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ABSTRACT

T

‘This*stﬁdj3investigated'tﬂe effects of ale—week
training program consisting of walking or jogging on-a
treadmill at a.speed.éorresponding to 60 percent of peak Vo,
in eedentary men and women. A total Bf 26 subjects ‘between
the ages 6f 35 and 53 (X = 44.2) partiFipated ia the stady_ .
of which 13 subjects formed the control group (seven men and
six women) and an equal number of men and women formed the
experimentalfgroup. The exercise program consisted qf walking
on a treadmﬁ;} three times per week for‘a-duration of 30
minutes per s ssibﬂ. The variables of peak V0,, heart rate

at an abSOIutéLsubmax1ma1 wefﬁigaa“ d blood lactate taken
three . minutes fOllOWlng the submax1;§1

Heart rate,_VOz and speed of wal ing at specific in en51t1es

. were also examlned every four we ks. There was a st nificant

increase in peak voz (14.69%), and a significant decrease in
heart rate (13;7 beats/minute) at ap absolute submaximal
workload as a result.of training ( p <0.05).  Blood lactate
levels were not siénificantly affested The'mean group'heart
rate of the experlmental group at \\workload of 60 percent of
the initial peak VO, did’ not change significantly when r*\\
mﬁasured'during every fourth week of training; Howevet, at
tﬁe end ‘of the traininglprograﬁ in those subjects who di
demonstrate a reduction in'heart rate during these sessions

; . e v o
mean .11.8 percent increase of treadmill speed was required ti\\

ii

- work ‘load were cohpared;

N



e11c1t 60 percent of their 1n1t1al pe'k VOz.

‘.increase the eff1c1ency of their cardiores

e et e e s o T T
i

"\.

Results of the

b system by

walklng at a speed correspondlng to 60 percent of peak VOz

three tmmes per week over a lZ—Week perlod

, .
] ' -
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' . CHAPTER I

- . _THE PROBLEM

Introductlon : L ‘ C oL

Regular physical act1V1ty has been lncreaSLngly

advocated by physical educators and health proiessionals to
decreasé the prevalence of Garious 'hypokinetic diseases'

\

‘that are agsociated with our modern sedentaxy life style
(Kraus 1961) ‘It has also beeﬁ suggested‘lhat conditions
such as obeSLty, hyperten51oﬁ/ chronlc muscular soreness’

Qand the premature developmenb of coronary heart dlsease
could be. decreased by pa?txblpatlon in a regular exercise

7p;ogra@ (Fox 1971). ,Although coaclu51ve evidence is lacking,

" the adaiiabie informatfon suggests tha% seéentary individuals

- havy \a'higher ingidence of coronary-heart disease than do

those who are physically active in their voeatlggén or

leisure pursuits (Morris 1975). |

In the case of m}ddie;aged and older men and women
the selection of an optimal-training intensity is of great
imporpance. In ofganized programs drop—ou£ rates resulting
from boredom, orthopedic difficulties, time and.cost
involvement are quite high. It is therefore of prime - ‘ =

—

interest to determine what is the minimal amount of exercise
-9
requlred to elicit acceptable training benefits.

Many eX¥ercise programs, especially adult group

classes, are based on progressive walk-jog regimes and
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Statement of the Problem

i e ta g S A e I e e e oy A Y O b [ e {15 7 A e b ¢ et T«

arbitrary target‘heart‘rates;‘ In many ef tﬁese situetions
pecple ere often working at dangerously high levels. Mo;e
recently however, individual grogfams are being eé%éblished
on the basis of an exercise- stress test With the intensity

of tralnlng belng determined by employing a percentage of

the subject s functlonal max1mal 'heart rdte or VOz max.

reggrdlng the existence of an optlmal,

training‘intensity is\still cqntroversial (Lavdie 1978)1‘ >

. This study is an attefpt to evaluate the effects of a

scxentlflcally acceptable but practlcal exercise prescrlptlon

on the basis of exercising at a certain percentage of peak

oxygen consumption.

ThlS study was de51gned to ‘examine the effects ef a
twelve week trarnlng program con51st1ng of walklng or jogglng
na treadmlll at a sPeed correspondlng to 51xty percent of

peak oxygen_ceésumptlon in sedentary men and women.
SubErobleﬁs v T C . .
Other objedtiues of the study were as follows:

- 1. Tolexamiue the‘effects of the training progfam .
on peak bxygen consumptzon, submaxlmal exercise heart rate
.and blood lactate levels at an absolute submaximal work loed.

| 2. To quantify' the changes occurring in exercise
heafthrate, ﬁdz and speed of walkiné‘oi jogging necessary to
elicit‘iuitial training heart rﬁtee;as_the traininé prograﬁ.'

progressed. - .

Yy

1
@




Rationale for the Study . -

Several training studies have shbwn that exercise
results in significant training effeots. Increases in <
maximal work capacity, an index of cardiorespiratory fitness,
have been reported in programs.utili?ing tfaining intensﬁties

ranging from 39 to 100 percent of VO max. It has also been

reported that submaximal exercise heart rates decrease with:

training and that blood lactate lévels after an absolute
‘submaximal .exercise load are lower after traininé. 'In these
étpdies it was géoe;ally;found that programs: at the highérv
intensity resulted in greater improvements in V0, max. Io is
aooepted‘éhat the intenoity (Wenger 1975) anq duiopioo
(Nordesjo 1974) oﬁ & training p;ogrgp are the prime footors
invelved in incréasing cordiorespifotory function but that
initial level of fitness (Wenger 1975, Pollock 1971, Saltin
1969, and shephard 1968a) as well as frequency of éxercise
(ﬁordesjo_l9?4¥~ére important factors.

. Numeioos in;estigators working ;ith young, middle-
aged.and olde; men and women often do not agree as to the
existonce of an optimal training threshold. It has beén
suggested that middle-aged and oidertindiGiduals soould
exe;cise 5% iotensiéies ranging between 50 and 70 percent

of maximal aerobic capacity (Hellersteln 1973). Others have

stated that in order t0 increase voz max the workload must //ﬂ“>-

be close to maximum for prolonged perlods of tlme (Dav1es 1971)

The normal drop—out rate from adult exercise programs

ranges‘from 30 td"qo percent or more (Pollock 1971), The
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rate i% less than 25 percent "in programs involving walking
(Pollock 1971) or in' those with lower exercise intensities -
(Smlth 1976) The ideal program seems to be one that :

adequately st;ésseé the individual but does not discourage

participation due to excessive time ;equiremogﬁs or to
complaints involving orthopedid’éroblems oriuﬁcomfortably

high exercising intensities.

—_—
- It is desirable that an exercise prescription should

be based on the individual's response to a standard exercise.
- ]

test and that iﬁ take into consideration the type of activity

-
[

.
involved, frequency, duration and <intensity of the exercise

sessions. Activiltie§ of an endurance nature such as brisk .

walking, jogging

”

iing, cycling and hiking have been.
. o

advocated as those most beneficial for middle-aged and older

"individuals (Wilmore 1976, Hellerstein 1973, and Skinner 1971).
. : . + .

It has also been suggested that these activities‘should be
\ :

A\\iarried out\ three to four.times per week (Wilmore 1976,
Cunningham 1974, and Hellerstein 1973) for some thirty minutes

. : . & ]
per session /{Wilmore 1'976 and Hellerstein 1973). :
2 (—_ ’

Exercise intensity has been prescribed by various
technique\. The identification of a training heart rate

based on standard max1mal heart rate tables 1s the most w1de1y
. f
used method to identify exercise 1nten51ty. A certain

percentage of an 1nd1v1dua1's age—adjusted maximal heart rate
; =

or functlonal heart rate is identified and' the subject is
prescrlbed a heart rate range within which to exerc1se.

Recent work by Jett& (1975a) has advocated the use of‘an.
a ’ L2 A

[

A




exercise presériptidn based on the individual's maximal work
capacity, height and weight. The prescription provides the Sy

individual with a specific time to cover a set distance.

;e

Since many people are:limited in pursuidg physical activity
by such thlngs as available time, convenlence, expense,

facilities, and skill level (Harris’ 1967) ‘a 51mple tralnlﬁ%x::5>

N
program, based on walklng or ]ogglng a glven distance in a!

SPEleled tlme at an adequate 1nten51ty could prove beneficial

to a large number of sedentary men and women.

>

leltatlons of the Study

1. The subjects employed in this study were

. .
volunteers. As such they cannot be considered a random
sample population,

‘* 2. The Bumber of subjectsvwas limited due to the
extensive amount of time required for their testing and
training regimeéi - L‘ l
T 3. THEre was nd'striet control in either the.
experlmental group or the contrcl group w1th respect to .diet

or amount of phy51ca1 activity related to thelr occupatlonal

or lelsure act1v1t1es The subjects in the control gro#p

were asked to contlnue thelr normal llfestyle and not to take
part in any new phy51cal‘act1v1ty or exerq1se program. "
Furthermofe, the success of this study depended entirely on

= )
the cooperatien of the subjects.

1 X —

. Definition of Terms

® . oo :
The following terms are. employed in this study:

Peak oxygen consumption (peak VO,) ' VE

*

Peak oxygen'consumption is defined as the highest



N 1)

volume of oxygen consumed in milliliters per kilogram of

Pody weight per minute (ml/kg/min) at the point during the

multi-stage treadmill test when the subjeét indicates that

P

he/she'is no longer able to continue walking. When compared

to VOZ max, peak VOZ represents 90 to 100 percent of VOZ max.

~In many sedentary, middle~aged 1nd1v1duals the 'levelllng—off'

criteria that is preSent in a VOZ ‘max test very often cannot

be met.. Peak VO,.is also referred to as volitional V0, max.

. . o3
Exerc1se-prescr1ptlon

Y

Exerc1se prescrlptlon is deflned as the speed of the

treadmill in miles perx hour of the level at which the subject
must.either walk or jog for a specified period of time in
order to exercise at sixty ?ercent of his peak ?02.

Submaximal exercise test

‘The submaximal exercibe test employed in this study

"consisted of a six minute walk or jog on the treadmill at
' L

the subject's prescribed .training speed.

Submaximal exercise heart'rate.(SMEHR)
\
¢ The submax1mal exercise heart rate is defined as the

"average of the two heart rates obtalned from ECG recordlngs

at the end of the fifth and sixth minutes recorded dgriqg the
submaximal exercise test.
Quantification heart rate (QHR)

.~

The quanrification heart rate is defined as the average

of the two heart rates recorded at the end of t fifth and

sixth minutes during the first poxtion of the'éuanti ieatfbn

session.
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- CHAPTER 'II.

v
REVIEW OF LITERAT{RE

Introduég;;;zj - | ' -

The purpose of the study was to examine the effects

of a 12 week training program consisting of walking or jogging
on a treadmill at a speed corresponding to 60 percent of peak
oxygen consumption in sedentary male.and female subjecté{'

A review of the literature pertaining to the-effects

" of a'traiﬂing program is presented under the following

headings:
Maximal'Oxygen Consumption
- Changes at Submaximal Exercise - Heart Rate
- Blood Lactate
Training Studies
. Metﬁods of‘Exercise Preséription.'

Maximal Oxyyen -Consumption

Maximal oxygen consumption (V02 max))or maximal.
aerobic C;Eacity measures the functional capacity oflphe
cérdiovascular system (Rdwe;l 1974) . Mitchell (1971)
indicates that ?02 max is the highest amount of oxygen that’

a- person can consume during physical work. Normalized for

. body weight, it is the most useful measurement characterizing

the functional capacity of the oxygen transport system.
According tc Cooper (1968), oxygen uptake during exhausting

work is the best single physiclogical index of the ability

[ R




of man'to'sustain hard muscular work. As well, ﬁoz max is
the most objective measurément of an individual's physical
fitness level as reflected by his oxygen transpo;t systeﬁ;
At puberty VO, max is not.signigigantly different E
when comparing males to females but theréafte; women have
an aerobic capacity 25 te 30 percent lower than that of men.
This difference has been attributed to the lower.ﬁemoglobin-'
céncentration in women and the increase in body fat in women
after puberty (Astrand 1970). Aerobic power ,peaks at 18 to
e
‘20‘yea s but then declines grgdually with age. An éverage
65 yegdr o0ld male has é,maximal aerobic capacity of approxi-
mately 70 percent of that of a 25 year old. This may be
attributead to a lower maximal heart rate which reddces-ma;imal
cardiac output. As well, older .individuals ére usually less
ﬁhysically active and a decreased ﬁoé max may be pé{tially
due to this de-conditioned state (Astrand 1970).

P Mdximal oxygen consumption is attained when no
further increase in ﬁoz occurs despite additional increases
in work locad (Astrand 1970 and Mitchell 1971). A test
measuring 002 max shouldiinvolve large muscie groups {(Rowell
1974, Astrand 1970, and Shephard 1968a) and eliminate both

-s8kill and motivation as factors (Rowe;l 1974 and Taylor 1957).
A treadmill or bicycle ergometer afe generally
uti{ized when assessing maximal aerobic capacity; The actual
V0, max attained iﬁyaffected to a gréat éxteﬁt bf’the typelof
test employed. Numerous investigators have reported that VO,

- ° A
‘. . . : g

1

(~~
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" in bicycle ergometer work {Miyamura 1972, Ikai 1970,

A

max was five to 15 percent higher during treadmill

Hermansen 1969, Chase 1966, Glassford 1965, and Astrand l-él);
Miyvamura's (1972) results indicéte.that there were no :
'Qifferences'in maximal stroke volume when comparing treadmill
exercise to bicycle work but that treadmill exercise resulted
in gfeater a-V0, differences and higher maximal hea;t rates.
The increased VO, max- during treadmill work was attributed to
a.higher maximal cardiac output and a larger a—ﬁoz'difference;

Thetﬁoz max attained duriné treadmill walkiﬁg wash
found to be significantly lower than that found during running

‘(Sténford 1976 and McArdle 1973). McArdle (1973) has
suggested that discomfort in-thevioé;} back and éalf muscles._
may limit performance in walking.tests.' It’haé béén’s§ated
that uphill runniné reveals a higher ?Oz_max than walking,
cycling or arm ergometr§ because a'largér muscle maés is being
utilized {(Kamon 1972 and Astrand 1970). Xamon (1972) also
'indicages that VQ. max during cycling may be lower Que to the
high intramuscular presgure&vhich could restrict muscle blood
flow,

Stenberg (1967) compared VO: max and cardiac outbut
during arm ergometry and leg work (sitting). V0, max and
cérdiac output attaineéjﬂuring'arm work were Gﬁ'énd 80 perceﬁt
respectively of the values attained during leg work. Values

reached during combined arm and leg work were equal to those.

fouﬁd during leg work alcne. In contrast, Sechar (1974)
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reported th;t'ﬁoi max_during combined érm;and leg work
'resulted in a ﬁo{:max 106 percent of the values obtained
dufing ;eg work (sitting) but was équal‘to the.values
attained in treadmill running. lessor (1974) added arm
ergometry to leg work and VO, ma¥ was (10 percent greater
‘than that attained during leg wofk'al ne. In contrast,
Reybrouk (1975) saw no further increase in VO, max when
arm work was dombined\with leg exefcisel He.concluded that
the effect on ﬁpz max of adding a£m yo lég e#erciseﬁdépends
on thexgegree of training of the legs. Highly trained subjects
{QOZ mixréreaté; than 50 ml/kg/min) ~may reach their maximal
capac1ty for oxygen ‘delivery when only legs are exercising
Qhereas non-tralned subjects are able to increase oxygen con-~
sumpticn when the active &uscle mass is 1ncreasgd by the
addition of aim ergdﬁetry. Gollnicklé1972é) examined trained
canoelsts and his results show only a three percent dlfference
in VOz max when comparing arm and leg ergometry. It was
suggested that the high degree of conditioning of the upper
bogy wés responsible for this very small difference.

' The classical definition is that V0, max eguals
maximal cardiac output X maximal a-V0. difference (Froelicher
1974, Rowell 1974, and Taylor 1957). Cardiac output is
determined by heart‘raﬁe and stroke voiume whereas a-ﬁoz
difference depends on maximal oxygen content in arterial and
mixed venous blood (Mitchell 1971). Rowell (1974) conteﬁds '

that V0, max is limited either .by maximal cardiac output and

02 extraction or by the capacity to- develop pressure against
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a particular total peribhér;l resistance (TPR). He adds that

602 max may best be expressed as the product of maximal a—ﬁoz

- »

difference times the ratio of maximal blood pressure to
minimum TPR. He feels' that a major unresolved preblem is
whether an incréase in blood pressure or a fﬁrther fali in TPR
at V0, max could either raise VO, above what was called VO, ‘max
or raise cardiac output above what has been traditionally
called maximal cardiac output.

