup”

“ounce”
“aumber
“teatpoon”
~tablagpoon™
— et

WNo. of
Units Yype of

Flavour

HSethod of
Cooking

Srend

r>Pm: <>»00-—-3

Manu item

Tapoings of
Addiives
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e e rm v em e - -
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P
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UNIT OF LEAS. DESCRIPTION OF UENU ITEM
Enter the Word
~cup”

MENU (TEUN
Enter 3t lo0AS. DEVISGES. 01C. No..of
congumed

&3 menu items. . -
For every meny item, include oS L I T Troe of ethod of
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APPENDIX K 283

DESCRIPTION OF THE FACULTY OF DENTISTRY NUTRIENT DATA BASE

Introduction

The nutrient data base developed by the Faculty of Dentistry is based on
the RKellogg Data Base. In 1985, {t was updated with selected
{nformation from the 1985 Canadian Nutrient File (CNF, 1985), the United
States Department of Agriculture handbooks (USDA, 1976-1984), Canadian
food companies, and Pennington aud Church's Food Values of Portions
Commonly Used (Pennington and Church, 1985). Between 1985 and 1987,
gelected nutrient values were added from the 1986 Canadian Nutrient File
(CNF, 1986) and other published sources (HWC, 1979; 1985; Leveille et
-8l., 1983; Paul and Southgate, 1978; Souci et al., 1981; USDA, 1986).

Food ltems

The nutrient data bhase consists of about 2800 foods which have been
divided into 43 groups as listed in Table 1. The categories are based
on food types, e.g. Milk, Cream, Whipped Toppings or on common US3ge,
e.g. Desserts.

Within each food group, foods are listed in alphabeticai order. For
gome food groups, e.g. Desserts: Cakes, Cookies, Pastries, Ples,
Squares, the food group has been subdivided to aid in locating the food.
Fach food is in the data base only once even though it could appear in
more than one category.

Foods in the data base are in their ready-to-cook, ready-to-heat, or
ready-to-eat form as well as dn ingredient form. Brand nawes are used
for foods for which the formilatiov was different from the generic form
of “he food or for which there did not exist a generic form,
Hanu. acturer or brand names sare at the end cf a food name, separated
from it by a hyphen.

Food names and deseriitions are as complete as the {nformation given in
the source. Abbreviacions are whenever possible the same as those used
in the Canadian Nutrient File. A complete list is shown {n Table 2.
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