. There.is some controversy -regarding the factors that
-define tﬁe upper limigg_of‘maximal aerobic capacity. Rowell
(19f4) suppcrts the concept that ﬁoz'max is dependent on the
oxygen transport system but is not certai;\;ﬁether the ﬁltimate
limitaticon depends on cardiac output ;; arterial blood pressure.
He has identified two factors that indicate that metabolic
capacity of the muscle is not a'limitinglfactor. irs T if
0: 1is added to inspired'air, 002 max increases by an a&bunt
proportional to the increased aréerial oxygen content.j)ThI;
augmentation of VO, indicated that metabolism at the muscle is
not a limiting factor. Secondly, when extra working muéclés [f\\
fe.g. arms) are added to a large muscle mass (e.g. legs)
working at sufficiently high intensity to elicit V0. max,
this VO, is usually not increased. Addihg more muscle mass
would raise VO, if the metabolic capacity of the muécle'werev
the limiting factor. |

In summary, maximai oxygen uptake measures'tﬁh greatest

amount of oxygen that an individual can consume duriég physical
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‘work. It is-cohsideﬁed to be the best single index ’
characterizing the functional capacity of the oxygen traneport,'
system. Maximal oxygen eénsuﬁption is 25 to 30 percent higher
in men than women and as age increases there is a gradual
decline in meximal aerobic capacity: A measurement of VO, max
should utilize a 1argelmusq;e mass. Treadmill.runnin%;;\/

normally elicits a highef maximal oxygen uptake than tireadmill

=~

walking, bicyels fiding or arm ergometry. The standard

deflnltlon is  that VOZ max is equal to maxmmal cardlac output

]

-1

X max1ma1 a~V02 dlfference.-.ﬁ

Adaptations of Maximal Oxygen Consumptlon to Endurance Tralnlng

The extent of the!increase "in VOz max with tralnlng
depends on the initial }evel of fitness of the individual and
on the intensity,mdu§gtion and frequency of the training
prograq‘(Holgoszy'19§6).A An endurance training program results
in central hdap;etions such as an increased cardiac output
"and higher streke volume,and in pe¥ipheral adaptatibns such
as an increagsd i;ﬁoz difference (Clausen 1976 andjﬂézleszy
1976) . : -

- e
13' Central Adaptations

-

fa

The cent£a1 adaptations to treining in men and women °
have been extensiveiy studied. Hartley (1969) trained 15
previously sedentary men aged 38 to 55 for an eight to 10 week
program. The 13 percent-increase 1n166:\;;¥ was due to a
16 percent increase in cardiac output. Neither arterial

oxygen content nor systemic a-ﬁoz difference hanged during

maximal exercise. It was concluded at this time that the
N

'\'.
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v
increése in V0» méx was dependent.on a larger amount of dxygen
being franséorted by a laré;r cardiac output. The increase in‘
cardiac. output was due to a larger strok;‘\Blume since maximal
heart rates remalned unchanged. Work by Saltin (1969) 1nvolv1ng

14

, older subjects substantiate the findings that only stroke
AY
» C o
volume increases with an‘increase in V0, max.

The available data regarding adaptation to training iny

.

young men is odnflicting. ”gyork by Saltin (19§8) and Rowell

(1974) indicate’ that increases ih V0, max are due to equal
&

")'

increments in stroke volume and in a—VOz difference. On the
other hand, Ekblom (;968) saw significantrincreases in stroke
volume only. Althouq? a-v0; difference was slightly higher
after training the changes were not statistiqally significant.”
A short-térm training program involQing young, middle-
aged and older women resulted in increases in stroke volume
rather thah ip a—ﬁoz difference .(Kilbom 1971c). Recgng,work
by Cunningham (1975) on womén involved in a éréining s£udy
found that a 34 percent increase in 602 max after an initial
nine week period was due primarily to an in&rease in stroke'
volume. After an additional 52 week tralnlqgrgesi‘ the
stroke volume was slightly decreased when*compared to\phe
effects of the initial nine week program but a—VOz dlfference
was significantly increased. It was concluded that women who
are initially unfit -adapt to short-term tfaining with a central
change followed by a'much stronger peripheral adaptation after

a longer training program.
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In a recent review Clausen (1976) has also indicated

that increases in_ﬁoz max, are brought about by changes ,in -

_maximal stroke volume and in maximal é—ﬁoa difference. .The

increase in maximal cardiac output (Q max) are directed to
»
the exercising muscle. 'The increment in Q max seems to be

increased by training due to a reduction in TPR rather than an

-~
-~ .

increase in maximal musgle blood flow. He fee;;'that the
decrease in TPR is the primary factor involved in the increase
in VO, max and that the‘augmentation-of stroke volume is a
secondary event. Th}s decreased TPR may be due to a greater
vasodilation or ﬁ more effective cross-sectional area of the
vascular bed. A more efficient SReFEEél mugcle pump or an
increased muscle capillﬁry density may-contribute as well but
the later concept has not been substantiated (He%mansen 1971
and éaltin 1968). Trained individuals havé{a relatively low
hemoglobin concentration and it is possible that the lower
blood viscosity may play a role in the low TPR and large Q max
(Clausen 1976). N

2. Peripheral Adaptations

As previously indicated a numbér of inves%igators
believe that the inérease in ﬁoz max after training ié due‘to
équal increments in a—602 difference and in stroke volume

(Rowell'1974 and Saltin 1968).

Various-researchérs have hypothesized that with-

’t;aining the increase in a-VO. difference is due to a higher

6xygen utilization at the cellular level (Holloszy 1976,

cunningham 1975, Holloszy 1973, Shappell 1971, varnauskas 1970,
v .
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" and Saltin 1968). Cunningham (1975) adds as well. that a

better distribution of blood flow to exerc151ng muscle may
increase the a-vo, dlfference. Rowell (1974) disagrees with
this concept when he concludes that renal blood flow and
Splanchnié blood flow Are already reduced 70 to 80 percent

.

at maximum exercise and any possible further vasoconstrlctlon

could contrlbute only slightly to the 1ncreased a-vo; dlfference

He alsc suggests that neither muscle capillary density nor f'

reduced hemoglobin affinity at the capillary-muscle interface

-accounts for the increases in a-vQ, difference.

Endurance training has peen shown to effect'changes at
Eﬁe muscle tissue which may a¢count for the*incréases in a-vo,
difference;. Pattengéle>(1967).has shown that .a strenuous
running program in rats resulted in an 80 percent increase in
myogl;bin in the muscles difectly'inyolved in the running: It

has been indicated that myoglobin increases the rate of oxygen

. diffusion through a fluid layer. It may also facilitéfe

oxygen utilization in the muscle by 1ncrea51ng the rate of
dlffu51on through the cytoplasm to the mitocldndria.

An increase in mltochondrlal resplratory enzymeg in
skeletal muscles have been seen in rats (Gollnlck 1972b and

Barnard 1971) and in humans (Morgan 1971). Electronmicroscopic

studles in mice and in rats have shown that an increase in-both

size and number of mitochondria are responsible for the
increase ‘in total mitochondrial protein (Hoppeler 1973, Morgan
1971, and Gollnick 1969). According to Morgan (1971) this

increase in mitochondrial oxidative enzymes and in the actual
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size and number of mitochondria may lead to an increased

capacity of skeletal muscle to oxidizé carbohydrate, fat and
ketones. Holloszy (1976) believes that due to its content of
mitochondria and its capa&ity to 9enerate-ATP‘from oxidatiohn
of pyruvate and faﬁty acids, skeletal muscle becomes more

like cardiac muscle after eﬁdurance trainin@. The activities
of the enéymés creatine phosphokinase, adeﬁ;late.kinaée and
a-glycerophoéphate dehydrogenase in the sKeletal mus:ie become
more like those in cardiac muscle.

In summar?,:it woulé seem that an éuémentation of VO,
max. is due to an increase in stroke volume and an increase in
a—?oz difference. It has_been indicated that with training
older men adapt to increases in ﬁoz max with an increase in

stroke volume only whereas young men increase both stroke
. L

volume and auﬁoz\diffefence. In women, short-term training

(7 to 9 weeks) results in increases in stroke volume but

after a more prolonged training program a-V0, difference is
also effected. The major adaptétion at the cellular level
seems to occur in the mitochondria where there is an increase
in the mitochondrial respiratory enzymes and an increase in
the sizg‘and number of mitochondria. Clausen (1976) concludes

that an increased oxygen supply seems to allow the same amount

.of mitochondria to produce a higher respiratory rate and ATP

synthesis rate. An increased amount of mitochondria _can,

¥

within certain limits, augment local. VO, ﬁhx at a given maximal
oxygen supply and increase respiratory fate even further if
oxygen supply;%s increased at the same time.

-

1.{-
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Adaptations at Submaximal Exercise

Heart Rate
Numeroﬁs investigators'have studied the effect of an

exercise prog{am on heart rates occurrlng at. an absolute,

submaximal exercisé load. Chrlstensen "(1931) was the-first to

report a\aecrease in heart rate at a given submaximal work
load after training.'-since that tiﬁe-a decrease in exercise
heart rates at a submaximal exerciee level after'training has
been reported in young (Wenger 1976, Ekblom 1968, and Saltin
 (1968) , middle~aged (Byrd 1974, Pollock 1971, Hartley 1969,
‘saltin 1969, and Skinner 1964}, and older men (Tzankoff 1972y
and in young (Smith 1976, Kilbom 1971a, kilbom 1 blb, and
Kilbom 1971l¢) , middle-aged QConniﬁgham,19753 {lint o974, .
Hanson 1974, Kilbom 197la, Kilbom 1971b, and Kilbom 1971c),
and older women (Kilbom 1971a, Kilbom 1971b, and Kilbom 197lc)'
Byrd (1974) th concluded that since heart rate is one
of.the main determinants of myocardial oxygen consum?tion the
: relat%ze bradycardia after. chronic exercise may be one of the
most }mportao£ contributors. Saltin (19%8) found that in men
the most important effect of training on response to submaximai

work was a decrease in heart rate. This lowered heart rate
A\

4

\

N—

<

was accompanied by an increase in stroke volume but an unchanged’

cardiac output. Hartley (1969) and Byrd (1974) reported these

same findings in middle-aged men. Clausen’ (1976) has hypothesized

that traiﬁing would lead tc a decrease in blood flow to working

"muscle at a given submaximal workload and thus a decrease in

cardiac output. Earlier work by Andrew (1966) led to the fiﬁding
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that pulse‘rates and cardiac outputs were significant;y lower
at a constant submaximal workload but there was no ihcfease
in A-vOQ, differengé éfter training, '

In women ;qu 21 to 61, Kilbom (1971c) féund that
cardiac output at aBsolute submaximal exercise loadé—were_
not changed after training. 1In this study A-VQ, differencés
remained the same but stroke'volumes were significantly greater
in subjects of alil ages after training. Cunningham (1975)~' -
reported significant decreases in heart rate at an absolute
submaximal workload but saw little changes in heart rate at !
relative 002 values after training. He also found increases
in cardiac output and stroke volume at relative wdrﬁloads
after training but A-VO,.difference did not change atfsub-
maximél values up to 80 percent of predicted 0, max.

In summary, conclusive evidence exists to indicate
that heart‘rates at a submaximal exercise load are decreased
after training. There still séeﬁs to be controversy regarding
hemocdynamic changes. Some investigatoéé feel that stroke
volume increases while cardiac output does not change (Byrd
1974 Kllbom 19710, Hartley 1969, and Saltin 1968) whereas
Clausen (1976) and Andrew (1966) believe that cardiac output
decreases during submaxlmal exercise ‘as a result of training.

Wenger (1976) trained two groups of men, one at 100
percent and the_other at 60 percent of VOZ max. Physical
working capacity and 002 max after trainingﬁﬁere greater in

the group tralnlng at the higher level of 1ntensxty. At

submaximal exerc1se, although heart rates were lower in both
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N groups after tralnlng there were no 51gn1flcant differences

R

. between the response of the 'two groups.

Blood Lactate

]thIntroduction to Biochemisgtry "
The main éoufce of energy for muscular contraction
is carbohydrate and fat (Astrand 1970) but the relative
contribution of each depends on intensity of work, phy51ca1
condltlon of the 1nd1v1dual and the type of diet (Attachoo =
1975}. 1In the living organism, high energy phosphate compounds
fepresent the commén currency for the transfer of eneréy. In,
every cellﬁlar-reactioq the ATP —'Aﬁf system is the primary
carrier of chemical energy (Aétrand 1970)&
The main steps‘ih the energy exchange in the\ﬁusclé can
Be‘summarized in the following stéps:
a) ATPSADP + P + free energy
b) Creatine Phosphate + ADPicreatine.+ ATP
c) Glycogen or glucose + P + 6?iflactate+.ATP
d) Glycogen or free fatty acid~H P + ADP + 02;C02-+
Hz0 + ATP (Astrand 1970) _ ‘
Aerobic metabolism is characterizéd by fdﬁf major steps:
. a) Glycolysis ;;the formation of two pyruvié acid
moiecules from one molecule of glucose. /A net of
two molecules of ATP.are formed in this step.
b} Conversion of two pyruvic acid moléﬁules into two
molecules of acetyl coenzyme A. No ATP is formed

during this step.

4~
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c) Citric Acid Cycle - the acetyl coenzyme A is
: -~
degraded through a series of chemical'reactioﬁs
to "CO; andihYdrbgen atoms.

d) Oxidation of hydrogen atom by oxfdativelenzymes.
About 90 percent of all ATP is formed during the
oxiéation of the hydrogen atoms released during
the earlier stages. Tﬂe oxidative enzymes are
thought to be arranged on the inner surface of

-'Fhe mitochondria. A total of 24 hydrogen' ions are
released during the citic acid cycle and 20-0f
these are.oxidized withgthe release of three ATP
ﬁoleculesiper two atoms of hydrogen metabolized.

"A net of 30 ATP molecules are formed during this
process. Another four ATP molecules are released
when the otﬁ%f'fouf hydrogen atcms are introduced
beyond the fifst stage of the oxidative process.

. A total of 39 molecules of ATP Ere formed for each
molecule of glucose degraded to C0; and water.
Thls represents an overall eff1c1ency of
approximately 44 percent (Guyton 19713;

- If the exyg supply is either unavaillable or
:go |

insufficient small unts of'energy can be.released via the

»

anaerobic system. WNo oxygen is required for the glycolytic

proceéss.but overall efficiehcy is veryjioﬁ. If there is a

build-up of either one or both of the two end-products of

-

glycolysis, pyruwic acid and hydrogen atoms (which are combined

with DPN to form DPNH + H), the glycolytic process would shut

.
>



down. Whén either of these énd-products beconme excessive
they react with one another to form lactic acid:

Pyruvic Acid + DPNH + H' LEH Lactic -Acird-+ pENt . %
The lactic acid diffuses out of the cells into the extra- \
cellular fluids and into the intracellular fluids of the :ifj%{fj
active cells. If lactic acid formation did not occur und
anaerobic conditions the end~p£3ducts of glycolysis woulﬁ
build up very quickly and glycoly51s would be able Ep proceed
for onlx a few seconds. Although anaerobic glyc;I;gls is a
very inefficient pgocess, the formation of lactate enables
energy production to proceed even in the absence of oxygen
(Guyton 1971). '

When oxygen beccmes av;ilable the extra DPNH + H
‘are rapidlybgﬂidized. The chemical reaction for formation of
lactic ac1d reverses 1tself and the lactic ac¢id becomes pyruvic
acid. The large amounts of lactic acid that are formed during
anaerobic glycolysis can either be converted to glucose or
used directly for energy (Guyton 1971),.

Whitg'muscle fibers 6r fast~glycolytic (FG) fibers
depend primarily on the glycolytic process for metabolism. L
They have few mitochondria but have a larger concentration of
glycolytic enzymes and a higher gly;ogen-content than red
muscles. In white mﬁscle the enzyme LDH, which qatalyzés
the reaction of pyruvate to lactate, is quite active and
favours. lactate production. Red musclé‘fibers or slow-oxidétive‘

(sQ) fiberdeerive ATP from oxidative phosphorylation. Red

muscle contains large numbers of mitochondria and has a Higher
' /
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concentration of myoglobin. These muscles are difficult to
fatigue and are surrounded by many capillary blood vessels
thereby keeping them well supplied with oxygen and nufrients.
The LDH does not favour the reduction Jf pyruvate to lactate
(Vander 1%70),

- Reviews by Rosell (1973) and Jorfeldt (1971) have
substantiated this by indicating that lactate production takes
place primarily in the FG fibers rather than the S50 fibers.,

During submaximal exercise is has been indicated that
the lactate formed during the initial sfages of work is removed
from the blood during the remainder of the work period
(Knuttgen lé?O). Rowell,(1966) felt that gluconeoéenesis in
the liver was the most llkely fate of lactate (up to 50 percent)
but since that time various investigators have agreed that the
major site of lactate removal is the skeletal muscle (Issekutz
1976, Ahlborg 1976, Ahlborg 1975, Hermansen 1973, and Knuttgen
1971). 1Itihas been indicated that appr%ximately four to eight
percent of\éha totalffamount of lactate eliminated was removed
by the liver (Hermansen 1973), teh percent by the heart and the
kidneys-(K;ebs 1964 and.Carlsten 1961) and less than five
percent by the urine (Johnson 19§7) and sweat (Astrand 1963).
Issekutz (1976) has iﬁdiaated,that the two major pathways
of dlactate utilization are oxidation to CO, and formation of
plasma glucose. Minaire (19;3) found that in dogs, 58 percent
of the lactate produced at rest and 75 percent during running
is promptly oxidized. Hubbard (1975) has indicated that in

man performing 30 minutes of exercise at 62 to 75 percent of
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Goz max 35 to 68 percent of administered 14 C-Lactate sis

recovered as COZ.' Brooks (1973) has indicated that in rate//

- lactate is oxidized by the kidneys and the myocardium but

L]
due to the relatively low weight of these organs they can

only account for a small amount of the lactate removed. They
feel -that due to the large mass of skeletal musq&e it is a
major contributor to laetate oxidatien. Essen (1973) adds
that since lactate can readily enter the cell and the aerobic
pathways it is a suitable substrate for oxidative metabolism.
They found that lactate ean be taken up by the human'skeletal
muscle and that this uptake is related to the glycogen level *

in the muscle The lactate taken up by the muipiﬁt;epresents

‘a carbohydrate source for working muscle and may therefore be

~an indication of low carbohydrate stores in the muscle. The

lowest carbohydrate level was found to be most ev1dent i the
50 fibers, wgzéh have a capacity to convert lactate to
pyruvate. The§ have suggested that at the onset of exercise
a portion of FG and SO fibers may be activated and as 0,

transport adjusts to set the demands of exercise, lactate

production and release may occur in all fibers. This may also

‘ocour when the deliveryf/and uptake of 0, to the tissue is

1nsufflc;\ht to meet metabolic demands, Dq\}ng work of moderate

intensity there is a prlmary reliance on SO fibers. Blood

‘flow to the muscle is amplified and aerobic metabolism

predominates. There is a continued breakdown of glycogen to
provide the main carbohydrate source for metabolism. As

work progresses a nearly complete élycogen depletion occurs and
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3 ' ' .
extracellular carbohydrate becomes increasingly important to
the metabolism 0of the cell. The major source of the carbo-,
hydrate may be e1t¥er blood glucose or lactate. Durlng
pro@ﬁnged work of moderate intensity all SO and FG are
gradﬁally emptied of glycogen-but there is no major increase
" in blood lactate. This may be due to an uptake of lactate -
by the S0 fibers which is fac111tated by the locallzatlon of
LDH~1 in these fibers. Issekutz (1976) feels that during .
exercise 90 percent of oxygenvugtake serves the working musc}e.
and it seems justified that during work the muscles not only
" produce but also utilize lactatel He concludes that since

skeletal muscle consists-ofla variety of musgcle fiber wit
‘definite'histochemical, biocheaical and mechanical diffeTences
it'can simultaneously pioduée, remove and.oxidize iactate.

2. Early Work

Lactic acid was found to be present in skeletal -2
muscle by Berzelius in 1812 (Berzelius 1812) but‘it was not
uptil the eariy 1900's that Fletcher (1907) saw the relation-
ship between muscle activity and production of lactate. A
few years later Hill (1923; 1924) studied the relationship
between skeletal muscle energy release and the formation of
lactic acid ip/ humans. They used the term ‘oxygen:debt' to
deséribe the excess oxygen consumption during the recovery -
period'from exercise, It was postulated that the energy
released during the transition from rest to work was provided
By glycolysis, a non-aerobic eaergy source. The accumulation

of lactate and its subsequent removal by oxidative processes
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required an extra oxygen consumption.. It was also demonstrated
at this‘time that when physically fit men performedlmoderaté
work the blood lactate did not rise significantly abo%e its
. usual restihg value but as eXercise intensity indreaséd tpe
blood lactate Ievels increased in proportion (Hill 1923);

Jérvell.(1928f showed thét the greatest accumulation
of lactate took place during the first few minutes of exercise
and that this was due to a shortage of oxygen during‘the
transition from rest to work.

In 1933, the zesults of Hill (1923, 1924% were
confirmed by Marg%;iaj%1933). Treadmill running could be
cérried out at low intensities‘ﬁithout significant changes
in blood lactate levels and it was not until work intensity
exceeded two-thirds of maximal oxygen uptake that piood'
lacfate levels began to increase. They concluded that the
initial fast component of oxygen debt (alactacia portgon) ’ 1;
was not due to lactate removal.. The slow component -(lactacid
portion} was due to the oxidation of the.accumulated lactate
and to an increase in resting metabélism resylting from the
exercise. Msre recently McMiken (1976) attributed the first
rapid component of 0, debt to oxidative metabolism necessary
for the resynthesis of the phosphagen split at the onset of /,,/PH\\
work, Work by Katch (1972) indicate@ffﬁggxthg‘SIOW compdnent \J
cf 0: debtymeets energy requipement5j¥or the a&giiiog\ cario-
respiratory ork in restoring,hoﬁeoséasis. Brooks (19 \) adds . s
that teﬁperatu e effects on metabolism also contribute to\this ‘

e

phase of the debt, \\“s
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Results frpﬁ work by Huckabee (1958) disputed the
earlier work of Hill (1924, 1923) and Margaria (1933;. They
concluded that there wés no aladtacid portion and th%} the
debt could be exélained by the oxygen necessary to oxidize
the portion of the accumulated lactate was due solely_tO‘

tissue hypoxia. This theory has since been disputed by

various investigators {Knuttgen 1971} .

Knuttgen (1970) ﬁas'suggested thaﬁ the oxygen debt
fellowing physical exercise appears to be a complex interaction
of numerous factors. Its-division into separate lactic acid

and non-lactic acid portions seemed overly simplified and.not

in keepiﬁg with the behaviour of the two dominant phases of

recovery, fast and slow. He concludes that "a more complete

look at interrelated‘metabolic, thermal, electrolytic and

hormf:zilchgnges during exercise will be necessary for its

f !
explamation". -

3. Factors Influencing Lactate Production

The production of lactate occurs in skeletal scle
duyiﬁg exercise. The intensi&y of work aﬁﬁ?Bn;tpe st:Sé*bf
training dictate when lactéte formation begins as well as thé

amount of lactate produced (Knuttgen 1971). .

‘Under anaerobic conditfions the lactate prbduced-

diffuses from_the muscle to

che blood. The concentration of

lactate in arterial blood is uskd as an indicator of the

extent to which anaerobic prodesses are involved during work

" (Hermansen 1971b and Astrand 19

-

L



Energy for work of light to moderate intensity is
' provided almost exclusively by aerobic sources and blood
" lactate concentrations remain close to normal. The ADP and
CP stores supply energy for the critical transitisp period
from rest td work before respiration and circulation have
adapted to the stress. As wofk intensity increéses, anaerobic
processes play a mere significant role. knuttgen (1971) has
suggested that if .pyruvate is formed at- a rate faster ®than
the steps of oxidative phosphorylation then the pyruvate is
reduced to lactate. -‘Hermansen (1971b) has further indicated
that in.the presencé of Eyruv;té and NADH + H* the equilibrium
strongly favours lactéte produéﬁion. The conceqtratiéns of
pyruvaée, NADH and H' as well!. as the activity of LDH play a
prime role-in the production of lactate. It has also been
éhggested that lowered blood oxygeﬁ tension {e.g. at altitude)
and circulatory aisorder may lead to an increased lactate
production at the same absclute wqu lcad (Hermansen 1971b).
It has been shown that only small increases in lactate
are seen at work intensities beiow 50 to 60 percent of VO, max
(Hermansen 1972, Knuttgen 1972, Knuttgen 1971, Karlsson 197la,
Karlsscen 1971b, Astrand 1970, and Blackmon 1967) o, Hermansen
(1972) 'states that at 63 percent of ﬁoz max there are signi—
ficant increases in bloéd lactate levels whereas Wyndham {(1962)
found this level to correspond to 55.5 percent of GOZ max.
Work by Saltin (1971) indicates that an untrained individual
will begin té produce lactate at 50 to 60 percent of VO, max

but £rainéé‘men do=not produce lactate until work demands reach
I &



60 to 70 percent of mekrmal'capacity. At higher submeximal
workloads lactate production increases in.direct proportion

to work intensity .(Knuttgen 1971). 1In conflict with this
general concept, Saiki (1965),has concluded that in all
conditions, lactic acid production reaches appreciable values
only when work loads ™' are above VOZ max. They feel tHat in the
perlod ofrrelative anoxia durlng the transition from rest to
steady state lactic acid could be produced but this is only a
temporary phase. ‘Lactate would not increase or it would. -
possibly even disappear from the blood once the alactacid oxygen
debt phase was over. They believe that no appreclable amount of
lactate is produced during submax1mal work levels once a steady
state of VO, is reached. They conclude that lactiec acid found
in the blood cannot be taken as an'index of the glycolytic
pProcess being active during steady state exercise; Karlsson

(1971b) is in agreement with Saika (1967) when he suggests that

lactate is formedpby a lack of oxygen at the start of exercise

and until a steady state is obtalned yOr at supramaximal work

loads,

4.) Training Effects on Lactate Production

Asi’earIy as 1924, Hill (1924) demonstrated that physic-
ally fit men did not produce a significant amount qf lactate at
moderate work loads and only when.exercise intensity increased
eid blood lactate increase. Since that time other investigators
substantiated the prinoiple that trained individuals have lower

blood lactate levels than untrained individuals at similar sub-

maximalWork loads (Hermansen 1971, Astrand 1970, Saltin 1971,



Holmgrgn 1959, Johnson 1969, Keul 1966, Saltin 1969, Edwards
1971, and Kilbom 1971b).-

L 4
Keul (1966) saw that after a five week exercise

" program blood lactate levels at a submaximal workload were

lower after training. Saltin (1969) studied the effects on:

men aged 35 to 50. Training consisted of two sessions per

week of interval training (at 98 to 99 percent of VO, max)
and one session per week of continuous running (at 91 to
97 percent of V0, max). After this very intensive training
program blood lactate concentrations after an absolute work
load were lower but no_ch;nges were seen at relative work-
léads. Saltin 61971) has &émonstrated.that after a more
prolonged training program blood lactate levels are lower
at rglative work loads as well. Kilbom's (1976} work with
sedentary womén aged 19 to 64 resulted in lower blood
lactate levels at a given submaximal work load after a seven
week bicycle program held twoe to three times per week at
exercise loads corresponding to 70 percent of VO, max.

There remains some controversy regarding the reasons

why blood lactate levels are lower at absolute submaximal

.

work loads after training.
Holmgfen {1959) concludes that blood lactate levels

reflect the degree of anaerobic metabolism in the wérking

muscles and may be used as an index of how adequate the -blood

flow and oxygen transport to the muséles are in relation to ¢z:::;_v

the need. Astrand (1970) interprets the lower blood lactate
levels in trained individuals as an expression of a mcre

*

effective O: transport at the beginning of work, leading to
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a dlmlnlshed anaeroblc energy yield. Other investigators

(Saltin I969 Hartley 1969, and Ekblom 1968) feel that a

o s

——

higher'a—QOZ difference,during‘work brought about by =
increased aerobic enerdgy production leads to lower blood -
lactate levels at submaximal work loads.’ Wenger (1975)
believes th§t since lactate production at submaximal work

is a result of” the inability of the aerobic systems to meet
énergy demands then training of the aerobic system should
decrease the involvement of anaerchic glycolysis.

Holloszy (1971; has suggested that cardiovascular
adjustments do not fully explain the decreased blood lactate
levels. They propose that bidchemical adaptations c@cur in
skeletal muscle in response to regularly performed endurance.
exercise that may help to explaln this phencmena. It has
been suggested that the increased activation of red muscle
fiber with a more efficient enerqgy yield from aerobic
processes may also be a possible explanation for the decreased
blocd lactatehleveis at submaximal work loads after training.
Hermahsen (1971b) and Saltin (1971) are in agreement when
they explain thet dﬁriné exercise of light intensity, (]}
fibers are recruited but as work loadd increase white muscle
fibers are.activated. It-is possible that | larger proégftion
ef red fibers are activatégldurin? e ercise?;;:gkﬁ;;tef than
in untrained individuals. A | - .

In summary, it is generally accepted that work 1nten51ty

and/or state of condltlonlng are the‘most important factors in

v
the process of lactate production. The blood lactate

ez



concentration has been used ds an indicator of the extent
to which anaerobic processes are involved during work,
. Lactate production takes place predominantly in white or /

FG fibers. Depending on the level of conditioning, the
onset of lactate production occurs at workloads requiring

50 to 70.percent of V0, max. Training programs in middle-
aged men and Wwomen have led,to a decreased biood 1actate

7level affer an absolute submaximal work -load but the reasons

—

for this are not clearly defined. It has been advocated
that the lower blood lactate levels aftg; training reflect
,an increased efficiency of blood flow and oxygen transport

system. Recently, it has been proposed that cardiovascular
- Coqw

adjustments do not fully explain these changes. Some -

:investigators feel that with training there is,an increased

-

activation of red muscle fibers at submaximal exercise and .

“

the FG fibers which are responsible for lactate productian

are not recruited until higher'work loads.

’ 5. Relationship of Lactate Production to Fibexr
Recruitment
In addition to the cardiovascular adaptations that

occuriin response to training various investigators have

a

suggested’,that changes in the recruitment ‘pattern also occur
|-e _r . - - 1

in the skeletal muscle. In ‘the trained individual, the FG

fibers are recruited at higher levels of work. Blood-lactate
Al

levels are therefore lower after an absolute submaximal
exercise load.

A hypothetical model for fiber recruitment in human

-

&

¢

- .
et e ——— i eIt "



skeletal\motor un;:; has been éstablished by‘Rosellfl1973).
At low intensities of rhythmic exercise (i.e. pedalling a
bicycle or walking on a treadmill), small ﬁotonenrons inner-
vatlng S0 fibers are®activated. At increasing work loads,
1argéE“6;115 are included and FG muscle fibers are contracted.

Recent work in anlmals and man on glycogen depletlon

patterns have substantiated this ;basic hypothesis. Work done

‘rér'

by Armstrong (1973) on rats indicate that high oxidative -

fibers primarily support low to moderate intensity work, but
\ as ‘exercise fntensity increases a larger nnmber of'FG finer-

.motor units are activated Further work by Armstrong (1974)

\\\\\Bn rats has demonstrated that blood lactate levels did not

increase until running speeds EXceeded a load requiring

approximately 60 percent of aefobic capacity. In the .groups .

of animals running at different speeds the blood lactate Lr”\\

concentrations‘were directly proportional to the percentages

of FG fibers showing a decline in glycogen. It was euggested

that the recrultment of FG fibers may not only aid in the

contractile work but also supply carbohydrate to the oxidative

fibers in the form of lactate.

In man, the glycogen depletion patterns-are similar

to that found in animals. Costlll (1973) has shown that the

SO fibers were the first to, become depleted of glycogen at

running speeds requiring“iJ to 80 percent of VOZ max but as
Z exercise contlnued FG fibers alsngecame depleted. Work by
v R

Gollnlck {(1973) demonstrated that during-the first hour of

cycling at an 1ntensrty of 60 percent of VOz max only S0 fibers




~

were deg/eted Edgerton (1973) studied four fit young men
and showed that after 40 mlnutes of continuous work at 60
percent of VOz max glycogen stores were approxlmately 36
percent depleted and there were only small 1ncreases in
mUScle and blood lactate. _ /}Jl

;oo
Gollnick (1974) suggested that oxygen avallablllty

F

is 'a crucial factpr in flber recrultmentftatterns. When the
oxygen supply becomes 1nsuff1c1ent, the actlvatlo: of FG fibers
with their high anaerobic potential would result in a rapid
reduction in their glycogen stores. '

. Baldwin (1975) ‘has euggested that one mechanism by
which training may increase endurance appears to1involve a
glycogenvsparing effect. fhey have shown that in trained rats
the glycogen stores in faet—twitch red, fast—twitch‘white and

slow—tw1tch red fibers were depleted 51gn1f1cantly more slowly

durlng treadmlll runnlng than in the untralned animals. Blocod

. . .
laetate levels were also significantly lower in the trained

antmals. It was suggested that in the untrained animals
sufficient glycogen depletion may- have occnrred to resnit in
fatigue of some of the oxidative fibers. During the later
stages of exercise more white fibers may have'therefore been
recruited in the untrained animals.

It has been ehown in man as well that glycogen content

decreases more slowly in the tralned than in the untralned

'1ndav1dual at the same submax1mal work loads (Xarlson 1974 and

Saltin 1971). Hermensen (1967) agrees that a trained person

has substantially smaller glycogen depletion at the same
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Ebsoiute wornlload but indicafes that only nino}'diffeiences

are observed at relative woék loads. ‘Accofﬁing to Rosell
(1973).there is a sligntly higher glycogen depleticn réte in
the untrained: individual due to a high lactate production
durlng the flrst few minutes of exercise at workloads demandlng
more than 50 percent Ofiﬁng max. They conclude that phy51cal
condltlonlng.not only improves an individual's V02 max but
also affects.the'ability of tne muscle to metabolize fat. A.
sav1ng effect of the muscle glycogen stores is accompllshed
by a less marked lactate productlon at the beglnnlng of

‘sgbmax1mal exerc15e. |
» In summary, there is agreement that in both animals
and man low intensity activ%ties recnuit S0 fibers nut as

[ wOoxrk intensity increases larger numbers of Fd,fibers are

recrnitedF’ In animals.it was found that at work intensities

greater than 60 percent of maximal capacity blood lactate

- " levels began to increase. Increases in blood lactate;conéen—

tration were- also seen to be directly proportioné&*tﬁ“glyccgen

depletion in the FG.fibe;sp thus indicdting that as FG fibers
were recruifed‘blocd lactate levels increased. In man SC
; fibers were recruited in the initial snages‘of work requiring
60 to B0 percent of V0O, max but as exercise continued FG L
i ' fibers also became depleted. It has been suggested that O,
'ﬂ ' _evailability is a crueial factor in fiber recruitment, when
; : Ehé suppfﬁ of Oz-becomes insufficient, FG fibers with their

=

- high anaerobic potential are activated.

"+ Generally a trained individual will not initiate the

i

»



production of lactate until workloads demand 60 to il percent

of ?0% max whereas an untreined person will begin to produce
lactate et 50 td\ﬁo pe;eeﬂt of their maximal capacity. Lactate
ie produced primarily in the FG or white muscle fiber. With
'Eraining, a larger portion of SO or red muscle fiber with a

more efficieﬁt energy yield from aerobic processes are utilized
during exercise.'.Aslindicated by the work on glycogen depletion
patterns it is not until work intensity exceeds 60 to 80 percent‘
of VO, max that‘tﬁe FG fibers .are recruited. Training seems to
result in a-glycoéen‘sparing effect. In the trained individual,
gl§cegen content'decreases more slowdy at the same submaximal
‘workload. As a result of the increased recruitment of more

80 fibers, blood lactate levels after an absolute submaximal
workload will be lower after training.

Training Studies . :

Numerous training studies have been carried out since
the early 1900's, Much of this initial work dealt with fit

young men and quite often the intensity, frequency and duration
of effort was not closely quantified. Within the last 25 years
more t1me has been spent in studylng the effects of training

\

on older sedentary men and women. The following. sectloﬁ\?lll
re;lew various tralnlng studles compléeted on young men, on
mlddle—aged and older men and on women. A summary of these
studies is presented in_Tabie 1. . |
1. Training Studigs Involving Yeung Mery

Early work done by Bock (1928) indicated that nc

changes occurred %p predicted V0, max in .subjects who rode on

~
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a bicycle ergometer at heart rates between 140 and 160 beats

per minute several times per month. A few years later,
Christensen (1931) trained seven yéung men on bicYcle efgo—
meters 18 to 40 minutes per day at work loads ranging from

480 to 1680 kgm/min. In one subject already part%ally trained
no evidence of training occurred at any level of exercise
between 600 and5960 kgm/min. - Most subjects increased fitness

levels if the work intensity was further increased. Although

‘training intensity was not specified, Robinson (1941) found

that over a 26 week pericd of 'vigorous' track and treadmill
training there wés'a 17“percent increase in VO, max even though
initial fitness levels were quite high. Knehr (1942) examined
the changes in non—athletic‘young men over a éix mohth program
and found a seven percent increase in V0, max but ‘training was
less severe than that of Robinscn (1941). Work by Cogswell
(lBg%) studied seven men ovér«a 50 day period of training
which included a five minute step test ;hree times per week,
two four minute runs on a treadmill per week and two one '
minute exhaustion rides on a bicycle ergometer three times
per week. Results indicate that'pulse rates one and a half
minutes after the step test showed a large decrease but pulse
rates after ﬁhe treadmill run did not change. 1It=is therefore
doubtful that these changse=can be'accepted as an increase in
working.capacity.

It-seems evident from this eérly work, wherg\intensity

of effort has not been precisely defined, that fairly high

" .



O 3,‘414 -
n ‘
intensity of effort is required in order to elicit a training
effect in young, healthy men. -

) t,

It was not unﬁil 1957 thaélmore information became k!
available regarding the éinimal amount of work nedessary to
elicit a training effect. Karvonen (1957) found that young
men who ran on a treadmil%'for a half hour per day for four
weeks did not shoﬁ a significant increase in work performance
unless heart,&ates exceedéd 150 beats per minute. Sharkey
(1966) was in agreemeht with Karvonen when he suggested th;t
a heart rate of at least 150 beats per minute is nécessary in
order to promote changes in cardiorespiratory en@urance in
young mep. Faria (1971) also looked at thé éffects of training
at specific héart rates. Three groups of éollege‘men trained
five sessions per week over.a five week period at heért fates
of 120 to 130, 140 to_lSO or 160 to 170 beats per minute;
Results indicate that ;raining at heart rates of 120 to 130

caused no significant increases in the cardiovascular response.

As well, there were no significant differences between the

\ G
140 to 150 and 160 to 170 training g:;hps. The authors

-

concluded that a training threshold may exist and in this

particular group it seems to occur at a heart rate of 140 beats

per minute. Work by Hollman (1967) substantiated the theory
that a threshold hear raéé was necessary to élicit a traihing'
effect. A dailf‘ride f thirty minutes on a bicycle ergometer
for five weeks at héart rates lesé.than 130Hbeats per minute

led to slight increasefriﬂﬁﬁngméx but greater increases

occurred at heart rates higher than 140. In contrast to

' ~




]

Karvonen (1957) andlgharkey'(iQGG ' Qho suggested a minimum
Q_ . .

heart'rate_of.lSO_beats per minute, Hollman (1967) has
indrcated-that a minimal‘training heart rate should be bétween
130 and 135 beats per minute. The data-indicates that there

- is still no agreement, even in young, healthy men regardlng
the training 1nten31Ey requlred to elicit a tralnlng effect.
2. Tralnlng Studles Involving Middle~Aged or Older Men

. \
Studles utlllzlng middle~aged and older men, 1nvolved

Y

Anten51t1es ranging from 39 percent of V0, max (ShePhard
' 1968b) up to near maximal effort (Wenger 1975) Seigel (1970)
proposed»that the relatlonshlp between amount of training and
the lncrease in voz maxy is represented by an S §haped curve.,
There is practlcally no increase 1n work capac1ty if the
amount of training falls helow a certain threshold and that
the increase in workuéapacity rapidly decreases when the
amount of training exceeds a certain amount.’
Curetbn (1964) saw a very high-increase in V0. max
_(93 percent) arter a vigorous eight week training program
consisting ef lS'mrnutes of calesthenics, 30 to 50 minutes ‘
.of running‘and 3g,minutes of sguash in six—middle;aged men.'wﬁ/liﬁ
Accordlng to Shephard (1965), this very large increase could
be due to an alteratlon in the subject's attltude to all-out
runs. _ L T '
— Skinner: (1964) followed a group of 15 men aged 35 to
55 who had been sedentary at least three years previous to
. the six-month Study. Training consisted of three days per

r\v'ek at’ a 'Cureton' program and three days per week of

/
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continuous running. Heart rates at standard sub-maximal

bicycle ride decreased, all-out run time on the fre?dmill

}
4

increaseﬁ,and time for a gile.run decreaged; The authors
concluded that § éroup of middle~aged sedentary men can °
increase work capécity by a very intense training program.

Saltin (1969) found that in middle-aged men, aféer;
eight to 10 weeks of traininé, V0, max increased by 18 to 19
percent and heart rate at submaximal work'loaas decréased by
10 to 20 béats.a it was indicated as well that the lafgest
gains in V02 max occurred in men with the lowest initial
levels. This, very intensive program consisted of a combination
of intgrval funning (average intensity 98 to 99 percent offﬁoz
max and of continuogs running (average iﬁiensity,pf 91 to 97
peréent of VO, maxf. * ‘

Davies (1971) involved 28 men aged 18 to 38 years in
an eight wedk bicycle ergometer program'wiéh varied intensity,
frequency and duration for each spbjectp IntensiFy was set
at 80, 50 or 30 percent of V0, max, with a freéuéhcytaffive, three
or one session per week lasting 20, 10 or five minutes. Each
subject was allocated to one of 27 procedures. The results
indicate that no subjecf who exefcised at .or below 50 percent
of V0, max showed an increase in maximum Aerqbic power dutput:
Even at the highest intensities and longest durations the
increase in sz max only ranged froﬁ one to nine‘ﬁl/kg/min. They
concluded that in order to increase ig; max the work load must

or/ .
be close to maximum for prolonged periods of time and.even

-~

then the improvements may be disappointihgly small.

. o et ot
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Roberts (1971) stﬁdied a group of 140 meh aged 22 to
62 years over a siXweek training program of running, cycling,
swimming or circuit training at work intensity of 85 percent
" of age-adjnsted maximal heart rate. They congluded that such
‘& program can lead to significant increases in physical
“working capacity.

Pollock (1972) found a 19 and a 14 percenn increase
in 70 max in two groups of sedentary men training two days
pexr week for 45 minutes at 80 and 90 percent of maximum heart
rate.

Later, Pollock (1975) found that middle-aged men
running at 90 percent and walking or swimming at 87 percent
of maxlmal‘heart rate increased VOZ max and oxygen pulseﬁover
a2 twenty week program meeting three times per week for 30
minutes per session. ' @

Wenger (1975) studied a group of 36 firemen (mean age
27.9) over-a seven week program. One group tralned at 1lo0
percent of pre~training maximum and another group trained at
60 percent. Each subject in the ;00 bercent group was paired
with a subject in the 60 pereent g%oup and each partner
performed the same total amcunt ofﬁyork each session. The
group training at lOOapercent showed significantly greater

.improvements in %02 max and physical working capacity (33
percent in 100 percent group and 24 percent in thel60 _bercent
group) but no.differences existed between the two groups at
s%pmax1mal work loads as indicated by decreases in heart rate

and blood lactate. Subjects in the low fit group (less than

I ——AT L+ im s s



rate of,about.l20 in order for trainifig to

35 ml/kg/min) showed significantly greater increases in %oz
max than the high fit group (greater “than 48 mlgkg/min) .’
Tt waS'conciuded tﬁat intensity Sf effort was of critica;
importance in achieving increases in V0, max when total work

and initial fitness of subjeéts were equated but that duration

_of effort was not important; It was also stated‘that.

adaptations at submaximal wofk loads are similar as long as
the relative training load is at least 60 ﬁercent_of V0, max. .
This work done with_midd%e—ageq and older men seems ,,a~—*>
to point to the fact that fairiy intenéive ;ctivity programs
are necessary in order- to elicit changes in maximal oxygen
uptake. It has been shown that the training‘benefits occur
above 80 percent of maximal heart rate. Various investigators
have suggésted that physical activity and training programs
should be close€ to maximum for prolonged per;ods of time,
otherwise 602 max will remain unchanged (Davies 1971 and
Skinner 1964). _\.J )
Astrand (1967) has commented ﬁhat in upright position,
maximallstroke volume is apparently attained at 40 percent of .
Vo, max,’heart rate being about 120 beats per minute. Hégkﬁm‘\\)

feels tght it may be important to pass this threshold heart

e effectiveﬂ

- Work done_ by Shephard (1968b)|helped to Bubstantiate
this theory. A group of 39‘non—athle¥ic subjects | n
age 25.5 years) were involved in traiﬁing programs of different

intensity, frequency and duration. . Subjects exercised at

" intensities of 39, 75, and 96 percent of their maximal aerobic

7 A
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capacity as determined from the Astrand Nomogram from a
submaximal step test. The fn%guency of exercise was once

per week for six weeks, three times per week for four weeks

‘or five times per week for thré; weeks at a duration of 5,

!
10 or 20 minutes. At least one subject and not more than

two subjects were allocated to each of fhe three possible:

combinations of intenéaty; frequency and duration of efféff,
A training effect was achieved at even the lowestliﬂtensity
aIthough the most effeétive fagime iﬁvolﬁed the combination
of maximum intensity, frequ::zi>and diration qf effort. No

evidence of a training thre d was found. The response was

x

determined largely by the initial fitness of the subjects.

The authcr concluded that gue to-;ow levels of habitual

activity found in sedentary North American populationgit was |

hardly surprising to find a training éffect occurring at
heart rates as low as 110 to 120 beats per minute. =
Nordesjo (1974) also varied the intensity, frequency’

and durah%on of an eight week program of bicycle work. Intensity

‘was set at 50, 75 or 100 percent of maximal oxygen uptake,

frequency was set at one, three or five sessions per week and'
duration at 15, 60 or 120 minutes pér session. - Of the 27 .
subjects, 9 worked at 50 perceﬂt, nine at 75 percent and 9 at
100 percent of Voz max. Each subject was also allocated to a

specific duration so that there wqf§ﬂ§7 different training

programs. djustments in wd}k intensity were made at the mid-

point of the program so as to ensure that inténsity corresponded

as clbsgly as possible to the prescribéd intensity. Results
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indicate'thatlthe most significgnt factor for the increase in
" work capacity was tne intensity but that frequency and duration
of effort were also significant. Although some improvement was
: seen in the easiest program the greatest imprdgements folloned
traininy with maximum intensity, frequency and duration.

+ Pollock (1971) studled the effects of walking on 16 men
(mean age 48.9) over a 20 week program of four ,40 mlnute
sessions per wee@.. Tralnlng heart rates ranged from 132 ;:Tl46
beats per minute (63 to 76 pe?cent of maximal heart rate). It
was found that V0, max increased'by 28 percent\énd thet heartf
rates at a submakimal work loag decreased by four to 17 beats
per minute. .It was concluded that the larde increases in VO,
max werB due to the low ;nitlal fitness level of the group.

Luria (1975) also studled the effects of a walking

program on 13 men and women aded 22 to Sg;yéars. The ten week
program consisted of walking two miles per day within 30 minutes;
five days‘per week. Heart rates at the end df the first week
averaged 118 beats per ml?ute and at the end dﬁ//ne program
averaged 107. Although no subject exercised at a heart rate
greater ‘than 130 beats per mlnute, six of the 13 subjects
showed a training effect. These results seem to %e in agreenent
with those of Shephard (1968b) and Pollock (1571) in that
training effects can be ‘achieved after a program involving a
fair%y low level of intensity. ~

f Kasch (1973) followed men aged 39bto 60 over a.two
year.program consisting of three 30 minute sessions per week.

Initially, training heart rates corresponded to approximately




70 percent of maximum heart rate but mid-way through the

L

program subjeézg were-working at 87 percent of maximum heart

' rate. Over this longer period there was a 17 percent increase

in éh(\max.>

_ Wenger (1975) saw an increase in VOz max of 24 percent
ln‘a group of 36 men (mean age 27.9) whlle tralnlng at 60
percent of VOZ max.

Qther invesfigators have shown {ncreases in V0, max by
working at intensities ranging from 66 to 85 percent of VO, max
(Bonanno 1974, Itah 1976, Shibgyama 1976, and Miller 1976}.
Bonanno (i974)'reported increases in VO, max, oxygen pulse
End_physicai working capacity in mfﬁdle—aged men over a
12 week period conéisting of'walking/joéging three times
per week for 40 to 55 minuteé-per session at intensities of"

75 to 85 percent of VOZ max. Work by Itah (1976¢) involving

24 men and six women aged 40 to 75 resulted in a 14 percent
increase in VO; max*aftsr walking five minutes, two times pér
week at intensities corresponding from 70 to 85 percent of

70, max. Shibayama (1976) fhllowed six men aged 30 to 47 years
for a two year period and found noticeable‘increases in'
respiro~-circulatory adaptations after training 20 minutes per
day, five days per week at approximately 66 percent of 002
maxjm It was found tha£ the greatest changes occurred during
the first twenty weeks of the program and that further
continuation of training sho;;d little effect in improve;;ht

of circulatory function. Miller (1976) saw increases in Vo,

max in a group of men {(mean age 48) involved in a walking and
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jogging program. During the. initial twelve weeks intensity

corresponded to 60 to 65 percent of maximal capacity but over

the next 16 weeks intensity was as high_as 80 percent of

maximum. \
It is evident that training studies of a low to
moderate intensity can lead to an increase in VO, max, although

the chahgés were not as great as in those studies involving a

higher intensity.
3. Training Studies Involving Women
Until fécently, very little research has been done

regarding the training effects occurring in women involved in

.2 regular exercise program.

® In 1971, Kilbom (197la) examined the responses of two

groups of untrained women aged 19 to 45 yearé of age to three
20 minute sessions of exercise over a szﬁ week period. One
group rode a bicycle ergometer at an average intensitf of

59 percent of VO, ﬁax (range 52 to 63 percent) and the other

group walked at an intensity*of 56 percent of Goz max (range
~

44 to 63 percent). The bicycle grodb had a. six percent increase

. in ﬁQz max while heart rates decreased by five to 10 beats at a

standard submaximal wo%tk load. The group involved in the
walking program had a non-significaﬁt 2.5 percen; increase in
VO, max and slight decréases inlsubmaximal exercise heart
rates. It was concluded that training three times per week

for a six week period at 50 to 60.percent of VO: max may affect

healthy untrained women.
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Kilbom {1971b)} also investigated the éffects on 33
women aged 19 to 64 of a seven week program consisting of
riding a bicycle two to three times‘per week at 70 percént
‘of GOZ max. There was an 1l peréent increase in maximum
aerobic poﬁer and a decrease in submaximal exercise heart

.

rates of 10 to 15 beats per minute. '

A number of investigators examined the effects of
training on sedentary college women'kEdwards 1974, Rosentswieg
1975, Kearney 1976, and Smith 1976). Edwards (1974) has
shown that sedentary college women (aged 17 to-2lfﬁ§xeréising
at either 125 or 145 heart rates on a treadmill 15 minutes
daily for four weeks had significant increéseé in VO, max.
§he éoncluded that in sedentafy young females a work intensity
eliciting a heart rate of 125 beats per minute provided a
'sufficient but not minimal stimulus for training.

Rosentswieg (1975) téained 30 college women (ﬁean
age 19.2 years) three times per week for 15 minuées for a
one ménth period by having them walk,at‘heart rates of 120;
140 or 160 beats per minute. No significant differences
were found in fitness levéls after training in any of the
groups. It was concluded that programs qf walking three
times per week over a one month period do not appear to be
sufficiently stressful to induce changes in selected cardio-
vascular parameters in young women. .

Kearney (1976) trained a group Qf 27 sede&tary college

women (aged 17 to 21) three times per week on a treadmill

for a nine week period. The authors felt that the amount of
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physiological stress ekperienced during an exercise bout is
determined not only by the quantity of external work completed
but also by the rate at which the work is performed. Therefore
the subjects exercised at heart rates of either 50 ér 60
percent of Ehe heért rate reserve added to the resting heart
" rate with the duration of each session being limited to
1000 beats above the resting values.. Results indicate.that
both intensities caused increases on V0, max and although .
there were no significant differenées between the two training
groups there.appéared to be a trend in favour of the more
vigorous intensity.

, Work done’'by Smith (1976) found that a seven week
program of ridiné a bicycle ergometer for 16 minuteg three
times per wedk at‘a heart rate of 75 percent of the maximum
heart rate range (.75 ma% HR - RHR) + RHR led to a non-

significant 6.5 percent increase in maximal aercbic power
in 16 moderately active female students aged 18 to 25 years
of age.

Work was done on older women by Hanson (1974). Eight
sédentary women aged 20 to 44 were involved-in an eight week
unquantified,programlofwwarm—up and calisthenics, walking/
jogging and volieyball, swimming or paddleball. There are
significant increases in work capacity and decreases in
oxygen utilization, CQ, prsdu?tion.and heart rates at a
given exercise load.

Flint (1974) examined changes oécurring in seven women

aged 23 to 40yearswho’walked on a treadmill for 30 minutes,
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three times per week at heart rates between 75 and 80
percent cof maximal heaft rate. There‘was a decrease in
héart rate at a standard submaximal exercise ioad and an
increase in predicted maximum aerobic powexr.

Cunningham (1975) studied 17 women aged 21 to AB
(mean age 31 years) over a nine week training program
followed by a 52 yeek peripd of non-superviséd exercise.
After the initiaiﬂnine week period V0: max increased_by
34 percent but after the followinghSZ weeks the six subjects
who continued to exercise increased their VO» max‘by another
five percent. '

Andrews (1976) studied 43 healthy, middle-aged
women over a 20 week period consisting of .training at heart
rates of 130 to 140, 140 to 150 or 150 to 160 beats
per minute. Maximal oxygen uptake increased in all gropps
but in general the éreatest increases occurred in those |
with the lowest initial level of fitness.

A much older group of women (mean agé 66.7 years)
was studied by Adams (1973). It was found that physical
working capacity and maximal oxygen uptake increased by
37 and 20 percent respectively after a program consisting
of calisthenics, progressive walking and jogging and static
stretching. It was concluded that the older female is
trainable and suggests that the magnitude of capacity for
training is not greatly different froﬁ that of younger

individuals if compared on a percentage basis.

e —————— - o e e
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The work’ done with young college woﬁen is contra-
dictory. Various invéstiga@ﬁrs have seen training effects
occur in walking prbgrams with heart rates as leow as 125
beats per minute (Edwards 1974) and in bicycle programs at -3
at intensities of 59 and 70 percent of sz max (Kilbom 1971a
and Kilbom 197lb).‘ Others have found no significant.
increésés in V02 max with programs consisting of walking at
56 peréent of iOz mﬁx (Kilbom 1971a), at heart rates
ranging from 120-to’160 beats per minute {Rosentswidy 1975)
or with bicycle ergometef programs at 75 percent of‘maximél

- heart rate (Smith 1976). These findings concur with those
seen in young men, in that no clearly idéntified trainiﬂ%
threshold can be seen. . .

In‘wofk with older women a bicycle program involving
an intensity of éjﬁzergent of VO2: max did not lead to
significant t;aining benefits (Kilbom l971a).- Other

vestigafors have fou that walkiné at hearp rg&gs of
75 to 80 percent of maximal heart rate (130 and bﬁer)fh ve
resulted in increases in aerobic power (Flint 1974}. The
‘training threshold in midd}eéaged and older women appears
to be around 50 to 60 ﬁércent of ﬁQz max but ‘as with the
work done involving middle-aged and older men the minimél
training intensity requireﬂ cannot be-clearly defined, .

In summary, results from the numerous training
studies involving yéuné, middle-aged and older men and
women have been cpntradictory. The minimal intensity .

of effort required to evoke trdﬁ%}ng benefits in”young fit
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men has been identified at heart rates ranging from 130 to
135 beats per minute (Holleman 1967 and Bouchard 1965).
BEarliexr researcﬁ has indicated that a heart rate_of-at least
150 béats per minute is required in young men {Karvonen -
1957). _Various studies involving“middle—aéed sedentary men
ha§e also been conﬁroversial. A number of investigators
have‘suggéstéd that it is necessary to work at fairly high,
intensities in order to elicit training benefits ({Davies
1971, Roberts 1971, Cureton 1964, and Skinner 1964). On the.
other hand, work by Shephard (1968b) and Nordesjo (1874)
have resulted in training benefits in ppogréms requiring

39 and 50 percent of V02 max respectively. Incremenfs have. -

been seen in programs involving women at work intensities

requiring 59 to 70 percent o% V0. max (Kilbom 1971a and

Kilbom 197lb); Benefits havé been seen by some investigators
at heart rates rahging from 125 to 160 beats per minute
(Andrews 1976 and Edwards 1974) but not by others (Rosen;sweig
1975) .. & K -

It is'generally found that the training regimens
involving a higher intensity of effort result in greater
increases in méximal aerobic power. The indivggual's initial
level of fitness has also been identified as a very sigﬁificant'
factor. Those with a low pre-training level of fitness will
often show the highest percentage increase in VO, max with
‘traininé (Wenger 1975, Pollock 1971, Saltin 1969, and
Shepha;d 1968b). The avaiiable'data has not clearly indicated

the optimal amount of effort and type of exercise necessaryéfn

—_—
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to elicit significant training berefits.

-

Methods of Exercise Prescripticn

exercise prescription muet be based on sound
physioloéical and biomedicel principles. " No one conditioning
rogram will be optimal for all persongrgz even for the same
person over an extended pe¥iod.of time (Skinner 197i). In
maey groué-programs every participant must adapt to a

standard exercise regime. ﬁWilmore (1274) has recommended

that exercise be programmed to fit each individual subject{w
The age, peeith, fifness and needs of the patient

must be considered as.ﬁell as time and@ facilities available

r

and the personal preference of the individual when prescribing

an exercise program (Skinner 1971). Accordie; to Hellerstein
(1973) the "pleasure principle" is important, loné—tefm

activity programs must be gratifying 'and pleasureable or -
at least not distasteful.

The firet step involved in presenting ,a training
program)i;\e comprehensiye medical examination {(Wilmore 1976).
Following medical clearance an exercise stress test should
ideally be performed (Wilmore 1976, Cunningham 1974, and
Hellerstein 1973). Hellerstein (1973) feels that' the &ey
fof an appropriate exercise prescription is.the assessment of

the individuals physical fitness. A ngﬁtitative e alué%ion

of heart rate, electrocardiogram, blood pressure and symptoms

ezgh%iing are necessary for a raticnal approach to exercise

prescription. It has been advocated that the end-point of

the test be wolitional or symptom-=limited (Wilmore 1976).




At no time should the effort of training exceed that ‘of the

exercise teet (Hellerstein 1973). o
The exercise prescription is besed on_defining:thel
°type“of activity 'and the ffequency, duration and intensity
of'that acpivity (Wilmore 1976, Skinner. 1971, Wilmore 1974,
Hellersteih 1973, Jett& 1975a, Cunningham 1974, ana Kasch

L2

1977). o o “y

Activitie® of an‘endurance nature are recommended by

+

most 1nvestlgators (Wllmore 1976, Sklnner 1971, Wllmore 1974,
. A

'and Hellerstein 1973) Hellersteln'41973) suggests that -

act1v1t1es lnvolve a substantlal and sustained- 1ncrement in
;

metabollc, cardlovascular, resplratory and neuromuscular

functlons.- Activities which involve rhythmic contraction of

large groups_of,musoles such as 'brisk walking, jogging,’

unning, swimming, cYcling, hiking would be most beneficial.
- The f}equency of effort necessary to elicit benefits
eeems to be three or fohr-eessions per week (Wilmore 1976,
Hellerstein 1973, and Cunningham 1974). Hellerstein (1973)
found‘that men exercising'2.3 to 3.0 times per week showed .
greater‘improvement in aerobio capacity- and SfﬁT responses

-;han did those,exerciéing one to two sessions per week. IEP:

ults between those exer0151ng 3.5 to 5 tlmes per week and

those exe

lﬁlng 2 3 to 3.0 sessions per week. Redént work
~ .

by Crews (1976) also™~£qund no-significant‘differences between’

groups workihg five' days and three .days per week. Jackson

(1968) also showed that little difference occurred in, training

o

3

was noted as well that there were no differences in tést N
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. benefits if freduency of exercise exceeded three times per .
week. - <
Skinner (1971) suggests that the f&equency;of a
program should initially be two to three times per week but
Tlater on three to five Weeklf éessions are ‘advisable.
Wilmore (1976}isuggests a Monday, Wednesday, and Friday for
endurance activitiés.with a recreational activity added on
one or more of the alternate days. ‘ : ) . -
' . ' Most investigators recommend that: thefduration of a
'(/////.prégram be between 30 to-40fminutés. Wilmbre.(lQWG) and
Hellerstein (1973) recommend thirty minutes per Session.
anningﬁam (1975) feels that thé duration of a program should
be much more specific to the individual's aaily caloric output,
\(this averages out to be 30—6b minutes in normal individuals).
The majority of work ‘indicates that the intensity of a
training program is the most important aspect of the exercise
prescription (Wilmore 1976, Jetté 1975a, and Kasch 1977).
C Work by Morris (1973) has also indicated that intensity is
" the prime féctor in reducing the risk of developing_géronary
disease. Training effects have been seen at intensities as
low as 39 percent of maximal aerobic power (Shepherd 1968b)
but ordinarily training benefits will be greater at higher e
training intensities. . It is generally accepted that training
intensity be between 50 and 70 percent of V02 max (Wilmore
1976, Skinner 1971, and Hellerstein“lB?B); Hellersteiq (1973)

. 25
suggests that trainihg levels of 50 to 70 percent of aerobic

capacity are aéplicable to middle-aged men and older normal

<
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subjects and selected post-cardiac patients and are preferred
over potentially dangéroﬁs maximal levels.

Cunningham (1975) , Skinner "(1971), and Hellerstein
(1973) advocate the use of ME_T'S (L MET = 3.5 ml of Qj/kg/min)
and Training ﬁeart.Rate (THR) ,for their patieﬁts. Cunningham
(1975) uses Balke's formula, namely, 60 percent plus the
meximum MET vglue (i.e. Training Intensity equals
60 = max. METS x max. METS). The training intgnsity in terms

. 100
of METS can then be.converted to walking or running speeds or

to training heart rates. Helierstein (1973) indicates «that once
the oxygen cost of a desired training level has been determined.
any number of different activities ‘can be chosen from standargd
tables listing the metabolic costs of various éctivities.

~ The use of training heart rates is probably the most
popular method now useé in prescribing exerd;se. The use of an
arbitrary heart rate is not a good methogd due to the fact that
a heart rate of 150 beats per minute'représents 77 é;rcent ﬁoz
max in a 24 year old whereas in a 55 year old it is equal.to
91 perggpt of V0, max. Hellerstein (1973) also diécdurages the
use of age-adjusted maximal heart rates to prescribe training A
iévels; In special gasés the restriction to a rise in heart
rate may be due tec intrinsic diseases of the sino-atrial of'
antrio¥§éntricular nodes or to the éppearance of signs and -
symptoms which preclude exercising at 'a higher workload.
Therefore Karvonen's_formula (1957)‘[THR (fraining heart rate)
= max AAHR (age-adjusted  heart rate) - RHR (resting heart rate)

X 60 oxr 70 bercent + RHR] which utilizes age-adjusted maximal

.

.
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heaft rates would be unacceptéble. It is recomﬁended that the
highest functional heart rate achieved during pre;teéting be
used to choose intensity of an fhﬁividual's training program.
Wilmore (1976) has indipated that since a linear
\;5;elationship exists between hea@t rate and Vo, at varying
levels of exercise, ﬂegrt';atg/pé used to estimate the
intensity on the basis O%giég;t percentage of ﬁoz max. The
author has noted four main advantages of using training heart
rate whén_controlling exercise intensify. A t;aining héart
rate can apply to all activities whether they be walking,
jogging; swimming, cycling, or playing fenniﬁ. It also has
a built-in control for changes in‘bptﬁ physical condition and
for changes iﬁ‘environmental conditions such as heat, hﬁmidity,
or altitude. Lastly, training heart rate cdn be used fe
monitor activity levels in the elderly, debilitated or
physciélly disaﬁled individuals who must work at much lower
levels of intensity. In his experience, Wilmore (1976) has
found that all subjects in his programs fel£ the use of
training heart rate was effective and seif-satisfying and no
one reported trouble in detérmining their exercise-pulse
rates or iﬁ maintaining heart rate during their exercise

periods.

Hellerstein (1973) has also indicated the valué of
the HR x Systolic BP product. This indirect measure of
mydca;dial oxygen consumﬁti&n correlates well with the
appearance of clinical and ECG evidence‘pf coronary

insufficiency. Target training levels could then be based on
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excessive changes in this double product.,

Nordesjo (1974) has indicated that there are gegtain -
disadvantages in using heart rate to control the work rate
during each training session. It was found in his training
study that the difference in heart rate between two training
éessioni‘l when training at the same work rate and in two
coﬁsecutive days of training, varied between -25.5 and +24.6
beats per min~!. -

' The use of tfaining heart rate as a means of
prescribing exercise intensity has also been questioned by
Jetté (1975a). They have‘indicated that their subject$—had
some difficulty in monitoring their heart rates. It was also
found th;l the use’ of training heart rate had limited
application in cardiac patients especially when age-adjusted
maximal heart rates were utilized. An alternative or
complimentary method has been ddvocated that provides each
individual with a séecific time to céver a set distance. Two
regression equations were developed employing height, 60 percent
of VO, max and weight or resting heart rate thaé indicated a
walkiﬁg or jogging speedAfor one mile. The formula based on .
height, weight and 60 perceﬁt cf ﬁoz‘max'has been employed in
their rehabilitation ana prévention programs and each subject )
has been provided with a personalized program, \“\3

In summary, an exercise prescription should‘take into
consideration age, health and fitness level of the individual
as well as facility availabilify and enjoyment of the specific

“. -
activity. After being given medical clearance an individual

-~

Y
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should undergo a volitional or symptom-limiﬁed exercise
stress test which quantitatively evaluates heart rate,
electrocardiogram, blocod pressure and symptoms. An exercise
prescription is'fhen based on defining the'type of activity
and the frequency,'duration and intensity of that specific
activity. Activities of an endurénce nature suqh as brisk .
Jalkiqg, jogging, swimming and cycling are recommended.
These activities should be carried out three to four times
per wegk for a 20 to 40 minute period. It is generally held
that the intehsity of the program is of prime importance.
Although'training benéfits have been seen at intensities
ranging from 39 percent of QD; max (Shepherd 1968b) up to
100 percent of maximal capacity (Wenger 1975) it has been
recommended that middle—éged and older individuals exercise
at an intensity between 50 and %0 percent of maximal aerobic
capabity. .Exercise has normally been presented in terms of
training heart rate, but recently use of METS, double |
product and time required to cover a certain distance have
been ‘employed. (gega;dless ocf the method used to pfescribe
exercise it is essential that the conditioning program be
based on the individuals specific response to an exercise

test.



CHAPTER III

METHODOLOGY

Introduction

The purpose of this study wqé to examine the effects
of a 12 week training program consisting of walking or .
jogging on a treadmill at a Speed'correspoﬁding to 60 éercent'
of peak oxygen consumption in sedentary male and feriale
subjects.

' f .

The methodology is presented -under the following
headings:
Subjects
Laboratorf Procedures and Equipment
Initial Testing and Q:ientation‘of the Subjects
Pre-training Peak Oxygen Consumption Test
Exercise Prescription Procedures
Submaximal Exercise Test
.Exercise Program
Adjustment to the Exercise Program
Quantification Procedures
Post-training P;odedures
Summary of Testing and Training Procedures
Statistical Analysis
Subjects ‘

Féurteen male and 12 female volunteer subjects

between the agés of 35 and.53 were recruited for the study.
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'The subjects were chosen by placing an.advertisement in the

University of Ottawa Gazette. Criteria for their selection
was that they had not participated in a regqular physical
activity or training progfam over the past thgee years.,

The selected subjects were given a medical examination
prior to the onset of the testing prégfam._ Two subjects
were excluded from the study during the initial screening.
bne subject was excluded due to extreme obesity and another
subject dempnstrated multiple ectopic activity during hér -

initial exercise stress test.

Tﬁ? subjects were placed in either the experimental

/‘afﬁﬁﬁ\or/éhe control group according to their preference.

"

-

Seven fmales and six- females were in the control group. The
anthropometric data of the subjects are shown in Table 2.
Subjects in the experimental group took part in the

initial testing and orientation procedures, pre-training
A .

peak oxygen consumption test, exercise pQEjjj;ption

procedures, submaximal exercise test, exXercise program,
adjustment of exercise prescription, quéﬁﬁffication procedures
and. post-training procedures. Subjects in the control group
took part in all tﬁese sessions with the exception of the
exercise prbgram,-adjustment of exercisé prescription and thg
quantification procedures.

Laboratory Procedures and'EquipmenE'

-

The variables of 602, ﬁE, QECOz and respiratory rate
were measured by the modified open circuit method (Consolazio

1963). Expired oxygen and carbon dioxide were analyzed by
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Rapox'and Capnograph anaiysers respectively. ﬁinute
ventilation was calculated from the collection of expi;ed
gas in a 120 liter Collins Tissot Gasometer. Respiratory
rate, expired oxygen and expired carbon dioxide were
coupled to separate channels of the Narco BlO Systéms
Four B Polygraph which gave separate recordings for each
variable.

variables involved in measuring oxygen consumption
were corrected for standard temperature and’pressufe.
Oxygen consumption was calculated with an automated program

on a Wang 6000 calculator. This program was developed by

the Department of Kinanthropology at the University of

Ottawa using a modified method described by Consolazio (1963):'

The heart‘rate was measured by use of a Quinton ECG
preamplifier, Model No. 607. Disposable electrodes were
placed in the CM-5 position (chest, manubrium, V-5 position)
for the recording of the electrocardiogram. A Quinton ECG

-

Tsolation amplifier was coupled to the Four B Polygraph to
" give contihuous heart rate recordings. ECG was continuouslf
displayed on a Sanborn Model No. 768-100 Gating Amplifier
Oécilloscope. ECG tracings were recorded from a Cambridge
ySs-4 Electrocardiogram. Heart rédtes were also monitored
from the Digi?al Display of the Quinton Exercise Cardietacho-
meter, Model No. 609. . -

Bleood bressure was measured using an aneroid

sphygmanometer by the ausculatory method.

During the exercise prescrlptlon procedures, the
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speed of the treadmill was progressively increased'by
means of a Quinton Mecdel No. 1607 Heart Rate Controller.
Venous blood samples for lactate were taﬁen from
the brachial vein via a qumber 20-gl Becton, Dickinson and
Co. Vacua£ainer Syringe. 'All blood samples were taken by
a qualified léboratory technipian. Blood samples weré
enzymatically assayed for lactate using the lactate kit,
cat. nQ;’}5927 TLAA, Biochemica test combination and -
analysed spectrophotometrically with a precision
Spectrophotometer, model no. 505, Bosch andé Lamb Co.,

Rochester, N.Y.

Initial Testing and Orientation of the :Subjects

During the first visit to the Bio-Kinetics
Laboratory at the University of Ottawa the subjects were
%Eguired to fill out various qﬁestionnaires and consent

forms. At this time, anthropometric measurements, resting

electrocardiogram, strength, muscular endurance, flexibility

~

and vital capaciE§mﬁéésurements were takeq. _ )
During the second visit to the laboratory each -

subﬁect completed a multi-stage treadmill test (Jett& 1975b)

The first treadmill test served as an introductory session.

The subject was first instructed on ‘how to walk on the

~-

treadmill. After a three minute accommodation period of
walking at three miles per hour at a 2.5 percent elevation
the subject was seated for a two minute rest period. At
this time instructions were given for the test; Subjects

were told to stay on the treadmillﬂg?til they felt that

«



—

they could not continue walking for another full minute.
However, if they experienced any discomfort such as

dyspnea, dizziness, chest pain-or acute fatigue the test

“would be discontinued. .The electrocardiogram and the

+blood pressure were monitored at éacg\étage. Each subject

began the test by walking at three miles, per hour at a

-

'2.5'percent elevation. Every two minutes the angle or the

LY
speed of 'the treadmill was automatically increased. At

the point which the subject indicated that he could not-

. continue the speed and angle of the treadmill were

decreased to 2.5 miles per hour and zero percent eletvation
respectively and the'subject continued to walk for one
minute. After this Eool—down period the subject was seated
and heart raie, electrocardiogram and blood préssure were
monitored for a three minute period.

Electrocardiogram was recorded for a five second

. . =
periocd at the following times:

1. Fitting (pre-test) ’

2, At the end.of each minute of the three minute
;;cdmmodatioh period.

3. At the end of each minute of the initial two

r minute recovery period (sitting).

4, At the end of‘the second minute of each two
minute stage ir the multi-stage treadmill test.

5. At the gend of the one minute recovery period

(walking).




6. At the end of each minute of the three

minute recovery period (sitting).

Blood pressure was recorded at the followfﬁéf
times:
), Sittiﬁg (pre-test). .
2. At the beginning of the;second minute of !
each two minute stage in the multi-stage
’ treadmill test. _ ) i
. - 3. At the end of the one;minuﬁe recovery period

(sitting).
4. At the end of the third minute of the recovery
. period (sitting).

Pre-Trajning Peak Oxygen Consumption Test

The peak 602 test was repeated during the third
visit to the laboratory. The results of th;s second péak
V02 test were employed to determiné the preJtraining peak
Vo, 6f the subjects and for eétablishihg.the exercise
prescription for all but four subjects.- TQe results of
the first treadmill test were used for three subjects
(PK, RL, MM)ﬂdue td the fact that their peak Géz was
higher during the first test. A third peak VO, test was
given to one supjec£ (FD). This person was sufféring from
a cold during the two.previods tests and‘required a third

test;

The protocol followed during the second multi-stage

_treadmill test was identical to that followed ﬁuring the

inifial orientation and testing procedures.

T
. T )
-
5
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Exercise Prescription Procedures | . ) e

After determination of ‘their peak ﬁoz the'subjepté
returned to th® laboratory in order to determine their exercise i
prescription at 60 percent of:their peak V0,.

1 [

Electrode placement’ for heart rate recording was

- identical to that used in.previous testing. Subjects

began to walk at three miles per hour at.zero pércent
elevation. The s;éed ;f the tréadmill was érdgressively
increésed until their pre-deteérmined heart rate at 60
percent of peak V0, was attained. There was no furéher
increase in speed of the treadmill once this heart rate
had been attained. In order to assure that a s%eady state
had been achieved the subject walked for sig minutes” at
this speed. Okygen consumption was measured for a 30
second period at the end of tﬁé fourth and the sixfh
minutes. If the average of these two measurementé did not
correspond to 60 percent of peék V0. iﬁ ml/kg/min ¢ 1.5 ml

the speed was adjusted so %hat the correct workload was

achieved. In the case where an adjustméht of speed was

. nedéssary the subject walked for another four minutes at

the new speed. When it had been established that the
subject was walking or jogging at-a speed corresponding to
60 percent of his peak ﬁoz the sﬁeed of the treadmill in

miles per hour and in revolutions of the belt per minute . -

. was recorded. This was the speéd at which the subject - -

trained during the first half of the exercise program.
) ot
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Submaximal Exercise Test - A

During the first exercise session of the tralnln

LY

program each subjectizn the experlmental group walked or
.jogged on the treadmxll.for a six minute period at their
prescribed training speed.

Heart rate and ECG yere recorded for a five second

.period at the end of each minute of exercise, The average
.of the heart rates attained at the end of the fifth and
. 8ixth minutes represented the submaximal exercise heart

. rate (SMEHR). Expired air was collected at the end of the

i g : .
fourth and sixth mlnutes of exercrse. Blocd samples were

LAY
[

taken at the end of the third minute of the smttlng

Pl

recovery perlod

.
-

Subjects in the'control group returned'to.the

K

labcratory for this- session w1th1n three days of thelr

-

exerc1se prescrlptloﬂ procedures.

Exercdse Program

1 o

All subjects in the experimental group took part

\
-

i o=

in the exercise program. The Program was .held three times

per week and continued for a twelve weeR per}od - All but

) four subjects completed the twelve week program. Due to

- *"unforseen schedullng problems three subjects (MM, CJ, JJ%

‘ completed 33 sessions while another subject (GM) completed

AN ]
5 only 27 sessions.

]

R

Subjects reported tq the laboratory at their

appointed times. The exercise se551on was preceeded by a-

warm-up period con51stlng of walking for three minutes at

-

. . o , .
Bl * . .
. — . - , .
. . 1] N N
S n , . .
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N jeel; 9 - sessien
\\/// segsion

a speed of three mjles per hour.

increased so that the subject was exercising at his

" prescribed speed.

.

At the end of the

.warm-up, th& speed of fﬂe treadmill was progressively

ECG was monitored durlng one exercise session each

Heart rates were determined from the ECG recordings.

Each exercise se551on was followed by a-two minute

cool-down perlod con51st1nq of walking at 2 5 miles per hour.

The-schedule duriﬁg the exercise session was as

follows:

ok

session

«  session

Week 2 - session
session

® session.
Week 3 - session
session

session

Week 4 - session
' session

[
[
w

| I |

N

MWW N WD
1

session 3 - 6 minute Quantification period followed by

minutes
15 minutes
20 minutes
20 minutes
20 minutes
25 minuteg
25 minutes
25 minutes
30 minutes
S0 minutes

20 minutes

Week 5 - session 1{— 30 mlnutes
- session 2 x-30 mznutes

session 3 -
Week 6 - session 1 -
session 2 4~
session 3 -

Week 7 - session 1 =~

session 2w

" session 3. -~

Week 8 - session
' session
‘sqssion

-

[P R S

-

' session
Week 10 - session

H WK~

. segsion 2 -

sSession 3 -

30.minutes
30 minutes

at prescribed speed
at prescribed speed

at prescribed speed

at prescribed speed
at prescribed speed
at prescribed speed
at prescribed speed
dt prescribed speed
at prescribed speed
at prescribed speed

at prescribed speed -
at prescribed speed
at’ prescribed speed

at prescribed sgeed!

at prescribed sPeed

Multi-Stage Treadmill Test

Exercise Prescription Procedures

20 minutes
20‘m}nutes
20 mlnutes
23 mlnutes
25 minutes

6 minute Quantification peried followed by’

20 minutes
25 minutes
25 minutes
25 minutes

30 minutes at

30 minutes
30" minutes

at adjusted speed
at adjusted speed
at adjusted speed
at adjusted speed
at adjusted speed

at adjuSted speed
at a@gusted speed
at adjusted speed
at gdjusted speed
alljusted speed
at adjusted spetd

at adjusFed speed

Week 1 - session f\- Submaximal exercise Test plus,10 minutes of
) . : -axercise’ at_prescrlbed speed

S
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Week 11 - session 1 - 30 minutes at adjusted speed
session 2 - 30 minutes at adjusted speed
¢ gession 3 - 30 minutes at adjusted speed
Week 12 - session 1 - 30 minutes at adjusted speed
gession 2 - 30 minutes at adjusted speed .
session 3 - 6 minute Quantification period followed by

20 minutes at adjusted speed
-

Adjustment of the Exercise Program

.
3

All subjects involved in the experimental group
h&d their exercise p;escriptions adjusted during the sixth
week of training. 'During the second visit of the sixth
~week of trainirng-each completed a peak V0. testd At his
nekt visit to the'laboratory eéch subject performed the
exercise prescription pfocedures as previously outlined.
The adjusted training speed was employed until the completion
of the training program. .

°

Quantification Procedures

A1l subjects in the experimental group took part
in the quantification procedures. The purpose'of‘these
sessions were twofold: firstly, to examine the changes
occufring in submaximal exercise heart rates (SMEHR) as the
tgpaining progrém progressed and se?bne&y, if there was a
substa;tial decreasg in thesqqexercise heart 'rates, to

examine -the changes in spged necessary to elicit the

initial SMEHR} T ' co
. The quantification sessions were held during the

.

third exercise session of the fourth, eighth and twelfth

P r,
week of training. . T

~

Electrode placement was similar to that used in

previbus testing. The subject began to walk or jog on the

4

. : . )
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treadmill at his training speed and continued for a six

minute period. Oxygen consumption was measured for a

thirty second period at the end of the fourth and sixth

. Winutes. The average of the heart rates attained at the

end of the fifth and sixth minutes wereyrecorded as the
quantification heart rate (QHR). If the QHR was five or
more beats per minute lower than the initial SMEHR theq
the sSubject returned to the treadmill for the second
.portion. The subject started walkihg or jogging at his
initial training speed and by means of the Hearf Rate
Co;troller the speed of the treadmill was progressively
increased until the heart“gate was equal to the initial
S . At this time no fﬁrthgr increases in treadmill
z:zzj were made'éﬁd the subject continued to walk or jog
for a six minute period. Oxygen caﬁsumption was measured
for a 36 éecond'period at the end of the fourth and sixth
'minutes and heart rates were recorded from the ECG at the
end of each minute. The speed of the tréadmill in miles

per hour and the revolutions of the belt per minute were

recorded at this time.

. Rost-Training Procedures

: '
During the third session of the twelfth week of
-' R P K
exercise the subjects in the experimental group repeated

the submax;mal exercise test. _ Procedures used in the

&

collection and analysis of gas and the collection and
determinatioh of blood lactate were identical to those

followed in the pre-training sessipn. The final peak VO»
) = |
{

{

] . .
I
.- 8 e
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|
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test . was peffoxmed during the following\ﬁeek. Procedures
followed for this test were identical to those used in the
pre—-training sessions, '

All subjects in the control group returned to the
laboratory on two different occasions twelve weeks aftep'
their initial vi;its and completed the submaximal exercise

test and the multi-stage treadmill’fest;

Summary of Testing and Training Procedures

I. Initjal Testing and Orientation‘Procedures
Visit 1. 1) Medicél éxamination (if not
'already completed by the
subject's personal physician).
ii) Health guestionnaire and
consent form,

iii) Resting electrocardiogram,
anthropometric, strength,
muscular endurance, _
"flexibiﬁﬁty*amd vitél.'

- capacity meaghrements;
Visit 2% Mulfri—stage treadmill tést.

II. ' Pre-training peak VO, test.

% ° - III. Exercise Prescription Procedures - determina-

> a v , .
o tion of training speed for first six weeks of
. : 5

ﬁ%ogram.
IV. Submaximal Exercise Test
i) Determination of submaximal exercise

h)

heart rate.

)
!
R
Y
!
“la
A
|

/
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ii) Determination of blood lactate levél
three Mminutes after the submaximal
exércise test.

V. Exercise Program (for those in the
experimental group only).
vI. Mid-Training Peak VO, Test (for those in

the exer;mental group only).

VII. Adjustment of Exercise Prescription -
determiqatio&,of training speed for the last

Ssix week of program (for those in the |

experimenﬁal group only).

VIIE. Post-Training Procedures di»f‘ _ }
visit 1. Submaximal exercise testES
determine the submaximal
exercise heart ra&e and'blood
lactate levels.
visit 2. Post—tgﬁining‘peak Vo, test.

_Statistical Analysis 7

o

The wvariables of peak ﬁbz, submaximal exercise’

heart rate and blood lactaté which were determinedfbéfore

. . . ) N
and after .trailning in both the experimental and'cgntrol -

group were analyéed,using a one-wWay analysisLbf covariance.

' .since only two .groups were bging compared post-hoc

- o

procedures were not necessary. The data 6btéined-£rdm'the'

men and «from the women were analysed ‘separately and the ’\g__l
L 4 ) v [

data werg'also combined and analysed ‘as one group. ’

-

e T



The heart rates attained during the first portion

of thé guantification session was analysed using a one-way
analysis of variance. Tﬂe'data obtained from the men and
from the women were analysed separately and the data was
also combined and analysed as éﬁe group. If sigpificant
differences were found améng the variablés the Scheffé
test was undertaken to determine where these diffegences
occurred.

The level of confidence chosen.for the 'statistical
analysis ;as_P <0.05. '

The V0, and speed of treadmill elicited during the
second.portion qf the quantification session were averaged
and ' the percentage change occurring in each subject was
examined. -

éhe exercise'preédription sbeed obtained i; this

study was compared to the speed obtained from theAformula

developed by Jett& (1975a). Pearson}s prdduct moment

. coefficient of correlatiqr was utilized  for this analysis.

4 .




CEAPTER IV

RESULTS -

’ﬁik‘ Introduction

The4purpose of this study was to examine the
effects of a twelve week éraining program consisting of
walking or jogging on a treadmill at a speed corresponding
to 60 percent of peak oxygen consumption.

This chapter presents the results under the
following headings: . '

" 1. Peak Oxygen Consumption

2. Submaximal Exercise Test °

’ i) Heart Rate
ii) Blood Lactate
3. Quantification_Sessiéns
i) Heart Rate
ii) Changes in Heart Rate,-ﬁoﬁiénd Speed of
Treadmill to Elicit Initial Training
o Heart Rate | '

1. Peak Oxygen Consumption 4
.Data for peakaﬁoz for both the experimental and
control groups as obtained in the pre and post training

evaluations are shown in Table 3. There were statistically

significant differences i ”péakrﬁoi'as'é tesultJof the \\-

training for the men’ (p <0.1), for the women (p <0.005)

and for the men and women combined‘(b <0.001).

<
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’._l‘able 3

Means, Standard Deviations and Percent

,Change' for Pre and Post Training Peak VO2

(ml/kg/min and Lit/min)

T T N T T Y R T T e

£ g 23

; ¢
Pre . Post % Change
Men - Exp {ml/kg/min) 34.51  39.10 13.13% 4 *
S $5.07 SD  $4.35 ‘
(lit/min) ’ 2.69 © 2,95 9,67% t *
St .47 .39
— Contrel (ml/kg/min) 34.11 34.82 2.08% ¢+
’ 15,63 +3,89
(lit/min) 2,69 ’f 2.76 2.60% t
t .46 t .27
Women - Exp (ml/kg/min) . ‘25.57 31.02 - 16.75% 4 *
' +3,58 £2.82
(lit/min) ¥.56 1.83 17.31% t *
- ' + .16 t .15
- Control' (ml/kg/min)  25.88 26.03 .58% +
. +1.99 +2.32
(1it/min) 1.54 1.54 No 4
' t .13 t .15
.
' Men & - Exp (ml/kg/min) 30.84 35.37  14.69% 4 *
Women ' £5.95 +5.48
(lit/min) - 2.16 2.43  12.5 % 4 *
_ ' t .69 't .66
- Control (ml/kg/min)  30.31 °30.9%,  1.48% +
I - 45.98 $5.46 ‘
(lit/min) 2.08 2.20 5.77% t

+ .59 t .67
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_2. Submaximal Exercise Test
i) Heart Rate . *
Data for submaximal exercise heart rate as obtained
at the pre and post evaluations are shown in
Table 4. There .were statistically significant
decreases 1n submaximal exercise heart rates as a
result of tralnlng for the men (p <0.025), for the
women (p <0.05) and for the men and women combined
(p <0.001).‘
ii) Blood ﬁactate v ’ )
- Data for blood lactate taken after the third
minute of récovery follo&ing the submaximal exercise
test as obtained at‘the p%e and post-training
evaluation are‘shown in Table 5. There were no
statistically significant differences.
3. Quantificat%on Sessions '
i)bHeart'Rate
The first portion of the quantificati&n session
examined heart rates at the initially preséribe@ s dé?
training spéed during the fourth, eighth and twélfth
week of tréining. Thé data for quantification ‘heart
rateg are shown in Table 6. There were no
statistically significant differences.
ii) Changes in Heart Rate, VO, and Speed of Treadmill
&he second portion of the quantification session * -
' was completed only if the.QHR was five or-moxe peaté

lower than the initial training heart rate. The
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Table

4

.

Means, Standard Deviations, and Percentage

Change for Pre and Post Training. Submaximal

Exercise Heart Rates’ (beats/minute)

Pre’ Pgst % Change
Men Exp 125.3 ¥111.7  10.8 % + *
+16.4 SO *17.4 .
Control 128.4 127.5. 0.7 & ¥
t11.4 £12.4 :
Women Exp 126.0 112.1 . 11.04% + *
£10.9 t 7.3
Control 117.2 118.2 .85% ¥
t14.1 £12.2
Men and  Exp 125.6 111.9 " 10.9 % + *
Women £14.1 - #13.7
Control  123.2 123.2  0.0% ¥ =
C::%;3.9 +13.2
* P <0.05 (.
o
, .
- " - /-\/
Z ‘“
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Table 5
Means, Standard Deviations, and Percentage
Change for Pre and Post Blood Lac!tate
Concentration (mg %) take;l after the third minute.of
. recovery following the Submaximal Exercise Test
Pre Post % Change
Men - Exp 19,23  17.02  11.5 % + )
' t7.03 5.48 . ’
* Control 18.9 15,03 20.5 % ¢
t4.59 11,67
Women Exp 15.73  11.2 28.9 & + ' (‘)
+4.85 2.0 ’
Control 15.02 14.18 5.6 % ¢ :
+3.76 %3.39
Men and Exp 17.83 14.69 17.6 2 + .
vomen 6.48  15.27 ‘
. Control 17.11 14.64 14.4 % +
t4.65 12,64
’ »
—
.
- a - i
-
j;~ b
) z _—— — - —= 3 *-—~ - : s 4
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Table 6

Means and\§tapdard Deviation for the

— Quantification Heart Rates (beats/min) -

obtained during.the first, fourth,

eighth and twelfth week of training
h Y

Y Week 1 Week 4 Week 8 Week 12
Men  N\125.3  120.7 118.97 121.1
$16.4 +14.3 $12.1 $14.8
Women, - 126.0 118.2 118.3 113.3
© #10.9 % 7.2 $£10.5 $10.1
b ' . s
0 Men agd  125.6 . 119.5 118.6 117.5
o~ Wemem 442 117 118 - 134 w
'\ -
¢ ~
Rrg
L2
.o _ '
~* »
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"+ heart rate, speed of the treadmill .and V0, elicited
during the second p?ition of the quantification

session for sessions )for those subjects completing
* - e

/,/—\\\\ any portion of the quantification.sessiogg as well

as the percentage change in ﬁozrand speed are shiown

in Table 7. The heart rate, gpeed of, treadmill and
: -

V0, elicited during the second. portion of the

quantificétibh only for the five subjects completiﬁé,

P

both portions of each quantifiqatidn session are

shown in Table 8 and in Figurf/i;/i;,
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CHAPTER V .

DISCUSSION

1

introductiqn

‘The purpose of this study was to examine the effects
of a twelve week training program consisting of walkiﬁg or
jogging on a treadmill at a speed corresponding to 60 percent

of peak oxygen consumption in éedentary male and female

subjects. o ‘ . : . p

~

‘The results of the, study will be discussed under the

following headings: R -

Peak Oxygen Consumption 5
Changes at Submaximal Exercise - Heart Rate,-
Blood Lactate

_Quantification Sessions,

Methods of Exercise Prescription

Peak Oxygen;Cons%mption

The subjects in this particular study had hot been
physical]ly acﬁive on a regular basis ove;_the past.three
years. Their dai%y activity consisted of some Walﬁlﬁg but
their occupational andileiéu:e‘pufSuiﬁs“coQ;d be considered
as sedentary. When compared to nofﬁs devéloped at tﬁe
University of Ottawa, Department of'Kinanthropplogy,'the
aﬁefage peak V0, for the men of'34.0 ml/ké/min rated in the
'below average' to 'average' category.- The women's Qeak

V0, of 26.0 ml/kg/min rated in,th;’7§¥low average' category.



/

- 91 -~ /-
The subjects in this study probably represented a typlcal
cross-— sectlon of a healthy Canadian population.
The inqreases in peak VO, of 13.1 percent in the men
and 16.8 bercent in the &omen are pigherﬂthep the ingreases
reported by some investigations, much lower than rzeffindings

of others, but similar to those reported by otherr4nvestigators

(see Table 1). .
. The subjects tralned on the- \treadmlll% ? speed
corresponding to 60 percent of their peak VOZ. Aii the subjects
were able to walk at their specified speeds. At no time did

anybne have to adopt a’ jogging pace. Pollock (1971) has indicated

£ '
that training benefits from v;gorous;walking programs compare

favourably with results in studies utilizing other modes of
training. He feels that tﬁls may be explained by the fac% that

the lower intensity durlng training allows for 1ncreased frequency

and duration of participation, ¢

Various investigérors have utilized walking as a
mode\ of training. The work of Luria (1975) and Flint (1974)
resulted in increased fitness levels in women although the
,duration of the tralnlng programs were shorter than that N
utlllzed in thlS study ‘ Kilbom's (1971a) study 1nvolv1ng
women which resulted in a non-signifié¢ant increase in voz
max was carried out at a similar intensity to the one
employed in this study but the duration of the program was
only six weeks. Studies b} Wenger (1975) and by Kilbom
(1971a) which rgydlved bicycle ergometer training at

60 percent of VOz max resulted in s;gnlflcant increases in

- \
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VO, max. Wenger's (1975) 24 percent incréqse in V02 max

Pt a

was much greater than %he lB»percent increase reported in
ﬁhis_sfudy but the men were much younger and the total

amount of work perfé%med‘was much‘greater than thatﬁperformed
by the subjects in this study. Although there is some

variation in the length of the training programs the work

. by Luria (1975), Flint (1974), Kilbom (1971a), and Wenger K

(1975) substantiate the findings in the present stﬁdy ip
that exercising at an intensity of -60 percent of.ﬁoz max
does lead to increases in maximal working capacity.

There is agreement that the initial level of fitness
plays an important role in the ;ncrease in maximal aerobic
ppwer-(Wenger 1975, Pollock 1971, Saltin 1969, and Shephard
1968b). In this particular study, peak V0, for both men
and women rated in the 'below average' .to 'aégrage' category.
The percent improveﬁent as related to initial éeak V0, for
each subject is represented in Figure 2. The tFend seems
to indicate that &he subjects with the higher'leﬁel of '
fitness had a lowé;fbercentage improvement.

*The results of this particular study indicate that
training at 60 percént of peak V0, can lead to significant

increases in maximal aerobic capacity. Walking rather than-

jogging was utilized and it-would seem that walking alone

is a feasible mode of training for sédenﬁary middle-aged

men and women. ) ;
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Adaptations at Submaximal "‘Exercise

Heart Rate _> '

| In.thigkpar£icuiar study there was a 13.7 beat/
minute decrease in heart rate at an absolu£e submaximal
exercise load after training. These findings are c;nsistent
"with the results of other studies {(Cunningham 1975,.Byrd
1574, Flint 1974, Tzankoff 1972, Kilbom 1971a, Kilbom 191ib,
Kilbom 1971c, Pollock 1971, Hartley 1969, Saltin 1969, and
-Skinner 1964). |

In studies utilizing walkiﬁg as a mode of training,

decreases in heart rates at submaximal exercise loads
ranged from four to 17 beats per minute (Luria 1975, Flint
1974, and Pollock 1971). Kilbom (197la) saw only slight
'déézegses in exercise heart rates in women involved in a
seven week program of walking at 56 percent of GOz max, but
V0, max did not increase significantly. Smith (1976)
studied the effect of cycling at 75 percent of maximal
heart rate in women. Although maximal aefobic power did not
increase there was a significant decrease in mean exercise
heart rate after trainihg. Wenger (1975) has indieated
that as long as the relative training load is at least
60 percent of VO, max the adaptations at éﬁbmaximal exercise
are similar to those occurring up to 100 percent of maximal
capacity.- It is evident as well from the work of Smith
(1976) that heart rates at éubmaximal exercise may be
significantly lower after trainhing even though maximal

aerobic power is not affected.
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Heart rate 1is dﬁé“éf\the main determinants of
myocaraial oxygen consumptidh. It has therefore been
indicated that a decrease in subméximal heart rates aftér
training is one of the most important contributions of a .
training program (ﬁyrd 1974).. The significant decrease
in heart rate during the six minute submaximal exercise
test as seen in this particular study would indicate that
myocardial oxygen consumption demands are lowef as a result
of training at sixtx percent of peak ﬁoz. )

Blood Lactate ' . .

/
There were no statistically significant differences

in blood iactate Jevels taken three minutes after the six
minute submaximal e%efbise test between the experimental
group and the control group after'training. These resu;tg
are inconsistent with the findings of otherf investigators.
It has been well established that trained individuals have
lower blood lactaté levels than untréiﬁed ihdiviﬁuals at
similar submaximal workloads (Edwards 1971, Hermansen 137lb,
qilbom 1971b, Saltin 1971, Astrand 1970, JohnSon 1969, |
Saltin 1969, Keul 1966, and Holmgren 1959). | . \
Most_researéhers suégést that blood lactate doesl
not begin to increase untii work intensity exceeds 50 to
60 percent of VO, max (Hermansén 1972, Karlsson 1971la,
Karlsson 1971b, Knuttqen 1971, Astrand 1970, and Blackmon'
1967) . Saltin (1971) has .indicated as well that trained
individuals do not begin to produce lactate until work

' ~ . . )
demands reach 60 to 70 percent of VO, max. BAlthough there

. oy
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were slight decreases in blood lactete response to this
particuler training program, especially in the female
éﬁperimental groub, the results were not statistically

significant. It is possible that had these results been

reflected in a larger group of subjects, the trend seen in

lower lactate levels could have become significanf.

Various investigators have indicated that blood

b

lactate levels are lower in trained indi(iduals during

submaximal work due to a more efficient o

-

ygen transport

at the beginning of exercise (Saltin 1971 and Astreﬁd.1970).

Others have suggested that an 1ncreased aeroblc energy
'productlon due to a larger A-V0, difference during work may

be responsible,for lower blood lactate levels at submax1mal

exércise loads (Hartley 1969, Saltin 1969, and Ekblom 1968).

Wenger (1975) has indicated that since lactate is produced

at submaximal workloads as a direct result of the 1nab111ty

of the aeroblc energy processes to meet energy demands, the‘

‘training program which 1mproves the eff1c1ency'of the
aerobic system should maximally decrease the involvement of

anaerobic glycolysis. It would seem correct to assume that

the 14 percent increase in peak V0, in the subjects involved

in the experimental group would result in a'merepeffrcient
delivery of oxygen at the beginning of work. The results
of this study which_indicate'po difference in blood lactate
between the.trained and non-trained groups do not suﬁbort

Wenger's (1975) assumption.

T T TSI A Rl R
AT TP [y e L Il S e s Rt e TS g Tyt . . T
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A nu@ber of -training sruﬁies bave resulted in.

lower blood,lacéate levele at submaximal-exercise as a
result of training (Saltin 1971} 1959, Ekblom 1968, and
Kilbom 1971b). . In these studies though, the treining
regime employed was Epre letense than that employed in
the present study.

‘ It has been indicated that thte muscle fibers

(FG fibers) depegﬁ Q% glycoly515 fof metabolism and. favour

>

lactate production whereas red mus, (s0 flbers) derlve

energy from oxidative metabolism d ‘'de not produce N
significant amounts of lactate (Vander 1536). Various
ipvestigarors'have sugge;%ed E;lr-trained individuals
activate more red fibers dﬁ?ihg submaximal exercise than

untrained individuals thus resulting in a lower production

- ‘ ~
of lactate (HermansenleJlb, Saltin 1971, Holloszy, 1971,

and Saltin 1969). 'Gollnick (1974) has indicated that

oxygen availability is the crucial factor in fiber recruit-

ment, when oxygen supply becomes insufficient FG fibérs are

activated. In this particular study the submaximal exercise

test ' was carried out at 60 percent of peak V0, and it is

possible that the intensity was not high eﬁbugh to recruit

the FG fibers. Work by Costill (1973)‘, Gollnick (1973b),

and Edgerton (1973) indicate that during work at 60 percent

of_ﬁoz max primarily S0 fibers were activated. Since fewer
FG fibers were recruited, lactate levels did not increase ~

significantly.



Results of this study indicate that there were no
significant differences' in blood laetate levels taken three -
minutes after a.submax;mal exerc1s?)test between tn; trained
and the non—trained-grou;s. Although peak VOz increased by
14 pensent in thenexperimental-group it would seem that the
efficiency of the oxygen tfansport system at the beginning
of exercise was not significantly affected. It may be
assumed that the activation of relatlvely mo red fibers - .
that occurs during submaximal exercise in the ained

-
individual, which results inuyﬁwer blood lactate’ levels
after submaximal egercise has not occurred in this study.
A training program consisting of walking at 60 percent of
_peak-QOz may not be of a high enough intensity to elicit
these effects. It is also possinle that in man, a work .
‘intensity demanding 60 percent of peak V0, does not recruit
a iarge number of ¥G or white/fibers, therefore blood-lacthte

levels would not_be significantly -increased.

Quantifiéation Sessions

b

The quantification sessions were carried out in
order to examine the changes that occurred in heart rate,
VO, and speed of walking or jogging as the training program
progressed. The first pertion of the guantification session
examined heart rates at the initially prescribed training
speed. As inq?cated in Table 6, there were no statistically
SLgnificant di%ferences found among the quantification
heart rates. This would seem to be in cenflict With‘much

of the related literature. It has been clearly shown that

"~ \
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as ﬁrainihg:leveis increase the heart rates.at absolute’
submaximal exercise loads decrease.: It .may be that a four
week period is not of sufficient length to elicit.thesé'

changes, especially when exercising at an intensity as low

- as sixty percent of peak V0,. The fact 'that there ‘were

statistically.significant differences in the submaximal
exercise heart rates found between the experimental and -
control groups would indicate that this training effedt was,

seen over a twelve week period. -

The second portion of the quantification was

completed in order ‘to-examine the changes in speed and Vo,

at the fourth, eighth and twelfth week of traiﬂing at the

'initial submaximal heart rate. Assuming,that'a training

effect did occur, the.heart rate aﬁ-the initiélly prescribed
tréining speed would be lower as training progressed. In
many cases the.quantificatio heart rates.weie not five or
morék5§>ts loﬁer than the ingtial submaximal exercise heart -
rate and the second portion of the quaﬁtificatiqn session |
was not undertaken. As shown in Table 7 the available data
indica?é? that at similar heart rates during the fourth,
eighth and twelfth weeks of traiping the energy cost and_ .
thé speed of walking or jogging increases. For ex;mpler
subject JJ has identical heart rates at week 1 and week 12
but the VO, has increased by 19 percent and the spéed‘by '
ié percént; A .5 mph inérqase in speed has resulted in}a

~ s

1 . A
19 percent increase™in energy cost. Considering the average

+

for the men and 'women, the heart rates at week 1 and week 12
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were 131 and 134 respéctively but-the.enérgy éost iépreased : K

by 4.27 ml/kg/min 6r by 24.2 pefcent {(17.61 ml/kg/min to

21.88 ﬁl/kg/min) and the speed increased by .45 mph or 11.8

percent (3,8 mph to-4.25 mph). Only five subjects completed
\“Bbthfportions of each quantification session. As indicated

in Table 8 and in Figure 1,.both ?02 and speed of treadmill

‘are greater gt simiiar heart rates during the fourth, eighth

anq twelfth week. : )

-Personalized exercise prescriptions should ke

adjusted -4t reéula% intervals but the question of what

specific ;Esreaseé should be made énd how often thgy should

be made is dhfficult to answer. from the information - ’

available in this study. Coo ' ~

Methods of Exercise Prescription ' ‘\

Training in this particular study consisted of

walking on a treadmill three times p eek, 30 minutes

per session for a 12 week periéd intensity'cf 60

percent of peak VO,. Speed of walking was established by
having the subject walk on the treadmill and gradua%}yf“\ |

increasing the speed until_girectly measured ﬁoz corresponde

to 60 percent of peak VO;. Jetté (197b5a) devgloped a formula
by which speed of/waiying or jogging could be established .

based on 60 percent of volitional ?dz max, height and

-




. ‘ -~101 -

A

The correlation coeffifient of §J= .85 inqiéates that the
formula developed by Jetté (1975a)lis certainly a viable
method in prescribing an exercise prqgrémﬂ

In t@is pérticular study allﬁsubjects{were abie
£b compleéévéhe eﬁ%ire program except three éuﬁﬁects tca,
JJ,‘MM) who»cgﬁplgted e}sfen weeks and one supject (Ggl wﬂo
cbmpleteﬁ only nine weeks. These subjects were unable‘to

\

o
complete all training sessionsdue to unforseen scheduling’

problems. One subject ¢RL) COmpleted‘all thirty=-six a

s ions but missed ten days of training due‘tp illness.

-~ .
-

In this study there were occasional complaints of local
-

'fatigue and boredom but no suﬁject had to discontinue the

training due to muscuyloskeletal disorders. Accqrdiﬁbito
Lurié (1975)'§nd Pollock (1971) ghe drop-out rate..in
walking\programs arelloweﬁndue to the developqgnt'éf feﬁer
orthbpedic problems and lesks boredom. .It ks possible;as
well that Fhe‘flexibility 9f our traininé schédule was a
factor. All subjects re rted to th? laboratéry'at their
aépointed times but if {scheduling problems occurred other
times could be arranged so that each suhject could

exercise three times per week.

\‘_ Results of this study indicate that three sessfions

per week are sufficient to elicit significant training

L ,
benéfits in middle-aged men and women.' This is in

’ ‘ \
agreement with other investigators who also advocated

three training sessions per week (Crews 1976, Wilmore 1976,

Cunningham 1974, Hellerstein "19%3, and Jackson 1968).

>y

B4
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The du:atlon of the first three weeks of the program
were 15, 2b, and 25 mlnutes respectlvely Trainihg ﬁessions,
during the next three weeks were 30 mlnptes pér session.
During the second half of the program, aftef.adjustments
were made in the éxercise preécfiption; the seventh, e%ghth,
and ninth weeks were 20, 25, and 25 minute® respectively
while the reaminihg sessions were 30 minutes in length. As
ir}difc:a‘ted by Kilbom (I971a), 'extreme caution should be taken
at the beginning of tfaining and subjects should begin
slowly. The very gradual increase in the duration of the
tralnlng sessions could ‘be partlally responsiblé for the
absence of .severe musculoskeletal problems.v

.Much of the early work with young men has indicated _
that a fairly intense ekercise‘regimen is required in order
to elicit- training benefiti. Worlk by Karvonéﬁ {1957) and
Sharkey (1966) suggest a thresholzkheart rate -of 150 beats
per minute was necessary whereas Faria (1971), Boﬁghard
(1976), and Hollman (1965) saw %raining benefits at heart
rates -of 130 to 140 béats/minute; Results of work witﬁ
middle—aéed and clder ﬁen b§ Cureton (1964), Skinner (1964},
_Saltln {1969), DaV1es {1971), Mann (1971}, Roberts (1971) ,
and Pollock (1972 and 1975) led’ to the conclusmon that a
" fairly'intense program was a};o nécessary to increase
aerobic capacity. ‘ - . _

on the other hand, éhephé&d (1968b) saw no eyidence

of a training threshold and concluded that due to low levels

of habitual activity found in sedentary North American

»
\
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" population it was hardly surprising that training occurred

l'

at pulee rates 03'100 to 110 beats per minute. He suggested
_ as well that it is rare for pulse rates to exceed 100 ox ‘
110 oeats per minute in normal ectivities therefore any
greater level of ectiVity must present some 4+raining strgss.
to WBhe cardioyascﬁlaeﬁeistem. yLuria (1975) trained his
subjects five times per week for ten weeks by heving them
walk two‘miles in 30 minutes and found significant training
beneflts in six of.l12 subjects. He conciuded, in agreement
w1th Shephard (1968b), that walking may be a vaIuable mode
of trainlng in sedentary persons in poor states of phy51cal
conditfﬁn sush,as.those following recgvery from myocardial
iﬁfraction and £hosb middle-aged and older 1nd1v1duals who “
'may‘%ot enjoy the rlgors of<$xerc1se. He further 1nd1cates
that walking may not pr;v1de a sufficient stlmulus for more
.acéive indiviqulﬁr ' E .-

' Du?ing the first week of training ah.intensity of
60 oercent of peaﬁ ﬁof—corresponds to an average heart rate
of 132 beats per minute for the experimental group. Durlng

the last week of training the mean exercise ‘heart rate was

131 beats per minute (see Table 9). This represents 75

o
N

4 -

pe;ceﬁt of the mean age—edjosted maximal heart rate and
corresponds to approximately 60 percent of V0, oax
(Hellerstein ®1973) . The exercise heart rates ranged from -
as low as 104 beats per minute in one subject (JK) up to
16l beats-per-minute in another (GM). The meen~exercise

. heart rates in a number of subjects did not correspond



Mean exercise heart rate of subjects in
thé gxperimental group and percent of their

age-adjusted maximal heart rates

Percentage of

Mean Exercise Age-Adjusted

Subject Heart Rate Maximal Heart Rate
Women B.T. 134 77 %
L.E. * 117 ) 66 %
G.D. ‘128 75 %
c.Jd. 11 64 %

J.J. - 7138 78 % \
- P.K. 134 74 %
Men M. M. " 120 o 67 2
F.D. 137 80 %
J.G. . 153 . sas
. \ R. Lay. 156 ¢ ’ 84 %
) ‘R. Lav. 125 . 72 %
G.M. » 161 93 %
%

J.K. o 104 62
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precisely tc 60 percen£ of maximal capacity. The common
practice iﬁ prescribing aerobic gxercise presciption has been
to utilize a training heart rate based on a percentage of fhe
maximal heart rate attained during testing‘or, as in mos?‘
cases, from age-adjusted maximal hea¥t rate tables. When
employing the latter however, major anomalies would occur as
‘shown in.TaPle 9, For example, subject GM would be gxercising
at 'a- much lower intensgfy and subject JK at a much higher
intensity had the éxercise préscription been based solely on

_..a certain percdentage of age-adjusted maximal heart rate. A
prescription‘ba“ed on speed of walking such‘as proposed by
‘Jetté (1975a) QSE#

4 therefore seem more appropriate than using

a percentage of theoretical age-adjusted maximal heart rates.

-~
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CHAPTER VI

' SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Sumnmary

-

The study was de;igned to examine the effects on
.

sedentary men and women of a 12 week training program
consisting of walking or jogding on a treadmill at a speed
corresponding'to 60 perceht of peak oxyéen consumption.
The phySLOloglcal parameters of peak oxygen consumptlon,
submaximal exerc1se heart ‘rates at an absolute submax1mal
work load and blood lactate Levels taken three minutes after
an absolute submaximal &erk load Qere analyzed before and

after training. In order to quantify some of the specific

responses to training, the heart rate elicited at the

S

initial exercise prescription speed was examined every feur'
weeks. Assuming that these heart rates decreased as thg
- training program progressed, the energy cost and the speed
of treadmill necessary to elicit the initial submaximal
exercise heart rates were also examined every four weeks.
Subjects were between 35 and 53 years of age (X -
'44,.2) and had not been involved in a regular physical activity
program eﬁer the past three years. Seven males and six females
were placed in the e#perimental group and an egqual number of
males and-females ?otmed the control group. Subjects in the
experimentai group took part in the twelve week:training program _

whereas the control subjects were advised to continue their

normal activities but not to initiate an exercise program.

-
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‘ All subjects performed two peak 602 testsgon the <:\
treadmill. In most cases the results of the'second
treadmillrtest were utilizéh for the statisﬁical analysis
and for the exercise prescription procedures. The exéicise
prescription or training speed was established by héving
eaagh subject swsalk or jog on the "treadmill at a heart rate
éorresponding to sixty percent of peak VO2. The speed wag
then increased or decreased so that the directly measured
V02 corresponded to 60 éerceﬁt of peak Vo2t 1.5 ml/kg/min..
Prior to the commencement of the trainiﬁg program each
subﬁéct'performed a si# minute exercise test on the treadmill
at their exergise presériptioﬁ spg §. ' The average of.the
heart rates attained at the end of ébe fifth and si#th
minutes was térmed as the submaximal exercise heart rate.
Measurements of blood lactate were taken after the thiFd
minute of the recovery period of the submaxima%?bxexcise test.

The first six weeks Qf‘thé exercise program.con%}sted
of walking on the treadmill at the initial exercise
prescription speed; Each subject exercised three times per
week. . Lengtp bf the exercise sessions were 15, 20, 25, and
30 minutes for the first, second, third,‘and fourth’and » _“{\\
fifth weeks respectively. Duriﬁg the sixth week oflthe
exercise program the peak Vo2 te;t and the éxerbise
prescription procedures were repeated. Each sﬁbject
continuéd the training program at the newly prescribed speed.

E .

Length of the exercise séssions for the final six week

period were 20 minutes for the seventh week, 25 minutes for

-
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the eighth anq ninth week and 30-minutes for the remaining
sessions.
:During the fourth, eighth, and twelfth week of

training all subjects in thetexperimental group took part

‘ig the quantification procedures. The purpose of these

sessions were twofold. Firstly, to examine the changes
occurring in submaximal exercise heart rates, and secondly

if there was ‘a substantial decrease in these exercise heart
. o

. rates, to examine the changes in %oz and speed of treadmill

necessary to-elicit the ;nitial submaximal exercise‘heart
rate. . During the firsF portion'of this session the subject
walked on the treadmill at their initial exercise prescrip-
tion speed for six minutes."Ig the average of the heart

rates recorded ét the end of the fifth and sixth minutes was ~

»
0

five or more beats lower théq the gubmaximal exercise heart
rate the suﬁject returned toc the treadmill for the second
portioﬁ; @he. speed of the treadmill was progressively
increased until the heart rate was equal to the submaximal
heart réte. The subject then walked or jogged at this
speed for six minutes and heart rate and VO, were recorded. .
. The variables of peak ﬁOz, submaximal exercise heart‘
rate and blood lactate levels were analysed using an
analysis of covariance. The heart rates attained during
the first portion of the guantification were analyzed using
a one-way analysis of variance. 'The changes occurring in

V0, and speed of the treadmill during the second portion cf

the quantification session were compared and the percenté@ﬁ
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changes occurring were examined. : N ' ’
The results of the study indicate that the mean
14.69 Rercent increase in peak VO, and the mean- 10.9

g .
percent decrease {13.7 beats) in submaximal exercise heart

rate were significantly different when comparing the A
expérimen£al to the conprdl'groups; 'Blbod lactate levels
“were lowér, but not statisticélly significant, in both the
experimental and contrbl grqﬁbs‘after.trafiing. There

wef% no statistically significant differences among the-
quantification heart rates taken during the first portion:
of the quantification session. ﬁue to the fact that only
five subjects completed bBth portioqglof each quantification
gession no trends pould be established. The data ayailablel
indicates that at heart rates similar to that_glicited -
during the initial submaximal exercise test, the speed of
the treadmill and theée energy cost are greater/éﬁring the
.fourth, eighth; and twelfth week of trainiﬁg.‘ -

Eacb subject was able to walk at their respective
training speed, at né time did anycne adapt a jogging paée.
As ihdicatgd-by the inc;ease in peak VOy and the'decreaég
in sﬁbmaxi@ﬂl exercise_heart raéés, £he middle—aged sedenta%y
subjects iﬁvolved in this study did'increasentheir cardio-
vascdlar efficiency by walking at a ‘spgeéd corresponding to
60 percent of peak ﬁoz,.three £imes pé - week for a 12 week
period.

Conclusions

Within the scope and limitations of this study, the
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following. may be concluded.

1. Aﬁ eXercise program érescribgd in terms of
speed of walking or jggging at 60 percent of
peak 602 can lead to significant.training
benefits in sedentary men and women.

+. 2. Training at a speed correspbnding to 60
percent of Eeak V02, th:ee'times per week for

12 weeks was sufficient to significantly

increase peak VO, and to decrease heart rates

‘at_an absolute_s&BmQSQmal work load.
- .
3. Training at a speed gdbrresponding to 60 percent

of peak V0O,, three times per week for l2-weeks
was not sufficient to decrease blood lactate
levels at an absolute submaximal work ioad.'
Although the differences were not‘signiﬁicant,:
there was a Erend indicating lower blood lactate
levels iﬁ the female experimental‘group éfter
training. ' \ _ |

Recommendations

There is a need@ for further investigation of .the
training intensity required to elicit benefits in sedentary
men and wbmen. fhe use of a larger experimental‘sample‘and
the utilization of different intensities of walking would
enhance further research in this_érea. A larger number of"
subjects would-ralso provide more data regardiﬂg specific
chanées occurriné in heart rates, speed.of walking and energy
costs so that more information could be available regarding
exercise prescription progedures.

»
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DEPARTMENT OF KINANTHROPOLOGY

UNIVERSITY QF OTTAWA

NAME ) . _AGE

DATE . i ’ . ; LAB NO:

kd

The‘exerciselprogrémme is designed to examihe the
effects of a walkinétpr jogging programme on a treadm}ﬂﬂf“\;
at an intensity cofrg pénding to\BO percent of your“mgximal
capacity. ,Before thé programme, you will be given a. medical d
examination and various fitness tests. The programme will
last for a IZ?aeek period and.you wi;l be exercising 3 times
per week. ‘The exercise time of the sessions will be - \
mutually agreed upon. * For example, if you wéht.MondayQEt
12:30, Wednesdéy at 10:60 and *Thursday at 16:00,.you can’
‘feserve those times for each of ¢he 12 weeks. 1If the need -*
arises that-schédule'changes are neceséary, arrangements
may be made for you go éxercise at different times. The
programme will begin the first week of Jénua;y and continue

until mid-April.

1. Are you presently involved in a physical
activity or exercise programme?

2. Have you been involved in a regular exer-
cise programme during the past three
years-(average-of_twiqe per week or more)?

If so, please spegify: .

SR A
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3. Are you willing to take part in a 14 week
(three times per—week) 20-30 minute
.exercisq programme, consisting of walking
or jogging on a treadmill?

4. Will you have to be,absent. from the
University for any length of time during
the period January 5 to April 15, 197672

J -y
5. Would you have any objections that 2
4+ blood samples be taken on two.different

-

occasions during the exercise programme
in order to determine.your cheolesterol
and triglycerideés levels?

6. If you are not able to take part in the

exercise programme would you be willing
to be tested in mid=January and again in
mid-April, therebgwécting as a control
or non-exercising subject?

I1f you decide to take part iﬁ the programme it is

. B Ly
important that you ¢ontinue for the full, 14 week period.

, [

Only 7 men and 7 women will be taking part in the exercise

portion of the programme. If our subjects "drop-out”

half-way through, then our project will have been for

naught. - : ) i
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APPENDIX B :
EXERCISE PRESCRIPTION SPEED
PREDICTED BY FORMULA (JETTE 1975)
AND BY DIRECT MEASUREMENT OF VO,
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/_—-__
Exercise .Prescription Speed Predicted &
~ . . -
by,Formula (y min/mile = 44,7+ (-0.45 x 60% VOz max) '
+ (~12.3 x height) + (.015 x weight) (Jetté 1975a)

- . -.and by Direct Measurement of VO3

i
Experimental- Group Predicéedm Direct _(mph)
b Subjects - pre mid- /i pre " mid
R. Lay. 5.53 5.74 4.7 4:85
C ., R.iav 3.25  3.50 3.7 | 4.0
— . F.D. ' 4.18 - 4.38 4.1 4.45
J.K. 3.83  3.87 3.9 4.1
MM, 4.37  4.76 _ -4.0 44
J.G. . 3.6 . 3:89 4.1 4.4
G.M. 4.03  4.26 4.5 4.7
. a0 " 3.37  3.53 3.7 3.9
c.d. 3.05 3.14  @d2s 3.5
G.D. © 3.2} 3.33 - 3.51- 3.8
P.K. 2.98 3.0 3.35 3.5
L.B. ' w 3.13  3.33 3.3 3.6 7
B.T. . 3.92  4.11 4.4 3.6
pe
Control Group Predicted (mph) Direct {mph) 0
M. Cl. 4.06 a.4a - 7
A.P. 4.54 4.6 \
R.D. 3.4 .
R. Lup. 3.5 4.1 -
R.R. 4.16 4.4 ‘
J.s. 3.89 4.3 .
AM. 3.6 7 . /'.L
" 'L.D. 3.46 3.6
’ A.D. ‘ 3.27 . 3.4
7 E.F. ° . 3.22 3.5
M‘. Ca. 3.32 — -
) F.A. 3.11 3.0

J.A. 3.21 3.4 ’

»r
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4 APPENDIX C*

INDIVIDUAL DATA FOR EXPERIMENTAL
AND CONTRCL SUBJECTS FOR
PEAK \.702 TEST, SUBMAXIMAL EXERCISE

TEST AND QUANTIFICATION SESSIONS
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